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Introduction
Historical issues and contemporary debates

Anne-Marie Moulin, Alberto Cambrosio

Most of the chapters included in this book were originally presented at a conference
entitled "Immunology: Historical Issues and Contemporary Debates" held in June 1998 at
the Musée Claude Bernard in Saint-Julien-en-Beaujolais (France), under the sponsorship
of the Mérieux Foundation, with additional support from the Wellcome Institute (UK).
The conference was planned as a workshop, to which a carefully selected mix of histo
rians, social scientists and immunologists were invited. Two previous, similar inter
national workshops had acted as the immediate stimulus for the St. Julien conference
[1, 2J, but the latter can be placed in a broader context.

One of the very first international meetings specifically devoted to the history of immu
nology had been convened in Toronto in 1985 by Pauline Mazumdar. In spite of the diver
sified contents of the resulting book [3J, the Toronto meeting centered on a key figure of
pre-World War II immunology, Felix Haurowitz, who was to die shortly after the meeting,
and who used that occasion as a last attempt to defend his, by then, largely superseded
template theory of antibody production. Although bracketed at the beginning and at the
end by two historians, most of the Toronto presenters were immunologists. Following the
Toronto meeting, on the joint initiative of Anne-Marie Moulin and Arthur Silverstein, a
section on the history of immunology was embedded in the large triennial venture known
as the International Congress of Immunology (Berlin 1988, Budapest 1991). A few
veteran immunologists, and a handful of young ones attended the presentations, but
without reaching the critical threshold that would have allowed the transformation ofthose
occasional events into permanent ones. A summer school on the history of immunology,
to which a few historians but especially veteran immunologists had been convened, was
heId in Ischia in 1992 as part of the International School of the History of Biological
Sciences under the title "From Immunity to Cellular and Molecular Immunology" [4J. The
event was characterized by a palpable tension between at least sorne ofthe immunologists
and those among the historians who were no longer willing "to listen to the siren calls of
the senior statesmen of the field," and were instead interested in producing "a history of
recent immunology that [didJ not degenerate into partisanship or advocacy of the present
intellectual preferences and aesthetic ideals of the discipline" [5]. Finally, it is worth
mentioning that in 1993 a Witness seminal' series meeting covering a major event in the
recent history ofimmunology, namely the discovery of monoclonal antibodies, was orga
nized by the Weilcome Institute for the History of Medicine in London and attended by
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both scientists and historians ofcontemporary medicine [6]. In contrast with the preceding
conferences, the two workshops that we introduced as the immediate predecessors of the
St. Julien conference, namely the 1993 Boston meeting on "Conceptual Issues in Immu
nology: Experimental and Clinical Foundations" [1] and the 1995 meeting held in Italy on
"Conceptual Issues at the Interface between Immunology and Epidemiology" [2], were
characterized by the attempt to define an agenda that would be firmly grounded in histo
rical and epistemological considerations.

In spite of their undeniable differences, these various activities, taken together, bear
witness to the willingness shown by historians, philosophers, sociologists and scientists to
cross the "two-cultures" divide in order to confront their analyses and interpretations of a
discipline - immunology - that has become a prime example ofthe challenges and oppor
tunities fàcing contemporary biomedicine. Yet, this endeavor is not without difficulties,
for, as shown by the mixed results of the above-mentioned meetings, goodwill is not
enough to overcome the epistemological and methodological challenges facing those
attempting to walk down this path. A1l the previously mentioned meetings have raised,
implicitly or explicitly, the thomy question of who should write the history of immunol
ogy, according to which criteria, and for what purpose. Readers looking to the present
collection for easy answers to these questions will be disappointed. As a matter offact, we
have decided to stress, rather than hide, differences, for, in our opinion, identifying and
confronting differences is the surest way to progress.

The very fact that the history of immunology has become a contentious field can be
accounted for in terms of the growth of the discipline itself. Immunology has indeed
undergone remarkable developments during the last few decades, becoming a focal point
ofbiomedical research and practice. Historians, philosophers, sociologists and anthropol
ogists of science and medicine who had heretofore neglected immunology, have become
interested in the discipline, as shown by the increasing number of books (not to mention
the articles) published on the topic [7-21]. Prompted by the often dramatic events that have
punctuated the rapid development oftheir discipline, practicing immunologists have also
felt the need to share in print their historical reco1lections, sometime adopting a scholarly
format [22, 23] and sometime a more popular one [24]. The time is past when one needed
to justify his or her somewhat esoteric interest in the field. Yet, now that the interest and
legitimacy of the endeavor has been established, other questions have surfaced. For
instance, a recent review of several books on the histOlY of immunology [25] came to the
conclusion that while the number of scholars and publications had reached a critical mass,
the field still lacked maturity, for its agenda was in large part still being dictated by sci
entific, rather than historical considerations. The tension between these two agendas is
probably best epitomized by the different role assigned to historical, social and technical
contingencies. Whereas social scientists see contingencies as the major focus of their
endeavor, many (although far from aU) scientists perceive them as a threat to the ideology
of truth they use as a ra1lying cry. So, for instance, while immunologists, in surveying
debates about any given key issues of immunology - say, the Self-NonSelf distinction 
wiU mainly worry about the truth status of the latter, historians wiU be busy tlying to
understand how that same distinction has functioned as a metaphorical tool in the produc
tion of immunological practices and how the latter have, in tum, "pertormed" that distinc
tion [26]. The difficulty, thus, lies not so much in the existence of different interpretations
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ofa given topic, but in the very definition ofwhat should count as a relevant topic. Meaning
fuI exchanges can only take place if people agree on a common ground for discussion.

A prototypical example of these sort of difficuIties can be found in a exchange of
messages between one of the scientists who attended the St. Julien meeting and one of the
editors of the present collection. The discussion tumed on whether notions such as right
or wrong, or rationality and irrationality, could act as guiding principles of historical
inquiry. The exchange began with the scientist's remark that ifMelville in Moby Dick had
interrupted the story at Chapter 32 (entitled "Cetology") with a detailed discussion of the
biology and behavior of whales, he had most certainly done so on the assumption that
readers ignoring everything about whaling and the habits ofwhales would not be able to
appreciate Captain Ahab 's actions. Similarly, in order to be successful in producing
accounts of interest to practicing immunologists, historians of immunology wouId have to
understand their subject matter and ground their accounts in such an understanding, the
obvious implication being that this was not presently the case.

The reply to this argument was that while sorne degree of practical and theoretical
understanding of the field was obviously important, the historian 's task was precisely to
question what the scientist took for granted, namely, that there was one and only one
"right" understanding of, say, the structure and functions of the immune system and that
the history of immunology should consist in comparing how notions and theories of the
past compared to the understanding provided by hindsight. Arguing that phenomena such
as the Self-NonSelf discrimination were being defined by the immune system and not by
the experimenter, the philosopher or the historian, the scientist was asking the historian to
accept as self-evident the very practices the latter had set out to explore and that resuIted
in the production and stabilization of notions such as that of an immune system capable of
discriminating between Self and NonSelf [27). Confronted, at any given time, with im
munologists who differed on key issues (ranging from overarching theoretical frameworks
to the interpretation of a given piece of experimental evidence) historians had the choice
between focusing on who was right or wrong by giving a set of (usually extra-scientific)
reasons for why sorne scientists subscribed to the wrong c1aims, or ofrejecting this asym
metrical approach by replacing it with an account of the material culture and the exper
imental systems that sustained various immunological approaches. A symmetrical account
would thus focus on the dynamics of these various immunological practices, not on the
adequacy between a given piece of immunological knowledge and the biological reality
allegedly underlying it.

The scientist rebuttal consisted in arguing that he was trying to distinguish rational from
irrational, as distinct from erroneous or mistaken approaches. ln other words, partisanship
in the answer was less important than understanding the underpinnings of the subject and
being able to formulate the questions that the scientists who advanced the subject were
asking, "however unc1early." This latter proviso - "however unc1early" - was an important
one, since it required the imposition of an external rationality on the events. ln short, the
move from right/wrong to rationallirrational, did not seem to radically alter the scientist's
stance that sorne sort of normative intervention should define the analysis of historical
events. Moreover, only a restricted number ofevents qualified as relevant in the production
of such an account. "Personal struggles and so on" - in short, the "incarnate" aspects of
laboratory life - did not count, for ail that really mattered was the immunologist's interac-
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tion with an anonymous body of knowledge, some of which would be lost as wrong and
sorne of which would be passed on as right. The discussion had obviously reached an
impasse: while the historian was interested in the ethnographie reconstruction ofpractices,
the scientist was asking him to adopt an a priori conceptual framework in order to recons
truct and categorize the practices under analysis. ln short, history as meta-science.

There are thus many criteria - ditTerences of methods, epistemology. and subject matter
- according to which a distinction between a scientific and a historical agenda can be estab
lished. One needs not mobilize Georges Canguilhem's powerful argument [28] that the
object of science and the object of the history of science should be carefully distinguished
- the latter entertaining a meta-relation to the former -- in order to maintain that, say, a
posteriori logical reconstructions of the development of immunological notions and the
ories correspond to a profoundly different endeavor than, say, a historical inquiry into the
institutional entrenchment ofthe discipline. For, even ifwe agree to define "immunology"
as corresponding to the activities ofcard-carrying immunologists, one can disagree precise
ly on what immunologists actually do, or, in other words, on what, among the heteroge
neous things they do. should count as constitutive of immunology: to develop theories and
concepts. to perfoml experiments. to build a rich material culture of instruments and tech
niques, to engage in institution or network building, to carve out biographical trajectories
combining personal and scientific issues... or ail of the above? A choicc between these
various alternatives will shape answers to subsequent questions, such as how one should
analyze the relationship between the laboratory and the clinic that has charactel'ized
immunology from its beginnings [29], or define the interaction between the various
biomedical fields contributing to or being affected by immunology.

A more general way ofphrasing these questions is to ask what the point of a history of
immunology is, a question one cannot ask without simultaneously defining the audiences
targeted by such a history. A strong declaration of independence on the part of historians
- according to which the history of immunology is a discipline whose accomplishments
and shortcomings should be jlldged according to the relevant standards as defined by
historians without undue interference by practitioners ofother disciplines (namely. natural
scientists) - is certainly a possible answer, one to which the editors ofthis book are quite
sympathetic. For, in the same way as it would be absurd for historians to dictate to im
munologists how they should go about practicing immunology. historians are entitled to a
high degree ofprofessional autonomy in the choice of the relevant themes and assessment
criteria. However, this solution does not quite solve all problems, for both theoretical and
practical reasons.

First, the relationship between historians and scientists is not a symmetl'ical one. Histo
l'ians of immllnology write about what immunologists do, but not vice versa. Now. it is
often claimed that one of the golden rules of historical scholarship is that the histOlY of a
given scientific episode should be written by adopting the point of view of the actors of
that time, i.e.. without indulging in anachronism and/or hindsight. However, while this is
certainly sound methodological advice. one should not read it as a form ofnaïve historical
empiricism, according to which one could reach a comprehensive, factllal and final
understanding of "what really happened." Rather. one should recognize that events of the
past are irremediably transfOl'med by our present understanding and that, in this sense.
history has to be continuollsly re-written [30. esp. pp. 176-86]. Insofar as scientists, by
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their ongoing practices, decisively contribute to a recasting of the past, a rigid dichotomy
between historians and scientists is, at best, simplistic. Second, 'in practice', historians of
immunology, especially those working on contemporary topics, do entertain, at different
degrees, a working relationship with practicing immunologists and this requires some sort
of give-and-take. Why should scientists bother about history and historians? Possible, but
far from satisfactory, answers have ranged from the pragmatic argument that knowledge
ofpast debates will reduce the occurrence of the "reinventing the wheel" syndrome, thus
contributing to a better understanding of contemporary debates [31], to the more detached
one that history, in addition to being a source of insight, can be a source of wonderment
[23]. But, maybe, these are exactly the kinds of questions that are not worth asking from
a general, abstract point ofview, and that should rather be formulated in ad hoc, concrete
tenns, every time that, for whatever specific reason, one feels the need to ask them.

Given this general state ofaffairs, a reader, confronted with the present collection, might
wonder about its purpose. Is this a book on the history/epistemology of immunology? Or
is it a book about the debates surrounding the history/epistemology of immunology? A
glance at the table of contents shows that both aspects are present, and that the various
contributions have been organized on a spectrum ranging from historical to meta-histo
rical issues. Moreover, and in spite ofthe neat separation between scientists and historians
displayed in the title of the book's first two sections, no unique historical or meta-histo
rical approach or principle is to be found within a given section that could be easily
mapped onto the professional, or, for that matter, any other general qualification of that
section's authors.

The first threc authors ofsection 1 are immunologists best known for their contributions
to the development of the field. Michael Potter and Leslie Brent describe and analyze
events in which they have been personally involved, thus exemplifying, in their different
ways, a "protagonist's approach" to history. Potter's contribution focuses on myeloma
proteins, a topic that points to the existence ofan intimate link between research materials
and conceptual developments, while Brent's chapter examines the issue oftolerance, that,
in a sense, and as shown by the recent debatcs surrounding the issue of Self-NonSelf
discrimination, has never lost its status as a constitutive, yet controversial tenet of modern
immunology. A comparison between Brent's chapter and the following one by Melvin
Cohn is certainly instructive, insofar as their subject matter overlaps. Cohn adopts a mili
tant stance, openly endorsing a particular theoretical approach to Self-NonSelf discrimi
nation which he then uses as a yardstick to review the historical contributions by other
immunologists. Kenneth Schaffner is a philosopher, not an immunologist, but his chapter
has been included in Section 1because it illustrates an attempt to intervene, with the help
of the Internet, into contemporary debates over Self-NonSelf discrimination and thus
represents, so to speak, a philosophy 'in', as opposed to a philosophy 'of' immunology. ln
this sense, it can be used to contextualize the preceding contributions. Section 1closes with
a chapter by Patrick Triadou that marks the transition from a more scientific to a historical
and epistemological agenda, not only because of the author's personal qualifications as
both a practicing scientist and a historian, but, more importantly, because his chapter raises
the issue of the relationship between the normal and the pathological and of the models
used to tackle it (see also Peter Keating's chapter in section IV). It does so by exploring
the relationship of immunology to hematology, from a "mere" producer of tools for
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diagnostic practices to a "method-theory package" [32] for redefining our understanding
of pathological processes.

By choosing to open section II with a chapter by Althur Silverstein, we have apted for
an even smoother transition between the first two sections. As in Triadou's case, this is sa
not only because of the dual scientific and historical qualifications of the author, but also
because of the author's particular focus on conceptual issues, namely the early develop
ment of Paul Ehrlich's notion ofa receptor that, according ta Silverstein, has conditioned
aIl subsequent work by the influential German immunologist. Covering preUy much the
same historical period, the chapter by Eileen Crist and Alfred Tauber also tackles concep
tuaI issues, but by espousing a more explicit epistemological agenda. Crist and Tauber
reject linear accounts of conceptual developments and foc us on the eontroversy between
humoral and cellular approaches, showing how the latter can be accounted for in tem1S of
compcting visions of biology and how the traditional picture of the controversy in tenus
ofwinner and lasers should be replaced hy a more subtle understanding ofhow elements
from bath approaches were quietly incorporated into our present understanding of im
munologieal mechanisms. The next three chapters mark a shift toward a different histo
rical approach, by refusing to privilege the raie of concepts in the history of immunology.
This does not mean that concepts are evacuated but, rather, that they are analyzed as paIt
of a eomplex network of practices. [n keeping with the recent interest in the material
culture ofscientific practices. the chapter by Angela Creager shows how particular objects
and materials (for instance, antibodies as material substances obtained through peculiar
production practices) have hclped to stabilize immunology as a clinical and scientific field
of knowledge. The chapters by Mark Jackson and Jennifer Stanton qualifY even more
directly as social and institutional history. Jackson accounts for the controversies about
allergen immunotherapy in the United Kingdom by arguing that they have not been
uniquely determined either by concerns about technical issues (such as protocols. testing,
standardization) or by their outcomes as perceived by patients and doctors. Rather, in
arder to understand the therapy's "checkered history," one has to factor in professional
and socio-economic concerns. Stanton, examining hepatitis B vaccination, similarly
daims that the use of vaccines depended on a complex of social, economic and political
tàctors. Thus. a notion such as "vaccine viability" is to be understood in sociaL economic
and political tenus rather than biological, scientific and medical ones.

The first two chapters in section Ill, by Ed Cohen and Philippe Menut, could have been
accommodated within section IL but wc decided to include them in a separate section with
the chapters by Dominique Frommel, Daniel Jacobi and Anne-Marie Moulin insofar as
these five contributions share a common focus on public images of immunology. As
shawn by the ditterent approach and subject matter of the five chapters, the term public
image is to be taken in a broad sense, sometimes metaphorically and sometimes qui te lit
erally. Cohen's chapter covers a broad historical spectrum and tracks the migration of a
metaphor - immunity - from the politieal to the biologieal and medical realms. Thus,
rather than focusing on the social and political consequences of an already constituted
biomedical field, the chapter focuses on the co-construction of nature (immune bodies)
and society (political bodies), and examines the bio-political consequences of such a
mutual production. [n contrast to Cohen's chapter. Menut's contribution focuses on a
limited, yet (in)tàmous event, namely the trial that followed the death of 77 children
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following a 1930 BCG vaccination in Lübeck. Menut shows how the juridical system
became a hybrid forum for debates over the existence of bacterial species, and how the
legal outcome of the Lübeck tragedy was predicated upon the temporarily successful
attempt to untangle scientific and political connotations that are still with us in present-day
controversies over vaccination. Frommel's chapter examines, in a sense, the equivalent for
developing countries of the dynamics explored by Menut in the case of the Lübeck trial.
The argument is derived from the author 's personal experience with immunization
campaigns in developing countries: on this basis, the author examines the gap, and the
resulting clashes, between the allegedly neutral textual and visual imagery conveyed by
Western immunological documents and the connotations evoked by that same imagery in
non-Western technical and lay practitioners. Jacobi's chapter introduces a much needed
semiotic dimension, by looking at the imagery used in the advertisements produced by
pharmaceutical companies to promote their immunotherapeutic substances. Jacobi's
analysis is to be read as part of the renewed interest by sociologists and historians of
science in the vi suaI dimension of scientific practices. By focusing on the end-product of
a long chain of visual productions, Jacobi also highlights the mutually-reinforcing links
between the representational practices that characterize the esoteric world of laboratories
and those displayed in the public sphere of biomedical communication. The last chapter
in Section III is yet again a transitional text, as it combines the public image of a central
immunological notion with historiographie considerations, the topie of the next section.
Moulin's analysis of the "multiple versions of the immune system" shows how these dif
ferent representations move back and forth not only between what Fleck [33] has termed
the esoteric and exoteric circles - namely the specialized world of the laboratory and the
general public - but also Western and non-Western cultures. A philosopher and a practic
ing doctor, Anne-Marie Moulin shows that common reveries underlie immunological
concepts, and that the metaphysical character ofthe immune system turns it into an anthropol
ogical tool available for the interpretation of various cultural patterns. Thus, Mouliri's
contribution addresses not simply the issue of scientific popularization, but also the histor
iographie issue ofhow a sensitivity to, inter alia, anthropological elements should inform
the writing of a discipline that is constantly in the process of being deconstructed and
reconstructed.

The chapters in the fourth and final section openly address historiographie issues. The
chapter by Alfred Tauber echoes both his joint contribution with Eileen Crist in section II
and Anne-Marie Moulin 's chapter in the previous section by pleading for the return, under
new modalities, of a historical genre taking into proper account the metaphysical assump
tions that explicitly and implicitly guide scientific practices. Peter Keatings chapter
closely examines one of the central thesis of French historical epistemology, namely
George Canguilhems groundbreaking, yet often misunderstood analysis of the rela
tionship between the normal and the pathologieal, and shows how il can be used to analyze
more recent biomedical events. The chapter by Alberto Cambrosio looks at the intriguing
possibility that the notion ofa uniform, linear time underpinning historical accounts could
be replaced by a sociologieal understanding of time, one postulating the co-existence of
multiple time frames. The chapter ends with a tentative list of the consequences for histor
ical practices of adopting such an approach. Finally, Thomas Sôderqvist, on the basis of
his work on the life ofthe immunologist and Nobel Prize winner Niels Jerne, explores yet
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another possibility for subverting established historical genres, namely the development
of a biographical approach grounded in the explicit promotion of ethical themes, not from
a deontological or consequentialist point ofview (how should 1 act) but from the point of
view ofa virtue ethicist (how should 1 live).

In order ta make their point, ail chapters in this final section resort, in their different
ways, to examples drawn from the history of immunology. Yet, they tackle issues of
concem, more broadly, to the history of science, that could also have been examined by
resOliing to examples from other scientific or biomedical disciplines. In an important
sense, section IV thus constitutes a proper ending to this collection, for our intention in
editing it has never been to institute the history of immunology into a separate, Self
contained specialty but, rather, to contribute to its development by establishing creative
links with aIl those who, in other fields, share our fascination with the history ofthat pecu
lial' human activity known as science.

Finally, the co-editors would like to thank Peter Keating for his help in translating and
revising several chapters.
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Myeloma proteins and antibodies

Michael Potter

Over the last 60-65 years immunologists have been ever intrigued with the biology of
myeloma proteins and using them as tools in a variety of different experiments. The ques
tions raised to explain myeloma proteins - what they are and what their function might be
- has led to major insights not only in immunology but also in understanding the pathogen
esis of plasma cell tumors. Our understanding of these proteins, however, is far from
complete. While CUITent dogma accepts the concept that myeloma proteins are structured
normally and therefore should bind antigens, only relatively few antigen binding activities
have been described and little is known about the immunogenic stimuli that lurk in their
past history. This article will review how myeloma proteins were discovered and how they
and the cells that produce them have played a key role in sorne of the major discoveries in
immunology over the last 60-65 years. It will then conclude with a discussion of current
unresolved problems relating to the biological activities of myeloma proteins.

I have been asked to comment on the reasons why certain experimental
approaches were taken in the development of the mouse plasmac.vtoma
model system, It is a/tl'a)'s difficult to tr)' and recreate one's past mind set
many years latel; the possihility always heing that one might take advantage
ofpresent knowledge because en-ors in memory take credit for idem; that did
not prevoil at the time. Ihave tried to descrihe the questions that motivated
this research. The}' are inserted in italics to set them apartfrom the historical
discussion ofmyeloma proteins.

Multiple myeloma and myeloma proteins

Myeloma proteins are immunoglobulin molecules made and secreted by plasma cell
tumor cells. The tenn 'myeloma' cornes from the major plasma cell tumor process in
humans, multiple myeloma. It literally means a tumor arising in the cells that occupy bone
maITOW cavities.

Multiple myeloma as a specifie disease process has been familiar to physicians for over
150 years. Oespite its rarity, it provoked many reports because of its unusual clinical
features and severe related morbidity. The most famous historical case was that of Mr.
Thomas Alexander McBean, a London grocer who had apparently been in good health
until 1844 when, during a vacation in the countryside, he jumped out of a cave and upon
falling on his chest experienced excruciating pain [1]. This temporarily subsided, but on
his retum to London he consulted Ors. Thomas Watson and William MacIntyre, who
diagnosed his condition as "Mollities et Fragilitas Ossium" (softening and fragility ofthe
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bones). During the progressive course of his disease, they noted that Ml'. McBean began
excreting large amounts ofprotein in his urine. Theil' analyses ofthis protein showed that
it did not behave like albumin, the protein most usua11y found in association with kidney
diseases. They took a sample to Henry Bence Jones, the most renowned 'clinical chemist'
in London. Henry Bence Jones confirmed their findings and gave a very detailed descrip
tion of the protein which was subsequently named for him as Bence Jones Protein (a name
known to every medical student today) [2]. Ml'. McBean died on January l, 1846, and his
postmortem revealed that his bone marrow cavities were fi11ed with a reddish tumor like
process and sorne unusual ce11s. Microscopie drawings were made of these curious cells
and, crude as they were, these strikingly resemble plasma ce11s [3].

From 1845 to the early part of the twentieth century several new extensions about
'"Mo11ities et Fragilitas Ossium" became clearer. First, the myeloma tumors could involve
different bones, hence the new name multiple myeloma [4], and, second, the cells in these
myeloma tumors were identified as a newly recognized ce11 type - the plasma ce11 - in
1901 [5]. The histologists Paul Unna and Ramon Cajal had defined plasma ce11s as a
distinct morphological cell type in the 1890s [6, 7]. Third, not only did many of the
patients have Bence Jones proteinuria, but sorne also developed amyloidosis, a pathol
ogical accumulation of insoluble proteins in tissues. It was not until 1928 when the first
reports of changes in the serum proteins were associated with multiple myeloma [8].
Multiple myeloma as a disease then became stigmatized with pathological protein forma
tion but the reason for this was not known. Nonetheless, these characteristics haunted the
early concepts of myeloma proteins.

Revolution started by physical chemists led to new insights on the nature
of myeloma proteins

The understanding of the abnormalities in protein formation in multiple myeloma began
with a technological revolution in the physical-chemical analysis of proteins. Two mon
umental achievements in protein chemistry in the twentieth century were the development
of the analytical ultracentrifuge by Svedberg in 1925 [9] and the moving boundary elec
trophoresis by Arne Tiselius, who began his career with Svedberg [10] around 1925 and
developed moving boundary electrophoresis between 1930 and 1937 [II]. Ail this
occurred at the Tnstitute ofPhysical Chemistry in Uppsala, Sweden which was created for
Svedberg and became a Mecca for workers a11 over the world. The ultracentrifuge evolved
from the pursuits of colloid chemists to separate sma11 particles ofvarious sizes. This led
to attempts to sediment protein molecules according to size and shape by centrifugaI force
and this required the construction of powerfùl centrifuges that could spin a solution of
protein molecules at speeds of greater than 100,000 revolutions pel' minute and record the
movement ofthe protein molecules as weIl. Svedberg. who \vas ever interested in building
bigger and more powerful centrifuges for the separation ofmacromolecules. did not loose
interest in his pursuit of other ways to separate and purify specifie proteins. Svedberg had
begun to work on electrophoretic methods but had put them aside. When the promising
and talented student Arne Tiselius came along in 1925, Svedberg urged him to develop
moving boundary electrophoresis to separate proteins by using their net surface charges in
an electrical field. Tiselius tackled this problem with tenacity and determination. final1y
perfecting an elegant but very large and complex instrument that he described in 1937
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[1]]. An early application ofthese instruments to physiological and clinical problems was
the separation of the proteins in plasma, serum and other body fluids. The group in
Uppsala included Kai o. Pedersen and Jan G. Waldenstrom who had clinical interests.
Both instruments resolved serum proteins into characteristic fractions. In moving bound
ary electrophoresis albumin and a, ~ and y globulin fractions were identified by net
surface electric charge distribution. Biologists from aIl over the world beat a path to
Uppsala to study their cherished proteins with Svedberg, Tiselius and Pedersen. Very
early Michael Heidelberger in 1935 [12] and Elvin Kabat in 1937 [13] from New York
arrived to analyze the highly purified preparations ofantibodies they had prepared to study
pneumococcal polysaccharides. As many (but not aIl) of the pure antibodies migrated
electrophoretically with the globulins of gamma mobility, the term 'gamma globulin'
came into popular use and became a 'household' word synonymous with antibodies, the
proteins of immunity.

Following Tiselius' description of moving boundary electrophoresis, new instruments
were built and refined in England and the USA., and the field developed explosively. In
1928 the first reports of changes in the ratio of serum albumin to serum globulins were
associated with multiple myeloma [8], and these findings alerted the clinically minded
physical chemists to obtain serum from patients with multiple myeloma for analysis. This
led to the fascinating discovery that the sera of most patients with myeloma contained
massive accumulations of specifie kinds of globulins. These appeared as peaks of protein
concentration arising within the ~ and yglobulin fractions. Longsworth et al. using a mod
ified Tiselius apparatus at the Rockefeller Institute in New York first described these
abnorrnal peaks [14] in 1939. It was soon followed by more extensive studies [15,16] by
Keckwick in London and Gutman in New York. World War II now began to delay the
rapid progress that was being made. These peaks were the true myeloma proteins (as they
are so named today) and were distinguished from Bence Jones proteins by their molecular
weights.

M-components

Jan Waldenstrom, working away in Uppsala in the 1940's, discovered that there were two
other disease processes that produced these unusual electrophoretic bands or spikes in
serum protein analyses besides multiple myeloma. The first ofthese did not to have exces
sive numbers of plasma cells in their bone marrow cavities (as in multiple myeloma) but
lymphocytes instead. These were associated with protein spikes that were called 'million
aires' because the proteins were found to have sedimentation coefficients 19-20S and
estimated molecular weights near a million. In contrast, the usual myeloma proteins had
sedimentation coefficients oOS and had molecular weights of 150.000. Today, the million
aires are known as Waldenstrom Macroglobulins. The second process also discovered by
Waldenstrom was that there were sorne individuals whose serum contained a characteristic
spike but apparently had no evidence of multiple myeloma or other lymphoproliferative
disease. These individuals appeared to have benign proliferations of immunoglobulin
secreting cells. The M, (Myeloma or Macroglobulin) spikes collectively were called "M
components" [17] by sorne or "paraproteins" by others.

ln 19541 came ta the Natianal Cancer lnstitute ta wark in Llayd Law's lab
aratary which was facused an mause leukemia. Llayd Law was interested in
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chemotherupy and had made important discoveries on the de\'elopment of
resistance to chemotherupeutic agents such as methotraxate, 6-1l1ercapto
purine and 8-az.agllanine. His work laid the foundatio/l for combination
chemotherapy of acllte leukemia of childhood. Lloyd Law was also fascin
oted with the problem of trying to e.1plain the puthogenesis of mOllse
leukemia and thisfield was in a turmoil because of the experilllents ofLudvik
Gross, \1110 produced evidence that a vertically transmissible virus was the
responsib/e cause. This had great/y challenged the premiling concepts of
E.c. MacDo\l'all and Jacob Furth that /ellkelllia inmice Iwd a genetic basis.
MOlise /el/kemia in the /ate 1950 's \l'as predominant/y a study of/ymphucytic
neoplasl1ls, with particl//ar ell1pllUsis on t/wse tumors of thymic origin. /n
1954 Thehna DlIIlIl pub/ished her classic lIl0nograft on reticll/ar neop/asms
in //lice (i.e., tUl1lOrs of the helllatopoietic system), and this opened the eyes
ofmany to the varie(r ofdifferent tl/mor types within this system [18].

The great sl/ccesses of the transp/antab/e /ymp/wcytic neop/asl1ls in mice as
model systems for detecting new chelllotherapeutic agents (particu/ar/y
Lloyd Lmt's Ll2 IO model) prol1lpted Lloyd Law to suggest to me that / try and
del'e/op sOllle of the other helllatopoietic tumor types as mode/ systems. This
\Vas IIlOSt appea/ing to me, and / set ahollt trying to establish in transplant
examples of the tlllnors in Dunn 's review. She was IIlOSt he/ptitl in this
respect, and )l'e \l'orked together very close/y.

The principal sOl/rce of these tllmors \vere the DBAJ2 /ymph01l1as indl/ced by
arol/latic polycyclic hydrocarbons. Ertant today are P815 (a mastocytollla)
and P388 (a pre-B cell/Yl11pl1011/a) which camefrom this st!uZv. The mast cell
tumor was associated with c1wracteristic differentiation prodl/cts SUc/l as
heparin, histamine and serotonin. When / came to the plasma cell twnors,
there was only one possible transp/antable p/as11/a cell tU11/Ol; a C3H tll/nor
called 70429. The/ma Dl/lIIl tllOlIght this I/light have originated as an i/eo
ceca/ p/asmacytol/w. / began H'orking with this tumor which \\'as qllite fas
cinating by itseU; principally ta sem"ch for a mye/Oina protein production.
Paper e/ectrophoresis tt'as /WH' ami/able, and John Fahey at the NC/ was
actively stlldying the serum proteins in patiellts )vith /ympllOl/las. / asked him
to 1'1111 semmfimll mice H'ith 70429, but he found no el'idence ofa mye/o//la
band. Since / Iwd many tll1110rS in transp/allt from the Dl/nn study, /o/Jtoined
illY OH'n electrophoresis appamtlls to systematically study these tumors. Bya
great stroke of goodfortune the first \t'eek H'e began l'lll1ning these samp/es,
the two p/as/1wcytolllas transplonted by Ira Pi/grim (which he had sent to.
The/ma Dunn for histologica/ diagnosis) arrived fi-om Ca/!fomia, and
Almdo Call1pbel/, my assistant, and 1 rail their sera immediate/y. 1 cou/d NOt
beliel'e the X5563 paper electrophoresis patfem 011 the first 11111 becal/se of
the huge band that appeared at the origill. Subsequent mns, though, repeated
the saille l'l'suit, and it becallle very Obl'ious this was a myelOlua protein.

About this time /nrfascinatioll )vith p/asllla cell tlll/lOrs \l'as greatly enhanced
by a lecture given by FrWlk Putnam on Bence Jones pmteins in 1956. This
\t'as presented in Wilson H(dl, a roOI/1 lil/ed by beaI/ti/id portraits of past

SINGULAR ,l L \ ES

HISTOKICAL ISSUES ~ND lONn ~IP()RAR, DEllAn" IN I~I~IUNOIOG\



Mye/ama protelll.l' and Wlflbo(!le.1

directors of the NIH and then the major auditorium of the old NIH. Frank
Putnam began stud)'ing the structures of Bence Jones proteins in the early
1950'sand discovered that each one was unique [19}. He had detennined the
amino acids at the amino terminal ends ofthe proteins andfound these varied
between proteins. To lI1Y memory what seel1led most exciting was the question
about the reason for al! these variations. Were the)' due to genetic polymor
phisms in the human population or did these different proteins rej7ect a muta
genic process that resu/tecl from exposure to chemical carcïnogens or other
mutagenic agents du ring tlze development of multiple myeloma? Olle
approach to answer these questions was to find myeloma protein producïng
plasma cell tll/nors in inbred mice where the host genotype was ail the same.
The presltlnption here was that if the m.ye/oma proteins were different, then
this might suggest a mutational process was affecting tlze proteins made by
the tUn/ors. Needless to sa)', 1 had /l0 idea llOW complicated this question
would become.

ClonaI selection theory

In 1948 immunologists generally accepted evidence that plasma cells secreted antibodies
[20], but the intriguing biological significance ofthe nature ofplasma cells was not appre
ciated until 1957 when the cellular basis for the origin ofplasma cells was first understood
and explained through the instrument ofa brilliant hypothesis, Frank MacFarlane Burnet's
clonaI selection theory of antibody formation [21]. The implication of this theory was that
antibody producing cells were of two related cell types: first, a lymphocyte precursor cell
that displayed the antibody molecules on the plasma membrane where it acted as a
receptor for antigen, and second, the cellular maturation product of these lymphocytes the
plasma cells which developed the ability to secrete these molecules. Both cells were dif
ferent developmental stages of a single founder B lymphocyte (figure 1). Today we refer to
this as the B-lymphocytic lineage. A second revolutionary implication of Burnet's theory
was that each immunoglobulin producing cell had undergone an unexplained develop
mental process that limited the cell to producing only one species of antibody molecule.
This permitted antigen to select appropriate cells (lymphocytes which contained antibody
molecules on their plasma membrane) for clonaI expansion and eventual differentiation
into antibody secreting plasma cells. The theory also provided a glimpse ofthe great diver
sity of the antibody producing lymphocyte population that is required for the workings of
this system of cells. Gustav Nossal and Joshua Lederberg established experimental proof
ofthis remarkable division oflabor in antibody producing cells by immunizing rats simulta
neously to two different antigens and demonstrating that single antibody-producing cells
could only make one of the antibodies [22].

Transplantation studies in 1958-1959 on eight avoi/able plasma cell tumors
showed very clear/y that the electrophoretic migration pattern of the
mye/oma protein was unique for each tumor and was clearl)' a stable consis
tent marker for each tumor [23]. In 1955-19561 met Theodore S. Hallschka
for the first time and this began a series of exciting conversations with him
about the genetics of somatic cells llsllally at scientific meetings or visits ta
Buffalo, NY. In discussing the plasma cell tumors with him, the subject came
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ur about now /0 erp/ain etectrophoretic variations ofmye/olt/a proteinsfrom
ptasmacytomas originating ill the Jarne inbred strain. Were they somauc
mutat ions ? Could Ihc)' be Jue 10 sorne kind of difJerent iation process in
p/a.mU! cells? Ted Hauschka totd me about Ille reccntty p/lh/ü/U'd Nossall
l.ederberg experimcnts [22J that showed single plasma ceüs were specialized
10 producc only une kind of amibodv molecule . This \Va ~ a tuming point jor
me, and 1begon thinkin.': abolit the individuatity ofmveloma proteins QJ dif
ferentiation products rather I I/an mutagenic Of/eoS . Ir is embarrassing ;'1

renospect that in ou r poper of 1960 [23J we did /lOf site Uumets clonai
selection nypothesis [21J, which was fO play such 011 important conceptuat
part ofthisfietd. Possibly; if had tess ofan impact arthe lime thon the NO!i.WV
Lederberg exnenment.

The physico-chemical hercrogeneity of pure annb ody fractions co uId now be expla ined
hy Bumet who postulated thar the immunizing antigen co uld select out different lympho
cyte clones. each ofw hich produced a d ifferent (mono-) clo nai antibody molecu le thar
reacted with that antigen. The B lymphocyte ir neracting with anrigen was triggered 10

divid e, thus forming a clo ne of cells that produced the seme kind of antibody molecule.
Sorne of the cel ls were destined to mature 10 become anribody-secreting plasma cells.
Antibody. then. was appareruly a co llection of struc turaüy- and generically -rcla ted
[immunoglobulin ) molecules thar bound the same antigen. Ant ihody molecules prod uced
by different clones cou ld have d ifferent chemical properties. A tumor (neoplastic prolife
ration) of plasma cells such as mult iple myelom a in humans or the plasma cell tumors in
mice represen ted a megaclonal expans ion ofone plasma cell. The cens in one turne r orig
inated by a neoplastic developmental process or transformation of a single antibody produc
ing cc ll and was limitcd by différentiatio n 10 synthesizing a single speci es of irnmun o
g lobul in molec ule. Myelome protein representcd a mass ive accumulation of identica l

1~' RC. f""

Figure 1. Scneme of B lymphoc yte plasma œil formation .
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antibody (immunoglobulin) molecules. The next few years after Burnet's theory was
published, cellular, genetic and biochemical data supported these basic postulates.

An experimental source of myeloma protein producing plasma cell tumors in mice

By the mid 1950's no means for obtaining plasma cell tumors in laboratory animais was
available. The mouse was a particularly attractive experimental species as tumors could
be propagated in inbred strains in this species by transplantation. In 1954 Thelma Dunn
showed for the first time that mice could develop plasma cell tumors spontaneously but
unfortunately these tumors were very rare and most were diagnosed retrospectively from
tissue sections [24]. The ileocecal plasma cell tumors appeared to develop in a chronic
inflammatory tissue underlying uicers in the cecal mucosa. A way to induce these lesions
and plasma cell tumors was not available. By very good fortune in 1957 H. Ira Pilgrim, a
graduate student at Berkeley working on mammary tumors in mice, found two unusual
abdominal tumors of probable ileocecal origin that developed in old C3H mice, and he
sent these tumors to Thelma Dunn in Bethesda for diagnosis. Both were found to be
plasma cell tumors that secreted myeloma proteins [25, 26].

Thelma Dunn again played a key role in plasmacytoma research in1958. Ruth Merwin
and Glenn AIgire were studying the survival of foreign tissue cells in potentially hostile
tissue environments. To carry out these experiments they used a device called a MiIIipore
Diffusion Chamber (MDC). Richmond Prehn along with AIgire had developed this device
[27] which consisted of a plastic ring onto which two miIIipore membranes were glued.
Cells could be introduced into the space between the membranes. The MDC which was
around the size of an American nickel was implanted into the peritoneal space ofa mouse.
The tissue fluids from the host mouse could now diffuse through the membrane and
support the viability and proliferation of the cells. The question Merwin and AIgire sought
to answer in 1958 was how long potentially incompatible cells could survive in these
chambers. The design of this experiment was logical but would produce an unexpected
result. They used mammary tumor cells of C3H origin inside the chambers. There was an
additional reason for this choice as C3H Mammary Tumors carried the Mammary Tumor
Virus (MTV). The miIIipore membranes employed in these chambers exciuded the
passage of cells through the membranes but would allow the MTV virus to pass through
and infect the host. This led to the obvious choice of the recipient strain BALB/cAn for
two reasons. First, the cells ofBALB/c mice were incompatible with those ofC3H, and if
the immune cells ofBALB/c came in contact with the C3H cells they would be destroyed.
Second, BALB/cAn did not carry the MTV but was quite susceptible to this virus and the
females would develop mammary tumors if exposed as adults. Thus, Merwin and AIgire
had a potential assay system for MTY. Ruth Merwin began building the chambers and
setting up the experiment. Glenn AIgire was fatally ill at this time and did not live to see
the results. An extraordinary set of circumstances and coincidences came in place to
produce this far reaching result.

The unexpected resuit of this project was the development of abdominal tumors in the
BALB/c mice. As was the common practice in the NCI in those days, the tumorus mice
were taken ta Thelma Dunn for pathological diagnosis. Thelma Dunn was the reputed
world authority on the histopathology of tumors in mice and particularly tumors of the
hematopoietic system. She found a most unusual set of findings in Ruth Merwin's mice.
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There were two kind of tumors in the peritoneal cavities of these mice. The first were
fibrosarcomas that developed arollnd MDC, but the second kind of tumor was unprec
edented in her experience. These were plasma cell tumors that were growing on distant per
itoneal surfaces and not in any obvious association with the MDC. The MerwinlAigire
experiments were most important, though, because they provided a means for inducing
plasma cell tumors in inbred mice and, further, they revealed a genetically susceptible
target strain BALB/c [28].

As Ruth Menl'ÏJl wos nploring which components of the Mil!ipore Diffusion
Chambers (MDC) were responsihle for plasmo cell tumor formation, 1
sought other H'oys to induce plasma cel! tumors in mice. This H'ork Il'as based
on the hypothesis that prolonged expoSltre to foreign antigens would stimu
lote plasma cellformation ond h.î'perplosio which might be 0 neeessary prelim
inary step in plasmocytol11a fOl7natioll. One Obl'ious possihilit)' suggested by
the MDC experimellts lI'as that the genetically incompatible C3H cdls inside
the chOlnhers were releasing potential antigens into the BALB/c mOllse. Sueh
an idea inn'itably led to using other antigens and to ehranicall)' immunize
the l11ice. 1 consulted several iml111111OIogists in a nearby laborotory. and they
told me horse serum Il'as a pOlI'e!jitl antigen. Multiple injections (If horse
serum met Il'ith rapid failure, as the mice all died of anaphylaxis in a few
weeks, long before plasma cell tumors develop. The H'((\' araund this was to
use of immunological adju1'Onts lI'hich \l'ere knoH'n to slowly rela/se alltigens
fivm water-in-oil emulsio/ls [29] without pra1'oking anaphylaxis. 1/1 the late
1950's Rose Lieherman at the NJH developed an adjuvant mixture that
pmduced ascites inl11ice; this consisted (~fincompleteFreund's Adjul'mlts (0
mineraI oil cO/ltaining adjuvant) and heat killed staphylococci [30]. BALB/c
mice were injectaI illtraperitoneally Il'ith this adjuvallt mixture. We added a
.tell' 'condiments' such as the inclusiol1 of a pratein antigel1 (ho l'se serll1n).
and paillting ofthe skinll'ith the carcinogenmethylcholonthrene (a technique
known to induce he111afopoietic tUl1lOrs). Afier 6 months some of these mice
developed myelomo protein producing peritoneal plas11lacytomas [31]. The
induction system contained nlI1nerous l'ariables. and new e.\perimellts lI'ere
immediote/y begun with Charlotte Robertson Boyce to simplify the procedure
and to determine which c011lponellts were essential. It soon became apparellt
thot the single critical component required for plasmacytoma induction H'(lS

the paraffin (minera!) oil that made up 85% ofFreund's adju1'011f [32]. In the
nextfell' years wc tested many dfflerent hrands of mineraI oil including USP
grade oils. and al! lI'ere actÎ1'e. Late!; Paul Andersonfound thot a chemically
pure componellt of mineraI oil H'as available. This was pristone, which
proved to be the most effective (if all the oils testaI. Although we lost faith in
the h.îperimm1l11i;:,otion hypothesis, we H'ere in possession ofa relatively easy
method for inducing an unli11lited 1/llmber of lIlyeloma protein producing
plasma cell tll1110rS all derived from genetically similor (close to idelltical)
BALB/c micc. This opened to door in 1959-1960 to begin to systematically
characterize (lnd classify myeloma proteins from a biochemical poi11f of l'iel\'.
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Architecture of the immunoglobulin molecule solved

In 1962 the general structure of the immunoglobulin (lg) molecule was final1y established
[33]. Two laboratories taking differing approaches led the way. First, Rodney Porter's
group using highly purified rabbit antibody molecules demonstrated that a typicallg mole
cule contained three globular structures that couId be separated by proteolytic enzyme
digestion [33, 34]. Two fragments called Fabs contained antigen bindi.ng sites, and a third
fragment, Fc, roughly equal in size to an Fab did not bind antigen (see figure 2). Gerald
Edelman and his associates then unfolded the 19 molecule in powerful denaturing condi
tions that disrupted aIl of the covalent and hydrogen bonds and showed that the 19 mole
cule was composed oftwo different polypeptide chains, the light (L) and heavy (H) chains
[35]. Edelman was then able to solve the mystery of the Bence Jones protein which tumed
out to be Ig L chain [36]. Sorne plasma cel1 tumors and multiple myelomas produced
excessive amounts of L chains or only L chains.

Myeloma proteins: key to the antibody diversity mechanism

While the basic structural features (shape, large fragments and molecular weights of the
various components) of the 19 molecule were known in the early 1960s the immunoglob
ulin genes that coded for this molecule were not established (figure 2). Theorists, always
ahead of the actual data, had become intrigued with the problem whose essence was how
to explain how an individual could generate in a genetical1y economical way an untold
number of antibody specificities. It was estimated that this number was very high, greater
than 10,000, possibly even 100,000 or more, which would mean that a large part of
the genome would consist of Ig genes. What kind of genetic system could code for such a
capability? Intriguing hypotheses emerged such as somatic mutations of a few inherited
Ig genes [37] and chromosomal recombinations between Ig genes [38]. Myeloma proteins
from humans and mice now provided the structures that could be analyzed or deciphered,
but to do this the amino acid sequences would have to be determined. Protein chemists
had sequenced insulin (51 amino acids) and ribonuclease (149 amino acids), but a
molecule the size of an Ig molecule with L chains of 250 amino acids and H chains with
450-500 amino acids presented a formidable problem at the very limits of the available
technology. Probably, the protein chemists were unaware ofthe zeal of the immunologists
who now sailed into this problem with the fury of an advancing army. For once the
technology rose to the occasion, and streamlined protein sequencing became available
[39]. The first analyses were made on Ig L chains (Bence Jones proteins), which were
readily available in humans and more recently in mice [40]. Frank Putnam had pioneered
many of the studies of the structure of Bence Jones proteins in humans and demonstrated
that each Bence Jones protein was unique, that is, part of its structure differed from aIl
others but other parts were identical. The variable and constant parts were recognized
[19,41].

In the spring of 1962 the Federation of Experimental Biologists met in
Atlantic City, NJ, for the annual meeting. This H'as usually just after the
meetings for the American Association for Cancer Research. As many as
20,000 scientists were gathered. It was a great opportunity to meet new
people and discuss ideas. At this meeting Frank Putnam described his continu
ing studies on the structural ilzdividuality of Bence Jones proteins, this
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DOMAIN STRUCTURE OF THE IMMUNOGLOBULIN
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Legend A An immunoglobulin molecule is composed of two light (L) chains and two heavy (H)chains.
These form a monomeric unit. Some immunoglobulins such as IgM have 5 of these monomers Iinked
together to form a pentameric structure known as a macroglobulin. The IgA molecules are usually
dimers. IgG molecules are monomers. In physiological conditions the chains are folded into domains ,
2 for a IIght chain the VL and CL, 4 or 5 for a heavy chain VH and CH 1-3 or 4. Domains interact with

each other to form regions such as the variable reglon or the dlfferent sectors of the C regions. The
two antigen binding sites on a typical monomer are parts of the variable regions and each is formed
by a combination of VL and VH segments. As a general rule which has exceptions mest idiotopes contain
parts of antigen binding sites.

B. The L chain is controlled by three structural genes V, J and C while heavy chains are
controlled by 4 structural genes V,D,J and C. In the mouse there are approximately 100 VH genes ,

17 to 19 OH g.enes , 5 JH genes and 8 CH genes. For light chains there are again around 100 VL
genes . 5 JL genes and 1 CL gene.

Figure 2. Structure of the immunoglobuJin.

time using tryptic peptide maps. also cal!edfingerprints. /n this procedure a
protein molecule was digested with trypsin which split the protein molecule
into a series ofpeptides at al! the positions along the chain where a lysine or
arginine recurred. The resulting peptides were chromatographed in one
dimension and electrophoresed in another. Struck by the beauty of Frank
Putnam 's work and its potential for expanding the criteria for variability, /
returned to Bethesda determined to apply this technology to our growing
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!ibmry of Bence Jones proteins, but 1 was Vel}' naÏ1'e in protein chemistr.v.
White 1 was lvoking around N1H for help, Bill Dreyer struck up a conversa
tion H'ith me about 11l0use plasmacytomas which interested him as a potential
system. 1t did not take long ta learn he worked with Chris Al!finsen and had
developed a high voltage paper electrophoretic 1IIethod for sepamting
peptides and making bealltiful jïllgerprillts. At this poillt 1 became engrossed
in the diversity problem. 1 immediate(1,' became an apprentice ta Dreyer. We
made jïngelprints for 20 different mouse 19 L chains (Bence Jones proteins)
or L chains isolatedfrommyeloma proteins and fOlllld that eaclz ofthent was
different. Eaclz protein, hmveveI; contailled a set of cammon peptides (the
same in ail) and a set of variable peptides. Though we had extensive disc/ls
sions, we muId not come up with a genetic mechanism ta explain this phenom
enon. Bill Dreyer le}! N1H for Cal Tech, and 1 workedfor another year with
Claude Bennett, his post-doctoral stlldent. ln 1965 Bennett and Dreyer (then
at Cal Tech) pllblished tlzeir papa on the two gene-one polypeptide chain
model. 1 thollght that this solved the problem ofvariability - there was one C
variabi!ity region gene and multziJle V (variable) region genes in tlze mouse.
But this turned Ollt ta be only a part of the story as hypermutation and
recombination were shawn ta contribute substantially ta variabi!ity.

By 1965 the necessity of having complete amino acid sequences of Bence Jones
proteins of either the kappa or lambda type became the imperative for further progress. In
1965 Melvin Cohn at the Salk Institute organized an Antibody Workshop that was held
February 8-11, 1965 at Wamer Springs, CA. This was probably the most famous meeting
in the field of Immunology since the Geneva Congress in 1882 when Pasteur and Koch
exchanged unpleasantries. Melvin Cohn had decided that the time had come for molecular
biologists to becorne interested in the antibody problem, and he invited molecular biol
ogists: Francis Crick, James Watson, Seymour Benzer, Max Delbruch; protein chemists:
Chris Anfinsen, Frank Putnam, Gerald Edelman, Edgar Haber, Bill Dreyer, Jon Singer,
Russ Doolittle; and a large impressive cast of immunologists to come to this Workshop.
Symbolic of its Olympian aura, the meeting was held on a mountain top. There was a
natural spring there that fed hot water into a very large pool. In the daytime the pool was
warm, but as evening approached the water cooled and those who remained in it gathered
as darkness descended at the warm water source, and there many interesting conversations
took place chiefly among the immunologists.

In an exchange of letters (personal communication from Melvin Cohn) with his co
planner Rodney Porter (who was unable to attend), Mel Cohn heard about an investigator
at the Rockefeller Institute who had quietly been sequencing Bence Jones proteins,
although no one knew what he had found. As the meeting progressed the molecular biol
ogists were exhausted by 4 days of immunological phenomenology. Charles Todd
presented his serological study of the rabbit immunoglobulin heavy chain and evidence
that it was controlled by more than one gene. He was chastised for his heresy. But there
was one last session that peaked the molecular biologists' interest, and this was the presenta
tion by the mystery guest, Norbert Hilschmann, the person who had sequenced one
complete and one nearly complete Bence Jones protein. When his turn came to present,
Hilschmann described the sequences and then showed the sequence slide for one minute
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for aIl to see. Of course, no one was fast enough to copy it. There was no doubt about its
authentic alignment ofthe peptides and its profound significance. His manner of presenta
tion, however, enraged many present who wanted to study, savor and digest this famous
'first'. Hilschmann made it quite clear there were two covalently continuous peptide
segments to the immunoglobulin light chain (BJ protein), a constant one and a variable
one. The two proteins differed from each other in the variable segment but were alike in
the constant region. Hilschmann felt insecure about revealing his hard wrought secrets
prior to publication as he was a young post-doctoral student. In the audience were several
who had been working feverishly to accomplish this task but were not as far advanced;
thus, his alignment would permit them to rapidly catch up. His actions in my opinion were
defensible. He told everyone what he knew. Where would he ever find such an appropriate
audience? The molecular biologists took the other position - that the sequence should not
be shown at aIl unless it was openly presented. The theoretical repercussions of these elec
trifying few minutes were profound. The molecular biologists thought that there was no
mechanism for joining two independently synthesized chains together in tandem. Thus,
Hilschmann 's data shattered the existing molecular dogma of the "one gene-one polypep
tide" chain [42]. Priority in science has always been a 'touchy subject' that does not bring
out altruism, humility, generosity, graciousness and aIl of the fine characteristics of the
human spirit. 1 do not remember hearing the important question put to Hilschmann about
the genetic explanation of this iconoclastie phenomenon. But others reca11 he speculated
prophetica11y and instinctively it would have to be due to sorne kind ofrecombination.

Claude Bennett and William Dreyer proposed in 1965 their now famous and beautiful
hypothesis on how the two regions the V and C, each being controlled by a separate gene,
could be joined to make a single polypeptide chain (the "two gene-one polypeptide chain
hypothesis)" [43]. They proposed that the V and C genes were firstjoined together at the
DNA level. At that time this was quite revolutionary, even though today it is accepted in
principle without reservation.

Essentia11y, they had solved one part of the antibody diversity problem. Simply stated there
was one gene for the C region and multiple genes for variable regions. The evolutionary
process led to the amplification ofV gene libraries. Each V and C gene was free to diverge
through the accumulation ofrandom gerrn line mutations. This type of V to C joining was
also proposed and found for heavy chains. Both VL and VH were required for forming the
antigen-binding site. Structural diversity of antigen-binding sites was generated by utilizing
different combinations ofVL and VH genes. Not everyone thought this was the solution to the
diversity problem, because it still required a large number of V genes - 100 VL and 100 VlI

genes to generate 10,000 different binding sites. Many theorists in the mid 1960's were
concemed with genetic economy and devised other ideas to explain how a few genes could
generate mechanisms or somatic hypermutational processes. Great discussions were held at
meetings about which mechanism was correct. By 1967 when the grand CoId Spring Harbor
Symposium on Immunology was held the diversity question was in full flower, though still
unsettled. The interested reader should peruse this volume and the recorded discussions
between molecular biologists and immunologists [44]. In the end when Ig V-genes and their
products were sequenced, both at the nucleotide levels and protein levels, multiple genn line
VL - and VI; -genes, recombinational and somatic hypennutational mechanisms were aIl
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found to be factors in generating antibody diversity. Mother nature pulied out ail the stops to
generate structural variability of immunoglobulin molecules.

The ideas of the 1960's were superseded by molecular DNA data, beginning in 1977
with Susumu Tonegawa and his collaborators [45, 46] when they isolated the immunoglob
ulin genes from mouse plasma cell tumors and showed that the L chains were coded not
by two genes but three genes (V, J and C) and the heavy chains by four genes (V, D, J
and C) (figure 2). The new elements were J and D genes. These were small mini-genes
that coded for joining sequences between the V and C genes. It has been estimated that
there are 100-150 VH' 19 DH, five Jw eight CH' 100 or more VL' 5-\ 0 JI' and two or more
CL genes. This generated a vastly larger number of combinations (in the millions) that
could be made by rearranging the genes on the chromosome. Plasma cell tumor cells and
the myeloma proteins that they produced, made this work possible.

The quest to find antigens for myeloma proteins in mice. Melvin Cohn discovers the
first match: a myeloma protein that bound to the pneumococcal C polysaccharide

Melvin Cohn at the Salk Institute and our laboratory in Bethesda began assembling libraries
of myeloma sera between 1965 and 1967 for the purpose of finding myeloma proteins that
bound antigens. A direct and simplistic approach on how ta show that myeloma proteins
could bind antigens was clear to non-immunologists such as Seymour Benzer, who
suggested ta Melvin Cohn in 1964 [47] that it was essentially a 'numbers game'. With the
availability of a large library of myelomas (and their proteins) it seemed one need only to
screen these with an equally vast number of available antigens to find a match. Jan
Waldenstrom had done something like this in 1964 with human myeloma proteins and
found sorne antigen-binding proteins (see below). Melvin Cohn and his colleagues now
proceeded to build such a system in the mouse and established a large library of several
hundred BALB/c myeloma proteins at the Salk Institute. By 1967 they found the first
example of a match involving the IgA S63 myeloma protein that precipitated the pneumo
coccal C polysaccharide [47], and the finding was presented for the first time at the Cold
Spring Harbor Symposium on Immunology in May 1967. The primary evidence was a
precipitin band that was very convincing, but he wamed the audience to be cautious of
the C polysaccharide as an antigen, as it was reactive with other serum proteins, i.e., the C
reactive protein. This skeptical remark of his did not inspire an immediate rush to search
our collection of myeloma protein for reactivity to C polysaccharide. We were to subse
quently rediscover by another line of investigation thatMelvin Cohn was on the right track.

In the fall of 1967 Myron Leon, whose home base was in Cleveland, OH, had arranged
a trip to Prague to carry out sorne experiments on complement. He flew first ta Washington
to spend a day before catching his flight to Europe and to use the occasion to carry out a
'quickie' experiment. He had made arrangements to screen a bank macroglobulinemia
sera against a battery ofpneumococcal polysaccharide antigens (Myron Leon had worked
in Michael Heidelberger's laboratory when he was a high school student). He brought
large bags containing a hundred or so Ouchterlony plates. The day tumed out to be frustrat
ing, and after digging around in the freezer he identified only three candidate sera, and
none of them reacted. Even though the effort over in Virginia had proved unproductive,
Myron still thought he might salvage something of the day by calling a few people across
the Potomac river at NIH in Bethesda. By chance he called the lab, and it did not take long
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to establish a number ofmutual interests. He arrived at about 4:30 P.M., and we sat down
for a chat. Describing his frustrating search of ice chests, 1 said it was too bad he hadn 't
brought his antigens with him because 1 had a hundred myeloma samples in search of an
antigen, and 1 opened the refrigerator door, revealing the test tubes. Myron said with a
t10urish "Oh, but 1did," and opening his coat he produced three test tubes from his inside
pocket one with a mixture of six ofMichael Heidelberger's purest pneumococcal polysac
charides (types IL III, IV, VI, X and XIV), a sccond with a cocktail of levans from Allene
Jeanes, and a third with a series of dextrans. We immediately had some micro-Ouchterlony
plates cut, and aftcr the myeloma proteins were loaded in the appropriate wells and the
antigens in place we retired to a local restaurant for supper. When we returned to the lab
oratory there were four beautiful precipitin bands on the plates, three with the pneumo
coccal antigen mixture and MOPC299, MOPCI67, and McPC603, and one with the
dextrans and MOPC 1ü4E. Visions of glory danced in our heads... Had we discovered
myeloma proteins that could bind to the type specific polysaccharides of Pnell1JlOCOcCllS?

Antibodies to these polysaccharides prepared in rabbits were used therapeuticaIly to cure
deadly pneumococcal infections in hUl11ans.

We, of course, thought that we had found three different specificities, but proof would
have to wait until the testing of thc scparated polysaccharide antigens. Myron depm1ed
behind the Iron Curtain, and the next morning the samples were sent to Myron's associate
Martin Young in Cleveland. Weeks passed by~ then a letter came from Prague 
MOPC299, MOPC 167 and McPC603 each reacted with aIl six of the individual Heidel
berger (pure) preparations.

Disappointed, 1 told Myron it was probably due to a contamination of the capsular pol
ysaccharide preparations with C polysaccharide and that we had discovered the sal11e reac
tion Mel Cohn had described at the Cold Spring Harbor Meeting in the spring. "'Unthin
kable!" he said. Michael Heidelberger's capsular polyssaccharide preparations were as
pure as virgin snow. 1 acquired S0l11e pure C polysaccharide from Emil Gotschlich which
had been isolated from the cell walls of R36A non-encapsulated pneumococci, and this
reacted vigorously with the mycJoma sera. Alex Tomasz at the Rockefeller lnstitute in 1967
showed that the pneumococcal C polysaccharide contained choline that was linked to
ribitol [48]. Myron Leon then became intrigued with this antigen whose structure was just
being worked out, and he and Mmiin Young made an important contribution by identifYing
phosphorylcholine (PC) as the chemical structure on the complex pneumococcal C poly
saccharide molecule to which the specific myeloma proteins bound [49]. By this time eight
different PC binding myeloma proteins had been found (e.g., McPC6ü3, MOPCI67, S63,
S107, TEPCI5, HOPC8). Since this original discovery (PC) has been found in a great
variety of antigens that span a broad evolutionary scale from fungi to 'Ascaris'.

An alternative approach to screening myc!oma proteins was to use chemicaIly-conjugat
ed protein antigens [50-52]. This was particularly attractive because the binding specif
icity could be ascribcd to the chemical structure that had been attached to the protein
carrier molecule (i.e., antibodies recognize only the attached chemical group or hapten).
Karl Landsteiner had extensively developed this line of experimentation by covalently
attaching a variety of ditferent smal1 molecules such as the nitrophenol compounds to the
amino acids on the solvent surface ofprotein carriers. When rabbits were immunized with
these conjugated proteins, antibodies were induced that reacted primarily with the hapten,
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and some ofthese anti hapten antibodies had exquisite specificity by distinguishing subtle
changes in the chemical groupings on the hapten [53]. Using 5-acetyluracil conjugated to
BSA (bovine serum albumine), they found myeloma proteins that bound to DNA [50,52].
In May 1967 at the Cold Spring Harbor Meeting Herman Eisen, who had been studying
the immune responses to 2,4 dinitrophenol (DNP) haptens, decided to screen mouse
myeloma libraries to find a monoclonal antigen-binding antibody and discovered to
everyone's amazement the MOPC315 IgA myeloma protein in the mouse [54]. The
binding affinity of the M315 myeloma protein was in the range of normal induced anti
bodies to DNP-conjugated proteins. The M3l5 became a valuable tool for immunochemists
studying antigen-antibody interactions, but still there is no clear biological explanation as to
what kind of immune response might expand these clones in an unimmunized host.

The collaboration with Myron Leon suggested that polysaccharides and
other natural antigellS with repetitive motifs would be a rich source of anti
gens that mye/omo proteins might bine!. This sent us off on a new andfertile
direction. Betty Mllshinski and 1 began testing al! kinds ofavailable polysac
charides. Otto Luderitz kindly sent us samples of40 Salmonella lipopolysac
charides. Using precipitation in agar we found precipitin bands with e:rotic
species ofSalmonella, such as Salmonella Tel Aviv and Salmonella tranoroa.
But what relevance did these reactions have in the mouse? Betty Mushinski
and 1then began to isolate antigensfrom the enviromnell! ofthe mouse which
included: non-living antigens that could be extracted from the 11l0use food or
even the woodshavings from the cage bedding and antigens prodllced by
micro-organisms that we isolated from the gastrointestinal tracts of mice in
our colony [55,56, 57] (table 1). We were able to find enviroll1nental antigens
for many of the myeloma proteins. When we prepared highly specific idio
typic sera in appropriate strains of mice for the antigen binding myeloma
proteins, }i'e were usually able to show that normal serum contained antibody
molecules H'ith these spec~ficities, illdicating that BALB/c mice were making
natural antibodies with the sal1le specificities which we foundfor the corres
ponding m.veloma protein. It has been weil established that the predominant
heavy chain class expressed in BALB/c mouse 11lyeloma proteins was IgA.
Collectively, these findings suggested that one source of al1tigens was
through the gastrointestinal tract.

In general, the myeloma proteins, though having great specificity, had low binding affin
ities for their respective antigens. In most of these screening studies the active myeloma
proteins were culled out as new tumor sera became available; however, when the percent
age of positive myeloma proteins compared to the total number of samples screened was
compared, only 5-10% of all the myeloma sera were active [51,52, 58].

1975 Hybridoma technology, revolution in antibody research

Biologists had been experimenting with cell fusion for sorne time, but the applications to
immunological research had proven elusive. ln this method two different cell types could
be joined together to make one single cell by fusing their plasma membranes. The new cell
had the combined genetic information ofthe two parental cells. Cesar Milstein 's laborato
ry had done the most advanced work and succeeded in fusing two plasma cell tumor cells
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Table I. Antigen-bindmg activities of mouse myelomas proteins [69].

Foreign antigens

Relevant antigens
(food, bedding, microbes)
[56,55]

Lactohaccillus sp.

TricllOde/1/w sp.

Proteus IllOrganii

Proteus lIlirabilis sp2

Arabino galactan [57]

PC cholllle: TEPC 15, SI 07

MOPCI67

LPS PC choline: McPC603

a-methyl D galactosides:
MOPC384, McPC870 [56, 55]

fJl-6 D-galactans: ]539, X24
and six others

Antigens ofautogenous origin

Nuclear antigens ]509, S176, S23
ss and ds DNA (many new myeloma
proteins) 5-acetyluracil

Probably in mouse environment

N-acetylglucosamine S117

Dextrans (1,3; 1,6) MOPCI04E

Plant levans UPC61, J606 and many others
(fJ2J fmctofuran)

Bacteriallevans UPClO
(fJ6 fructofuran)

Synthetic antigens
Nitrophenol (DNP, TNP) MOPC315 [54]

MOPC460
XRPC25

each from a different tumor [59]. The hybrid cell produced both myeloma proteins and the
mixture of hybrid molecules containing Land H chains from the different parental cell
types. These experiments were discontinued. Georges Kohler joined Milstein's laboratory
a year or so later, and Cesar Milstein, who wanted to have an antigen-binding myeloma
protein producing cells line in tissue culture, asked him to screen the MOPC21 myeloma
protein with as many antigens as necessary to find a match [60]. No antigen-binding
activity for MOPC 21 had or has been discovered. Georges Kohler did not want to do this
experiment and came up with an alternative approach for finding a cellline that produced
an antigen-binding protein. He asked permission to try out his alternative experiment
which was to fuse a plasmacytoma cell with normal immunoglobulin producing cells that
had been induced with antigen. He chose the c1assical antigen sheep red blood cells
(SRBC). Mice were immunized and the antibody producing cells were isolated from the
spleen and fused with plasmacytoma cells [61]. The P3 (MOPC21) plasmacytoma cells
had been adapted to grow in tissue culture, that is, they \Vere immortalized while the
normal 19 producing (plasma cells) could survive for only a limited time in culture. The
fusion product, half tumor/half normal cell, was called a hybridoma; hopefully, it would
be an immortalized tumor cell that now secreted its own myeloma protein but would also
secrete the antibody to SRBC. ln one ofthose rare 'eureka' moments in science [60], the
first experiment worked, and Georges Kohler and Cesar Milstein now had in their posses-
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sion a cell line that produced a monoclonal antibody to SRBC. Later, Kohler made a
mutant MOPC21 cell line that had lost its ability to make the myeloma protein but still
retained the potential to form hybridomas. This cellline would now produce only the anti
body of the normal cell. This technology changed the world of antibodies by providing
immunologists an almost unlimited source of homogeneous monclonal antibody mol
ecules with high binding specificity and affinity and shifted interest away from seeking
new antigen binding activities in myeloma proteins.

The unresolved question: what antigens do myeloma proteins bind?
New insights from studies in humans

Most IgG and IgA, immunoglobulins (myeloma proteins) secreted by plasma cell tumors
cells, are structurally normal and should be capable of binding to antigens. What kinds of
antigens do these proteins bind? The first reports of antigen binding activity in human Ig
secreting tumors were made in 1957 by Christenson and Dacie [62] who identified IgM
M-components that were autoreactive against antigens on human red blood cells. The
patients with these monoclonal immunoglobulins had lymphoproliferative disorders and
suffered from hemolytic anemias. In the ensuing years many antigen binding activities
have been associated with monoclonal IgM lymphoproliferative states. However, our
focus here is the antigen-binding activities in human multiple myeloma proteins which
produce IgG and IgA M components. The various antigens that have been identified are
listed in table II and are grouped according to their biological origin. Two predominating
categories are foreign antigens and antigens of autogenous origin. In many of the studies
hundreds of human myeloma proteins have been screened. This is a remarkable list,
chiefly because of the preponderance of myeloma proteins that bind antigens of auto
genous ongm.

There are a fewer clear examples of foreign antigens among the human myeloma
proteins. Nonetheless, these are intriguing because in several ofthese cases the individuals
who developed multiple myeloma were repeatedly exposed to the same antigen and
became immunized to them years before the onset of multiople myeloma. In several there
was clinical evidence of repeated infections with streptococci. This suggests that the
repeated exposure to the microbial antigen resulted in the development of a deviant clone
ofcells that subsequently progressed to become a malignant tumor ofplasma cells (multiple
myeloma). The best documented example are myeloma proteins that bind streptolysin 0 (a
hemolysin that is liberated by ~-hemolytic streptococci during an infection). Approximate
ly 20 examples ofmyeloma proteins with this activity have been collected [63].

The autoantigens, however, are of special interest and include DNA, histones, ribonu
cleoproteins (ribonucleic acids complexed with proteins), chromatin, cytoskeletal proteins
such as actin, myosin and tubulin, and components of plasma membranes. Complex anti
gens such as these might be liberated from dying cells and greatly increased during inflam
mation and tissue destruction. It is possible that these complexes (containing potentially
different antigenic structures) are autoimmunogenic; this point has not been proven.

One of the surprises evolving from the hybridoma technology was the proof that sorne
monoclonal Igs could indeed be polyreactive (multireactive or highly crossreactive), that
is, bind to multiple unrelated antigens [64, 65]. This had been suspected by serologists for
many years who regarded these antibodies at first as crossreactive but then suspected they

SINGULAR SELVES

HISTORICAL ISSUES "ND CONTE~IPORARYDEB.HES IN 1~1~IUNOLOGY 39



M. Putt('/"

Table II. Antigens to which hllman myeloma proteins bind.

Foreign antigem

Streptolysm 0 [43, 70. 63]
Phosphoryl choline

a-2 manogloblllin (horse) [70]

Mycobacterial glycolipids [73]

Antigells of illItogen(JlIS origin

Hllman red blood cel! antigens: Pr
IgG (Rhellmatoid Factors) [71]

a-ID [72]

Thyrogloblllin auto antigen [74]

Antigens associated with nucleoproteins

ANA

SnRNP

Sm [75]

Ro/SSA [76, 77]

La/SSB [77]

Histones [7R]

ds and ss DNA

Membrane associated antigens

Cardiolipin (phospholipid)

Lipoprotem associated ,llltigens

a-,~-lipoproteins [79]

LDH, VLDH, HDL [see [80] for refs]

Blood coagulation associated antigens

Glycoprotein IIla [81]

Fibrm monomer [82]

Cytoskeletal antigens

Actin [67]

Myosill [67]

Low molecular welght ligands

Riboflavin [83]
Heparan [84]

were more degenerated [66]. Polyreactivity ofhuman myeloma proteins has been shown
by Guillaume Dighiero [67] and others. Myeloma proteins that bind DNA, cardiolipin,
actin and myosin are frequently polyreactive (see (a1Jle lf). lt appears from studies by
Abner Notkins and his collaborators that a substantial number of normal B cells in the
recirculating pool in hum ans and mice are producing polyreactive antibodies [68]. Unfor
tunately, the property of polyreactivity in myeloma proteins makes it more difficult to
define a predominating antigen. However, polyreactivity of the BeR potentially permit
these B lymphocytes to be continuously in contact with antigen; this chronically stim
ulates B lymphocytes and may prolong their clonaI life. The result may be an increase
in the opportunities to sustain and accumulate oncogenic mutations. The available
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knowledge on the autoantigen-binding actlvltles of myeloma proteins in mice is sti Il
sketchy, but our laboratory is now pursuing this problem. The antigen binding activities
of myeloma proteins may provide us with new insights about the cells that mutate to
become multiple myeloma or plasmacytoma cells. Thus, the odyssey of the myeloma
protein is far from complete..
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Tolerance revisited

Leslie B. Brent

Tolerance was shown to be an important biologieal phenomenon in 1953, when Rupert
Billingham, Peter Medawar and 1 published our first data in Nature [1]. The concept of
tolerance had already been foreshadowed by Ray Owen in 1945 [2] when he showed that
cattle dizygotic twins were red blood cell chimeras (or 'mosaics', to use his expression),
and by Frank Burnet and Frank Fenner, who postulated the existence oftolerance in their
brilliant speculative 1949 monograph on 'The Production of Antibodies' [3]. In it they
rescued Owen's data from oblivion, drew attention to their great potential importance, and
speculated on the existence of 'self-markers' on the cells of ail individuals that would
enable the immune system to distinguish between self and non-self. Later, in 1959, after
the experimental verification oftolerance, Burnet made tolerance one of the cornerstones
of his clonai selection hypothesis [4] and the clonai deletion of T lymphocytes seemed to
offer one important possible mechanism to account for tolerance induction. Tt is of some
interest to me that Mel Cohn, one of the more rigorous theoretical immunologists since
Burnet, felt able to discuss the concept of self and non-self at considerable length in his
review 'With The Wisdom of Hindsight' [5] without once mentioning the experimental
tolerance studies ofMedawar's group, let alone any others (with the exception ofOwen's).
Tolerance continues to be a very live topic and 1 have devoted two chapters to it in my
'History of Transplantation Immunology' [6]. Tt is on the threshold of clinical application
half a century after its discovery. Here 1 will take another look at the phenomenon in the
light of recent data concerning tolerance mechanisms and discuss it in relation to the
concept of self and non-self. The vital question is whether the notion of self-tolerance,
built as it is on the body's ability to distinguish between self and non-self, should continue
to occupy a central position in immunological theory. To this end 1will briefly summarize
a few of the salient historical facts.

Sorne salient racts

1t is weil known that normal adult mice will reject allogeneic skin grafts in 9-11 days, and
this is the usual fate of allografts bearing foreign major histocompatibility molecules
(MHC) when transplanted to adult, non-immunosuppressed animais or hllmans. Thus,
adult mammals clearly "can" distinguish between their own histocompatibility molecules
(self) and those of other individuals (non-self), and such a subtle act of discrimination is
likewise applied to microbial or other extraneous antigens, \vhether these be pathogenic or
non-pathogenic.
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By contrast, a mouse inoculated in fetallife or at birth with spleen cells from an alloge
neic donor - at a time when its immune system is still relatively immature - will not
acquire the capacity to recognize the foreign MHC molecules to which it has been exposed
as immunogenic and it will therefore not only fail to reject the cells of the inoculum but
display a dramatic inability to reject tissues (or organs) from the same donor or inbred
donor strain [1, 7]. There are two important qualifications. First, the inoculated tol
erance-inducing cells must be viable, so that they can survive and perpetuate themselves
in the tissues of their host, which usually becomes a cellular chimera. Second, they must
not be immunocompetent, for if they are they would be able to mount a response against
the MHC molecules of the host (a graft-versus-host reaction) [8-10] that can be lethal in
both its acute and chronic forms. Experimentally one can circumvent this problem by
using cells from FI hybrid donors carrying both donor and host MHC molecules, or by
using cells from a fetus or from adult tissues that are relatively free of immunocompetent
T lymphocytes - for example, bone marrow in the case of the mouse. In clinical bone
marrow transplantation this continues to be a great hazard, for human bone contains signif
icant numbers of T lymphocytes.

It is significant that tolerance can be induced by a great variety of antigens, from soluble
proteins to bacteria and viruses, and even by xenogeneic antigens. However, in the case of
soluble proteins it is necessary to administer the tolerogen repeatedly.

Tolerance is individual- or strain-specific, a property that immediately tells us that we
are dealing with an immunological phenomenon. Thus, tissue grafts from a third-party
strain, unrelated to either the donor or the host strain, will be rejected normally. This was
clearly established in the early studies and it has been amply confirmed by numerous other
workers. For example, more recently V. Holan [II] made a special study of it, using a
large number of mouse strain combinations, and he was able to confinn that neonatal tol
erance is 'absolutely specific'. There have, however, been a few reports suggesting that in
addition there may be a nonspecific element in some cases, and 1 shall return to this
presently.

It is relevant that tolerance induction is not confined to mammalian species. Thus,
Hasek [12] found that the parabiotic union of two chick embryos prevented the partners
from producing a full-blown antibody response against each other's red blood cell anti
gens, and Billingham et al. [7] extended these observations to the acceptance of skin allo
grafts transplanted between parabiotic partners later in life and to the establishment of
erythrocyte as weil as white cell chimerism. This represented a faithful reenactment of the
situation prevailing in dizygotic cattle twins, which had likewise been shown to accept
each other's skin grafts.

On self and non-self

The power of these animais to distinguish between 'self' and 'non-self' could thus be
fatally undennined by early exposure to histocompatibility antigens, and 1 have to ask
A.M. Silverstein and N.R. Rose [13]: where is the 'mystique'? Perhaps mystique, like
beauty, 'lies in the eyes of the beholder'! Nor can 1 help wondering whether highly phil
osophical definitions of self and non-self (e.g., [14]) are necessary or, for that matter,
helpful.
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One other set ofobservations embodied in our 1956 [7] paper should be mentioned here.
We wanted to ascertain whether tolerance was brought about by a central adaptation
within the immune system or by some form of regulatory mechanism. Suppressor T cells
had not yet been described and the most likely contender at that time would have been the
'enhancing antibodies', so named because these antisera directed against allogeneic MHC
molecules can specifically enhance the growth ofallogeneic tumors (see [15]). We there
fore took fully tolerant mice and inoculated into them either normal or specifically pre
sensitized lymphoid cells that were syngeneic with the recipient strain ceIls that, by defi
nition, would survive and reestablish themselves in their adoptive hosts. Our reasoning
was that if immunoregulatory mechanisms were involved, the freshly injected cells would
come under the influence of such mechanisms and the tolerance would continue unabated.
Conversely, if tolerance had been brought about by a central adaptation of the immune
system, possibly by the adaptation of cells of the lymphocyte pool, one could reasonably
expect the grafts to be destroyed by the freshly introduced non-tolerant cells. The grafts
were in fact destroyed within 10-12 days when the cells had been presensitized and within
about 3--4 weeks when normal cells were employed. The answer could not have been
clearer, then: tolerance was caused by sorne form of central and highly specifie inhibition
or inactivation and not by peripheral suppressive mechanisms [7].

This infOlmation was avidly seized upon by Burnet when he later enunciated his ClonaI
Selection Hypothesis [4]. (The way had already been pointed by others such as N. Jerne,
D.W. Talmage and J. Lederberg (see [6], p. 27-30). The hypothesis provided an insight
into the possible mechanism underlying the development of tolerance, i.e., the removal
from the hos1's pool of lymphocytes of the specifie clone carrying receptors for the
donor's MHC molecules. Tt should be stressed that Medawar's group (and Burnet!) had
been lucky in that we had fortuitously chosen for our experiments two strains ofmice that
were many years later shown to differ only for MHC class 1 molecules. Had we chosen
class II-disparate strains we might weil have discovered suppressor T lymphocytes some
20 years before Gershon and Kondo, for in such a situation suppressor T cells rather than
clonaI deletion provide the key to tolerance induction and maintenance; yet crucial
evidence for the clonaI selection hypothesis would not have become evident.

In their 1953 paper [1] Billingham et al. stated that Burnet and Fenner's prediction had
been proved right. We drew attention to the fact that we had 'no reason to doubt that at
least sorne of the cells ofthe foetal inoculum survived as long as the tolerant state itself,'
and that 'any complete theory of antibody formation must be competent to explain' the
salient features oftolerance. At the same time we drew attention to the earlier and seminal
studies of R.D. Owen and alluded to several other phenomena involving specifie un
responsiveness in adult animaIs. Acquired immunological tolerance, as we called it, was
'due to a specifie failure of the host's immunologieal response'.

A comprehensive account was presented in our 1956 'Philosphical Transaction' mon
ograph [7]. Tolerance was now defined as 'the outcome of an induced specifie central
failure of the mechanism of immunological response brought about by the exposure of
animaIs to antigenic stimuli before the maturation of the faculty of immunological
response', a definition that had to be adapted sorne years later when it became apparent
that even adult animaIs could be subverted into tolerance, though here the use of irradia
tion, drugs or alloantibodies is usually mandatory.
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Burnet and Fenner's predictions had been shown to be correct, Billingham et al. went
on to say:

[For] their argument applies with particular force to the specialized and complex
substances that are formed in the later stages of cellular diftèrentiation. Many such
substances could be antigenic were it not for the fact that the future antibody-forming
system is exposed to their influence at a sufficiently early stage.

Exceptions cited included lens proteins (which are sequestered from the developing
immune system), and spermatozoa and milk casein (which are formed too late for tol
erance induction to have occurred whilst at the same time not being readily accessible to
the immune system). Billingham et al. concluded that 'there may weIl exist a wide variety
of bodily constituents which are potentially autoantigenic, and therefore isoantigenic,
simply because the antibody-forrning system has no normal opportunity to become tol
erant oftheir action'. However, because isoantigens are present in aIl nucleated cells, includ
ing those of the immune system, they do not fall into this category: 'a future antibody
forrning cell needs to learn not to react against substances which are part of its own fabric'.
(It is of sorne interest that Billingham et al. at this stage, in 1956, still thought of immune
responses in terms of antibody fonnation rather than cellular reactivity, even though they
had already provided evidence for the participation of lymphocytes. The field of cellular
immunology was only just about to develop.)

Likewise, "self' and "non-self' was not at that time part of the immunological vocab
ulary. Yet in the 1956 paper we suggested the hazards of autoimmune responses as the
raison d'être for tolerance, a theme that Medawar and 1 developed at sorne length 2 years
later [16].

Once the clonaI selection hypothesis had been developed it was widely assumed that
tolerance induction involved the deletion of specific clones of lymphocytes (T or B). It
proved to be true for sorne murine strain combinations but not for others (see above). Thus
it became apparent that in strain combinations differing for the whole ofthe MHC spec
trum, or only for class II molecules, suppressor T lymphocytes could be identified in the
peripheral tissues, and this also turned out to be true for many models oftolerance induc
tion in adults. Peripherally-induced tolerance can clearly play an important part in regulat
ing immune responses.

Anyone familiar with the tolerance literature over the last two decades will know that
there is a strong case to be made for the participation of several regulatory mechanisms
and that these need not be mutually exclusive. The prevention of autoimmune disease is
patently of such vital importance to the survival of any one species that a variety ofmech
anisms evolved: clonaI deletion, suppressor T lymphocytes, anergy, veto cells and others.
Even P. Matzinger, before her 'danger' period, presented evidence with A. Bonomo for
negative selection of T lymphocytes by the dendritic cells of the thymie epithelium, the
selection process appearing to depend largely on the affinity that T cell receptors have for
self-proteins - cells with low affinity escaping into the periphery [17].

There are other possible explanations for negative selection and 1will confine myselfto
one other put forward by S. Schneider and N.A. Mitchison [18]. They described self-reac
tive T cell hybridomas that recognized a self-protein present in the liver but only at a high
concentration, higher than that needed for allo-recognition. They suggested that, in addi-
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tion to -ve selection in the thymus and other fonns ofperipheral regulation, the frequency
of receptor-bearing cens may be sufticient to detennine whether a population of T cens
with the potential for self-reactivity are switched on. They did not, however, envisage such
a mechanism as doing away with the need for -ve selection based on receptor aftinities;
rather, it was seen as an auxiliary mechanism enabling the immune system to function with
a fonn of-ve selection that is not wholly rigorous.

It is not my briefto argue the case here for peripheral regulatory mechanisms. l would,
however, like to make two points. Jerne 's anti-idiotypic network theory [19] created much
excitement when it was first enunciated some two decades ago but interest in it has, l think,
waned. Suppressor T lymphocytes undoubtedly exist, at least at cell population level, as
nllmerolls studies have shown. My group was among the first to extend R.K. Gershon and
K. Kondo 's groundbreaking studies to the transplantation arena: the specific tolerance
induced in adllit mice by pre-treatment with antigenic tissue extracts and transient immllno
suppression cOllld be reliably transfened to naïve mice with purified T cells [20].

Many similar demonstrations of the power of T cells to transfer tolerance can be found
in the literature. Whether they play a raIe in self-tolerance is still a moot point; they have
cel1ainly been identified as a regulatory mechanism after experimental and clinical infec
tions and apparently they help to cllrtail the immune response when it is no longer
required. Suppressor T lymphocytes have been derided by molecular immunologists
because gene rearrangements and a specifie phenotypic profile have not as yet been
convincingly demonstrated. Instead, the anergic cell has been favoured by them - a cell
that is physically present but unable to respond to specific antigens. Nonetheless, now that
H. Waldmann's [21] and R. Lech1er's [22,23] groups have shown that anergie T cells can
transfer unresponsiveness and that this is brollght about by their ability to suppress the
responses of naïve T cells, the distinction between anergy and suppression c1early has
become semantic; anergic cells that transfer unresponsiveness can, in my view, be reason
ably described as suppressor cells, though sorne may prefer the term 'immunoregula
tory'.

That thymic de1etion and periphera1 to1erance mechanisms are not mutually exclusive
has been shown by A. Lanoue et al. [24]. They revealed that in transgenic mice bearing a
class lI-restricted T cell receptor for the hemagg1utinin ofthe influenza virus sorne mature
T cens that had escaped thymie de1etion in antigen-containing recipients were first weakly
activated and then became anergic.

Another interesting mechanism of se1f-to1erance, in this case of B lymphocytes, is
suggested by the study of Rathmell et al. [25]. Mice deticient in CD95 (Fas/APO-1) and
Fas-ligand developed an autoimmunity resembling human systemic lupus erythematosus
(SLE) and these workers studied the response to a transgene encoded autoantigen, hen egg
lysozyme (HEL), using cells from mice transgenic' for immunoglobulin and T cen receptor
genes. Naïve B cells were triggered by HEL after interaction with antigen and HEL
specific T cells. B cells chronically exposed to HEL during their development were
anergic and did not produce antibody; indeed, they were eliminated in the presence of
HEL-specifie CD4+ve T cells. CD95-deficient anergic B cells were, on the other hand, not
eliminated and triggered to proliferate. ThllS the elimination of auto-reactive B cells
depended on the presence of CD95 - a novel immunoregulatory mechanism.
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Negative selection in the thymus and peripheral mechanisms therefore need not be in
conflict with each other. Deletional thymic mechanisms are clearly of the greatest impor
tance - how else would one make sense of the demonstration, originally made by
B. Waksman and his colleagues in the 1960s [26] and more recently confirmed and
extended [27], that the inoculation of antigens directly into the thymus of adult rodents is
an excellent way of inducing systemic tolerance? Nevertheless, there have to be peripheral
"fail-safe" mechanisms ifautoimmune disease is to be a rare rather than a common event.
1am attracted to the notion developed by B. Arnold and his colleagues [28] that peripheral
tolerance is a stepwise process driving T cells progressively into deeper levels of un
responsiveness.

1 would like to make two other points relating to transplantation tolerance. First, there
is the by now well-known observation by T.E. Starzl's group that many ifnot aIl human
long-term liver and kidney transplant recipients have a low level of donor cell chimerism
in their tissues [29]. According to them it is the establishment ofthis micro-chimerism that
drives the immune system into tolerance and they believe that tolerance is the outcome of
an interaction between an anti-graft response by the host and a graft-versus-host reaction
by the donor cells - the "two-way" paradigm [30]. This proposition is still disputed by
sorne who believe that chimerism is the consequence rather than the cause of tolerance,
and there are certainly experimental models, such as my own [31], in which a long-lasting
tolerance was induced by methods that would make micro-chimerism highly unlikely.

The second point concerns the specificity oftolerance, which has generally been found
to be absolute (see above) - so much so that it has been axiomatic that "ail" MHC antigens
present in a test graft have to be represented in the cells of the tolerance-inducing
inoculum. (This is quite different from the process of sensitization, where a single epitope
difference can be enough to trigger a response against a transplant.) The data from
K. Wood's laboratory [32] are therefore of special interest, for they seem to be turning the
axiom on its head. They found that, with the help of a short course of anti-CD4 antibody,
recipient-type bone marrow cells transfected with a gene coding for a single donor class 1
MHC molecule could induce tolerance in adult mice to fully allogeneic cardiac allografts.
Surprisingly, therefore, a single epitope induced tolerance across the full MHC spectrum.

The mechanism of this 'linked epitope suppression' is still far from clear though the
Oxford group has suggested that the single epitope acts as a 'key' that will override
responsiveness to other antigens present in the graft, possibly thanks to sorne form of
dominance [33]. It is believed to involve either direct contact between the epitope-tolerant
cells and naïve cells or else the action of localized cytokines. The phenomenon was first
described in 1983 by V. Holan and N. A. Mitchison, who believe that haplotype-specific
suppressor T cells mediate linked suppression of responses elicited by third-party alloan
tigens [34]. H. Waldmann's group has reported similar findings [35]. From the point of
view of tolerance induction to human cadaveric organ transplants the concept is very
beguiling, but it remains to be seen whether the murine model can be translated to large
and outbred animaIs such as non-human primates.

Back to self/non-self

This topic was given a good airing in the 1997 volume of 'Immunological Reviews' [36],
following the provocative contributions ofP. Matzinger and her colleagues (see below).
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A debate was sparked by a paper by A.M. Silverstein and N.R. Rose who, whilst dis
agreeing with Matzinger's danger hypothesis, feh that the old notion of self/non-self as
originally conceived by Bumet was outdated and in need of considerable revision [13].
They expressed the view that the concept of the immunological self was wrapped in an
undesirable and obscurantist aura of "mystique." In their comments on this paper,
published in reference [36], several immunologists (D.W. Talmage, L. Brent and R.E.
Langman and M. Colm) have rebutted some ofthe arguments used by Silverstein and Rose
and little point would be served by going over the same ground here. r will, however,
repeat pmi ofmy conclusion: ' ... they [Burnet's 'self-markers'] have in fact become more
rather than Jess plausible in the light ofwhat we now know about histocompatibility mol
ecules, peptide presentation and selection processes - both negative and positive - within
the thymus [37].'

Finally, 1 must comment on the work and theoretical contributions ofP. Matzinger. She
developed a theoretical thmework according to which lymphocytes require not only two
signais, as suggested long ago by P. Bretscher and M. Cohn [38], but a third - the danger
signal- produced by potentially pathogenic organisms or molecular structures that could
be harmful to the organism [39]. Seltlnon-self discrimination and the built-in notion of
self-tolerance would thus become superfluous. In a more l'ecent experimental paper her
group believes to have found supporting evidence [40]. This is based on their finding that
tolerance induction to the male-specific minor antigen encoded by the Y chromosome
could be prevented in the majority of 7-day-old female mice by providing the recip
ients soon after birth with syngeneic male dendritic cells. To conclude from this that
'neonatal and adult T cells have similar options', and that 'tolerance occurred not because
the neonate is inherently tolerizable ... ' is entirely unsafe. What Ridge et al. are saying, in
essence, is that there is nothing very special about the neonatal or tètal period in the mouse,
as c1aimed by Billingham, Brent and Medawar [7]. They ignore the fact that: 1) their manip
ulation of the neonatal immune system was atiefactuaL 2) the antigen utilized by them was
relatively weak compared with MHC antigens; 3) M. Malkowsky and P.B. Medawar
observed almost two decades before them that the neonatal immune system can be manip
ulated, i.e., matured, by the inoculation of IL-2 into newborn mice, thus subverting the
induction of tolerance [41] - a finding that these workers did not find at ail at odds with
the special nature of the undeveloped immune system so far as tolerance induction is
concerned; 4) using the full spectrum ofMHC dil1èrences (H-2), L. Brent and G. Gowland
demonstrated this special nature in 1961 with their finding that the post-natal tolerance
window closed within a tèw days ofbirth even when the cellular antigen dose was adjusted
to take into account the rapid increase in body weight [42]; 5) tolerance induction can
indeed occur in young "mature" mice (2 weeks) by the inoculation ofl'epeated intravenous
weight-adjusted doses of allogeneic FI hybrid spleen cells [43]; and, finally, 6) tolerance
to non-MHC, minor histocompatibility antigens can be induced in fully adult mice either
bya fairly high intravenous dose of spleen ceUs or even by the application of a single large
skin graft [44, 45]. There is, therefore, nothing new in claims that the neonatal immune
system can be manipulated towards sensitivity or tolerance and the known findings can be
readily accommodated by the seltl non-selftheOly. One of the questions Matzinger et al.
will have to address is how the immune system can so readily respond to a plethora of
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antigens that cannot conceivably pose a threat to the organism, not least among them the
MHC and minor histocompatibility antigens ofallogeneic organs such as kidneys or livers.

Whilst it could be argued that Thave a vested interest in the continuation of tolerance
and its raisol! d'être in preventing autoimmune disorders, 1 do not believe that either
Matzinger's group or. in their different way, Silverstein and Rose have made a convincing
case for a major re-assessment. The fact that negative selection allows sorne cells to slip
through the net does not do away with the necessity for the elimination ofpotentially auto
reactive lymphocytes. That elimination must clearly depend on the recognition. by the
developing immune system, ofwhat is self. Those who argue that there is nothing special
about the embryonic or neonatal environment of the mouse are blind to the fact that there
is an absence (or. in the case of the neonatal mouse, a relative absence) afmature lympho
cytes, and that this provides a special milieu for the tolerization ofT cells as they mature.
That is why, in adult animais. we have to employ highly complex and potentially harmful
strategies to reduce the adult immune system to a quasi-embryonic or neonatal level.
Si Iverstein and Rose [13] regard the route. quantity and physico-chemical nature of the
antigen, as weil as the context in which it is presented (e.g., adjuvanticity), as paramount
in determining the nature of the immune response; had they added 'and the presence or
absence of mature T lymphocytes and antigen-presenting ceIls' Tcould have agreed with
them more readily.

Conclusion
The concepts of toleranceand self/non-self remain essentially unscathed by recent
attempts to replace them with new and superficially attractive notions. That is not to say
that they may not need be amended in the light of compelling new evidence.
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Logic of the Self-NonSelf discrimination:
principles and history
Melvin Cohn

When 1read the history of science, 1often think how much more satisfYing it wouId be to
leam from it the optimal pathway to choosing and solving problems. This does not mean
that 1am uninterested in the gossipy side ofhistory, the priority squabbles, the romance of
arriving at etemal truths by taking a hot bath or a stroll in the night air of Copenhagen
(frankly, 1 have tried both, unsuccessfully). The dark side of me loves ail that, but as a
scientist 1 know that we should take the personality out of science when we seek under
standing. Historians, as weil as scientists-tumed-historians, love to put personality back
into science and more than often trace a sentimentalized pathway of discovery of little
value as a map of the roadway to understanding.

Tt is in the nature of scientific endeavor that each individual 's contribution is assimilated
into a body ofknowledge with which the next generation works. Eventually this body of
knowledge composed of accepted postulates stands as unique in that no heuristic compet
ing set of postulates exists. Unlike composers, novelists, poets, and artists, the scientists
who contributed to this annamentarium of postulates are dèstined to anonymity. Present
day scientists work from a body of infonnation heId together and ordered by conceptualiza
tion. Tt is not ordered by author and opus number as would be Mozart's symphonies or a
Bartok's quartets. Contemporary scientists seem to function adequately with no long
range knowledge of who did what in the history of their subject. Today's scientists start
with a body of coherent inherited knowledge that serves as a foundation upon which they
build. This body of knowledge has assimilated that which is sense in the products of past
workers and has winnowed out the nonsense. In science this is called "progress" and the
price paid for progress is the rapid eclipse of its participants into anonymity.

The more senior contemporary immunologists write history inevitably influenced by
trying to keep their own contributions from dissolving in this sea of anonymity. Historians
of immunology write history valiantly trying to extract from the sea of anonymity its
component contributors. As this is very difficult for them to do, they often rely on the
value judgments of others, for example, prize-awarding committees, the Nobel being the
most influential, or the Citation Index in one fonn or another.

The "scientist-tumed-historian" decries the present day bench scientist's ignorance of
the historical background of their subject for such reasons as:

1) a knowledge ofhistory will decrease the number of cases ofrediscovery of the wheel
(decrease the waste of repetition); or

2) history is of interest in its own right, 'a source of wonder and of insight' .
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However, for me the so-called "rediscovering the wheel" is most often salutary because
the repeat of the past increases confidence in the observation and, in any case, onen looks
at it from a higher level ofunderstanding. We don't reinvent in a circle, we rediscover in
a helical path, a spiral staircase that pennits us to look at the past down below from a
higher plane. For example, Silverstein criticizes the authors of the three papers in Science
(1997) heralded as putting "immunology on the brink of danger," because they simply
reinvented the wheel. This may be tme (albeit discussible, because they really reinvented
the helix) but for what is that an argument? Why should Tcare? Twant to know if these
authors were justified in their interpretation of the totality of the data, and for what
reasons. This is what should be revealed by the history of the concept that the evolving
data purported to support? As a general mIe "the reinventing of the wheel" argument
means that there is agreement on the interpretation and disagreement on the priority.

'Tnterest' and 'wonder' are sources ofpleasure to the select few who, like myself enjoy
history, as though it were a nove!, but the key word 'insight' ends up as a sound bite never
analyzed or illustrated.

Twould like history to clari±y 'insight' by uncovering the process by which creative in
dividuals from the past aITived at their understanding. How are concepts generated and estab
lished? This has to include the why of the tàilure as weil as the why of the success in
arriving at a generallaw. Tf 1 could extract from the past the laws of creativity, 1would be
a better scientist. Terribly naive you say! Tme! But, then, why should Tpay attention to
history? The annual reviews should be a sufficient source of wonderment.

Klausner has remarked that, "[t]here are many good historians but precious tèw good
prophets." This is why 1called my only incursion into histOlY "The Wisdom ofHindsight." [1]

When 1 look back into the immunology that Thave lived, Tsee many central facts that
should have been so obvious in hindsight that Tcannot see why they were not predicted.
Ali of the arguments one makes today for their a priori necessity existed long before the
experimentalism stumbled on to them, and, even then, often from an unrelated study.

For example, why did nobody predict:
- the joining of V to C. lt awaited Hilschmann 's 1963 demonstration by sequencing;
- the role of developmental time in the Self-NonSelf (S-NS) discrimination. lt awaited
Owen 's 1945 chimera observation;
- the requirement for the T cell to recognize a peptide-restricting element (MHC [Major
Histocompatibility Complex]) complex. lt awaited a family of experiments from biochem
ists, X-ray crystallographers and physical chemists trying to determine what was the
ligand for the MHC restricted T cell antigen-receptor.

Then there are the COlTect predictions made for the wrong reasons, like Talmage
Burnet's haplotype exclusion (one cell one antibody), or Jerne's germ line encoding ofthe
recognition by the T cell receptor (TCR) of allele-specific determinants on restricting
elements. These end up as being derouting fortuities because they make more difficult the
acceptance of the correct conclusion for the right reasons.

There are two to three articles in immunology published every hour, roughly one every
20 minutes. Tf there is such a thing as "information overload," this is it. Each publication
contains an observation that the author feels fits into the jigsaw puzzle. However, with no
idea of an emerging picture these pieces are lost or ignored or forced into place in the
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wrong pattern. Information becomes useful knowledge only when it is coherently
cemented together by a val id conceptual framework.

lt is usually argued in answering "Why history?," that one must know the past to under
stand the present. 1 have found in examining the past that the converse is also true. One
must understand the present in order to interpret the past. If we want to plot the pathway
from the past to the present we must know what the present is. Or even better, we must
have a vision of the future in order to extrapolate back to what transpired in the past. This
thought guides the structure of this essay.

Is there something we can learn from history about the process ofunderstanding and can
we optimize this process?

Historians of immunology are quick to tell us 'what to think', but their products rarely
tell us 'how to think'. Maybe they feel that this is not the province of history or that there
is no answer or too many answers to the 'how to think' question. Whatever their answer,
by not even posing the question, the historians of science fail us and leave the problem to
ill-equipped dabblers like myself who search for the 'insight' heralded to be extractable
from past experience.

Evolution and understanding are both historical processes. This defines two aspects of
immunology that 1 will develop. The tirst will put 'immunology' in its evoJutionary
context by asking what was the pathway of sequential stepwise events that led to the
appearance ofsuch a unique function? The second will put 'understanding' in its historical
context by asking what was the pathway of sequential selection on the theories that led to
our present day understanding of immunology.

This will encourage us to seek the most generallaws that encompass the largest segment
of information. Those who revealed important truths did just that; those who used induc
tive extrapolation from the body of empirical observation had a checkered success and
those who extrapolated by analogy with other systems (e.g., nervous) or from metaphys
ical, sociological or intuitive postulates, or those who were guided by elegance and parsi
mony, were almost always misled.

The criteria for analyzing past accomplishments should be the same as the criteria for
analyzing present accomplishments. Rewriting these criteria because the creative event,
experimental or conceptual, occUiTed many years ago is both unproductive and misleading.

1 will illustrate this using the S-NS discrimination as my subject. lt is a fundamental
problem that cannot be dismissed as metaphor or fustian as is so popular today. An under
standing (conceptualization) of the S-NS discrimination is the underpinning for immuno
biology. How you think about the S-NS discrimination determines how you view ail other
aspects of immunology.

ln order to develop the problem 1 decided to return to basics. My plan is simple; it has
two parts:

ln part 1 1 will place the immune system in a broad biological context. Any attempt at
constructing a history of a subject presupposes a knowledge ofthe subject. Summarizing
this is the goal of Part I.

ln part Il 1 will then trace the history of my present understanding of the mechanism of
the S-NS discrimination in the light ofthis knowledge.
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Protective Mechanisms (destructive and ridding) :. S-NS obligatory

Defense
"innate"

S-NS germline-selected
by ridding individuals

Immune
"adaptive"

S-NS sornatically-selected
by ridding cells

Invertebrates --------------4..~ Vertebrates have
only have defense mechanisms. bath defense mechanisms

and immune systems

Figure 1. The comparison of defense mechanisms with immune systems.

The framework of the analysis

What is an immune .n'stem?

AU living creatures have mechanisms to protect themselves against parasltlsm. For
example, bacteria have restriction enzymes that cleave the DNA of invading viruses but do
not cleave the hast DNA. Insects have an armamentarium of lytic peptides that kiU invad
ing bacteria and fungi but do not kiU host ceUs. Plants have a chemical warfare potential
that enables the ridding of pathogens without attacking host ceUs.

1 refer to these mechanisms of protection used by invertebrates as "'defense mech
anisms." Immunologists prefer to caIl them "'innate" immune systems, a term to which 1
would have no objection provided the meaning of "innate" were clear. The term "innate"
means that the recognitive repelioire and, consequently, the S-NS discrimination is 'germ
line-selected'. The germ line selection is on the recognitive specificity, which must be
sufficient ta interact effectively with the selecting target (e.g., a pathogen) to the exclusion
of the host species (the S-of-the-species).
Vertebrates also have defense mechanisms but, in addition, they have immune systems. Here
immunologists like to refer to "adaptive" immune systems to contrast them to "innate"
immune systems. If"adaptive" is taken to mean that the recognitive repertoire is somaticaIly
generated and, as a consequence, the S-NS discrimination must be 'somatically selected',
then the tenns "innate" and "adaptive" are usable by me. Since this is not the case, 1will use
the terms "defense mechanisllls" and "immune systems" based solely on this difference, a
germ line-selected versus a somatically-selected S-NS discrimination (figure 1).

Whether "defense" or "immune. ., a S-NS discrimination is obligatOl)'!

These devices, protective against parasitism, have a biodestructive and ridding effector
output. If this output operated indiscriminately on host and pathogen, the hast would be
destroyed. This is what makes a S-NS discrimination obligatory.
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DEFENSE
MECHANISM

IMMUNE
SYSTEM

Repertoire:

Self-Nonself:

Effectors are
Triggered via:

Relationship:

Smail

(germline -selected)

Germline -selected

A small set of structurally
unrelated recognitive
elements

One recognitive element 
one effector function

Large

(somatically-selected)

Somatically-selected

(Ag-Ab)n complexes or

T-ceIl antigen-receptors

Many recognitive e/ements 
one effector function

EFFECTOR FUNCTIONS

Phagocytosis, Complement Iysis, Cylotoxic ceUs, Release of toxie molecules, etc.

Figure 2. The relationship of the recognitive elements ofdefense mechanisms and immune systems to effector
function.

'The S-NS discrimination is the mechanism by which a biodestructive and ridding
effector function is brought to bear on a "pathogen" without debilitating the host'.

From where did immune systems arise?

The invertebrates early in evolution put into place most of the effector mechanisms used
by today's immune systems (figure 2). The vertebrate immune system, in large measure,
hijacked these mechanisms by coupling them to a somatically-selected larger recognitive
repertoire. A general statement might be that there is 'one recognitive element-one
effector function' in the case ofdefense mechanisms, whereas there are 'many recognitive
elements-one effector function' in the case of immune systems. When these effector
mechanisms are triggered by a defense mechanism pathway that does not involve the rec
ognitive repertoire of the immune system, immunologists refer to this as the "altemate"
pathway. In other words, the effector output can be triggered either by interactions of
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pathogen with the antigen-receptors of defense mechanisms (i.e., alternate pathway) or of
immune systems [2-4].

What was tlze selection pressure for adding imJllune systems to the existÎng
al"mamentarÎWJ1 of'defense lI1ec!7allisms?

As invertebrates live in relatively defined ecological niches, are cold-blooded and short
lived, a stable steady state is set up between the host and its small pathogenic load. Vnder
these conditions defense mechanisms are adequate. On the one hand, it is of no evolution
ary advantage for the pathogen to kill all hosts as that would lead to self-destlUction. On
the other hand, defense mechanisms dependent on genomic evolution cannot outlUn the
potential of the pathogenic load to escape by mutation. A steady state is established
between the pathogenic load and the small recognitive repertoire of defense mechanisms.
There is no selective advantage for the host to increase the size of the repertoire when it is
no longer limiting to the survival ofmost of the population through the age of procreation.
Other factors become limiting like the probability of being eaten by a predator. FlIliher,
there is no selective advantage for the pathogen to debilitate or kill more hosts as that
limits its own survival.

However, as vertebrates evolved to be land animaIs that were long-lived, warm blooded
and wandered over vast areas, they encountered a much larger variety of "pathogens."
This made the recognitive repertoire of defense mechanisms inadequate and set up the
selection pressure for the evolution of the qualitatively different recognitive repertoires of
immune systems. This immune repelioire coupled its output to the effector functions of
defense mechanisms providing them with the ability to be triggered by a much larger
variety of different pathogens and at a much lower concentration of antigen, a precious
fringe benefit as pathogens grow faster at the body temperature ofwarm blooded animaIs.

The recognitive repertoire ofdefense mechanisms is selected in the germ line by ridding
individuals. The S-NS discrimination is dependent on this repertoire recognizing deter
minants on "pathogens" that are absent in the host species. For example, a restriction
enzyme recognizes a DNA sequence present in an invading VilUS but absent in the host
species. The selection is such that any individual expressing a target recognized also to be
on the pathogen wüuld be eliminated.

ln order for a germ line-selected recognitive repertoire tü track a pathogen, the deter
minant being recognized by the repertoire must vary slowly enough. There is no way, for
example, that genomic evolution could track a virus escaping recognition by mutation of
a coat protein. A typical target determinant of a germ line-selected recognitive element
would be a carbohydrate. In order to change the stlUcture of a carbohydrate so that it
escapes recognition, the specificity of a synthesizing enzyme must be changed and this is
sufficiently rare to permit tracking of the carbohydrate during genomic evolution. The
repertoire of defense mechanisms is small and unique for each target driving evolutionary
selection. The repertoire of an individual (equivalent to that of the species) might be made
up of a lytic enzyme, a lectin, an antibiotic peptide, and a necrosis tàctor.

The only way to establish the large recognitive repertoires of immune systems was to
develop a receptor structure that recognized shape, not chemistry. The repertoire of rec
ognitive combining sites or paratopes divided the antigenic universe into 'epitopes' (units
of shape recognized by paratopes) that are distributed combinatorially on antigens. An
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antigen deftned as a 'unit of elimination' by the effector output, is made up of a collection
oflinked 'epitopes'. The paratopes were coupled to an adaptor structure that interacted
with the pre-existing effector mechanisms of defense systems converting them into ail
inclusive immune systems. This, in turn, required that the S-NS discrimination be somat
ically learned by ridding cells. As a result, the S-NS discrimination became a property of
the individual, not of the species. Tissue grafts between individuals of the species are
rejected by immune systems, unlike the case for defense mechanisms where such grafts
are accepted. For defense mechanisms the S-NS discrimination is germ line-selected by
ridding individuals and is, as a consequence, a property of the species.

A somatically selected S-NS discrimination is required by a large, somatically gen
erated, recognitive paratopic repertoire that looks at shape detenninants on the
"pathogen." The paratopic repertoire (equal in size to the repertoire of epitopes) divides
the antigenic universe into e epitopes that are combinatorially distributed on antigens n at
a time. For example, a paratopic repertoire of 105 that views the antigenic uni verse as
collections oflinked epitopes taken 10 at a time, would distinguish eCn = IOsC IO = 3 x 1043

antigens [5-7]. This paratopic repertoire looking at combinatoria1s (antigens or units of
elimination) must see most antigens (e.g., miss only of the order of 1 in 1000).

An oside 0/1 samarie evo!lltion

We are ail familiar with the principles of germ fine evolution but, when considering
somatic evolution, ground rules seem to disappear. Somatic evo1ution is the on1y solution
to generating a large enough functional recognitive repertoire to cope with the protective
needs of the individual.

Although there are several quite different mechanisms for generating the somatic rep
ertoire, the principles do not change [8]. Somatic evo1ution has two components, a set of
variants with respect to recognitive specificity and a selection pressure to sort out the
variants that are tùnctional. The variation in recognitive specificity is generated at two
levels, germ line and somatic. 1 will illustrate my points using mouse and man as proto
types. The germ line encodes NVLand NVH gene segments, the products ofwhich comple
ment to generate ~ N'VLVH germ line encoded specificities. NVLVH pairs are directly
selected for the protective speciftcities they encode. The rules for this germ line selection
are the same as those for any defense mechanism, a specificity recognized as present on
the selecting agent but absent in the host species. This fixed the complementing subunit
pool resulting in NVLVH germ line selected specificities and ~ (N:! - N)VLVH germ line
encoded but unselected speciftcities. This ~ N:! V1YH tàmily of germ line encoded specif
icities is expressed in high copy number (102-10 copies per 107 B cells) and is the subs
trate for a mechanism of somatic hypemlUtation that generates an additional roughly 105

specificities (single amino acid replacement mutants) each in single copy per 107 B cells.
This is the population upon which somatic selection due to antigenic encounter operates.

The somatic selection pressure is the necessity to produce an effective etfector response
to the "pathogen" in a short enough time, without debilitating the host. This selection has
several targets on which it operates and that become limiting at different points during the
course of evo1ution:

1) the speciftcity ofthe antigen-receptor itself (see discussion of Kin ref. [3,6, 7]);
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2) the number ofantigen-receptors expressed pel' cell (haplotype [a11elic] exclusion or
one cell-one antigen-receptor);

3) the number of paratopes pel' antigen-receptor (one antigen-receptor-one paratope);
4) the range over which inductive signaling occurs (short enough to permit associative

recognition of antigen [see later]);
5) the range over which effector function operates (short enough to minimize effects on

innocent bystanders).
Somatic selection could not operate ifone ce11 produced a11 antibodies or even many anti

bodies. A single evolutionary advance solved this and several other problems. Unlike
defense mechanisms, where the genn line selection operates on a single gene encoding both
recognition and effector function (an enzyme, a lectin, an antibiotic, a particle sensor), the
immune system separated these two properties into V-gene segments specifying recogni
tion and C-gene segments specifying the link to effector function. Thus, each effector func
tion could be initiated by a large number ofdifferent paratopes but, equally important, a key
step in developing a mechanism for expressing one antigen-receptor pel' cell was realized.
The fusion efficiency with which the V-gene segment is joined in frame to the C-gene
segment accounts for roughly 80% ofIg+ cells expressing one antigen-receptor. Additional
regulatory controls increase this to 99%; about 1% of cells are double producers, the limit
to one ce11 one antigen-receptor and a potential source of autoimmunity [6, 7, 9, 10l

The point to stress is that the somatic selection by immune systems requires a clonaI
distribution of antigen-receptors (referred to as allelic or haplotype exclusion), whereas
the germ line selection operating on defense mechanisms does not require allelic exclu
sIOn.

In summary, germ line selection of the recognitive repertoire proceeds antigen-by
antigen. This is limited by two factors:

1) when the rate ofescape ofthe pathogen from recognition exceeds the generation time
ofthe host, geilli line selection cannot keep up and the high metabolic cost of somatic evolu
tion becomes worthwhile;

2) as there are more pathogens in the environment ofve11ebrate land animaIs than there
are genes that can be committed to defense, it becomes impossible for the genome to
decide which pathogen to track.

The only solution for the vertebrates was to develop a mechanism for somatic evolution
ofthe recognitive repertoire that matched the ability ofthe pathogen to escape recognition.
Totally new in its principle was to divide the antigenic universe up into shapes called
epitopes that were combinatorially distributed. An antigen, as defined by the immune
system, is a linked group of N epitopes. A somatically evolving recognitive repertoire
makes it virtua11y impossible for the pathogen to escape recognition. To escape it must foil
the effector mechanisms. Lastly, a somatically evolving recognitive repe110ire requires a
somatically-selected S-N S discrimination that acts at the level of the epitope-specific
combining site (paratope). Anti-S must be deleted and anti-NS saved.

Ali experimental illustration ofa S-NS discrimination resulting from germ Zine
or somatic selection

How does the behavior of immune systems and defense mechanisms differ when chal
lenged with antigen?
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THE ft TEST

Host Graft

AB

AB

Outcome

Rejected

Accepted

Interpretation

AA expresses anti-B, not anti-A. BB

expresses anti A, not anti B. The S-NS

discrimination is somatically selected

and antigen-specific. (Immune system)

AA recognizes A as a "self-marker." BB

recognizes B as a "self-marker."

The SoNS discrimination is germline

selectedi recognition is self-marker-,

not antigen-specific. (Defense

mechanismi see text for qualifications).
Figure 3. The FI test defines an immune system.

The F] test (figure 3) is to determine whether or not AA or BB (parental) will accept
(AB)F] grafts.

Under Case 1(immune system), the (AB)F] graft is rejected. In this case, 1recall that an
AA animal will accept AA grafts but reject BB grafts, as weil as CC, DD, EE, etc. Sim
ilarly, a BB animal will accept BB grafts but reject AA grafts, as weil as CC, DD, EE, etc.
The (AB)F] does not self-destruct; further it accepts AA and BB grafts, while still rejec
ting CC, DD, EE, etc.

The FI test shows that somatic selection depends on the specificity of recognition of S,
and by difference, NS. S-recognition is deleted, leaving NS-recognition. The immune
system responds to the difference between the S of the individual and NS. If an antigen
related factor (or NS-marker like "pathogenicity" or "danger") were the determining
element, we would not expect the graft of AB onto AA to be rejected when the graft of
AA onto AA is accepted. Clearly, specificity ofrecognition ofNS-B by AA is a key factor.
The ability to distinguish a S- from a NS-epitope is equivalent to distinguishing two NS
epitopes. This is what gives us a uniquely meaningful definition of specificity [3, 6, 7] and
explains why tissue grafts between individuals in a species with immune systems are
rejected.

Under Case II (defense mechanism), the (AB)F 1 graft is accepted. 1 raise here the ques
tion of S-markers only because the first attempt to explain the S-NS discrimination was a
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S-marker mode!. S-markers are a special case. In essence, protective mechanisms cannot
use S-markers. A S-marker system can only be used in arder to exclude inappropriate interac
tions between colonies or to housekeep or to forage for food. As a defense against intra
cellular pathogens a S-marker system would be useless as intracellular pathogens hide in
the Sand would be protected against destruction by the recognition of the S-marker. As a
defense against extracellular pathogens, S-markers are of limited value as no single
effector mechanism can protect against a11 pathogens and multiple effector mechanisms
that require independent and unrelated recognitive elements obviate the need for a S
marker, making it unselectable. The recognitive element, in this case, would be germ line
selected to recognize a given NS to the exclusion ofspecies-S. Lastly and this is key, the
reliance on a specifie S-marker system obviates the need for another independent antigen
specifie recognitive system.

[n sum, a S-NS discrimination that is germ line-selected looks at the difference between
the target antigen and the 'S-of-the-species'. A S-NS discrimination [hat is somatically
selected looks at the difference between the target antigen and the 'S-of-the-individual'.
The FI test illustrates this as immune systems reject allogeneic grafts, whereas defense
mechanisms accept them.

The F J test tells us t!zat for ilJlJJll/ne systems

1) 's cannot be distinguished from NS by any physical or chemical propeliy of antigens
as classes'. What is S for AA is NS for BB. AA rejects AB by recognition of Band BB
rejects AB by recognition of A. AB expresses neither and accepts AA and BB grafts;
further, AB does not self-destruct;

2)'the S-NS discrimination by immune systems must be leamed', a true historical
process. AA expresses anti-B, not anti-A; BB expresses anti-A, not anti-B; AB expresses
neither anti-A nar anti-B; and CC, DD, etc. express both anti-A and anti-B. A learning
process requires that anti-S be inactivated and anti-NS be activated; this in turn requires
that S be separated from NS by some mechanism; one, possibly the only reasonable
suggestion depends on developmental time. Key here is that there must be an antigen
specific step where a discrimination is made, no matter what other antigen-unspecific
tàctors are introduced that regulate expression of effector function (i.e., responsiveness).

Any attempt to explain the S-NS discrimination by invoking "S-markers" implies by
symmetry, the possibility of explaining the S-NS discrimination by invoking "NS
markers." In tàct, in recent years "NS-markers" have achieved a unique popularity. Over
the years, many investigators have invoked NS-markers under such rubrics as markers of
adjuvanticity, danger, pathogenicity, harm, di si ntegrity, localization, etc. These "NS
markers" like the "S-markers" imply a germ line-selected S-NS discrimination and, as
such, do not require antigen-specific recognition; recognition of the "NS-marker" should
be sufficient. NS-marker models have been analyzed elsewhere[ll-13].

Broadening thefield; the wide angle \'ieH'

It is important to appreciate that evolutionary selection is operating on the factors contrib
uting to the specificity of the effector output, which, in the end, must distinguish host
from pathogen. There are many steps between encounter with antigen and the destructive
and ridding effector output, any one ofwhich can be and has been viewed as contributing
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to the S-NS discrimination. This, in fàct, is the origin of ail of the present day ambiguities
and polemics. 'However, one step is indisputable and that is the initial antigen-specific
decision step'.

Were it not for the necessity to make a S-NS discrimination, the antibody molecule (or
antigen-receptor) could be a universal glue. Antibody specificity is driven solely by the
necessity to make a S-NS discrimination. Tt is the antigen-specific step that permits anti
S to be separated from anti-NS and this, in turn, requires that S be distinguished from NS,
a problem we will face later.

However, it is not unreasonable to consider a more general picture, which 1 will refer to
as the 'Unresponsiveness-Responsiveness' decision. Many immunologists consider Sand
NS as they are defined by aH of the steps resulting in a triggered effector function. After
aH, this is what they measure when they determine whether an animal is responsive or
unresponsive. Further, as l just pointed out, evolution is assaying the speciftcity of the
effector output and selecting for a response able to l'id NS without ridding Sand debilitat
ing the host. Consequently, there is a school of immunologists who introduce into the
discussion of the S-NS discrimination, antigen-unspecific or antigen-related factors (e.g.,
adjuvanticity, danger, harm, pathogenicity, etc.) required for the expression of effector
function. These antigen-related factors are important when put in the proper context, but
they are independent of the antigen-specific decision step (S-NS discrimination), which,
even in this more general framework, is an essential part ofthe Unresponsiveness-Respon
siveness mechanism because the destructive and ridding effector output must target the
"pathogen" to the exclusion of the host. The Unresponsiveness-Responsiveness decision
is not without its ambiguities, because an assay interpreted as "tolerance" (unresponsive
ness) could weil be due to responsiveness in an ineffective effector class or to an insuffi
ciency in the level of an effective effector class or to one not assayed.

A novel cellmust be addecl to make a somatical(v selected S-NS discrimination

The driving force for a somatically selected S-NS discrimination was the need to increase
the size (and concomitantly the specificity for the antigen) of the recognitive repertoire
over that expressed by defense mechanisms. As the somatically selected S-NS discrimi
nation operates by deIeting cells, not individuaIs, evoIution had to introduce an 'interme
diate ceIl ' into the differentiation pathway, which is the cell upon which somatic selection
operates (figure 4).

In the case of defense mechanisms, the cells are born as effectors (e-cells). As the S-NS
discrimination is germ line-selected, all effectors are anti-NS. 'However, there would be
no way to make a somatically selected S-NS discrimination ifcells were born as effectors.'
An intermediate stage or 'i-cell' stage had to be introduced between the stem cell and
effectors. The i-cell stage is where the S-NS discrimination based on antigen-specific
events is made. As we wiH see, the i-cell has two pathways open to it upon appropriate
interaction with antigen, inactivation and activation.

The i-cell differs from the e-cell in that it has no effector function, it receives signaIs, it
does not send them; it listens, it does not talk. The e-cell sends signais; it does not receive
them. The e-cell talks; it does not lîsten. Immunologists refer to what l am calling the
i-cell as the antigen-sensitive or antigen-responsive cell without putting it in this precise
context as a decision step.
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Defense Mechanisms

Stem Cells
Ag~

------------~ e~cells anti-NS*
independent

Immune Systems

A<1~
Stem Cells ~ ~

. d d ......In epen ent
i~cells* Ag-
anti-S dependent

+
antî-NS

• e-cells antî-NS

Figure 4. The introduction of the i-cell into the pathway ofdifferentiation of immune systems.

* For definitions ofi- and e-cells, see tex!.

Plltting the S-NS discrimination into the big pictllre

Evolution is selecting on the effector output, which must rid and destroy NS without being
debilitating for S. In order to do tbis, the immune system ("adaptive") makes two succes
sive decisions (figure 5) when it encounters an antigen.

The antigen-specific step of tbe S-NS discrimination is made at Decision 1, which
operates at the level of the i-cell. Once this decision has been made and the further steps
to effectors put under the control of Decision 2, no antigen-specific S-NS discrimination
is possible. An anti-S ceIl that sneaks through Decision 1 or arises by mutation during
Decision 2 would go on to become an effector. The deleterious consequences of such an
event is limited both by the probability of sneak-throllgh or ofmutating to anti-S, and the
tàct that effectors are either dead-end or cycle back to the i-state where a S-NS discrim
ination step is re-initiated.

What is key to realize is that the activated ceIl is not yet an effector. 11 takes a coordinated
set of regulatory events for it to proliferate and ditferentiate to effectors. These regulatory
events are what is argued by many to be part of the S-NS discrimination, and weil they
might be, but they do not involve antigen-specific decisions with respect to a S-NS discrim
ination based on somatic selection; they involve decisions about gerrn line-selected,
antigen-related propeliies like localization, "pathogenicity," mode of entry, dose,
"danger," etc. As a consequence they are independent of and have no way to atfect the
antigen-specific Decision 1. Antigen-related properties are, in this framework, used by
Decision 2. The pathway followed by Decision 2 bas antigen-specific steps required to
relate effective etfector func~ion to "pathogen," but these follow the same IUles for Sand
NS, that is, they are designed to optimize tbe destruction and ridding of the target independ
ent of whether it is S or NS.
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Decision 1: The antigen-specific S-NS discrimination

Is the antigen, S or NS?

If S, inactivate anti-S If NS, activate anti-NS

Decision 2: The determination of effector c1ass
Is the NS, intracellular or extracellular?

If intracellular, induce a
cell-mediated effector response
in which class?

,I~
Cytotoxic Inflarnrnatory

Figure 5. The Decision steps of the immune system.

If extracellular, induce a
humoral effector response
in which class?

k-
IgM IgG IgE IgA

When l refer to the 'S-NS discrimination', an antigen-specific Decision 1 step is
implied; when l refer to the 'Unresponsiveness-Responsiveness' discrimination, in addi
tion to the antigen-specific Decision 1 step, a set of antigen-related steps (Decision 2) are
implied.

So much for the conceptual framework. Now let us consider its translation into mech
anism and how did we get there?

History of ideas as to mechanism of the S-NS discrimination

The fi rst stab at an explanation

Bumet and Fenner [14] in 1949 should be credited as being the first to insist that the S-NS
discrimination had to have an explanation.

Bumet in 1984 reminiscing on this period feh that the book "Production of Antibodies
(1949)" is a collector's item because of a prediction made on p. 103. "If, in embryonic life,
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Figure 6. The Self-marker template theOl'y of Bumet and Fenner (1949).

Heavy arro\\': replication ofpattem.

Light arro\\': partial rephcation of pattern.

Dotted arro\\': liberatlOn ofprotein unit bearing specifie pattern but lackmg any further capaCity for replication.

AJI processes will necessarily be dependent on intracellular mechalllsms for supply of energy and '·bausteine".

expendable cells from a genetical1y distinct race are implanted and established, no anti
body response should develop against the foreign cell antigen when the animal takes on
an independent existence" [15].

Bumet and Fenner [14] based this statement on Owen's observation [16] that dizygotic
calves sharing placental circulation, expressed throughout life hematopoietic cells of the
fratemal twin without having the genes that encode the given cell markers. These same
dizygotic calves (fraternal twins) would have rejected each others' hematopoietic cells
(and skin grafts) ifthey had developed in separate mothers or in the same mother at differ
ent times. Owen's observation was extended by Medawar's group in 1951 when they
showed that, in calves, skin grafts could be exchanged between fraternal twins as weil as
between identical twins. These observations implied a learning period during embryonic
life when 'what-is-S' is detined. They show that the immune system has no way of
knowing what is encoded in the germ line. Today these observations have been extended
by constructing allophenic mice and even xenophenic animaIs, like goat-sheep, by para
biosis (reviewed in [17]) and by remarkably skilled transplantation experimentation at
very early stages of embryogenesis[ 18].

To explain the Owen phenomenon, Bumet and Fenner (Ref. [14]; p. 94) proposed the
following (figure 6).

A constitutive "intracellular enzyme" synthesized on a master template, was envisaged
to l'id senescent and effete constituents; an "adaptive enzyme" derived by antigenic mod
ification of the master template was postulated to l'id invaders (pathogens). The function
of the intracel1ular enzyme is "housekeeping." The recognition of its target is 'germline
specified' and, therefore, the intracellular enzyme is pari of a "defense mechanism" that
protects the individual from becoming a toxic dump site. Consequently, it is irrelevant to
the somatically-selected S-NS discrimination. The remainder of the antigenic universe
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induces nonspecifically a destructive and ridding "adaptive" response. This antigenic
universe is composed ofboth Sand NS, each ofwhich would activate the same destructive
and ridding response. Consequently, Bumet and Fenner, in arder to correct the failure of
the Pauling template model to deal with the S-NS discrimination, proposed that ail S is
associated with a S-marker that blocks the "adaptive" template, thereby protecting S from
destruction. Anything not associated with the S-marker (i.e., NS) is destroyed and ridded.
Under this model, specificity of recognition of antigen is not required. Consequently, not
even a template is required because the l'ole of the template, is to provide a mechanism that
results in antibody specificity. The S-marker obviates this requirement. It only needs
"tum-off' a non-specifie activity that destroys and rids anything not associated with the
S-marker. Of course, the S-marker must associate with 'al\' S, and 'no' NS. It is the specif
icity ofthis interaction that determines the S-NS discrimination. A S-marker theory does
not imply an antigen-specific somatically-selected process; it is a theory accounting for a
germ line-selected process, as 1pointed out earlier. A S-marker theory would not pass the
FI test.

Bumet and Fenner [14] made three conceptual errors:
1) protective mechanisms cannot use S-markers to make a somatically selected S-NS

discrimination and the postulate of a S-marker does not imply an antigen-specific recogni
tive system;

2) the S-marker assumption does not predict (in fact, it is in contradiction with) the
"Owen finding" that they were trying to explain.

Any antigen not associated with the S-marker, no matter when it was introduced into the
animal, would be treated as NS and if associated with the S-marker as S. Therefore, the S
marker model did not expIain the Owen finding simply because it is a germ line-selected
mechanism and the Owen finding requires a somatically-selected mechanism. The "F 1

test" (figure 3) and the Owen finding are telling us the same thing. 'The S-NS discrimina
tion made by immune systems is an antigen-specific somatically-selected process.

3) in no way could this formulation be translated into a reasonable mechanism.
A meaningful model should have the potential to be envisioned in terms of molecular

mechanism at the less complex level and in terms of evolution (and physiology) at the
more complex level.

Lederberg [19] in 1959 tried to save the S-marker theory [14] for an antigen-specific,
somatically-selected S-NS discrimination from being viewed as simply irrational by trans
fonning the meaning of "S-marker." He wrote, "[t]here are no more plausible candidates
for S-markers than the S-antigens themselves."

The S-NS discrimination as viewed by Jerne, Ellmet mld Lederherg

Jerne (1955) is usually credited with the first selectionist theory [20]. 1 have always viewed
it as a hybrid instructionist-selectionist theory. As Jerne was close to Delbruck's phage
group, he was aware ofthe work showing that heritable variation precedes selection. Evolu
tion selects upon pre-existing heritable variants; the selection pressure does not induce the
variation. By 1955, the 1943 Luria-Delbruck fluctuation analysis, the 1949 Newcombe
spreading experiment, and the 1952 Lederberg replica plating technique were a standard
part of every microbial genetics course. No biologist would have considered a template
mechanism in which antigenic selection induced the variation. Jeme's selective theory
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A. JERNE (1955) - NATURAL ANTIBODY MODEL

Stage IIIStageI

--------DEVELOPMENTALTIME---------------t.~

Stage II

Ag-
DESTRUCTION-ONLy • REPLICATION-ONLy

indepl'ndentWINDOW OF GOD

Total rl'pertoirl' is
expressed as secrl'tl'd
effector antibody
(anti-S+anti-NS).

(tolerizable-only)
[Ag-Ab] compll'x is
destroyed and ridded.
Ail Ag is S.
Anti-S is deleted

(inducible-only)
[Ag-Ab] complex is
replicated.
Ail Ag isNS.
Anti-NS is replicated

"Selectionist" in that
Ab repertoirl' is
generatl'd Ag-indl'pendl'nt

"Instructionist" in
that a given Ab
instructs its own
replica tion.

B. BURNET (1959) - CELLULAR SELECTION MODEL

Stage IIIStage 1

--------DEVELOPMENTAL TIME - ...

Stage II

WINOOW OF GOD INACTIVATABLE-ONLY Ag-.
independent

INDUCIBLE-ONLy

Total repertoire
IS expressed as
antigen-receptors
(Ig-R) on celIs
(anti-S+anti-NS).

(tolerizable-only)
[Ag-Ig-R) signais
inactivation of cells
defined as anh-S.

(triggl'rable-only)
[Ag-Ig-R) signais
replication and
differentiation to
effectors. Inducible-
only cells are, in essence,
equivalent to
l'Hectors anti-NS.

Figure 7. A. The hybrid instructionist-selectlOnist theory of Jerne (1955). B.The developmental stage-depen
dent, cellular selection model of Burnet (1959).

reflects the direct influence of the phage group. However, Jerne could not make a clean
break with instructionist thinking. As a card-carrying immunologist he felt that he had the
right to treat the subject as an eccentricity in biology.

Jerne [20] envisaged a sequence of three stages in developmental time, a decisive
advance in thinking, albeit for the wrong reason (figu re 7A).

Jerne (1955) proposed a defined period during embryogenesis when the total repertoire
ofantibody was generated "big bang" and secreted as "natural antibody" (Stage 1). He then
suggested that the interaction of antibody with S during stage Il of ontogeny resulted in
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anti-S being subtracted. This was the selectionist step. Then, in order to account for
responsiveness, Jerne proposed that, at stage III of ontogeny, the remaining anti-NS func
tioned as a self-replicating entity when it interacts with NS. This was the instructionist
step.

Jerne, therefore, substituted a developmental stage-dependent deletion of anti-S for
Burnet and Fenner's S-marker while retaining the template mechanism. It is important to
realize that the stage II development-dependent deletion ofanti-S was not driven by a learn
ing or historical process, but was a corollary of the postulate that the repertoire was gen
erated "big bang" at Stage 1. Jerne erroneously mapped the necessity for a developmental
stage dependent S-NS discrimination onto the mechanism for generating diversity, an
error to be perpetuated by Burnet.

Jerne made three conceptual errors. The first error, seen by everyone, was the assump
tion ofself-replication of a protein that had bound antigen. By way of review, the structure
of DNA was known to the phage group in 1952; it was published in 1953. By 1955, every
molecular biologist's blackboard had written on it, "DNA ---7 RNA ---7 Protein." This says
something about the state of Delbruck's thinking about the subject of immunology in
1955, as it was he who submitted the paper to PNAS without requiring Jerne to comment
on it. Rad Delbruck done that, Jerne would certainly have preempted Talmage [21] and
Burnet [22]. One should always ask one's enemies, not one's friends, to submit papers to
PNAS.

The second error was that the "big bang" generation of the total repertoire as secreted
antibody would result in no given antibody being at a sufficient concentration to function
(react with antigen and be processed). Jerne aggressively ignored effector function in a1l
of his thinking, throughout his career. It took Protecton theory to deal with this problem
[6, 7].

The third error was more subtle and was to be repeated by Jerne during the "Idiotype
Network era" (1975-1985). There is no way to make a somatically selected S-NS discrim
ination at the level of effector antibody or cells. If the destruction and ridding of anti-S
were dependent on its being at a concentration that interacted effectively with S (stage II
in .figure 6A), then S itself would be under attack by the immune system. The destructive
and ridding effector output of the immune system cannot be used to regulate the S-NS
discrimination (Decision 1). This is the selection pressure that forced evolution to in
troduce i-cells into the pathway to effectors (figure 4).

The next step is owed to Talmage [21] and Burnet [22] who in 1957 introduced the
theory ofcellular selection by antigen. Talmage [21] and Lederberg [19] correctly refer to
a theory of cellular selection. Burnet [22] uses the term "clonai selection" leaving it ambi
guous as to "how clonai" and why? For example, in 1961 he [23] wrote, "[t]he theory is
called clonaI-selection theory because the action of antigen is simply to select for prolif
eration of that particular clone of ce1ls which can react with it." Thus he meant "cellular
selection" by the term "clonaI selection." Burnet [22] appreciated that template or instruc
tionist theories require that each cell be toti-specific; selectionist theories as they were
viewed in the late 1950s only required that cells be oligospecific. Rowever, both Talmage
[21] and Bumet [22] seemed to prefer a unispecific cell (clonai distribution of antigen
receptors). Talmage gives us no reason for this preference. Bumet argues that, "[t]he clonai
selection theory requires at sorne stage in early embryonic development. ..a 'randomiza-
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tion' of the coding responsible for part of the specification of gamma globulin molecules,
so that...there are specifications in the genomes for virtually every variant that can exist..."
Thus, Burnet tries to answer the right question, but inverts the logic in his answer. The
statement. "Ifit rains, the fire hydrant will be wef' does not imply that "if the tire hydrant
is wet, it has rained."

If the generation of diversity were due to "randomization" of genes, then llnispecific
clonality might result depending on a great many additional (and unlikely) assumptions
Burnet would need to have added. However, if unispecific clonality obtains, it does not
mean that the generation of diversity is due to somatic "randomization"; that is only one
of several pathways to unispecific clonality as the subsequent discussions on "germ line"
versus "somatic" theories illustrated. In the end, Burnefs argument was wrong; uni
specific clonality is driven by the necessity to make a S-NS discrimination, not by any
requirement or tortuity ofthe generator of diversity, as the Protecton theOl'y [6, 7] has now
clarified.

The 1957 papers of Talmage [21] and Burnet [22] resolved both Jerne's first error, (a
self-replicating protein) and his third error (a S-NS discrimination at the level of effector
antibody) by putting antigen-receptors on cells and by having the cells replicate and differen
tiate to etrectors or be deleted. The second error, (i.e., the "big bang" expression of a
random vast repertoire wOllld leave no specificity at a sufficient level to function) was not
appreciated by Burnet or Talmage in 1957 (and most immunologists in 1999). As a conse
quence, Burnet accepted Jerne's proposaI for a "window of Generation Of Diversity
(GaD)." Talmage [21] is si1ent on this question of repertoire. However, in 1959, when
Burnet llnvei1ed his model for the S-NS discrimination, both Ta1mage [5] and Lederberg
[19] had faced Jeme 's second error in two remarkable back-to-back papers in ScÎellce. In
Lederberg 's words, "ft would embarrass a theOl'y ofcellular selection only if the repertoire
were large compared to the lllnnber of potential antibody-forming cells in the organism."
(As an aside, Lederberg did not quite get it right. By using the organism as his unit immune
system, he implied that a vast repertoire (e.g., 10]./) would allow cellular selection to
operate in elephants but not in mice, an obvious absurdity. This paradox inspired Protecton
theory [6, 7] as a unique solution.)

In 1959, Burnet [24] proposed a theory for the S-NS discrimination (fïgure 7B). He
began his ana1ysis, as did Jerne, by de1ineating three stages in the development of immune
responsiveness. At stage 1 he postulated a Jernerian "big bang" Window of GaD after
which the repertoire expressed by the cell population is fixed. At stage II any cell interac
ting with antigen is deleted. This cell population is characterized by Burnet as "hyperreac
tive" to antigen, or, in my translation, inactivatable-only or "tolerizable-only." Stage Il
removes 1'rom the population ail anti-S cells. The remaining population, anti-NS, ditIeren
tiates antigen (Ag)-independently to "inducible-only." The anti-NS cells present at stage
III respond to antigen by proliferation and di1'1'erentiation to effectors. Formally speaking
"inducible-only" is astate not functionally distinguishable from effectors.

The key here is that the cell population goes 1'rom "tolerizable"-only to inducible-only,
antigen-independently, as a function of the developmental stage of the organism. This
shitt in responsive behavior is a once in a lifetime developmental event making S a static
entity detined at stage Il (fïgure 7B), a correct conclusion for the wrong reason. Further,
such a process cannot cope with somatic mutation to anti-S in the stage III population.
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Silverstein and Rose [25] tell us that, "[w]ith this theory, Burnet [24], accomplished two
things: he made the acquisition oftolerance the sole province ofthe immature mammalian
fetus and neonate and he implied that an initial S-NS discrimination is the most important
event in the development of the immune system."

The assumption of a defined period during embryogenesis when diversity is generated
and anti-S is deleted might be viewed as a c1ear statement that Burnet [24] considered tol
erance to be a property of the animal, not the cell. However, 1have my doubts because it is
the "Window ofGOO" that is the property of the animal, notthe S-NS discrimination, the
mechanism ofwhich is dictated by that assumption. Burnet, like Jerne, did not understand
that the assumption of a role for the developmental stage of the animal in making the S
NS discrimination, had to be part of a historical somatic learning process, not an indirect
consequence ofthe postulated stage l "big bang" origin of the repertoire.

Silverstein and Rose [25] feel that the assumption of a role of the developmental stage
in establishing the S-NS discrimination is wrong, based on experimental disproof. They
[25] totally agree with Miller and Basten [26], who wrote:

Although Burnet suggested that antigen encountered in early life selectively deletes
specifie clones, whereas it activates them in later life, it has been realized for close
to four decades that there is nothing intrinsically unique about the prenatal or
neonatal period, as far as tolerance is concerned. One key factor in determining the
nature of the response, whether tolerance or immunity, is, therefore, not the
developmental stage of the individual but rather the state of differentiation of the
lymphocyte at the time it encounters antigen.

Thus Miller and Basten (1996) took a purely Lederbergian (1959) position as 1 will
come to next.

However, both [25,26] were wrong and Burnet [24] was right, but for the wrong reason.
Sometimes the wrong assumption (Window of GOO) yields the right conclusion.
However, 1 might stress, the reason for a conclusion is as important as the conclusion
itself. The requirement for a somatically learned, developmentally established S-NS
discrimination is 'conceptual' and, to date, remains unchallenged by any extant experi
ment or competing proposaI (see discussion in Ref. [11 J).

Jerne's (1955) proposaI for a Window of GOO expressed during fetallife was rational,
given that he had placed the S-NS decision at the level of the secreted effector (the so
called "natural") antibody. He had to end up with a self-replicating anti-NS population,
devoid ofanti-S, that functioned to protect throughout the life of the individual. However,
Burnet (1959) by assuming cellular selection, no longer required this assllmption; in fact,
in the framework of the selectionist theory, a Window of GOO is ad hoc. His failure to see
this led him to treat c10nality of antigen-receptors on cells as an evollitionary by-product
of the mechanism for generating diversity, 'no1' as a requirement of the S-NS discrimina
tion, a major error in thinking corrected only by the Protecton theory [6, 7].

ln 1959, Lederberg felt that this window for generating diversity (figure 7) was unrea
sonable as lost clones would be irreplaceable. So he modified the Jerne [2û]-Burnet [24]
proposai by having the generator of diversity operate throughout life. Incidentally, Burnet
changed his 1959 position [24] in 1964 (in effect, UII pli cacheté) [27] by accepting Leder
berg's assumption without realizing that by doing this he no longer had a theory of the
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S-NS discrimination; and, in the end, Burnet left us with no theory of the S-NS discrim
ination.

Now, let us consider Lederberg's model for the S-NS discrimination (figure 8). He
postulated the following:

1) cells are born tolerizable-only, symbolized t-cells;
2) the repertoire is derived by mutation that occurs only during the generation oft-cells,

not in e-cells;
3) after a period oftime when no antigen is encountered, t-cells difièrentiate to e-cells.

This is a default antigen-independent pathway;
4) as stated by Lederberg, this pathway applies to ail cells, T and B.
Several comments are relevant:
1) the S-NS discrimination is a property ofthe state of differentiation of the cell, not of

the developmental stage of the animal. Thus he differed from Burnet [25] who had
proposed that the shift from tolerizable-only to inducible-only was a property of the devel
opmental maturity of the animal.

Once Lederberg [19] had abandoned the Window of GOD, he saw no reason to have an
animallevel control ofthe S-NS discrimination, and he put the discrimination at the level
of cell differentiation, a steady state lifelong process. At first glance, one might say that a
S-NS discrimination at either level could have provided an adequate mechanism.
However, this turns out to be incorrect as the cell differentiation Lederberg model did not
correct the inability of the Burnet Model to deal with unavoidable spontaneous mutation
to anti-S in the dividing e-cell population. Further, the Lederberg model could not deal
with persistent (non-riddable) antigens like carbohydrate (see later).

The Coutinho et al. [28] argument is simply unjustified that, because development of
cells and organisms had been confused, the Lederberg model can be refuted by simple
logic. 1 do not believe that Lederberg confused the two levels of development; he chose
between them. Further, the model has not been refuted by simple logic. A t-cell, true
enough, cannot distinguish S from NS. Tt would be deleted by interaction with either.
However, the system responds to NS because it has accumulated e-cells anti-NS
previously generated in the absence of NS, which is transient. The Lederberg model
remains rational, albeit wrong. There is a difference between irrational and erroneous.
Burnet's (1949) S-marker theory was irrational; Lederberg's (1959) cell differentiation
model was erroneous. In the end scientific progress reflects the sad fact that most rational
models are erroneous;

2) the proportion of anti-S cells that sneak through is a fllnction of the ratio of the time
to encounter antigen while in the t-state to the time it takes to differentiate Ag-independ
ently to the e-state.

As the time for t-cells to differentiate to the e-state becomes shorter, more and more
anti-S cells sneak through. As this time becomes longer, the sneak through decreases but
the repertoire of e-cells that protect the animal becomes smaller. There is a trade-off that
Lederberg did not face, namely, at 'what level is anti-S sneak through acceptable and how
can one determine if? This was a problem first faced in 1989 in the development of
Protecton theory [6, n

3) mutants to anti-S in the e-cell population wouId be uncontrollable. Further assump
tions are required;
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4) there is no predicted role for effector T-helpers (eTh) in the induction pathway and
consequently no associative (\inked) recognition of antigen essential to a coherent
response. Ali antigen-specitic events are on an epitope-by-epitope basis; no 'supraclonal'
regulation is implied, to use Coutinho's language. The Lederberg system cannot distin
guish antigens from epitopes, and. therefore, has no way to provide a coherent eftèctor
response to antigen. The same, of course, would have also been true of Jerne's and
Burnet's models. These three models [19, 20, 24] had no way to translate epitopes into
antigens, which, after ail, are the tm'gets (units of elimination) of immune eftèctor func
tion. The response to ail epitopes on an antigen must be the same (i.e., coherent), if the
immune system is to function optimally;

5) the signal to the cell upon interaction with antigen is interpreted as inactivation when
in the t-state and as triggering when in the e-state. The same signal is interpreted in two
different ways depending on the state of ditTerentiation ofthe cel 1. This would also be tlUe
of Burnet's (1959) model [24].

Lederberg's (1959) paper was totally ignored by the immunological community. Even
Burnet, in whose laboratory Lederberg had worked, cites the paper for everything but a
model ofthe S-NS discrimination. In 1968, Bretscher and] [29] disintened the paper as a
starting point for our mode!.

Bretscher and 1 [29-31] were aware of the difficulties inherent in both the Lederberg
[19] and Burnet [24] models, which nonetheless, had set the stage for clear thinking about
the problem. For the first time, these models posed and dealt with the three questions that
must be answered: how are cells anti-S inactivated? How are cells anti-NS activated? How
is the distinction between Sand NS established (\earned) and maintained (remembered)?

Associative recognition ofontigen (ARA): tlLe "tH'O signal" or ARA mode!

The ARA Model made four clean breaks with aU previous formulations:
1) it introduced a decision step between anti-S and anti-NS at the level of the i-cell

(Decision l,figure 5). Cells were not born tolerizable-only but had two pathways open to
them, inactivation and activation;

2) it made the origin of the distinction between Sand NS, developmental stage-depend
ent, in that it defined S as 'prior and persistent' and NS as 'posterior and transient.' Unlike
Lederberg, then, we postulated that the appearance ofresponsiveness was 'not' a property
of the state of diftèrentiation of the celL but of the developmental stage of the animal. We
differed from Burnet [24] in that the i-cell population did not ditIerentiate from inact
ivable-only to activable-only as a function of developmental maturity. The behavior of the
i-cell depended on the presence or absence of eftèctor T-helpers (eTh) anti-NS. Burnet's
assumption was no longer required because the generator of diversity was postulated to
operate throughout life;

3) it emphasized the central role of Associative Recognition of Antigen by a regulatory
effector T-cell ("helper") and an i-cell in order to make the response to a given antigen,
coherent;

4) it raised [29-32] but did not answer until 1983 [33] the critical question of the origin
of the regulatory eftèctor T-helper cell (eTh).

The Associative Recognition of Antigen model (ARA model) has been updated conti
nuously over the years [4, 34-37] and is outlined infigure 9 as we view it today. A major
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M. Colll1

contribution to the clarification and justification ofthis model in its present form, is owed
to Langman.

We appreciated that interaction with Ag had to be common to both pathways. The
distinction between inactivation and activation requires an additional event that itselfhas
made a S-NS discrimination. It is the nature ofthis second event (Signal[2]) that was and
still is under polemic; the division is sharp between whether Signal [2] is antigen-specific
or antigen-nonspecific and if antigen-specific how strict must be the associative (linked)
recognition be? We have always argued that Signal[2] is antigen-specific and strict. In
fact, a large part ofour 1970 paper [31] was devoted to the evidence that iTh are inducible
and tolerizable, both Ag-specific properties!

Why does Signal[2] have to be Ag-specific?
As Signal[ 1] cannot distinguish S from NS, the discrimination had to be a property of

Signal[2]. As classes, S cannot be distinguished from NS by any physical or chemical
property (the FI test, figure 3). Therefore, Signal[2], the arbiter of the S-NS discrimina
tion, had to be Ag-specific. An 'a-cel!' receiving Signal[l] has to be told by the receipt of
Signal[2] that the antigen is NS.

In developing the ARA Model, we analyzed three possible signaling pathways
(discussed in [38]) and chose the one that l will present.

There are several explanatory comments:
1) the a-cell, unlike the i-cell, is responsive to Signal[2]. This assures that no i-cell can

be activated that, in principle, could not have been inactivated (Signal [1]). Since interac
tion with Ag is common to both pathways, a second signal, which is antigen-specific and
delivered by an effector cell that itselfhas undergone a S-NS discrimination, is required;

2) Signal[2] is delivered by an eTh ta an a-cell by associative (linked) recognition of
antigen resulting in its being activated. Activation means that it becomes responsive to
soluble components, interleukins, which regulate proliferation and differentiation to effec
tors of a given class (Decision 2).

This transfer of regulation from a cell-cell interaction ta an interleukin (IL) or soluble
factor-cell interaction is required to pemlit a rapid enough response. If the immune system
imposed a cell-cell interaction at every division in order to monitor the S-NS discrimina
tion it could never respond fast enough to a growing pathogen. So once activated, the sneak
through of or mutation to anti-S, is dealt with by requiring e-cells ta recycle through the
i-stage when antigen is ridded or be short-lived and dead-end;

3) antigen-receptors recognize antigens, epitope-by-epitope. Ail previous models (those
of Jeme, Burnet, Lederberg) proposed that both tolerance and induction were mediated
epitope-by-epitope. The ARA Model proposed a regulation that was epitope-by-epitope
for tolerance, but antigen-by-antigen for induction. Associative recognition of antigen is
required to coordinate the effector response to the linked epitopes defining an antigen. The
response to an antigen is optimally effective when the response to each of its epitopes is
in the same effector class. Associative recognition of antigen is the mechanism by which
the immune system translates epitopes into antigens. This is essential as the immune
system is selected upon to l'id antigens not epitopes. The regulatOlY effector cel! interac
ting with one epitope on the antigen tells every other i-cell interacting with that antigen
what its response should be. The interaction of an eTh with one epitope on an antigen tells
the a-cell interacting with any other epitope to go to activation. This is the "supraclonal"
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property correctly insisted upon by Coutinho, and, in our formulation, is a role for the
etfector T-helper in activation, not the etfector suppresser in inactivation, as in his formula
tion.

4) while associative recognition of antigen permits coordination of the response to
antigen, it has a limitation set by the existence of NS-antigens sharing epitopes with S
antigens ([S+NS]-antigens) that present the problem of breaking tolerance resulting in
autoimmunity [31,32]. Thus, one key property of the model needs stressing. There is
'competition' between inactivation and activation at the level ofthe a-cell. This is essen
tial to keep the frequency of autoimmunity low in the face of about 10% of NS-antigens
that share epitopes with S-antigens ([S+NS]-Antigens) [6, 7]. The immune system
responds to the ditference between Sand [S+NS], and explains why tissue grafts between
allogeneic individuals are rejected;

5) once activated the pathway to expression of effector function (Decision 2) requires a
set of germ line-selected, antigen-related factors that a large number of immunologists
argue should be considered as part ofthe S-NS discrimination (e.g., adjuvanticity, danger,
pathogenicity, harm, localization, integrity, etc.). For purposes of discussion, 1will accept
their argument, but insist that these factors play no role in the antigen-specific Decision 1.
If the existence ofan antigen-specific Decision 1 step is denied, then 1wouId have to shrug
it off, as it is not possible to refute an absurdity. If it is not denied, then these antigen
related factors play a role in regulation of class, both type and magnitude.

The origin of the first eTh: the primer question

It is the sufficiency or insufficiency of eTh that determines whether an a-cell will be ac
tivated or inactivated. Since all celis are born as i-cells, where does the first eTh, necessary
to get the response started, come from? This question posed by the ARA model when first
proposed in 1969 [30, 32] took us until 1983 [33] to come up with a reasonable answer.
Over the years up to the present, the Two Signal or ARA model has been attacked as ruled
out because we were unable to come up with a credible solution to what we called the
"primer problem" but everyone else called the "chicken and egg" problem. In fact every
immunologist who voiced this criticism acted as though he/she had discovered the
problem. Therefore, it is worth stressing that it is not a weakness, but rather a strength of
the ARA model that it highlighted the question of the origin of the first or "primer" eTh.
Ali theories must answer this question. Janeway [39] and Matzinger [40] have appreciated
this and, unaware of our solution, proposed a mechanism competing with it.

Our answer [33-35, 37] was that there must be an antigen-independent pathway unique
to helpers that provides the primer eTh (figure 10). These, then, autocatalytically drive the
response by associative recognition of antigen via the APC with iTh (i.e., iTh-APC-eTh).

This pathway, although fundamentally different from the Burnet-Lederberg pathway,
shares with the latter the assumption of an antigen-independent differentiation affecting
uniquely the pathway from iTh to eTh. Further, in our case, the pathway is used 'solely'
as a source of "primer" eTh (figure 11). The steady state level of eTh must be kept low if
the frequency of autoimmunity is to be minimized. For a detailed discussion of this
pathway, see reference [37].
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+5
iTh ------.~ Inactivation

Ag-independent

(slow)
+NS +eTh--,'." " \'\..

"1.

"
" eTh anti-NS primer

Activation

+Ji+NS

Many eTh anti-NS

Figure lO.The Primer pathway for effector T-helpers (eTh).

The jillldmncnta! concepts gove17ling the S-NS discrimination as a !eaming process

There are many factors that determine whether the immune system will respond to an
antigen (meaning, generate efièctors anti-Ag). One ofthese factors is whether or not the
specificity elements necess31Y to recognize the antigen in question are present. This
depends on a somatically-selected S-NS discrimination that is antigen-specific. lt is this
property that is under analysis here. Whatever other factors that one wishes to add under
the umbrella of another definition of the S-NS discrimination, a consideration of the
antigen-specific element remains unavoidable. The steps hetween i-cells and e-cells are
driven by the antigen-specific events with respect to S versus NS comprising Decision 1
plus a set ofantigen-related events with respect to determination ofeffector class compris
ing Decision 2.

Given the steady state generation of a repertoire of anti-S plus anti-NS combining sites
(paratopes) and a collection ofS-antigens and NS-antigens, how might the somatic selec
tion process sort them out? A given cell expressing an antigen-specific receptor must he
told whether it is anti-S or anti-NS. This means that the universe of antigens must be sep
arated in some way into Sand NS. One property that is available to make this separation
is developmental time. S is 'prior and persistent'. NS is 'posterior and transient'.

Prior or posterior ta w!/(/t?

There is a period during ontogeny when antigens defined as S are present, antigens defined
as NS are absent, and antigen-specific cells (i-cells) are absent. Under the ARA model, as
i-cells arise, if they interact with antigen (S). they would be deleted because there is an
insufficiency of eTh to activate. Those i-cells that do not interact with antigen accumulate
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Lederberg Model

t-cell _......;..;A...9_----t.~ e-cell __+;..:.A~g~_-I.~many e-cells

+Agt independenl

Inactivation

Langman-Cohn Primer Pathway

Inactivation

+8

__...:..:i::L...-_--I•• eTh ("primer")

J
/

+eTh ....

manyeTh

Lederberg Langman-Cohn

Born as: t-cells i-cells
Tolerance is: property of cell (t) property of animal (±eTh)
Model for: aH cells iTh---+eTh primer only
Self is: persistent prior and persistent
Nonself is: transient posterior and transient
SignaIs: Same signal interpreted as [1] SignaHt] via antigen-receptor

by t and as [2] by e Signal[2] via eTh---+a-cell
Tolerance: epitope by epitope epitope by epitope

t-------->e: Ag-independent not relevant

iTh----->eTh: not relevant Ag-independent

Induction
of effectors: epitope byepitope antigen by antigen

(associative recognition)

Mutation: in e-cell to anti-S is "lethal" in e-cell to anti-S is controlled

Figure 11. A comparison between the Lederberg (1959) and the Langman-Cohn (1983) models.
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During developmental time Self must be:

Authors

Germline- Selected*

Burnet and Fenner (1948-1957)
(Self-marker)

TNTC (e.g., 38, 39) (l948-present)
(Nonself-Marker)

Somatica/ly selected

Jerne (1955) - Burnet (1958-1964)
(Window of GOD)

Lederberg (1959)
(Tolerizable-only ceIl)

Bretscher-Langman-Cohn (l968-present)

Prior

+

+

- not required

Persistent

+

+

+ required

Figure 12. The role of 'prior and persistent' under the vanous models of the S-NS discrimination.

* Self must be prior and persIstent with respect to germline.

as anti-NS. When the system becomes responsive, which means that a sufficiency of eTh
anti-NS arises to prime the response, these i-cel1s anti-NS can be activated to respond to
NS. Thus, S is defined as an antigen that the immune system encounters prior to its being
activable (during the period when there is an insufficiency of eTh). As long as S persists
the state of unresponsiveness to it is maintained because iTh anti-S are deleted as they
anse.

By definition, Sis that which is present 'prior' to the appearance of activatability when
there is an insut1iciency of eTh, whereas NS appears after the presence of a sufficiency of
eTh and is 'transient' due to an effector response that rids it.

This is a true learning or historical process in that the response of the immune system to
an antigen depends on the previous experience of the system with respect ta that antigen.

How did the variolts 1II0deis deal with tlze pmblem of 'priaI' and persistent'? (fifiure J2)

The Pauling Template model could not deal with the S-NS discrimination. NS or S-marker
theories are based on a germ line-specified S-NS discrimination and, therefore , do not
depend on either the 'prior' or 'persistence' of antigen. A somatically-selected, antigen-
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specific S-NS discrimination does depend on 'prior' and/or 'persistence' ofantigen. The
Jerne [2ü]-Bumet [24] model only requires that S be present prior to the inducible-only
Stage III. S need not be persistent because no anti-S specificities are assumed (can be
permitted) to appear after closing the Window of GOD. The Lederberg [19] model only
requires that S be persistent because the t-cell cannot distinguish S from NS. Persistence
of S prevents accumulation of e-cells anti-S. The Associative Recognition of Antigen
Model, which starts with i-cells and is driven by eTh, requires that S be 'prior and persis
tent'. The normal establishment of tolerance is a once in ll-lifetime event determined
during a developmental stage when aIl S is present and no eTh are present. After that tol
erance is maintained by the persistence of S. This makes the S-NS discrimination a histor
ical process. The response of the immune system depends on its prior experience with
respect to that antigen. Under the Jeme/Bumet/ARA models, S is defined during a devel
opmental window and, once defined, is fixed ("the static S").

The competing contemporary landscape: the bottom tine
My analysis has not dealt with the present day competing frameworks. 1 would like to
close with a briefcommentary on them. They range from a minor modification ofthe ARA
model to a complete rejection of its principles. The competing models are three types,
Suppresser, NS-Marker and Contextualist.

Suppresser models

These models (e.g., [41]) are based on the same principles as the ARA model but differ in
how the principles are translated into mechanism. Suppresser models are the mirror image
of the ARA model requiring suppression to inactivate the i-cell and only a ligand driven
signal via the antigen-receptor to activate it [38]. For the ARA model, inactivation ("tol
erance") is mediated epitope-by-epitope, while activation is mediated antigen-by-antigen
(ARA). For suppresser models, inactivation ("tolerance") is mediated antigen-by-antigen
(ARA), while activation is mediated epitope-by-epitope, unless a role for eTh is appended
ad hoc (i.e., unsupported by an argument of principle). This class of models has been
analyzed elsewhere [42] and while not ruled out are certainly less explicative than the
ARA model.

NS-marker models

There has been a recent flurry of such models based on one principle. There is a germ line
selected property (i.e., a NS-marker) common to aIl foreign antigens that determines
whether the immune system will respond. These NS-markers are variously described as
pathogenicity ('stranger signal'), danger, localization, modes of entry, dose, etc. These
NS-marker models challenge the generalization that there is no chemical or physical
property of antigens that can be used by the immune system to separate S from NS as
classes. This is why the ARA model is based on a separation in developmental time. While
these factors are important in another context, they play no role in the antigen-specific
somatically-leamed S-NS discrimination (Decision 1) of immune systems. Rather, they
should be mapped onto Decision 2, the choice and magnitude of effector class responses.
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The argument of principle can be stated as foUows:
- the germ line-selected recognitive elements of defense mechanisms have a specificity
that distinguishes the selecting agent from the 'S-of-the-species'. The somaticaUy-selected
recognitive element of immune systems have a specificity that distinguishes the' S-of-the
individual' from aU else. As the repertoire of recognitive elements of immune systems is
much larger than that of defense mechanisms (i.e., largely non-overlapping), there is no
way that a S-NS discrimination operating on the large repelioire of somaticaUy-generated
recognitive elements could be solved by the use of germ line-selected recognitive
elements that overlap with only a smaU proportion of the immune system's paratopic
repertoire. Clearly, if the defense mechanism repertoire recognized everything that the
immune system recognized, there would be no selection pressure for the latter. Therefore,
we reject aU S [14]-and NS l39,40]-marker models that are claimed to operate at the level
of the S-NS discrimination (Decision 1). For detailed analysis of these models, see Ref
erences [11-13].

Contextua/ist IllOdels

These are the least weU fonnulated at the level of mechanism but present an enormous
appeal to historians, philosophers and mathematicians. The Contextualist models are
driven by the assumption that S is ever changing (an assumption shared with NS-marker
models) and that the immune system is essentially S-oriented. This class of models is an
outpouring from Jerne's preoccupation with S-recognition and its translation into idiotype
networks. This class of model can be rejected on the grounds that the immune system has
no way to track an ever changing S. It requires S to be 'prior and persistent' (i.e., static).
Further, there is no way to select for recognition of S in the genn line, if a somatie S-NS
discrimination deletes its expression. Lastly, recognition without consequence (the so
caUed "fonnal" idiotype network) is also unselectable. A representative proposaI [43] by
the leading contextualists, Atlan and Cohen, has been analyzed elsewhere [44].

Conclusion

The pathway ofdevelopmellt of the I/lodels

The models for the S-NS discrimination unfolded one step at a time. Interestingly,
between Pauling (1940) and Bretscher-Cohn (1970), these stepwise changes resulted in a
total paradigm shift (figure 13) due to the introduction of a Decision 1 step between anti
Sand anti-NS at the level ofthe i-ceU ("antigen-responsive ceIl") (figure 9) instead of the
linear ontogenic pathway to filter out anti-S activity (figures 7, 8).

Propositions that must he faced

The following are the conclusions to be chaUenged in considering competing models for
the S-NS discrimination.

1) a S-NS discrimination is obligatory whenever the effector output of the protective
mechanism is biodestructive and ridding for both host and "pathogen;"

2) the S-NS discrimination is germ line-selected in the case of defense mechanisms
("innate"). The S-NS discrimination is somaticaUy-selected in the case of immune
systems ("adaptive");
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Pauling (1940)

Burnet
Fenner (1949)

Jerne (1955)

Burnet (1959)

Lederberg (1959)

Bretscher
Cohn (1968)

Loglc of tlte Self-Nonself discriminatlOll

S-NS ignored temp late

Self marker determines S-NS template

Window of God determines S-NS template

Window of God determines S-NS selection

Cell differentiation determines S-NS selection

History (a learning process) determines S-NS.....selection

Figure 13. The evolution of the models ofthe S-NS discrimination.

3) the S-NS discrimination by either defense mechanisms or immune systems is the sole
evolutionary selective pressure driving the degree of specificity of the recognitive
elements for antigen;

4) there is no physical or chemical property of antigens that can be used by the immune
system ("adaptive") to distinguish Sand NS as classes;

5) only distinction that is based on developmental time has led to meaningful models of
how the somatic selection process distinguishes S ('prior and persistent') from NS
('posterior and transient');
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6) the antigen-specific decision step in the steady state process of somatic selection
results in anti-S being inactivated ("tolerance") and anti-NS accumulating, poised for acti
vation upon appropriate encounter with NS;

7) responsiveness to NS depends on the appearance of "primer" eTh anti-NS that are
derived via an antigen-independent pathway;

8) inactivation ("tolerance") is mediated epitope-by-epitope (Signal[ l]), whereas ac
tivation is mediated antigen-by-antigen (Associative Recognition of Antigen);

9) the steps between activation of cells anti-NS and the appearance of effector function
are influenced by a set of germ line-selected factors that are dependent on the physical and
chemical nature of the antigen (antigen-related properties that are not antigen-specific)
and its interactions with host cells;

lO) any errors in the antigen-specific Decision l step of somatic selection that allows
anti-S to sneak through and be activated cannot be specifically corrected by antigen-unspe
cific or antigen-related germ line-selected factors (danger, integrity, localization, route,
quantity, pathogenicity, etc.) acting at the level of Decision 2 (seefigure 5).
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Assisting immunologists to examine
the philosophical foundations and implications
of the new theories of tolerance

Kenneth F. Schaffner

The 1990s witnessed a vigorous and still emerging debate about the fundamental nature
of immunology that over the past 2 years or so has seized even the popular imagination.
Much of this debate is framed around the self/nonself distinction, with a variety of chal
lenges to that notion that has appeared to be part ofthe foundations of immunology for the
past 50 years. The implications of a possible oveliurning of a central concept of immunol
ogy are potentially vast: from new ways to research vaccines and control infectious
diseases (inc1uding HIV/AIDS), to novel understandings of cancer and autoimmune
diseases and new therapies, to better ways to keep transplanted organs from being rejected
by the recipient. However, sorne have expressed serious doubts about this potential revolu
tion, among them Arthur Silverstein, Silverstein writing with Noel Rose, Jacques Miller,
and Melvin Cohn. [References are keyed to the debates discussed in the paper and are
available on-line and linked to the debates; see reference URLs at the end ofthis paper.]

More focally, over the past 5 years, an increasingly contentious debate has developed
related to the danger theory, championed by Fuchs and Matzinger, but also involving other
major alternatives. These contrasting approaches inc1ude extensions of Jernean idiotype
network theories by Coutinho, Stewart, and Bandeira, as wel1 as "stranger," morphostasis,
'"integrity," cytokine cascade, and antigen localization accounts by Janeway, Cunliffe,
Dembic, Weigle, and Zinkernagel, respectively. The associative recognition model of
Bretscher, Cohn and Langman has also evolved in this context to respond to this debate in
immunology.

This backdrop set the stage for the on-line "Cutting-Edge" debate that was held on the
HMS Beagle web site in May 1997. Having a debate in which many of the major propo
nents of competing theories could actively present their views and criticisms ofalternative
approaches was an idea that emerged trom the HMS Beagle staff. Beth Schachter, then the
editor, was able to recruit a stel1ar group of participants, who each suggested several
possible questions and themes for debate, and who then slugged it out over the course of
a week responding to questions and to each other. As a historian and philosopher of im
munology, but not a proponent ofany specifie theolY, 1was asked to serve as the reasonably
objective moderator, and distilled and prioritized the submitted questions. In addition, at
the end ofeach day, 1attempted to summarize where the discussion had gone that day, and
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posed what seemed to be the next logical question to the participants. This paper is a
summary, and a reflective interpretation, of that debate.

The participants included one of the originators of the "danger" theory, Ephraim Fuchs
from Johns Hopkins. (Polly Matzinger could not participate in the May 1997 debate
because ofprevious travel conflict, but did so in the more recent Salk Institute debate cited
in the reference section.) The May 1997 debate also included a proponent of the "integ
rity" theory, Zlatko Dembic of the University of Oslo, and a spokesperson for the
network theory, Antonio Bandiera, an associate of Antonio Coutinho, both at the Institut
Pasteur. Also involved in the debate were Bill Weigle of the Scripps Institute, an exper
imental immunologist and proponent of an experimentally-based cell-cytokine approach,
Doug Green from the La Jolla Institute for Allergy and Immunology, who initially tried to
take a nontheoretical stance, but ended up arguing against a self/nonself distinction and
in favor of a "local damage" theory that "walked" like a danger theory, and Rod Langman
from the Salk Institute, a vigorous defender and developer of the Bretscher-Cohn
Langman associative recognition (and self/nonself) mode!. Melvin Cohn of the Salk Insti
tute did not participate, but did observe the debate, and provided sorne valuable
background to the moderator prior to the debate. Arthur Silverstein at Hopkins also had a
travel conflict and could not participate, but circulated a draft essay by himself and his
colleague Noel Rose on the subject area of the debate to aIl of the participants, and that
article was subsequently published in the October 1997 issue of Immunological Reviews.

The May 1997 on-line debate began with a general question that asked what were the
main functions of the immune system, or to put it another way, why was the immune
system developed by evolution? This question was intentionally designed to look for
whatever consensus we felt might emerge, before polar positions were taken on the viabil
ity of the self/nonself distinction, and on the competing models. In addition to a question
each day, a rationale, and for later questions, a summary as part of that rationale, was
posted.

Day 1 (tirst) question

The first day's question was the following: what has the immune system evolved to do?
In other words, what is (are) the main function(s) of the immune response? Can we reach
any consensus on this? At this initial stage, please keep the answers fairly general - we
will get into details and mechanisms (both cellular and molecular) later.
This question was immediately followed by a briefbackground and rationale paragraph.

Background and rationale for the forum and the first question

The past few years have seen exciting challenges to widely accepted immunological
knowledge. Perhaps the most recent challenge is the "danger" theory championed by
Fuchs and Matzinger, but other major alternatives have been advanced. These include
extensions of Jernean idiotype network theories by Coutinho and Bandeira, as well as
"stranger," morphostasis, "integrity," and antigen localization accounts by Janeway,
Cunliffe, Dembic, and Zinkernagel, respectively. The associative recognition model of
Cohn and Langman has also evolved in this context to respond to this debate in immunol
ogy. These contrasting views will probably see the main function(s) of the immune system
differently, but perhaps we can come to sorne agreement about the main function(s), and
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then move on to look at the specifies of the alternative approaches, and their strengths and
weaknesses. The import of these various approaches for understanding and controlling
responses to pathogens, to organ transplantation, and perhaps to cancer, may be signif
icant.

Day 2 question

For day 2, the more provocative question and rationale, which also summarized what
consensus we seemed to have reached, read as follows.
Is the self/nonself distinction (still) important in immunology, and if so, what do these
terms (self/nonself) mean? Ifnot, what are better terms (e.g., integrity, danger, etc.), and
why are they better?

Rationale

AIl postings thus fàr accept a major l'ole for the immune system in detecting and eliminat
ing "pathogens," while not attacking the body or the immune system (self-destruction of
the immune system). In recognizing sorne things as to-be-eliminated, and others as not, is
this tantamount to an 'implicit' definition of the seltinonself distinction? Ifnot, is there a
better way to conceptualize this ditTerence at a general level, or must the discussion
proceed to mechanisms (cellular and molecular)? If sorne alternative to the self/nonself
distinction is favored, why has self/nonselfbeen so important for the past 50 years?

Responses to this question quickly revealed the anticipated fractures among the group.
First, Dembic suggested that seWnonself was a good approximation to the truth, but that
the "danger" and "integrity" approaches were better. Langman, however, argued that if the
immune system can kill pathogens and not the host, it 'must' [my emphasis] make a self/
nonself distinction, and maybe the language of self/nonself should be replaced with some
thing less freighted, though the issue would be the same. Fuchs suggested self/nonself is
useful in immunology as long as it generates novel and testable theories of tolerance, that
though it had done so in the hands ofBurnet, Lederberg, and Bretscher and Cohn, the self/
nonself distinction should now be ditched. Weigle said self/nonself was useful as long as
we recognized its limitations, but we should not be looking for just 'one' general meclla
nism. Green weighed in with what he said would be an "inf1ammatory" view: that self/
nonself is no longer useful to the study of immunology, and we would do better to look at
a more specific level. Bandiera's view was that if we understand it right - that is, from the
network point ofview -- the self/nonselftenns are acceptable.

This increasingly vigorous exchange foreshadowed day 3 on which we had the most
extensive series ofpostings (49 in all!), which did deal with the 'specifics' of the compe
ting models. In the space available for this paper, it is impossible to summarize the day 3
discussion, though you can obtain some of the f1avor of this dispute from the authors in
this volume, and the details of the debate exchange are available on-line.

Suffice it to say by the end of day 3, with the theoretical arguments shooting and ric
ocheting every which way, that it seemed like sorne experimental testing and grounding
needed to be brought into the picture. Thus, day 4's question asked the participants to look
more closely at novel experimental evidence, at important classical experiments frOln their
perspective, and al so at potential clinical implications of the new and developing views.
Day 5 asked how we might choose between the theories, and if yet-to-be-done exper-
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imental results could make that decision. The results from these final 2 days were most
interesting, and though the more vociferous theoretical contributors were less vocal on
these two topics, they were clearly not silent.

1was particularly struck by Doug Green's response to day 5's question, which was my
most explicit attempt to introduce a philosophical dimension into the debate.

Day 5 question

The question that Green replied to, and its rationale were as follows.
Can you think of any experiment that would distinguish between alternative tolerance
models - that might c1early support one and not the others?

Rationale

The debate has identified sorne importantly different accounts of how tolerance (and the
immune response) is induced, and has c1arified these differences. The different accounts
say that there are different things at work. These different things include a danger signal,
a primer (effector) T-cell, a loss of integrity signal, an antigen-presenting cell provoked
cytokine cascade, a temporally evolving network, among others. Without necessarily
asking you to commit to any one 'unitary' model, can each ofyou propose one or more
"crucial experiments" that would have different results depending on which model holds,
and that thus might confirm or disconfirm these different models? Relatedly, though it is
difficult to prove a negative, how long is it reasonable to search for experimental support
for a hypothetical signal or a process, given the likelihood that not 'all' these things are
likely to exist (or work the way the model proposes)? Are there other non-experimental
(maybe theoretical?) factors that need to be considered in connection with the model that
one accepts, And if so, what might they be?

Green replied as follows, and it is worth quoting him in extenso on this:

Our final question in this debate is probably the toughest, and yet what could be fairer
than to ask for the experiments that could possibly distinguish between conflicting
theories. Isn't this what we do in science?

Weil, yes and no. Certainly we test hypotheses (e.g., IL[interleukin] 2 is required for
T-cell proliferation), but we do not generally do this with theories - not in the same
sense. In immunology, for example, no experiments have rigorously tested the clonaI
selection theory or the network theory. Before this statement raises 'alarms,' l don 't
mean that the theories have not generated lots of testable ideas that have been
explored to great effect. Its just that they haven't been tested in the same sense that
we test a hypothesis.

This is partly because theories are so 'slippery.' As soon as we propose a test, and
that test fails, the proponents of the theory will usually retort that it wasn't a defin
itive test. Not because it wasn't properly designed, but because experiments rely on
concrete entities and theories do rather weil with abstract things. Ifwe propose to test
the theory that co-stimulation is an integral part of tolerance, we could examine a
mouse in which a co-stimulatory molecule is absent. If this does not have the
predicted effect, we do not scrap the theory, we simply look for another co-stimula
tory molecule. And we'd be right to do so.
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So what good are these theories ifthey're not testable? Severa] ofus have stated here.
and 1 think ifs worth repeating that theories have value if they generate interesting
and testable hypotheses. When the weil ofnew hypotheses dries up. or when they are
no longer interesting. the theory may either be replaced or become dogma. For some
of us, the theory itself holds a certain beauty in its own right. for others of a more
practical bent, the theory is useful because it leads us to new findings.

Which is why l've worked to tJy to convert a theory, ri fe with constructs and models.
into a story with real-life players. I1's kind ofa middle ground. Ifs a story ofhow the
immune system might work, and since ifs built of real players. ail of the elements
are testable. But just as with any theory, if any testable idea tàils, we don 't scrap the
story. we just swap players. But the value lies in the questions that are asked. So what
are the questions? Here are a few.

T've stressed the IOle of cellular trauma in initiating immune responses. What are the
components released from a necrotic cell that actually recruit an inflammatory
response? (There have been a few suggestions. but surprisingly little work has been
done to identify this well-known response to cellular injury.) How does cellular
stress (e.g.. of epithelial cells) trigger cytokine release? How important are mast cells
in initiating the vascular changes that occur early in inflammation, and how critical
are these for initiating an immune response? (We can envision knocking out genes
that are critical for mast cell differentiation or function.) And of course T've noted that
trauma isn 't always completely necessary. The system is clearly setup to respond to
molecules that are commonly associated with parasites - one example is the activa
tion of complement via the "altemate" pathway. How many such signals are "hard
wired" into the system? How critical are such signals (under what circumstances will
tissue damage be sufficient to give us responses in the absence of exogenous
adjuvants )'1

Doug Green 's comment here seems right to me, and also resonates with how 1interpret
the earlier debate between the clonaI selection theory and its competitor, the instructive
template theory. (Although on that earlier topic, both Art Silverstein and Fred Tauber may
still disagree with my interpretation. though 1think for different reasons.)

But let me make two general philosophical points that 1 think are implicit in Green's
comment about theories, models, and experiments, and also illustrate it by referring to an
exchange between Fuchs and Langman on day 5 of the debate.

My tirst philosophical point is that whereas Green uses the term "slippery" to describe
theories, philosophers would use the terms "flexible" and "experimentally underdeter
mined." These are insights based on the work of Pierre Duhem, the French philosopher
physicist of the early twentieth century, and go against Karl Popper's later views about
strong and simple falsificationism. The Duhemian themes were readdressed and genera
lized by the American philosopher Quine, and reappear in Tom Kuhn's notions of the
resistance ofparadigms ta experimental falsification. Thus, the flexible and indetenninate
character of theories is weil recognized and accepted in recent and contempormy philo
sophy of science.

What is more contentious, and needs further work, is the fine-structure and interrela
tions among theories, more specifie models, auxiliary assumptions, and experiments.
There have been a number of attempts ta look at these issues, and they must be done so
in a diachronie or temporally developing way if'they are to make any sense of the science.
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Philosophers from Kuhn, through Lakatos, Laudan, Shapere, and Kitcher, and a number
of others, have proposed schemas tor describing these disputes over time. My own
preferred approach, found primarily in chapter 5 of my 1993 book on Discovery and
Explanarion in Biology and Medicine, develops the notion of a 'temporally extended
theory', in which there are levels of generality, or, what Lindley Darden urges, of
abstractness (for references to the philosophy of science literature see the bibliography in
my 1993 book, p. 569-609). The most general or abstract level typically involves those
concepts and principles that are central to the theory - that distinguish it from its compe
titors. And this highest level tends to 'persist' throughout a debate. An example wouId be
an associative recognition 2-signal model or a commitment to a "danger" signal. At more
specific levels, details are introduced - and there can be a number of ways, mutually
inconsistent successive ways, of specifying these elements. Here is where we get into
model specifics and then into specific mechanisms. These can change, or evolve, or be
given up and replaced, but without giving up the highest or most persistent assumptions.
It is this highest or most abstract level that confers unity on the approach, and also indi
viduates that approach from its competitors. Thus to my mind, it is not only heuristic, but
of critical importance as weil.

What forces change, at both specific and general or more abstract levels, and ultimately
brings closure, is a topic for another paper, but suffice it to say it a complex set of argu
ments that 1 like to think of as a logic of comparative theory evaluation, involving the fit
among other theories and mechanisms, the match with experimental results, and appeals
to vaguer notions such as simplicity and the lack of ad hoc hypotheses. Such a "Iogic" is
not a prospective decision instrument, or a crystal bail, in part because biological theories
involve additions at the more specific levels indicated, and thinking up those additions is
an exercise in an ampliative discovery or problem-solving process. But such a logic can
be used retrospectively to rationalize the process ofcomparative theory debate, and it may
have sorne utility in identifying contemporaneous areas that need more attention and
discussion.

Perhaps Fuchs's replies to the day 5 questions illustrate sorne of Green's points as weil
as my more philosophical gloss. Fuchs on day 5 spoke from a kind of Popperian point of
view, though he himself did not cite Karl Popper. Fuchs wrote:

It has been said that, aithough it is possible to disprove a theory, it is never possible
to prove il. As the official advocate of the danger model in this discussion, 1 will
therefore propose experiments that would disprove the danger mode!. The two key
features of the danger model are 1) only "professional" antigen presenting cells, such
as dendritic cells, can initiate immune responses among naive T cells; and 2) the
'professional' antigen presenting cell must be activated by an exogenous or endo
genous 'danger' signal to become immunogenic for naive T cells. Thus, one exper
iment that would prove the danger model wrong is if it could be shown that either a
8 cell or a parenchymal (non-hemopoietic) cell could activate a naive T cell.

This looks very straightforward - and a bold c1aim begging for falsification, but Fuchs
immediately began to add sorne qualifiers:

Many may say that this has been done already, but 1must stress the word 'naive' in
the previous sentence. There are indeed experiments that show that a purified pop-
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ulation ofCD4+ T cells with putative markers of the naive phenotype (such as high
expression of the CD45R molecule, low expression of the CD44 molecule. etc.) do
respond to B cell-presented antigens. but we would daim that these markers do not
reliably distinguish naive from previously activated T ceUs. There are other studies
showing that purified T cells from unprimed T cell receptor transgenic mice are acti
vated by B cells. but such T ceUs may actuaUy express two distinct types ofreceptors
on their surface. one pairing the transgenic alpha and beta chains, and one in which
transgenic beta chains are paired with endogenous alpha chains. The TcR combining
the endogenous alpha with the transgenic beta could be specific for environmental
antigens, providing the stimulus for this bispecific T cell to become a memory cell.
The bispecific ceU could then respond in vitro to the antigen for which the transgenic
pair is specific. even when presented by aB cell.

Other participants, however, did not find this prima facie falsificationist view quite so
clear, perhaps for reasons that Green articulated in the long quote above. For example,
Langman replied to Fuchs that:

It's tough to devise a test that depends on 'naive' cell populations without sorne
objective assay of this property. It is not too helpful to argue, for example, that the
behavior of cells as predicted by the model is our only assay of naiveté. Is there a
clear definition we aU can use experimentally before going further to test the model?

And Langman further added that:

As an aside. l would like to think that there is more to immune regulation than the
two signals that allow i-state ceUs to be directed to tolerance or immunity. Host and
parasite derived factors must play a huge role in modulating the progress ofceUs after
the self/nonself decision has been taken and they head towards becoming effectors.
And, there are more modulating effects that influence the non-immune effector
mechanism that actually perform the ridding function. The self/nonself discrimina
tion is just the first small step in the Iife of a T or B cell.

If1 and other philosophers are right, there is, as Lakatos once wrote, "no instant rational
ity." The on-lîne debate caught a narrow time slice of a still-evolving larger debate. So it
is not surprising that overall, none of the debaters convinced any of the others to give up
their favored theory. However, the differences between the theories, as well as some
common families oftheory, were identified. Day 5's discussion indicated in fairly explicit
ways why changing minds is, and should be, difficult. There was a consensus that emerged
over the course of days 1 and 2 that the debate had to move to the level of specifie models
(as it did in day 3), but sorne disagreement continued as to whether higher level principles,
such as self/nonself or integrity. added to immunological knowledge at this point. A partic
ularly valuable aspect of the interchange was the clear and concise formulation of the
various competing models in day 3, and their follow-up in days 4 and 5. Several new exper
iments or experimental directions were proposed for further study during days 2 to 5. and
day 4 gave these prominent theorists in immunology a chance to articulate sorne poten
tially momentous clinical implications oftheir various models.

To be involved as a moderator in this debate was a most interesting, and privileged.
experience. ln this paper 1 have tried to share sorne of the debate with you, but l am still
after 3 years - digesting it and attempting to draw conclusions. l would encourage readers
to access it and its follow-up Salk Institute debate on the web, and hopefully, continue this
exciting exchange in still further forums.
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The inlnlunological approach to classification
of leukemias

Patrick Triadou

Hematology is a fascinating branch of medicine. The last 30 years or so have witnessed
an astonishing increase in knowledge, so much so that even the vocabulary ofhematology
has been transformed. With each new technique of investigation that has been introduced,
the inevitable consequence has been a further splitting-up of diseases previously consi
dered to be weIl circumscribed, even if iIl-understood. Leukemias provide an example of
this process. Immunological techniques have changed ideas on leukemias profoundly. On
the one hand, the question of the nature of the leukemia ceIl has undergone analysis at the
molecular level with monoclonal antibodies (mAb), and on the other hand, the understand
ing of the genomic abnormalities of Burkitt's lymphoma has provided a mode! for classi
fying blood cancers.

During more than a century after the first description of leukemia major advances have
depended upon the use of the microscope and various staining procedures. Classification
for this period mainly consisted of grouping together clinical and hematological features,
not according to any selected properties but according to their most important resem
blances. The two main criteria used in the classification were the clinical course of the
disease and the type and maturity of the predominant leukemia cell. This has resulted in
some confusion in the terminology.

To understand to what extent the immunological approach to leukemias changed hematol
ogy in its modes of concept formation and ontological implications, it is essential to pay
attention to its temporal dimension by tracing the sequences by which concepts are
graduaIly modified and the manner in which a model can contribute to help guide further
research. This paper examines the role of immunology in modifying the Interpretation of
leukemias by introducing a molecular paradigm that implies a shift in the meaning of the
observation statement.

Leukemias before immunology

lfwe rapidly glance at the beginning of the history ofleukemia, we notice that ail attention
was focused on the cell. With the application ofVirchow's cell theory to human pathology
during the second half of the nineteenth century, the point of Immediate importance was
the manner by which cells entered into the definition of leukemia. The discovery of
leukemia depended upon the presence in the observer's mind of a clear conception by
which observed clinical and morphological facts may be analyzed and connected.
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Leukemia was described as a clinical entity almost simultaneously by Craigie, Bennett
and Virchow after the forerunner work of Donné. Bennett's paper, published in October
1845, described the autopsy findings on a patient presenting two major features: enlarge
ment of the spleen and changes in the color and consistency ofthe blood. Definitive iden
tification of leukemia required the use of a microscope, both as an instrument of research
and as a diagnostic tool. Without attention tumed to the visible globule it would have been
difficult to distinguish an alteration affecting the blood system itself from the already
known pus and inflammatory pathology. Virchow also knew that blood contains colorless
corpuscles and noticed that the ratio of pigmented to colorless corpuscles seemed to be
reversed. He used the tenn "Ieukemia" or "white blood" to describe the disease. Bennett
chose the more exact term of "leucocythemia" or "white cell blood." During the second
half of the nineteenth century, Paul Ehrlich developed a stain procedure that produced the
morphological hematology. This led to the sub-classification of leukemias into myeloid
and lymphoid forms and later, when taken together with their associated clinical pictures,
into acute and chronic leukemias. Although Neumann was the first to identify leukemia as
a disease involving the marrow, acute leukemia was defined as a separate clinical entity
in 1889 by Ebstein. Further morphological characterizations were made when polychrome
stains became available for the study of blood cells. From that time on ideas about
leukemia and hematopoiesis could not be dissociated.

The history ofhematopoietic stem cells is in fact almost as old as cellular hematology
itself. In the early decades of this century, battle raged between the great hematological
schools regarding the morphological identity of these cells. This explained, on the one
hand, the interest of Ferrata in defining the stem cell which he termed "hemocytoblast"
and, on the other hand, the debates between hematologists proposing various schemes of
phylogeny. In 1911 Pappenheim, who based his idea on observations of the nucleus,
regarded genesis of leukemia cells as a pathology of normal maturation with abnormal
development leading to the appearance of a new kind of ceIl [1-6].

Briefly, during the 80 years preceding the 1920 advances in the understanding ofblood
cell differentiation, the location ofhematopoietic organ precursors as well as the classifica
tion of leukemias were dependent on progress in histology and staining procedures. This
was the result of the creation of a group of skilled microscopists corresponding to
Virchow's and Bennet's initial conception of the bases of rational c1inical practice.
Microscope and Virchow's cell theory are the two handles of the paradigm by which
leukemia was apprehended, although some practitioners remained obsessed by the
disease's c1inical aspects. This not only reflected a traditional controversy of the second
part of the nineteenth century between two antagonistic camps, but also underlined the
need for coherence between the pragmatic and rational aspects of medical classification.

Late period of morphology, ontological conception of leukemia etiology

Crucial for the evaluation oftreatment later in the twentieth century was a unifonn system
of classification once chemotherapy had become increasingly effective. In the mid 1970s
various classifications were introduced ; however, the same tenns were used to name differ
ent entities, and different terms to define the same findings. For these reasons, in 1976 a
group including seven French, American and British hematologists (FAB) proposed in
1976 a unifonn system of classification and nomenclature that would permit more ac-
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curate recording of cases entered into clinical trials. These proposais were based on
conventional morphological and cytochemical methods. It became possible on a large
scale to define subgroups and to see whether there were any correlations between the
subgroups and clinical and laboratory findings, and in the response to treatment [7].

Until this period immunological tools for classifying leukemias were lacking, but
Iymphoproliferative diseases were identified as specifie entities. In the 1960s the
diagnosis of1ymphoproliferative diseases was essentially based on the lymphocyte count,
the aspect of blood and bone marrow, Iymph node histology, analysis of serum immuno
globulins, and clinical manifestations. The formation and function of lymphocytes were
known only from the studies performed in the chicken and in certain mouse strains.
Methods distinguishing T and B cells in humans were regarded as under development [8].
The etiology of1eukemia was unknown, but a number of factors, both environmental and
inherited, were under consideration.

The bacteriological notion of cause gave rise to the theory that infectious diseases, partic
ularly tuberculosis, caused leukemia. When this hypothesis tumed out to be incorrect,
unidentified microorganisms were suspected. The description of transmission of chicken
sarcoma with cell-free extracts in 1911 by Peyton Rous remained ignored for a long time.
In 1953 Gross demonstrated cell-free transmission ofmurine leukemia. While during this
period the infectious theory had a major boost, except for sorne tumors in birds and sorne
mammals there was no evidence of1eukemogenic viruses in human [9-12].

The other important theory was heredity, as a few authors reported families with either
a high incidence of leukemia or hereditary diseases carrying a high risk for leukemia. The
occurrence ofleukemia is increased in Down's syndrome, which is associated with abnor
malities of chromosome 21. Muller's demonstration of mutagenic properties of X-rays
also suggested that radiation might alter genetic information. Nevertheless, until the 1960s
thought about the etiology ofblood malignancy remained, as with other forms of cancer,
very diffuse.

mAb and the molecular biology of Ig (Immunoglobulins)
and TeR (T cell receptor) genes

Unti11970, leukemia cells were generally more or less regarded as an envelope containing
a nucleus. However, subsequent studies on the immunophenotype and structure of genes
resulted in a complete revision of ideas about the relationships between leukemic cel1s and
normal cells, and about the etiology of leukemia. The cell came to be considered as a
complex of multiple molecular markers. While it is possible to see elements of continuity
running through medical ideas, it is only with this modem vision that the leukemia cell
was explicitly related to molecular defects. During the course ofthis inquiry, the definition
of leukemia cells changed, but the relation between the new and traditional conception
remained ambiguous. Some revisions ofthe existing interpretation and classification were
made necessary simply by the emergence of a much wider body of primary information.

The hybridoma technique described in 1975 by Kohler and Milstein for production of
mAb revolutionized the development of human T-lymphocyte antibodies and offered the
possibility of defining precisely the stages of lymphocyte and granulocyte differentiation.
In addition to the traditional cell surface markers defining Band T lymphocytes and cyto
chemical staining of myeloid cells, highly specifie mAb that distinguish cell surface
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membrane antigens were used to classify leukemia cells [13]. These advances have led to
important insights into leukocyte differentiation and the cellular origin of leukemia.

As reviewed in different papers in the early 1980s, several investigators have described
mAb that react not only with Band T lymphocytes but also with granulocytes, monocytes,
platelets and leukemia cells. This allowed ALL (acute Iymphoblastic leukemia) to be
divided into five major subgroups: unclassified ALL, common ALL, pre-B-ALL, B-ALL
and T-ALL. The immune classification has therefore to be compared with the previous
classification of ALL based on morphological features of leukemia cells under light
microscopy. The FAB cooperative group has proposed, as mentioned, a cytomorphol
ogical classification of ALL that suddivides patients into LI, L2 and L3 subgroups. The
LI subgroup, for example, is characterized by a homogeneous population of predomi
nantly small cells with a high nuclear-cytoplasmic ratio and few nucleoli. Except for the
L3 subgroup, attempts to correlate morphologie subgroups and immune classification
have been largely unsuccessful [14, 15].

Another important matter of debate was the nature of the precursors of blood cells in
hematopoiesis and of their relation to leukemic cells. mAb provided a challenge to the
traditional view and were used extensively in order to propose schemes of myeloid and
lymphoid differentiation according to the cell phenotype. These schemes were based on
the concept that the phenotype of normal lymphoid cells at each level of differentiation
was comparable to the phenotype of its malignant counterpart. The reason for such a hypoth
esis was founded on substantial evidence that the phenotypes of most malignant leukemia
cells were not unique but instead reflected the phenotypes of normal cells. None of the
surface markers described were leukemia specific [16]. The common acute lymphoblastic
leukemia antigen - cALL or CALLA, for example - was initially defined by antisera
produced in rabbits by immunization with E-rosette negative, surface-membrane Ig-nega
tive ALL cells. A J-5 monoclonal antibody that reacts with the cALL antigen present on
normal bone marrow cells has been shown to also react with renal tubular cells or small
intestine epithelial cells.

With DNA analysis it became possible to follow a whole series of modifications taking
place during the differentiation process. Chromosomallocation and genomic organization
of the genes encoding the Ig and TCR polypeptides were described in the early 1980s for
the Ig and later in this decade for T-cell receptors. These genes are arranged in a germ line
configuration as discontinuous segments of DNA. During Band T celllineage commit
ment, the Ig and TCR genes undergo an orderly sequence of somatic rearrangements,
which ultimately leads to a functional recombined gene with transcription. With the
availability of molecular probes for these genes, two important questions could be inves
tigated by gene rearrangement studies: the clonality and lineage of certain putative Band
T cell malignancies [17, 18]. A last threat to the traditional classification of leukemia
emerged with the combined use of mAb and molecular probes that identify the rearrange
ment ofIg and T-cell receptor genes. Non-T-ALL could be subdivided into six distinct
subgroups and T-ALL into three primary subgroups.

Although mAb were fruitful in distinguishing acute myeloid from acute Iymphoid
leukemias, they have been less so in the classification of acute myelogenous leukemia.
Seven subtypes of acute myelogenous leukemia (AML) were identified with the widely
used FAB group classification relating the morphological appearance ofleukemia cells to
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presumed normal hematopoietic counterparts. Because there was a controversy over
prognostic and therapeutic significance provided by the FAB system, alternative classifica
tions based on antigenic marker expression have been proposed. Thus four types of AML
were distinguished according to ditTerentiation-associated phenotypes as identified by
mAb reactive with the differentiation antigens ofmyeloid cells. But within the four groups
that have been isolated, each phenotype contained more than one morphologieal type of
AML. Thus there was considerable morphological heterogeneity, showing that attempts
to cOITelate surface marker phenotype and FAB classification were unsuccessful [19].

Controversy over classification highlighted the limits of molecular markers to offer a
comprehensive alternative definition of leukemia cell.

Burkitt's lymphoma model and the mechanism of leukemogenesis

With the development of methods for analyzing chromosomes and the discovery of onco
genes the understanding of the biology of leukemia has changcd. The new conception of
leukemogenesis is not content just to minor a biochemical science that has developed
independently. lt plays an essential role in building up the new representation of the
process leading to leukemia that involves genes and proteins and replaces the earlier
notion of cause. Expressed in this way one does not expect to answer the question of the
initial cause ofleukemia, but to explain the biochemical mechanism responsible tor produc
ing leukemia cells. In this view, Burkitfs lymphoma translocations could be regarded as
a model that has to be taken into consideration for an explanation of other blood cancers.

The stem-line conception of tumor evolution as weil as the proposition that mutations
were responsible for neoplasia opened up possibilities that simply could not have occuned
to scientists betore the beginning of the twentieth century [20]. This was not generally
accepted tor some time. A combination of molecular biology and cytogenetics has now
settled the issue. However, it was not until 1960 that biologists could describe the first
specifie abnormal chromosome in leukemia cells from patients with chronic myelocytic
leukemia (CML). The Philadelphia chromosome laid the foundation for the view of the
clonai origin of cancers. With more sophisticated banding techniques, it became apparent
that chromosome changes were widespread among leukemia cells. FurthemlOre, the differ
ent fonns ofleukemia seem to have palticular cytogenetic abnormalities. lt was demons
trated that the designated t (9;22) aberration observed in CML resulted from a reciprocal
translocation between chromosomes 9 and 22 [21-24]. Burkitt' s lymphoma, a malignancy
of B cell origin, first described in 1958, was initially associated with Epstein Barr virus.
Some 30 years later it has become one of the models explaining the mechanism ofleuke
mogenesis and is used as a reference for the molecular classification of hematological
cancers. Burkitt's Iymphoma is known to be characterized by one ofthree reciprocal trans
locations, t (8; 14), t (2;8) and t (8;22), involving respectively the Ig heavy and light chain
genes [25,26].

Translocations have two main consequences. Either the gene for TCR or an Ig protein
cames to lie near a proto-oncogene, thereby activating it, or the breaks occur within a gene
on each chromosome involved, creating a fusion gene encoding a chimeric protein.
Research on the biology of retroviruses led in 1976 to one of the most important findings
in cancer, which is that sequences homologous to viral oncogenes are found in human
DNA [27-29]. lt was discovered that cellular oncogenes are involved in different aspects
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of cellular differentiation and regulation, and that mutation of these genes plays a major
part in tumorigenesis. In recent years their chromosomal location have been determined
as well as the way their structures could be modified [30].

In Burkitt's lymphoma the c-MYC gene translocation typifies the situation in which a
cellular oncogene is juxtaposed to an Ig or TCR gene by chromosomal fusion, thereby
activating the oncogene [31-32]. On the other hand, it tums out that the translocation
between chromosomes 9 and 22 observed in patients with CML involves the movement
of c-ABL, which is normally located on chromosome 9 to chromosome 22. The fusion of
BCR and c-ABL genes on the Philadelphia chromosome symbolizes the situation in which
breakage occurs within the intron, producing fusion genes [33].

Thus, the two first chromosomal translocations studied at the molecular level became
the references for a molecular classification of hematopoietic cancers, which can be
divided into non-fusion and gene-fusion hematopoietic tumors [34]. Continuing with the
model of Burkitt's lymphoma various translocation genes have been found near chromo
somal breakpoints in chronic forms of leukemia and lymphoma, as well as in acute T
leukemias. In this context, BCL2 protein and HOX Il protein have received much atten
tion because the first one blocks apoptosis and the second, not expressed in normal T cells,
may well activate target genes in leukemic T cells with translocation t (l 0; 14) [35, 36].

If we ask today what these advances tell us about the pathogenesis of leukemia, the
answer clearly is that there is no single cause. It seems likely that most cases of leukemia
result from endogenous damage to DNA with the appearance of mutations or chromo
somal translocations that initiate the pathway of leukemic transformation. Although a
great deal has been leamt about the c-Myc protein, we still do not understand why c-MYC,
rather than other oncogenes, is important for the appearance of Burkitt's lymphoma.
While it is impossible to give an answer to this kind of question and to explain the genesis
of specifie translocations, interest has been focused on the alterations ofproteins encoded
by genes located at the translocation breakpoints, on their functions and on the mech
anisms of their interactions.

c-Myc protein, for example, has several functional domains including a basic region for
DNA binding and helix-hop-helix and leucine zipper protein dimerization motifs. This
means motifs found in DNA-binding proteins and in protein-protein interactions involved
in regulation of transcription. The alteration or activation of transcription seems to be the
key element in most of the chromosomal abnormalities described in leukemia. Activation
of c-MYC by translocation compromises a transcriptional network involving at least three
other factors, all ofwhich also have the same domains. All these proteins are presumably
in monomer-dimer equilibrium in the normal cell and it is supposed that excess c-MYC
expression stemming from translocation would cause a shift in equilibrium that results in
transcription of downstream target genes leading to oncogenesis. Several DNA-binding
proteins activated by chromosomal translocation have been reported in T-ALL.

Although as exemplified by Burkitt's model chromosomal aberrations might be thought
to activate most proto-oncogenes by juxtaposing them to other genes, the study of the
increasing numbers of abnormalities indicates that, as originally observed with the Phila
delphia chromosome, gene fusion resulting in the synthesis of chimeric proteins, is the
main repercussion. The study of BCR-ABL fusion has paved the way for many more
descriptions of fusion proteins often involving transcription factors. An important
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example of transcription factor fusion occurs after translocation t (15;17). It can be
concluded that proteins in both categories are often transcription factors. Thus, disruption
oftranscriptional control plays a major role in the etiology ofblood cancers [37-38].

Conclusion

The basic object on which hematology was founded at the end of the nineteenth century
is the cell, the lowest biological unit. Henceforth, hematologists attempted to classifY the
different types of leukemia according to their morphological characteristics. Although
traditional categories retained their value for the comparison of data and as a guide to
appropriate treatment, the main breakthroughs that led to our present molecular understand
ing ofleukemia relies on immunological and biochemical approaches. lmmunological and
genetic tools, as weil as the conceptual apparatus developed by molecular biologists,
provided useful insights into the problems raised by leukemogenesis. That point marked
the start of a discussion about which aspects ofhematology - the classical or the morphol
ogical, the immunological or the molecular - could serve as the most adequate means for
the construction of a theory of leukemogenesis. Among these two aspects, the second one
has been recognized as the most suitable, as it indicates the mechanism accounting for
leukemia cell formation. The interest in the cause disappeared and attention has been
focused on gene defects and on protein-protein interactions that result in dysregulation of
cellular functions. lmmunologists and molecular biologists enter into play, characterizing
cell markers, decoding the mechanisms by which leukemia is established and sequencing
the corresponding genes. With the spread ofmolecular techniques, the seductive power of
the new paradigm is increasing, but we still do not know why the initial genetic defect
appears. Apart from this epistemological problem, there are sorne important benefits from
a clinical point of view. lmmunophenotypic analysis with the availability of large panels
of mAb improved diagnosis and classification of leukemia according to the stage of cell
differentiation, especially in children [39]. In addition, chromosomal abnormalities are
effectively found in 80 to 90% of children with acute leukemia and the identification of
specific genetic lesions has proven to be important in the management ofthis disease.

Leukemia is not a marginal field dominated by a few medical expelis. It provides an
overarching rationale to different concerns about medical practice. Very similar ideas
circulate about other types of cancer. Many aspects of the understanding of disease are
dependent upon the available techniques and the prevailing paradigm. The comparative
history ofbiomedicine highlights the extent to which medical knowledge is transformed
bya distinct set of ideas. Definitions of diseases, hypotheses conceming their etiology and
classifications for therapeutic purposes are closely connected with the techniques used for
analyzing the biological characteristics of the same diseases. Morphology, immunology
and molecular genetics represent three different approaches to cell pathology that illus
trate the historical process ofthe development of medical knowledge.
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Receptor immunology: the origins
of Paul Ehrlich's guiding principle

Arthur M. Silverstein

The study of specifie receptors is, in many respects, the central issue in modern immu
nology and its allied disciplines. One thinks not only of the important role of B- and T
cell receptors and of Fc receptors, but of receptors which transduce the signaIs of the
many cytokines, ofreceptors for certain pharmacological agents against which we may
develop autoimmune disease, and even of the receptors that mediate the penetration of
viruses into cells. Indeed, it has become clear in recent decades that many important
physiological processes are mediated by the binding of stereochemical groupings to
their specifie receptors, just as substrates bind to their respective enzymes. It is
uncommon that the general concept underlying a major breakthrough in the biological
sciences will appear suddenly and fully formed. It results more often from the slow
accretion of many varied facts that leads to a formulation that is tested and re-tested,
each time slightly modified, until a mature system of thought is recognized and made
explicit. This was the way with Darwin's theory of evolution and with Virchow's
cellular pathology; so also was it the way that Paul Ehrlich developed his concept of the
role of receptors. He then applied this concept broadly, most notably in his side-chain
theory of antibody formation.

In his chapter in the 1914 Festschrift celebrating Ehrlich's 60th birthday [1], Leonor
Michaelis wrote in 1914, "...the side-chain theory was established fini shed and ready in
[the 1885 monograph on] 'The oxygen requirements of the organism"'[2] at a time when
there was not yet an immunology. This was Michaelis' attempt to show that Ehrlich's
theory had grown on an earlier rootstock. But only 5 years later, Michaelis would unearth
Ehrlich's long-Iost thesis for his M.D. degree [3], entitled "Contributions to the theory and
practice ofhistological staining" [4], written in 1878. The discussion of the mechanism of
staining by the 24-year-old Ehrlich put back to an even earlier date the germination of the
theory that would guide him in all ofhis future scientific endeavors.

In this paper, rather than giving a detailed review of Paul Ehrlich's immunology, 1would
like to outline the early history of the idea that determined all of his scientific research.
During this period, Ehrlich made notable contributions not only to histological staining,
but also to cell respiration, to the founding ofhematology, and to a variety ofclinical areas.
It goes without saying that the background to Paul Ehrlich's theoretical approach to immu
nology applies equally weIl to his noteworthy research in the field of chemotherapy [5].
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The early years

Even while Ehrlich was at the gymnasium, his future love of chemistry was presaged by
his answer when asked to explain the meaning ofhis final examination essay in composi
tion, on the obligatory subject of "Life - a Dream". The young student stammered in
distress, and finally came out with, "...you know.. .life is...a chemical incident...a normal
oxidation... and the dream...the dream is...a t1uorescence of the brain" [6]. Ehrlich would
later write, recalling his youth, "1 really believe myself that my talents lie in the field of
chemistry; 1 can picture the chemical formulae in my mental vision..." [7].

While still a student, Ehrlich had the 0ppOliunity to visit his cousin Carl Weigert in the
pathology department in Breslau. It was Weigert, one of the first to introduce the use of
the newly discovered aniline dyes into histology, who showed stained tissue preparations
to Ehrlich, and who pointed out that sorne cells stain weIl with certain dyes, whereas others
stain only poorly or not at aIl - a demonstration that would be remembered later, with
important consequences.

Ehrlich entered university in Breslau in 1872, to study medicine. Here he came under
the influence of anatomist Wilhelm von Waldeyer, who exposed Ehrlich further to histol
ogical methods for the differentiation of cell types. Throughout his medical student days,
Ehrlich experimented with the wealth of new dyes emerging from the growing German
chemical industry. He would test each dye on a variety of tissues, and under a variety of
conditions, so that his bench top presented a spectrum ofcolorful solutions, and his fingers
and occasionally his face were often highly stained.

ln 1877, Ehrlich published his first scientific paper on "Contributions to the knowledge
of aniline staining and its use in microscopic technics" [8]. In this maiden effort, Ehrlich
described the technical aspects of tissue staining, and the variable staining qualities of a
variety of tissues and cells. Interestingly, he devoted much of the paper to the study of the
distribution of plasma cells in different tissues, and especially in the components of the
lymphoid system, tonsil, Peyer patches, peripherallymph nodes, and spleen. It would be
more than 70 years before the importance of these cells for the discipline of immunology
was discovered [9].

ln 1878, the 24-year-old medical student published his histochemical magnum opus,
"Contributions to the theory and practice ofhistological staining," as a dissertation for the
M.D. degree. This was a truly remarkable body of work, especially for a 24-year-old
undergraduate. The entire thesis testifies not only to the contemporary absence of
chemical science in histologic technology, but a]so to the self-confidence that wou]d
characterize Ehrlich throughout his career. He, an outsider, would dare to introduce rig
orous scientific method into this hitherto pUl'ely empirica] field. He would later be as
daring and innovative in immunology and in chemotherapy.

Three important points emerge from this early example ofEhrlich's approach to biolog
ical research.

The, first point is chemical; staining reactions are chemical in nature rather than
physical. (Twenty-odd years later, Ehrlich would argue for the chemical interaction
between antibody and antigen against Jules Bordet's and Karl Landsteiner's physical
adsorption ideas.)

The second point of the dissertation is also chemical; there is discemible in staining
reactions a certain degree of specificity, in that certain dyes react preferentially with
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certain cells or structures. (Ehrlich felt that the dye must attach to sorne sort of receptor,
based upon charge or other characteristics.)

Finally, the third point is chemical as well; to a great extent, structure appears to define
function. (The nature of the groups attached to the aniline core of the dye define not only
molecular charge, but also solubility and strength of attachment.) Here was the seed of a
receptor theory that would take fuller form, first in Ehrlich's 1885 cell respiration studies,
then in his 1897 side-chain theory of antibodies, and finally in his ultimate triumph, the
design of such chemotherapeutic agents as salvarsan, the future magic bul1ets of chemo
therapy. As Michaelis pointed out, one leamed from this dissertation how "... the idea of
the chemical binding of foreign substances to the protoplasm developed on reflection
about the nature of staining, and how from this idea later developed the side-chain theory"
[10].

This point is discussed even more fully in 1959 by Maria-Louise Eckmann in her
doctoral dissertation on the historical significance of Ehrlich's staining studies. She joins
Michaelis in noting that, "This idea [the chemical binding of substances to ceIls] dom
inated Ehrlich's life. A straight path led from the doctoral work past the significant publi
cation Die Sauerstoffbedüifnis to vital staining, and further to the side-chain theory, whose
experimental basis shaped the work on toxins, antitoxins, and immunity" [11].

The Charité decade

Having completed his studies and already weil known for his histologie staining, Ehrlich
received an invitation to become an assistant in Professor Friedrich Frerichs's Second
Medical Clinic at the prestigious Charité Hospital in Berlin. The Charité was a teaching
hospital, where the developing relationship between chemistry and medicine was weIl
recognized, and where basic and clinical research was encouraged. This was especially
true of Frerichs's department. Once the young Ehrlich had demonstrated his research
talent, Frerichs, whose favorite maxim was "Caged birds do not sing," allowed him even
more time for research than was permitted to other assistants. Ehrlich never seemed to lack
for interesting and important research projects, nor for the time to pursue them.

All of Ehrlich's basic research on staining, hematology [12], and the physiology of
respiration was performed in the context of continuing clinical activities; during the same
period, he published reports on syphilitic heart infarcts, on the occurrence and metabolism
of glycogen in diabetics, on acute splenic tumor, and on phosphorus and iodine poisoning.
Meanwhile, he found time to introduce, for the first time, the use of fluorescein to study
aqueous humor dynamics in the eye [13]. Of further clinical importance, Ehrlich's diazo
reaction for the detection ofvarious substances in the urine [14] found broad acceptance
in the diagnosis of a variety of febrile diseases, and his demonstration of supravital stain
ing ofperipheral nerve endings with methylene blue [15] was widely employed by neuro
anatomists.

Of all of Ehrlich's basic investigations during the I880s, his monograph on "The oxygen
requirement of the organism" [16] must be considered his most important. He prepared it
as his Habilitationsschrift, or inaugural dissertation required for appointment as a univer
sity lecturer. Once again, he introduced an innovative technological contribution to
medical research; this was the use of redox dyes to study intracellular physiology. Ehrlich
had demonstrated earlier the specificity of dye interactions with cells, as we saw above.
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Now he used the color changes that accompany the oxidation-reduction reactions of dyes
to assess the oxygen-fixing capacities ofvarious tissue cells in the body. Those cells that
possess a high affinity for oxygen will provide a reducing milieu within the cytoplasm, and
decolorize the highly colored oxidized fonn of dyes. On the other hand, those cells that
bind oxygen only poorly will provide an oxidizing environment and thus bring color to the
colorless reduced form of the dye. Ehrlich ascribed the specific physiological functions of
the cell to a chemically-conceived Leistungskem (activity- or power-nucleus). The tenn
was not meant to describe the anatomic nucleus of the cell, but rather something akin to
the aniline nucleus of a complicated dye, where side-chains account for modifications of
specific function. Once again, we see Ehrlich dealing in tenns of structurally-based specif
icity, of affinity [17], and of side-chains (such as amino, nitro, and halogen groups) that
determine solubility, color, and specificity. Here in this 1885 paper was, almost fully
fonned, a close approximation of Ehrlich's famous 1897 side-chain theory of antibody
formation. In Ehrl ich 's own words, " .. .in living protoplasm a [chemical] nucleus of special
structure is responsible for the specifie function peculiar to the cell, and... to this nucleus
are attached, as side-chains, atoms and atom-complexes which are [important]. .. for its
vital activity in general" [18]. At the end ofthis monograph was a discussion that presaged
another of Ehrlich's later interests: immunity to infectious diseases. The influence of
Louis Pasteur's and Robert Koch 's contributions to bacteriology was already apparent in
Ehrlich's speculations; he discussed the implications ofhis findings for cellular immunity
to pathogenic organisms. Most bacteria require ample oxygen for life, so that those cells
which bind oxygen strongly should provide a hostile (i.e., immune) environment for such
organisms. Ehrlich pointed out that this thesis is not unlike Ilya Metchnikoff's theOlY to
explain cellular immunity against infection [19], except that Metchnikoff's proposaI
involved only the mobile phagocytes, whereas Ehrlich's referred to parenchymal cells in
general.

ln his work on blood, Ehrlich tested numerous aniline dyes; he identified and named
basophiles and mast cells whose cytoplasmic granules take up basic dyes, eosinophiles
which stain with acidic dyes, and neutrophiles that can only be stained with neutral dyes.
Here was further evidence that the intracellular elements of different cells might differ
chemically, resulting in a degree of specificity in their staining reactions. Once again, the
leitmotiv of Ehrlich's work, that chemical specificity depends upon molecular stmcture,
had been verified with outstanding results.

With the death ofFrerichs and the accession of Carl Gerhardt at the Charité, Ehrlich was
no longer free to pursue his own self..determined directions. Gerhardt insisted upon greater
attention to clinical duties, and Ehrlich became frustrated. He later recalled that period,
saying, "When in those days 1 felt so miserable with Gerhardt, 1 always went to my dye
cabinet and said, 'These are my friends, who will never forsake me'" [20]. He would
finally take a position in Robert Koch 's Institute for Infectious Diseases, where he would
be exposed fully to the immunology of Koch, Gaffky, Behring, Wassermann, and others.
ln the meantime, he studied the derivatives ofcocaine, as he said, " .. .insofàr as is possible,
to determine the ultimate relationship between chemical constitution, local damage, and
anesthetic activity." He was able to comment once again about these molecules that, "As
is evident, the side-chains embody the carrier of specifie activity..." [21]. Ehrlich 's initial
assignment from Koch was to work on tuberculin which, for a time, was thought to repre-
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sent the best hope for a therapy oftuberculosis. He presented a paper at the International
Congress of Hygiene in London in 1891, in which he summarized his entire therapeutic
philosophy [22]. Ehrlich outlined the guidelines that would govern ail his future work in
immunology, oncology, and phannacology. He declared that there exists a direct reIa
tionship between chemical structure and function; the binding of molecules by receptors
mediates most of the functions of physiology. Ehrlich pointed out that knowledge of
chemistry must necessarily lead to the desired goal of the synthesis ofnew drugs that will
attack the disease and specifically destroy its agent. Here is the cIearest statement thus far
of the dream that Ehrlich would realize only sorne two decades later, in his landmark
excursion into scientific pharmacology, the creation of a magic bullet.

Ehrlich's immunology

It is not the purpose ofthis paper to discuss the fine details ofEhrlich's significant contribu
tions to the nascent field of immunology during the decade of the 1890s. It will suffice for
our present purposes to review briefly the results that he obtained in applying his ideas of
quantitative chemistry and receptor specificity to the problems ofthe origins and functions
of antibodies.

Ricin and abrin

Ehrlich's first immunological studies employed the plant toxins ricin [23] and abrin [24]
as antigens [25]. Behring and Kitasato had demonstrated the immune response to
diphtheria and tetanus toxins [26], but these were impure and unstable substances,
whereas ricin and abrin could be in pure fonn, permitting quantitative studies. These
studies of the antibody response to ricin and abrin produced a wealth of important data.
Ehrlich showed:

1) that antibodies can be fonned against other than bacterial toxins;
2) how high-titer antisera may be produced using small, increasing doses of antigen;
3) a new method for the quantitative measure of bnmunitiitsgraden (degrees of immu

nity), the level of protection in the immunized animal;
4) the difference in the duration ofimmunity conferred by active immunization and by

passive transfer;
5) the discrepancy between the small amount of toxin needed to induce immunity and

the large amount of antitoxin fonned [27];
6) the nature of immunological specificity by cIearly demonstrating that whereas ricin

and abrin cannot easily be differentiated by their toxicity, they can readily be distinguished
using their respective antisera, showing no cross-reaction; and

7) the precise correlation between ricin's in vitro ability to agglutinate erythrocytes and
its in vivo toxicity.

Here was an impressive set of observations that would affect all future studies of the
nature and consequences of the immune response.

lmmunity in the fetus and neonate [28J
The experiments on the immunological relationship of mother and fetus/newborn that
Ehrlich published between 1892 and 1894 are sorne of the most elegant of the late nine
teenth century. As he says in the first paper of this series, " .. .1 have been able to succeed
in finding a simple research plan which made it possible to establish in each instance the
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mechanism ofinherited immunity" [29]. Using mice, Ehrlich mated immune fathers with
non-immune mothers and vice versa. He then gave the offspring of immune mothers to be
suckled by non-immune foster mothers, and vice versa. With these imaginative exper
iments, he demonstrated:

1) that immunity is conferred by the mother and not the father;
2) that a degree of immunity is transferred to the fetus during pregnancy;
3) that a high level of immunity is transferred to the suckling neonate in the milk of the

actively immunized mother;
4) that passive transfer of antibody to the lactating mother proves that the antibody

cornes from the blood and is not formed in the mammary tissue [30]; and
5) that the passive immunity derived from the mother is ShOli-lived, disappearing within

weeks after weaning. Ever alert to the practical, Ehrlich concludes, "Thus, mothers milk
is the most ideal food for the newborn." lt would be more than 50 years before this work
would be repeated [31].

Kinetics of the imlllune response

ln a paper on milk antibodies published by Ludwig Brieger and Ehrlich [32], they immu
nized a lactating goat and measured the antibody content of the milk periodically. This
permitted them to plot a curve of the kinetics of the primary and booster antibody
response. They described the following characteristics: 1) a slow rise in antibody titer after
the initial injection of antigen; 2) an initial sharp decline in titer for 2 days following each
subsequent booster injection; 3) then a rapid rise in titer over the next several weeks to ever
higher values; and 4) a subsequent slow decline in titer after the last booster injection. lt
is apparent that tbese investigators described as early as 1893 every principal feature of
the immune response curve of antibody formation, the weak primary response, the
immune elimination phase, the sharp and enhanced booster response, and the slow waning
of the antibody titer. Neither the results nor their interpretation would be improved upon
for the next 40 to 60 years.

Diphtheria toxin and antitoxin

The demonstration in 1890 by Emil Behring and Shibasaburo Kitasato [33] that diphtheria
antitoxic serum could be administered passively to cure diphtheria infection in children
opened up a radical new therapeutic approach. However, initial clinical trials of the new
approach met with variable success, because high titer antisera could not be routinely
prepared and dosages couId not be quantified. ln his first paper on the subject, published
in 1894 [34], Ehrlich and his colleagues showed how high titer anti-diphtheria sera can be
produced, following the ricin protocol. ln addition, the authors stressed the critical impor
tance of employing the highest titer antisera available in order to attain success in treating
the disease. Then, in an extensive clinical trial of dipbtheria serotherapy, they confirmed
the importance of using high titer antisera, and showed further the critical importance of
starting therapy as early as possible after the onset of disease.

Finally, in 1897, Ehrlich published a paper that would finally solve the vexing problem
of how to measure accurately the potency of diphtheria antitoxic sera [35]. This was no
simple problem, for both diphtheria toxin and its antitoxin are labile. so that a dependable
standard had thus far been unavailable. Ehrlich therefore prepared a desiccated antitoxin
to serve as the international standard, against which any solution of toxin (and therefore
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any antitoxin) can be titered. Using this standard, Ehrlich showed how antisera could be
quantitatively and reproducibly titered, thus finally solving the practical prablem of
diphtheria serotherapy. In his 1914 review ofEhrlich's quantitative approach to immunol
ogy Madsen, by then one of the world's leading diphtheria therapy experts, pointed out
that, "Ehrlich's method of measurement [of toxin and antitoxin] is the cornmon praperty
of ail civilized nations," and "Ehrlich's immunity unit plays the same raIe for antitoxin
measurement as does the Standard Meter for the measurement oflength" [36].

The side-chain them}' ofalltibody formation

This concept constitutes the full and final expression of Paul Ehrlich's life-Iong preoccu
pation with the idea of receptors, of stereochemical interactions, and of specificity. In its
final form, it presented a picture [37] of the cellular origin ofprotective antibodies as weil
as showing the domains on the molecule that mediate its functions. Toxins possess a
haptophore group that mediates attachment and a toxophore group that does the damage.
Antibodies possess an attachment site for antigen, and certain ones have also a site to
which complement attaches. In line with his ideas, Ehrlich would coin a set of names
(Amboceptor, Zwischenkorper, and Komplement) that carried with them the full semantic
message of his theory [38]. He appended this theory to his publication describing the
measurement of diphtheria toxins and antitoxins [39]. Ehrlich postulated that ail physiol
ogically active substances, including toxins, function by first attaching to preformed
receptors on the surface of cells. He c1aimed that, "The reactions of immunity, after ail,
represent only a repetition of the pracesses of normal metabolism, and their apparently
wonderful adjustment to new conditions is only another phase of the uralte protoplasma
Weisheit (the ancient wisdom of the protoplasm)." When an antigen attaches to its specific
receptor and exert its effect, the receptor is usually lost and is regenerated by the cell.
When large amounts of antigen or repeated doses are administered, the cell overcompen
sates for the loss ofreceptors, producing such an excess that they are cast offinto the blood
- thus circulating antibodies. This was a selection theory ofantibody formation that would
anticipate by 80 years Niels Jerne's natural selection theory [40] and Macfarlane Burnet's
clonai selection theory [41].

Immune hemolysis

After Ehrlich's success in measuring diphtheria toxin and antitoxin, and especially after
the widespread success ofhis side-chain theory, he apparently feH that there remained few
unanswered questions in immunity research. Tt was time to leave immunology and to
move on to important new research challenges - to experimental oncology and to chemo
therapy. This is not an unusual phenomenon in science [42]; the temptation of great sci
entists, after having contributed significantly to a discipline, is to conclude that they have
solved ail of its prablems. Lord Kelvin is supposed to have declared in the 1890s that it
was aU over in physics - this just before Roentgen, Planck, and Einstein. In immunology,
both Macfarlane Burnet and Niels Jerne made similar declarations [43] during the 1960s
- just before the immunobiological revolution of Band T cells, of lymphokines, and of
immuno-genetics.

We return now to Paul Ehrlich. While his theories were widely admired and accepted in
Germany, they came under attack elsewhere. His toxin-antitoxin interpretations were
challenged by Madsen and Arrhenius from Copenhagen and by Gruber and Landsteiner
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from Vienna, and his humoral theory of immunity was contested by Metchnikoff from
Paris [44]. But it was principal1y Jules Bordet, the discoverer of immune hemolysis [45],
who questioned Ehrlich's concept of the mode of action of antibodies, and forced the proud
Ehrlich to plan new experiments to counter these criticisms. While Ehrlich complained at
one point that these later immunological studies were keeping him from other interests
[46], they did in fact impel him to undertake sorne of his most productive work in immu
nology, the six papers "On hemolysis" done with Julius Morgenroth from 1899 to 1901
[47]. These publications added importantly to our understanding of the mechanism of
immune hemolysis. They increased our knowledge of the nature of immunological specif
icity, by demonstrating for the first time the existence of cross-reactions among the
erythrocytes ofrelated species. Finally, they showed how the partial absorption of an anti
serum could he effected by a cross-reacting antigen. Others have recognized the heuristic
value of the challenges to Ehrlich's data and theories. In his introductory overview of
Ehrlich's immunology in the 1914 Festschrift, Georg Gaffky wrote:

ft must appear very fortunate, in looking back on progress in immunity that the side
chain theory was not immediately fully accepted without opposition. The ensuing
objections and debates caused Ehrlich and his students to perfonn a long series of
magnificent experiments... [48].

Eventually Ehrlich did move on to other research areas, leaving immunology to such
assistants as Morgenroth and Hans Sachs. Then, during the first decade of the twentieth
century, he would apply his now-fully-mature receptor theory to the chemotherapy of
infectious diseases [49], in an attempt to produce the magic bullet that would attack the
parasite while sparing the host. He would succeed in this magnificently with the 606th
preparation tested for the treatment of syphilis, salvarsan.
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The phagocyte, the antibody, and agency
in immunity: contending turn-of-the-century
approaches

Eileen Crist, Alfred 1. Tauber

It is conventional to regard the science of immunology as emerging through a battle
between cellular and humoral approaches around the tum ofthis century [1]. The immuno
chemical perspective of the humoral school dominated immunology for nearly half a
century, while the organismal orientation of cellular immunology became marginalized,
finally making a come-back in immunology in the 1950s and 60s. In examining the clash
between cellularists and humoralists, the question that arises is "Why was the humoral
tradition apparently victorious over the cellular"? This question cannot be satisfactorily
answered on the basis of uneven fruitfulness of their respective research, for both were
theoretically and expefimentally productive, promising to resolve a host of immunological
problems. Indeed, promising research directions in cellular immunology were ignored
until the middle of this century, in favor of studies championed by the early humoralists
[l, 2]. And yet the ideas advanced by the ostensibly losing camp - the cellular approach 
were quietly incorporated into the thought of the scientific discipline. As the resurgence
of cellular immunology in the 1950s demonstrates, ideas themselves do not 'Iose', for they
persist and resurface in both foreseeable and unpredictable ways. So rather than frame the
debate in tenns of victory and defeat, we regard the divergence between cellularists and
humoralists as more akin to a dialectic, leading to their mutual fonnation and conceptual
entanglement.

At the heart oftheir divergence, the constitution of immunity was at stake: its medium,
mechanisms, and central components. To show how they rivalled over which perspective
could best represent immunity, we focus our analysis on a pivotai opposition that emerged
between 'phagocyte' and 'antibody'. These entities, championed by cellularists and
humoralists respectively, embodied different visions ofbiology. By examining the distinct
portrayals ofthese entities in cellular and humoral immunology, we glimpse the concep
tuai architecture of competing designs of life's reality.

The novel view of inflammation

Edward Jenner (1749-1823) is acclaimed as the first immunologist to advocate the protec
tive function of vaccination - against smallpox, the deadly disease of his era. Despite the
momentous implications of inoculation, nearly 100 years followed Jenner's experimenta-
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tion with little advance in the understanding, or therapeutic potential, of immune action.
According to Paul Ehrlich, a central representative of the humoral school, "Jenner's discov
ery remained so isolated...due essential1y to the fact that the theoretical conceptions of the
cause and nature of infectious diseases made no advance during the subsequent decades"
[3, p.178]. Only after Pasteur's and Koch's understanding of virulent, hitherto invisible,
micro-organisms as causes of disease would the modem conception of immunity be arti
culated.

Once the microbes were exposed, "those invisible enemies ... who hide in the air we
breathe and the water w~ drink" [4, p.27], techniques could be designed to investigate how
they maim the host organism and how the organism responds. Pasteur not only validated
the efficacy of immunization with his instantly seized upon vaccines against cholera and
rabies, he went wel1 beyond Jenner in providing explanations of what causes cholera,
rabies, and other diseases. Ehrlich's assessment of the absence of a theoretical context for
Jenner's precocious discovery seems on the mark: the birth of immunology awaited the
pivotaI idea of the 'microbe' as the harbinger of disease. At the heels of Pasteur's and
Koch's discoveries, Elie Metchnikoff first atiiculated the concept of immunology in its
modem expression [5].

If immunity is defined in terms of applications of its therapeutic potential, then Edward
Jenner is the first immunologist; if immunity is defined in terms of how its nature and
actions are conceived, then Elie Metchnikoff is the first proper immunologist. As Arthur
Silverstein has noted, the watershed between previous and modem understandings of
immunity - between pre- and post-Pasteurian science - was the contrast between a passive
and an active conception of the hosfs response to the threat of disease. Earlier views
regarded the organism as a passive vehicle within which disease simply ran its course.
According to the modern conception of immunity, the body mounts an active response.
This dynamic view is especial1y stark in the pervasive language ofwarfare, which consti
tutes immunity as 'defense against' , and 'resistance to', invading microbes. 1

Metchnikoff's pioneering studies inaugurated this view of immunity - as the body's
protective defense and resistance. In his magnum opus "Immunity in Infective Diseases,"
Metchnikoff defined "immunity against infective diseases ... as the group of phenomena
in virtue of which an organism is able to resist the attack of the micro-organisms that
produce these diseases" [6, p. 10]. First articulated by Metchnikoff, this conception of
immune phenomena as matters of 'attack' and 'resistance' subsequently became deeply
rooted in the science of immunology. In the debate between Metchnikoff and the humor
alists, the view of immunity as 'active defense' was not contested, but accepted by a11 as
a shared tenet. Instead, the debate centered on the relative significance of cellular and
humoral mechanisms involved in host defense, as weil as on the relative conceptual
virtues ofbiological and chemical formulations.

Metchnikoffformulated the modem idea of immunity, as defensive activity, in its evol
utionary context in his "Lectures on the Comparative Pathology of Inflammation" [7],
where he introduced the "biological theory of inflammation." Before Metchnikoff, the

1. Contemporary textbooks canonically detine inlillunology as "the study of the body"s 'defense' against infectIon."
accordmg to '"The PengUln Dlctionary of BlOlogy:' "immumty is the ability of an animal or plant to 'reslst' ltlfection
by parasltlc mlcroorgamsms" [8, 9].
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phenomenon of inflammation had been regarded pathological, but he re-registered it as a
defensive and restorative process, basing this view on a new understanding of the role of
ce11s he ca11ed "phagocytes." In the inflammatory response, he observed that phagocytes
- or "amoeboid ce11s" - accumulate at the site of injury, engulfing and destroying
microbes. After this interpretation, inflammation ceased to be regarded as an expression
of disease, but on the contrary, was understood as the body's curative response against
external and endogenous threats. His "Lectures" may be characterized as "one long argu
ment," in which he fumished abundant evidence for the proposition that "the essential and
primary element in typical inflammation consists in a reaction of the phagocytes against a
harrnful agent" [7, p.187]. With a systematic examination of immune processes in a diver
sity of species, he showed that inflammation always involves phagocytic action. Phago
cytes not only protect the organism by ingesting bacteria and other potentia11y harmful
entities, but also have a central role in morphological metamorphoses during development
and in scavenging damaged or malignant tissues.2

Metchnikoff's empirical demonstration of the universality of phagocytic action in
inflammation was couched within an evolutionary argument. He relied on several aspects
of the Darwinian evolution to comprehend infectious disease and immunity, the most
encompassing dimension being genealogical common descent. Observations and discov
eries about inflammation in one class of organisms acquired more general significance as
they became corroborated in others. According to Metchnikoff, only after understanding
the inflammatory process in a11 major phyla could the biologist apprehend general prop
erties and arrive at a global explanation of inflammation. Through a comprehensive
canvassing of life fonns and stages of development in his ,"Lectures," he traced and
described phagocytic action from unice11ular protozoa to metazoa, from invertebrates to
vertebrates, and from embryos to mature organisms.

On the basis ofthis comparative perspective, he revealed "the starting point, the primum
movens" of inflammation [7, p. 8] The primum movens, both metaphorica11y and lit
era11y, was the motile, protective response of phagocytic cells, for "a11 other phenomena
are merely accessory to this process, and may be regarded as means to facilitate the access
of phagocytes to the injured part" [7, p.l 09-11 0]. The comparative approach was Metch
nikoff's chief method toward a global understanding of infection and immunity. He
frequently deplored that pathologists were not yet agreed on a comprehensive view of
inflammation. His ambition was to fi11 that void by uncovering "a genealogical tree of
inflammation" [7, p. 103] - a project both inspired by Darwinism and a contribution to it.

Evolutionary thought provided Metchnikoff's science with its core rationale. Against the
background of the genealogical unity of organisms, his study of different phyla acquired
scientific force. With a comparative methodology and the underlying support of the evolu
tionary standpoint, Metchnikoff exposed the conceptual shortcomings of his contempora
ries' understanding of inflammation. Whether targeting mere descriptivism or failed
explanatory attempts [7, p.180], his critiques always aimed to expose "the lack ofa compre-

2. With the impiIclt themes of host Identity and mtegrity, Metchmkoff adumbrated the problematIc of "selfhood" in
immunology that would be explicitly re-addressed by SIr Frank Macfarlane Humet 50 years later [2, 10].
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hensive understanding of inflammation.'" He regarded his own analyses as achieving this
objective: "As the evolution of inflammation shows, it is ... both the most general and the
most active means of defense among the members of the animal kingdom" [7, p.I84].

Metchnikoff's elucidation of inflammation had the virtue of offering a general, single
explanatory principle to encompass the diverse expressions of the phenomenon. His view
of inflammation resonated with the evolutionary perspective, for he found it recurring in
the major groups of animaIs. Metchnikoff's understanding of phagocytosis as defensive
action evinced the doubly compelling features of singularity and comprehensiveness, and
his argument was thus both eloquent and biologically cogent. He was not only substan
tively influenced by Darwin, but also in style of scientific argumentation - which, like
Darwin's, was at once global and detailed in scope. His force as a biological thinker
resided in his panoramic command ofa wealth and diversity offacts, which he marshalled
toward the articulation of one powerful principle of immunity.

Metchnikoff invoked the evolutionary perspective not only as the "systematic theOlY"o.I 
a comparative method unifying the entire biological telTain - but in its more specifie tenets
as weIl. The "struggle between organisms" was a central motif in his thought, for he under
stood parasitic infection and host defense as manifestations of predatOlY aggression and
inter-specifie competition.5 Beginning with the simple yet staItling insight that "from active
aggression to infection, there is but a small step" [7, p. 2], after extensive empirical exposi
tions, Metchnikoffarrived at the conclusion that "the essential phenomena of inflammation
represent an actual struggle between the phagocytes and the irritant agent" [7, p. 189]. The
view of disease and health as consequences of "the struggle for survivai between living
beings" (within internaI environments) was revolutionary in his day.

The identification of infection as a form ofaggression, and parasitism as predation, were
not metaphorical for Metchnikoff, but biologicai assessments. Upon completing his
survey of the animal kingdom, he concluded that "in ail these cases it is the phagocytes
which war against the aggressor by devouring, englobing and digesting if' [7, p. 109].
Aggression and infection, predation and parasitism, are evolutionarily identical processes,
their only divergence being that they transpire in different environmental contexts. Since
he viewed infection as microbial aggression, Metchnikoff suggested that from a broad
biological standpoint pathology is a branch of the naturai history of the behavior of micro
organisms [7, p. 3]. Just as predatory attack against animaIs meets with some form of
defensive response, so the predatory action of micro-organisms meets with the defensive
reaction of phagocytes inside organisms' bodies.6 Metchnikoff's training as a zoologist

3. MetchnikotT cnticized the vlews on mtlammatlOn of his contemporanes, espec13l1y those of the mtluential pathol
oglst Julius Cohnheim [1. II]. Cohnheull bdieved that the intlammatory response was a result of the passive move
ment of "corpuscular elements" of the blood - that IS, Metcluukoffs phagocytes - through vascular leslOns. In con
trast. MetchnikotTremterpreted mt1ammatlOn as a physlOloglcal remedlal active response found throughout the a11lmal
kingdom-includmg orgamsms lacking a vascular system.
4. See Hackmg 1992:0.15 [21].
5. Metchmkoffwntes that "these phenomena [of Il1fection and defense]. .. are more or less dlrectly connected wllh the
struggle for survival that IS always gomg on bet\\een the representatives ofthe dlfferent orders of living bemgs" [7].
6. He captured the atlhctlOns ofprotozoa - 'tirst animais', VIZ • ul1lcellular eukaryotlc orgal1lsms - in the same tenus.
For example, he described the amoeba 's susceplLbility to the nllcro-organism Mlcr"'l'!wera in tenns of the amoeba
becommg "Jess and less aclLve, showing that lt IS not ln a healthy condillon" [7]. Regarding analogously infected Infu
soria (or ciliates), he wrote that "the atlècted indlvldual present> ullllllstakable slgns of dlsease".
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was indispensable in seeing parasitism as predatory action and infection as microbial
aggression: he deployed a zoological idiom to characterize bacterial parasites of protozoa
as "camivorous, voracious organisms, and aggressors," His emphasis on a struggle
between pathogens and phagocytes constituted an organismal understanding of immunity,
rooted in a zoological perspective which he brought to bear on the behaviors of single
celled organisms. The transposition of an organismal viewpoint from single-celled organ
isms to phagocytic cells, paved by the tenet ofcommon descent, was a cogent step. Indeed,
Metchnikoff provided detailed arguments in support of the biological unity ofphagocytes
and protozoa. He conceptualized the phagocyte as a quasi-autonomous biological entity
almost an organism onto itself.

Metchnikoff's phagocyte

The term "phagocyte" was coined by Metchnikoff and Karl Claus from the Greek roots
phagos (to eat) and cyte (cell). The conception ofphagocytes as "eating cells" was perva
sively stressed by Metchnikoff: he linked phagocytosis with a nutritive function, called
phagocytes "digestive cells," and often described phagocytes as "devouring" bacteria and
other entities. The term phagocyte was immediately compelling, and became established
in the conceptual repertoire of immunology. It is an etymological expression of Metch
nikofI's zoological approach to immunity, for it profiles what phagocytes do in phenom
enological terms of animal activity. The phagocyte encompassed: an evolutionary
connection between nutritive and protective functions; a picture of dynamic, spontaneous
cellular action; and the life and death struggle between protective cells and pathogens. The
characteristics ofphagocytes that he focused on were those of motility, sensibility, engul
fing and ingesting actions, and digesting and excreting functions - "capacities" and man
ifest "behaviors" of unicellular organisms. The affinity between phagocytes and
independently subsisting organisms, especially amoebae, was created simuitaneously on
the levels of theoretical argumentation and observation. Metchnikoff's protagonist of
immunity was a rich nexus of theoretical and phenomenological perspectives, crystalliz
ing a new way of understanding and seeing immune action.

The phagocyte referred to amoeboid cells that literally eat potentially dangerous cells,
inciuding foreign micro-organisms and damaged cells of the host's own body. The the
oretical dimension ofthe concept was connected to the protective and restorative functions
Metchnikoff understood phagocytes to serve. At the same time, with the use of a micros
cope, phagocytic cells could be seen engulfing, for example, bacteria. The observational
availability ofphagocytosis was never itself in question, but with Metchnikoff its interpre
tation radically shifted as it became the core purveyor of immunity. With this new inter
pretation ofphagocytic function, the perceptual configuration ofphagocytes , actions was
rearranged (cf. [13, 14]). No longer were phagocytic cells to be seen as passive carriers of
bacteria, nor was phagocytosis to be understood as action deleterious to the organism.
After Metchnikoff, immunologists and microbiologists looking down the microscope
would witness the hygienic role of phagocytosis as a counter-aggressive response.

Metchnikoff argued that those organisms "which were possessed of mobile cells to
englobe and destroy the enemy, survived, whereas others whose phagocytes did not exer
cise their function were necessarily destined to perish" [7, p.193]. Beyond applying the
framework ofnatural selection, he also evinced the evolution ofphagocytic function in the
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universality ofphagocytes and their actions; in the close connection between the nutritive
and protective functions of cellular digestion; and in the manifestation ofthe evolutionary
principle of competition. As a Darwinian, Metchnikoff regarded biological explanations
as most compelling, the broader their scope ofapplicability. A theoretical explanation was
trustworthy, for Metchnikoff, on Darwin's criterion of whether it is "applicable in allied
cases; and especially, (when) the same general principles can be applied with satisfactory
results, both to man and the lower animaIs" [15, p. 18].

In his "Lectures," Metchnikoff began his investigations with protozoa, proceeding to
simple and complex metazoa. He found phagocytes not only throughout the gamut of
animallife, but in the different developmental stages of embryogenesis and ontogenesis as
weIl. From protozoa to metazoa, from vertebrates to invertebrates, from embryos through
mature organisms, the fonn and role of phagocytes - or "amoeboid ceIls" - were closely
allied.7 The fungibility of the terms "phagocyte" and "amoeboid cell" in Metchnikoff's
work underscored the evolutionary link - for more than a superficial resemblance, the
interchangeability of these concepts signified common descent. The amoeba represented
the organism-prototype of the phagocyte - the simplest and most primitive phagocytic
cell. Like amoebae, phagocytes move in a gliding fashion along surfaces, extending proto
plasmic processes called "pseudopods" to advance. Using their pseudopods, amoebae and
phagocytes engulfed bacteria and other animate or inanimate entities, digesting them in
their protoplasm. For amoebae this had nutritional function: it was how they capture their
food.

In the case of phagocytes, the digestive fimction was preserved, but in the service of
immunity - protecting the multicellular organism of which phagocytes were component
cells. Metchnikoff maintained that in protozoa and the simple metazoa the phagocytic
functions ofnutrition and protection were tùsed. Intracellular digestion ofmicrobes served
to feed the organism as weil as protect it against their potentially harmful parasitism. The
function of protection via digestive assimilation was complimented by that of protection
via excretion. When microbes were seen to penetrate protozoa, Metchnikoffobserved that

[1]f the intruders are killed and partially digested. '" or are expelled as excrementi
tious matter, the protozoon remains uninjured and continues its normal and routine
existence. Here we have an example of natural immunity, due to intracellular
digestion [6, p.l7].

The nutritive and expulsive functions of cells, starkly observable in the unicellular
protozoa, enabled the evolution ofimmunity in multicellular organisms. In contemporary
terminology, Metchnikoff found that the engulfing and digesting actions of amoebae,
serving nutritive requirements, were "preadaptations" [16] for the evolution of immunity.

In Metchnikoff's analysis, the boundary between unicellular organisms and phagocytes
lacks clear-cut definition. He frequently pointed out the organism-like behaviors ofphago
cytes: their independent motility, responsiveness to environment, and engulfing and diges
ting functions [7, p. 47, 118]. With his comparative approach, Metchnikoff discemed a

7. He notes the "general significance of the presence of these amoebOld cells whlch are able to englobe solid bodIes.
We have met with them m the varions classes of Protozoa. and we find them again even in the most prImItIve forms of
Metazoa" [7].
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"general organismal" phenomenon characterizing the action of phagocytes in multicel
lular bodies, on the one hand, and the action of single-celied animaIs, on the other. What
transpired in organisms through "component phagocytic cells," the protozoa accom
plished with their "entire" bodies. Digestive and excretory functions of single-celled org
anisms were preserved and put to the service ofmulticellular animaIs ofwhich phagocytes
were a part. Indeed, the organismal nature of phagocytes might countermand its function
as a docile component, when occasionally, at the peril of the whole organism, phagocytes
were observed to move away from virulent bacteria rather than ingesting them (discussed
below).

Emphasis on the phagocyte's "autonomy of movement" underscored its nature as
almost an organism-in-itself. In response to a threatening or parasitic presence, phago
cytes moved toward it as of their own accord, "accumulat[ing] around the injurious body
and either surround[ing] it entirely or englob[ing] it" [7, p. 74]. Metchnikoffwas bent on
disproving the idea that phagocytic cells - especially, leukocytes (white cells) - required
a vascular system to move them. (This view was widely held among pathologists in his
day.) He remarked that phagocytes' "reaction is effected through the 'sensibility' of the
phagocytic cells themselves, and is in no way influenced by the nervous or vascular
system" [ibid., emphasis added; cf. 7, p.144]. To a passive image of phagocytes as
"carried" to their needed location, Metchnikoff counterposed that they "actively migrate"
to infected sites.

His training as a zoologist allowed him to see inflammation in a way that pathologists
of his day were not trained to detect or apprehend. Metchnikoff advanced an image of
phagocytic movement as animal-like movement of a predator toward prey. He attributed
the unmediated, active locomotion to "the sensibility of the leucocytes (i.e., phagocytes)
themselves, which is not always positive in the presence of invading microbes, but may
also be negative" [7, p. 155]. He portrayed this sensibility as primitive perception - "cellular
perception." Positive and negative chemotaxis (movement toward and away from path
ogens), were the evidential index of phagocytic sensibility: differential responsiveness
suggested that phagocytes discriminated between objects in their environment.

A compelling sign of autonomous sensibility was phagocytes' occasional "avoidance"
of virulent bacteria which, if engulfed, might kill them. In one case, Metchnikoff noted
that despite the danger that certain bacteria posed to the host, and despite favorable
circumstances for the diapedesis across the vascular walls to the infected site, the leuco
cytes did not "emigrat[e] toward the invaded spot"; he explained this as "negative chemio
taxis manifested by the intravascular leucocytes" [7, p. 146]. Their organismal nature and
autonomous perceptual capacities were expressed in behavior that contravened their
protective role. Phagocytes thus occasionally exhibited atavistic behavior - as though they
were in solitary struggle against the virulent microbes, avoiding them even at the peril of
the host.

In sum, Metchnikoff's organismal understanding of phagocytes emerged on three
levels: that of systematic theory, with an evolutionary understanding of the affinity
between phagocytic cells and unicellular organisms; that of equivalence (with unicellular
organisms) of the biological functions of locomotion, ingestion, digestion and expulsion;
and that of phenomenology with the behavioral and morphological similarity between
autonomous single-celled organisms and phagocytes. As we discuss below, humoralists
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took exception to Metchnikoff's representation of phagocytes, for they interpreted it as
signifying teleological and vitalistic thinking.

The humoral factor
The history of the discovelY ofantibody was quite ditTerent from the elucidation ofphago
cytic cells. The existence of antibodies was postulated as a consequence of experimental
findings about immunity which could not be explained by the theory of phagocytosis.
George Nuttall's observations in 1888, and Emil von Behring and Shibasaburo Kitasato 's
1890 crucial experiments, suggested the existence of a factor in the "cell-free" humors of
animaIs that was protective against both microbes and their toxins. These findings
convinced the scientific community that immunity was not due solely to phagocytosis.
The humoral factor - soon named "antibody" - seemed to be effective independently of
cellular presence. The immunity-conferring powers of the antibody were thus conceived
partially through juxtaposition to the phagocyte. The divergence between the cellular and
humoral schools emerged in the different nature of the entities they advocated as core
constituents of immunity. Dissensus was reinforced by their divergent methods of
studying these entities - with differential emphasis on in vivo versus in vitro observations
and experiments, and their distinct tools of comparative, observational biology versus
chemical test-tube experimentation.

Antibodies could not be seen. Thus in contrast to phagocytic cells, the detection of anti
bodies did not involve seeing a known entity under the nove! auspices of immunological
thinking. Theil' existence was inferred through the immunizing or bactericidal powers of
sera, in the absence of cellular intervention. A corollary of the invisibility of antibody was
uncertainty about its nature, especially discernible in late nineteenth century humoralist
writings. The tenn antibody itself did not become immediately established. Competing
and overlapping terminology proliferated in the late nineteenth and early twentieth
century literature, all attempting to capture elusive antibody-related phenomena:
"alexine," "stimulins," "cytase," "complement," "'antitoxin," and "cytotoxin" [19. 20].
The profusion of tenns was a compounded effect of the inherent complexity of humoral
phenomena and the antagonism of immunologists affiliated with different research
communities and agendas. The tenn antibody - as well as "antitoxin" that briefly preceded
it, and was often used interchangeably with it - belonged to the humoral tradition, encom
passing in Paul Ehrlich 's words "an altogether new factor" of innnunity.

The experimental work of Behring and Kitasato in the early 1890s was a turning point.
Jt provided clear evidence for the existence and significance of a non-cellular, humoral
factor of immunity.H In their 1890 paper, "'On the mechanism of immunity to diphtheria
and tetanus in animais," the authors reported experiments demonstrating that the blood of
animaIs immunized against tetanus acquired a property which was subsequently protec
tive against tetanus bacilli or tetanus toxin. After immunizing a rabbit against tetanus - by
inoculation with a non-virulent strain or with dead microbes - they found that the rabbit
could withstand a dose of virulent tetanus bacilli twenty times what would kill a non-

R. This has already been suggested in 1888 by Nuttall. who e!lvlicitly challenged the adequacy of Metchnikoff's theory
of phagocytosls: "That phagocytic activity is the most Important protectIVe measure must be weighed against the tàct
that anthrax bacIlh under the skll1 of frogs are destroyed in large amount outside phagocytes as weil. It IS clear that
Metchmkoff's expenments suffer considerably by thls finding" [17].
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immune rabbit. Furthermore, both the blood and serum of the immune rabbit, when
injected into the abdominal cavities of other animais, such as mice, could protect them
from tetanus bacilli or toxin. Analogous results were announced for diphtheria [18, 1890,
p. 139].

The authors summarized their findings with four points, which became dominant
themes in immunological research for the next 50 years: 1) the blood of rabbits immune
to tetanus has the ability to neutralize or destroy the tetanus toxin; 2) this property exists
also in cell-free serum ofthose rabbits; 3) this property remains effective even in the body
of other animais, so that it is possible, through blood or serum transfusions, to achieve an
outstanding therapeutic effect; and 4) the property that destroys tetanus toxin does not
exist in the blood of animais that are not immune to tetanus, and when one incorporates
tetanus toxin into non-immune animais, the toxin can still be demonstrated in the blood
and other body fluids ofthe animal, even after its death [ibid.]. With points 1 and 4, they
enunciated the discovery of the protective property ofthe blood ofanimals that have either
already been immunized or are naturally immune;9 with point 2, they implicitly under
scored the inadequacy of purely cellular conceptions of immunity; and with point 3, they
called attention to the therapeutic implications of their findings.

Behring and Kitasato's work was revolutionary on four levels: theoretical, conceptual,
technical, and therapeutic. Their report arrived as the highly charged rivalry between
cellular and humoral perspectives was emerging. Prior to Behring and Kitasato's decisive
experiments, the existence of a humoral factor in immunity was entertained, yet uncon
firmed. Their results established the presence of a protective property in the fluids of
immune animais as incontrovertible fact. Their experiments may therefore be regarded as
"crucial," in the sense of implicitly having "two theories in question" [22] - namely,
cellular and humoral- and providing solid evidence for one. By submitting proof of the
existence of a protective factor in the blood and serum of immune animais, Behring and
Kitasato gave weighty support to the humoral framework, thereby heralding a theoretical
revolution in immunology.

Their 1890 work was also conceptually revolutionary in paving the way toward a
chemical register of immunological phenomena. The interactions between toxin and anti
toxin could be conceived as chemical, for both substances were extracted and isolated
from their respective cellular contexts. lO Tetanus toxin, for example, was acquired by filter
ing a tetanus culture so as "to render it free of bacteria." And the antitoxin effects of the
cell-free serum of the host body were shown to be protective, if the serum was injected
before exposure to infection, and therapeutic, if the serum was injected after exposure. By
experimentally working with substances "entirely separable from cells," Behring and
Kitasato inaugurated the shift from a biological to a chemical approach, with immune
phenomena represented in the framework of chemistry. As will be discussed shortly, this
shift was clinched by immunochemist Paul Ehrlich: Behring and Kitasato's findings were

9. The eXIstence of natura! immllnIty applies to diphthena; for example. rats are naturally Immune agamst both the
bacilli and the toxin of diphtheria.
10. The humoralists did not estabiish where these protective humoral prodllcts were produced. Metchnikotl: seekmg a
unIfication of the cellular and humoral vlewpoints. addressed thls etiologlcal question. arguing that such humoral fac
tors were phagocytes products whlch he called "ferments."
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in fact the link that brought Ehrlich, and his attendant commitment to chemical explana
tion and nomenclature, into the humoral fold.

Behring and Kitasato 's 1890 work was also revolutionary on the level of technique,
decisively shifting immunology from the cellular approach of a natural-observational, in
vivo science, toward experimental, in vitro methods. It was pivotaI in transforming immu
nology into what lan Hacking has called "laboratory science," in the sense of "study[ing]
phenomena that seldom or never occur in a pure state before people have brought them
under surveillance"[2 L p. 33]. Hacking maintains that "exaggerating a little, 1say that the
phenomena under study are 'created' in the laboratory" [ibid.]. Behring and Kitasato's
techniques were indeed crucial in creating the phenomena under study. The "toxin" of
bacilli must be experimentally extracted and divorced from the microbes; the fibrin- free
fluid "serum" is extracted after blood is allowed to coagulate; and last but not least, the
serum of inoculated or naturally immune animaIs is added (usually) to the abdominal
cavity ofother animaIs, including other species [18, p.139-140]. For the first time so
thoroughly in immunology, Behring and Kitasato exhibited the total interventionist stra
tegy of laboratOlY science.

The final revolutionary dimension of Behring and Kitasato 's experiments was their
therapeutic implications. The researchers themselves placed great emphasis on practical
applications, introducing their paper with the highly promising claim of being "able to
cure infected animaIs, as weIl as to pretreat healthy animaIs so that later they will not
succumb to diphtheria or tetanus" [18, p. 138]. In the same issue of the journal that
published the famous Behring and Kitasato report, another paper on diphtheria, by
Behring alone, ended with the pronouncement that "the possibility for the cure of very
acute diseases can... no longer be denied" [p. 144]. This promise was fulfilled for the case
of diphtheria, a lethal disease known colloquially as "the strangling angel of children."
Serum therapy against diphtheria was brought to hospitals in major cities of Europe by
1894 and onward with dramatic results: mortality was cut in half,u

The therapeutic applications of early immunochemistry were touted by humoralists.
Ehrlich wrote that Behring's "remarkable discovery seemed at one stroke to open up an
entirely new and extremely promising prospect ofimmunizing mankind against the majo
rity of infectious diseases" [3, p. 179]. The therapeutic promise of "immunizing mankind"
may have been the decisive factor in the apparent victory of the humoral over the cellular
approach [l, p. 215]. Indeed, Behring and Kitasato's experimental work instigated
alliances between science institutes, industry, and government for the production, testing,
and dissemination of vaccinations [4, 16].

Behring and Kitasato's solid experimental intimation of a protective humoral factor had
a powerful effect on immunology. As Silverstein put it, for the next 50 years or so, "few
questions about cells in immunity were asked within a discipline comfortable with the
dogma that circulating antibody would provide aIl essential answers to the problems of

Il. Grundbacher notes that "the rapld reductlon 111 chIld mortality trom dlphthena at the tum of the century was one of
the largest decreases 111 mortality ever achleved by any therapeutic intervention. ln Gemlany alone, an estJmated
45,000 lives were saved per year with the antltoxm therapy for diphthena" [24]. Due to eventual Immlmization proce
dures. the occurrence of the disea;,e also declined. Behnng, who worked on diphthena in panicular (while Kitasato's
work \Vas on tetanus), was awarded the first Nobel Prize for Medicme in 1901 for "hiS work on serum therapy. espe
clally ItS application agamst diphtheria" (quoted m Grundbacher [24]).
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immunity" [18, p,55 ; 17]. How the discovery of antibody unfolded over approximately a
century of scientific investigation is a topic in itself. For the moment it might be noted that
an intriguing aspect of the story of the antibody is that when first conceived it was akin to
an abstract idea, inciting further research toward the discovery of its concrete embodiment.
In the dawn of its discovery, the antibody was as intangible and nebulous as "phlogiston":
but obversely to "the increasing vagueness and decreasing utility ofthe phlogiston theory"
that contributed, according to Thomas Kuhn, to its eventual demise [14, p.71], from
Behring and Kitasato 's 1890 experiments, to Ehrlich 's contributions, through to its
present-day molecular-biological elucidation, the antibody became "decreasingly vague"
and "increasingly useful."

Ehrlich's antibody

Paul Ehrlich had a great impact on the science of the antibody, and on immunology in
general. He coined the term antibody in 1891, and proceeded to give it conceptual, theo
retical, and imagistic definition. He argued explicitly for a "chemical understanding" of
the antibody and its action; he advanced his famous "side-chain theory" to account for its
production by cells and its proliferation in the humors; and he modelled, on a key-and-lock
analogy, the chemical affinities between antibodies and toxins with controversial, yet
rhetorically effective, representational "drawings" [19]. Ehrlich 's approach to biological
phenomena, and to immunity in particular, was in every respect from a chemical stand
point. Ifhis early research in histological staining, and later contributions to chemotherapy
[1, 22], suggested that it was the specific nature of his subject-matter that dictated his
chemical mindset, his work in immunology clearly showed that Ehrlich did not regard
chemistry as the handmaiden of biology: he viewed biological function as thoroughly
chemical in nature. The most encompassing framework in his studies of immunity was
chemistry - in his methods, theories, and terminology.

In his important 1897 paper "The assay of the activity of diphtheria-curative serum and
its theoretical basis," Ehrlich introduced the antibody by means ofa chemical explication:

[A] toxin and antitoxin influence one another by a direct chemical interaction...
l have been able to demonstrate by test-tube experiments... that the interaction of
toxin and antibody is much more rapid in concentrated than in dilute solutions, and
also that heat accelerates the action and cold retards it. Similar phenomena are
frequently observed in pure chemistry, notably in the formation of double salts. Be
this as it may, ail the observations suggest that the reaction between toxin and
antitoxin takes place in accordance with the proportions of simple equivalence...
A molecule of toxin combines with a definite and unalterable quantity of antibody
[25, p.114, emphasis in original]. The terms antitoxin and antibody are used inter
changeably.

The assessment of the toxin-antibody interaction as straightforwardly chemical was
typical of Ehrlich's thought. As he put it in another paper, "the action of antitoxins is
accentuated or diminished under the influence of the same factors which bring about
similar modifications in chemical processes - warmth accelerates, cold retards the reac
tion, and 'this' proceeds more rapidly in concentrated than in dilute solutions" [3, p.180,
emphasis in original]). The parameters of "concentration" and "temperature" were
chemical parameters. That these were the identical sort observed "in the formation of
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double salts" was offered in the 1897 paper as speculation about the specific chemical
compounds involved. However, in following this diagnosis with "be that as it may,"
Ehrlich implied that the "specific" chemical nature of the exchange was, for the moment,
irrelevant: what he considered important was that the quantitative relation of "proportions
of simple equivalence" revealed the toxin-antibody interaction as molecular, and thus, a
matter of "pure chemistry."

Ehrlich's emphatic claim that "a molecule oftoxin combines with a definite and unal
terable quantity of antibody" invoked features of physico-chemical systems often juxta
posed to biological processes, The interaction exhibited constancy: it could be expressed
in quantifiable ratios; it was a phenomenon that could be repeatedly witnessed, and there
fore was predictable and consistently recordable. These features ensured that the toxin
antibody interaction had the law-like inexorability of chemical phenomena. Ehrlich did
not conceptualize his chemical perspective as "reductionisC - as decomposing higher
levels of organization into more basic elements. Rather he regarded the mapping of
chemical and biological phenomena as one of "identity." On the basis ofthis identity, he
advocated the superiority of in vitro methods.

Tt was necessary for me to try to eliminate as far as possible, the varying factor ofthe
animal body. and bring the investigations more nearly into line with the conditions
necessary for experiments of a chemical nature. In the course ofthese endeavours it
was shown that it was possible to obtain in a comparatively simple manner an insight
into the theoretical considerations necessary to a proper understanding of immLlnity,
by means of test-tube experiments with suspended animal tissues [3, p. 179-180].

"Eliminating the varying factor of the body," far from being a potentially adulterating
procedure, was understood as the very prerequisite for objectivity. For Ehrlich, in vitro
experiments simplified and made visible in vivo phenomena, and so results gamered from
test-tube trials could safely be taken to portray what transpired in the body. The contrast
with Metchnikoff's understanding of the core phenomena of immunity is already visible.
Ehrlich's quantitative methods, stable and predictable ratios, law-like properties, and in
vitro experiments, contrasted with Metchnikoff's natural-historical studies, comparative
methodology, variable observations, and unpredictable consequences of the struggle
between organisms.

The experimental setting and procedures were steadfastly regarded by Ehrlich as the
neutral medium that revealed in a way "reproduced at will," what is obscured by the
complexity and opacity of the body. "Each test-tube," Ehrlich avened, "represents as it
were a research animal" [ibid.]. What was observed in experimental procedure directly
ref1ected what transpired in the body, and thus the results of test-tube experiments were,
without demunal, reinstated back into the body. Ehrlich himself described his strategy in
what might be characterized as "synecdochal" (rather than reductionist) tenns: what was
observed on a small, modified, non-living context was taken as a faithful representation of
what transpired in the unaltered, living body. The synecdochal form of reasoning - the
qualitative equation of the stable part with the varying whole - echoed the methodology
ofthe constant traffic of materials taken out ofthe body, experimented with, and put back
into the same or a different body, out of which materials might again be extracted
[3, p. 185].
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Test-tube experiments allowed for maximum control of materials and quantities used.
Blood corpuscles, fluids, or tissues were extracted from animal bodies, and altered with
the use of special techniques, as for example in the production of serum or plasma. Bodily
materials and their derivatives were thereby rendered passive and manageable, amenable
to exacting quantitative expression. Under the auspices of chemical methodology, they
were now legitimately describable in the language of chemistry. Ehrlich regarded his
methods as perfectly tailored to the nature ofthe toxin-antibody interactions. The possibil
ity that his theoretical deductions were "method-Iaden" - that his methodology aggressive
ly contributed to the constitution of the phenomena as chemical - did not enter Ehrlich's
considerations. The phenomena of immunity were comprehended as purely chemical, and
in Ehrlich's studies indeed they were: laboratory techniques, measurement methods and
nomenclature guaranteed that they were transforrned into chemical phenomena, even if
they did not quite have this status to begin with [12].

With his "side-chain theory" Ehrlich forrnulated a hypothesis about how the antibody
interacts with toxin. He pictured the antibodies (or antitoxins) as groups of atoms found in
the protoplasm of particular ceIIs. "Adopting the nomenclature of organic chemistry," he
wrote, "these groups may be designated 'side-chains '" [3, p. 185]. The stereochernical
locking of toxin and side-chains resuited in an association considered debilitating to the
cell. Ehrlich speculated that by the toxin 's occupying the side-chains their normal,
possibly nutritive, physiological functions were blocked. As a consequence, the cell
produced more side-chains, which might also become stereochemically linked with toxin,
if toxin continued to circulate. According to Ehrlich:

[The cel! then overcompensated for the continued binding of its side-chains by toxin,
and] [w]ith great increases in the doses of toxin there must finally come a point at
which such an excess of side-chains will be produced that, to use a trivial expression,
they will become too much for the cell itself and will be discharged into the blood,
like an excretion, as unwanted ballast. According to this vielt; the antibodies repre
sent side-chains of the cel! protoplaslll which have been produced in excess and
therefore thrust off [25, p.II5, emphasis in original).

The side-chains, in their attached and free modes, were the etiology oftoxic and protec
tive effects, respectively. Their affinity with toxin aIIowed the latter to bind to the cell,
thereby subverting its functions. The cell then produced an excess of side-chains, released
into the hurnors. As a consequence, ceIIs were "protected" by circulating side-chains.
These side-chains were the antibodies.

The side-chains of ceIIs that bound toxin allowed for its toxic effect on the ceII and uIti
mately the organism. For example, on the basis of experiments showing the binding of
tetanus toxin by brain substances, Ehrlich asserted that "the presence of such groups is the
necessary preliminary and cause of the poisonous action of the tetanus toxin in the living
animal" [ibid. p. 185]. With this view of disease, he proceeded to define natural immunity
as "the absence of any chemical affinity" between cell side-chains and toxins. "If the
ceIIs... lack side-chains fitted to unite with them, the toxophore group (of the toxin) cannot
become fixed to the ceII, which therefore suffers no injury, i.e., the organism is naturaIIy
immune" [ibid., p. 186]. Natural immunity was thus a "passive" condition for Ehrlich, the
consequence ofthe absence of any chemical interaction between ceIIular and toxic cornpo-
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nents. In contrast, according to Metchnikoff, the inner environment of the body was
subject to the "active surveillance" of phagocytic ceUs. Whereas Ehrlich viewed natural
immunity as the result of chemical inactivity, Metchnikoff saw natural immunity as the
consequence of organismal action.

With Ehrlich's theory, the issue of "the production of antibody" was tentatively
resolved. It was a matter ofpure chemistlY, of inexorable interactions.

lt must be assumed that this ability ta combine with antitoxin is attributable ta the
presence in the toxin complex ofa specifie group ofatoms with a maximum specifie
aftinity to another group ofatoms in the antitoxin complex, the tirst fitting the second
easily, as a key does a lock, to quote Emil Fisher's well-known simile [25].

Ehrlich's immunochemistry may indeed be regarded as the direct ancestor of the
contemporary molecular biological imagery of immune phenomena, for there are deep
strands of continuity in thinking and tenllinology. Ehrlich's "lock and key" side-chain
theory and contemporary receptors have a clear conceptual family resemblance. In their
1994 textbook "Immunobiology," Janeway and Travers provide a bibliographic note
about Ehrlich that acknowledges this continuity: "Ehrlich (1854-1915) was an early
champion of humoral theories of immunity, and proposed a famous side-chain theory of
antibody formation that bears a striking resemblance to CUITent thinking about surface
receptors" [8]. The authors imply that CUITent discoveries confirrn Ehrlich's prescience.
What this retrospective reading elides is that Ehrlich's contributions were crucial in
formulating the agenda for the experimental search for the antibody. His side-chain theory
conceptualized the potentia1 molecular configuration of the antibody and its circulation in
the humors. He fonllulated a research program and a way ofthinking about, and manipu
lating, the antibody. Thus it is not as if the antibody, as cUITently understood, "surpri
singly" tumed out to look a lot 1ike Ehrlich's conception. Ehrlich was a key, and
historicaUy not-so-distant, link in the chain of the material, theoretical, and literary tech
nologies through which the antibody was discovered.

The 1908 Nobel Award
In 1908, Elie Metchnikoff and Paul Ehrlich shared the Nobel Award for their respective
contributions to immunology. The joint award was not only in acknowledgement oftheir
respective contributions, but an institutiona1 attempt to encourage the cellular and humoral
scientific communities to concede that their approaches and findings were not necessarily
antagonistic. Rather than using the occasion to make overtures to one another's approach
es, in their addresses the chief proponents of the phagocyte and the antibody reiterated
central aspects of their divergent theoretical and methodological frameworks.

ln his Nobel Lecture, Metchnikoffproclaimed that "the white corpuscles" - the phago
cytes in the bloodstream ofvertebrates -"are microscopic organisms" [26, p.289]. Further
on he reiterated: "Now the white corpuscles are living organisms, hypersensitive to
extemal conditions and which admit ofvery great variation" [26, p.292]. He was intent on
making the point that the performance ofphagocytes is highly variable, due to the fact that
they were, themselves, organisms which could be "strong" or rendered "powerless"
[ibid.]. As a biologist he celebrated such individuality. Ehrlich's concern, on the other
hand, was to "contain" variability. While he understood that variability was intrinsic to
biological phenomena, as a chemist he considered that his task was not so much to account
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for this variability as to find methods to eliminate it The inevitable consequence of this
discrepant appreciation of variability is that Metchnikoff placed epistemic emphasis on in
vivo observation, while Ehrlich favored knowledge garnered from the controIlable envi
ronment of experimental set-ups.

Metchnikoff aspired to a comprehensive understanding of health, disease, and immu
nity. Indirectly criticizing the application-oriented and narrowly-based research of the
humoral tradition, he observed that "disease is not the prerogative of man and the domes
ticated animaIs." He based this view on the evolutionary unity of aIl species, maintaining
that "Iower animaIs, with very simple organizations, showed pathological phenomena,
and if so, infection, cure and immunity could be observed among them" [26, p. 282]. The
study of simple organisms was justified by Darwinism, and aIlowed for the observation of
immunity-related phenomena under the microscope. Metchnikoffvalued in vivo observa
tion, noting that "certain of the lower animaIs, 'transparent enough to be observed alive' ,
clearly show in their midst a host of smaIl ceIls with moving extensions (i.e., phagocytes).
In these animaIs the smaIlest lesion brings an accumulation ofthese elements at the point
of damage" [26, p. 282, emphasis added]. To test the hypothesis that these ceIls played a
defensive role, he sought "sorne higher animaL.. smaIl and transparent enough to be
observed living under the microscope and yet subject to microbial disease" [26, p. 283].
Metchnikoff found such a subject in the species Daphnia, commonly known as water
fleas. Discussing the "battle" between Daphnia phagocytes and certain infective spores,
he commended the method of natural observation openly, averring that "this description
is from a living animal and can be observed at each stage under the microscope with such
precision as could hardly be bettered" [26, p. 284].12

Ehrlich's approach could not differ more. In his Nobel Lecture, "Partial ceIl functions,"
he advocated "break[ing] down the concept of the cell 'as a unit' into that of a 'great
number' of individual specific 'partial functions'." With the move from "unit" to "partial
function" - from the visible to the invisible realm - he drew the border between biology
and chemistry: "But since what happens in the ceIl is chiefly of a 'chemical' nature and
since the configuration of chemical structures lies beyond the limits of the eye's perception
we shaIl have to find other methods of investigation for this" [26, p. 304, emphasis in
original]. Ehrlich implicitly disparaged Metchnikoff's predilection for direct observation.
He proclaimed that the limits of knowledge from microscopic observation had been
reached, and that for "further penetration into... ceIllife even the most refined optical aids
will be of no use to us" [ibid.]. Metchnikoff of course was aware of limits of the micros
cope. But he expressed an epistemic and aesthetic predilection for natural observation,
writing, for example, that "controIled observations on living organism (sic) can not be
wrong" [26, p. 284]. And while admitting the necessity of in vitro experiments, he
expressed a deep suspicion toward their results:

Given the impossibility of submitting a vertebrate, even the smallest such as a new
born mouse, to direct examination by microscope, a more complicated way had to be
taken, by combining the results of research on the blood and organs extracted from

12. On the award of the Nobel pnze to Elie Metchnikoff. see also Tauber 1994 [10].
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the organism, and thinking out the interconnection. In sI/ch cÎreWl1stwlces the door
is n'ide open ta mÎstakes of ail sorts ([26, p. 284, emphasis added ]).

While Ehrlich was suspicious of the living body as an object of study, regarding its
complexities as a hindrance to productive research, Metchnikoff was skeptical about exper
imental work using bodily extracts, and always reticent to generalize from in vitro results
to in vivo processes [6, p. 284, 233]. Interestingly, Ehrlich and Metchnikoff used the
Award occasion to argue over 'methods'. Their divergence on theoretical thmeworks 
evolutionary biology versus chemistry - was not broached.

Metchnikoff's and Ehrlich 's Nobel addresses underscored the deep incompatibilities
between cellularists and humoralists. Their central entities-phagocyte and antibody
competed for primary mechanism of immunity and were, moreover, altogether different
'types' associated with disparate approaches. The cellular and immunochemical perspec
tives differed in their systematic theories, topical theories, methodologies, and, relatedly,
in nomenclatures and uses of language. They also differed in more fundamental, philos
ophical ways which we explore in the next sections.

The phagocyte as agent: an organismal vision of biological realism

Even though largely implicit, the theme of "agency" was central in the dispute between
cellularists and humoralists. The question of agency in immunity was pervasive during this
period, surfacing in the language of writings, the tenor of observations and theories, and
the metascientific commitments of different research schools. The divergence between
cellularists and humoralists was inseparable from the question of what sorts of entities
have agency, a question openly posed in discussions about teleology and vitalism. Metch
nikoff was seen as imbuing phagocytes with immanent purpose, a conception intolerable
to immunochemists. According to the latter, not only was Metchnikoff's phagocytosis
insignificant as immune mechanism, but his portrayal ofphagocytes was vitalist and teleol
ogical- and so even more deeply problematic.

Key differences between cellular and humoral conceptions are apparent in juxtaposing
the characteristics of Metchnikoff's phagocyte and Ehrlich's antibody. Phagocytes were
visible, cellular and organism-like in their amoeboid motility. Metchnikoff attributed their
spontaneous movement to a sensibility mediating their positive and negative chemiotaxis.
He ascribed inchoate perceptual capacities to the phagocyte, on the basis of its discrim
inating between various entities and elements in its environment; it exhibited purposive
ness in its actions, whether protective of the host or atavistically protective of itself; it
occasionally exhibited unpredictable but meaningful- trom the viewpoint ofthe "struggle
between organisms" - behaviors in attacking other phagocytes or even healthy cells ofthe
host. The phagocyte thus emerged as self-contained, almost in charge of its own 'destiny',
autonomous, alive, and quasi-sentient. The existential contours of the antibody were very
different: invisible and soluble; not a living entity, but a chemical component; prophylactic
in its function, but non-purposive; exhibiting no chemiotaxis, but only stereochemical afIin
ities for certain substances; having no intrinsic motility, but ejected by cells and drifting
in fluid mediums; tluid-contained, not self-propelled. The antibody was understood as the
body's "inadvertent" prophylactic tool, rather than "purposive" protective gendarme. ln
juxtaposition to the phagocyte, the conceptual elements through which the antibody was
composed did not delegate agency to it.
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Metchnikoff, however, constituted the phagocyte as agent. 13 This was a consequence of
regarding phagocytes as autonomous organismal entities that possess what may be charac
terized as a "protean nature." Their understanding as organisms emerged through obser
vation and phylogenetic comparison to protozoa; their portrayal as autonomous was
derivative from the linked features of sensibility and locomotion; and their protean nature
emerged in the fusion of unpredictability and meaningfulness occasionally characterizing
their behavior. The play of these features assembled an entity irreducibly at the center of
its own actions - an agent. Its agency was both expressed through, and reinforced by,
Metchnikoff's language of action and interaction. This language was integrated into the
science, forming the beginnings of the familiar idioms in immunology of intentionality,
on the one hand, and warfare, on the other.

Far from an imposed construct, phagocytic agency was assembled from the ground up,
through various mutually elaborating means. AlI aspects summarized above worked
synergestically together, allowing phagocytic agency to supervene as a compelling image.

For Metchnikoff the organismal nature of phagocytes was visible in the near identity of
their activities with those ofmicro-organisms: sensibility, locomotion, engulfment, inges
tion, digestion, and excretion. These capacities served to protect the organism against
pathogens, and testified to an evolutionary history of life-and-death struggle between
organisms. Phagocytic cells (like unicellular organisms) continued to "eat," but their
eating now had a new immunity-conferring function. Darwinian themes formed the
background of the organismal view of immunity. For Metchnikoff immunity was: i) a
protective function that co-evolved in close functional proximity with nutritive organismal
processes; ii) a general phenomenon across the entire spectrum of life; and iii) a set of
phenomena manifesting the witnessable form, and unpredictability of expression, of the
struggle for surviva1. The capacities and activities ascribed to phagocytes were, for the
most part, observationally available - though not in a theoretically 'innocent' sense, but
from a zoological and Darwinian vantage.

The agency ofphagocytes came into sharper focus with the two features of"sensibility"
and "motility," underlying the autonomy of phagocytes - their representation as indepen
dent centers of activity. Locomotion and sensibility were interconnected in Metchnikoff's
portrayals, for movement toward or away from pathogens originated in phagocytes' discrim
inatory abilities. Since locomotion was viewed as stemming from a discriminating
response to the environment, it was linguistically captured as "action." In a typical
example of rendering phagocytic function through action terminology, Metchnikoff
wrote: "in too many cases the phagocytes 'flee' before the enemy or 'destroy' the cells of
the body to which they belong" [7, p. 194, emphasis added]. Motion delivered as action
fleeing, destroying, seeking, or attacking - expressed a pecul iar way of seeing phagocytes
move, strikingly different from passive movement in fluid mediums. Moreover, motion
delivered as action was a very different conception from the mechanistic inexorability of
chemical interactions.

In addition to organismal origins and perceptually-guided motility, the "protean nature"
ofthe phagocyte played into its understanding as agent. Phagocytes' spontaneity ofaction,

13. Followmg Donald DaVIdson [28], we regard an "'agent" as an actor that is the cause of its own actions. An agent
brings about changes in the world as a matter of endogenously generated and directed behavlOrs.
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coupled with their struggle with pathogens, preempted the full-proof predictability of
immune response, either in terms of perfect adaptation or pure chemistry. Metchnikoff
described such unpredictable phagocytic behavior as meaningful within the framework of
phagocytosis theory. Phagocytic behaviors that were unpredictable, yet once observed
understandable, we refer to as "protean." Protean behaviors - both variable and coherent,
unexpected yet consistent-contributed significantly to the image of the phagocyte as
agent. Two types of observation reported by Metchnikoff exemplified the protean face of
phagocytes: negative chemiotaxis and phagocytic attacks on non-pathogenic cells of the
organism.

Metchnikoffarticulated a novel understanding of immunity with his view ofphagocytic
response as active and protective against pathogens. On the heels ofthis new understand
ing, he came across an odd observation: sometimes phagocytes abrogate their prophy
lactic duties, moving away from virulent microbes rather than destroying them. Since
phagocytes have been selected for their prophylactic functions, biologists would not
predict that phagocytes would "move away" from pathogens; yet given their perceptual
and locomotor capacities, and their quasi-autonomous engagement in inter-cellular
struggle, the avoidance became understandable as phagocytes acting in a "self-serving"
fashion. In negative chemotaxis, phagocytes did not exhibit their functional role, but
reverted to a primordial, organismal modality. Metchnikoffthus did not interpret negative
chemotaxis as abenant, nor explained it away in an ad hoc fashion, but integrated it into
the very fabric ofhis theory. He saw it as a natural corollary of phagocytes' organismal
origins and their autonomous involvement in conflict; and it demonstrated the existence
and importance ofphagocyte sensibility.] 4 His reasoning in integrating phagocytes' occa
sional avoidance of microbes into his theory - when the latter rested on the significance
oftheir destroying microbes - was circular, though not viciously so.

Indeed, Metchnikoffharmonized negative chemotaxis with his very definition of immu
nity. He did not regard immunity as definitionally bound to specific function, but identi
fied it in the global and abstract telms of an active, protective response. Hence, while the
prototypic expression of immune action in multicellular organisms was phagocytic
"attack" against pathogens and their products, this expression need not be incorporated
into the definition of immunity: active "retreat" from pathogens was also protective - of
the phagocytic cells themselves- and hence an immune act. For Metchnikoff the core of
immunity was about resistance, manifest through attack and sometimes through retreat. In
unicellular organisms, immunity was effected through the avoidance of threatening
circumstances, viz., immunity was precisely achieved through negative chemotaxis [6,
p. 31,32]. Analogously, phagocytes' retreat from virulent microbes - for example, their
avoidance of cholera vibrios in non-immunized animais - was a cellular act of immunity,
even while it resulted in the animal's infection and possible death.

So one expression of the protean nature of phagocytes was their occasional avoidance
of pathogens and their products. Another was the neal' obverse: phagocytic attack on

14. On the basls of thls phenomenon. Metchmkoffs critics attempted to undenmne the Immune functlon of phago
cytosls If phagocytes are the effectors of Immumty. should they not destroy pathogens rather than avold them?
Metchnikoff \', as undeterred by thls cntlque. and concluded trom "negatlve chemotaxls" that "we must look upon the
'sensibllity' of leucocytes as the most Important factor in intlammatory disea5es" ([7]. emphasls added).
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nonnal cells of the organism's body. Metchnikoff described a striking example of phago
cytes turning against other phagocytes. In one experiment, the red blood corpuscles of a
goose were injected into the body of a snail for the purpose of observing the snail's
immune response. The phagocytic cells ofthe snail responded by engulfing and eventually
digesting the blood cells. Metchnikoff observed that "the next day red blood corpuscles
are still to be found intact in the blood plasma, but the great majority have been devoured
by the leucocytes" [6, p.7ü]; on his theory, this protective response was not surprising.
However what also occurred, unpredictably, was certain phagocytes engulfing "other
phagocytes" that have already ingested goose blood cells [ibid.]. While unexpected, this
phagocytic action was entirely meaningful on Metchnikoff's understanding of immunity
as the active response of cells locked in struggle with hannful micro-organisms.

The same principles that accounted for the role of phagocytes as the body's gendarme,
also accounted for their protean behaviors ~ avoidance of pathogens or attack on normal
cells. With the essential characteristics of phagocytes as near-autonomous organisms that
redeployed their primitive nutritional functions for protection, Metchnikoffcould compre
hend the entire gamut of phagocytic action - from their nonnal prophylactic response to
their self-serving behaviors or misplaced attacks. From the cellular perspective, therefore,
what would soon be called "autoimmune" phenomena - the immune system turning
against elements of its own organism - would be expected to arise. Here Metchnikoff
diverged from Ehrlich, who introduced the expression "horror autoxicus" for antibodies
turning against nonnal cells, and emphasized the improbability ofthis occurring [Il]. Yet
on Metchnikoff's conceptualization of the phagocyte as agent, the possibility of "horror
autoxicus" could be anticipated.

The facets of organismal origins, autonomous motility, and protean nature represented
phagocytes as agents. Agency emerged through both expected and surprising observa
tions, and was constituted through a language of action and interaction. This language of
(inter)action was rich, for the interconnection between various action terms afforded an
expansion of predication. The movement of phagocytes was variously described, for
example, as "traveling," "migrating," and "seeking"; leucocytes were said to "escape"
from vessels "in order to arrive at" or "endeavoring to arrive at" infected sites. Engulfing
pathogenic entities became a "phagocytic duty," and was also described as an act of
"seizing" and "eagerly" or "greedily devouring"; phagocytes were said to "gorge them
selves" with bacteria and "devour them alive." Upon "killing" invading parasites, the
phagocytes were "the masters of the day." This colorful use of language enhanced the
picture of agency, yet in itself was insufficient to constitute phagocytes as agents: the
credible application of such vocabulary required that it be built upon a more fundamental
fonn ofaction - discriminating, directed movement - which was observationally and theo
retically grounded. Because it was well-grounded, Metchnikoff's evocative use of
language was almost unobtrusive. It served to animate his writing, but also strengthened
the picture of phagocytic agency advanced.

The language of action is the key that unlocks the door to intentionality. Action is
oriented in a discriminating, meaningful fashion. With this orientation of action in the
background, attributions of intention work to describe visible scenery, rather than to
ascribe mental, internai life. Metchnikoff revealed the phenomenological connection
between "observing action" and "witnessing intention" at the level of micro-organismal
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life. In the passage below, for example, the "visible connection" between action and inten
tion is evident.

Anyone who will watch the maneuvers of Amoebae or of celtain Injitsoria in the
midst of a rich microscopie flora and fauna, will at once be struck by the preferences
which these Protozoa exhibit in their choice offood. Amoebae are often seen making
search for Diatoms only, disdaining ail other Algae, or again they may single out one
species of Pa{me!1aceae from a velY varied tlora. The Inji/.wria also have likes and
dislikes in the matter of food. Many of the ciliated b1filsoria choose Bacteria to the
exclusion of evelything else; others, as Nassl/{a, have a special partiality for the
Osci!1ariae. A most striking example of this is afforded in Amphileptlts claparedie,
a voracious ciliate, which chooses Vorticellae to the exclusion of ail other animal
cules; these it devours, and then becomes transfon11ed into a cyst upon the peduncle
ofthe Vortice!1ae it has devoured ... [AJlmost ail the ciliated b1filsoria, on becoming
aware of the proximity ofdead bodies ofkindred organisms, rapidly draw away, thus
manifesting a very marked negative chemiotaxis. This property must. it is evident,
protect them from any contamination by the parasites contained in the bodies ofb(fit
soria that have succumbed to infective diseases [6, p. 18, 19].

For Metchnikoff observations of the behavior of microorganisms - in terms of prefer
ring, disdaining, or searching - were available for corroboration to "anyone who will
watch." The attribution of intentionality to microorganisms was thus rooted in phenom
enological thinking. Predicates of action and intention were seamlessly connected. their
simultaneous articulation founded on observation. "Preferences" among protozoa were
rooted in differential behaviors toward objects in their environment. Against the
background of"making a search," attitudes of "disdaining" or "singling ouf' were seen in
the behaviors of Amoebae. Concepts like "searching" and "choosing" - attributed to the
ciliated Infusoria - entangled both behavior and intention in single words. And the action
of "rapidly drawing away" anchored the almost casual description of Infllsoria as
"becoming aware." Metchnikoff's language of action thus entrained intentionality at an
observational level. The intentional idiom in immunology was inaugurated through
Metchnikoff's reasoning about phenomena of cellular behavior. The organismal portrayal
of phagocytic cells was the basis of his introduction of intentionality into immune
tùnction.

The inclusion of the language of intentionality was a bona fide move - rather than met
aphorical or evocative - as Metchnikoff deliberately created an interpenetrability between
technical terms and their ordinary language explications. He wrote of the "sensitiveness
[of phagocytic cells] as a 'chemiotaxis', that is to say a 'perception' of the chemical
composition of the surrounding medium" [6, p.167, emphasis added]. "Sensitive chemio
taxis" was thus defined as equivalent with movement based on "perception." Eisewhere.
Metchnikotfwrote that "phagocytes possess a 'kind oftaste or chemiotaxis' which enables
them to distinguish the chemical composition of substances ([6, p. 79, emphasis added].
His semantic maneuvers incorporated intentionality by mixing technical terminology with
ordinary language descriptions. "A kind of taste" and "chemotaxis" are presented as equiv
aIent, even though "taste" is a sensuous experience of a sentient agent, and "chemotaxis"
is a technical tenu describing movement guided by chemical stimulation. Metchnikoff's
equalization canceled out the potentially reductionist implications of the term chemotaxis.
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The confluence between ordinary language depiction and technical terms affirmed both
the appropriateness of a vernacular grasp of phagocytic sensibility and the right of a tech
nical-scientific tenninology to encompass it. This "mixed semantics" was entirely typical
ofMetchnikofl's writing, and it allowed him to accomplish two tasks: to clarify the nature
of cellular phenomena by elucidating them in the vernacular; and to express his understand
ing of evolution, by affirming the universality of sentience, its continuity from cellular
through organismal levels. This latter point became especially relevant in his response to
the charge of 'vitalism' leveled against him by the humoralists.

Philosophieal divergence

At the core of immunity, Metchnikoff identified struggle which he often portrayed as a
visible affair: for example, he depicted ingested microbes "struggling" inside the proto
plasm of phagocytic cells, and he even described microorganisms as "being eaten alive"
by phagocytes. 15 Metchnikoff's imagery was charged with vitality, incarnate interaction,
purposive aggression, and life and death confrontation. Humoralists charged that Metch
nikoff's representation of phagocytes was vitalistic and teleological. The theme of
"agency" was thus implicitly invoked, with a philosophical dimension in the exchanges
between cellularists and humoralists concerning "vitalism" and "teleology."

Metchnikoff did not espouse a vitalist philosophy,16 and objected to the charge. For
example, he cited one of his critics who maintained that "the phagocyte theory presup
poses extraordinary powers on the part of the protoplasm ofJeucocytes, to which are attrib
uted sensations, thoughts and actions, in fact a kind of psychical activity" [7, p. 192].
Metchnikoff's rejoinder to this criticism was bold. Rather than being conciliatory, and
denying that he attributed "sensations, thoughts and actions" to phagocytes, Metchnikoff
countered that the rejection ofpsychical activity at the unicellular level was not a scientific
claim, but founded on an a priori presentiment. He opposed his critics with an evolutionary
defense of the view they rejected as "too vitalistic":

[W]hether (phagocytes) possess powers of thought and volition, as this author
accuses me of assuming, is quite beside the question, though we are justified in
considering that they possess a germ of these qualities and that their sensibility, like
that of various vegetable and animal unicellular organisms represents the lowest
stage in the long series of phenomena which culminate in the psychical activities of
man [ibid].

The identification of "sensibility" as a form of sentient proto-experience, supported
through a fungibility oftechnical and vernacular terms in Metchnikoff's work, was theo
retically validated here from an evolutionary perspective.

15. For example, in experiments mvolvmg the injection of spermatozoa ofdifferent mammal species mto the peritone
al cavity of gumea-plgs, Metchnikoff remarked that "the macrophage selzes the spermatozoa which sometlmes, by the
active movements ofthelr flagella, exhibit a great vitality" [6]; elsewhere he stated that "bacteria. living in the blood
plasma, become the prey of phagocytes which render them mot1ènsive and kill them" [6].
16. Yet Metchmkotl was profoundly mfluenced by Virchow who regarded himself as a 'cellular vitalis!'; Metchmkotl
took the concept of 'irritabllity' from Virchow. He declared that Virchow was one of the three most mfluential thm
kers on hls work (the others being Darwm and Pasteur). Thus it may be said that through Virchow, Metchnikoffwas
exposed to and influenced by a vitalist traditIOn m physiology and cellular biology. lt is also important to remember,
however, that 'vitalism' did not mean one thmg, and certain forrns of vitalist thinkmg were compatible with matenal
ism (for example, Virchow's vitalism). See [11. 29,].
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Metchnikoff refused to preclude the existence of "psychical powers" at a cellular level,
on no evidence other than an a priori judgement. He countered this standpoint with an
encompassing appreciation of evolutionary continuity. ln a masterful move, he reversed
the charge of vitalism, arguing that "psychical acts" became vitalist when they are
assumed to make an ex nihilo appearance: "the accusation ofvitalism and animism, which
is unjustly cast at the phagocyte theory, might really be more appropriately applied to my
opponents, who maintain that the psychical acts of the higher animaIs are fundamentally
different in their nature from the more simple phenomena peculiar to the lower organisms"
[7].

Metchnikoff redirected the charge of vitalism back at his opponents by exposing their
tacit belief in the sudden emergence of "psychical acts" in the higher animaIs. He
suggested that evolutionary thinking invited a monistic understanding of capacities across
the gamut of organisms - including different forms and degrees of psychical qualities.

Metchnikoff also used the evolutionary theory to counter the charge of "teleology," He
invoked natural selection to account for the purposive nature ofphagocytic action, arguing
that organisms that evolved protective "phagocytosis" were better equipped to survive
than those which did not. But phagocytosis, he reasoned, was not teleological, for it was
not the "final" product of perfect design or adaptation. Evolution was an on-going and
imperfect process, signifying that "the inf1ammatory reaction is not yet perfectly adapted
to its object" [7]. To drive this point home he reconsidered the avoidance behavior of
phagocytic cells: "it is because the defense by the phagocytes is developed according to
the law ofnatural selection and is not a designed adaptation to a particular end, that cases
naturally occur where the phagocytes do not fulfil their functions, a neglect followed by
the most serious danger to or death of the organism [7, p. 194].

Metchnikoff stressed organisms' ceaseless struggle for life, a struggle carried out with
imperfect means. The counter-adaptiveness of negative chemotaxis thus revealed that
immune function was far from guaranteed, and indicated that his theory of phagocytosis
was not teleological.

By interpreting phagocytic avoidance behavior as an "imperfection in the curative
forces of nature," he distinguished clearly between life processes as products of natural
selection versus design. Metchnikoff drew a conceptual distinction that would resurface in
evolutionary thinking, in the differentiation between the teleology implicated in evolution
ary adaptation and the teleology of natural-theological views as immanent purpose
evidencing deliberate design [30]. Humoralists did not draw this distinction. Evolutionary
arguments of adaptation were strikingly absent from Ehrlich 's immunochemistry, sugges
ting that in his rejection ofteleology he did not distinguish between "teleological" phenom
ena conceived as consequences of natural selection versus purposeful design.

For humoralists, the interactions between elements in the environment of the body 
cellular, molecular, or atomic - were chemical: passive and inexorable and, thus, predic
table and quantifiable. Understanding biological phenomena as chemical was premised on
a negation of agency. Humoralists were deliberate in their opposition to teleology and vital
ism, which they regarded as outmoded ways ofthinking. Ehrlich 's desire to eschew teleol
ogical reasoning paIily drove his formulation of the side-chain theory of antibody. He
sought to preempt the idea that antibodies were pre-fashioned for protection, or ejected
into the body's humors for prophylactic purposes. To abrogate "purpose" from immune

136
SINiiUL"R SELVES

HISTORICAL ISSUES AND CONTEMPOR"RY DEll"TES IN 1~IML1NOLOGY



The phagocyte, the antlbody, and agency

function, he postulated that side-chains must be receptors that, ordinarily, had a physiolog
ical role "other" than conferring immunity; he postulated that side-chains fulfil the cell 's
nutritive needs. He then reasoned that when the receptors, still attached to the cells,
become bound by toxin, the nutritive function was blocked and the cell overcompensated
by producing a plethora of chains, which eventually were automatically ejected into the
fluids as "antibodies." The free-floating antibodies, "as a purely serendipitous conse
quence of chemical affinity," bound the toxin circulating in the fluids, thereby serving a
protective function for the organism.

The design of Ehrlich's theory speaks to his commitrnent to extirpate all traces ofteleol
ogy from his thinking. The antibodies that neutralized toxin, thereby averting its catastroph
ic effects, must be either formed in response to the toxin or already performed. Ehrlich
opted for the second alternative, for he rejected the metaphysical implications of the
former:

[T]o attribute what could be called inventive activity to the body or to its cells,
enabling them to produce new groups of atoms as required, would involve a retum
to the concepts CUITent in the days of (an obsolete) natural philosophy. Our
knowledge ofcell function and especially of synthetic processes wouId lead us rather
to assume that in the formation of antibodies, we are dealing with the enhancement
of a normal cell function, and not with the creation at need of new groups of atoms.
Physiological analogues of the group of the specifically combining antibodies must
exist beforehand in the organism or in its cells [25, p. 114].

Side-chains were both antibodies (when free-floating) and the receptive anchors oftoxin
as components of the cell. They were thus inadvertently curative in one context and patho
genic in another. In making the relationship between antibody and pathogen thoroughly
fortuitous and chemical, Ehrlich eschewed the slightest hint of purposiveness from his
side-chain theory.

Conclusion

What entities exhibit "agency" was an animating, contentious theme in the debate between
cellularists and humoralists, a theme barely beneath the surface of how the phenomena
were witnessed and what conceptual frameworks were chosen to deliver them. Through a
language of (inter)action, on the basis of its organismal nature, autonomy, and protean
behaviors, Metchnikoffportrayed phagocytes as agents. The picture ofagency allowed for
the introduction of an intentional idiom which, in turn, amplified this view. Humoralists
objected to what they regarded as a vitalist and teleological conception, to which they
counterposed chemical depiction. The language of chemistry was well-suited to the "invis
ibility" of antibody-mediated immune phenomena they focused on; however, this
language also served as a weapon against what they saw as a metaphysical conceptualiza
tion of celliife. Metchnikoff, while not a vitalist, defended the priority of cellular action
in immunity, placing chemical phenomena in a secondary position as products by means
ofwhich cells fulfilled defensive functions.

In their discussions, then, the participants of this debate openly addressed what they
themselves considered "metascientific themes": specifically, whether there is immanent
purpose in life processes and whether cellular life could be sentient life. These themes
were extremely significant, for even though they were not resolvable within frameworks
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of scientific practice they were integral to, and formative of, scientific conceptions. With
the themes ofvitalism and teleology - implicitly and overtly invoked - two schools of the
immunological community essentially engaged in a philosophical exchange: they argued
about what sorts of entities, actions, and images are real and what are not. This debate
illustrates that scientists do not "naively experience the natural world. ,,17 The mixed
discourse ofthese immunologists, the continuities between their philosophical and scien
tific reasoning, reveal that they were not naïve realists, but willing to recognize and engage
the significance oftheir metascientific thinking.

ln closing, we return to our opening claim that it would be not accurate to assess the
outcome of the debate between cellularists and humoralists in terms of "winners" and
·'losers." Tt is true that Metchnikoff's cellular school was eclipsed for a number of decades
as a research tradition, but his "conceptual representations" of immune phenomena were
quietly assimilated into the science. ln particular, the ideas ofdefense, resistance, and their
affiliates swiftly became "dead metaphors" in immunology [33]. With their origins in a
picture of agency forgotten, these pervasively used conceptions go unnoticed in their
effects ofmodelling intra-organismal events as intentional acts of aggression and defense.
Despite the scientific community's enthralment with humoral immunity (or serology)
until the 1950s, Metchnikoff's reasoning left an indelible conceptual mark on the constitu
tion of immunity. His constitution of immunity in tenns of intentionality and wartàre
became deeply rooted within the science of immunology despite the apparent "defeat" of
his cellular school.
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From blood fractions to antibody structure:
gamma globulin research growing out
of World War II
Angela N.H. Creager

Arthur Silverstein has offered a sweeping periodization for twentieth-century immunol
ogy that commences with the Age of Bacteriology (1900-1920). followed by the Age of
Immunochemistry (1920-1950), and culminates in a still-dominant Age of Immunobiol
ogy. which emerged in the late 1950s and is epitomized by the ClonaI Selection Theory
[1, p. 114]. Other prominent scholars ofimmunology have emphasized different scientific
transitions (such as the emergence of notions of immune self or immune system) and
controversies (e.g.. between proponents of cellular and humoral immunity). but there has
been a general historiographical commitment to concepts and metaphors as motivating
scientific change in the field [2-9( Since the beginning of the twentieth century,
however, immunology has also included the development of therapeutics, serums,
vaccines, and chemotherapies. My essay will explore the raIe of research materials and
therapeutic needs in shaping scientific developments. Immunology will be viewed here in
terms of its therapeutic interventions as much as its biological theories.

My case focuses on an aspect of Silverstein's Age of Immunochemistry, which was
marked not only by instructionist theories of antibody formation, but also by the mass
production of antibodies as gamma globulin from human plasma. Spurred by the medical
needs of World War n, gamma globulins were developed to prevent or treat a variety of
diseases, including measles, hepatitis, and poliomyelitis. By the 1950s, gamma globulin
research began to shape fundamental conceptions of antibodies and their diversity in the
blood. Thus, one can see through the story of gamma globulins the way that products from
the Age of Immunochemistry bled into the Age of Immunobiology, giving rise to new
questions and approaches in immunology.

Gamma globulin from blood protein research to military medicine

Gamma globulin as a scientific entity came into being through the physico-chemical
characterization ofblood proteins in the laboratory of Swedish colloidal chemist Theodor
Svedberg. When Ame Tiselius developed his electrophoresis apparatus there in the 1930s

1. ExpenmentatlOn has also received attention by histonans of immunology, as seen III the recent books by Podolsky
and Tauber [8], Cambrosio and Keat1l1g [59], and several contnbutions to "Immunology as a hlstoncal object" [62].
Nonetheless. the more panoraLTIlC accounts of Lmmunology have been orgamzed around conceptual developments.
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Figure 1. Electrophoresis of horse serum into its protein constituents. (Tiselius A. Electrophoretic analysis
and the constitution of native fluids. Harvey Lectures 1939-40; 35: 37-70,49.) Copyright © 1940 Science Press
Priting Company. Reprinted by permission of Wiley-Liss Inc., a subsidiary of John Wiley & Sons, Jnc.

[10, Il], his model demonstration was the separation of horse blood serum into several
discrete protein components: albumin and a, p, y, and Ô globulins [12,13] (seefigure 1).
Subsequently, Tiselius and Elvin Kabat demonstrated that the y (gamma) globulin in
rabbit serum contained antibodies (in this case, those raised against egg albumin) [14].

The identification of antibodies with this particular protein fraction in blood - gamma
globulin - not only reinforced humoralist explanations of immunity, but opened up anti
body research to a range of physico-chemical tools beyond electrophoresis2

. Studies of
gamma globulin in the analytical ultracentrifuge allowed researchers to assign a molecular
weight of 157,000 and a Svedberg sedimentation constant ons to the entity [14; 15, p. 2];
however, not ail gamma globulin preparations appeared to be composed of homogeneous
macromolecules of this size and shape. Horses immunized against pneumococci, a
common source of serum for laboratory study, produced a much larger antibody species,
ofmolecular weight near 1 million. Moreover, only 90% of the particles in human gamma
globulin exhibited the 7S sedimentation constant. Thus, it was unclear how many species
of antibodies comprised the electrophoretic fraction called gamma globulin [16].

The diversity of antibodies, not only in terms of size but, more importantly, in terms of
binding specificity, seemed to set them apart from other purifiable proteins, such as hemo
globin and ovalbumin. This difference was especially evident by the end of the 1930s, once
even large proteins were thought to be simply linear sequences of amino acids joined by

2. On humoral versus cellular theories of immunity, see Silverstein [1 J, chapter 3 and Podolsky and Tauber [8].
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peptide linkages [17; 18, p. 87-179; 19, p. 104-20]. The question ofhow such large
proteins were formed intracellularly remained the subject of much speculation. Because
antibodies with very similar amino acid composition could possess velY different specif
icities, instructionist theories ofantibody formation - that antigens (not antibodies) carried
the information for immunological specificity - were favored. According to Linus
Pauling's 1940 theory of antibody formation, ail antibodies shared the same composition
(being serum globulins) but differed in the structural configuration of the antigen-binding
site. The antigen itse1f, once it came into contact with a nascent antibody polypeptide,
served as the molecular template for the folding ofthe antibody polypeptide into a specifie
antigen-binding structure. This configuration was subsequently maintained by interatomic
(especially hydrogen) bonds [20,21, 22f Such instructionist explanations for antibody
formation continued to be elaborated (e.g., by Macfarlane Burnet [23]), even in the absence
of compelling empirical evidence.

World War II provided an unexpected impetus towards putting the field ofblood protein
research on a finner biochemical footing. A request from the U.S. Navy in 1940 for assis
tance from Harvard protein chemist Edwin Cohn in developing a transfusion material
from bovine blood motivated Cohn 's laboratory to develop a method for separating blood
plasma, from humans or cows, into various fractions. By World War II, physiological
shock was attributed to a loss in blood volume. Serum albumin was known to be the
component of plasma that maintains blood volume, so this protein was targeted for puri
fication as a transfusion material. Cohn 's method separated plasma into five fractions on
the basis of solubility in ethanol/water mixtures at low temperature. (Cohn's fractions are
schematically illustrated infigure 2). Fraction V contained highly purified serum albumin.
Clinical testing revealed that bovine serum albumin caused adverse reactions, but human
serum albumin was found to be an efTective transfusion material to prevent shock. From
1942, human serum albumin was mass-produced using Cohn's method by seven pharma
ceutical houses. This purified protein, like dried human plasma, was widely transfused
into wounded U.S. soldiers during the war [24-27].

Cohn's fractionation method also attracted the attention ofphysicians interested in the
medical use ofblood beyond transfusion. Elliott Robinson, head of the Red Cross, as weil
as Joseph Stokes, a professor of pediatries at the University ofPennsylvania, suggested to
Cohn that the by-product "globulin" fraction might also be mass-produced and used for
the "control of measles and other infectious diseases" [24, p. 412]. Late in 1941 and
through early 1942, Cohn 's laboratory developed a method to fwiher purify the antibodies
from the combined Fractions II and III. As with serum albumin, Cohn's preparation of
gamma globulin was soon put to the test as a new therapeutic product.

ln testing the effectiveness of his gamma globulin preparations in disease protection,
Cohn collaborated extensively with two clinicians: Stokes, whose research affiliation was
with the Children 's Hospital of Philadelphia, and Charles Janeway, a pediatrician at
Harvard Medical School and Children's Hospital in Boston. The project drew on the long
standing use of serum in treating infectious disease (see [9]). ln 1935, Stokes worked with
colleagues at Penn to develop a method for storing human serum in a Iyophilized (freeze-

3. For more on the hlstory oftheone, ofantlbody fonnatlon, see Silverstem [Il chapter 4.
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Figure 2. Edwin Cohn 's diagram depicting the separation of the various components of plasma into its
major fractions, indicating their natural functions and clinical uses. (Cohn El. The history of plasma frac
tionation. In: Andrus EC, Ed. Advances in military medicine, vol. 1. Boston: Little, Brown and Company;
1948. p. 364-443, 391.)

dried) form [28], and he also helped found the Philadelphia Serum Exchange at Children's
Hospital, which used this new technical advance in their handling of sera. Serum centers
were increasingly common in the United States during the 1930s (they had been estab
lished in Paris and Stockholm earlier), with early institutions being located in Chicago,
Detroit, Providence, and Milwaukee4

. The Philadelphia Serum Exchange produced hyper
immune sera against Pneumoeoeeus baeil/us and Staphyloeoeeus aureus, and distributed

4. 'The Philadelphia Serum Exchange," Stokes papers, American Philosophlcal Society Library, ManusCflpts Divi
sion (hereafter APS). B: St65p, folder Lyophile Serum #2 (1935).
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pooled normal human serum as well as convalescent serum for use against measles,
mumps, scarlet fever, impetigo, chicken pox, and poliomyelitis5

. By 1937, the Philadel
phia Serum Exchange had entered into an agreement with Sharp & Dohme for the mass
production of these lyophilized sera6

. Stokes' interest in passive immunization extended
beyond sera: in the early 1930s he tested whether adult whole blood transfusion (from
parents) was an effective means of immunizing children against poliomyelitis [29]. His
research projects were characteristic of a general mood of medical optimism about the
power of immunotherapy, passive serotherapy, as weil as vaccination [9, p. 480].

By the time Stokes became involved with Colm's plasma fractionation project, he was
serving as the Director ofthe Army Epidemiological Board's Commission on Measles and
Mumps. Testing of Cohn 's Fraction II + III for immunizing potency soon became part of
the commission's war work [30]. The researchers associated with the commission focused
on three !ines of investigation. On the laboratory side, John Enders assayed the fractions for
antibodies to known diseases (particularly viral diseases) to determine the immunologie
properties. Second, Stokes and collaborating pediatricians did a field study in Philadelphia
of the potency of gamma globulin in immunizing children against measles7

. Their study
incIuded 450 children intimately exposed to measles in families or institutions. Because the
measles epidemic of February and March 1943 was so severe, Stokes noted that "families
would not permit the division of susceptible exposed children into injected and control
groups.',g Nonetheless, their trials indicated the efficacy of gamma globulin, not only in
preventing measles but also in altering the course of the disease to produce a more mild
case. Similar field studies on a smaller scale were carried out by Enders and Janeway in
Boston9

. A third line of inquiry concerned the "local and general reactions in human
subjects in comparison with the reactions caused by other preparations of human immune
bodies."lo Cohn's gamma globulin was found to cause less severe reactions than immune
bodies isolated from placenta and to be more potent than pooled adult of convalescent
serum. Gamma globu!in was further tested by the commission as a means of passively
immunizing against mumps, but the results were not as promising as those for measles II.

By the fall of 1942, epidemic hepatitis stood out among other infectious diseases as a
serious military medical problem. In addition to the increased incidence of epidemics of

5. "Clinical Applications of the LyophIle Process." Stokes papers. APS B: St65p, folder Lyophile Serum #1 (1935).
6. See documents In Stokes papers. APS B: St65p, folder LyophIle Serum: Sharp & Dohme.
7. ThiS study bUilt on Stokes' work in 1941 wlth the PhiladelphIa Serum Exchange on use of pooled normal adult
serum (lyophilized) in passive ImmUlllzatlOn against measles; they showed it to be "more uniformly successful In the
prevention or attenuation of measles than placental globulin." Stokes to Stuart P. Mudd, Oct 7, 1941, Stokes papers,
APS B: St65p, folder Mudd. Stualt P. #1.
8. Joseph Stokes, Jr., "Report ofthe COnUTIISSlOn on Measles and Mumps. Board for the Investigation and Control of
Intluenza and Other Epidemic Diseases, United States Army, July 1. 1942 to Apnl 20, 1943," Stokes papers, APS B:
St65p. folder CommIssion on Measles and Mumps # 18. p. 2.
9. Joseph Stokes, Jr.. "RepOlt of the Commission on Measles and Mumps, Epldemiological Board. U.S. AnllY.
April 20. 1944 to April 1. 1945:' Stokes papers. APS B: St65p, folder Army EpldemlOloglcal Board # 13. Janeway
also helped coordinate field studles with physlclans In other dlfferent regions of the United States.
10. Joseph Stokes, .Ir.. "Report ofthe CommiSSion on Measles and Mumps, Board for the Invesligation and Control of
Influenza and Other Epidemic Diseases, Ulllted States Army, July 1. 1942 to Apnl 20, 1943," Stokes papers, APS B:
St65p. folder CommissIOn on Measles and Mumps # 18. p. 1.
Il. Ibid.. p. 9. The commission also Invesligated active immunizatlOn against measles with a vaccine developed by
Squibb. but many of the vaccInated children contracted measles (p. 6).
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jaundice associated with the war, hepatitis was increasingly associated with transfusions
of whole blood and plasma [31] 12. Consequently, Stokes sought to test the clinical effec
tiveness of gamma globulin against hepatitis. Over the course of the war, medical resear
chers differentiated the viral agents of homologous serum hepatitis (now called
hepatitis B) from infectious hepatitis (hepatitis A) on the basis that immunity to one did
not give immunity to the other. Clinical trials carried out in 1945 by Stokes and John Neefe
(on children in summer camps and on soldiers in the Mediterranean Theater ofOperations)
demonstrated the protective effects ofgamma globulin against infectious hepatitis [32; see
also 33]. Moreover, their studies showed that under the epidemic conditions prevalent in
military service "active immunity was superimposed upon a waning passive immunity
following a single injection of gamma globulin," such that a single dose of gamma
globulin, presumably followed by mild infection, induced "a solid immunity.,,13 Signif
icantly, unlike other blood products, gamma globulin was never found to cause homol
ogous serum hepatitis. In fact, based on sorne studies suggesting that gamma globulin
protected against serum hepatitis as weIl, many clinicians feh that gamma globulin should
be administered to aIl patients receiving transfusions to prevent the possibility of serum
hepatitis 14. A human blood product itself, it served to protect patients against the dangers
ofthese new therapeutic agents, pooled from increasingly larger groups of(possibly infec
tious) donors.

Gamma globulin therapy in the postwar years

Gamma globulin continued to be prepared industrially in the postwar period, often from
surplus or outdated plasma collected during the war effort, and was usually pooled from
between 3,000 to 4,000 donors15

. As even normal gamma globulin showed a 25-fold enrich
ment of antibodies over pooled normal human serum, small doses could be effective in
conferring immunity for particular diseases. Donors were also solicited for the preparation
of special hyperimmune globulin, in which the concentration of antibodies against a partic
ular pathogen was greatly enhanced. Building on earlier use ofconvalescent serum, Stokes
developed a hyperimmune pertussis globulin from selected and paid donors who were
bled regularly and whose antibody levels were maintained by repeated injections of
antigen 16. The customized nature ofthis therapeutic did not prevent its industrial produc
tion - Cutter Laboratories handled the packaging and distribution ofthis biologic product
in 1945.

12. By 1945 It was recognized that a severe outbreak ofjaundice in the Armed Forces in 1942 was actually attributable
to contaminated yellow fever vaCCIne which had been diluted with pooled human serum.
13. Stokes to Harry Weaver, Jan. 13, 1950, Stokes papers, APS B: St65p, folder National Foundation for Infantile
Paralysis #5.
14. "Requirements for Gamma Globulin," undated [-1962], Stokes papers, APS B: St65p, folder NRC-Plasma #5.
Other studies showed that gamma globulin did not offer protection against homologous serum hepatitis [63].
15. The poohng ofblood or plasma could combine from 500 to 20,000 donations. Charles Janeway, "Nature and Pro
perties of Human Serum Gamma Globulin:' March 21, 1963, prepared for National Research CounClI Subcommlttee
on Plasma's Report on Gamma Globulin, Stokes papers, APS B: St65p, folders National Research Council #6, #7
(continuation ofdraft report), p. 14-15.
16. "Report to the Commission on Plasma FractionatlOn and Related Processes from the Advisory Committee on Stan
dards for the Appraisal of Hyperimmune PertussIs Globulin," March 15, 1945, Stokes papers, APS B: St65p, folder
Arrny EpldemlOlogical Board #10 (1945).
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Developments in biomechanical blood separation equipment in Cohn's Harvard laborato
ry further stimulated Stokes' interest in developing individualized plasma-derived
products. Seeking ways to preserve the most labile components of blood in the early
1950s, Cohn developed a pOliable blood fractionation machine, which could be directly
connected to a donor's arm in order to separate the plasma components as the blood was
drawn [34]17. He patented his pOliable fractionation system and negotiated in 1951 with a
scientific instruments company to mass-produce his miniature blood fractionator l8

. Cohn
intended to oversee the production of a whole fleet ofthese machines, which were to be
used at blood donation centers, but died unexpectedly in 1953, as instrument manufacturer
Arthur D. Little prepared to make their first customized models.

Stokes acqllired one of the first five of Cohn's commercial miniature plasma fraction
ator machines. He and coworker Joseph Smolens were the first to use the apparatus for
plasmapheresis, j;he "removal of the donor's plasma while returning his red blood cells"
[35] (Seefigure 3). Showing that weekly plasmapheresis was safe for healthy individuals
and did not lead to a loss in antibody titer, Stokes and Smolens advocated use of the Cohn
portable fractionator for "separation of the gamma globulin alone, which we have termed
immllnophoresis.',19 In fact, plasmapheresis ofthe same donor in concert with immuniza
tion or hyperimmllnization could yield custom hyperimmune sera [36].

In 1953, Stokes and Smolens were particlllarly interested in obtaining hyperimmune
plasma from donors who had been inoculated with Jonas Salk's poliomyelitis vaccine20 .

Cohn's group at Harvard was once again eager to collaborate with Stokes and Smolens
to test the effectiveness of preparations from this hyperimmune plasma for passive
immunization against poli021 . In a 1954 grant application to the National Foundation for
Infantile Paralysis, Smolens and Stokes justified their proposaI on the basis "that immune
globulin will be needed to supplement the use ofvaccines, [it being] highly probable that
the two methods can be developed jointly for the production of more permanent immu
nity, in mllch the same manner as we have demonstrated in man in epidemic hepatitis.'.:22
Stokes, however, was to be disappointed; by 1955, his earlier success with gamma
globulin against hepatitis was viewed as a pOOl' model for poliomyelitis, and Jonas Salk

17. Cohn recelved tùnding trom the National Institutes of Health for this project and 111 1951 opened a new laboratory. the
Blood CharactenzatlOn and Preservation Laboratory at the Harvard-assocIated Bussey InstitutIOn of Apphed Bi 01 ogy.
ln this way be addre"sed the recogmzed supenonty of 'W bole blood mer blood denvatives for transfusion. Arglling
tbat the on]y "vay to guard agamst the next national emergency would be to find a \Vay to stockpile blood. hls re"earch
program was to lI1vestlgate bo\\' to preserve the "formed elements" of blood, red blood cells. wbite blood ceIls. and
p]atelets [34].
18. EdwlIl 1. Cohn. "Imphcations of New Know]edge about Blood for TransfUSIon Services and for the Public
Health:' unpublished mss.. Colm papers, Rare Books Room. FranCIS Countway Library of Harvard Medical School.
folder Patent Matters 1952.
19. Stokes to Harry M. Weaver. Jan. 17. 1953, Stokes papers. APS B: St65p. toIder NatIOnal FOllndation tor Intànttle
Paralysis #9.
20. Stokes to T. Dlickett Jones. July 7, 1953, Stokes papers. APS B: St65p. folder NatIOnal FOllndation for InfantIle
Paralysis #8.
21. See Stokes to Kumm, July 24. 1953, Cohn to Stokes, 23 July 1953. and Stokes to KlImm, July 3L 1953. Stokes
papers, APS B: St65p, Plasmapberesls Granls #9.
22. Joseph Stokes, Jr. and Joseph Smolens. "AdaptatIon of Biomechamcal Equlpment for Immunopberesis," draft
mss .. Stokes papen,. APS B: St65p, Plasmapberesis Grants #2, p. 3.
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Figure 3. ADL Cohn fractionator in use. The apparatus is returning red blood cells to the donor on the left

while blood is withdrawn from the donor on the right. (Stokes J Jr, Smolens 1. Repeated plasmapheresis in the

same person - a rationale for modern bloodletting. Proc Am Phil Soc 1957; 101: 330-5,331.) Reproduced with

permission of the American Philosophical Society.

was too busy with his vaccine development to devote time to contribute toward their
studies. Interest in the use ofhyperimmune plasma then shifted to mumps and pertussis23

.

Developments in new immunization measures against poliomyelitis in fact served to
dampen medical hopes for gamma globulin generally. In the 1940s, David K.ramer,
Stokes, and other clinicians had urged the National Foundation for Infantile Paralysis to

23. Hyperimmune gamma globulins continued to be of medical interest for sorne diseases, such as measles, mumps,
rabies, tetanus, pertussis, malaria, vaccinia, and staphylococcal infections. See presentation title by Elvin Kabat.
National Research Council Symposium on Gamma Globulin, sponsored by the Subcommittee on Plasma, Oct. 26-27,
1962, preliminary program in Stokes papers, APS B: St65p, folder National Research Council-Plasma #3. Sorne of
these gamma globulins (for mumps, pertusls, and tetanus) \Vere still being made commercially available at that time.
Minutes, NRC Subcommittee on Plasma, Feb. 7, 1962, Stokes papers, APS B: St65p, folder NRC-Plasma #4, p. 5.
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follow up suggestive animal studies with gamma globulin to test its efficacy in humans to
protect against polio (and perhaps to aiso alter the course of the disease). During the war,
however, supplies of gamma globulin were limited, and the Red Cross was apparently
unwilling to make sufficient quantities available for a field trial [37, p. 472-5, esp. note
18]. Working on a smaIler scale, Stokes was able to administer gamma globulin to
hundreds of children in summer camps in 1947 and 1948, and subsequent rates of polio
observed were low. A less intentional field study of the efficacy of gamma globulin
occurred in Houston in the summer 1948, when medical practitioners were dispensing
gamma globulin to children in their care during an epidemic. Analysis ofpolio rates afte
rwards pointed to the protective effects of gamma globulin.

On the laboratory side, in 1949, David Bodian found that Red Cross gamma globulin
neutralized aIl three strains ofpoliomye1itis virus in approximately equal titer [38]. After
several round table conferences with virologists about "the wisdom ofpassive immuniza
tion" [37, p. 476]. and after much resistance, the National Foundation for Infantile Para
Iysis decided to support William Hammon 's field trials of gamma globulin as a protective
measure in polio epidemics. A 1951 pilot study in Provo, Utah, in which Hammons and
Stokes collaborated, showed the feasibility of a larger-scale field study [39]. Results from
the 5,767 children injected in Utah were suggestive, but not statistically significant. A field
trial was planned for 1952, involving 50,000 children in Texas, Iowa, and Nebraska (prin
cipally around Houston and Sioux City), and the results again showed a protective effect.
Children were injected with either gamma globulin or a placebo (gelatin), and six cases
occurred among those who received gamma globulin, whereas 38 cases occurred in recip
ients of gelatin [40,41]. A surge in demand for gamma globulin followed these results,
and in the summer of 1953 the Red Cross released large amounts of gamma globulin to
state public health agencies for distribution24

. A National Foundation 's "Report to Physi
cians" the following year emphasized that:

[G]amma globulin is the ollly proved weapon 1l01t' available to physicians for pro
phylaxis against paralytic poliomyelitis. The basic scientific evidence established in
1951 and 1952 field trials that gamma globulin can prevent paralytic polio has
recently been not only reatlirmed but strengthened, so that its usetùlness seems even
greater than we formerly believed15

.

However, coupled with the c1inician's advocacy was the epidemiologist's skepticism.
In the summer of 1953, an evaluation by the U.S. Public Health Service of large-scale use
of gamma globulin prophylaxis was disappointing. The "Report [by the CDC's] National
Advisory Committee for the Evaluation ofthe Efficacy of Gamma Globulin in the Prophy
laxis of Paralytic Poliomyelitis" led the Public Health Service to conclude that "the
preventive effect [ofgamma globulin] in community prophylaxis ... has not been demons
trated[, and] no modification of the severity of paralysis by gamma globulin was shown"
[42, p. 21].

24. See conespondence m Stokes papers, APS B.St65p, folder Gamma Globulin #6.
25. Kenneth Landauer, "Passive and Active Immunization Agamst Poliomyelitls: Cunent Status," Report to Physlclans.
Summer 1954 [NFIP publicatIOn], Stokes papers. APS B: St65p, folder National Foundatlon for Infantile Paralysis # 1.
p. 1.

148
SINGULAR ~EL\'E,

HISTORICAL ISSUES AND CONTEMPORARY DPBATES IN IM~IUNOLOGY



Gamma globulill research

But more saliently, by 1954, hopes had shifted to the Salk vaccine, which in fact
displaced gamma globulin as an immunizing agent, even as the successful demonstration
of the vaccine had profited trom the experience the National Foundation had gained in
field trials with gamma globulin. Nonetheless, sorne clinicians felt that gamma globulin
still had a role in vaccination. Worries about live virus which might be present in formal
ized polio preparations led Stokes to propose that gamma globulin be used in concert with
vaccine administration. ln fact, Stokes had collaborated with Hilary Koprowski early in
the 1950s on attenuated living poliomyelitis virus, which was administered to infants still
protected by their mother's antibodies or to older children injected simultaneously with
gamma globulin26

. Stokes was not the only medical researcher to envision such an immu
nization process; in his Herter lectures at Johns Hopkins Medical School in 1950, Macfar
lane Burnet stated, "1 feel confident that sooner or later it will become necessary to use
living virus vaccine given by mouth in infancy, perhaps under cover of gamma globulin
passive protection" [43, as quoted in 44, p. 441]. However, the efficacy of active immuni
zation vaccines alone brought the use of gamma globulin for poliomyelitis to a close.
Instead, the main immunization targets of gamma globulin became measles, hepatitis, and
tetanus27

. ln addition, gamma globulin became the key therapy for another childhood
disease: agammaglobulinemia - a pathological condition in which the patient's blood
lacks gamma globulin. The discovery of this condition in 1952, in children who expe
rienced a succession of serious bacterial infections [45], relied on specific medical devel
opments from World War Il: newly available antibiotics could be used to keep these chil
dren alive and their gamma' globulin levels were analyzed by the new biochemical
methods28. Regular treatment with gamma globulin largely protected these children
against otherwise recurrent infections [46]. In 1961, the National Research Council's
Subcommittee on Plasma gathered data on current gamma globulin usage and found that
about "one-third was being used for management of hypogammaglobulinemia [antibody
deficiency including agammaglobulinemia] and for research purposes and the remainder
for prophylaxis against measles and hepatitis.,,29 The development ofan effective measles
vaccine by John Enders promised to decrease even this level of demand for gamma
globulin. (It might be noted that the Enders measles vaccine was at first used in concert
with a gamma globulin injection to decrease reactions, but a further attenuated vaccine
made simultaneous administration of gamma globulin unnecessary.) At the same time,
new applications for gamma globulin, particularly through the development of prepara
tions suitable for intravenous administration in the 1970s and 1980s, increased demand
[47]. Still used to treat sorne infectious diseases (such as hepatitis A), gamma globulin is
increasingly administered to immunocompromised individuals (including those with

26. See Joseph Stokes, Jr., comments for DISCUSSIOn of Pohomyehtis Panel, June 7, 1955, A.M.A., AtlantiC City,
Stokes papers, APS B: St65p, folder Poliomyelitis 1955.
27. See package-clrcular draft for Lederle's Immune Serum Globulin (Human), Stokes papers, APS B: St65p, folder
Lederle Laboratones #5.
28. 1 am indebted to Craig StJilwell for infomlatlOn on thls pOint. Patients with agalnmaglobulinemla are particularly
susceptible to high-grade pyogenic pathogens, such as pneumococcl, streptococci, and Hemophilus [46].
29. Minutes, NatIOnal Academy of Sciences-National Research Council, Division ofMedical SCIence, Subcommittee
on Plasma of the Commlttee on Blood and Related Problems, 23rd meeting, Nov. 21-21, 1961, Stokes papers, APS B:
St65p, folder National Research Council-Plasma #6, p. 23.
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AIDS), and is also now used to treat some autoimmune conditions (on account ofits func
tion as a modulator of the immune system). Expanded medical usage has resulted in shor
tages of gamma globulin in the United States since the mid-1990s [48,49].

From gamma globulin to immunoglobulin

How did these postwar experiences in the clinic and the field relate to contemporary deve
10pments in immunologica1 theory? At one 1eveL the isolation of gamma globulin frac
tions made some long-standing immunological questions accessible to biochemical
investigation. As Charles Janeway asserted:

The development of human gamma globulin has had important consequences for
public health, for medicine, and for research ... The availability of large amounts
of pooled human antibody in a safe fonn has provided material for many types of
clinical and biologie investigation, and it has served medicine well as a means of
preventing or modifying measles and infectious hepatitis in large numbers
of susceptible people. [50, p. 6]

For instance, as John Enders noted, immunologists had long been interested in knowing
"whether or not the antibodies found in so-called normal individuals and in low titer repre
sent the same factors [that] appear in greatly increased concentration fol1owing an ovelt
attack of a disease or after artificial active immunization" [51, p. 175]. Enders cited
evidence pointing to the chemical identity of natural and immune antibodies, although
consensus was not assured on this question.

Cohn's fractionation methods also made antibodies more accessible for physico
chemical study in the postwar period. However, a physical chemist researching gamma
globulin from natural rather than hyperimmune plasma found a diversity of proteins, and,
as John Oncley noted in 1953, the traditional division by solubility into "pseudoglobulins"
(more soluble) versus "euglobulins" (Jess soluble) shed little light on biological variation
among antibodies [16, p. 181-2]. Components of gamma globulin exhibited a Gaussian
distribution of isoelectric points from pH 6.3 to 8.4. Sorne antibodies were concentrated
in beta globulin (defined by its more rapid electrophoretic migration as compared to
gamma globulin), and this source disp1ayed a similar molecular heterogeneity. Physical
biochemists sought to further fractionate Cohn's fractions into specific antibody pools, but
had only limited success. As Bumet observed about this kind of investigation:

The methods chiefly used, electrophoretic analysis, determination of sedimentation
constants in the ultracentrifuge. and fractional precipitation by various methods, will
each allow the differentiation ofceliain fractions. lt is, however, not usually possible
to equate completely the fractions obtained by one method with those obtained by
another [52, p. 3].

Thus, biochemical studies did not uncover a natural molecular order within the entity
known as gamma globulin. Changing terminology reflected the growing awareness ofthe
molecular heterogeneity of antibodies. The term "immunoglobulin" began to supplant that
of "gamma globulin," since globulins with "real or potential antibody activity ...
display[ed] a wider range of electrophoretic mobility" than conventional gamma
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globulins30
. (This shift became official at the World Health Organization Meeting on

Nomenclature of Human Immunoglobulins in 1964 [8, p. 387-8].) Serological precipita
tion tests began to be used in concert with electropharetic separation to diagnose antibod
ies via immunoelectrophoresis, and these assays confirmed the great diversity in structure
and specificity among antibodies. Strikingly, differences in biological function between
different antibody species (such as fixation of complement ar ability to pass across the
placenta) were found to conelate with structural differences [1, p. 131].

Using a combination of polypeptide-splitting enzymes and specific antigens to assay
antibody binding, researchers also undertook a molecular dissection of antibody
molecules. The proteolysis of antibodies by enzymes was first observed in the 1940s [50,
p. 7-8]; more precise studies along these lines by Rodney Porter during the 1950s culmi
nated in the classification of the Fc (crystallizable) and Fab (antigen-binding) fragments
[53, 54]. Gerald Edelman provided clear evidence that antibodies contain a multi-polypep
tide structure and subsequently (with Miroslav Poulik) differentiated heavy from light
chains [55, 56]. By 1970, the ward "immunoglobulin" was being replaced by designations
for more chemically discrete species of antibodies: IgO, IgA, IgM, IgE, and IgD. The indi
vidual immunoglobulin polypeptide chains became designated by the symbols K and À for
light chains and y, a, Il, etc., for heavy chains. At this point, "Cohn's Fraction II + III, ...
the material used clinically for prophylaxis and therapy, and called gamma globulin," was
reconceptualized as a mixture of95% IgG, with sorne IgA, IgM, and albumin [57].

Both the shifting nomenclature and the new experimental methods played into the larger
debates about the value of chemical versus biological approaches to the antibody diversity
problem. At the very least, the molecular complexities of gamma globulin as an entity
could be seen as indicating the limitations of chemical approaches to understanding anti
body structure and formation. Burnet wrote that his own approach to the problem of an
tibody production was that it "is a biological phenomenon to be interpreted on biological
rather than chemical or pseudo-chemical lines"[52, p. v]. He criticized the biochemical
purification and characterization of antibodies as "highly fruitful in theoretical and prac
tical results but it has still left immunology as a science almost wholly unrelated to the
general pattern of biological knowledge" [52, p. 1]. However, the biochemistry of an
tibody structure growing out of the technologies for producing and characterizing gamma
globulin contributed key structural support for the Clonai Selection Theory [8, p. 58 ff.].
In this respect, the representation of the solution to the antibody diversity problem as a
triumph of biological over chemical approaches is historically oversimplified. Chemical
methods of analysis, in conjunction with the abundance of gamma globulin as a thera
peutic material, contributed powerfully toward the new articulations of antibody structure
and genetics.

Conclusion

Robert Kohler asserted sorne years aga that "immunochemistry was intimately connected
historically and socially with the rise ofbiochemistry" [58, p. 195]. Zymase, for instance,

30. Charles Janeway. "Nature and Properties of Human Serum Gamma Globulin.'· March 21, 1963. drafted for NRC
Report of Gamma Globulins for Subcommlttee on Plasma, Stokes papers. APS B: St65p, folder National Research
Councll-Plasma #6.
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was uncovered in the course of experiments on bacterial immunoproteins, and biochem
ical notions of specificity have long been associated with the antibody-antigen interaction.
The synergy between immunology and biochemistry, if a century old, is not obsolete and
it continues to work both ways. Antibodies, for instance, have long been laboratory tools
as weIl as objects of investigation, and Cambrosio and Keating have focused attention on
the significance of monoclonal antibodies for biochemistry, indeed biomedicine, during
the last two decades [59].

Here 1 have focused attention on the interplay between biochemical experimentation
and clinical innovation from 1940 to 1960 by following the fate ofblood-based therapies
and entities. Rather than focusing on the diverse uses of antibodies as laboratory tools,
1 have examined research aimed at using antibodies therapeutically and the implications
for understanding antibody structure that resulted. By emphasizing the interchanges
between clinical and research settings, 1have taken inspiration from Ilana L6wy's analysis
ofthe role of the notion ofan immune selfin mediating between the social words ofresearch
ers and physicians [60]. Both of our accounts focus on the transition, in the 1950s,
between the "chemical" and "biological" eras of immunology. Yet where L6wy stresses
the centrality of a flexible concept, 1have sought to emphasize the significance ofa mate
rial, gamma globulin, which was administered as a therapeutic product and used as the
basis for antibody research. L6wy points out that the marked growth of immunology after
World War II cannot be attributed to the development of the Clonai Selection Theory,
which was accepted after the disciplinary expansion of the 1950s [60, p. 385]. She
proposes instead that the notion ofan immune self, particularly as articulated by Burnet in
1941 and 1949, served as a flexible and highly useful concept bringing together the
concerns of clinicians and researchers. Yet it seems to me that this argument, while highly
persuasive, privileges unduly the role of concepts in the history of immunology (even as
L6wy pays close attention to experimental developments). Particular objects and materials
also helped to consolidate immunology as both a clinical and scientific field ofknowledge.
In 1950, as older debates between humoralists and cellularists were recast into debates
between immunological chemists and biologists (or, in Niels Jerne 's clever terms,
"between 'cis' and 'trans' immunologists [61])," antibodies provided one such common
(and concrete) point of reference for theoretical debates and therapeutic innovation.
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Between scepticism and wild enthusiasnl:
the chequered history of allergen immunotherapy
in Britain
Mark Jackson

In October 1986, the Committee on the Safety ofMedicines issued a waming in the British
medical press about the dangers of using desensitising vaccines for the treatment of
allergie disorders. Responding to concerns about the standardisation ofallergens and treat
ment protocols, about the efficacy of treatment, and, more critically, about the risk ofdeath
associated with desensitisation or immunotherapy (particularly in patients with asthma),
the Committee recommended that desensitising vaccines 'should be used only where facil
ities for full cardiorespiratory resuscitation are immediately available' and that 'patients
should be kept under medical observation for at least two hours after treatment'[l]. As
many commentators noted with dismay, the Committee's recommendations and its subse
quent guidelines "effectively curtailed" the use of allergen immunotherapy by general
practitioners. 'In the absence ofa system ofhospital-based allergy clinics, allergen immuno
therapy in the United Kingdom was effectively abolished overnight' [2].

The intervention of the Committee on the Safety of Medicines in 1986 initiated a series
of intense arguments not only between clinical allergists and the Committee but also
between different groups of both orthodox and complementary practitioners. In articles
and letters in the medical press and in "position papers" issued by major national and inter
national allergy societies, clinicians and scientists vigorously debated the safety and effi
cacy of immunotherapy in allergy. In this paper, l want to throw sorne light on the
dynamics of this recent debate by reviewing briefly the history of immunotherapy since
its introduction in 1911. In doing so, l want to make two points. Firstly, l want to argue
that controversy surrounding the use of immunotherapy in allergie diseases is not new.
The procedure has been plagued by doubts at a number of levels throughout the century.
Secondly, l want to suggest that these controversies have not been entirely determined
either by concerns about technical issues (about protocols, testing, standardisation, and so
on) or by substantive alterations in the experience of adverse reactions by patients and
doctors. In addition to these factors, the variable reception of immunotherapy by the estab
lished medical profession may have been influenced by broader professional and socio
economic concems, notably by the ambiguous professional status of allergists and allergy
studies in the United Kingdom.

The origins of immunotherapy

Immunotherapy (also variably referred to as desensitisation, hyposensitisation, prophy
lactic inoculation, or vaccine therapy) was formally introduced to the British medical
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world in two articles in The Lancet by Leonard Noon and John Freeman in 1911 [3,4].
Working together in the Department of Therapeutic Inoculation at St Mary's Hospital in
London, Noon and Freeman had attempted to desensitise patients suffering from hay fever
by injecting increasing doses ofpollen extracts subcutaneously over a period oftime. The
resu1ts oftheir experiments led Noon to conclude that 'the sensibility ofhay fever patients
may be decreased, by properly directed dosage, at least a hundredfold' [3].

Noon and Freeman's strategy drew on two distinct traditions. In the first instance, their
approach was heavily influenced by developments in bacteriology. The emergence of the
germ theory of disease in the last half ofthe nineteenth century, and in particular the belief
that specifie diseases had specifie causes, had led many investigators (and pharmaceutical
companies) to search not only for antitoxins but also for bacterial vaccines to prevent a
variety of infectious diseases. Working under the directorship of Almroth Wright, Noon
and Freeman were well-acquainted with the development ofvaccines designed to prevent
and to treat both bacterial and non-infectious diseases [5]. Indeed, Freeman's research had
originally concentrated not only on the use ofthe opsonic index as a test for immunity but
also on the development of therapelltic immunisation [6]. Noon and Freeman's research
on hay fever constituted a rational extension of Wright's preoccupation with the prophy
lactic and therapeutic power of the 'immunizator,' bringing 'pollen inoculation in line
with the bacterial inoculation work of Wright and his school' [4].

Noon and Freeman's studies were also strongly informed by earlier work on hay fever.
In the late nineteenth century, Charles Blackley, a Manchester physician, had employed a
detailed microscopie analysis of numerous plants and pollens together with a number of
clinical experiments to substantiate John Elliotson's suspicions (voiced in 1831) that hay
fever was caused by the 'effluvia of grass and probably the pollen' [7, 8]. Significantly,
noticing that tàrmers rarely suffered from the disorder, Blackley suggested that patients
might be 'rendered insusceptible to the action of pollen by continued exposure to its
influence' [9, 10].

Although subjected to sorne criticism by contemporaries [10], Blackley's aetiological
explanation was confirmed in 1903 by William Dunbar, an American physician working
in Hamburg. Having established pollen (rather than bacteria) as the causative agent,
Dunbar suggested that the symptoms ofhay fever were produced by the action of a pollen
'poison' or 'toxin' on the tissues of susceptible individuals. Working from this assump
tion, Dunbar then demonstrated the efficacy ofpassive immunisation using a 'pollen anti
toxin' derived from hOl'ses and suggested that such techniques might be effective in the
treatment ofboth hay fever and asthma [Il].

In introducing the use of subcutaneous injections ofpollen extracts, Noon and Freeman
duly acknowledged the pivotai contributions made by Blackley and Dunbar to the study
and treatment of hay fever [3, 12]. However, noting the limits of passive immunisation
with specifie serum such as 'Pollantin,' they combined these earlier studies of hay fever
with their bacteriological knowledge and the Inoculation Department's captivation with
developing vaccines to suggest that 'on general grounds a much more satisfactory result
would be expected from the induction of an active immunity' [3]. In this way, the nascent
bacteriological tradition was integrated with research on pollen toxins to generate a novel
form of treatment for hay fever.
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Although the theoretical basis on which Noon and Freeman had initiated trials ofdesen
sitisation was subsequently rejected (as hay fever was rapidly understood to be an allergic
reaction of the type described by Clemens von Pirquet in 1906), the treatment ofhay fever
by inoculations of pollen vaccine was enthusiastically adopted by researchers and clini
cians throughout the world. In the process, the techniques and treatment protocols were
substantially amended and the range of both specific and non-specific vaccine prepara
tions extended. In addition, in line with evidence suggesting aetiological and pathogenetic
similarities between hay fever, asthma, food intolerance, and bee stings, collectively
referred to as 'allergic disorders' or 'toxic idiopathies' [12, 13], immunotherapy was used
both to treat these conditions and also to desensitise patients against serum sickness asso
ciated with the use of antisera. Active immunisation became particularly popular amongst
North American allergists, who for many years considered immunotherapy the treatment
of choice for hay fever and asthma and who continue to advocate its use in a wide range
of conditions [2, 14, 15]. In Britain and sorne parts of Europe, immunotherapy was
received more cautiously. Nevertheless, largely as the result of the continuing interest
shown by researchers at St Mary's, desensitisation received extensive coverage in the
medical press and (at least until the 1980s) was regarded by many European allergists as
'the cornerstone of allergy practice'[l6, 17], and as the most effective treatment for
allergic disorders even after the introduction ofantihistamines, bronchodilators, and cortico
steroids.

Debates about immunotherapy

From the start, both the practice and theory of immunotherapy were plagued by vigorous
debates about procedures, efficacy, and safety and about the most appropriate practitioners
to diagnose allergic conditions and administer the proper treatrnenl. In the first place, it is
clear that even advocates of immunotherapy have frequently disagreed about many prac
tical aspects of the treatmenl. Shortly after Noon and Freeman's initial communications,
B.P. Sormani (a lecturer in serology at the University of Amsterdam) manipulated sorne
ofAlmroth Wright's principles as well as citing his own experimental experiences both to
discredit 'Noon's dosage method' and to suggest an alternative method for preparing the
pollen extract to be used in the treatment ofhay fever [18]. Sormani's article in The_Lancet
prompted a swift and dismissive letter from John Freeman who, while claiming to be in
'considerable agreement' with Sormani's general advice, nevertheless rejected his partic
ular methodological points emphatically and continued to employ a pragmatic (but
vague) approach to dosage based upon clinical examination [19, 20]. Significantly, the
question of appropriate dosage has continued to plague allergists throughout the century
[21].

Debates about dosage were compounded by differences in the standardisation of
specific pollen extracts. For many years, Freeman and his protégés employed the Noon
Unit, 'equal to the amount of extract that can be obtained from one-millionth of a gramme
of Phleuem pratense pollen' [20,21]. Without entirely condemning the British method,
American allergists, such as Robert Cooke, preferred to standardise extracts according to
their nitrogen content, an approach that appeared 'to give preparations ofequal and regular
toxicity' [22]. The advent of commercially prepared allergen extracts did not obviate this
problem but may have accentuated il. In 1930, Freeman complained that 'sets of protein
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reagents' provided by 'several high-class firms' for diagnostic tests could become dena
tured and'give only a poor reaction or none at aIl' [23]. More recently, the variable stand
ard of commercial allergen extracts for diagnosis and treatment has not only been a
source of considerable anxiety amongst allergists [24-26], but also one of the central
concerns of the Committee on the Satèty of Medicines, which pointed out that a 'confus
ing number of different units are used ta express the allergen content of the products
currently marketed' and warned that the 'absence of a standard unit means that products
containing the same allergens are not interchangeable' [1].

The absence of standardised allergen extracts for diagnostic purposes (as weIl as treat
ment) coincided with inconsistencies in the diagnostic process itself. While most authors
have routinely agreed on the need for the accurate identification of specifie allergie sensitiv
ity. in practice a variety of diagnostic tests have been employed by various researchers.
According ta Freeman, surveying the field in 1930, diagnosis could be achieved by
applying allergens ta the eye, the lips, and the skin (either by a scratch or prick test or by
intradermal injection), or by demonstrating the presence of specifie antibodies by passive
transfer, a procedure introduced by Carl Prausnitz and Heinz Küstner in 1921 [:27,28]. The
relative merits ofthese diagnostic procedures, and the precise clinical implications of the
results, have only rare1y been assessed, and when they have been considered their clinica1
value has frequently been questioned [29]. Although Freeman advocated skin tests both as
a diagnostic tool and as a means of monitoring the progress and efficacy of treatment, he
acknowledged that they had 'had too much medicina1 virtue ascribed to them: in their
clinica1 use they have almost deve10ped into one of the patho10gical ritua1s designed
towards magical healing' [27]. Signiticant1y, the identification of IgE as the antibody
responsible for many allergie reactions in the 1960s, and the subsequent development of
diagnostic tests measuring specifie IgE 1eve1s, have failed to reso1ve concerns about the
correlation between clinical history, the results of diagnostic tests, and the efficacy of treat
ment.

Inconsistencies in diagnostic procedures and allergen preparations have been mirrored
by vast diftèrences in treatment protocols and by the absence of standard tests of efficacy.
When Noon and Freeman first introduced prophy1actic inoculations for hay fever in 1911.
they emp10yed what Freeman later referred to as 'leisurely desensitisation,' that is, a series
of injections spread over a few weeks or months prior to the pollen season [30]. A few
years 1ater, Freeman adopted a procedure referred to as 'intensive desensitisation,' compris
ing daily injections of gradually increasing doses, particularly for patients sensitive to
animaIs. Significantly, Freeman offered no conceptual rationale for this modification,
pointing out simp1y that he 'fell into the way of inoculating these patients every day'
because such patients 'were usually in a great huny to go and hunt, or look after their dogs,
or retrieve their cats from quarantine with the veterinary surgeon' [30]. The apparent
success of intensive courses of immunotherapy in animal allergies encouraged Freeman
to extend this approach to hay fever sufferers.

Freeman's sensitivity to the dictates of his patients is fmiher evidenced both in his
elaboration of an even more rapid treatment protoco1, retèrred to as 'rush desensitisation'
[30] and by his support for self-inoculation. Although Freeman indicated that the idea of
speeding up the treatment process had been suggested by Besredka 's work on anti-anaphy
laxis, the advantages of rush desensitisation were clearly located in the practical interests
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of the patient (and indeed the doctor) rather than in any concem for conceptual elegance
[30]. More critically, the development of self-inoculation programmes for appropriately
selected patients [12, 31] was driven both by concems about the cumbersome protocol
demanded by leisurely desensitisation and by the interests of pharmaceutical firms such
as Parke, Davis and Co., which financed much of Freeman's work at St Mary's and
produced self-inoculation kits for purchase and distribution by general practitioners [31,32].

Interestingly, Freeman did not insist that it was necessary to 'adhere rigidly to the leisure
ly, intensive, or "rush" methods,' but accepted that 'an intelligent blend may serve one's
tum better' [30]. Clinicians treating allergies followed Freeman 's advice, devising their
own protocols and preparing their own allergen extracts to suit the demands of their time
and patients. Freeman's flexibility and his professed preference for clinical experience
over statistics in judging dosage and efficacy may have suited the idiosyncrasies of his
own character and the particular demands ofthe Inoculation Department at St Mary's in
the inter-war years. However, it was, ironically, this flexibility that became a burden to the
next generation of allergists. The multiplicity of approaches to immunotherapy made
comparison ofresults extremely difficult. As the need for establishing the therapeutic ef
ficacy and safety of pharmaceutical products became more urgent in the post-war period,
allergists who failed to standardise their extracts or to perform randomised control trials
were accused increasingly of relying on anecdotal, rather than scientific, evidence.
Although the first control1ed trial of immunotherapy was carried out by Frankland and
Augustin in the Department ofAllergic Disorders at St Mary's in 1954 [33], the persistent
reluctance of allergists to test their theories and practices in this way became a source of
increasing anxiety amongst both proponents and critics of allergen immunotherapy
concemed about the efficacy ofthis form oftreatment [l, 16,25,34].

Wide variations in diagnostic and treatment programmes highlighted, and in part
stemmed from, a further fatal flaw in the immunotherapists' position, namely the absence
of a coherent explanation of precisely how desensitisation might work. Noon and
Freeman 's understanding of the pathogenesis of hay fever (as the product of a toxin) was
soon discarded and replaced by explanations that aligned both hay fever and a number of
related complaints with the mechanism of experimental anaphylaxis [35, 36]. Hay fever,
asthma, urticaria, and eczema were increasingly construed as allergie disorders in which
the clinical symptoms and tissue damage were thought to be caused by a rcaction between
allergen and tissue-fixed antibody (or reagin) with the subsequent release of inflammatory
mediators such as histamine [37].

While more sophisticated explanations ofthe pathogenesis ofallergic disorders gave the
emerging field ofallergy some degree ofintel1ectual and experimental focus, their incom
patibility with the toxin hypothesis proved a persistent irritation for allergists attempting
to establish the immunological mechanism of allergen immunotherapy. One of the first,
and the most enduring, explanations of the mechanism of desensitisation was provided in
1935 by Robert Cooke and his colleagues in New York, who suggested that injections of
allergen could promote the production of 'a peculiar blocking or inhibiting type of
immune antibody that prevented the action of allergen on the sensitizing antibody' [38].
This promising hypothesis was subsequently explored by many allergists but it remained
(and still remains) contested. In particular, reports of the lack of correlation between the
levels of 'blocking antibody' (later identified as IgG) and clinical improvement prompted
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allergists to postulate a variety of alternative (or additional) mechanisms for desensitisa
tion [39--42]. The absence of a clear explanation of the mode of action of immunotherapy,
together with the plurality of approaches to its execution, resulted in extensive criticism
ofthis method oftreatment for allergie disorders as being entirely empirical and arbitrary
[41,43].

Since 1911, proponents of prophylactic desensitisation have also been plagued by fears
about its safety, especially in asthmatics. In 1915, Robert Cooke wamed that 'libcral use'
of desensitisation in patients with hay-asthma 'could conceivably induce death by anaphy
lactic shock' [22]. Cooke's caution was repeated regularly in the British medical press
throughout the next few decades and was increasingly accompanied by case repOlis of
serious adverse reactions and death during trcatment and by suggestions for preventing
fatalities, such as the inclusion of adrenalin in the syringe. In 1933, for example, David
Harley warned that desensitisation was difficult and that severe reactions and fatalities had
occurred [44]. The following year, an editorial in The Lancet highlighted the tendency of
asthmatics in particular to suffer potentially fatal attacks of asthma during desensitisation
[45]. In 1942, at a meeting of the Association of Clinical Pathologists, D.N. Nabarro
described 'alarming and a1most fatal anaphylaxis' after intradermal injection of mixed
antigen into an asthmatic patient, a reaction that was successfully treated only after
multiple doses ofadrenalin and oxygen inhalation [46]. And in 1954, the death of a patient
undergoing desensitisation for asthma at Guy's Hospital prompted both an informaI
coroner's inquiry and discussion in parliament [47].

Concems about the safety of immunotherapy were linked to questions about who was
qualified to vaccinate against allergie disorders. In 1914, Freeman had warned of the
problems that could be caused by inexperienced local doctors continuing the treatment
that had been started in his clinics [48]. Sorne years later, David Harley, one of Freeman 's
students at St. Mary's, pointedly referred to 'advanced allergists' producing 'brilliant
cures' in certain cases [49]. In drawing a boundary between themselves and other practi
tioners, Freeman and Harley were asserting their jurisdictional rights over the diagnosis
and treatment of patients with allergie disorders. ln addition to estab1ishing their own
specialty, however, Freeman and Harley may also have been protecting their economic
interests. The treatment of allergie disorders was becoming an increasingly profitable
husiness both for pharmaceutical companics producing diagnostic sets and vaccine kits
(and later a vast array of anti-allergy drugs) and for clinical al1ergists, such as Freeman,
who had extensive private practices [6]. The extent to which the prophylactic treatment of
allergies was influenced by commercial considerations did not pass unnoticed. ln 1938,
A.J. Cronin allowed Andrew Manson, the central character in his novel 'The Citadel', to
desensitise a rich patient even though he considered the procedure to be useless [50].

For much ofthis century, advocates of allergen immunotherapy have been plagued by
concerns about the standardisation of allergens, about diagnostic and treatment protocols,
about efficacy and safety, about the supposed mechanism ofaction ofdesensitisation, and
about the morality oflinks with the pharmaceutica1 business. Theil' fai1ure to resolve these
concerns may in part explain why allergy has been construed by some as a "Cinderella
subjecf', occupying an ambiguous and uncomfortable space between orthodox and alter
native medicine, a situation perhaps exacerbated by the fact that membership of the British
Society for Allergy and Clinical lmmunology has not been limited to c1inicians, unlike
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many other specialist professional medical organisations established in the middle
decades ofthis century.

Significantly, the taint of the alternative has been accentuated by other factors. In the
first place, allergists' classification ofa wide array of non-specific symptoms and diseases
as allergic disorders, and their persistent claims to be able to diagnose those conditions
with skin tests and treat them with immunotherapy, have prompted suspicions of quackery
[23]. More recently, these suspicions have been raised further by the elaboration ofbizarre
and apparently unsubstantiated diagnostic tests and treatment protocols by sorne clinical
allergists (such as enzyme-potentiated desensitisation), and by the emergence of the 'total
allergy syndrome' or "twentieth century disease," a phenomenon that resonates with
earlier constructions ofhay fever as a consequence of"higher civilization" [10, 11]. These
developments have damaged the reputation of clinical allergists (at least in the eyes of
orthodox practitioners) by linking them to the radical anti-modernist stance of alternative
approaches to disease and the environment, exemplified by clinical ecology.

The fall of immunotherapy

It is tempting to read the intervention ofthe Committee on the Safety ofMedicines in 1986
entirely as the product of accumulating concerns about technical aspects of immuno
therapy, that is about protocols, standardisation, safety, and efficacy. There is certainly
evidence to justify this interpretation. Like the update published by the Committee, most
papers commenting on immunotherapy throughout the 1980s rehearsed many of the tech
nical debates that have preoccupied clinical allergists since the introduction of prophy
lactic desensitisation in 1911. However, it is likely that the Committee's intervention was
not determined solely by technical issues but also by contingent concerns about the profes
sional status of allergists and by anxieties about competition between alternative and
orthodox practitioners.

In 1980, a general practitioner from Southampton reported the death of a patient under
going desensitisation for hay fever and asthma [51 J. Three weeks later, in a letter to the
British Medical Journal, Pamela Ewan responded to the report by suggesting that impres
sions of benefit from immunotherapy were 'based on anecdote' and that desensitisation
was 'potentially dangerous and often ineffective' [52]. Ewan 's disparaging remarks were
immediately rebutted by Bill Frankland, an enthusiastic advocate ofimmunotherapy, who
asserted that there was 'no doubt' that 'specific immunotherapy does give benefit' and that
it was inappropriate to 'damn all hyposensitisation injections as dangerous' [53].

The tension evident in this exchange was expressed more overtly elsewhere. In 1986,
prior to the Committee 's intervention, Clinical Allergy solicited the opinions ofphysicians
with differing views on desensitisation in the treatment of asthma [24]. In addition to
rehearsing prominent reservations about efficacy and safety, LW.B. Grant, a chest physi
cian from Edinburgh, comprehensively maligned the character of many clinical allergists.
'Senior physicians,' he wrote, 'may recall with cynicism the financially profitable cult of
hyposensitisation with haphazard mixtures of numerous allergens practised by unscrupu
lous self-styled allergists in the years before ~2-agonists, sodium cromoglycate and cortico
steroid aerosols became available' [24]. In contrast, although they acknowledged the
need for 'more systematic and controlled studies,' H. Mosbech and B. Weeke, from the
Allergy Unit at the State University Hospital in Copenhagen, carefully distanced them-
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selves from the 'mysticism, scepticism or even wild enthusiasm' associated with immuno
therapy by soberly surveying the evidence in support of the procedure [24].

This debate prompted several letters from allergists criticising Grant's cynicism and
pointing out the disadvantages of modem drug treatments [24]. However, the cOITespon
dence il1ustrates the extent to which allergists acknowledged the potency of Grant's scep
ticism and were concerned about their reputation. As S. Dreborg warned, immunotherapy
'cannot be undertaken in an uncritical, homeopathic fashion by unenlightened enthusiasts,
but in an ordered supervised way by specialists, based on strict diagnostic criteria and with
proper supervision oftreatment' [24].

While such disputes about the professional status of allergists were clearly not new, they
were given a particular impetus in the 1980s both by the re-emergence of market forces in
medicine, which encouraged competition rather than collaboration between doctors, and
by the realisation amongst orthodox practitioners that patients were increasingly consult
ing alternative practitioners for the treatment of allergies [25]. The recommendations of
the Committee on the Safety of Medicines should be understood therefore not only as a
response to long-standing concerns about efficacy and safety but also as a contribution to
a highly-charged and specifie debate about the legitimacy and professional status of
clinical aJlergy, and about the nature of modem medicine.

In recent years, allergists have responded vigorously to the Committee's restrictions. In
a stream ofposition papers and articles, allergists in Britain and elsewhere have attempted
to counter prejudices against immunotherapy and to rehabilitate clinical allergy within the
realm of modem scientific medicine by distancing themselves from 'unconventional and
unproved forms of "allergy treatment'" [2], by stressing that diagnosis and treatment
should only be performed by experienced allergists, by conducting extensive controJled
trials [54], by reasserting the value of immunotherapy in the treatment ofallergies to sting
ing insects, and by emphasising the need to balance 'science, theory and CUITent practice'
when assessing the validity ofimmunotherapy [17,55-57]. It remains to be seen whether
c1inical allergists will succeed in their endeavours to establish the scientitic basis of the
traditional cornerstone of their practice.
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Vaccine viability: the shifting fortunes
of hepatitis B immunization
Jennifer Stanton

Introduction: the broad background and key questions

When we think of major changes in illness over the past century, we genera11y see a reduc
tion in the burden ofinfectious disease and a rise in chronic disease. Translated into causes
of mortality, this shows as a decrease in infant diarrhoea, for example, and a rise in cancer
and heart disease. Vaccination has played an important part in the decline of infectious
diseases, although we know that the rise in the standard of living (in which we include
nutrition, housing, and more public aspects like sanitation) also played a part. Clearly, if
we take the case of sma11pox, despite a11 the historic controversies, there has been sorne
sort of triumph, since the disease has been eradicated worldwide. Whether we define the
role of vaccination as a triumph of "medicine" or a triumph of "public health" depends on
where we place the emphasis: on the ability ofthe vaccine to render an individual immune
to a disease, or the ability of societies to deliver the vaccine to enough individuals to make
the disease of negligible importance.

We are also aware of a distinction between "developed" countries mainly in the northern
hemisphere, and "underdeveloped" countries which we think of as lagging behind, with a
heavy burden of infectious disease still taking its to11 especia11y on young children. Since
the 1970s, the WHOIUNICEF policy ofpromoting immunization for six diseases that are
big ki11ers of children has been credited with saving millions oflives. It has also been crit
icized as a 'technical fix' imposed from above which does nothing to rescue children and
their parents from a cycle ofhunger, poverty, and disease [1]. In rich countries, in contrast,
childhood immunizations were an adjunct of an a11-embracing web of welfare provisions
operating in an environment of relative abundance.

How does hepatitis B fit into this overa11 picture of Western success and Third World
underdevelopment? This paper gives a fairly detailed account of hepatitis B vaccination
in the United Kingdom, as an exemplar ofpolicy in a wealthy country, and then moves on
to consider the 'Third World' pattern. As a preliminary, however, it is necessary to sketch
in the position of hepatitis B before a vaccine became available: what sort of understan
ding of the disease was heId by medical/public health 'authorities'; where and to what
extent was it seen as a problem?

Hepatitis B was in sorne ways a 'new' postwar disease in the sense that a distinction
between two forms ofviral hepatitis, A and B, was only established during and after the
Second World War [2]. In Europe and America during the 1950s and 1960s, hepatitis had a
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limited profile even within the medical profession: apart from experts in liver disease, few
doctors knew much about it. Among British doctors interviewed by the author, several had
heard of outbreaks during the war, connected with yellow fever vaccination; and several
recalled that in the 1950s, they regarded hepatitis B as a disease that was prevalent among
drug users [3]. One infonnant, a senior surgeon, recal.1ed that in the early days of his
career, hepatitis B was thought of as a 'dirty' disease associated with drug injecting, so
that surgeons used to be nervous of catching it from patients who were suspected of being
dmg addicts [4]. ln the blood transfusion service, hepatitis had a much higher profile as
the most worrying side-effect of transfusion [5]. Then in the late 1960s, it appeared in a
new setting: outbreaks ofviral hepatitis caused havoc in kidney dialysis units throughout
the United Kingdom, Europe, and America [6].

Following an 'accidentaI' discovery of the hepatitis B antigen by American biochemist
and geneticist BaIUch Blumberg, a test for hepatitis B was developed around 1968, with
two very dit1èrent effects [7]. The test enabled some countries to achieve near-elimination
of hepatitis B from the blood supply. (This revealed the existence of other types of blood
borne viral hepatitis, initially known as 'non-A non-B'; the major hazard was later defined
as hepatitis C.) The test also made epidemiological studies possible, shifting the percep
tion of the disease, and providing a new context for the vaccine whilst it was being deve
loped. These prevalence studies revealed that "acute"_hepatitis B - the only form readily
accessible to the medical 'gaze' up to this point - was merely the tip of the iceberg. Below
the surface were much larger numbers of long-term carriers, with more or less "chronic"
disease and more or less continued infectivity [8]. Even in countries with low prevalence,
such as Britain, perhaps one in a thousand of the population were infective carriers of
hepatitis B (although experts argued over carrier prevalence), while a far greater propor
tion of the population, having been exposed at some time, had developed immunity.

The carrier problem had a personal and a public health edge [9]. For the individual
carrier, there was a chance of the chronic infection leading to severe liver damage
(cirrhosis or liver cancer) two or three decades after initial infection. For the wider public
there was the risk that carriers, often unaware of their status, might infect other people
through any of the sorts of contact we are now familiar with thanks to AIDS - from sex to
drugs to blood. In policy terms, an important difference was that health workers were seen
from the outset as a risk group for hepatitis B. And although it is not so fatal, hepatitis B
is much more infectious than HIY. A small proportion of people thus infected would
develop acute hepatitis, for which there was (and still is) no cure, and which has a high
case fatality rate.

Poor countries had a different public health problem with hepatitis B. Not surprisingly
(although it had not been observable prior to the test), there was a much higher prevalence,
with somewhere around 10 or 15% of the population in many Asian and African countries
being carriers. A very high proportion of the population encountered the infection as
newborns (maternai transmission) or intànts, at which age there was \ittle acute disease:
the majority developed immunity. Since nearly everyone was exposed to the disease, trans
mission between adults was a lesser problem. However, early childhood infection resulted
in a huge amount of liver disease among adult calTiers. Primary liver cancer. rare in the
West, was one of the commonest kinds of cancer in Asia and Africa, killing adults in the
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economically productive age-band. Estimates as high as 200 to 300 million carriers placed
hepatitis B ahead of AIDS in tenns of global pandemic through the 1980s and into the
1990s [10].

To summarize thus tàr, a series ofnew scenarios for hepatitis B were created by medical
science in the postwar period:

1) discriminating between previously unitary disease entities (hepatitis A and B, later C
and D or 8);

2) creating new contexts for transmission, for example, blood transfusion, inoculations,
dialysis;

3) revealing 'carriers' and new 'natural histories', especially a link with liver cancer;
4) offering hope of a vaccine.
The pattern ofhepatitis B revealed by the test differed between developed countries and

underdeveloped countries. In developed countries like Britain, with low prevalence, trans
mission between aduIts in specific settings or through particular behaviours was seen as
the main public health problem. In poor countries, with high prevalence and transmission
in infancy, long-term mortality from liver cancer was the main problem, but one that was
scarcely recognised by the heaIth authorities in such countries before the 1980s.

The advent of the vaccine, after trials in 1980, offered a means of prevention [Il].
Against this background, we can frame questions about the viability of the vaccine. Did
the vaccine solve the public health problems associated with hepatitis B? This will be
illustrated here principally through the history ofhepatitis B in the United Kingdom. How
did patterns ofuptake differ in high and low prevalence countries, and how much was this
due to government heaIth policies or other factors? How far does the viability of the
vaccine depend on planned policy that follows from scientific experts giving health offi
ciaIs accurate infonnation? The shortcomings of this 'rational' model of policy-making,
in which science feeds logically into policy, will be discussed in the conclusion.

Hepatitis B vaccine in the UK

Despite intense debate in the pages of the British Medical Journal during the 1980s over
wider use of hepatitis B vaccine for doctors and nurses - a debate in which cost featured
prominently [12] -- there were few cost-benefit analyses. Perhaps the most comprehensive
cost-benefit study for any part ofthe United Kingdom during this period was a 1988 public
health dissertation, which analysed costs and benefits of immunizing health care workers
in Northern Ireland [13]. On first reading, two things were striking about this document.
One was the recommendation "not" to vaccinate health care workers, on the grounds that
it was not sufficiently cost-effective (compared, for example, to hip replacement opera
tions). Instead, the writer argued for further improvements in hygienic precautions such as
careful handIing and disposaI of 'sharps'. Sharp injuries - skin puncture with used needles
or blades - were recognised as a major route of infection for health workers. But the
hygiene precautions were so multifarious, so arcane in many ways (to the uninitiated
reader), that it might appear simpler to offer these workers the vaccine that would safe
guard them against hepatitis B. The catch - the factor counting against the simple option
- was the high cost of the vaccine, at this time around f60 for a course of three shots.

The second thing that was striking was the extremely low prevalence and incidence of
hepatitis B in Northern Ireland. This was the epidemiological 'fact' on which the whole
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calculation of cost-benefit rested, but it was a puzzle. According to oral infonnation, the
politics of the 'Irish Question' entered here: due to vigilante control of petty crime by
sectarian paramilitaries, there was a low rate of intravenous drug abuse in Northern
Ireland, compared with other regions of the United Kingdom and with the Republic in the
south. Since the use of shared needles by drug takers was a major route oftransmission for
hepatitis B, this control contributed to the low prevalence of the disease in 'the province'.
Low overall prevalence meant low prevalence also among health workers, whose rates
tended to be above average [14].

A number of points arise from this story. On a methodological issue, oral sources are a
useful, though necessarily somewhat haphazard, supplement to the written record (mainly
published papers) for this very recent or contemporary history. In terms of policy history,
the primary foc us was on health workers, despite epidemiological evidence that the
highest rates ofhepatitis B were among drug users and homosexual men. This was equally
the case in England and Wales, as weIl as Northem Ireland. Why did policy fail to follow
epidemiology- why did it focus on health workers rather than drug users? l would argue
there were two main reasons. There is the managerial aspect: vaccine policy was chan
neled within the National Health Service (NHS), which held responsibility as the
employer for health workers. There is also a personal aspect, which should not be ignored.
Those most concerned with vaccine policy were medical civil servants in the Department
ofHealth at the centre, and public health doctors, virologists, and infection control special
ists advising regional health authorities and hospitals at local level. They probably felt
especial sympathy for doctors and other health staff infected in the course of their duties.

A third point illustrated by the Northern Ireland story is that hygiene measures were, to
a large extent, the currency of debate between policy makers and health and allied workers
in the United Kingdom, from the introduction ofa test for hepatitis B, that is, around 1970,
until the early 1990s. Elsewhere l have argued that health workers and the Department of
Health and Social Security (DHSS) worked out a tacit agreement in the 1970s (before the
vaccine). Health workers were not subject to compulsOlY testing for hepatitis B, so long
as they undertook stringent safety precautions when handling blood or, in the case of
surgeons and dentists, operating on patients [15]. Compulsory testing might have resulted
in hundreds ofhealth staffbeing laid off, with compensation and recruitment implications.
ln addition, health staff might have demanded that patients be tested too, since they were
probably the source of infection in the first place. Thus, screening ofhealth workers would
carry the risk of substantial financial consequences which the DHSS was unwilling to
mcur.

Thus when the vaccine became available in 1982 in the United Kingdom, the DHSS was
in a deft stick. On the one hand, here was the solution to the dilemma: a safe preventive
measure that could clear up the public health hazard in the arena of most direct concern,
the NHS. On the other hand, compulsory vaccination for hepatitis B would act as a surro
gate test, since failure to respond to the vaccine (which involved three doses and a check
on whether it had 'taken ') would indicate possible carrier status. This could reopen the
whole set of issues thrown up in the 1970s by the test. Moreover, the vaccine was extreme
ly expensive, which may have been the prime reason the government was not keen on
promoting widespread uptake [16].
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Besides, from the 'consumer' viewpoint, this vaccine had a serious image problem. Its
raw material was human serum containing large amounts of hepatitis B antigen - that is,
serum from carriers' blood - and there rapidly grew up a folklore that it might be contam
inated with HIV. The manufacturers had the misfortune to market the product in the
United Kingdom around the time that news of the AIDS epidemic broke in the mass
media. Health workers reasoned that hepatitis B carriers might also be AIDS carriers;
there is sorne evidence that they boycotted the vaccine on these grounds even when it was
offered to them (which it often was not) [17]. It took an enormous amount of campaigning
effort by vaccine manufacturers Merck Sharp and Dohme (MSD) to convert even a frac
tion of the potential consumer market among health care workers to the view that the
vaccine was completely safe [18]. The health workers union ASTMS voiced deep anxi
eties over the vaccine, having consistently thrown their full weight behind the 'precautio
nary' approach to handling samples possibly contaminated with hepatitis B in the labora
tory [19].

There were, however, strong allies in favour of the vaccine. Many, though not all, ofthe
individual experts involved in hepatitis research, together with bodies such as the Blood
Products Laboratory and regional transfusion laboratories, favoured wider promotion of
the vaccine. Among professional groups, dentists were most enthusiastic. Health and
safety officers of the Royal College of Nursing rapidly called for the vaccine to be made
available to more of their members, and supported meetings and conferences designed to
convince the broader membership as well as the DHSS to expand vaccine availability [20].
Doctors seem to have offered a fragmented response, in which anxieties over the safety of
the vaccine were sometimes evident, alongside resistance to being screened for the virus.

Throughout the 1980s we can trace the growth ofan alliance ofexperts and professional
groups pressing for broader guide1ines on hepatitis B vaccine use. Debates continued, but
it seems that resistance 'from below' was a lesser constraint compared with the restrictive
guidelines from the DHSS. These guidelines focussed on the health care setting where, as
we have seen, they aroused controversy; but they avoided 'lifestyle' groups outside the
health care setting. Thus, we see the paradox of a rising rate of acute hepatitis B in the
United Kingdom (England and Wales) during the 1980s, when the vaccine was theoret
ically available. Incidence nearly doubled from 1,000 to almost 2,000 per annum between
1980 and 1984 [21]. The rise probably occurred chiefly among intravenous drug users
[22]. For every acute case, there would probably have been dozens of subclinical cases,
sorne resuiting in chronic infection, mainly unnoticed for decades. Notifications of acute
hepatitis B decreased from the mid-1980s. This could be due to a number of ~auses, includ
ing patients not coming forward for fear ofbeing diagnosed as HIV-positive; but it seems
most likely to be associated with safe sex among homosexua1 men, and safer practices
among drug users, in connection with AIDS education [23]. Hepatitis B vaccine was not
at this time reaching significant numbers ofhomosexual men or drug users.

In the late 1980s a number of changes occurred that altered the picture. Hepatitis trans
mission among drug users decreased, when needle exchange schemes for drug users were
initiated to reduce the risk of HIV spread. There was technological innovation: Smith
Kline Beecham introduced a new genetically engineered vaccine, slightly cheaper than the
earlier vaccine and crucially with a 'cleaner' image, more acceptable to the groups that had
reservations about the serum-based vaccine. In 1988, the DHSS issued expanded guide-
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hnes on use of hepatitis B vaccme, this time mcludmg 'hfestyle' groups such as homo
sexual men and drug users, although agam these were not unmediately offered the vaccme
[24] Indeed, a 1990 study showed that two-thirds of drug addiction treatment centres did
not offer screemng,or vaccination for hepatitis B [25]

Lastly but perhaps with most Impact on pohcy, Crown immumty was removed from
NHS properties and personnel as part ofa wider effort to make the law more even-handed
As never before, it was now possible to hold hospitals and doctors hable for 'accidents'
such as hepatitis B transrmssion A study from the Commumcable Disease Surveillance
Centre revealed a longstandmg problem of transmission to patients [26] In place of the
previous tendency to hush up such incidents, from 1991 on there was greater openness
Whenever practitioner-to-patient transmission of hepatitis B became evident, patients
were notified and called in for testmg, and the media were mvolved in the process [27]
Vaccme was rapidly made available, and strongly promo ted, among groups such as nurses
in mental handicap institutions In 1994, a surgeon who had hidden his camer status was
prosecuted and jailed [28] Medical students were to be subjected to compulsory
hepatitis B testmg and vaccination, with carners barred from entry to medical school, but
tlus move aroused strong opposition among the medical profession [29] There was
similar opposition to a move to screen all hospital doctors [30] We can see a defimte move
towards active targetmg of health professionals for both testmg and vaccmation in the
1990s

Clearly, the broadenmg hepatitis B vaccme pohcy of the late 1980s and early 1990s
reached out to sorne groups more energetically than others Pregnant women were actrvely
targeted leaflets handed out at ante-natal elimes strongly advised vaccmation for babies
of camer mothers, and urged such mothers to carry out hygiene precautions such as
burnmg samtary towels [31] The Confederation ofHealth Service Employees [COHSE]
produced their own leaflet in the late 1980s, grvmg very full coverage to safety measures
[32] The vaccme was mentioned as effective but not widely available to health staff The
Terrence Higgins Trust and Group B, a self-help homosexual men's group, produced a
leaflet advismg homosexual men to seek hepatitis B vaccination, while also descnbmg
safe sex techmques [33] More vaccme was reachmg more clients now but in a fragmented
way

In 1992 the Department of Health comrmssioned research mto the costs and benefits of
different hepatitis B vaccme pohcies that rt might pursue in the future Options ranged
from contmuation of the CUITent 'targeted' approach, to expansion toward umversal child
hood vaccination at about age 12 years, a pohcy already mstituted m countnes like Italy
with a slightly higher prevalence [34] ThIS 'umversal adolescent' vaccmation pohcy was
pubhcly heralded as the commg thmg as early as 1991, but was not mtroduced m the
Umted Kmgdom for many years [35]

In the course ofmy own research in the 1990s, I witnessed a shift m the fortunes ofhep
atms B immumzanon m this country, with the prormse ofmore to come To a greater extent
than was apparent in the local, Umted Kmgdom sources, these shifts were part of a global
picture, m which the Europe regional office ofWHO was mfluenced by worldwide devel
opments Influenced, but not determmed, apart from any other factors, the epidermology
ofhepatitis B was different in most Third World countnes from affluent countnes such as
the Umted Kmgdom, as mdicated m the earher part of this paper [36]
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Hepatins B immumzanon III ASIa and Africa

The lmk between hepatitts Band hver cancer lS a recent construct that arose from the
epidermological studies of the 1970s, combmed with work on the natural history of the
disease and Immune responses Colonial doctors m earher penods allocated blame for the
high rate of liver cancer in Afncan countnes to use of mdigenous herbal medicme, or to
the dietary deficiencies that also produced kwashiorkor m mfancy The high mcidence of
this rapidly fatal cancer in parts of Afnca and Asia became lmked with hepatitis Bonce
the antigen test allowed epidermologrcal studies to be undertaken It would seem logical
that rmmumzanon on a wide scale would follow as soon as a vaccme for hepatitis B
became available

Chma, Taiwan, and Japan did irutiate such pohcies Japan lS of course one of the most
developed countnes, with Taiwan and Chma at an mtermediate stage, and all three had a
very high prevalence of hepatitis Band hver cancer and an awareness of the problem
Each rnrtiated local production quite early after the development of the first human-serum
vaccme, reducmg the cost, and in Chma costs were partly recouped by chargmg recipients
But most high prevalence countnes dtd not - why not? Why the difference? And how dtd
this shift?

There were two main reasons for a lack of enthusiasm about hepatrtis B immumzation
ln the countnes which suffeied highest prevalence of the disease One was simply cost If
cost had been an mhibitor in Bnnsh vaccine policy, tt was a hundred tunes more so for
poor countnes Cost reduction lS a vital element ln the history ofpromotion of hepatitis B
immurnzation in these countnes Its complex recent history lS untangled in an account by
Amencan histonan Wilham Muraskm, detailmg technology tiansfer and local production
m Korea and elsewhere [37] Even when technology transfer and local production eut the
cost of a course of vaccine from $100 to $1, this still represented an nnpossibly heavy
burden for the poorest countnes wrth annual per capita expenditure on health as low as $3
The spread of the vaccine to sub-Saharan Afnca was markedly slower than the Southeast
Asian expenence

The other reason foi a reluctance to pnontize hepatitis B imrnurnzatron ln underdevel
oped countnes lS more subtle, and recalls the complexrties of the ways that the disease
was seen and handled by different sectors and policy-makers in wealthier countnes The
epiderruologrcal evidence might mdicate a certam course ofaction but this was only c1ear
when lookmg at that problem in isolation For health rmnisters, officials, scientists, and
health care workers m Third World countnes, there appeared to be an array of more press
mg problems There was no estabhshed 'Irver cancer' lobby as there was, for example, an
estabhshed maternal and child health lobby Reflectmg this, there was a lack of urgency
at the mternational centre, the World Health Orgamzation The WHO Expert Advisory
Panel on VIrus Diseases recogrnzed that umversal immumzation agamst hepatitis B at
bu th would be the Ideal atm for high prevalence countnes, but this policy did not recerve
official WHO endorsement until 1992

In Muraskm's account, ail these obstacles - indifference at WHO, governmental reluc
tance, the high cost ofthe vaccme - were tackled by the International Task Force on Hepa
tins B Immurnzation set up in 1986 ThIS US-based group, a sort of scientific Magnificent
Seven (actually, mne when fully formed), mcluded Alfred Pnnce, renowned virologist at
New York Blood Center, who devised a cheap plasma-denved vaccine He called the
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Merck vaccme a 'nch man's vaccme' for a 'poor man's disease ' By offermg assistance
with technology, and promotmg competition between mterested firms and agencies, in
1987 the Task Force succeeded in secunng a bid from the Korean Green Cross Corpora
tion to supply the vaccme at just below $1 a dose [38]

Even at this pnce it was difficult to convmce many governments in poor countnes of the
need foi hepatitis B immumzation The Task Force promoted two pilot projects, carned
out 'on the ground' by the Program foi Appropnate Technology in Health, an Amencan
non-profit orgamzation whose head, RIchard Mahoney, was a foundmg member of the
Task Force In Indonesia, acceptance ofthe project was assisted by backmg from President
Suharto whose Foreign Munster had died ofhver cancer In Thailand, local production of
vaccme and continuation of immumzation beyond the pilot area and ume span were
agieed beforehand, as long-term goals In both countnes, hepatitis B immumzation was
mtegrated mto the existmg Expanded Programme on Immumzation (EPI) for SIX child
hood diseases But the hepatitis B element was more ambitious, smce rt mvolved locatmg
aU newborn babies in order to admimster the first dose of vaccme withm 7 days of birth,
which was not necessary for the other EPI vaccinations (poho, diphthena, pertussis,
tetanus, tuberculosis, measles) Both the pilot projects were judged very successful

Meanwhile other imtiatives were afoot Accordmg to Muraskm, when Japanese leaders
of the Western Pacifie Regional Office (a WHO agency) helped 'open up' Chma to hep
atitis B immumzation, the Task Force stepped in with a model project to demonstrate
feasibihty in a poor rural area However the Task Force could not dissuade the Chmese
government from seekmg to convert their own vaccme production to the prestigious but
expensrve genetically engmeered (recombmant DNA) technology Blumberg, the dISCOV
erer of the hepatins B antigen, grves a rather different account of the development of
vaccme pohcy and production m Chma, emphasizmg initiatrves from Chmese pubhc
health experts and scientists seekmg technology transfer from the West at each stage of
vaccme development [39]

International and UK dimensions III the 1990s

By 1991 wh en a joint WHO/Task Force conference on hepatitis B immumzation was held
at Yaounde in Cameroon, umversalmfant hepatitis B immumzanon had been adopted in
30 countnes The 'Yaounde Declaration' issued by that conference stated that hepantrs B
exceeded m seventy diphthena, pertussis, poho, cholera, rotavirus diarrhoea, and AIDS,
caUed for integration of hepatitis B vaccme mto the EPI, and for global fundmg for
purchase and dehvery of the vaccme ThIS caU was foUowed by an EPI advisory group
meetmg in Turkey which set a target date of 1995 for umversal hepatius B vaccination in
countnes wrth camer rates above 8% and 1997 for aU other countnes These goals were
further endorsed by the WHO World Health Assembly in May 1992, calhng for umversal
hepatitis B immumzation by 1997, although countnes with rates below 2%, hke the Umted
Kmgdom, could consider adolescent vaccmation as an alternative

ThIS partly explams the change in attitude of the British government the debate over
targeted versus umversal immumzation was no longer a matter between the Department
of Health [40] and its advisors, but now had an unavoidable international profile [41] A
rethmk was forced on pohcy makers by the mternanonal health commumty Local
circumstances could still be pleaded as a reason for local solutions, with more or less
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expensive options considered. But the choice increasingly appeared to be between
universal infant vaccination, or universal adolescent vaccination. The targeted route was
falling out of favour.

However, by the end of 1997, Britain had not met the WHO deadline, along with the
Scandinavian countries, the Netherlands, and Ireland: most other West European countries
had done so. These recalcitrant non-vaccinators shared a relatively low prevalence of
hepatitis B, and perhaps a scepticism about the philosophy of universal provision. This is
reflected in a comment by a representative of the UK Public Health Laboratory Service:

This disease is not a priority for UK people. It is still relatively rare and the vaccine
is expensive. We have to think how best to spend disease prevention cash. It is not
necessarily the correct thing to vaccinate millions of people to stop the annual
appearance of only a few hundred cases, of which only a fraction will result in
serious illness [42]. .

Nevertheless, during the 1990s the British authorities pursued the policy of targeted hep
atitis B vaccination with zeal, notably in relation to the infants of carrier mothers, as illus
trated by the case of a family whose child was forcibly vaccinated against their wishes
[43]. Mothers and infants have historically acted as favoured targets for public health
interventions in both developed and developing countries. They have long formed the
category where the tension between individual liberty and public interest sways most
readily towards public interest - that is, in the eyes ofpolicy makers [44].

Conclusion
The leading contention of this paper is simply that vaccine viability does not depend only
on the quality and effectiveness ofthe vaccine, combined with the size ofthe problem, and
qualified by delivery issues such as the cold chain. Ifthat were the case, we couId write a
sort of equation:

Large infectious disease problem + good vaccine = universal immunization
This 'rational mode!' of the relationship between science and policy clearly fails to meet
the historical facts. For a wealthy country like Britain, the introduction of an effective but
expensive vaccine for hepatitis B was predicated onto covert negotiations between certain
groups - mainly health workers - and the Department of Health, over screening issues.
For many years, hygiene measures continued to be the preferred avenue of defense, as
illustrated by the Northern Ireland study referred to above. Policy initially failed to target
the groups most likely to contract hepatitis B; but in any case, the implementation of the
'targeted' policy remained very feeble throughout the 1980s.

For Third World countries, where the vaccine might have been much more urgently
needed, barriers of cost together with prioritization of more established problems meant
that only in a few countries was the vaccine energetically promoted during the 1980s. For
most countries it took the concerted effort of outside agencies to pilot viable delivery
programmes. Apparently these were so successful, and the fall in priee of the vaccine so
dramatic, that a definite swing occurred in the early 1990s towards global promotion of
universal vaccination. This does not represent a triumph for global pharmaceutical compa
nies, as the bigger Western companies have given place to producers in the Far East, while
a number of poor countries aim to make their own vaccine (although their ability to do so
remains constrained).
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To understand these sequences, we have to follow how problems and solutions were
seen by those involved. This paper has traced two main strands to this 'social construction'
of vaccine viability. One is the intertwining of alliances, evident both in my account of
moves in the United Kingdom and in Muraskin's account ofshuttle diplomacy and broker
ing by the International Task Force. The other is the longer history of the framing of the
disease, including previous negotiations, before the advent of the vaccine, which set the
terms within which its use could be considered. Paradoxically this process, based in
Western science, produced a sharper image of the disease and more varied solutions in
countries with low prevalence like Britain; while in poorer countries, there was very !ittle
indigenous framing of the disease. Only in those Asian countries with developed or
planned economies plus a high prevalence ofhepatitis B, did the push for a viable vaccine
come trom within.

So in essence 1 am arguing that 'vaccine viability' is to be understood in social,
economic, and political terms rather than biological, scientific, and medical terms: even
where the technical efficacy of a vaccine was generally agreed (and, as we have seen, this
was not always the case) the use of vaccines depended on a complex of social, economic,
and political factors - some explicit, some implicit. To understand the history of vaccines,
we have to recover these fàctors, otherwise our history remains a sketch. Stories of
'success' and 'failure' of vaccines in purely scientific terms explain !ittle, and are corres
pondingly inefficient in illuminating our present and our future.

Acknowledgements

Acknow1edgements to the Wallcome Trust for fundmg the research of which this is one outcome. Respons
abillty for Înterpretation remains wlth the author.

Bibliography

Goodfie1d J. The planned miracle. London: Cardinal~ 1991. Goodfield glves a mainly posItive account
of 11lllllLmization programmes in poor countries but shows awareness of problems of sustainability: she
also describes transmission accidents.

2 Stanton J. Health policy and medlcal research: hepatitis B 111 the UK since the 1940s [thesis). London:
University of London~ 1995. chapter 2.

3 Interviews conducted between J991 and 1993, discussed here anonymously.
4 Interview with liver disease consultant, London. 1992.
5 IntervIew with virologist working in blood transfusion centre, London, 1992. See also, Mollison P.

Blood transfusIon in clmicalmedicine. 5th ed. Oxford: Blackwell ScientIfic PublicatIOns: 1972.
6 Stanton. Hepatitis B thesis. chapter 4.
7 Blumberg B. The Australia antigen story. In: Millman L Eisenstein T. Blumberg B. Eds. Hepatitis B:

the virus. the disease, the vaccine. New York: Plenum Publishing Corp.: 1984. p. 5-31.
8 London W, Blumberg B. Comments on the role ofepidemiology ID the investigation ofhepatitis B virus.

Epidemiol Rev 1985~ 7: 59-79.
9 There is a wide medical literature on this question but the best 111troductlon for histonans is:

Muraskin W. The silent epldemic: the social. ethical and medical problems surrounding the fight against
hepatltis B. J Soc Hist 1988: 22: 277-98. My own grasp on the subJect \Vas greatly assisted by talking
with a medical sociologist and a genitourinary medicine (GUM) specialist at a London GUM clinic,
1991.

10 Jilg W, Deinhardt F. Hepatitis B: eradicable? World Health July 1988: 10-2.
11 Szmuness W, et al. Hepatltis B vaccine: demonstration of efficacy in a controlled clinical trial in a high

risk populatIOn in the United States. N Engl J Med 1980: 303: 833-41.

174
,IN(i(''-.·\R SEL\TS

HI,roRI('~L I;,SUES AND CONHMPORARY DEBATrs IN 1~IMlINOL()Ci\'



Vaccine l'iabrlity

12 See corr. following articles by leading hepatitis B expert Zuckerman A. Priorities for immunisation
agamst hepatitis B. Br Med J 1982; 284: 686-8; Zuckerman A. Who should be immunised against hepati
tis B? Br Med J 1984; 289: 1243-4.

13 McKee CM. Hepatitis B in Northern 1reland - who should be immunised? [Dissertation for part 2 of
Membership ofFaculty of Community Medicine]. 1988.

14 Interview with epidemiologist, London, 1991.
15 Stanton J. What shapes vaccine policy? The case ofhepatitis B in the UK. Soc Hist Med 1994;

7: 427-46, esp. 433-5.
16 Restricted guidelines set out in DHSS circular letter CMO[81]11, 31 December 1981 and clrcular

CMO[82] 13/CNO[82] 11, 15 October 1982; focussed on limited categories ofNHS stafT and patients.
17 Shanson D. Attitudes of staff [to] vaccination in a London hospital. In: Short R, Jones G, Eds.

Hepatitis B in the UK. Proceedings of conference at Royal SocIety of Medicine, 14 October J986.
p.42-4.

18 Besides sponsoring conferences, and publication of conference proceedings, MSD employed a public
relations company to liaise with medica1 experts: interview, public relations officer, London, 1991. Sub
sequently, Smith Kline Beecham, the company producing the genetically engineered vaccine, employed
similar tactics but went further, setting up a 'Viral Hepatitis Prevention Board.'

19 ASTMS Health and Safety Office Special Report. The risk of hepatitis to laboratory workers: the case
against the attempt to downgrade safety standards in laboratories testing hepatitis B virus specimens.
London: Association of Scientific, Technical and Managenal Staffs; 1980. An ASTMS health and
safety representative spoke out against the vaccine at conferences in the 1980s: interview wlth epide
miologist, London, 1991.

20 Royal College of Nursing, Safety Representatives Conference Co-ordinating Committee. Hepatitis B
and nursing in the UK: report l'rom Wembley Conference. Newspaper format, April 1987. RCN ar
chives. Front page headline reads: 'RCN urges DHSS to revise vaccine gUldelines.'

21 Polakoff S. Acute viral hepatitis B reported to the Public Health Laboratory Service. J Infect 1990; 20:
163-8. These figures for England and Wales reflect a similar pattern to that suggested for Scotland (see
below).

22 There were 'epidemics' of both drug use and hepatitis B in several inner cities in the early 1980s. For
Edinburgh, see Bath G, Carson RA. Hepatitis B notifications in Edinburgh - a study by Edinburgh Dis
trict Council and Lothian Health Board. Typescript, February 1986.

23 Interviews: group of homosexual men with hepatitis B, London, 1991; Department of Health drug
policy adviser, London, 1992.

24 DHSS EL[88]PI125, July 1988.
25 66% ofNHS drug treatment centres dld not screen or offer hepatitis B vaccine, according to Farrell M,

Battersby M, Strang 1. Screening for hepatitis B and vaccination of injecting drug users in NHS drug
treatment services. Br J Addict 1990; 85: 1657-9.

26 Heptonstall J. Outbreaks ofhepatitis B virus infection associated with infected surgical staff. Commun
Dis Rep 1991; 1 (8): R81-5.

27 For example, four contract hepatitis B in rented ward. Guardian, II May 1991; Women seek checks in
hepatitis scare: risk l'rom surgeon's infection minimal, says hospital. Guardian, 2 February 1993;
Patients recalled as surgeon is told he carries hepatitis B virus. Guardian, 5 November 1994.

28 Hepatitis doctor jailed for 'terrible' deception. Times, 30 September 1994.
29 NHS staffto be tested for hepatitis B: Doctors' concern over compulsory testing for HIY. Independent,

II January 1993.
30 Hepatitis B screening queried. Times Higher Ed Suppl, 8 July 1994.
31 Hepatitis B: does it affect you? Sorne advice for women. Leaflet by Ruth King for King's College Hos

pital Liver Unit, October 1989. At foot of front page, in bold type: 'There is now a vaccine which can
protect new-born babies and other people l'rom the vims.'

32 COHSE fact-sheet on hepatitis B, no date but l'rom internai evidence late 1980s.
33 Group B. Hepatitis Band you. 26-page booklet, November 1990.
34 Mangtani P, Hall AJ, Normand CE. Hepatitis 8 vaccination: the cost effectiveness of alternative strate

gies in Eng1and and Wales. J Epidemiol Community Health 1995; 49 (3): 238-44.
35 Liver disease jabs 'for ail at 12'. Guardian, 14 October 1991.
36 West European countries had lowest prevalence; sorne southern and eastern European countries had

'intermediate' prevalence, similar to that in Latin America.
37 Muraskin W. The war against hepatitis B. A history ofthe International Task Force on hepatitis B immu

nization. Philadelphia: University of Pennsylvania Press; 1995.
38 In time for first meeting of Task Force in Nairobi, March 1987. See: Muraskin. War against hepatitis B,

p.95.

SINGULAR SELVES

HISTORICAL ISSUES AND CONTEMPORARY DEBATES IN IMMUNOLOGY 175



J. SfI1ntOll

39 Interview, Oxford, 1991.
40 The DHSS split in 1988, the Department of Health separating from Social Security.
41 One of the government's chief advisors on hepatitis, AJ Zuckerman, who headed a WHO Reference

Centre on hepatitis in London, and sat on WHO Europe hepatitis committees over many years, active1y
advocated wider hepatitis B llnmunization for the United Kmgdom.

42 Quoted in: McKie R. Killer in the b100d that Britain ignores. Observer, 23 November 1997.
43 McCrystal Cal. Snatch and jab. Observer Life, 4 August 1996.
44 Stanton J, Berridge V. Vertical ancestries and horizontal risk: hepatitis B and AlOS. In: Lowy L

Gaudillière IP, Eds. Transmission: between heredity and infection. Harwood Press; forthcoming.

176
SINGULAR SEl' ES

HISTORICAL ISSUES ANf) (ONTEMPORARY f)EBATES IN IM~lUNOLOGY



PUBLIC IMAGES
OF IMMUNOLOGY





Stnfiu/ar Se/l'es
Hi,ltorica/ Issues and Contemporan' Debates in ImmUiIO/0!i.\'
AM Moulin, A Cambrosio, Eds
('12ûûl ÉditIons SCIentifiques et médIcales ElsevIer SAS. Ali nghts reserved

Figuring immunity: towards the genealogy
of a nletaphor
Ed Cohen

"The choice ofexplanations in medicine is always a choice ofvalues.." "
Lawrence Kirmayer [1]

"". in this culture, lIIedical thought isfully engaged in the philosophical status ofman. "
Michel Foucault [2]

"Science projeets are civics projects; the)' remake citizens. "
Donna Haraway [3]

A metaphorical introduction
From antiquity until the beginning of the nineteenth century, the Western imagination
recognized that nature exercised a curative power on the organism, a power which med
icine sought at best to emulate or to enhance. Within the prevailing Hippocratic tradition,
this force was known as "Vis Medicatrix Naturae," the healing power of nature. According
to this doctrine, healing was imagined as a natural manifestation of the organism's latent
elasticity; it was thus understood to embody the organism's more expansive relations to
the world, embracing the forces that animated the cosmos as a whole, Traditionally,
natural healing expressed the enmeshment of living beings in the universe and affirmed
their fundamental connection to the matrix from which they arose and to which they would
one day return [4],

By the end of the nineteenth century, however, the "Vis Medicatrix Naturae" had fallen
out of favor among Western bioscientists. Deemed unduly vitalistic for the emerging
reductionist paradigms proposed by scientific medicine (which sought exclusively biochem
ical explanations for biological processes) healing became an increasingly anachronistic
notion. Instead, Western medical rationality embraced a new image, adopted from a very
old legal doctrine, for how organisms survive illness: "immunity." This metaphoric inno
vation fundamentally reconceived the amelioration of illness. No longer represented as
evidence of the organism's essential connection to the world in which it lived, immunity
refigured healing as an effect of the organism's necessary struggle to defend itself against
the world.

We now take this reinterpretation to be definitive. Most of us who rely on biomedical
treatments accept the idea that our "immune systems" ought to "defend" us against disease
(even as we are also increasingly aware that they do not always live up to this promise),
Nevertheless, it is not entirely self-evident why a term that had served almost exclusively
as a political and legal concept for more than two millennia could have been so rapidly
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assimilated into modem biological thinking as one of its central metaphors. Indeed, given
the seeming impropriety ofusing an explicitly juridico-political term to elucidate a biolog
ical phenomenon, we might want to know how this metaphoric translation came to make
sense. We might also want to ask what the consequences of this translation were both for
the practice of medicine and for the experience of healing.

The word "'immunity" was transplanted into bioscience a little more than 100 years aga
in order to describe the ways in which multicellular organisms systematically mediate
relations with the environments in which they exist - environments replete with other
living beings. Needless to say, there is no natural or necessary connection that grounds the
.analogy between the legal and biological uses of the word. Moreover, as with aIl transfor
mative metaphors, its rhetorical success depends upon the way it both retains and resolves
the tensions that exist between the categories which it brings into relation. When immunity
first began to appear in medical discourses during the middle ofthe nineteenth century, its
metaphorical efficacy was constrained by the unresolved incongruity of the tenus it put
into play. At that time, immunity did not significantly increase medical knowledge
because the force of the legal concept, which underscores exemption and distinction,
overtly clashed with prevailing humoral and environmental explanations, which stressed
continuity and connection among organisms and their contexts. Hence, immunity
appeared in these early biological uses as a paradoxical metaphor at best and not a partic
ularly helpful paradox at that. By the end ofthe century, however, political, philosophical,
and scientific developments had significantly changed the context for biological under
standing. So much so that when the concept was reinvoked in the early 1880s and used to
explain the miraculous results ofPasteur's vaccination experiments, it rapidly transformed
the basic understanding ofhow organisms - and especially human organisms - endure.

During the last 100 years, then, a tenu which first appeared in Roman Law has come to
serve as the metaphoric crux of numerous technoscientific endeavors in human biology.
Its naturalization has provided, and continues to provide, a principle of articulation for the
practice of scientific medicine on and within the bodies of the citizen-subjects of the
industrialized West. Indeed, by facilitating the application ofbiochemical practice to orga
nismic function, immunology has successfully modeled the '"objects" oftwentieth-century
biomedicine (in the double sense ofits experimental domains and its therapeutic aims) [5].
Today immunity literally underwrites the project of scientific medicine as it has been
incorporated in our culture since the end of the nineteenth century. It is a trope which
seems to make biochemical reductionism seem to make sense as the best, if not the only,
way of understanding the complex, and at times contradictory, articulations of organism
and environment. Immunity as metaphor underlies the truth of immunity as a bioscientific
concept precisely in so far as we forget the metaphoricity which makes this '"truth" seem
true [6].

This essay explores the bio-political effects that produced and were reproduced by the
medical investment in "immunity" as a scientific trope. What 1 want to try to understand
is: How did an ancientjuridical concept pass over into the human interior at the end ofthe
nineteenth century in order to scientifically elaborate the body as a knowable object? And
how did the acceptance of the metaphor immunity as an organic truth shape the goals of
modem bioscience? By recovering the metaphoric migration of immunity from the polit
ical to the biological, then, 1 hope to unravel sorne of the complex meanings, practices,
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events, relations, and histories that congeal in and through the incorporation of immunity
as principle of articulation within contemporary Western medicine. For if, as Haraway
reminds us, "... a research program is virtua11y always also a very mobile metaphor," then
we can also welcome the significance ofher admonition that, "[m]etaphors are tools and
tropes. The point is to learn to remember that we might have been otherwise, and might
yet be, as a matter of embodied face' [7].

Embodied metaphor

Standard medical histories usua11y represent the "discovery" of the immune response as a
turning point in the "progress" of medical science. Before the advent of immunization in
the 1880s and 1890s - arguably among the first effective biotechnological treatments 
scientific medicine had done little more in the way of ameliorating i11ness than either its
pre-scientific predecessors or its contemporary competitors. Other than Jenner's famous
experiments with sma11 pox vaccinations at the end of the eighteenth century (a practice
derived in part from the folk knowledge of dairy maids) the advances in biomedical
knowledge until the 1870s were primarily anatomical and physiological. In the absence of
new treatment options, the emerging science of medicine focused on pathology and
diagnosis as practices of classification that defined the epistemological superiority of the
modem physician over and against a11 other health practitioners. The focus was on elab
orating the "natural histories" of specific diseases in order to fix diagnosable pathologies
as privileged objects for "rational" medical inquiry. Even through the first decades of the
twentieth century, diagnosis, and not treatment, still defined the physician's métier [8].

From this pathogeni€ perspective, the physician's attention was directed away from the
event of illness as a passage in the flux of human embodiment towards the search for an
essentia11y "foreign" agent which could now be conceptua11y localized as the "cause" of
disease [9]. With the introduction of vaccines and anti-toxins as viable medical technol
ogies in the last decades of the nineteenth century, doctors arrived for the first time at an
apparently reliable, scientifica11y-derived, industria11y-produced, and commercia11y prof
itable means to intervene in the process ofdisease transmission. Needless to say, this tech
nology played a critical role in establishing both the epistemological and the economic
success of modem medical practice. Yet even after Pasteur spectacularly introduced an
effective vaccine produced from attenuated forms of the bacteria that "caused" chicken
cholera and anthrax, thereby providing a technique that could be applied to other infec
tious diseases, there was no cogent explanation for why or how his technique worked. Not,
that is, until the scientific elaboration of "immunity" as the organismic activity of "self
defense" provided an effective remedy to this plaguing theoretical wound.

In order to begin to understand the difference immunity has made to modem biomed
icine, it is necessary to reconsider the conceptual developments which led to its incorpora
tion in medical theory and practice, developments which made it possible for immunity to
begin to function as a productive category for bioscience in the first place. While medical
historians have noted the sporadic use of the term "immunity" over the last 2,000 years to
designate the decreased vulnerability to the effects of epidemics found in those who
survived previous incidents of the same kind of illness, this usage was at best highly
impressionistic [10]. According to Anne-Marie Moulin, the first modem biological use of
the term "immunity" does not appear until 1775 when Van Sweiten, a Dutch physician,
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used the ward i1lllllullitas in Latin to describe the effects induced by an early attempt at
"'variolization" (inoculation for small pox) by his compatriot Boerhaave:

It wOllld be desirable thanks to a medicaJ artifice to treat the body in such a manner
that everything happens as it does in those who have been attacked once by a disease
or those who, thanks to their own idiosyncrasy, were not touched by the contagion
and as a consequence possess immunity (immllnitas) with regard to this illness [11].

Here the metaphor "immunity" serves to mark a derivative quality "'possessed" by
certain exemplary individuals who remain unmarked by those symptoms which signify
the presence of a "contagion" among the general population. Hence, the backdrop against
'which the singular exemptions represented as "'immunity" become intelligible as marked
exceptions is that of a generalized illness which affects not just the atomized, individual
body but more significantly the aggregation of bodies that constitute the visible social
field. In so far as the most devastating etfects ofepidemics during the eighteenth and nine
teenth centuries primarily occurred in urban areas, we might say that biological immunity
emerged as a way of designating a quality that inheres in individuals who remain
unmarked by those afflictions that primarily appear as municipal diseases.

Moulin also notes that the first systematic treatise published on immunity appeared in
1852 in the monograph of a French doctor, André Threse Chrestien bearing the title "On
Immunity and Morbid Susceptibility" (De l'immunité et de la susceptibilité morbide. all
point de vue de la clinique médicale) [II]. Here Chrestien's juxtaposition of "immunity"
to "'morbid susceptibility" is explicitly located within the "clinical" model that Michel
Foucault has elucidated as emerging during the last decades ofthe eighteenth century and
the first decades of the nineteenth century. As Foucault cogently explained in The Birth ql
the Clinic. "morbidity" develops as a medical concept at the moment when bioscience
begins to "open up a few corpses" in order to distinguish the somatic signs inscribed by
diseases, signs that define disease as the "author" of pathogenesis. In Foucault's account,
the emergence of clinical medicine marks the movement away from the grand metaphys
ical concepts embedded in humoralmedicine towards the concrete empirical practices of
scientific medicine. represented most graphically by the autopsies which underwrote
pathological anatomy [12]. As the cadaver became the privileged locus from which the
truth of disease cOllld be read off, '"morbidity" became the teleological context in which
disease cornes to make sense. As Foucault succinctly comments: "lt is not because he falls
ill that man dies; fundamentally, it is because he dies that he falls ill" [13]. For clinical
medicine. the corpse provided a corporeal map that rendered disease both visible and intel
ligible as an object ofhuman understanding, thereby locating the concept of disease itself
within the penumbra of death.

The appearance of biological "immun ity" in the shadow ofthe morbid turns our atten
tion to the particularizing function which nineteenth-century theories of disease adopt. By
localizing disease in the tissues ofthe body, clinical medicine began to restrict the consid
eration of how diseases appear by defining them as forms of individual ity. For Chrestien,
i1l117/ltl1ité morbide specified "an effect, in itself spontaneous, which only recedes upon
becoming a cadaver and which manifests itself in the most positive manner by the faculty
it has of frequently resisting the causes of il1ness which surround [eill'irOllllent] men on ail
sides" [14]. Derived from a vitalist understanding that he opposes an emerging biochem-
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ical reductionism, Chrestien 's immunity gestures towards a "force of resistance more or
less inherent in life," a living force that counteracts the deleterious effects of a social envi
ronment within which the organism may "contract certain illnesses" [contracter certaines
maladies] [15]. As Chrestien 's pol itico-economic metaphor suggests, immunity mani tests
a contractual exemption - or, more pertinently, an exemption from having a contract
imposed upon one - where illness appears as a biological manifestation inscribed within
a social relation. However, the juxtaposition of "morbid susceptibility" to "immunity" in
Chretien's text also demonstrates why "immunity" does not emerge from this context as
a robust bioscientific concept: for if morbidity appears under the shadow of mortality and
if mortality is a destiny to which ail flesh is heir, then how does one speak of "immunity"
in relation to "morbid susceptibility"? Since this contradiction undermines the metaphor's
coherence, it unwittingly disrupts the very meanings which it seeks to incorporate in the
first place. Imported from ajuridico-political domain, immunity disrupts the intelligibility
ofthe logic that, at this point in time, internally links morbidity to mortality and therefore
it remains an eccentric formulation with respect to the prevailing accounts of pathogen
esis. Thus, while Chrestien's usage might seem closer to a contemporary bioscientific
concept, immunity still functions in 1852 primarily as an analogy that gestures towards a
kind of singularity marked out by exemption from contagion, where contagion continues
to impinge on the political as one of its most devastating "facts."

Grounding the fortress body

The difficulty with establishing the biomedical meaning of the term "immunity" before
the end of the nineteenth century derives from its ambiguous status as a mixed metaphor
within the prevailing systems ofbiological explanation. Until the development ofbiochem
ical reductionism as a dominant paradigm for allopathic medicine during the mid to late
nineteenth century, the reigning mode for interpreting disease processes descended from
the categories of ancient Greek medicine. In the tradition inscribed under the names
Hippocrates and Galen, diseases were understood to signify disturbances in the four
humors (blood, phlegm, yellow bile, and black bile), which themselves derived from the
four elements (water, fire, earth, and air) as modified by the four cardinal qualities (wet,
dry, hot, and cold). Mapped by this constellation, pre-scientific Western medicine defined
the human body as a localization of fundamental elements that were coextensive with the
known universe. Since bodies, healthy or diseased, could not be known apart from the
ways that they fleshed out their extension in the world, diagnosticians directed their atten
tion not to an atomized, individuated body as the host for a symptom producing disease
entity, but rather to a deeply embedded body understood as a relation among humors,
elements, and qualities.

Given the inclusive and fluid metaphoric system underlying pre-modem medicine, to
speak of "immunity" with respect to embodied states would not only be improper but
nonsensical. Ifdisease signified a relation among elemental qualities and humors that were
materially constitutive of both the living organism and its life context, then "exemption
from" them on the model of juridico-political immunity would be a non sequitur at best.
In so far as bodies are radically fluid for the pre-modern imagination, explanations for
susceptibility or resistance to disease do not partake of the closed political economies that
are the hallmarks of modem immune discourse. It is only after the figure of the "fortress

SINGUlAR SEL VES

HISTORICAll5SUES AND CUNTEMPURAR~ DEBATES IN IMMUNOLOGY 183



E. Cohen

body" emerges in Western political philosophy during the course of the seventeenth and
eighteenth centuries that the groundwork was laid for "immunity" to begin to function as
a productive image for medical understanding.

An early conceptual elaboration ofthis figure appeared in the writings ofthat paradigm
atic ideologue of American virtue, Cotton Mather. Here we begin to discern a formula
tion that anticipates biological immunity's emergence at the intersection of juridico
political and biomedical thinking. In the chapter entitled "Variolae trimphatae, or The
Small-Pox Encountered" ofhis manuscript, "The Angel ofBethesda" (1724), probably the
first medical text written in the thirteen colonies, Mather characteristically juxtaposes
bombastic Calvinist interpretations of small pox as the scourge of God to a truncated
version of an earlier humoralist expulsion theory before providing a detailed account of
the "New and Right Method of treating the Small-Pox, and reclaiming People from the
Madness of Killing one another with Kindness, and praeposterous Proceedings" [16].
While not surprising, Mather's exposition of this prophylactic "method" primarily
concerns the "Way of Proceeding in the practice," he nonetheless begins his discussion
with an extended analogy that attempts to elucidate the effects of the technique he takes
pains to describe:

Behold, the Enemy at once gott into the very Center of the Citadel: And the Invaded
party must be very Strong indeed, if it can struggle with him, and after aU Entirely
Expel and Conquer him. Whereas, the Miasmas of the Small-Pox being admitted in
the Way of Inoculation, their Approaches are made only by the Outerworks of the
Citadel, and at Considerable Distance l'rom the Center of it. The Enemy, tis true, getts
in so far as to make Sorne Spoil, yea, so much as to satisfy him, and leaves no Prey
in the Body of the Patient, for him ever afterwards to seize upon. But the Vital
Powers kept so clear l'rom his Assaults, that they can manage the Combats bravely
and, tho' not without a Surrender ofthose Humours in the Blood, which the Invader
makes a Seizure on, they oblige him to march out the same way he came in, and are
sure ofnever being troubled with him any more. [17]

Here Mather unites a humoral depletion theory with the emerging notion of the body as
fortress to construct his story ofhow variolization works. Likening the body to a "citadel"
at whose front gate the "venomous Miasmas" of small pox normally lay siege, Mather
portrays inoculation as a pre-emptive strike. If the physician can introduce the seeds of
contagion by way ofa secondary fortification whose maintenance is not critical to the integ
rity of the whole organismic structure, Mather suggests, then the appropriate gusto of the
enemy will exhaust itselfby depleting "the prey" that it covets, while only causing a minor
loss of humoral wealth. By relinquishing that part of its property which makes it a desir
able target for "the Invader [to] make a Seizure on," the inoculated body frees itselffrom
future life threatening attacks on its fortifications though a project of strategic impover
ishment. Needless to say, both the logic and the metaphors in this account are somewhat
fuzzy. Nevertheless, what seems very clear is that Mather begins to forge a biological
analogy grounded in a proprietary understanding of individuality, an understanding
founded on the image ofthe body as a citadel whose vital properties are strategically alien
able (in the same way, for example, that wage labor is beginning to be understood as the
contractual alienation of the body's exertions at exactly this historical moment). Thus,
Mather presciently characterizes modem embodiment as an essentially defensive posture
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through which the fortress body must fend off the marauding tendencies of hostile
"enemies" which would attempt to "seize" its vital properties for their own ends.

Incorporating biopolitics

Coinciding with the "scientificization" of medicine itself, the transition to a distinctly
modem conceptual formation of immunity begins to crystallize at the cusp of the nine
teenth century. From a technological perspective, Edward Jenner's experiments in the
1790s demonstrated that resistance to small pox could be induced by prophylactically
inoculating humans with the relatively harmless infectious matter of cow-pox (hence, his
coinage of the term "vaccination" from the Latin vacca for cow). However since Jenner,
a practicing physician, was primarily an empiricistand not a theorist, he was almost entire
Iy concemed with documenting rather than with explaining the efficacy of his technique.
In his Vaccination Against Smallpox: An Inquiry into the Causes and Effects of the
Variolae Vaccinae, or Cow-Pox (1798) [18], he offers a compendium of cases, updated
over each of the next several years, that describe the effects of his experimental protocol.
Largely abjuring analytic inference from the material he presents, Jenner tentatively broach
es a conclusion in his supplement of 1799:

The results of all my trials with the virus on human subjects has been uniforrn.
In every instance the patient who has felt its influence, has completely lost the
susceptibility for the variolous contagion..." [18].

In this passage, which represents one ofhis very few synthetic statements, Jenner invokes
the nebulous efficacy of vaccination's "influence" to account for decreased "suscepti
bility" to "variolous contagion." Not surprisingly, given his belief that small pox derives
from an undue "familiarization... with a great number of animaIs [e.g., dogs, cats, CoWS,
hogs, sheep, and horses] which may not have been intended for his associates" [19], Jenner
deploys an environmentalist terminology to cautiously explain the results of his experi
ments. Vaccination, thus, capitalizes on the disease inducing proximity between humans
and animaIs (a condition of boundary confusion that signaIs "the deviation of man from
the stage in which he was originally placed by nature") by controlling the direction in
which the infectious matter circulates. Yet, since Jenner made no attempt to elucidate the
rationale for his, aJbeit successful, technique, vaccination did not provide a model either
for further scientific experimentation or for theoretical elaboration until almost a century
later when Pasteur would retroactively appropriate both the concept and the name.

If at the end of the eighteenth century, Jenner was unwilling or unable to articulate a
more general theory conceming the complex biosocial nexus within which a vaccinated
body manifests its non-susceptibility to small pox, or conversely within which a non
vaccinated body manifests its susceptibility to small pox, this is not to suggest, however,
that such a theory was unimaginable at this time. Indeed, we could argue that this was
precisely the moment when the theory most radically incorporating such a body was first
effectively articulated within the very liberal political philosophy which underwrote both
the French and American revolutions. As the liberal individual 's self relation to his [sic]
own body became the ground upon which political rights could be demanded, over and
against the sovereign claims previously made in the name of God and souls by European
monarchs, the biopolitical artifact called "the body," by the very fact of its birth as such,
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came to define both the possibilities for and the limits on social relations. In Thomas
Paine's famous formulation in "The Rights of Man" (1791) [20], the notion of equality of
life is predicated on the generality ofbirth as the necessary organismic condition ofhuman
embodiment. Birth equalizes insofar as it equally incorporates citizen-subjects both biolog
ically and politically, the former becoming the inescapable condition of the latter [20].
Inscribed as the originary moment of the self's constitution as a political subject, biological
birth comes to mark the human body as both the site and the source of political relations.
Insofar as human beings - or in Paine's literaI formulation, "men" - are born, they are born
equal. Equalized by the birth that gives them life, humans are equally political and biolog
ical creatures. As Giorgio Agamben has astutely noted in his brilliant political meditation
"Homo Sacer":

... [TJhe concept ofthe 'body' is always already caught in the a deployment ofpower.
The 'body' is always already a biopolitical body and bare life.... ln its extreme form,
the biopolitical body of the West appears as the threshold of absolute indistinction
between law and fact, juridical rule and biological life.... [WJe are not only, in
Foucalllt's words, animaIs whose life as living beings is at issue in their politics, but
also - inversely - citizens whose very politics is at issue in their natllral bodies [21].

Emerging into the world as nodes ofbiosocial relations, human bodies came to constitute,
at the end ofthe eighteenth century, the threshold across which life and politics commune.
Concomitantly, this moment also marks the formulation of "Iife itself," of "bare life," of
"animal... life as living beings," as a political determination, where the facts of birth,
death, and illness, are reimagined as constituents of the health of the nation as a whole.
Thus, the incorporation ofthe body as the substrate ofpoliticallife animates the conditions
within which the body and its health, or illness, become indices of the well-being of
Western nations.

Perhaps the most striking example of this indexical relation appears in Thomas
Malthus's "Essay on the Principle of Population" (179811803) [22], written at exactly the
same moment that Jenner was undertaking his experiments. Whereas Jenner had judi
ciously restricted his consideration ofthe play between health and illness to finding empir
ical justification for his prophylactic technique, his contemporary Malthus seemed to have
no quaI ms about globalizing their implications. Indeed, Malthus tàmously - albeit pessi
mistically -- adumbrated the ways that the human organism qua "susceptible" organ
ism becomes implicated in and as the frontier of social relations. He thereby crystallized
contemporary ways of imagining the hllman body and inscribed them within a social
theory that envisioned this body as a critical nexus for the nation.

The first edition of the "Essay", appearing in 1798, developed Malthus's remarkably
dismal premise that if otherwise "unchecked" by "misery and vice," the "fixed laws of our
nature" (which demanded both the nourishment of food and the gratification ofsex) would
produce a national population that would outstrip the national means of subsistence [22].
As George Canguilhem succinctly puts it:

Malthus's problem was the following: How could a tendency be made compatible
with a limit? How could two aspects of nature - the multiplication of living things
and the limited amount of available space and food - be reconciled? [23].
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Yet, according to Malthus, the "wants of the body" are also the "stimulants" that spur
"the brain of infant man into sentient activity" so that they necessarily underlie ail forms
of social productivity [24]. This formulation, as Catherine Gallagher has aptly noted [25],
simultaneously positions the biological body as absolutely central to and absolutely
problematic for the social formation. In other words, the body with its need for daily nutri
ment and its "necessity" for "passion between the sexes," becomes the crux of an analysis
that seeks to explain why the organismic capacity for economic and biological production
and reproduction can simultaneously give rise to abject poverty and starvation. Since the
analysis works only by attributing this paradox to the "laws of nature" inhering in human
bodies themselves, Malthus imagines "the body" at and as the intersection of economic
and biological processes. He thereby fleshes out earlier proprietary notions of the body as
"property" and conversely grounds problems of social welfare - or as it would soon come
to be known, "public health" - within a somatized "natural history." By drawing together
these eighteenth-century developments into a coherent and persuasive explanation for
social problems such as poverty, malnutrition, disease, and unemployment, Malthus's
work establishes the body as a nexus that both naturalizes the unequal distribution of
resources within the nation and inscribes the attendant human suffering as the effect of
biological processes. As a consequence, given its explicit imbrication of economic and
biological causalities, Malthus's formulation simultaneously anticipates and frames the
practices through which health care became a form of social policing during the course of
the nineteenth century.

Construing public health

While it had long been the case that during epidemics govemments would actively inter
cede to attempt to contain the spread of deadly diseases by establishing protocols such as
curfews, quarantines, inspections, or disposing of corpses, it was not until the nineteenth
century that the function ofpromoting public health came to be understood as an ongoing
obligation of the state. In part, this new perspective emerged from the confluence of
economic and political factors that resulted in the development of the great European
urban centers, where the coincidence of destitution and disease rendered increasingly
graphic displays of morbidity and mortality among the citizenry. As repeated waves of
cholera, typhus, typhoid, and influenza broke across Europe during the first half of the
century, claiming hundreds of thousands of lives, they left in their wake rampant fears
conceming the ability to defend sociallife against such pestilential tides. In this context,
Malthus provided a theoretical frame within which to comprehend the bio-social signif
icance of these virulent epidemics. Moreover, the Malthusian definition ofpoverty became
so imbedded in the social imagination of epidemic disease that the one increasingly
became an index for the other. As the foremost French hygienic investigator of the early
nineteenth century, Louis René Villermé, put it in 1833: the frequent recurrence of
epidemics is a sign of poverty, or, what cornes to the same thing, an excess of population
with respect to the means of subsistance" [26]. Through the interpretive strategies
deployed to make sense ofthese deadly epidemics, the political significance ofbiological
existence came to be imagined as implicating the "health" ofboth individual and national
"bodies."
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This coincidence of clinical and social interpretations served as the basis upon which
"public hygiene" emerged as a prevailing medical ideology during this period [27]. As
medical theorists and practitioners began to conceive of the human organism as a critical
biosocial nexus whose somatic vulnerability defined it as the contradictory site of both
socioeconomic reproduction and devastation, they engendered the possibility for an
explicit articulation of political and biomedical thinking [28]. Indeed, as Bruno Latour has
wryly commented, the hygienists' practice was predicated on the elaboration of this very
contradiction: "The conflict between health and wealth reached such a breaking point in
the mid [nineteenth] century that wealth was threatened by bad health" [29]. In so far as
the aggregation of human organisms in cities foregrounded the coincidence of biological
and sociological vulnerabilities, public health increasingly came to define the horizon
within which the most effective practice ofmedicine took place. Indeed, as many medical
historians have noted, the social improvements that resulted from the agenda of public
hygiene movement (including improvements in sewage, water supplies, housing, working
conditions, ventilation, quality of basic food stuffs, etc.) provided a remarkable ameliora
tion ofurban morbidity and mortality prior to the development of the bio-medical technol
ogies that fo11owed in the wake of Pasteur.

The medical responses to the numerous epidemics that marked the lives of European
urban dwe11ers during the nineteenth century were political, then, in several senses. First,
they attempted to ameliorate the suffering and death of the citizens, especially in so far
these disrupted the productive forces of the nation. Second, they sought to reestablish the
sanctity of the nation's geopolitical boundaries which offered little obstacle to onslaughts
of disease. Third, they tried to mitigate tensions within the city exacerbated by the dispro
portionate to11 that epidemics took upon the pOOl' and laboring classes. Fourth, they legit
imated the responsibility for the medical policing of the populous through both legislative
and extra-judicial authority. Fifth, they established medical practitioners as mediators
between citizen-subjects and the state. Through this complex ensemble of relations,
hygienic practice shifted the primary locus of medical intervention from the i11nesses of
particular individuals (where it was fairly useless) to the aggregate phenomenon of
endemic and epidemic disease among vulnerable cohorts ofnational citizens. As Anthony
Wohl has remarked apropos the English responses to the wave of epidemics that crested
during the 1830s:

These diseases called for more than the doctor's healing art or the research chemises
endeavors. They called for the state to inspect and ultimately control the excesses of
unregulated urban growth and rural neglect: in short, they projected the state into
public health and placed it in the position ofthe guardian over the environment [30].

Through these moments ofbiosocial crisis, medicine was effectively transformed from an
ameIiorative healing practice directed towards redressing the micro- and macrocosmic
imbalances which manifest themselves as the bodily suffering of individuals into a reg
ulatory govemmental practice aimed at safe guarding the geopolitical domain as a whole.

Given the increasing political, economic, and human costs entailed by the epidemics of
infectious disease that plagued Europe during the first half of the nineteenth century, it
makes sense that the public hygiene movement would gather momentum during these
years. Hence, Foucault argues that public hygiene served as the instrument-effect ofa new
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regime of biopower precisely in so far as it was able to "install mechanisms of security
around this risk which is inherent in a population of living beings" [31]. Yet what was
surprising about public health initiatives, as Bruno Latour has noted in his remarkable
study "The Pasteurization of France" [29], was the patent incoherence of the doctrine to
which the hygienists adhered in framing their social practice. Lacking a uni-causal under
standing of infection and disease and drawing instead on the legacy of humoral and envi
ronmental theories that located diseases in their complex life contexts, the public health
movement saw the constituents of illness everywhere:

If anything can cause illness, nothing can be ignored; it is necessary to be able to act
everywhere and on everything at once. The style reflects the action planned by the
hygienists .... Since anything might cause illness, it was necessary to act upon every
thing at once, but to act everywhere is to act nowhere. Sometimes the hygienists give
a definition oftheir science that is coextensive with reality. They daim to be acting
on food, urbanism, sexuality, education, the army. Nothing that is human is alien to
them. Even the human being is too narrow a field; they must also concem themselves
with air, light, heat, water, and the soil. But to understand everything is to understand
nothing [32].

For the hygienists, diseases arose out of the extensive nexus of a life world and hence
could only be located throughout the nexus as a whole. Disease was proximate to the indi
vidual but not localized within the individual per se. To extend Latour's syntax: for the
hygienists, widespread disease was paradoxically everywhere and nowhere at once, precise
ly because such disease made the contradictions incorporated in, and as, "the individual"
palpable in the very place where that abstract individual lived, i.e., the biosocial world.
Thus, despite how it might appear to our post-Pasteurian eyes, the hygienists' style of
reasoning about disease did not demonstrate their ignorance or naiveté but rather evinced
their commitment to a thoroughly political interpretation of disease [33]. Taking disease,
and especially epidemic disease, as a manifestation of what following Donna Haraway
could caU "artifactual social nature" [34], the nineteenth-century public health movement
located the vectors of its causality along a continuum that circumscribed human bodies
within the entire municipal domain. Infectious diseases appeared not simply as intemal
ized struggles for individual survival in a hostile and life-threatening world, but rather as
collective disturbances ofthe social field. Addressing the complex implications ofdisease
therefore necessitated widening the medical purview to include the multiple ecological
factors that coincided in and as the life ofthe human organism since this political ecology
defined the situation within which diseases manifest themselves.

Unfortunately, while this expansive purview did lead to projects which generaUy
improved the lives of many nineteenth-century urban dwellers - probably including
declines in overaU morbidity and mortality - it was not specifically effective against the
waves of infection that came to serve as the index of their success [35]. Thus arose what
Latour caUs "the paradox of the hygienist movement":

[ü]n the one hand, it was a social movement of gigantic proportions that declared
itself ready to take charge of everything, and on the other, it was a succession of
measures that were being quietly undermined by unknown and erratic agents. As a
result, the period showed keen interest in identifying the corrupting forces, the
double agents, the miasmas and contagions, and accorded immediate trust to those
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who might, in identifying them, be able to take measures against them. lt was at this
precise point tl1at the microbe and the revealers of the microbes appear [36].

It is no small irony that at precisely the point when public medicine seemed to thorough
Iy understand the social dimensions of living as the context within which diseases
emerge that it should have to have recourse to biological theories predicated on localizing
microscopic pathogens within isolated individuals in order to maintain its political
purchase. Seemingly, the amelioration of endemic disease by multifarious means was not
enough to establish the success ofpublic hygiene as an effective medical technology in the
face of frequent epidemics of untreatable illnesses. In so far as social theories of disease
relied upon diffuse notions of causality, they provided limited l11eans for comprehending
the ways in which pmiicular bodies manifest their vulnerability to contagion. Hence, while
waves of infectious diseases that threatened nineteenth-centUlY Europe were patently
social phenomena in the aggregate, the inability to assuage the symptoms embodied by
particular individuals rendered the public hygiene movement vulnerable to the conceptual
contagion known as the "germ them'y" of disease.

Bringing the outside in: Bernard's "milieu intérieur"

Needless to say. "germ theory" has long since become synonymous with the spectacular
triumphs of Louis Pasteur, despite the fact that these Pasteurian "triumphs" only emerged
out of a cOl11plex matrix of laboratories, hospitals, academic institutions, scientific publica
tions, industrial concerns, fanns, animaIs, technicians, political ideologies. and popular
representations of experimental science. By and large, most accounts of modern medical
history still unproblematically define the legendary sllccesses of Pasteur's vaccines against
chicken cholera (1879) and anthrax (1881) as the theoretical and commercial threshold of
modern biotechnologies. However, while Pasteur's fmiuitous experiments undoubtedly
provided the model for what would soon come to be widely known as immunization, both
their intel1ectual and technological conditions of possibility must be located in the path
breaking work of the famous French experil11ental physiologist Claude Bernard [37].

Forsaking the Hippocratic tradition of healing, which had relied on contemplative
observation and description, in favor of an interventionist regime aimed at the "scientific
domination of living nature," Bernard made it possible to reimagine both the object and
the aim of nineteenth-century medical practice [38]. With his simple yet labile concept,
milieu intérieur. he arguably transforn1ed nineteenth-century bioscience more radical1y
than anyone who had preceded him [39]. lndeed, the experimental imaginary of Bernard's
milieu illtérieur provides the incipient logic that underlies and underwrites the corporeal
atomism of most post-Pasteurian medicine, especially in so far as it has been naturalized
through the organismic function described as "immune response." In the wake of
Bernard's critical innovation, biomedical interest could begin to be "scientifically"
directed away from the complex ecological interpretations ofdisease and healing - upheld
in ditTerent ways by both the Hippocratic tradition and the hygienic movement - towards
the artifactual1y-reproduced "independenC and "free" body ofthe experimental subject. It
is from Bernard's biosocial construction: the individual animaJ/miifact, that the
"defended" organism corporalized within bioscientific paradigms of immunity descends.

In its earliest presentation. Bernard 's milieu intérieur adapted the residual effects of a
humoralist understanding ofblood as the essential medium of life in order to articulate his
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break with humoralism [40]. Since the internai elements of any complex organism no
longer directly contact the environment from which they must derive sustenance, Bernard
reasoned, an "artifice" was needed to mediate the separation: "That artifice is circulation;
the blood is the environment" [41]. This initial formulation provided Bernard with a rough
theory which allowed him to justify his daims for the preeminence of physiological deter
minants over environmental variables in experiments on animais. If the living body neces
sarily relies upon the sUITounding environment, it is nevertheless effectively self
contained within its own internai milieu:

That sort of independence which the organism has in the external environment
derives from the fact that in the living being the tissues are in fact withdrawn from
direct external influences, and are protected by a veritable internai environment,
which is constituted in particular by the fluids circulating in the body. That indepen
dence, moreover, becomes greater the more elevated the organism is in the scale of
organization, that is the more completely protective an internai environment it
possesses [42].

The focus on the "elevated" animal's "independence" from the environment marks a
critical- and political- turn in biomedical discourse. For as Sagen and Margulis remind
us, "Independence is a political, not a scientific term" [43]. By transplanting this tenet of
liberal political philosophy into his "scientific" theory of the organism and then ignoring
the imaginary work it performs, Bernard directly overturns the hygienists' presumption
that the social environment constitutes the human organism's life context. Instead, by way
of a paradoxical formulation, milieu intérieur, Bernard inverts the topological relations of
inside/outside, such that the organism's interior cornes to serve as a determining context
that effectively isolates it from the life world which now only secondarily environs it.
Hence, in Bernard's formative depiction, the highest (a.k.a., human) animal's "independ
ence" is fundamentally predicated on the "more completely protective an internai envi
ronment it possesses."

Prior to Bernard's reformulation, milieu denominated the extensive context within
which an organism purdures, the domain of which is in the middle, or the medium of its
existence. Indeed, as George Canguilhem demonstrated, milieu emerged as an imbricated
biological (Lamark) and sociological (Comte) concept at the beginning of the nineteenth
century precisely because it foregrounded the complex determinations of human organ
isms in their life contexts [44]. In the wake of Bernard's conceptual innovation, however,
milieu intérieur cornes to figure as not only the means of separation from, but a "complete
protective mechanism" [45] against material environment which enables higher organisms
to becorne "free and independent ":

Constant or free life belongs to the most highly organized animais. In it, life is not
suspended in any circumstance, it unrolls along a constant course, apparently indif
ferent to the variations in the cosmic environment, or the changes in the material
conditions that surround the animal. Organs, apparatus, and tissues function in an
apparently uniform manner, without their activity undergoing those considerable
variations exhibited by animaIs with an oscillating life. This is because in reality the
milieu intérieur that envelops the organs, the tissues, and the elements of the tissues
does not change; the variations in the atmosphere stop there. So that it is true to say
that physical conditions of the environment are constant in higher animaIs; it is
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enveloped in an invariable medium, which acts as an atmosphere of its own in the
constantly changing cosmic environment. Tt is an organism that has placed itself in a
hothouse. Thus, the perpetuaI changes in the cosmic environment do not touch it; it
is not chained to them, it is free and independent [46].

This fonnulation which appears in the posthumously published Leçons sur les phéno
mènes de la vie commune aux animaux et aux végétaux [Lectures on the Phenomena of
Life Common to Animais and Plants] (1878) [46] summarizes Bernard's thinking about
the implications of the milieu intérieur after more than 20 years of deliberation. Linking
the highest values of liberal political thought - freedom and independence - to the
"internaI" biologieal conditions of individual, "higher" organisms, Bernard implicitly
circumscribes the sociality that the public hygiene movement located within the urban
milieu in and as the biological context of the human organism itself, albeit a sociality
among "lower" beings: "A complex organism must be considered as an association of
simple beings, which are the anatomical elements, and which live in the fluid internai envi
ronment [milieu intérieur]" [47]. An aggregation enveloped in its own context, the higher
organism specifies its own relation to the world as a self-relation among its elements.
Moreover, the biosocial context of life only impinges on such a self-relating organism in
a mediated fashion. Hence, aIl efforts to assuage conditions that affiict the complex organ
ism must be addressed towards the domain in which it really lives, that is, "the fluid
internai environment," and not to the epiphenomenal social world which merely touches
it indirectly. Not surprisingly, Bernard made the policy implications of this "scientific"
perception explicit:

Medicine must act on individuals. It is not destined to act on collectivities or
people.... In reality, one only acts on individuals. Collectives are entrained in currents
upon which we can have no effect. These are general actions which are beyond us.
It is the same with epidemics and epizootics. One can act on the individual who
presents oidium, plague or cholera; but one cannot act on the general cause ofplague,
cholera, etc., etc. [48].

By insisting on the experimentally derived validity ofthe "higher" organism's relative
autonomy (an autonomy which reciprocally defines the organism's "elevation" in the first
place), Bernard explicitly contradicts the hygienic movement"s focus on the human orga
nism as part of a political ecology. Instead, he advances a putatively non-political, "scien
tific" practice that identifies the "free and independenf' individual as the necessary locus
of all biomedical inquiry and action. He argues (successfully as it turns out) for the
circumscription of medical experimentation within the context he names the milieu inté
rieur as ifthis metaphor designated a manifestly non-political or extra-political domain.
Ironically, however, the explanatory power that this metaphoric gesture obtains derives
primarily from its paradoxical fonnulation; indeed, we might argue that the reason the
milieu intérieur performs such profound imaginary work at and as the threshold ofmodem
biomedicine is that it names a contradiction [49]. By folding the environment back into
the organism, Bernard transforms the domain within which biomedicine operates. Even as
he insists that organisms are necessarily environmentally determined, he incorporates the
liberal abstraction that (human) individuals are "free and independenf' as a biological
explanation for organismic function and thereby produces a theory that "naturaIly" consol-
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idates an atomistic understanding of "the organism." Yet, rather than undermining the
force of his concept, the antithetical possibilities recognized (or re-cognized) by this
biopolitical formulation are manifestly productive ones: they imagine the paradoxical
situation of the organism in its life context as one of determinant indetermination. The
difficulty with Bernard's formulation then is not that it is contradictory, which is not a
scandai, but rather that it fails to admit this contradiction as such and instead resolves this
tension into an ideological affirmation of the higher organism's "independence." In so
doing, it elearly privileges individuation as the "highest" of all possible modes of organ
ismic differentiation and thereby ideologically forecloses the possibility for a more
nuanced scientific understanding ofthe organism-milieu dyad [50]. Moreover, by natural
izing autonomy and freedom as biological rather than political values and then defining
them as the aggregate effects of the milieu intérieur, Bernard emphasizes the defining
functions of protection over nutrition, separation over contiguity, independence over
dependence, all of which foreshadow the triumph of biological immunity over political
community as a medical world view.

Immune from incriminating disease, or the law of non-recidivism

Following from this biopolitically decisive and defensive formulation, it is fairly easy to
discern the penumbra of immunity emerging from Bernard 's assertion that: "External
influences, therefore, bring about changes and disturbances in the intensity of organic
functions only in so far as the protective system of the organism's milieu intérieur becomes
insufficient in given conditions" [51]. While he himself did not adopt the position that
subsequently became identified with Pasteur's germ theory, preferring until the end ofhis
life to comprehend disease as a general imbalance in the internai environment rather than
as the specific effect ofparticular microorganisms, Bernard's work nevertheless provided
the philosophical and political bedrock upon which Pasteur's theoretical and institutional
edifice was built [52]. For, whatever its many scientific merits, germ theory also emerges
in the middle ofthe nineteenth century as a defensive formulation specifically designed to
impugn the credibility of the transformative multifactoral causality that underwrote both
the promises of spontaneous generation and the premises ofpublic hygiene [53]. Needless
to say, this theory opened the way for a radical reconceptualization both of infectious
diseases and of the living hosts in which these germs of pathogenesis flourished.

A chemist who trained his professional sights on the biochemical effects ofmicroorga
nisms, Pasteur appears not to have had much respect for or interest in the host organism,
except abstractly as the medium ofbacterial growth [54]. Instead offocusing attention on
the host organism as the locus ofdisease, Pasteur and the Pasteurians fetishize the microbe
as the agent or "auteur" of disease and then seek to manipulate its pathogenic qualities by
"culturing" it in less virulent forms. Taking the diseased organism as a "milieu de culture"
(an appropriation from Bernard's milieu intérieur), Pasteur imagines disease as the ecolo
gical disturbances effected by a pathogenic agent within an organic "culture." However,
Pasteur was not much concemed with the phenomenon of disease per se as it affected the
animais who served as his experimental subjects (the flocks of chickens and sheep who
lost their lives to the cause), but rather with its propagation and transmission by micfO
biotic vectors. Thus, Pasteur's project focused almost exclusively on manipulating strains
of bacteria that had been correlated with recognizable patterns of symptoms (a.k.a.,
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"diseases") in the hope of mitigating the pathogenic effects produced and reproduced by
their movements in the "external" world.

To the extent that Pasteur did consider disease, then, he did so only in tenns of how the
activity of microorganisms transfonned the enclosed economy of the organism. In his
1880 discussion of chicken cholera, for example, he attempts to account for the effects of
microorganisms on the dying chicken as a struggle for scarce resources in the milieu inté
rieur.

By the acts of its nutrition, the microbe produces the gravity of illness and leads to
death. One can easily comprehend it. The microbe, for example, is aerobic; it absorbs
great quantities of oxygen and it bums many ofthe elements [principes] of its culture
medium [milieu de culture] (of which it is easy to assure oneself by comparing the
extracts of chicken bouillon before and after the culturing of the little organisms).
Everything indicates that it takes the oxygen that is necessary for its life from the
globules ofblood, across the bJood vcssels; and the praofofthis is that during its Iife,
and onen even as it approaches death, one sees the comb of the sick chicken tuming
purple, while the microbe no longer exists in its blood, or only exists in such a minus
cule quantity that it escapes observation. This genre of asphyxia would be one of the
most curious traits of the disease that occupies us, if it was proved that it can not be
attributed to a difticulty in circulation brought on by the disease itself [55].

Pasteur interprets the disease he has induced in his laboratory subject by identitying the
animal with the equipment of the laboratory itself. For Pasteur not only is the chicken's
living metabolism reduced to a feathered milieu de culture, but the chicken's living per se
is reduced to its status as experimental subject. In this restricted context, it makes complete
sense to understand disease as the consequence of the activity of the asphyxiating
microbes, since only the microbe - and Pasteur, of course - have any agency at aIl in this
scenario. Yet by taking account ofthe mise-en-scène, we can begin to understand what is
so ostentatiously bracketed in Pasteur's thinking, that is, the sociohistorical frame in which
he has created the very il1ness that he seeks to describe by subjecting a chicken to inoc
ulation with a virulent strain of bacteria which he has cultured precisely in order to kill it.
The scarce resources (which in the case of the chicken could actually have been renewable
resources) that the microbes supposedly deplete in their nutritive frenzy, thus appear only
as artifacts of the experiment in which the living processes of the disease's host are
rendered insignificant. In other words, disease denotes for Pasteur the depletion of the
living capital ("les principes") that sustains the organism and for which it is necessarily in
competition with aIl other organisms in a world in which it will receive no sustenance from
outside itself.

Following this logic, Pasteur understands the effects induced in animais inoculated with
attenuated strains of "disease-causing" bacteria, whose virulence he had manipulated in
the laboratory, as due to pre-emptive modifications in the milieu de cultllre which make it
less hospitable to the more virulent, naturally occurring strains (much as Cotton Mather
had postulated 150 years earlier).

... The condition of the existence and multiplication of microbes, the causes of viru
lent illnesses, is that they find in the inoculated organism or the culture medium
[milieu de culture] where one introduces them elements for their nutrition; the praof
is that if one filters the chicken bouillon which served to cultivate the microbe of
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chicken cholera, this bouillon becomes improper for a new culture of the same organ
ism, whereas it can still serve to cultivate other microbes, anthrax bacteria for
example. Why? Because, in ail probability, the first culture exhausted the elements
necessary for the life, the multiplication of the microbe of chicken cholera, and not
those necessary for the bacteria.

If this happened in my test tubes, couldn 't it equally happen in the animal organ-
ism, in the human body? [56]

This formulation provides one of the most explicit statements ofPasteur's understanding
of why the practice of inoculation might work. Based on the evidence of bacteria in a
culture medium, whose exponential growth is cut short at the point where the population
has depleted necessary nutrients - itself a microcosmic version of Malthus's tendency/
limit problem - Pasteur reduced the domain ofthe host organism to that of a giant flask.
If the growth of bacteria in a laboratory is imagined as the same as the growth of bacteria
in a living organism, then the problem of disease lies entirely on the side of the microor
ganism. Moreover, to conceive of the organism as a passive "milieu de culture" suppresses
the fact that the "milieu de culture" is itselfnecessarily a social artifact, produced within
a laboratory through the intersection of human agents, equipment, and microbes, not to
mention the flows of capital and information within which ail these are experimentally
articulated in the first place. However, as the terms he used to characterize the desired
effect of inoculation suggest, Pasteur also relied on the slippage between the multiple
senses of "culture," as medium, as activity, as human nexus [57], to make this understand
ing plausible.

As for the cause ofnon-recidivism [a term Pasteur uses interchangeably with immu
nity], one cannot refrain from the idea that the microbe, author of the malady, finds
in the body of the animal a milieu de culture and that in order to satisfy its own life,
it alters or destroys, which amounts to the same thing, certain materials whether it
prepares them for its profit or bums them with the oxygen it borrows from the blood.
When complete immunity is attained, one can inoculate the most virulent microbe
in whatever muscles without producing the least effect, which is to say that al!
culture becomes impossible in these muscles. They do not contain any food for the
microbe [58].

The interchangeable terms "non-recidivism" and "immunity" stud Pasteur's many texts on
chicken cholera and anthrax, marking the overdetermined "cultural" implications of
Pasteur's analytic scenario: for Pasteur, the disease-authoring bacteria wrongfully "profit"
from the exploitable resources of other living bodies which they appropriate without remu
neration. He reiterates and proliferates these terms, along with a third less favored meta
phor, "refractory," in his attempt to represent the effects induced in organisms inoculated
with his attenuated forms of microorganisms. Besides implying that disease is tantamount
to a "natural" crime (i.e., if it recurs it is a repeat offense, une récidive) these metaphors
underscore the inevitable coincidence of Pasteur's bio-scientific and biosocial interests:
through his interpretive efforts to make the resu1ts of his laboratory practices intelligible,
Pasteur produces and reproduces a new socially pathogenic element, "the germ," whose
domain ofpredation is the living body. Indeed, throughout the explanations he gave ofhis
famous experiments, Pasteur consistently prefers the now scientifically forgotten notion
"non-recidivism" over the still CUITent and highly prized scientific concept "immunity" as
a way of elucidating the effects that he thought he had induced by inoculating his exper-
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imental subjects. So much so, in fact, that by the Spring of 1881 he was referring to "the
generallaw of the non-recidivism ofvirulent illnesses" (la loi générale de la non-récidive
des maladies virulentes) [59]. If Pasteur initially comprehends diseases in terms of
whether or not they were recidivists or non-recidivists, what difference does this make to
our understanding of the biological immunity which both derives from and supersedes it?
ln other words, how do Pasteur's metaphors shape the scientific and political effects
induced by the experimental imaginary that undeÏwrites the inoculation-vaccination
immunization projects which he set in motion?

As Anne-Marie Moulin points out: "Pasteurian medicine doesn 't rely upon theoretical
hypotheses concerning immunity, but on an empirical program of immunization which
appeals to the attenuation of micro-organisms" [60]. Nevertheless, the theory implied by
Pasteur's choice of metaphors suggests that he interprets the effects which pathogenic
bacteria produced in the experimental subjects upon which they were inflicted as an
analogue of repeated criminal behaviors. Certainly ascribing the repetition of socially and
legally reprehensible activities to microorganisms, along with the attendant implications
of patterned criminality whether innate or conditioned, is not what Pasteur had in mind.
Yet by invoking the category of recidivism as a privileged rubric within which he sought
to comprehend the mechanism of his empirical program, Pasteur arrogated the putatively
"natural" activity ofthe bio-scientifically engineered micro-organisms which he injected
into his laboratory subjects for the social project of which he was a part. In other words,
Pasteur's analysis of his laboratory results isolated the social effects of disease in the
bacteria which were defined as its cause (or "author") and not in the larger biopolitical
ecology in which they produced and reproduced their pathogenic symptoms - an ecology
which contained not only these microorganisms and the multi-cellular organisms into
which they were introduced, but also the laboratories in which the experiments were
conducted, the scientists who conducted them, and the public who applauded their efforts.
By recognizing the local effects of inoculation through the manifestly juridical concepts
recidivism and immunity, Pasteur simultaneously ascribed the political dimensions of
disease to the activity of microorganisms and localized the geopolitical domain of disease
within the milieu de culture constituted by the host organism. Immunity functions only
vaguely here since Pasteur is only marginally concerned with living qualities of the host;
immunity thus serves Pasteur as a non-specific quality derived from the non-recurrence of
disease. Instead, recidivism, a category associated from the first half of the nineteenth
century on with the statistical analyses ofprison populations, delimits the social relevance
of infectious diseases to the activities of micro-organisms within the diseased body.

Not one to shy away from expanding the domain of his influence, Pasteur did not
hesitate to expound the overtly political implications of his paradigm. For example, in
testimony given before the Counseil d'Hygiène Publique et de Salubrité on March 9, 1888,
concerning plans for the construction of a new sewage treatment facility, Pasteur
unabashedly declaims:

A new science has been born whose progress has been such that it has imposed its
superior teachings in ail the universities of the world. Under its momentul11, surgery
and medicine have transformed their therapeutic methods. Tt has revolutionized our
knowledge of virulent and contagious illnesses and these illnesses comprise the
majority of pathologies (if one excepts nervous or hereditary illnesses). Now the
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principle which dominates ail microbiology is the following: virulent and contagious
diseases are never spontaneous; they have for their origin a living ferment ofdisease,
living a proper life, a microbe, and the spontaneity ofthe life of these microbes is as
chimerical as the spontaneity of the lives of large animais or plants. Suppress the
microbe of typhoid fever, of diptheria, of scarlatina, of measles, of glanders, of
anthrax, of cholera, etc., or place them in conditions in which they can do no harm,
and you will never find a single case of these diseases. Whatever the conditions of
life, of the physiological misery of the individual, never by its own nature, never can
it create the illnesses of which 1 have spoken nor be affected by them whatsoever....
All virulent and contagious diseases arise from the presence and the development of
microscopic beings. These are ineluctable facts [61].

While the "ineluctable facts" that Pasteur evokes were indeed persuasive, there was a
major flaw in his not so ineluctable logic. For even if"all virulent and contagious diseases
arise from the presence and the development ofmicroscopic beings," it is not the case that
all those exposed to the same "living ferment of disease" will actually succumb to the
same deleterious effects. Outside of laboratories or science fiction scenarios, it is a very
rare microbe indeed that can produce one hundred percent morbidity in all those who are
exposed to il. Given variable susceptibility of organisms outside the controlled conditions
of his laboratory, Pasteur was a bit premature in asserting that "[w]hatever the conditions
of life, of the physiological misery of the individual, never by its own nature, never can it
create the illnesses of which 1 have spoken nor be affected by them whatsoever." Yet, by
emphatically negating the "conditions of life" and "physiological misery" as possible
causal factors, Pasteur effectively asserts the superiority ofhis uni-causal explanation for
disease over and against all multi-factorial theories. He seeks to restrict the domain of
medical and bio-scientific interest to the microbiotic domain because this is the locus
within which he has the potential to maximize control. Thus by restricting his attention to
what was at the time the smallest possible scale of intervention, he is able to produce
global results, results lauded "in all the universities of the world." The germ becomes the
privileged object for Pasteur because it allows him to articulate multiple levels of determi
nation defined across varying scales ranging from the micro- to the macro-cosmic. Both
the extremity ofPasteur's political daims and the fallibility ofhis logic, then, derive from
his assumption that microorganisms are the sole agents of pathogenesis to the exclusion
of any consideration of how "infected" organisms might themselves enter into complex
ecological interactions with microscopic beings.

As Bruno Latour so deftly illustrates, the events inscribed under the name of Pasteur
introduce a new political agent, the germ, into the social realm. Given the triumphal
displays that heralded its arrivaI, the germ's significance quickly percolated through the
biological imaginary - both scientific and popular. Its infectious power was enthusiasti
cally acknowledged even, or even especially, among the advocates ofpublic hygiene, who
had long sought a convincing environmental scenario for contagious diseases, despite the
fact they had the most to lose by doing so. Needless to say, the gerrn rapidly displaced the
multiple causal factors through which the public hygiene movement sought to take into
account the ecologies of diseases, so that the living conditions of the infected organism
came to seem irrelevant except in so far as they facilitated or inhibited the transmission of
pathogenic microbes. More specifically, it was on the basis of this new agent, which
Latour dubs "the cultivated-microbe-whose-virulence-they varied," that a new biosocial
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articulation of bodies, subjects, diseases, economies, and interests could be incorporated.
Yet more than just an efficacious re-artic nlation ofmultiple levels ofbiosocial flows, germ
theory also defines the passive interiority of the organism as the primary space within
which the political and economic struggle for survival takes place. Like Malthus before
him, Pasteur rejects the notion that socioeconomic factors significantly impinge on the
health of populations and instead isolates the "true" experience of infections disease
within the epidermal envelope of the singular organism. In so doing, he re-articulates the
domains ofthe natural and the social, so that the former seems to saturate the passive inter
iority of the organism, while the latter envelops and contains the organism from without.
By bracketing the biosocial circumstances of the organism into whose life the experience
cal1ed infectious disease has emerged, Pasteur privileges the microbes over and against
both those circumstances that may render living beings vulnerable to infection and the
vital exchanges which may enable those infected to heal.

Immunity in action

Even at the time of his greatest triumphs, however, there were indications that there might
be difficulties with asserting the uncontested validity of Pasteur's analysis: there was
neither an account of how infected organisms participate in disease processes, nor an
understanding of how aftlicted organisms survive an infectious illness, nor a way of
explaining the enduring resistance to disease that inoculated, or recuperated, subjects
maintained. Moreover, from the mid-1880s on, other researchers were also challenging the
ineluctable facts of Pasteur's practice by demonstrating, for example, that effective vacci
nation is possible with dead bacteria (Salmon and Smith) or even in the absence ofbacteria
altogether (von Behring and Kitasato). These were plaguing problems indeed for the advo
cates the new Pasteurian bio-technologies. While the Pasteurian project was, as Moulin
notes, primarily an empirical one, nevertheless, its generalization as both a biomedical and
biotechnical enterprise depended upon the possibility of extending its range of applicabil
ity. Yet in Pasteur's hands, immunity had not sufficiently crystallized as a robust trope that
could serve as the basis for the expansive research program he envisioned. Or, to put it
more concretely, the "'poetic borrowing" [62] that immunity constituted within the Pasteu
rian project did not provide a sufflcient foundation for the magnificent edifice that Pasteur
was in the process of erecting for himself: namely, the Institut Pasteur. Thus, Pasteur-the
empiricist needed a theOlY that would allow him to account for the specific effects induced
by the bacterial attenuation techniques which he had introduced in order to capitalize upon
the resulting "immunity" that he claimed to have induced.

To his great good fortune, Pasteur was able to redress this plaguing problem by import
ing and then incorporating the leading figures of the field that would soon become known
as immunology: Elie Metchnikoff and his phagocytes. A Russian zoologist with an
abiding interest in the comparative embryology of invertebrates, Metchnikoff became
internationally renowned during the 1880s for proposing the first account of immunity as
an organismic activity, which he understood as a cellular struggle for survival and among
whose primary functions he included not only organismic protection but also with the
disposaI of cells that "degenerate" in the course of organismic flmction. Drawing on his
interest in a group of leukocytes (macrophages) that he called "phagocytes," or "eating
celis," which were amebic cells capable of encompassing and degrading both microorgan-
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isms and cellular detritus found in the milieu intérieur, Metchnikoff introduced his theory
of immunity in 1883. He identified the effects of intracellular digestion in meta-cellular
organisms as the paradigmatic example of "host defense," proffering a concept that rad
ically transformed scientific medicine by redrawing its epistemological maps of the organ
ism's bio-social ecoJogy. Thanks to Metchnikoff, the "host" organism came to be
imagined as a materially localized entity, inscribed within a recognizable frontier, whose
"immunity" from the biosocial context of infection appeared within the furthest limit of
its ability to marshal a defense against the invasive forces of marauding parasites.
Needless to. say, Pasteur enthusiastically placed his imprimatur upon Metchnikoff and his
phagocytes: he published an essay by Metchnikoff in the inaugural issue of the Annals of
the Institut Pasteur and provided a French home for the Russian embryologist under the
auspices of his newly constructed research facility (where Metchnikoff remained
ensconced for the next 30 years), thereby annexing Metchnikoff's insights for his own
inoculation-vaccination-immunization regime - a win-win situation ifthere ever was one.

By taking inflammation as a particular manifestation of a more general organismic
response, which was itself seen as an evolutionary holdover from the intracellular diges
tion of single-celied organisms, Metchnikoff redefined biological and bio-medical inter
pretations both of what an organism was and of how it maintained its integrity within its
life context. Bringing his keen appreciation for organismic processes to bear on the in
sights of bacteriology (for which, as noted earlier, the diseased organism had heretofore
functioned primarily as a passive context for the propagation of microbiotic agents)
Metchnikoff transformed the concept of biological immunity from a vague metaphoric
gesture towards the inhibition of microbiotic recidivism and into the robust basis for a
"theoretically articulated experimental research program," that is, immunology [63]. What
Metchnikoff offered to biomedicine, then, was no less than a way to account for what
Bernard had deemed the organism's "freedom and independence" from its biosocial envi
ronment through an activity that at once produced and reproduced its integrity and its
boundary. Finessing the problematic Pasteurian basis for microbiotic non-recidivism,
Metchnikoff instead redirected the question by framing it as the effect of a process whose
telos was manifesting the autonomy ofthe organism itself, as Latour notes: "The microbes
were becoming particular cases of a general problem: the integrity ofthe organism" [64].
ln the wake of Metchnikoff, immunity ceased to function as an ad hoc appropriation of an
ancientjuridico-political concept; instead, in an amazingly short period oftime, it came to
operate within bio-medical discourse as a robust metaphor for an active principal oforgan
ismic existence whose province was no less than championing the life of the organism
itself against the deleterious effects of a hostile environment.
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The Lübeck catastrophe and its consequences
for anti-tuberculosis BCG vaccination

Philippe Menut

Introduction

The anti-tuberculosis vaccine, BCG ("Bacille de Calmette Guérin", from the name of its
co-discoverers) is the product of the attenllation of bovine Koch's bacillus [1]. Benjamin
Weill-HaIlé and Raymond Turpin first used the vaccine on humans at the Charity Hospital
in Paris in 1921. There then followed a long series ofcontroversies on the safety and effec
tiveness of the vaccine [2] punctuated by favorable judgements: in 1928, the Commission
on Hygiene of the Society ofNations meeting in Paris officially declared that the vaccina
tion was inoffensive (the vote was unanimous excepting the Austrian professor Nobel) [3].
In 1931, the National Academy of Medicine in France reaffirmed the safety of the French
vaccine [4].

In May of 1930, the intemational opinion was alerted by a serious BCG accident in
Lübeck, Germany, following a large vaccination campaign. Until then, Germany had
remained suspicious ofthe French vaccine and experiments with human vaccination had
relllained local and limited. Only H. Buschmann of Bleialf in a rural area near Bonn,
C. Prallsnitz ofBreslaw and I. Zadek ofthe Berlin Neukoln had used the vaccine in human
medicine [5]. The accident resulted in a long trial during which BCG's qualities and the
vaccination question were discussed against the background ofrising nationalism.

This catastrophe has left an indelible mark on the history of vaccination using BCG. By
retllming to this historical episode we hope to show that it can teach us something about
the functioning of llledicine and its relationship to bacteriology. The Lübeck vaccination
debate is, in itself, an interesting example of the history of vaccination in general.

The prelude to the catastrophe: the introduction of anti-tuberculosis vaccination
using BCG

In July of 1929, spurred on by Councillor Bielefeld, the Lübeck Parliament decided to
introduce BCG vaccination. Conferences were organized in order to convince physicians
and lllidwives. Preparation of the vaccine was delegated to Deycke (1865-1937), a former
military physician and well-known bacteriologist. Alsteadt, a young physician and student
of Deycke, and who had just taken charge of the local hygiene services, requested a BCG
culture from the Pasteur Institute in Paris [6]. Vaccination began on 26 February 1930
following a propaganda campaign in the local press. Parental accord was required for the
vaccination, even though the propaganda had carefully avoided using the tenn "vaccina-
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tion." Parents who accepted the vaccination for their children received money as did
midwives who decided to vaccinate, with the vaccination being administered orally [7]

On 6 March, the first child died at the hospital in Lübeck, although a link to vaccination
was not established [8]. It was necessary to wait until a third death on 26 April before the
physicians decided to stop the vaccination. Up until May 2 a "remedy" put together
by Deycke in order to "avoid at all costs that other children be vaccinated" was used [8, 09/
25/30]. The public was not notified until 13 May 1930 by the Senate of Lübeck. On
28 May 1930, Deycke and Klotz (the Director of the Lübeck Hospital), Aisteadt, and a
nurse implicated in the preparation of the vaccine were accused of negligence [9]. By the
end of 1932, of the 256 children vaccinated, 77 were dead and many were ill [7, p. 67].

The trial that followed lasted 76 days and called upon numerous experts, two ofwhich
were sent by the govemment: Bruno Lange of the Robert Koch Institute in Berlin and
Ludwig Lang of the Ministry of Health. The other experts, convoked by the plaintiffs and
the prosecutors, included Schmincke, -a hygienist, Hans Much (1880-1933), Paul Ulhen
huth (1870-1957) of the Institute of Hygiene of Freiburg University, Martin Hahn (1865
1934) of the Hygiene Institute of the University of Berlin, Wilhelm Kolle (1868-1935) of
the State Institute for Experimental Therapy in Frankfurt, Rudolph Abel (1868-1942) of
the Hygiene Institute of the University of Jena, ail bacteriologists, Schürmann (1895
1941), an anatomo-pathologist, and Poll, a biologist. All, with the exception of the biol
ogist, were recognized as specialists in bacteriology and, in particular, as applied to tuber
culosis. Ali had conducted experiments using Cox bacteria, sorne had even worked with
BCG. On the other hand, none had practiced vaccination with BCG in human medicine.
Moreover, with the exception of Schmincke, a communist, ail recognized the high quality
of Deycke's work and his merits as a person "who had devoted his life to medicine" [8,
12/19/31]. Although the defenders of vaccination were in the minority, the opponents of
the procedure were divided: either the BCG was not safe, in which case, the question of
its efficacy was superfluous (Ulhenhuth) [8,10/14/31] or it was safe, but useless (Kolle)
[8, 10/14/3]].

The problems of expertise

The tribunal asked the experts two principal questions: what was the causal agent of the
tuberculosis that appeared in the vaccinated children? Had there been willful negligence
involved in the preparation of the vaccine?

In order to prepare their expert testimony, the scientists had very little material: The
bacterial strains that had been used in the vaccination had been destroyed just after the
accident. Ali that remained was a culture labeled "BCG-143 Deycke" that was taken to be
a sample of the local BCG. In addition to this were cultures that had been obtained from
the vaccinated children who were either dead or ill. Finally, the material was completed
by a strain of virulent bacteria from Kiel, which was supposed to have been the only
human strain present in the Lübeck laboratory [8, 11/24/31].

Schürmann was in charge of the autopsies and established the existence of a tubercular
process of an intestinal origin based on the presence of intestinal inoculation cankers [10].
This latter argument did not gamer unanimity amongst the experts. In particular, Much
opposed this interpretation and quoted a letter from Joseph Koch of the Robert Koch
Institute in Berlin in support of his opinion [8, 11/41/31].
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Based on epidemiological observations, Ludwig Lange distinguished four different
periods characterized by different profiles ofmorbidity and mortality [11]. He concluded
that the children had in fact been vaccinated by different products in the course of the
campaign, thus dragging the debate back into the bacteriological terrain. From this, a
series ofhypotheses emerged to explain the accident. Either it really was the BCG that was
at the origin of the accident and its virulence had evolved in the course of the campaign
(retum to virulence hypothesis) or there had been a mix of BCG and a virulent strain in
variable proportions in the course of the campaign (the contamination hypothesis) or,
finally, the children had been vaccinated with something other than BCG (the substitution
hypothesis). As for the hypothesis that the product had arrived contaminated from Paris,
this was rejected at the very beginning of the trial. Sister cultures of the Lübeck culture
had, in effect, been used in Riga by Kirschenstein, in Mexico by Castrejon, and in France
without any accident whatsoever [12]. This useful information had been rapidly sent by
Calmette, which had enabled the German experts to avoid a painful and costly voyage to
Paris to the BCG Laboratories and had preserved the local character of the catastrophe!

The experts positioned themselves with respect to these three hypotheses according to
their bacteriological practices. Two styles of thought confronted each other in the expert
testimony. Either the expert was convinced of the existence ofbacterial species or he was
not.

For the defenders of the idea offixed species ofbacteria, experiments that increased the
virulence of BCG were not considered conclusive and were mainly regarded as results
obtained by isolated and marginal researchers. The defenders accorded greater importance
to Calmette's results at the Institute Pasteur in Paris or the Reich 's Ministry of Health. The
two experts delegated by the Reich, Lange and Lange, belonged to this line of thought.
From the outset, they oriented their expertise towards the comparison of the Kiel virulent
human strains with those that had been isolated from the organs ofvictims. They categor
ically exonerated BCG from any responsibility. Moreover, since bacteriology typed the
different forms ofthe Koch bacillus on the basis of differential virulence, BCG, which was
reputed to be completely attenuated, escaped any form of determination! What is more,
their expertise showed that in the majority of the cases studied, it was difficult to detennine
which bacteria was present, the virulence being variable and labile [13].

Confronted with the impossibility of identifying precisely the agent responsible, the
experts proposed three different methods that gave convergent results. The first, proposed
by Bruno Lange, was based on a syllogism. Bacteria isolated from the victims had a labile
virulence. Now, it is rare to encounter germs presenting such lability. The Kiel strain
possessed this characteristic and the strains taken from the vaccinated children did too.
The expert therefore deduced the identity of the Keel strains and those taken from the
vaccinated children with a probability approaching certitude [8, 12/16/31]. The second
method proposed by Ludwig Lange was based on the study of the singularities of the Kiel
strain. During the trial he showed the jury a strain of the Kiel bacterium that presented a
green coloration. The strains isolated from wet nurses in Lübeck possessed this same
characteristic [8, 12/16/31]. How had the experts ignored such a property during the long
months of their inquiry? The last approach, biochemical, was a result of studies done by
the soon to be famous biochemist, Erwin Chargaff, a collaborator of Han. Both approach
ed the question by comparing the lipoid content of the different Kiel, cow, human and
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BCG strains. They considered the strain taken from sick or dead children to belong biochem
ically to the Kiel type [8, 12/22/31]. This new technique had, in fact, been developed for
the trial.

Their opponents, that is, those who opposed the idea of fixed bacterial species, used
different material and often cited work done by BCG's detractors whether they were weIl
known or not. The latter advanced as proof of the possibility of bacteria regaining vir
ulence cases ofBCG. They considered the introduction ofvaccination a grave error. These
experts were aided in their study by work done by Freidmann, who had supported the
publication ofa brochure on the 150 opponents to Calmette's method [8, 10/15/31]. Freid
mann, in fact, was a promoter of his own vaccine, the para-tubercular bacillus of the sea
tortoise (BBM). He used the trial to promote his vaccine in order to gain a market share in
Germany and elsewhere [14]. The most important opponent of the idea offixed bacterial
species was Much, a former collaborator of the Nobel Prize winner Emil Von Behring,
who used intervention to launch an attack against "scholastics and dogma in medicine"
[8, 11114/31]. He was opposed to dogma, and particularly the dogma of the stability of
bacterial species which he considered little more than an "idée fixe" [8,12/14/31]. What
counts, he claimed, is "the particular constitution of the organisms infected" or in other
words, the terrain [8, 12/14/31]. The research he had undertaken for the Lübeck trial
enabled him to produce virulent strains ofBCG in organisms that had been experimentally
prepared. He obtained such results by jointly injecting lactic acid and BCG [8, 12/14/31]

He found a momentary ally in PolI, a biologist. The latter remarked that there exists
modifications "that we do not know how to measure exactly" in a living world. For PolI,
a culture only represented a mean that never gave the value of the extremes. Modifications,
therefore, could be produced when the conditions were favorable. The material situation
in Lübeck, for example, and, in particular, the recourse to milieux that had not been recom
mended could have created such a modification. He acknowledged nonetheless that
science could not recognize this modification [8, 12/15/31].

Through the confrontation ofthese two types ofexpertise it was in fact bacteriology and
its medical applications that were directly threatened. If germs could vary, then their spec
ification would become an illusion and it would therefore be impossible to do any good
through the use of attenuated bacteria. For the more orthodox bacteriologists, the calling
into question of this dogma inverted the order that bacteriology had brought to medicine
[15]. How, in other words, could one have predicted the characteristics of a BCG strain
that had become once again virulent?

The crime site and the weapon

If there had been substitution or contamination, it remained to be determined where and
when (one or sorne) pathogenic bacteria had been able to penetrate the vaccine ampoules.
The first anomaly noticed by the experts was that the BCG in Lübeck had not been
produced according to the rules set down by the Pasteur Institute in Paris and which
accompanied every strain of bacteria sent out from Paris. They had not used the same
milieu for the culture, the glassware was not that which had been recommended, the spatial
separation of the activities involved in the vaccine preparation and other laboratory activ
ities had not been respected [8, 12/11131]. The experts also noted that Deycke had not
closely followed his nurse's preparation of the emulsions.
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Nonetheless, an on-site laboratory visit by the Tribunal showed that the material condi
tions were sufficient. A military-style order reigned in the laboratories and Ludwig Lange
himself admitted that he would have happily assumed the responsibility of producing the
vaccine in such conditions [8, 12/12/31].

On 28 October 1931, a tribunal demanded that Nurse Schutze repeat the preparation of
the partial antigens of the Koch bacil1us in the presence of experts who criticized many of
her gestures. "She held the balloons veliica11y making contamination possible" declared
Bruno Lange during the trial [8, 12/11/31]. MOl"eOVer she used etiquette that easily fe11
from the tubes and her writing was difficult to read.

AlI these details refened to possible sources oferror but offered little information of any
great precision with regards to the place and the means of the contamination, or the sub
stitution. The experts then brought their attention to bear on the use of the drying stoves.
The issue had emerged from the testimony of the Director of the Lübeck Dispensary:
Deycke apparently had given him two tubes coming from the same drying stove, one
containing BCG, the other containing human culture, in order to show him how difficult
it was to confuse the two cultures and that the source of the accidents in Lübeck was to be
sought for elsewhere [8, 12/4/31]. According to the experts, the fact that the two cultures
had been so close together made the contamination hypothesis at the laboratOlY quite
reasonable. Lange and Lang took advantage ofthese observations in order to request that
a law contro11ing the production ofvaccines be passed and that henceforth, production and
analysis be disassociated. This is the first time that such a law came to control the practices
in order to assure the use of vaccines in the best conditions possible.

Was it necessary then to introduce the vaccine into Lübeck?

Although no law made the action illegal, the vaccinators should have been sufficiently we11
informed and remained vigilant with regard to criticisms. The plaintiffs accused the physi
cians of having underestimated the controversy sUlTounding BCG [8, 01/21/32]. They
reca11ed Arthur Schlossmann's warning ofMarch 1927, who had said that the time had not
yet come for the introduction ofthe vaccine [8,01/11/32]. The vaccinators defended them
selves using statistics that were particularly favorable to Calmette and the decision of the
Society of Nations of 1928 which made notification obsolete [16]. The accused also
replied to economic arguments. The lack ofanti-tuberculosis equipment at Lübeck and the
high tuberculosis morbidity had forced them to cut costs. The experts agreed with the
accused on this last point but nonetheless regretted that test inoculations on animaIs had
not been undertaken with the vaccine emulsions before moving on to humans.

When this debate was taken up by the lawyers and the public prosecutors, the tempera
ture rose. The entire organization of German medicine was denounced. Deycke was
described as an autocrat who refused a11 criticism. Alsteadt was described as a physician
who was "young and who had arrived too quickly at a position of responsibility" that he
had obtained "in publishing vast quantities to the detriment of quality" which was "the
disease of our time" [8, 01/ 18/32]. They alone had decided to undertake such an enterprise
for which they were not prepared. The prosecutor, Von Beust, spoke of "a tàilure of the
system" of which the accused were the representatives, a system where physicians were
a11-powerful and masters of the destinies ofothers [8,01/18/32].
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The debate was taken up again by Julius Moses, a member of parliament, socialist and
physician to the Reichstag tribunal. He criticized the overriding power of the physicians
who had hidden from the parents the reality of what had been done to their children
[6, pp. 35-7]. The accused defended themselves saying that the word vaccination was not
popular and that to hide it did not in itself constitute a crime. Julius Moses, on the other
hand, saw an infraction against individualliberties in the transformation of a vaccination
campaign into an experiment on humans [6, p. 39]. He called for a new ethical attitude on
behalf of physicians whom the system had not sufficiently controlled. He referred to the
physicians as "servants of their patients" [17] who expected from the physicians miracles
which had lead the latter into excess. Finally, he severely criticized the hegemony of
bacteriology which dominated scientific medicine and which treated the individual more
like an object than a patient [6, pp. 26-39]. He held that measures of social hygiene were
the only means of democratic struggle and would only accept a recourse to vaccination
when the children grew up in a contaminated milieu [6, p. 15].

An unsurprising judgment?

ln his judgement, the President ofthe Tribunal blamed negligence in the preparation ofthe
cultures, excluding de facto the possibility that BCG had regained virulence and thus saved
bacteriology that had stood on the brink of ruin. He based his decision primarily on the
depositions of experts representing the large German research institutes and consequently
the followers of order, namely those who accepted the idea of the constancy of species.
The efficiency of their demonstration was greatly enhanced through the production of
visible demonstrations. Ali could see the beautiful green color ofthe cultures and there had
been a very impressive pedagogical display of posters and charts [8, 12/16/31]. This had
reinforced the administration ofjustice as the experts had shown not only bacteria but also
a wide variety of evidence assembled in the course of a police search of the laboratories.
At this point the judicial and the scientific discourses became one and the judge found
himself in the classic case ofthe administration ofjustice: the weapon had been found, the
crime scene established, the guilty recognized.

Much and Poll's arguments were not revisited. Much had Iittle credibility. From the
beginning his commercial collaboration with Deycke in the production of the pathogens
had been raised in order to discredit him. His angry temperament, his nationalist aspira
tions and the marginality of his theories isolated him still further [8, 12/21/31]. As for the
biologist, Poll, he had only offered theoretical arguments. While the bacteriologists teadily
admitted biological evolution, they had no proof of its existence with bacteria [8, 12/18/
31].

Deycke was sentenced to 24 months in prison (a sentence that he did not serve [7, p. 61])
and Dr. Alsteadt to 18 months. The Supreme Court Leipzig confirrned this judgement on
appeal, thus ending the trial on 1 June 1933 [18]. The relative clemency of the sentence
reflected the traditional solidarity amongst élites increasingly threatened by the reforms of
the Weimar Republic characteristic ofthis period [19].

The consequences of the Lübeck "vaccination"

The international press gave detailed coverage ofthe trial. ln France and Gerrnany, nation
alist feelings were excited. For example, the French Daily Candide, created by Arthème
Fayard and which took up the nationalist themes of Action Française, spoke of a trial
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where "an atmosphere of passion, bad faith and hatred against French savants" reigned
[20]. In Germany, the nationalist press deplored the absence of the truly guilty party,
Professor Calmette. The bacteria were represented as an arm of modem warfare and a
vector of French hostility towards Germany. Hitler himself had threatened to come to
Lübeck to demonstrate in order to demand reparation from France [21].

German Socialists mobilized against those responsible for the vaccinations in Lübeck
and criticized foreigners only to the extent that they expressed the same perversions of
medicine as had been expressed in Germany. The Health Council of the Reich voted on 20
February 1931 a directive to control human experimentation and to protect patients which
responded point by point to the issues raised in the course of the trial. Although this ethical
code was supposed to be signed by aIl practicing physicians, it seems that nobody actuaIly
ever signed it and that when the NSDAP took power, the code was rendered obsolete [22].
In any event the code shows the extent to which the German judicial apparatus was ready
to counter the medica1 atrocities of the foIlowing years which so crueIly illustrate.

On the other side of the Rhine, opinion seem more preoccupied with the fact that BCG
had been declared innocent than by the possible ethical implications. The judgement
renewed confidence in the Pasteur Institute where the man in the street felt that:
"maximum precautions are taken" and where "no pathogenic ... bacteria can enter into
contact with the vaccine." In Lübeck, on the other hand, "the criminal negligence was
evident. Itjumped out at you" [23].

Nonetheless, during the trial, many countries suspended BCG vaccination. Such was the
case, for example, ofHoIland, Belgium, Poland, Switzerland and, of course, Gennany. In
France, to overcome the crisis, the Minister of Foreign Affairs put radio stations and the
public agencies of information at Calmette's disposition. AlI communiqués repeated that
BCG was innocent in the deaths in Lübeck and gave the latest figures favorable to vacci
nation in order to save France's image and the image of French science abroad. Via the
prefectures, propaganda in favor of BCG attained new heights lending much necessary
support to the construction of a 'temple' for BCG at the Pasteur Institute in Paris.

In addition to this state network, there emerged a second network composed of the
friends of Calmette abroad. In particular, in Germany, Calmette maintained links with
researchers who defended BCG in a local press and struggled against the political tum of
the trial.

The Lübeck trial would continue to draw attention foIlowing the Liberation. Thus,
Weill-Hailé, who was the first to practice BCG on a suckling child, wrote in 1946 in the
French Hospital Weekly "a German Professor undertook a vaccination trial in 1930 and
introduced perhaps for experimental purposes bacteria having maintained the virulence
into the vaccine produced by the Pasteur Institute, causing the death of a number of
suckling infants and whose death prior to a long and minute investigation was falsely attrib
uted to BCG [24]. Similarly, Debré in his book "L'Honneur de vivre" described the
Lübeck trial as a result of "a crazed crimina1 experiment" undertaken by a German
vaccinator. One must evidently consider these words within the context of a post-war era
[25, p. 178].

FinaIly, in 1950, in the course ofvote on a law conceming obligatory BCG vaccination,
the Ligue pour la Liberate de la Vaccination used the Lübeck incident as one of the
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foundations for its anti-vaccinationist argument. Curiously, at many points the League's
discourse resembled that of the German Socialists at the beginning of the 1930s.

In the course of the Lübeck catastrophe, scientists and physicians found themselves in
a rather unusual situation: they were constrained by similar material and similar questions
without being able to interact directly with the foundations of their research. Moreover,
they made their depositions in public without mediation. The hesitations and the disagree
ments gave a precise image of research and medical organization at the time and showed
us the weak points were practiced, that is insufficiently controlled. The final word was
reserved for the judge whose judgment possessed a high value and who endorsed, to a
certain extent, the scientific proof offered in the course ofthe trial. Had he concluded that
BCG had been responsible for the accident, it would have been a hard blow for medical
bacteriology. Indeed the avidity with which scientists received the decision and accorded
it the value of a true scientific judgement evidently favorable to vaccination in bacteriol
ogy bears witness to this.

By thrusting such a medicine into the limelight, the trial acquired an exemplary value in
so far as it highlights the hopes and the fears of the public with regards to medicine. A
certain number of fears clearly appear: the fear of a vaccination acting as a means of
control of the body which raises the question of individualliberty vis-à-vis medicine, the
fear of an act which can be aggressive and which does not protect, the fear of a practice
that costs little, but which is opposed to the improvement of hygiene, in itself costly, but
which profits everyone. We should therefore not be surprised to see the opponents of
vaccination tum towards more "natural" medicines, such as homeopathy, which are
supposed to respect the body and the mind!

Finally, this catastrophe underscores the fact that vaccination demands the calculation
of a double risk: that of encountering a contagious individual and falling ilI and that of the
consequences of vaccinating someone who is healthy.
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Immunology in developing countries.
A distorted image
Dominique Frommel

How long ago did immunology, defined as "a scientific study of protection against or resis
tance to disease" [1], spread into tropical countries? ft was introduced one century ago,
deriving from the overseas establishment of the Pasteur Institutes. These centers, more
overtly perhaps than endeavors of British medicine, were emblematic of the faith in
vaccination for averting infectious disease [2]. Hereinafter, immunization campaigns,
sero-epidemiological studies, and the production of vaccines represented the entrance of
applied immunology in the South. These issues, however, remained associated with white
power and its moral and medical connotations.

Practical guides for native health workers who performed immunizations became progres
sively available after World War II. However, they offered little, if any, explanation on the
nature of immune response and on the mode of action of vaccines. During the time of inde
pendence, the creation ofnew public health colleges and medical schools promoted the train
ing of health officers and physicians in their home countries. Their cursus included a few
lectures on immunology, usually proffered in the programs of the microbiology and parasit
ology departments. As in other disciplines, the teaching material was of European or North
American origin, the most popular treatises bèing Roitt's "Essential Immunology," Talwar's
"Immunology for Medical Students" in India, and the fascicles "Cours d'Immunologie de
l'Institut Pastel!r de Paris" in French-speaking countries. The mention ofancient knowledge
generated in non-western cultures, such as pox inoculation and leishmanization in China and
in the Ottoman Empire did not appear in these basic textbooks.. Furthermore, expatriate
tutors, who in the 1960s and 1970s frequently taught immunology overseas, seldom alluded
to such historical events capable of bridging different concepts ofpreventive care.

The question as to whether instructors or leaders ofimmunization teams - today chiefly
indigenous health professionals - were capable of imparting the principles of acquired
immunity has been largely neglected, although the medicalliterature abounds with papers
dealing with the operational difficulties of vaccinations [3,4].

Having been one ofthese foreigners who tried to share his conversance with immuno
biology with various groups of students, an enquiry about the image that immunology
health professionals had exuded appeared relevant. Two questionnaires were submitted to
the trainees who attended sessions on mother and child health care. 1

1. The survey took place dunng courses of mother and child health care attended in Yaoundé and Pans by physlclans.
mldwives, nurses and health officers from Africa, South America. and the Far-East. Forty-two responses were
considered.
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The first questionnaire dealt with the functions related to immunology. In table l, the
five most frequent examples are given in alphabetical order. Replies conformed to a fairly
universal acceptance of the tasks assigned to the immune system.

Table J. Functions relatcd ta immunology.

Immunology is related to representation of:
Defense
Killing of germs
Protection
Survival
Vaccine

The second questionnaire was to list ten tenns and expressions which, in their expe
rience as promoters and partakers of preventive medicine, evoked immunization proce
dures (table Il). The least that can be said is that this florilegium of bellicose and warlike
wordings failed to comply with a Hippocratic lexicon. One may, however, discover
similar trends in reports of "politically-correcf' institutions such as WHO and UNICEF
[5, 6]: "missed opportunities for immunization - targets being not only diseases but also
pregnant women and children."

Table II. Terrns assoclated with vaccination.

adverse (effect)
anti-(body),- (gen)
anxiety
blood
campaign
control
(avoidable) death
disease
elimination
eradication
exclusion
failure
fear
tight
foreign( er)
immunization
infection

injection
mvaSlOn
killed (vaccine)
live (vaccine)
mandatory (immunization)
mass (immunization)
national
pain
population
prevention
strategy
(immuno)suppression
survival
transmission
triumph (over smal1pox)
virulence
(magic) weapon

Cartoons, usually routed by pharmaceutical companies, illustrating successes and victo
ries of the fighter cells mobilized by vaccines, popularized martial approaches of immu
nology.

Beyond any doubt, there is a semantic gap between the North and the South conceming
the expression of the essence, the achievements as weil as the goals of immunology; more
impoliantly, in developing countries the scope of immunology remains chiefly reduced to
operational aspects. Socio-anthropological aspects of health and disease may, in part,
underlie such discrepancies. Rather than digressions on this topic, notes taken after discus
sions with two Bengali physicians offer another view ofthis dissonance.
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Why is immunology the mirror of the cultural corpus of the Occident, a genuine
'self' for you, rather than a 'non-self' for us? Indeed, immunology you are exporting
to our countries - to our great benefit, we would add - is merely confined to vac
cinology. Even in our remote places, we understand that, with its penetration into
molecular-based analyses, immunology is becoming the paradigm of the science of
communication. Communication between cells and not between individuals!

Immunology has uncovered signaIs ofour inner as weil as ofour outer worlds; it has
also deciphered the mechanisms goveming the subtle interactions taking place in the
immune system producing sorne kind of multidisciplinary cybemetics. For illustrat
ing facts or speculations, immunologists often resort to words and terms more famil
iar to anthropologists, sociologists, and philosophers than to basic scientists. Since
you adopted a large palette for describing immunological phenomena, we are
surprised that the applied side of immunology is reaching us enwrapped in a fairly
inflexible rationalism that is still exotic to us. Indeed, immunization practices you
recommend tend to shake our social cohesion.

Weil before the West, our forefathers practized measures aimed at preventing
diseases. Today's immunization modes are based on the fiction of collective willing
ness, whereas the past inoculations and scarifications, the latter conveying symbolic
meanings of Iittle value against most diseases, involved strong social relations and
took place in a dialogue between healers and individuals seeking their assistance.

Thus, how is it that in their immeasurable repertoire, immunologists face difficulties
in finding room, or receptors, addressing another diversity, the cultural one?

Our colleagues wanted to be provocative as one often is in Calcutta. They overlooked
one fact, that in New Delhi the National Institute of Immunology, a center of excellence,
had no need to envy the best ones in industrialized countries. In India, emancipation from
the North has come into being. Perhaps unconsciously, their reaction might also have been
rooted in a more profound split between two worlds, the scientifico-technical one with an
eroded vision of spiritual mastery and the still traditional one in which mankind remains
the mediator between the revealed and the un-revealed. Is it not the immune system that
mediates many of man's relations with his environm~nt?

Nonetheless, accepting their somewhat contradictory viewpoints, we tried to formulate
proposais which made it possible to curve this asymmetry. We agreed that basic immunol
ogy, centered on recognition and regulatory mechanisms, should be part of the cursus of
physiology. Applied aspects ofimmunology should be integrated in the module ofpreven
tive medicine and public health and that immunology, related to pathology or diseases,
should be taught in medicine and other clinical disciplines. Writers and editors of the North
would be invited to revise the presentation of their books and reminded that the incorpo
ration of too many recent discoveries obscure the major concepts conveyed by modem
immunology. Moreover, they wouId be reminded that experiments carried out on mice are
quite unappealing to audiences for which these small mammals personify predators.
Finally, we recognized that we ail awaited treatises on immunology framed according to
Asian images of modem science.

On a different level, African colleagues suggested that campaigns or days of immuniza
tion should be preceded or accompanied by festive events so as to accommodate modem
measures with local and living traditions. Scarifications are visible events, injections are
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not. Only a community fair or ceremony can be linked to protection, related to an initiation
on how to cope harmoniously with the environment and, occasionally, with maleficent
influences. (One may argue that it would be difticult in Europe to implement similar
measures on the occasion of traditional events, such as the pilgrimage to Lourdes). Can
such a proposaI, although the young Federation of African Immunological Societies
(FAIS) [7] would endorse a problem-solving one, remain undebated?

Dialogue and disputes on immunology between health care providers are before all of
us and are a fruitful challenge.
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Contemporary and prototypic figures
of immunology in the medical press

Daniel Jacobi

Immunotherapeutic drugs market

This text sets out to study a corpus of graphic representations used by contemporary
immunology. The research focuses specifically on the visual devices marshaled in the
cause of communication in the sphere of immunological therapy. In other words, the
purpose is to draw attention to the devices used for presenting the various families of
immunotherapeutic drugs which have been marketed over the last few years (excluding
the more commonly used serums and vaccines), to comment on the use to which they are
put, and to explain their mode of action. The distinction made here between presentation,
comment, and explanation is clearly an arbitrary one. In our discussion of the notion of
pain, we have shown that the passage from one discursive genre to another is a constant
feature in scientific communication1

.

We have gathered these graphic representations into a fairly wide-ranging body of doc
uments. Although we have consulted the primary scientific reviews (those in which
specialists publish the results of their research for their peers) and the scientific press
aimed at the general public, our corpus is not in fact centered on either ofthese categories2.

Instead, we have chosen publications which have in common the fact that they are
published or produced for a specific category ofreaders, namely professionals working in
the health field and who, theoretically, have had the benefit of a university education and
may therefore be supposed to possess a basic culture in immunology.

It is common knowledge that there is a branch of the specialized press aimed specifically
at nursing staff and, of particular interest to us here, pharmacists. The corpus which we
have built up consists exclusively oftexts accompanied by visual sequences (illustrations,
photographs, curves, tables, etc.). In addition to press articles written by practicing scien
tists or specialized journalists, the corpus consists of documents published (sometimes at
great expense, judging by the four-color printing and glossy paper used) by pharmaceu
tical companies for reasons ofboth information and publicity: technical notes, reports of
trials, articles written by researchers and resembling a primary scientific publication but

1. JacobI D. Expliquer et faire comprendre la douleur; formes et ressources des discours explicatifs. Recherches en
soins infirmIers 1998 ; 53 : 5-16.
2. On this distmctlon, see Agostini F. SCIence en bibliothèque. Paris: Cercle de la librairie; 1994.
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distributed by the company itself as an ofI-print inserted in a publicity folder, presentation
sheets and instructions aimed at general hospital pharmacies, etc.3

In view of the hybrid character of these publications, our analysis makes provision for
imagery not normally considered as scientific, that is to say analogical reproductions of
medicinal products and their packaging as displayed in the publicity and logos of compa
nies marketing active products for health disorders supposed to be most closely linked
with dysfunctions of the immune system.

In order to grasp the specificity of the figures appearing in this kind of publication, we
have compared them first to a limited number of primary texts which pharmacists might
be expected to consult on occasion, and second to immunology manuals used in higher
education and to texts aimed at a general public which, once again, pharmacists occasion
ally consult or have consulted4

. With regard to the last ofthese categories (texts aimed at
a general public) and with a view to ensuring that our comparison remains relevant, we
have limited our inquiry to texts published in reviews aimed at cultivated and scientifically
reasonably weil informed readers (reviews such as POLIr la Science, La Recherche and
Bioflltllr) - in other words readers who are culturally and professionally comparable to
pharmacists.

Indeed, one of the goals of this research was to study the characteristics of immunol
ogical imagery when snch imagery is intended for professional pharmacists working in
pharmacies or hospitals and supplying (or selling) active immunological principles to
members of the public for their treatment5

. Is the imagery used in this literature similar to
that to be found elsewhere or is it of a specific nature?

In disseminating immunological theories, does the professional medical and pharma
ceutical press, ie, the press exclusively read and consulted by scientifically educated and
informed health personnel, have frequent recourse to imagery? And if so. what are the
characteristics of this imagery?

This research forms part of a longstanding discussion of the role and place of imagery
in scientific communication, not only in telms of the history ofimmunology but also with
respect to the way this imagelY is used in scientific manuals and publications aimed at a
more general publicl\. The visual models at work in this discipline belong to a dual tradi-

3. From a communication pomt of vie\\'. It would no doubt be I1lummatmg to submlt the special economy of the
medical and paramedical press to thorough analysls. This lavlsh specialIst pres~. relying heavily onll1dustrial advertis
ing or sponsorshlp for finance. was the first manifestation ofwhat has no\\' become a common phenomenon: the rise of
a ,pecialIzed press aimed at a restncted and targeted readerslHp accompanled by the relative eclIpse of a generalIzed
all-purpose press seekmg financlal health by clrcuJating to as many readers as possible. Mlège B. La sOClélé conqUIse
par la communication. 2. Grenoble: Presses de l'UniverSité de Grenoble: 1997.
-1. Most of the examples cited m thls article are laken from a research project conducted by a phannacist working m
our laboratory wlHle prepanng her Ph.D. It IS clearly most unusual for a speclallst to subJect the Imagery of speclalIzed
publications to exhaustive analysls. Bruneton C. Les représentations graphiques du médicament; analyse comparatlve
des procédés de figurabtlité utIlu,és pour représenter des médicamems Immunologlques dans la presse professIOnnelle.
Pharmacy thesis under the supervIsion ofJacobl D. Dijon, France. 1997. l wlsh to congratulate Clmre for her excellent
work and to thank her for help m writing thls article.
S Bnmeton C. Les représentations graphiques du médicament; analyse comparative des procédés de tigurabtlIlé utIlI
sés pour représenter des médicaments Immunologlques dans la presse professIOnnelle. Pharmacy thesls under the
supervision of Jacobi D. Dijon. FranCè, 1997.
1\. See our textxs :CambroslO A, Jacobi D. Keating P EhrlIch's "beautiful plctures" and the controversial begmnings of
nnmunologlcalnnagery. ISIS 1993 : 84 : 1\1\2-99. Jacobi D. La communication scientIfique; diSCOurS, tigures. modèles.
Grenoble: Presses de l'UniverSIté de Grenoble; 1999.
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tion: the tradition goveming the methodological and experimental paradigms materializ
ing the research, and that goveming communication with an educational intent with
recourse to images and illustrations7

.

The publications are considered as a particular discursive production designed to prove,
to argue and to convince rather than to illustrate. Our decision to focus on a specific cate
gory of health care professionals, in this instance the cultivated, intermediate category
constituted by pharmacists, for the purpose of research on scientific popularization, is
therefore inspired by a desire to test what strikes us as being a relatively credible hypoth
esis. This hypothesis is to the effect that the dissemination of scientific information to as
wide an audience as possible (in this case the patients with whom the health care profes
sionals are in daily contact) is less likely to succeed when it is characterized by direct
communications from the manufacturers of pharmaceutical products calculated above a11
to convince the prescribers ofthese products, ie, the pharmacists8

. In these situations, the
ability of the pharrnaceutical companies to explain, argue and convince will be a fairly
accurate reflection of the communicational strategies which pharrnacists are likely to
adopt in their relations with their patients.

Figurability resources of immunoactive pharmaceutical substances

The comparatively new discipline of immunology has already given rise to numerous
therapeutic applications9 ofwhich the best known are vaccination and the prevention and
treatment of organ or bone-marrow transplant rejection. Today, however, attention is
increasingly shifting towards allergies, cancer, autoimmune diseases and retroviruses. In
many cases, treatments are already in preparation while in others the prospects for devel
opment look promising.

The purpose of this therapeutic arrnory is to control the immune reactions or to deflect
them in a particular direction. The drug's role is to generate an immunomodulation ofthe
response of the patient's organism. Four classes of drug are distinguished: immunostim
ulants (bacteria extracts supposedly capable of preventing recurring respiratory infections),
immunosuppressants, e.g., cyclosporine or monoclonal antibodies, immunosubstitutes
(serums and immunoglobulins) and lastly enigmatic cytokines (interferons, interleukins)
whose effects appear to be both beneficial and harrnful lO

.

Any attempt to present these active substances, to pinpoint their role or explain how they
intervene, almost inevitably involves situating them in their antigen-antibody complex.
We should bear in mind that immunology is a scientific discipline that does not lend itself
easily to visualization, partly because it is a branch of research conceming phenomena
which are immaterial (regulations) or imperceptible without recourse to complex

7. On scientific ILnagery, see Latour B, Ed. Les vues de l'esprit; VIsualisation et connaissance scientifique. Culture
technique. 1985; 14. On the superiority effect of images, see Reid DJ. The mie ofpictures in leaming biology. J Biol
Educ 1990; 24: 3-4; 161-72; 251-8.
8. See JacobI D. Textes et images de la vulgansation SCIentifique [new edition]. Bern: P. Lang; 1999.
9. Moultn AM. Le dernIer langage de la médecine; histoire de l'immunologIe. de Pasteur au Sida. Paris: Presses
UmversItaires de France; 1991.
10. Perrin LF, Laurent.PE. Immunopathologle clinique. Pans: Masson; ]990. For an example of a highly colored
popularizatlon of mterleukin 2. see JacobI La commumcation scientifique (op. cit).
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appliances and techniques, and partly because it increasingly involves the relationship
between persons, substances and a series of complex reaction mechanisms Il.

In a previous work, we analyzed this difficulty in connection with the different visuali
zations of the complement. The situation is somewhat different where the medicinal
product is concerned. Here, writer and illustrator have at their disposai items of informa
tion corresponding to the principal characteristics of the phannaceutical specialty, namely
its international nonproprietary name, its composition and in particular the chemical struc
ture ofits active principle, its pharnlacological properties, therapeutic indications, dosage,
administration route, interactions with certain physiological functions and possibly with
other substances, adverse secondmy effects (if any), and the conditions governing its issue
and market authorization.

To these intangible characteristics must be added two other special features: firstly, the
commercial name and form of presentation chosen by the laboratOlY (powder, tablet.
drops, capsule, etc.), and secondly, the shape and color of the packaging in which the
product is sold to the public. Finally, depending on the publication platform, it may be
desirable to display the product's mode of action and to give sorne indication of the
workings of the active principle, if only to explain why it is effective.

Each of the points mentioned above is a candidate for visual treatment, though clearly
the figurability resources differ widely and the visual potential marshaled will velY accord
ing to the type of publication. ln her dissertation, Claire Bnmeton identified the same
resources described and listed by Daniel Jacobi (along with other researchers) and corres
ponding to two distinct imagery categories used in the socio-dissemination of life
sClences.

The first category consists of the scientific imagelY specifically related to research and
to the production of knowledge (results tables, curves and columns, graphie semiology,
semiotic codes peculiar to the various disciplines, readings produced by apparatuses of
vmying complexity, micrographs, etc.).

The second category is made up of imagery of didactic intent, more concerned to
explain, and to help the reader grasp and retain the essential points. Here, the principal
registers adopted are diagrams, plans, simplified drawings, and the partial reuse of scien
tific imagery.

Bruneton also demonstrated that, in the case of publications aiming to inform health
specialists of new specialties or of those produced by pharmaceutical companies, these
two categories were accompanied by a register closer to that of commercial advertising.

ln this case, a first figurability resource may be identified: the visualization of the drug's
active substance. In point of fact, two entirely different approaches are adopted - the repro
duction of the molecule and the reproduction of its packaging.

With regard to the tonner, the illustrator typically uses the chemical formula (letter
symbols and figures), its so-called structured representation and its likeness in the form of
a line drawing (figure 1).

At a more mundane leveL the illustrator can make do with the presentational drawing
(capsule, pastille, tablet, etc.), the elegantly typed commercial name under which the

11. cr. Cambro;,lo A & Keating P.
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Figure 1. Developed chernlcal fonnula of cyc1osporine [in Sandimmune' technical file. 4th ed. 1993. p. 10].
This technical file l11c1udes the flat structural chemical fornwla of cyclosporine

active substance is marketed, analogical reproductions of the packaging or wrapping (of
varying degrees of sophistication) chosen by the manufàcturer (box, tube, blister, etc.), the
colors and graphic display adopted for the packaging and serving to distinguish the drug
from those produced by its competitors (once the patent has expired) (figure 2).

Less frequently, and only in certain kinds ofpublications, we encounter diagrams depict
ing directions for use, the localization of the treatment, and lastly, in the case of promo
tional inserts, images of prescribers and their patients, that is, children.

Recourse to visualization processes in function of the type of publication

When disseminating scientific information via recognized scientific joumals, scientists
give preference to curves, tables of results, and inscriptions. Virtually the same graphic
representations are to be found in the technical dossiers intended specifically for hospital
pharrnacists. The inference is that for this serious-minded and captive audience, scientific
arguments count for more than anything else.

For example, the curve illustrating the effectiveness of mycophenolate mofetil in
preventing the rejection of a renal allograft and originally published in The Lancet was
reproduced virtually without change in the Cellcept" technical file distributed to hospital
pharmacists12.

12. Bruneton C. Les représentations graphIques du médicament: analyse comparative des procédés de tigurabIilté uti
lJsés pour représenter des médicaments immun%glques dans la presse professionnelle, Pharmacy thesis under the
supervision of Jacobi D. DIJon, France. 1997.
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" Face aux
exigences actuelles,
peut-on
refuser le progrès?"
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Roféron-A
interféron alfa-2a

Interféron alfa
en ~ol L1tian injectable
sans albLll11ille humaine

3 MU.1.I1 ml. 4.5 MU.I.ll ml.
6 MU.1.I1 ml. 9 MU.1.I1 ml.
18 MU.1.I3 ml multldose.

~ A
! l!- -1111 11111

Figure 2. A full-page advertisement by Roche Laboratories for Roféron-A® [in UI Presse Médicale 1997 ; 26 : 6,
outside back coyer].
This standard, lavishly designed advertisement provides two levels of discollrse. The first (towards the bottom
of the page) consists of a classic, regulatory presentation of the drug, giving full detaiJs and instnlctions for
use. The text concludes with a discreet reminder of the company logo inscribed in an oblate hexagon; the righl
part of the advertisemenl, gives the name of the drug, using a sober and austere graphic display, and analogical
representations of five bottles of injectable solution (at the right dose).
The second discourse component, quite different from the first and notably covering the upper part of the page,
attracts the prescriber's attention with a typical slogan. This slogan - "Confronted with today's demands, can
we afford to tum our backs on progress?" - is displayed in large itaJic print inside a box partly covering a pho
tograph of a smartly attired man whom we may suppose to be a doctor (his tie is clearly visible under his white
coal); the man has removed his fine-rimmed glasses as though to address the reader with the words " .... can
we afford to turn our backs on progress?". Naturally, this direct question refers us back to two seemingly insig
nificant phrases in the other more academic and conventional body of tex!: "New galenic fonn" (above the
name of the drug) and "lmproved ease ofuse" - written in video inverse (white on black) - in another smaller,
oblique but higbly visible strip barrjng the photographs of the bottles.
This is a classic advertising ploy: the photograph and the name of the vaunted product have been superimposed
by a likeness of the "target," in this case an elegantly dressed, youthful-looking doctor who has gone to the
trouble to take offhis glasses so that he can address his audience more directly.
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However, another source is also used for illustrating documents aimed at pharmacists:
imagery produced for educational purposes. in such cases, of course, constant recourse is
made to university manuals. It is known that immunological regulation calls into play a
series of intercellular communication mediators each of which derives its name from the
type of cellular actors which it produces: "lymphokines" for lymphocytes, "monokines"
by monocytes or macrophages, etc. The more transversal term "interleukine" has also
been created to emphasize their role in intercellular relations. FinaIly, since many more
cells produce mediators for exchanging information with the others, the generic term of
"cytokines" has been devised to designate aIl the mediators produced by the cells and
agents of immunological regulation. Quite cIearly, this terminological profusion is more
than a little unsettling and can give rise to confusion at a phonetic level (figure 3).

It is very interesting to see how different types of publications, while favoring what in
theory is their own register, do not scruple to resort to others: the advertising pages or off
prints sent by companies to professional practitioners for promotional purposes,
frequently contain curves, columns, tables of results and micrographs next door to such
typical advertising features as pictures of patients and the commercial product13

.

The mobilization and exploitation of visual patterns

The fact that a limited number of very similar figures tum up time and again in a wide
range ofdocuments is a cIear indication ofa scientific consensus conceming the figuration
of immunology. Conceming these prototypes, mention may be made of the three-dimen
sional shapes of macro-proteins as imagined and drawn with extreme precision by Irving
Geiss and others14

. There are, too, many flowcharts visualizing the complexity of regula
tion and cooperation between agents and mediators required to produce a reaction. We
should also take note ofthe highly-colored sequences ofmicrographs, invariably inscribed
on a bold black background and depicting the struggle or fight between the body's
defender and invader15

. But the undisputed champion ofimmunological figurability is the
y representation of immunoglobulins. The Y has become the pattern (or mode!) of the
antibodies. Scientifically solid arguments have suggested that the biochemical structure of
these protein macromolecules has a shape which approximates to that of the letter Y
(upper case). An examination of the contemporary immunological literature shows that
this model is able to be figured in different forms: as an austere, spare outline in which the
rigid structure of the Y is built up through rectilinear fragments, each section of which is
identified by its biochemical structure; as a simplified, supple shape, ofa more animal-like
aspect; as an extremely sober drawing showing how the extremities of the Y's arms fit

13. Bruneton has worked out the percentages for each ofthese categones in each type of support. On the whole a cer
tain regularity emerges but it is mteresting to note that no category is, as it were, out of bounds for a support. Thus, the
figuration of the cellular actors of immunology (macrophages. polymorphonuclear 1eukocytes, etc.) is transversal.
Bruneton C. Les représentations graphiques du médicament; analyse comparative des procédés de figurabtlité utilisés
pour représenter des médicaments immunologiques dans la presse professionnelle (op. cit).
14. Alberto Cambrosio has gathered a mass of information and evidence on thls remarkable producer of original fig
ures for sClentitlc publications. In hls early career. he established a reputation for his work almed at a general read
ership, for example the covers of Sc/entiflc American. Later, he worked with research teams to create and trace vlsual
representations capable of rendenng the remarkable properties of macromolecules.
15. See the analysis of these sequences in Jacobi D. La communication scientifique; dISCOurs. figures, modèles
(op. Clt.).
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CASCADE DES CYTOKINES

Figure 3. Two flowcharts presenting the cytokine "network." Top: Bach JF. Traité d'immunologie. Flamma
rion; 1993. p. 444; bottom: Dossier Technique du Roferon-A"', 1995. p. 13.
The conoection between the two figures is obvious. Various cells of the immune system are presented in dia
gram fonn and linked by means ofnumerous arrows, the purpose being to indicate the names of the cytokines
and the transformations or effects which they generate. These are complex systemic flowcharts. The diagram
in the manual is a line drawing and the schematization of the cclls is deliberately almost abstract, consisting
as it does ofsomewhat forbidding gcometric circles or forms (spindle for the stylized fibroblast) (a). In marked
contrast, the figure intended for the health care professionals is printed in bright colors (b). The thick yeUow
arrows are clearly visible against the blue background, while the differently colored ceUs (blue, pink, indigo.
etc.) are sharply differentiated according to their histological characteristics. Antigen and antibody are also
presented (in Y) in the left part (dormant and activated lymphocyte).
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together with the diverticula of the surface of the antigens; a detail of an extremity of one
arm of the Y fitted on a geometrized site of the antigen's membrane; as a complex flow
chart reconstructing an immunological sequence or mechanism in which the antibody is
an actor identified by its simple Y form, drawn with a fùll line which may be followed
through the various stages; or as a spectacular three-dimensional synthesis image built up
by little angles and reticulate segments forming sorts of colored clouds branching off
against a black background, etc (figure 4).

The emergence of these Y shapes marked a turning point in both immunological and
pharmacological research since it very soon became clear that the laboratory production
of monoclonal antibodies was an interesting therapeutic line of investigation, and by the
middle years ofthe 1980s advertisements for this type ofproduct could be seen in special
ized reviews. 16

The construction of a singular and striking visual identity with reference
to immunology

Tt goes without saying that commercial considerations weigh heavily with the industrial
manufacturers ofactive synthetic substances sold on a large scale. The process ofresearch,
development ,and testing required before a product can be launched is lengthy and diffi
cuit, and the costs involved are considerable. On the other hand, of course, if a new drug
can conquer a large captive "market" of patients, the potential rewards can be exorbitant.

Naturally there is fierce competition, nowadays at the international level, between
industrial pharmaceutical companies, to win markets in the industrialized countries. Since
the resuits of biomedical research are readily available, the pharmaceutical groups
obviously seek to produce the same classes of drug or to update the form of substances
which have come into the public domain and are no longer protected by patents. The resuit
is an intensely competitive climate with considerable resources being devoted to building
up a commercial (and thus visual) identify for a given speciaity.

Tt might be supposed that marketing and advertising imperatives would serve to trivial
ize the figurability of immunological substances but in actual fact this not the case. While
marketing budgets for pharmaceutical products are quite clearly tàr from tight (if the
glossy, lavish nature of advertising documents is any guide), managers nonetheless prefer
to exercise a certain caution as though mindful ofthe specifie nature oftheir audience. The
advertisements and indeed ail other documents disseminated by laboratories for health
care professionals are truly fascinating from a visual point ofview: sophisticated, carefully
produced with genuine plastic qualities, for ail the world as though those in charge had
commissioned the services ofparticularly demanding and creative graphie artists.

In particular, they incorporate either a sort of graphie inventiveness, or attractive and
carefully produced analogical images, or again logotypes which are the result of research
and design carried out by communication specialists or professional graphie artists. Tt is
tàscinating to observe how the shape of immunoglobulins and hence of antibodies has
become a veritable, almost obsessionalleitmotiv or rhyme (figure 5).

Nowadays ail the major laboratories make use of a company or product logo (a sort of
idiographic visual symbol) as a means of consolidating or even improving their commer-

16. See the pages of advertisements Inserted In the dossier. Les défenses du corps humain. La Recherche 1986 ; 177.
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Figure 4. Advertisement (full page) for Sandoglobuline " inserted in the Revue Médicale de la Suisse
Romande 1990 ; 3 : 25 1.
This advertisement for the Sandoz phannaceutical company, is a sophisticated and elegant variation in the Y
shape of immunoglobulins. The caption states that the drug is a preparation of "lyophilized human immuno
globulins, intended for intravenous administration, used for the treatment of congenital forms of immuno
deficiency ...."
At the top of the illustration, the graphie artist has chosen to place a thin white Y in a black square, paving the
way for the drawing developed in the middle: it constitutes the basic module used by the artist. The model
pattern is positioned above a slogan proclaiming the drug's purpose: Naturally reinforces the overworked
immune system. We may note in passing the thrust of the modalization wrought by the adverb "naturally" and
the anthropomorphism introduced by the choice of the word "overworked" which has the effect of transfor
ming the immune system into a familiar character.
The large line drawing at the center of the page is a graphie conceit in the style of Escher: a geometrical
network with links made up of thin squares in which is inserted either an entire Y or a Y without its left upper
oblique arm, The network as a whole has the shape of a square deformed on its right side, and the tangle crea
ted by the inextricable superimposition of squares at the center gives way, at the top and bottom. to Y shapes
which are detached from the rest ofthe network and therefore clearly readable.
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b

a

Figure S. Sandoglobuline®: the old and new logotype (Sandoz Laboratories).
The original logo (a) for this drug was already a graphic work in its own right, bringing the qualities of sim
plicity, sobriety, balance, and stability to the task of exploiting the visual rhyme of the antibodies' Y shape.
We have already seen how it was used and harnessed in the advertisement reproduced in figure 4. The new
logo (b), while remaining faithful to the «brand image,» resorts to different semiotic means: black and white
has given way to colors, with the Y (red-orange on a purpJe background) resembling a fluted tube of light
drawing attention to the presence of three luminous white spots. These spots are placed at the center, that is to
sayat the point where the three right segments of the Y congregate. There is also a band or ribbon of the same
color hovering at the bottom, combining with the luminous points to confer a certain dynamic to the logo.

cial relations. The logo is a graphic device carefully designed to be at one and the same
time highly individualized (calling attention to the company or product), strongly struct
ured, sober and elegant (graphic qualities) and easily memorized (so that it can be recog
nized by the target audience without any possibility of confusion). It owes more to
marketing and advertising requirements than to the discipline of communication. Indeed,
it would be an exaggeration to equate the logo with an ideogram in the sense of a super
sign capable of encapsulating a large body of information in condensed form. It is neither
an icon (a vÎltually analogical reproduction of the given element) nor an index (causally
related to the referent) but rather - to adopt Peirce's distinction in a rough and ready
manner - a symbol, an entirely arbitrary sign. In the wake of the commercial model, non
commercial and public institutions have been emboJdened to produce their own logos. In
his commentary of Peirce 's tri[ogy, Eco has shown that the icon is a SOit of mental image,
capable on its own of communicating a concept without any other intermediaryl7. The
logo makes use of identity and repetition in creating colors and shapes to characterize and
singularize a company or product. By familiarizing users with the image which the
company strives to project, it helps to create an identity and is an integral part not only of

17. Eco U.Le sIgne. Paris: Le livre de poche; 1988. Benin J. Sémiologie graphique. Paris: Mouton; 1967.
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ail commercial initiatives but also ail aspects of extemal communication, from business
correspondence to the designs displayed on the walls of buildings.

ln their search at virtually any cost for a reference incorporating an almost obsessional
rhyme of contemporary immunology, publishers and laboratories alike do not semple to
seek out the Y shape in other visual fields. An article published in Tempo médical, for
example, featured the Eiffèl Tower, while LFB Laboratories (for its Tégéline" immunoglob
ulin) and Fujisawa (Prograf' Tacrolimus) both used in the same year (1996) a photograph
of the Tancarville suspension bridge, a civil engineering feat whose anchor piling and
cable supports are in the form of the letter Y.

Persuading patients through their prescribers

Lastly, French pharmaceuticallaboratories use a tinal register, but only in the adveliising
sections of documents intended for practitioners. Although this register resembles a
classic advertising device it is wOlih describing here.

The adveliisements incorporate two actors: the product to be promoted (always repro
duced in a strictly referential manner) and an image of the target consumer presented in a
gratifying or sometimes critical situation. In stark contrast to the previously described
advertising pages or inserts which are remarkable for their very real visual and plastic
qualities and for the care lavished on their production, these images are banal in the
extreme and visually far less striking. Typically, they consist of a full-page photograph or
analogical design depicting the doctor (or pharmacist) and his/her patient, whereas the
drug itself and its packaging are presented on the opposite page, always accompanied by
the full text ofits data sheet (doubtless to satisfy regulatory requirements which in France
make it illegal to advertise drugs in the same way as ordinary consumer goods).

A variation on this theme shows, for example, a little boy thumbing his nose at a large
sphere full of spikes which may be supposed to represent a virus. Another image shows a
man in whose body a red circle of little Ys seems to be battling against a d31'ker, less
clearly defined spot.

Other images borrow from popular iconic tradition in depicting animaIs intended to
conjure up such concepts as gentleness, aggression/defense (sea urchin).18 (on the inter
pretation of the advertising image, see also l9

. How to explain these banal, mediocre, and,
in truth, conventional or even trivial advertisements? Tt may be noted that these advertise
ments tend to involve so-called comfort drugs whose efficacy is sometimes open to doubt
(immunostimulants supposedly providing protection against recurrent infèctions of the
respiratory system). The frequent use of the !ittle boy and of children's favorite animal
(bears) gives a clue to the answer. The purpose is not so much to convince the prescriber
directly (although, to the adveliiser's way of thinking, the conventional style serves to
reassure the client and to denote the seriousness of the product in question) as to provide

1R Durand G. Les structurc:, anlhropologlques dé l'imagll1alre Paris: Bord~s; 1979. On the ll1terpretation of the adver
IISll1g Images. séé also Péninou G. Sémiologlc el publIcité. In: Fraenkél B. Ed. Entrepnse et sémlOlogle. Pans: Dunod;
1999. p. 23-37 Fresnault-Deruelle P. L'image placardée; pragmatIque et rhétonque de l'affiché Pans: Nathan; 1997.
Adal11 lM. L'argumentation publIcitaue. rhétorique dé l'éloge et de la pcrsuasion Pans. Nathan; 1997.
Chamboredon le. Le parfum sémantIque de l'image Ethnologie Française 199--1; 2 : 308-9.
19 Amhell11 R. La pen:,ée vIsuelle. Paris: Flammanon; 1976.

226
S[NGIll -\R SEL \ P,

HIS IORll-\[ IS,IIES -\ '\D l'ONl c~IPOR-\R; nffJ-\TE, 1"1 [~I~ILINO[ 0(,;



Figures of immul1o!og\' in the met/lclI! press

him with a series of images and stereotypes to help him advise parents and to prescribe
these substances to their accompanying children.

Images of knowledge and images of the product
At first sight, it may seem strange to take an interest in the drawings, illustrations and
photographs - in short the published image - in phannaceutical documents of information.
What is the justification for such an interest? The amount of care and space accorded by
publishers to these visual zones is a measure ofthe significance attached to them. After ail
there would be little point in devoting so much energy to a device of purely marginal
importance. What is the figurability value of this imagery? Studies conducted on visual
communication suggest that their effectiveness may differ from that of linguistic commu
nication. In this scheme ofthings, looking at a visual entity and reading a linguistic utter
ance constitute different intellectual skills authorizing distinct accesses to information
[19]. The techniques of visual communication would thus constitute a means of exploiting
these differences, of completing the information or reformulating it in another register. 1'0
show is to display, to describe, to figure in the literaI sense of the word, to spatialize, to
synopsize, to treat information.

This incursion into the sphere of specialized professional publications is extremely
instructive and brings to light, perhaps more rapidly and clearly, the contradictions inher
ent in the communication used by manufacturers of medicinal products with health care
personnel with regard to objective information or discussions between specialists on
immunotherapy. Given a finite number offigurability resources and in view of the charac
teristics of the audiences concemed, the choices open to publishers are limited: it is diffi
cult, and in any case scarcely acceptable, to stray from the rules and charter goveming the
scientific figurability of immunology as laid down in primary reviews and higher educa
tion text books.

As soon as publishers move away from these canons, even in the case of glossy, sophis
ticated advertising which clearly endeavors to conform with a deontology supposedly at
once with the ideal archetypal vision of the cultivated health professional, we are
confronted with the most commonplace visual models used for marketing purposes. When
advertisements adopt a more trivial register, it is a sign that these discursive procedures
are less designed to convince readers than to supply them, more or less consciously, with
arguments to be advanced with their patients.
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Multiple splendor. The one and niany versions
of the immune system

Anne Marie Moulin

At first view, an interdisciplinary meeting on immunology would seem to be facilitated by
the increasing circulation of immunological concepts in daily life, from the "Self' to "T4."
The notions of immune system and immunity have spread far beyond the borders of the
scientific community and generated a great wave of interest in a broad audience. This
circulation reveals shared views between professionals and non-professionals of immunol
ogy on the meanings of defense and survival, identity and foreignness, recognition and
rejection.

These popular views may be abhorrent to immunologists who prefer sophisticated'
exchanges about refined theories oftheir own, when, for example, they strive to replace
the antiquated SelflNonSelf framework with other theories such as the "danger" one, and
rely on fastidious experimental procedures to test their hypotheses. These laboratory exper
iments are nevertheless human constructs. There is no doubt that the popularity of
allegedly simplistic views on irnmunity bears witness to a profound resonance between
specialised immunological topics and everymans interest in self-defense and the curing
powers ofnature. This suggests the existence ofan anthropological background/ that artic
ulates a network of meanings between scientists and their clients:'.

My chapter stands at the junction between the public and private (or scientific and
cultural) uses of immunology, 1 suggest that common reveries underlie immunological
concepts, and that the metaphysical character ofthe immune system turns it into an anthro
pological tool available for the interpretation of various cultural patterns. In other words,
the immune system not only functions as a cultural frame inside the Western sphere, but
may also be used as a transcultural key. The immune system behaves as a coded language"
that can be reformatted, glossed, translated, distorted, but unquestionably is a tool for
communication.

1. "In the onginal sense of the ward". as Rolk Zmkernagel reruarks 111 his presentation of lus model of the Immune sys
lem. Locahzation, dose and rune of antigens determme immune reacuvity. Sernin Irnmunol - Self-NorrSelf revisited,
2000; 12' 169.
2. This chapter is a completely reformulated version of my earher paper: Un objet scientifique à la charrnère des sciences
biologiques et sociales : le système immumtaire. RIO de Janeiro: Histona. Ciências, Saude, Mangumhos; 1996; 2. 300-18.
3. Kleinman A. Medicine'> symboiic reahty. On a central problern in the plulosophy of medrcine. Inquiry 1973; 16:
206-13.
~ Moulm AM. Text and context in biology. Poetics Today 1988. 9: 1~5-61.
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Mythologies

lmmunologists in their popular books often make reference to mythology:

Myth is constituted by the loss of the historical quality of things, things lose the
memory that they once were made. The world... cornes out ofmyth as a harmonious
display ofessences5

.

The immune system is supposed to say something about the doings of Nature. In refer
ring to myths, immunologists implicitly acknowledge the continuity between common
sense and immunological concems - what 1 caU the anthropological background.

In his book "La sculpture du vivant,"6 the immunologist Jean-Claude Ameisen refers to
the myths of antique Greece on immortality. He recalls how mythology expressed dreams
of immortalizing the human species and picks up Ariadne's thread that leads to contempo
rary attempts to postpone untimely death through manipulation of the immune system,
defined as an ever-changing balance between destructive and constructive forces,
embedded in its structure. He locates in mythology remote analogs of standardized immu
nological techniques. The magician Medea, for example, in order to rejuvenate his father
in-Iaw Eson, opened up his veins and replaced his extenuated blood with plant j uices and
extracts from animaIs known for their longevity. In a similar way, the goddess Demeter
anointed Eleusis king 's son with ambrosia in order to tum him into an immortal. However,
when she wanted to test his immunity by passing him through the flame, the glow of fire
woke up the mother who wrought the child from his divine nurse7

. lt would be since this
time that children cry when they are vaccinated... !8 In another tale, the story of Achillus 's
heel might also be quoted as a fair example of immunological defect.

But let us tum to harder texts.

Biology

Nowadays the immune system is currently conceived of as a network of cells and mol
ecules endowed with a function in the body called immunity. lmmunity, once pointing to
a specific property, intervening only in very special cases for adaptive purposes to changes
in the environment, has been tumed into a general property incessantly involved in the
survival of the organism. From an exceptional event linked to the onset of an epidemic or
the meeting with a vaccinator's lancet, immunity has become a permanent function of the
body, designed to sustain its ongoing combat against disease and death.

The immunological viewpoint is now accepted as one fundamental facet of bodily
activities, of physiology and pathology, in the same way as evolution, development, or
reproduction. Immunity has become a basic function, ranking beside the other great
ones such as nutrition, circulation, respiration. The notion of immune system has led to
convergence between scientists operating in distinct fields such as transplantation,

5 Barthes R. Mythologies. transI. by Lavers A. New York: Hill and Wang; 1972.
6. Pans: Seuil; 1999.
7. Chuvin P. La mythologie grecque. Paris: Fayard; 1992.
8. MoulIn AM. Immunologie. In: Dictionnaire culturel des sciences. Pans: EdItions du Regard; (in press).
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zoology. genetics and favored the explosion of immunology'l in the 1970s, which, in
terms of grants and academic prestige, ranked high among the leading disciplines in
biomedical sciences 10.

The definition of the immune system as an adaptive system evolving over time both
raised and solved the issue of autoimmunity. Nineteenth ccntury biologists had treated the
possible existence of "'autoimmunity"' (immunity directed toward the components of the
body) as a major taboo. Immunologists postulated the presence ofingenious mechanisms
that would ensure the observation of the taboo by the cellular machinery Il. Paul Ehrlich
invented a regulatory mechanism consisting ofantibodies able to knock out any emerging
autoantibodies in the wake of immunization 12. But the permanent destlUction of elements
belonging to the organism was contradictory pel' se 13 . This was a paradox: in order to
maintain its integrity, the organism had to anticipate and destroy potentially obnoxious
elements belonging to the tàbric of the body.

This criticism led researchers to abandon Ehrlich 's taboo of autotoxicity and to
acknowledge a physiological level of silent autoimmunity. In the 1960s. it was
hypothesized that this autoimmllnity, once amplified. gave birth to autoimmune diseases,
a framework which, firstly restricted to some rare anemias and experimental syndromes,
soon included affections fonnerly recognized in other nosological frameworks and that
were poorly understood. such as diabetes and multiple sclerosis. The idea that
pathological autoimmunity was a mere amplitication ofa low-rate physiological reaction
revived the so-called Broussais problem, i.e .• the debate on the existence ofa sharp divide
between the normal and the pathological, subsequently discussed by Georges
Canguilheml-l.

The theory of generalized autoimmunity acquired even more strength with the vogue of
idiotypic regulatory networks l5 . Antonio Coutinho gave to this idiotypic regulation a lit
erary formulation, when he tried to emphasize the conviviality of networks pennanently
regulating the mounting of an immune response. He was pictured in the French daily
newspaper Li1Jémtioll, with two mice in his hand, one black and one white, and the
following humorous caption: "Immunology, a school oftolerance!"'16 But Coutinho care
fully refrained from saying what tolerance exactly was about: the enjoyment or the stoic
acceptance of diversity, or the unawareness of dit1èrences, obviously corresponding to
very different patterns oftolerance.

9. Moulm AM. Le dernIer langage de la l11édeclIle De P,]stL'ur all Sida Pans. Presses 1111l\'er'i1talres de France: 199-1
10. Nossal GB. Triais and trIlll11phs ofll11l1111nology 111 thc 1980s.ln11llUnology Today 1988: 9: 286-91.
Il. SII\ erstelll AM. Cellll11l11uuol )986: 97: 1n-88.
12 Ehrlich P. Zur Theone der Lysll1\\ Irkung (Uher Hael11olysl11e). Berl KllImche Wochem,ehr 1901. J8. 569
13. See COl11l1lents 111 Jacquemart F. Coulll1ho A. Obsen cr. Il11mUne system and thelr respectl\ e objects. Ill' Serearz EE.
et al. e,b. The sellllOties of cellular COlllnlLll1lcatlon ln the Imllllllle "yslelll. NATO AS! '>elles H Berlin. S[Jllnger
Verlag: 1988: 2J: 173.
1-1. Canguilhelll G. Le normal d le pathologique Palls: Pres;,es Unl\ersltaIl'eS de France: 1988. Mou1m :\M. La méde
cme mode me sdon (jeorges Canguilhem. Concepts en attente. In: Georgcs CangUIlhem. phiiosophL·. historien des
sCiences. Pam,: Alblll MIChel: 1993. p 121-J-I.
15. Jerne NK. To\\'ards ,1 ncl\\ork theory of the Immune system Ann Imillunoi 197-1 : 125(' .3 n Urhalll J. et al Idlo
typle regulatlon of the lInl1111ne sy,tem by the ll1duetlon of antlhodles agall1st antl-ldlotyplC antlbodle, Proc Natl Acad
SCI USA 1977: 7-1: 5126 Jerne NK. Rolland J. (',Izena\ e PA ReCuIl'cnt Idiotypes and IntL'rnal Images. EMBO J 1982:
l' 2-13. Jeme NK. Idiot) pIC 1lL'l\\'orks and other preeoneel\ cd Ideas ImnHlIlol Rc\ 198-1: 79: 5-2-1
16. Liberation 22 May 1991. p 20.
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Multiple splendor. The one and man)' versIOns of the immune system

As autoimmunity no longer pointed to pathological reactions, it became available for
more general functions hereafter: self-recognition and internai communication. Coutinho
speculated about the existence of a distinction between a peripheral immune system and a
central one featuring high "connectivity" and multireactivity l7. He characterized the core
system by a high level of regulation and oscillatory mode of work. In case of disease, the
immune system tends to function according to an unusual clonai mode, including expan
sion and hyperproduction of deleterious molecules and antibodies. If one accepted
Coutinho's suggestion, then one might consider as a form oftherapeutics the introduction
of autoantibodies, allowing the body to reconquer its usual balance and modify its
microenvironment. The immune system would up- or downregulate the activity of anti
bodies directed against physiological targets belonging to other systems of the body such
as the cardio-vascùlar, endocrine, or nervous systems.

The relationship between germs and their hosts covers a multiplicity of situations, from
mutual assistance to iITeconcilable fighting through oscillating phases. Parasites such as
Plasmodium, the agent of malaria, offer fascinating models ofthis relationship. Adults, in
endemic areas, survive with an enormous Plasmodium burden (multiple parasites in their
blood cells) that would kill naive people (or young children) exposed for the first time to
the infection.

Even iffew therapeutics ofthis kind have passed into CUITent use, sorne have suggested
manipulating the immune system by introducing molecules directed against the self
components. Even if ail diseases are not necessarily conceivable in immunological terms,
they could be immunologically manipulated. Monoclonal antibodies offering the promise
of"exquisite specificity," the Eldorado of immunologists, are candidate therapeutic agents
to control hypertension. They might, in addition, neutralize the heat shock proteins
released in acute infections in intensive care patients. Immunorestitution, a new password,
points to the recovery ofa putatively lost immune integrity. Here we may be forced to take
into consideration Georges Canguilhem's caveat, "the cure never means the return to the
cellular innocence."

Self/NonSelf in danger

A chapter of this book recalls in detail how Elie Metchnikoff elaborated his theory of
immunity18. Metchnikoff's construct underwent sharp criticism by those who felt that it
smelt of teleology and was heavily dependent on a philosophical agenda that included
notions such as the pursuit ofharmony and ofa peaceful and timely mode ofpassing away,
in short, natural death rather than immortality. Phagocytosis had for many years been rel
egated to a minor rank before being rehabilitated as innate immunity which is considered
as a first line of defense against the hazards of life during evolution.

Following Burnet's work in the 1960s, the Self and NonSelf approach was adopted for
several decades as a satisfactory background theory although from the very beginning, the

17. Coutmho A. Beyond clonai selectIOn and network. Immunol Rev 1989; 110: 66-87.
18. Metchnikoff E. Leçons sur la pathologie comparée de l'inflammatIOn. Paris: Masson; 1891. Tauber Al. Metch
nikoff and the origms of Immunology. From metaphor to theory. New York: Oxford UllIverslty Press; 1991.
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biological nature ofthe Self seemed elusive l9
. After sorne attempts at its characterization,

its promoter Frank Macfarlane Burnet gave up trying to define it precisely. Yet many
biologists resented the almost metaphysical assumptions underlying it and sought to
drop it.

The so-ca1led danger model was introduced by Polly Matzinger in the early 1990s2o and
reprised Melvin Cohn 's proposaI that whereas two cellular signais are required for the
mounting of a specifie immune response, one signal, if isolated, tolerizes the cell.
Matzinger's idea is that one ofthese signais occurs when a cell is damaged (by a pathogen,
for example) and when some inflammatory cytokines are released in the medium. A
myriad of molecules, from NO oxides to heat-shock proteins act as chaperones and can
thus trigger an immune response. The danger model, by interweaving non-specificity
(damage) and specificity (recognition effected by antigen-presenting cel1s), follows the
tradition of associating non specifie and specifie components, a "fonn" and a "matter:' in
the description of the immune response. The danger model epitomizes the famous state
ment that ontogeny reproduces phylogeny, the non-specifie component being the more
primitive.

But the phrasing of the "danger model" does no more to explain the explosion of an
immune response than the Sel f-NonSelf model; it is not more natural for a cell to sense
danger than to preserve its integrity. In other words, to feel danger is very analogous to
100king after its own Self. As David Napier argues21

, sensing danger refers to the sense of
the integrity and this integrity in turn refers to something or to a substance that might be a
kind of Self.

Janeway, approved by Matzinger, has gone further by suggesting that a1l cells, when
prompted to die before the due time for apoptosis, can deliver signais of the first kind22

.

For Janeway, this represents the most archaic line of defense. All cells, at the beginning
of our era, were probably able to deliver such a pathetic Cly for help. If we accept
Janeway's proposai, the immune system would no longer stand apart in the body with its
anatomical basis, its central and peripheral organs, reflex and regulatory pathways. Immu
nity would tend to become a general property of a1l cells and living tissues, as indeed was
the case in organisms before the division of labor: this is the case of protozoa such as
amoebas, a model favored by Colm and Langman in their version of immuniti3

. In other
words, the immune system would stand for the body.

Even if we question this way of animating the cellular dialogue and endowing the
machinelY of molecular biology with human affects and behavior, we must acknowledge
the influence ofthis immune system talk on medicallanguage.

19. Moulm AM. La métaphore du SOI tOI le tabou de l'autoimmumté ln' Bessis M. Bernard J. Dehru C. Eds Le SOI et le
non-,ol. Pans: SeUlL 1990. p. 55-68 The so-ealled model of the pepl1dle self led to distinguish a somatlc self and an
imillunological self: Kounlsky P. l'laverie .lM. Le modèle du SOl peptldlque MediScl 1988; ..\: 177-83. Lüwy 1 The
unmunologlcal con<;trtlctlon of the Self. In: Tauber AI. Ed. Organism and the ongins of Self. Boston: Klu\\ier. 1991
p. ..\3-75.
20. Matzinger P. Tolerance. danger and the extended tilmily. Ann Rev Immunol 199..\; 12' 991-10..\5
21. Napier D. The age of 1111111l1nology (f"rthc0111mg).
22. Jane\\ ay CA .Ir Innate IInmumty: the \ mues of a non clonai sy<;tem ofrecognll1on. Cell 1997.91: 295-98. MatZln
gel' P. An mnate sense of danger. Seml11lmmunol 1998; 10: 399-..\ 15.
23. Langman RE The Immune system. San Diego' Academlc Pre,,: 1989.
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Multiple splendor. The one and man)' versions of the immune .\)'stem

Medical

Following the direction sketched above, the complexity of the immune system has consid
erably increased. If the definition of the immune system as a network of cells and mol
ecules makes the link with the past, the identification of these cells and molecules has
considerably progressed, and the tools of molecular biology have permitted the dissection
of numerous receptors and cytokines24 which foster great expectations from these new
molecules. The popular metaphor ofthe immune system as an orchestra, once invented by
the immunologist Fred Gershon, implies a variety of instruments and musicians, or
possibly the replacement of the director by many secondary choir leaders. In keeping with
the music metaphor, one might say that immunity is phrased as identification of signaIs
and their integration into the cellular symphony. Genetic orientations are built into the
fabric ofthe immune system and determine its power to mount a response against ordinary
and extraordinary pathogens. Whether an imperfect response against an antigen is due to
ineffective antibodies, and/or a genetic incapacity to mobilize appropriate categories of
cells and/or the propensity to develop illness in a given organ, in any case, the global
response for aIl these events has to be found in the immune system and its activity. The
immune system has thus emerged as a cause, in the fullest, "Aristotelian" sense of the
word: a formai, material, final cause of pathogenesis and recovery25. Tt has integrated the
three time dimensions by including infections and traumas of the past, present encounters
with environmental hazards, and prospective risks embodied in genes involved in suscep
tibility to disease. Among other issues, the immune system makes it possible to resume the
traditional debate on "soil and germ".

But an epistemological difficulty is linked to the fluidity of the framework articulating
medical discourse. So many reaction cascades are available for explaining a disorder that
it is hard to choose between various explanatory pathways. Let us illustrate the case by
telling a story about a patient who suffered from an intriguing infection. An intestinal
worm, usually restricted to the guts, had honed in on the most bizarre locations; it had
colonized the stomach in spite of the acidity of its content and passed the meningeal
barrier, reputed to be impermeable to macroparasites. Tt was hard to decide whether sorne
defect in immunity had caused this dissemination or whether this parasitic burden had
induced an impairment ofimmunity. Furthermore, it was impossible, from a holistic point
ofview, to determine the sequence of the events (infections, misery, sexually-transmitted
diseases...) that had led to the present condition. The discovery, years later, that the patient
was infected by human T-cell leukemia virus (HTLV), introduced a further additional
cause for immunosuppression, without solving the sequence of pathological phenomena.

The immune system conjures up a graph where it is possible to plot the onset, the devel
opment and the outcome of pathological processes. Tt provides a response to inquiries on
pathogenesis for poorly understood disorders, somatic or even psychological. In Western
countries, practitioners currently mention modified immunity to account for various

24. Moulin AM. Sllverstein AM. History ofimmunophyslOlogy. In: Oppenhelm JJ. Schevach E. Eds. Immunophysio
logy. The raie of cells and cytokmes in immunity and mflammatlon. Oxford: Oxford University Press; 1990. p. 3-13.
25. Moulin AM. The dilemma of medical causality and the issue of biological mdividuality. In: Deleskamp-Hayes C.
Gardell Cutter MA. Eds. Science. technology and the art of medicine: Eurapean-American dialogues. Dordrecht: Rei
dei; 1994. p. 153-64.
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health problems: flu, common cold, chronic affections, or conversely incriminate
pregnancy, sorrows, travelling, depression in a hypothetic immune dysfunction.

We have seen this before with the expansion of the notion of "stress" into a growing
number of areas26. ln the same way the immune system is now being presented as crucial
for survival as weIl as quality of life, and immunomodulation is advertised as the most
effective and softest management of disease, similarly, stress research in the past fostered
the idea that the understanding of stress would yield clues for a healthier and happier life.

The concept of stress was invented by Hans Selye in the 1930s to account for the shock
vascular syndrome in animal experimentation. lt consisted of inflammatory reactions and
corticoid secretion after aggression, and was soon extended to the response to various
kinds of traumas. ln the 1950s, in the context of coId war and messianic expectations of
economic prosperity on the Western side, stress was endowed with new and extended
meanings and became synonymous with mobilizing the energy of the organism and
possibly responsible for deleterious side-effects. How Red Riding Hood meets the wolf
and successfully overcomes her panic and runs away, has been told as a successful story
of stress. According to Selye who greatly contributed to popularizing the notion27, stress
ultimately meant the hardship of life: unemployment, racial vexations, sorrow, mouming
and suffering in general28 . Stress was thereafter included in the factors influencing the
level of immune defense and lately, stress has been incorporated into the domain of
psycho-neuroimmunology29.

Like stress, once primarily a scientific object modeled and studied in the laboratOlY, the
immune system has become available as a framework for narratives of subjective expe
riences of illness and recovery. Solicited once by a journalist working for the tabloid press,
1 was surprised to be confronted with what 1 misunderstood as an appetite for the latest
news about the immune system. 1 did my best to explain about apoptosis and lymphocyte
stimulation, autoimmunity and the promise of new vaccines. The joumalist listened to me
earnestly without making notes and claimed that she understood everything. Imagine my
surprise when upon reading the digest of my lectures in the next issue of the journal, 1
discovered how 1 had taught the reader and subsequently the readers how to manipulate
his or her own immune system by feeding it with spinach and yolk egg and adopting the
appropriate lifestyle. ln short, a fashionable taste for immunology had crept into patients'
complaints, taking its place beside the French crise defoie or the Japanese katakori3o

, when
immunity literaIly exploded onto the scene of popular culture with the AlOS epidemics3

!.

A good example of the availability of the immune system as an explanatory framework
in this period is the convergence of observations of an unknown syndrome that brought

26. Selye H. The development of the stress concept. ln: Par~ez H. et al , Eds. Advances in expenmental medlCll1e. A
centenary, tnbute ta C Bemard. North Holland BIOmedIcal Press - ElsevIer; 1980. p -13-69. See also Young A. The
dlscourse on stress and the reproduction of COI1\ entIOnal knowledge. Soc SCI Med 1980; 1-1B: 133--16. Moulll1 AM.
Une devise pour l'organisme. In: Résister. Autrement. March 1994: 22-9.
27. Selye H. The stress oflIfe. New York: McGraw Hill; 1956; Stress \\ithout d"tress. New York: Llppll1cott: 1974;
The stress ofmy Itfe. Nell' York: Van Nostrand Rell1hold; 1979.
28. Cooper EL, Ed. Stress, llnmUl11ty and agll1g. New York: Marcel Dekker; 1984.
29. Locke A. Ader R. et al. Foundatlons ofpsychoneur01mmunology. New York: Aldll1e. 1985 Corson SA. H"toncal
and phtlosophlcal background of llnmunoneuromodulation. lntern J Neuroscl 1988: 39' 283-7.
30. Kunyama S. The hlstoncal ongll1s ofkatakori. Jpn Rev 1997; 9: 122--1-9.
31. Seytre B Sldu, les secrets d'une poléll1lque. Paris: Presse, Unl\ ersitalres de France. 1993.
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together infections by so-called opportunistic germs who displayed their pathogenicity in
organisms of altered resistance (due sometimes ta the iatrogenesis once vilified by Ivan
Illich). The immune system suddenly appeared in everybody's intellectuai armamenta
rium. The AlDS virus emerged as a virus specifically damaging for the immune system,
adhering electively ta receptors carried by those cells whose defensive action is crucial for
survival.

The role played by T4 helpers in the development {If the disease and the delayed failure
of defense mechanisms has since become commonsense32

. The meaning of the immune
defeat went far beyond the tissular damage induced by retroviruses. Immune diseases
strike not only those whose defenses are biologically compromised but those who have
them socially altered (such as drug addicts, for example) and whom the collapse ofsocial
solidarity leaves helpless - groups most at risk in industrialized societies or poor popula
tions of the developing world33

.

When in 2000, seizing the opportunity of the big AlDS meeting in Durban, President
Mbeki of South Africa contested the current interpretation of AIDS as a contagious
disease, he raised an uproar of protest. At first sight, it seemed that President Mbeki
concurred with the American scholar Peter Duesberg who, at an early stage of AIDS
research, had contested the scientific focus on HIV viruses34 and had suggested scientists
investigate other factors contributing ta the emergence of the disease35

. But was President
Mbeki expressing a biological opinion when he said that po/itical men would do better ta
address poverty than stick ta the scientific issue of virus receptors? He pointed ta factors
important in contamination and the development of the disease such as the lack of educa
tion and the absence of decent means of living. He sent the political message that these
factors and aIl factors alike might be actually more relevant than the virus itself and in
short pleaded that the construction of immunity was as much cuiturally and socially as
naturally grounded.

An abject which sa successfully links together disparate things and people is likely ta
involve a remarkable degree of semiotic flexibility or adaptability ta successive contexts
and variable purposes in users' circles. Ta the complex ity of the construct corresponds a
"fluid epistemology," a software with which are built up understandings and faux sens. But
is it possible ta develop a fruitful concept without a multiplicity ofmeanings which stim
ulate creative minds and potentially leads ta falsification of the original contents?

Over centuries, doctors have elaborated a theoretical model ofhealth and disease around
a central tenet. The Hippocratic paradigm pivoted around ideas of depletion and plethora.

32 Many novels have focused on the tribulatIons ofthe Immune system in AIDS or cancer-stncken protagomsts. such
as Navarre Y. Ce sont amis que vent emporte; Camus R. Elégles pour quelques-uns; Barbedette G. MémOires d'un
jeune homme devenu vieux. Hervé GUibert descnbed the chnical stages of the Immune drama in: À l'ami qui ne m'a
pas sauvé la vie; the opportunistic infections ln: Cytomegalovirus: the clinical trials. in: Le protocole compassionnel
11991J, before the ultimate ParadiS of 1992. See also Lévy J, Nouss A. Sida-fiction. Essais d'anthropologie roma
nesque. Lyon: Presses universitaires de Lyon; 1994. Rémission IS the title chosen by Alain Roger.
33. Brandt A. AIDS and metaphor. Toward the social llleanmg of SOCial dlseases. Soc Res 1988; 55: 413-32. .
34. Duesberg P. HIV is not the cause of AIDS. Science 1988; 241: 514-6; HUllian imlliunodeficiency virus and acqui
red illimunodeticiency syndrome. Correlation but not causation. Proc Natl Acad USA 1989 86: 755-64.
35. The Barbara McClintock Project (1993 J. supported by the association Act-Up, was named aller the Allierican bio
logist McClintock, whose non-conventional approach to genetics was crowned by the Nobel Prize. 1t aims at stnTIula
tmg alternatIve hypotheses to the role of the virus.
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Based obsessively on the paradigm of female physiology, the management of the disease
consisted ofdietetic guidance and regular bloodlettings aiming at maintaining or restoring
humoral balance.

This paradigm has survived and has co-evolved from the end of the nineteenth century
with a new vision centered around the fight between host and pathogen. At that point,
doctors declared war on germs and aimed at the eradication of the enemi6

. They
speculated on the sterilization of the living medium, purified of ail possible bacteria, not
only the skin but the mazes ofthe intestines, the pulmonary passages... The idea of stamp
ing out microbes and consequently disease in individuals by ail possible means held sway
on the physicians' minds and paved the way for the craze of eradication which seized
international organizations in the second half of the twentieth century.

Today, a more sober discourse has prevailed, admitting the necessity of compromises.
The awareness ofresistances has led to strategies other than scorched earth, lest like in the
Gospel, fiercer demons replace the former ones, previously chased from the home. From
the idea ofdiseases emerging sporadically in an immunocompromised host, one can easily
move to the idea of a compromise between every organism and the host of microorga
nisms besieging it both inside and outside. This idea that the immune system is constantly
challenged and challenging is supported by the observations of the heretofore unnoticed
immunological daily life. ln Senegal, the village of Dielmo has been the seat of an epide
miological watch for the last 15 years. All inhabitants have been investigated around the
clock for fevers or other symptoms. The unrelenting surveillance system has allowed
researchers to detect transient drops in immunity, most notably in the post-partum period,
leading to malaria development in mothers exposed to contamination, during the first tenn
after delivery37. Casual encollnters with pathogen agents incessantly shift the equilibrium in
the body. Vaccination long viewed as unequivocally protective has been reconceptualized
as the activation of multiple pathways in the body, with complex consequences difficult
to assess which do not exclude a degree of rearrangement in immune receptivity.

Public/private images

We have sunnised, from a rapid review of transitional forms of discourse between scien
tists and non-scientists, that immllnological language can transmit general human
concems: this is probably what Melvin Cohn means when he mentions the "loaded,,38
character of the Self and NonSelf issue. It is not so much because scientists consciously
attempt to popularize their esoteric knowledge than because scientists first address and
convince themselves: they need, in the first place, to make nature intelligible to them
selves. The danger theory illustrates how immunologists wrap (and need to wrap) in
simple words complex biochemical reactions in a way that make sense for them and inci
dentally for their human fellows.

36. Gradl11ann C. InVIsible enemie,: bactenology and the language of poil tiCS 10 Impenal Germany. SCience 111

Context 2000: 13.9-30.
37. Trape .If Cnteria for diagnosing cllmall11alana among a seml-immllne population exposed to mtense and peren
mal transmisslOn. Trans R Soc Trop Med Hyg 1983. 435-42: Increased sllSceptlbll1ty to malana dllnng the early post
part1ll11 penod. N Engl .1 Med 2000: 343: 598-603.
38. Langman RE, Cohn M. Edltonalll1trodllcl1on. Sel11l11 lmmunol 2000: 12- 159.
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Multiple splendor. The one and man)' l'ers ions of the imlllune system

This transition between private and public science can be illustrated by a beautiful
video-clip, produced in the 1990s by a senior immunologist39

. He sketched the main lines
of the immune system in terms of a fictive correspondence between a scientist and his
mother. The choice of the protagonists is no mere chance. The mother, once an actor in
the immunological drama ofpregnancy, plays the cor~fident in the tragedy. She allows the
hero to express his beliefs and doubts. Mother and son were once fusional partners. Quite
naturally, it is she who shelters and fosters the early version of a dialogue between Self
and 'former' Self and mediates it between Self and the Other.

"How can 1tell you how happy 1am when you disclose to me your secret garden". The
Garden of Eden once harbored universal knowledge. And it is again the metaphor of the
garden that cornes to the mother's pen during her initiation into the "field" ofresearch: "1
cannot help of thinking of the immune system as a big park with its trees, groves and
alleys."

But a second metaphor competes with the former one: "1 see the immune system as the
big book where Grand Pa used tô record the main family events: but it is difficult to single
out changes in an ever-changing context." The difficulty of defining a changing bodily
identity is echoed by the anthropologist Sarah Richardson in her article on the "End of the
Self,,40: "The Self is constantly being defined anew". But Richardson goes further by
adding: "which is another way ofsaying that it doesn 't really exist at aIl." The mother does
not go to this extreme. She quietly addresses the Heraclitean dimension of life, the cons
tant dissolution ofelements that nevertheless maintain a form: "the system is our guardian,
on a permanent watch and fulfills its dutY by confronting continuously what exists today
with what existed once."

The permeability of the border between the outside world and the interior of the organ
ism41 is also grasped as obvious: " We are open wide to the outside world: we are the
milieu for a host of microbes: is it not to acknowledge that we are not alien to the milieu
that surrounds us?" This is the intuition that beings originating from the outside (such as
viruses, for instance) may have been part of our inner selves. The mother takes a similar
intuitive approach to autoimmunity, which stands in symmetrical relation to the invasion
from the outside.

Gaston Bachelard used to invite scientists and philosophers to explore and exploit
jointly the resources of the unconscious, in the name of creative rationality. This poetical
correspondence about the immune system, an official creation of contemporary biology,
illustrates the kinship between biological and metaphysical thinking. The development of
immunology as a broad biological science opened a new semantic field. It can be consid
ered as a language into which it has become possible to express and potentially to solve
general questions raised by the interaction between man and his environment, Self and the
Other, seen as another kind of Sel-[l2. "Aime ton prochain comme toi-même," says the

39. Daëron M. Cellular and c1imcal immunology. Pans: INSERM U 255. InstItut Cuneo The clip was produced by the
INSERM for a broad audience and school students.
40. Richardson S. The end of the Self Discover 1996; 17: 80. 1 thank David Napier for having attracted my attention
ta this quotation.
41. Moulin AM. Le dernier langage de la médecine. De Pasteur au Sida. Paris: Presses universitaires de France; 1991.
42. Daëron M. Le système immunitaire ou « Connais-toi toi même ». Colloque de Cénzy Praxis et Cognition. 1988.
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Gospel, suggesting a strange and profound kinship between the various selves. Many
cosmogonies conllllonly associate love and hatred as the principles ofbeing.

Anthropology: the Self and the Other

The immune system is one ofthe rational constructs ofour contemporary biomedicine: the
identification of the body as a network of cells and molecules, strong and fragile like the
web oflife. This powerful representation challenges the imagination: any event registered
in the Book ofthe system is detennining for survival, until we reach, with our back turned
to the future, the tenn fixed for the end. This system might contain part of the secret of
biological individuality and the key to decay and destruction. Whoever detains the
password of the Selfand NonSelfand is able ofmanipulating the immune system becomes
the master of life and survival.

While questioning the divide between the Self and the NonSelf, inllnunology first of all
meets the philosophical queries such as in Plato 's Meno: Is to know a form of remem
brance, in which case NonSelf is identified with Self (see Descartes's innate ideas), or
invention, and then how is recognition possible? Christ says to the mystic: "Thou would
not look for Me ifthou had not already found Me."

Anthropologists were eager to point to the convergence between biological systems and
other semiotic products of our culture. Donna Haraway, in the wake of her work on
cyborgs and post-modern beings, described the immune system as a typical post-modern
icon: she views the body, either healthy or ailing, as a robot ready to be assessed and manip
ulated by the medical profession~J. Following the adventure of smallpox inoculationH

immunization campaigns against other pestilential diseases have tried to synchronize
populations' immune reactions to pathogens. The state increasingly controls bodies,
exploiting the "governmentality of life." The poli tics of public health have dramatically
modified demographic trends. Donna Haraway conceives the manipulations of both indi
vidual and collective bodies as typical of modern science, obsessed with warfare and
accounting, unable to turn away from dichotomic and mechanistic thinking stigmatised by
Evelyn Fox-Keller~5. Only in recent years have epidemiologists organized the careful
registration of "vaccination-related adverse events," and discovered a long-neglected
potential source for original clues to pending questions on individual pathways of immu
nity. Moreover, while acknowledging the output ofpublic health measures on the modern
rise of populations, historians point to the authoritarian character of such measures, the
break in traditional lifestyle and social customs. They point to the risk of exclusion for
some social groups targeted as "vectors" of diseases~6.

~3. Harav.ay D. The blopolitics of post-modem bodies: determinatlon of Sclf 111 the Immune ;,ystem dlscourse. Journal
of Femll1lst Cultural Sludles 1989; Il: 3-·B.
44. Moulm AM. Ed. L'aventure de la \accll1alion. Pans: Fayard; 1996.
45. Fm:-Keller E. Refigunng lIfe: metaphors of tll enlielh-ccntury biology. New York: ColumbIa UmversIty Press:
1995 Naplcr D. Penser 'vHcclnologlquement' . une sélection qUI n'est pa, vraiment naturelle. ou les modèles socIaux
du monde mIcrobIen. In. Moulll1 AM. Ed. L'aventure humaine de la vaccmation. Pans: Fayard: p. 409-22.
46 Rlvct D. Hyglélw,me colonIal et médicalIsation de la société marocmne au temps du protectorat français: 1912
1956. In' Longuenesse E, Ed. Santé, médeCine et société dans le monde arabe. Pans: L'Harmattan: ] 995. p. 105-28.
Peter JP. DImensions mythiques des épldémlcs et Sida. Action et recherches socIales 1989: 3' 15-29. Well1dlll1g P.
Medicine and holocaust. The case oftyphu;, ln: LovIY 1. Ed MediCine Hnd change. hlstoncal and sociologlcal studles
ofmedlcalll1novatlon. Montrouge: EdItIons INSERM/John Llbbey; 1993. p. 447-64.
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Another American anthropologist, Emily Martin, has analyzed the vision ofthe immune
system, on the basis of research conducted, in a hospital, on the reception of immunol
ogical knowledge47

. In the 1960s, the immune system was seen as composed of a central
organ such as the thymus and peripheral effectors such as the lymphatic glands, and
displayed centrifugaI and centripetal pathways. The latest version of the system is different
and exhibits the characteristics of economic life in advanced societies: mobility, poly
valence, and plasticity48. Hermann Wolf Fridman chose to call his popular essay on immunity
"The mobile brain" (Le cenJeau 11lobile)49. The immune system integrates the passwords of
the globalized world, in the age ofliberal economic thinking. Rolf Zinkernagel sees in the
interplay oftime, antigen dose and location in the body the secret offlexible autoimmunity
regulation 1. In sorne of the "danger models," we have seen that any damaged cells can
deliver a signal and trigger an immune response.

The traits of contemporary American society are reflected as well in immunology as in
the postulates of interactionist sociology of the Chicago School. In the market place,
everything is negotiable, and standards are unstable. In the immune system, not only
lymphocytes, but most tissues can be recruited for immunological tricks, in the "ball of
cells," according to Lewis Thomas's title.

Ethnography

The immune system can be interpreted as a post-modern icon, influenced by the contem
porary currents. However, although immunologicallanguage is a Western code rooted in
twentieth century biomedical knowledge, its use is far from being restricted to industrial
ized societies50

. It can function as a reference in comparative anthropological studies. From
a cross-cultural perspective, the immune system can be used to explore various cultural
views of illness, judged at first sight as incommensurables 1

• The immune system has created
a semiotic field where one can project distinct cultural patterns of disease, belonging to
remote pasts or exotic countries, and made it possible to detect hidden links between appar
ently distant narratives of illness.

The anthropologist Dominique Buchillet has detected a variant of king Mythridate's
myth ofimmunization among the Desana of Amazonia52 . The destitute Indi~ns resent the
apparent good health of their former invaders and their insolent immunity to epidemics

47. Martm E. Flexible bodies: tracking Immunity in American culture from the days of polio to the age of AlOS.
Boston: Beacon Press; 1994.
48. Martm E. The cultural construction of gendered bodies: blOlogy and metaphors of productlon and destruction.
Ethnos 1989; 54: 143-60. Toward an anthropology of immunology: the body as nallon state. Med Anthrop Q 1990; 4:
410-26.
49. Fridman WH.Le cerveau mobile. Pans: Hermann; 1991.
50. For other examples, see Klemman A. Concepts as a model for the comparison of medLcal systems and cultural
systems. Soc Sci Med 1978; 12: 85-93.
51. It does not imply to create a continuity between vanous traditIOns or medical systems: see Zimmermann F. Généa
logie des médecines douces. Paris: Presses universltaires de France; 1995. From classlc texts to learned practLce:
methodological remarks on the study of Indian medlcme. Soc Sci Med 1978; 12: 97-103. For translation matters
related to the commensurability issue, see also Zimmermann F. Tenninological problems in the process of edlting and
translating in Sanskrit medical texts. In: Unschuld PO, Ed. Approaches to tradltlonal Chmese medical literature.
Dordrecht: Kluwer; 1989. p. 141-50.
52. Buchillet D. Perles de verre, parures de blancs et « pots de paludisme ». Epidémiologle et représentations Desana
de la maladie infeclleuse (haut Rio Negro, Bréstl). Journal de la SocLété des Américanistes 1995; 81: 181-206.
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that are fatal to the tribes. They tell that the Whites did not flinch from drinking immorta
lity with coca, while Indians were more squeamish. Since this time they pay the priee for
not having been brave.

Anthropologists have been attentive to the way populations adjust or distort in their
myths and rituals scientific innovations from elsewhere. In the Meiji period, the Japanese
reinvested the Kamis, geniuses that protected against smallpox (Kami is sometimes
translated by guardian angel), with new meanings and linked their ancient rituals to the
practice ofWestern vaccination53 . Today, historians no longer consider popular resistance
to scientific progress as a simple proof of backwardness but undertake a careful in-depth
analysis of acceptance and rejection5.f.

The American anthropologist David Napier has promoted a study of reactions to
Western knowledge about AIDS in various cultures: how do Balinese, for example, inte
grate the western version of immunity into their religious beliefs and rituals?55 He notes
that they seem to understand and integrate current assumptions about the immune system
and its role in HIV infection: the idea that a tiny invisible being has the power ofinvesting
and hanning the body fits easily with their CUITent demonology. Only those historians who
think that bacteriology has been an absolute departure from the fonner beliefs into occult
forces and invisible miasmas can deny the analogy between scientific beliefs in the
multiple entities of the immune system56 and such cultural demonology57.

The immune system recapitulates the questions on the uncertain status of the body in
Nature. Tt solicits queries on the boundaries between the body and other living beings,
constantly renegotiated during the course of life58. On the one hand, ecologists complain
that modem practices have inadvertently ignored the natural baITiers between species
(e.g., the bovine spongifonn encephalopathy affair). However, 40 years ago grafting had
already bypassed the dogma of the "uniqueness of the individual." The success of trans
plantation with living or deceased donors has pointed to the fluid relationship between the
living and the dead or within the living community itself, again an open space for negotia
tion59. On the other hand, looking to the inside of the organism, no absolute guarantee
against autoimmunity can be given, and the emergence ofimmunity may remain a matter
of context, as Rolf Zinkemagel has indicated.

If the immune system is suggestive of the issue oflimits between nature and culture, the
Self and the Other, the living and the dead, it is possible to identify analogs in other
cultures.

53. Rotermund HO. Hôsôgaml ou la petite vérole aIsément. Pans. MaIsonneuve et Larose: 1991.
54. Moulm AM. PremIers vaccms. premIères rétIcences. Pour la sCIence 1999: 2M: 12-5.
55. Napier AD. Foreign bodies: perfonnance. art and symbolic anthropology. Berkeley' Caltforma UniversIty Press:
1992 Abo ,ee Jacquemart F Préltmll1aires à une théorie générale anthropocentnste des objets mous [doctoral thesls
m Immunologyl. Pans: Umversity of Pans 6: 1990
56. CambroslO A. Keatmg P. A matter of FACS: constltutmg novel entHles m unmunology. Med Anthrop Q 1992: 6:
362-84.
57. NapIer D. The age oflmmunology (forlhcommg).
58. Moultn AM. A science "dans le siècle'": immunology or the science of boundaries. In: Knge l Pestre D. Eds.
SCience 111 the twentIeth century. Amsterdam: Harwood Academic Publishers: 1998. p. 475-95.
59. Mou1m AM. Body parts: the modem dilemma Transplant Rev 1993: 95: 33-55. La crise éthique de la transplanta
tion d'organes. À la recherche de la "compatIbilité'" culturelle. Diogène 1995: 172: 76-96: Postface. ln. Carvais R.
Sasportes M. Eds. La gretfe hUl11all1e. Paris: Presses ulllversItmres de France; 2000; p 749-64.

240
SINGUL-\R SELYE,

HISTURll \L ISSUES ,\ND l"ONTEMPOR-'.RY DErl-'.TES IN IMMl'NOI.OGY



Multiple splendor. The one and mony versions of the immune system

Among the Ngbaka villagers of Central Africa, along the Lobaye River, the genesis of
disease works along two interpretive modes. Either disease is attributed to aggressive
agents from the outside - flies, mosquitoes, melipones (wild honey flies which colonize
the natural openings of the body in the rain forest) - or it is attributed to the doings of a
wild beast crouched in the body, responsible for antagonistic effects. Alternatively, it
stimulates and chastises, replenishes and starves the body, induces or restricts bleeding,
stops or impedes the humoral flow6Ü. This devouring beast, alternatively supportive or
destructive, is a perfect illustration of the equivocacy of the Self to self-relationship, a
strange relation associating fusion and autonomy, love and hatred.

Among the Avikam in Ivory Coast, a wound is perceived as a major hazard, putting the
body at risk by disturbing the gentle flow in and out of the organism and canceling the
concentration gradient, leading to homogenization and death61 . The Avikam live on a
lagoon, with log cabins built on woodpiles in a marine environment. Their daily Iife is an
unrelenting battle against the invasion of salty water that destroys homes and drowns
bodies, but that also provides the main resources for this population of fishermen. The
story ofthe Avikam is similar to the epic story ofHans, the little Dutch hero, who kept his
finger in a hole in the dike aU night, waiting for help.

Surgery was, in the last century, celebrated as one of the greatest medical achievements
and received almost unanimous applause. With the growing awareness of so-caUed noso
comial affections, a more sober view now prevails which considers surgical decisions as
a potential harm whose consequences must be carefully weighted. As with the Avikam,
any surgical intervention figures as a trauma with a risk of infection and pathological
cascades. Practices such as the resuscitation ofcomatose patients, or the use of automated
instruments to replace failing basic vital functions, need also to be reconsidered in this
respect.

Any biological equilibrium is a negotiation with the fluctuating composition of the
external and internaI milieus, involving the up- and down-regulation of cells' capacity to
proliferate, differentiate, secrete, adhere, or aggregate. Such was the message of the
English immunologist Gell when he warned that the immune system is at risk of"bleeding
to death,,62 when one of its branches is cut offor conversely is under the permanent threat
of inflation by proliferation of ceUs or antibodies. Even immunization programs, unan
imously praised for their major contribution to the decline of infant mortality, are not easily
interpreted in a unilateral way. Vaccination activates multiple pathways in the body,
varying with the type of antigen, leading to possibly contradictory effects. Sorne recent
data suggest that sorne vaccines could, on the one hand, stimulate immunity and decrease
infant mortality in an unspecific way, while other vaccines might increase atopy and raise

60. Amenorrhea or metrorrhagias are thus easy to explain. The amenorrhea corresponds to a period of nourishment for
the parasite. This parasitlc beast is necessary to the transmissIOn of life;. Moulm AM, Lévi-Strauss à Kaka (Répu
blique centrafricame). CNRS typescnpt, Bangui 1983; Pagézy H, Couillot MF, Moulin AM. Enquête ethnographique
sur la grossesse et l'allaitement, examens médicaux et considérations ethnomédicales. CNRS typescnpt, Paris, 1984.
61. Gely M. Le corps fragile: écologie du corps et syncrétisme médical chez les AVlkam lagunaires de Côte d'Ivoire.
Sci Soc Santé 1991; 9: 5.
6:?. Gell PG. Network concepts in science and the arts. In: Lefkovlts I. Ed. The Immune system; a Festschrift in honor
ofNiels Kaj Jerne. Basel: S Karger; 1980. p. 58.
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mortality63. Moreover, the clarification of the immunological consequences of repeated
inoculation of vaccine antigens remains to be worked out. The rise of lymphomas or
autoimmune diseases, during the last two decades, has remained a controversial issue.

Metaphysical

Immunity emerges thus as a topic for reverie on the instability of biologieal borders and
frontiers between beings. Literature elaborates in this mood the theme of a citadel where
the enemy silently lurks inside or haunts, invisible, outside. The heroes of Dino Buzzati's
"Desert of Tartars," wait on the battlements for a mysterious invader without precise indi
cations oftime and space. But who sets the limit between the Self and NonSelf, the citizen
and the [oreigner?

The time-space location suggested by RolfZinkemagel plays with thresholds and doses,
light and darkness, hidden and exposed, latent and manifest antigens in the body. l1ltimate
ly, immunology illustrates a paradoxical element in recognition: the mixture of closeness
and distance in the perception of the enemy, nonselves as other selves. the impossibility
of identification in the absence of kinship. even inimical. Recognition is a graduai and
complex phenomenon where the enemy is more easily recognized, different in that from
the absolute foreigner whose name and essence are beyond ail knowledge. This is the
sense of the Greek distinction, the sociologist Georg Simmel used to recaU, between the
"meteque," alien in the city but belonging to it and depending on its laws, and the barbar
ian, who has no human language (the original meaning ofbarbarian) and no human bond.

A South African novel by Coetzee. "Waiting for Barbarians," depicts the odyssey of a
judge settled on the t'rontier that protects the country from wild natives' invasion. A female
prisoner is one day takcn to him. The story of this judge who makes love with his prisoner
and progressively identifies her as a human being, before being banned from his own
society, is not only a political fable written in the apartheid country before the time came
for political change, it is also a metaphysical and poetical tale about immunity with under
pinnings on the arbitrary charader of identities and the reversibility of categories.

But the making of identities is not necessarily the royal pathway to order and morals.
Dealing with the case of the former Soviet Asian republics, the political scientist Olivier
Roy breaks with the tradition that opposed "good" identities (cultural, linguistic, social)
and "bad" identities (racial or pselldo-biological founded on skin, hair, blood... ) and shows
that the making of cultural identities can also be a source of violence and fantasl-l.

Conclusion

The concept of immune system has made its way both inside and olltside the scientific
community becallse it is the product of imagination focusing on the status of the body in
the worId and among the other bodies. The Western worId distanced itself from cultures
where disease is attributed to a divine or human maleficent volition. But with their helper,
suppressor and dendritic cells. immunologists also have invented ail kinds of entities

63. Aaby P. et al. Early BCG vaCCl11atlon and reductlon in atopy 111 Guinea-BI~sali. Clin E,p Alkrgy 2000 ; 30 : 6-1-1
50. Non-specific beneficlal effcct of measles IlmnllnizatlOn: analysi~ of l110rtahty studles from develuplllg countnes.
Br Med J 1995: 311: -IR 1-5.
64. Roy O. La tàbneatlün des idcntltés. Pans: Le Seuil: 1998.
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endowed with intention. Dendritic cells may be reminiscent of sorne satanic monsters
"quaerens quem devoret" (seeking to devour somebody).

The controversies where immunologists confront their views on the mechanisms of
memory, recognition and defense, the connotations of the words they use or the affects to
which they refer, manifest what 1have called the anthropological background of a perhaps
too human science. The awareness of this background might help - this is the gamble of
interdisciplinary exchange - to discriminate more aptly between the contingent and the
essential in the arguments and the underlying issues.

No immunologist would accept the reduction ofhis work to queries on the identification
of the Self and boundaries between Self and the other selves, or to the medieval question
ofmicro/macrocosm. But no philosopher would accept to deny that metaphysical queries
underlie the experimental work ofbiology. The dialogue between both, at the extreme of
their minds, harbors not only uncontested, at least 1 hope, pleasure, but a promise of
mutual enrichment if not decisive progress toward a common truth.

ln this chapter, 1 have not claimed that immunologists should refrain from using met
aphors and attributing volitions and concems to the immune system. 1 have not tried to
stigmatize their transient use of non-scientific categories, but, instead, have tried to show
that, while doing science, they interfere with categories profoundly relevant to human life
and experience.

The Self and NonSelf debate, whether it is or not reformulated as the danger model,
tums on an issue of the utmost importance: the overlapping and elusive character of iden
tities. The immune system can be considered as an illustration ofthe ambivalent and recip
rocal status of the Same and the Other65 . If, in sorne versions of the immune system, the
Other is viewed as the' gem1 or the pathogen, the ideal target for eradication, other versions
offer a more flexible, changing and adaptive picture. In this perspective, the immune
system illustrates the cognitive and pol itical problems ofexploring the differences without
abolishing or reifying identities. We suggested that the immune system may represent the
central issue of anthropology or the encounter with the Other66 how to structure this
encounter and elude the danger of absorbing or being ab~orbed?

Definitions of Self and selves, crucial to guide one 's way into chaos, are another possible
source of closure and schizophrenia, hostility and fighting. Interdisciplinary exchange
should serve the purpose of challenging the boundaries in which the scientists could be
tempted to enclose themse!ves.

The immune system illustrates the importance of metaphor in science, one of the foun
dations that makes interdisciplinarity possible and fruitful, politically correct and episte
mologically legitimate, a useful basis for a meeting and hopefully many others such as the
one that took place in Saint-Julien, in Claude Bemard's home.

65. Pouillon J. Malade et médecm: le mème et/ou l'autre? (Remarques ethnologiques). Nouvelle Revue de Psychana
lyse 1970; 1: 78-98. Segalen M. Ed. L'Autre et le Semblable. Regards sur l'ethnologie des sociétés contemporaines.
Paris: Presses du CN RS; 1989.
66. Fabian J. Time and the Other. How anthropology makes ItS object. New York: Columbia University Press; 1983.
Presence and representing the Other and anthropological mquiry. Cnt Inquiry 1990; 16: 753-72.
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Tales of neglected (orphaned?) historiographies
Alfred 1. Tauber

Diversity of historiographies
History of science today reflects the same historiographie pluralism found in other histor
ical disciplines. In this post-structural age, there are seemingly no organizing principles or
modes of discourse that dominate in ordering the phenomena in question, or the narrative
styles used to describe them. So it is no surprise that in a collection of studies grouped
under the rubric of"historical issues" in immunology, we witness highly diverse approach
es in the attempt to capture the pertinent issues and the lens by which we might view
them. This diversity is quite typical. For instance, in November, 1996, 1participated in a
conference at The Dibner Institute (Cambridge, Massachusetts), titled "Pasteur, Germs,
and the Bacteriological Laboratory." Although considerably more focused thematically,
as in our own conference, there was a sorting process that reflected quite different orien
tations to the subject at hand. Let me just briefly sketch the approaches represented at the
American meeting, for 1 believe, when compared to the papers collected herein, we can
readily appreciate that the multifaceted perspectives is not a function of the scope of the
topic, but rather the eclectic styles ofhistoriography.

Consider, how, even in the well-circumscribed Dibner historical topic, the disparate
issues described: the growth ofthe discipline ofmicrobiology and the influence ofthought
styles formed the matrix for William Bynum, Patricia Gossel, Victoria Harden, Claire
Salomon-Bayet, and Michael Worboys; the socioeconomic context was examined by
Wolfgang Eckart, Christoph Gradmann and Gerald Geison; the methodological strategies
that reflect cognitive models or standards of objectivity was assessed by Thomas Schlich;
the role oftechnology and its uses served as a subordinated theme for Geison, Harden, and
Gossel; the problem of defining ontological entities was deciphered by Bynum, Schlich,
and Worboys; assessments of the origins of this field for our own time served as a critical
nexus of discussion for John Farley, Geison, and Anne-Marie Moulin; and when the
history of ideas was utilized by Bernardino Fantini, Andrew Mendelsohn, Jan Sapp, and
Arthur Silverstein, we seemingly had exhausted the current exemplars of historiographie
modalities.

There were, however, other matrices of discussion, which, while remaining implicit,
functioned as the backgrounds for each ofthese papers. Already mentioned is the interplay
oftechnology with scientific methodology and the modes by which this factor directs and
even drives the science both in theory construction and practice. The second is perhaps
more subtle, and concems how medical and industrial interests operate to focus the
impetus of microbiological research. One might easily forgive omission ofthis particular
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question considering the well-discussed contributions of Bruno Latour [1] in this regard,
but interestingly, there were at least two other kinds of history not represented at the Dibner
meeting and our own, an omission, l believe, which is deliberate. My paper is an attempt
to consider these "orphaned" histories in order to reflect on those historiographic strat
egies that we currently embrace with more enthusiasm.

The demise of the Great Man

The first of the neglected historiographies today is history oriented around the "Great
Man." In our meeting, Arthur Silverstein and Paul Weindling offered readings ofEhrlich's
career that pointed to his central role in early immunology, but this kind ofhistorical narra
tive that places the leader's throne in context is generally neglected for other pursuits.
l believe the current status of this general perspective is better illustrated by Gerald
Geison's The Private Science ofLouis Pasteur [2], a vivid testament of "dethroning." This
work reflects a direct challenge to Great Man history, within which in Geison 's honest
attempt to present a balanced account of Pasteur's success, the critical gaze appears to
have polarized those stalwart champions of the unique virtuoso from chroniclers who
would seek a more nuanced view (see e.g., Max Perutz's attack [3] and the ensuing debate
engaged by Geison [4] and Pemtz [5], and then by Summers [6] and Pemtz [7]). ln the
field of immunology there are several "heroes" we might consider in some detail 
Pasteur, Metchnikoff, Ehrlich, Bordet, Koch, Landsteiner, Burnet, Jerne - but each, even
while recognizing their extraordinary geniuses, are at the same time placed under the lens
of a "normalizing" refraction, where the creative contribution is either not specifically
addressed or when considered, strenuous efforts are made to show the human limits of
such heroes. l admittedly generalize, but by and large, in the effOli to remain "detached"
and "objective," the biographer who embraces his subject too enthusiastically, is prone to
be accused of "hero worship." Thomas Soderqvist's biography of Jerne is an exemplar of
this cautious attitude. Soderqvist, while fascinated, and perhaps even awed by Jerne, sc lU

pulously records his obsessions, excesses, and psychological weaknesses in the effort to
offer a full account of an existential personality. But there is, indeed, no neutrality, and we
are left with a general Gestalt that can hardly support the ethos of a hero.

ln short, the implications of the leadership roles are minimized and to the extent the
respective accomplishments of Great Men are acknowledged, we are warned to balance
their merit with a judicious, if not jaundiced view of their foibles. So when Koch 's tàlli
bilities were demonstrated by Eckart and Gradmann in the Dibner meeting, we gleaned a
multidimensional portrait of Koch's career and better appreciate the conflicts and disap
pointments that were at play. From another perspective, one l would label as the "voice of
silence," Harden and Gossel described the adoption ofbacteriological methods in America
as falling to the bureaucracies concerned with public health, but hardly advanced by a
leading scientific personality. America produced no scientist comparable to Pasteur
during this period, and thus George Sternberg, arguably the greatest American microbiol
ogist of the period, can hardly be compared to the eminent European leaders he emulated
[8]. To what extent the missing supportive political and economic culture versus the
absence ofthe scientific commander accounts for the slow start ofAmerican bacteriology
is left moot, when in tàct this leadership gap remains a significant factor in the growth of
the discipline.
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Silences concerning psychology and the operative factors of becoming a successful
scientist may simply reflect an aversion to dipping into a problem too complex for a short
paper; but on the other hand, when we witness any discussion in this regard we see in both
the lacunae left by Harden and Gossel, as weil as in the critiques offered by Eckart and
Gradmann, a tendency to move away from that older genre ofa history ofadoration. After
ail, we would never expect to read an assessment like William Osler's deification of
Pasteur: "He was the most perfect man who has ever entered the kingdom of science"
[9, p. xvi]. In short, a biography of Pasteur such as that of Rene Dubos [10, II] is simply
out of fashion today and we hear no echoes of its underlying ethos. 1 wouId not argue for
a return to an earlier "innocence," even were that possible, but the fate and lessons of
Great Man history has an interesting parallel in the second missing historiographic
approach, namely that of exploring science's metaphysical context, indeed, how the epis
temology of science emerges from its underlying metaphysical foundations. This topic is
difficult to tackle for various reasons, but most obviously the metaphysical/epistemol
ogical boundary is ever-shifting, and thus this reciprocal relationship is oftentimes difficult
to tease apart. Historians of science might easily dismiss the issue as one for philosophers
or historians ofphilosophy to pursue, but 1maintain that this topic, elusive by contempo
rary sociologically-influenced practice-oriented histories (and thus "dangerously" philos
ophical), is forfeited with a high cost to the history of science. This thesis is pursued here
in greater detai1.

Factoring in metaphysics

Charles Rosenberg refers to the creative dialectic of diverse historiographies as a split
between "macro" and "micro" orientations, and when one attitude dominates over
another, as for instance in the general case here of "micro" narratives, there is a tendency
to lose track ofthe laboratory's orientation in the world. The rebuttal takes several forms,
but my agenda is to reinforce the claim for the dialectic of micro and macro, of part and
whole, of individual and society, with more attention placed on the "macro" issues than is
currently fashionable. 1 refer here to an older generation ofphilosophical historians who
sought a more complex intellectual intercontextualization for explaining the deeper
conceptual foundations of science. The key issues were to what extent "science in effect
creates philosophy" [12, p. 3]; how metaphysics might "Iead" philosophy; and the basis
by which a synthesis of these perspectives might arise.

My proclivities rely on the identification and synthesis of the underlying philosophies,
or more specifically, metaphysics of the scientists in the consideration of how these often
undeclared cognitive predilections play formative and directive roles in practice. Prom
inent examples ofthis genre include Alfred North Whitehead's Science and the Modern
World [13], Edwin A. Burtt's The Metaphysical Foundations ofModern Science [14], and
Alexandre Koyré's From the Closed World to the Infinite Universe [15]. Putting aside the
issue ofwhether science has progressed rationally, in these studies an endeavor was made
to place particular scientific discoveries and theory construction within the dominant
philosophical Weltanschauung of the period. Convinced that the scientist was in a sense
shackled to his world view, these metaphysicians drew vivid philosophical canvases that
portrayed science as part of those forces that framed philosophy, and concomitantly
became another expression of a philosophical orientation. Science as an intellectual enter-
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prise was thus situated and even constrained by the metaphysical assumptions of its prac
titioners. In sociologieal terms, this orientation was adopted to assess a patiicular research
community in terms of the construction ofknowledge by Ludwig Fleck, who referred to
a "thought stYle" [16], to reflect the social bases and manifestations of this infrastructure.
Fleck's originality was to expand the "metaphysical" (in the sense of the above) with other
social contextualization factors. Thomas Kuhn acknowledged and built on this foundation,
radicalizing these two perspectives; from The Structure of Scient(fic Revolutions [17] we
may easily trace the genealogy of current science studies in their commitment to consider
the diverse social and intellectual factors at play in constructing scientific knowledge.

Although Kuhn was still concemed with metaphysical questions, the eclipse of "'meta
physical histories" was in large measure due to this new emphasis on sociological factors
(i.e., laboratory practice, cultural influences, political and economic factors). However,
we should bear in mind that althollgh generally out of current favor, such metaphysical
histories indeed represent the earlier effort to contextllalize science in its intellectual
culture and became instrumental in preparing for our contemporary pluralism. In many
respects, the search for hidden metaphysical influences challenged the dominant rational
philosophy ofhistory, whereby such practitioners as George Sarton saw science as advanc
ing in a retrospectively appreciated order. On that view, progress was documented by the
reasoned assessment of one theory supplanting another by the sheer force of its superior
intellectual content. Interestingly, and not coincidentally, such a normative historiogra
phie approach was influenced and strengthened by logical positivism, which sought
rational and universal criteria for truth and used science to illustrate and warrant that exer
cise. Granted that Rudolf Carnap, Philipp Frank, and Hans Reichenbach differentiated the
'"rationality of explanation" from the 'iogic of discovery," science was anointed as the
exemplar for offering a method to substantiate truth c1aims, and its rationality was to be
universalized. The positivist's philosophical examination became, in some sense, myopie
to its narrow concerns, and the larger contextualization issues raised by the "metaphys
icians" were counted among the casualties ofthis approach. The tides, of course, shifted,
and the constraints of "internai" examination have largely yielded to "extemalized histo
ries."

Despite the current dominance of sociological1y-oriented contextualized histories,
current historiographie strategies have generally skirted the grand metaphysical assess
ments made by earlier generations ofhistorians and philosophers. In the seatTh for identi
fYing the microprocesses and effects empowering science, we have by and large opted for
a more detailed, and S0l11e would argue, careful consideration ofthose sociological factors
that might be described without resorting to the highly abstract and finally elusive catego
ries of the metaphysician. Certainly a coml11itl11ent to a positivism is at play here, but we
may also be witnessing manifestations of an anti-l11etaphysical sentiment, where in the
very discipline it might be supported, nal11ely philosophy, there is strong movel11ent
pledged to purge any vestiges of such contamination! Nevertheless, the deeper philosoph
ical assumptions of science are critical factors in theory constmction and adoption, for in
an important sense we live with a dialectic, where empirical evidence and theOIY interplay
with metaphysics to create the velY fabric of our world views. In eschewing the deeper
philosophies of scientists, we omit a crucial component oftheir endeavor. 1 will first illus-
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trate this thesis with an example drawn from my own research that is directly relevant to
the topic at hand.

A case study: Metchnikoff

The celebrated polemics between Elie Metchnikoff and the German school of microbiol
ogists guided by Robert Koch, and later the immunochemists led by Koch 's protégé, Paul
Ehrlich, has been subject to much scrutiny, and elsewhere in this volume Eileen Crist and
1 explore this question again. As we discuss, there were, to be sure, rather obvious diver
gent theoretical and methodological perspectives embraced by the protagonists; and while
due attention must be paid to those issues, 1 have long argued that there were even more
fundamental differences in the deeper philosophical understanding ofbiology that ultimate
ly would allow no resolution [18-20). Metchnikoff was an embryologist, who sought to
discover genealogical relationships in the context ofDarwinian problematics [21). He was
intrigued with the problem ofhow divergent celllineages were integrated into a coherent,
functioning organism. He was thus preoccupied with the problems of development as
process, which he regarded as Darwinian: celllineages were inherently in conflict to estab
lish their own hegemony, and he thus hypothesized that a police system was required to
impose order, or what he calied "harmony," on the disharmonious elements of the animal.
He found such a system in the phagocyte (a mobile amoeboid cell), which retained its
ancient phylogenetic eating function: devouring effete, dead, or injured cells that violated
the phagocyte's "sense of identity." ln other words, the phagocyte became the sentinel of
the organism 's individuality and, according to this theory, determined what was to be
preserved as "self' and destroyed as foreign.

Thus the phagocyte was initially viewed as a purveyor of identity, and when Metch
nikoffbecame engaged in the nascent field of infectious diseases at the beginning of the
1880s, he was poised to apply his phagocytes to the dutYof protecting the organism from
pathogens (i.e., maintaining integrity [22, p. 20; p. 62-3). It was a grand scheme, which he
presented in a series of public lectures in Paris in the spring of 1891, later published as
Lectures on the Comparative Pathology of Inflammation [23]. There Metchnikoff argued
that the phagocyte had preserved its most ancient phylogenetic function: in simple organ
isms sllch cells functioned as the nutritive organ (eating resident microbes), and in animaIs
with a gut. phagocytes continued to eat, but now for defense. In Metchnikoff's theory,
therefore, immunity was a particular case ofwhat he called "physiological inflammation,"
a normal process of animal economy.

But there was a more subtle message: 1) immunity was an active process with the
phagocyte's response seemingly mOllnted with a sense of independent arbitration (viz.
agency); and 2) organismal identity was a problem bequeathed from a Darwinian perspec
tive that placed ail life in an evollitionary context, which Metchnikoff extended to the
physiology of the individllal animal. The agency quality of his argument and the radical
sense of self-definition reflected major Nietzschean themes, a parallel 1have attempted to
make explicit [22, 24, 25]. On this reading, Metchnikoffpossessed a particlilar understand
ing of biology that reflected a llniverse in disharmony, where struggle and self-aggran
dizement were the very substance of life. Existentially, Metchnikoff was seemingly
preoccupied with self-realization (or self-actllalization), a Darwinian mode characteristic
of his time; religiollsly, he placed his abllndant spiritllality in the service of science 's ration-
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ality; psychologically, he was highly volatile, swinging between optimism and pessi
mism; and philosophically, he was committed to a unique blend ofteleology and vitalism
whose roots in earlier nineteenth century descriptive biology brought him into dissonant
controversy with the dominating reductionism of the period (discussed more fully in the
paper with Crist).

Metchnikoff was brushed aside by his German detractors as a hopeless Romantic, with
outdated teleological precepts, and his phagocytes were caricatured as possessing volition
and intention, and thus vitalist independence. Falling beyond the boundaries of the reduc
tionist ethos of the time, this dismissal was in effect a rejection of his entire underlying
Darwinian philosophy. To be sure, Metchnikoff's polemics with the Gennans was compli
cated by both political and personal issues [26], but the conceptual differences dominate:
on one level the conflict is expressed as a stance against the strong reductionist program
of contemporary immunochemists, but at a more fundamentallevel, we observe different
conceptions ofthe organism. l would not make that claim solely on the basis of examining
the Nobel archives, weighing public testimony, nor by contrasting his specifie scientific
views with other scientists who were involved in similar research [8, 22]. Rather, the case
ultimately rests upon interpretil1[? how his scientific posture employed emergent and
dynamical thinking appropriate to an organismic orientation of a biologist keenly aware
of the problem of identity in a post-Darwinian age [19,20].

On that reading, Metchnikoff deeply comprehended the Dalwinian revolution. He
maintained that throughout the life experience ofthe organism there are changing environ
ments, new insults, encounters with novel challenges, and it is the immune adaptability
and versatility that detennines overall success. From this point ofview, the primary lesson
of evolutionary biology is a radically different conception ofthe organism from that of the
pre-Darwinian era. The contrast is between a view of the organism as "given," essentially
unchanging and stable in distinction to the dynamic image implicit in Metchnikoff's
formulation, where the organism is in a dialectical relationship with its world. In an ever
changing set of relationships, at many different levels of engagement, the organism lives
in response to its environment; and it was this component of' active' reaction that was so
revolutionary and drew the ire of his opponents. They saw it as a vitalistic or teleological
fonnulation, because they did not either understand or share the metaphysical foundations
upon which Metchnikoffbased his theOl·Y.

So in the public debates surrounding what was called the "'phagocytosis theOl'y," Metch
nikoff focused upon the reaction of the host organism invaded by pathogens, and in that
struggle he postulated an active response to infection. The philosophical issues framing
his position never explicitly surfaced, which in itself is a curious fact considering Metch
nikoff's deep intellectualism. But the playing ground was defined by the Germans, and so
the "'cellular-humoral" polemics of the 1890s were argued on the basis ofhow to interpret
particular experimental findings. Metchnikoff's opponents would not engage him on the
deeper conceptual issues, perhaps because their own theoretical formulations were so ill
formed. In any case, the proposaI, even narrowly construed as a model of host defense,
was radical in itself: the phagocytosis theory was the first that posited active immune
mechanisms as opposed to passive ones to deal with infection.

Pasteur proposed his own passive notion of immunity as an extrapolation ofthe test tube
scenario shortIy before Metchnikoff published his immunity hypothesis. On Pasteur's
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view, bacteria simply exhausted critical nutrients in the host during initial infection which
then deprived the micro-organisms ofnecessary food. Either the pathogens starved during
their initial foray or failed to grasp a landing on second exposure because of the deprived
nutritional state oftheir host. By 1885, when Salmon and Smith demonstrated immunity
with dead bacteria, the passive theories were laid to rest. Although there were profound
effects ofMetchnikoff's theory detected in the development oflater immunology [22], and
perhaps for medicine in general [27, 28], from our vantage point, Metchnikoff's dogged
defense of the phagocytosis theory was soon overwhelmed by the immunochemical
program of his opponents, and for our purposes we may leave him here.

Another case: Pasteur

To recognize Metchnikoff's own holistic view ofthe organism, the integrated and compre
hensive approach to his biology as theory-driven, and the neo-Romanticism ofhis extrap
olated biological thought to humankind and himself, is to place him within certain
broader intellectual currents ofhis time. And more particularly, 1have maintained that the
appreciation of an active host response originated with Metchnikoff, because during the
nascent years in which infectious diseases emerged as a scientific discipline, he, alone,
appreciated a fecund implication of the Darwinian perspective, albeit derived from a partic
ular metaphysical orientation. In short, 1 have argued that to understand Metchnikoff's
science one must take account of his broader philosophical posture. Let us now consider
Pasteur as a second case where similar concem to comprehend his underlying philosophy
becomes an important factor in assessing the scientist. 1 do so with sorne hesitation only
because 1have not directly examined primary sources, but instead must rely on the narra
tives of other historians who share my propensity to consider such factors as operative.
Nevertheless, the illustration is so compelling 1must briefly summarize it.

My initial interest in Pasteur arose from the friendship that he and Metchnikoff shared,
whose basis is not obvious at first glance considering their differing scientific interests and
backgrounds. But based on the warm welcome the refugee Metchnikoff received by
Pasteur in 1888, who offered the Russian a laboratory at the new Pasteur Institute (and a
salary ofone franc a year!), there seemed to be sorne fundamental affinities in their philos
ophical outlooks. After all, according to Metchnikoff, when he and Pasteur first met,
Pasteur proclaimed, "1 at once placed myself at your side, for 1have for many years been
struck by the struggle between the diverse microorganisms which 1 have occasion to
observe. 1 believe you are on the right road" [26, p. 22].

Pasteur indeed embraced Metchnikoff, and the two scientists formed a close alliance.
As Metchnikoff wrote, "Pasteur, like every human being had his weaknesses, but even
without speaking of the enormous contributions which he heaped upon mankind, he
combined with his scientific genius a vibrant soul, a profound kindness, and a character of
exceptional stature" [26, p.25].

Part of their relationship was based upon a nationalistic alliance of the Russian and
Frenchman against their German eompetitors. But their kinship had deeper roots than the
geopolitical conflicts of the time.

At one obvious level they were intellectually compatible, inasmuch as they each sought
the broadest biologieal principles to guide the interpretation of their research, and their
respective theories were not in conflict. Although their partieular visions of biology
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differed, each revolved about a broad vision ofbiological unity. Their respective scientific
inquiries were formulated in the endeavors to define the integrity of the organism for
Metchnikoff and the essential biochemical unity of lire for Pasteur. In this sense, each
sought theories to govern the functional harmonization of diverse behavior. But there is a
deeper and perhaps more elusive affinity between Pasteur and Metchnikoff, which
pertains to the non-positivistic elements of their respective philosophies. Neither Metch
nikoff nor Pasteur were comfortable with positivism; and 1 maintain that their scientific
philosophies were intimately connected to this discontent, specifically their deep humility
before the altar oflife that resisted a fully positivist program. In these briefremarks 1wish
to explore this factor in more detai!.

Consider the following quotation from Pasteur's 1882 inauguration lecture to the
Académie Française. In this excerpt, Pasteur is dealing with positivism as a method
applied to history, sociology, and literature, basically ail the humane sciences. He assumes
a most critical stance of knowledge in that arena based on such methods: Auguste Comte 's
fundamental principle is to eliminate ail metaphysical questions concerning the first and
final causes, to attempt to account for ail ideas and theories in tenl1S of concrete tàcts, and
to consider as valid and established only that which has been shown by experience...
"'[E]xperience' has a meaning very different from that of the word 'experiment' in scien
tific language. In the former case, experience is merely the simple observation of things
with the induction which concludes, more or less legitimately, from what has been to what
could be. ln contrast, the true experimental method aims at reaching a level of proof
immune to any objection" [Quoted by Dubos, 10, p. 387-8].

Pasteur was fully confident of his scientific method applied to his own sphere of inves
tigation, where scientific facts would emerge by vigorous experimentation. But he was
highly doubtful of any social science that attempted to ape the methods of natural science
to answer queries of a different kind, specitically those not amenable to experimentation.
But he goes further: "The conditions and the daily results of the scientist's work lead his
mind to identify the idea of progress with that of invention. In order to evaluate positivist
philosophy, therefore, my first thought was to search it for the evidence of invention, and
1did not find it... Positivism, offering me no new idea, leaves me reserved and suspicious"
[10, p. 388-9].

Positivism was too restricted a mode of inquÎlY! Scientific advance in Pasteur's view
required a creative component, for its success transcended the mere observation and
description of a naked positivism. At the heart of the Pasteur studies by Bruno Latour [1]
and Gerald Geison [2] is the appreciation ofhow Pasteur at times abandoned strict adher
ence to Scientitic Method, even employing shrewd rhetorical skills to make his case
against opponents. Pasteur's scientific accomplishments cou1d not have been made
without rigorous techniques, executed with ""irreproachable exactitude." But it is not
accompl ished by the routine application of some mechanical scientific method. It is more
than that. lt is a git!, a talent, a skilL an art - and Pasteur was most decidedly an artist of
the invisible world [2, p. 133].

1will not dwell on his interpretation of positivism and its application, but rather let us
see how this critique serves as revealing the limits that Pasteur himself recognized for his
sCIence.
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l am referring to Pasteur's religious convictions. He maintained that the positivists
could not account for the deep sources of inspiration, the appreciation of the infinite,
which he believed served as the very basis ofman's humanity. This was translated into his
scientific philosophy quite explicitly and should not be regarded as either an inconsistency
in his role as scientist or a divorce of faith and reason. For Pasteur, there was a funda
mental mystery at the heart of the organic, and l believe this sheds important light on his
scientific persona.

At the time of the controversy on spontaneous generation, Pasteur quite explicitly
described his opinion regarding the ability of experimental science to decipher the riddle
of life. Concurring with Claude Bernard, he regarded the mystery of life as residing not in
the manifestations ofvital processes, which are amenable to scrutiny by ordinary physico
chemical assessments and characterizations, but in the predetermined specifie characters
of the organisms which are transmitted through the ovum, through the so-called germ. In
what was to become an often repeated refrain, Pasteur wrote

Life is the germ with its becoming, and the germ is life... Once the germ exists, it
needs only inanimate substances and proper conditions of temperature to obey the
laws of its development...it will then grow and manifest ail the phenomena that we
call 'vital,' but these are only physical and chemical phenomena.....

This is why the problem of spontaneous generation is all-absorbing and ali-impor
tant. lt is the very problem oflife and of its origin. To bring about spontaneous gene
ration would be to create a germ. It would be creating life; it would be to solve the
problem of its origin. It would mean to go from matter to life through conditions of
environment and of matter.

God as author of life would then no longer be needed. Matter would replace Him"
[Quoted by Dubos, 10, p. 395-6].

Pasteur acknowledged that his work had not proved that spontaneous generation was
impossible, only the fallacy of ail known claims to that effect. He recognized that he could
not prove the negative. But by the same token he protested that spontaneous generation
had been the origin oflife in the universe. In unpublished remarks written in 1878, Pasteur
asks a remarkable question: "1 have been looking for spontaneous generation during
20 years without discovering it. No, l do not judge it impossible. But what allows you to
make it the origin of life? You place matter before life, and you decide that matter has
existed for ail eternity. How do you know that the incessant progress of science will not
compel scientists...to consider that life has existed during eternity and not matter? You
pass from matter to life because your intelligence oftoday...cannot conceive things other
wise. How do you know that in 10,000 years one will not consider it more likely that
matter emerged from life...?" [10, p. 396-7].

Geison has admirably drawn the contours ofPasteur's political and philosophical orien
tation in regards to spontaneous generation [2, p. 121ff.], and the richness ofhis study in
large measure results from the sensitivity shown to these "macro" issues. On one plane,
considering Pasteur's political and orthodox Catholic religious associations, he would
naturally align himself against the positivists and materialists who were associated with
the opposition to Church and State. In this regard, the spontaneous generation debate was
a touchstone that defined underlying attitudes towards science, philosophy and religious
beliefs. Pasteur, at least in this respect, was committed by his general political and reli-
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gious convictions, and Geison suggests that Pasteur 's highly selective use of experiments
was thus prejudiced scientific intuition. Quoting Pasteur: "1 did not publish these exper
iments for the consequences it was necessmy to draw from them were too grave for me
not to suspect sorne hidden cause of error in spite of the care 1 had taken to make them
irreproachable" [Quoted by Geison, 2, p. 130].

The general practice of selectively using experimental results to bolster "intuition" or
"theory" is weH-appreciated, and Pasteur is no exception. But rather than decry the faH of
an unblemished scientific method, we might more profitably seek to understand how
Pasteur's philosophy ofbiology was built on a complex array offactors that led him to the
orientation he adopted. Beyond his religious belief system, there was a strong scientific
component built from a speculative understanding ofthe world. From his earliest chemical
research in the optical polarity of compounds, Pasteur saw distinctions that he surmised
were characteristic of the organic [2, p. 135 ff.]. At the very core of his chemical presup
positions regarding the nature of symmetric (inorganic) and aSYl11metric (vital)
compounds, Pasteur brought a strict duality that in a fundamental sense framed his view
of the world. This is a l11etaphysical posture that both directed his interpretation of his
science, but also was reinforced by the results of his research. In my view, this is not a
circular reinforcement, but rather a dialectical process.

One final note. Pasteur's philosophy of science distinguished quite clearly the limits of
thought and experimentation. "Cause" was reserved for the primary divine impulse which
gave birth to the universe and life. On his view, we can observe nothing but correlations,
recognizing that cause and effect relationships are inferred when one phenomenon always
follows another in time: we discern them as relational, ie, we believe they must occur in a
certain order. But this is not Cause. As Dubos observed, Pasteur, like Claude Bernard, was
satisfied with relation or conditions in lieu of cause, which was reserved for First, or
divine, Cause [10, p. 398]. At a profound spirituallevel, Pasteur invoked determinism as
a vehicle for our technical mastery of nature, but not as a reference for a fundamental
account of Life. 1 would go as far as to suggest that on this view, Pasteur recognized a
profound mystelY that framed and motivated his work: biology was not the science of life,
but rather the means by which we comprehend vital processes in physico-chemical terms.

But 1would not close with a neat demarcation of science and religion in such a complex
personality. On the one hand, Pasteur viewed the spontaneous generation issue as a reli
gious question, whose resolution re-affirl11ed his own beliefs in the divine. At the same
time, there was apparently a bit of Dr. Faust in Pasteur, since throughout his life he
contemplated how to capture that elusive divine principle in the laboratory [2, pp. 138
142]. It seems that at the sal11e til11e as recognizing the limits of deciphering cause and
applying l11ethod in his research, he still dreal11t of apprehending "a new and fundamental
force in nature - a 'cosmic asymmetric force' that was ultimately responsible for life
itself' [2, p. 139].

Conclusion

My two protagonists lived with metaphysical tensions. Metchnikoff's immunity theOlY
was plagued with accusations of teleology and vitalisl11, because the phagocyte was
regarded as somehow possessing intention, which had no scientific basis. But he, like
Pasteur, believed that there were fundamental aspects of biology that could not be
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addressed by reductionist analysis. For Metchnikoff it was the establishment of organ
ismal identity, and for Pasteur, the origin of life. In both cases, the most basic nature of
life was a black hole, one indefinable by our rational tools, scientific or otherwise. As
heretics of the ascendant reductionism, where chemistry, physics, and soon genetics
would reign, they assumed a stalwart circumspection in regards to science's explanatory
power. This characterization is largely dwarfed, however, by their respective roles as
champions of science. After all, Pasteur was an early, key architect of this new molecular
biology, and unlike Metchnikoff, was firmly committed to the application ofa reductionist
strategy tq analyze vital processes, albeit with certain implicit restrictions. And Metch
nikoff, despite reliance on an older descriptive biology, was nevertheless a vigorous
prophet of science, the creed he believed that would save humankind from its own folly
and biologicallimitations [18, p. 23]. In short, if one is to have a full appreciation of these
figures, and perhaps more importantly, their philosophies of nature and science, divergent
aspects oftheir intellectual personae must be factored in and accounted for.

Dazzled by the awe oflife, both Metchnikoff and Pasteur were diligent scientific exam
iners who always seemed aware of the limits oftheir craft. This affinity between Pasteur
and Metchnikoff fonned a critical bond that bypassed generational differences, scientific
goals, and sociological categories. It allied them against a common foe in the guise of
Robert Koch and his school, who were blind to their respective larger philosophical-reli
gious postures. There is a vast literature on the growth of materialism and reductionism in
nineteenth century biology, and 1make no attempt to go beyond the implicit contrasts with
that movement exhibited by my two protagonists. Metchnikoff's staunch defense of the
agency ofthe phagocyte and Pasteur's experiments on spontaneous generation were each
driven by deeper metaphysical presuppositions and the desire to defend them. These
beliefs placed them in a fundamentally different orientation with respect to their oppo
nents. We need not be shy to consider including these factors in our assessments, for to
ignore them is to forfeit a full characterization ofthe practicing scientist. In short, to enter
tain the import of metaphysical concems is to portray fonnative, and even directive
influences in science as exercised by very human agents. Unlike an older generation of
"metaphysical historians," who might have sought a dominance in their philosophical
inquiries, 1 would be content with simply adding such discussions to the rich pluralism
adopted by other historiographie strategies, recognizing that while one may contextualize
metaphysical assumptions, such ideas are worthy of study in their own right inasmuch as
they may have independent effects of their own.
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Georges Canguilhem's "On the nornlal
and the pathological": a restatement
and a commentary
Peter Keating

Introduction

Georges Canguilhem is one of the best-known exponents of historical epistemology, His
most important book, "On the Normal and the Pathological" [1], has been translated into
a number of languages and the impact of this book on historians of medicine has been
similar to the impact of Thomas Kuhn's 'The Structure of Scientific Revolutions" on
historians of science [2], Canguilhem is also well known in the other social sciences,
lndeed, according to Mike Gane, "Canguilhem's work is perhaps best known in the
Anglophone world in connection with the debate on epistemology and the social sciences
introduced by Althusser and Foucault in the 1960s" [3, p, 312], Canguilhem's most cele
brated student, Michel Foucault, offered a similar analysis 20 years earlier in the introduc
tion to the first English edition of "On the Normal and the Pathological" when he wrote,
"[t]ake away Canguilhem and you will no longer understand much about Althusser,
Althusserism and a whole series of discussions which have taken place among French
Marxists (",)" [4, p, ix], While interest in Althusser has since subsided considerably, there
are still good reasons to read Canguilhem today, ln this paper, l would like to restate the
central thesis of "On the Normal and the Pathological" and offer a further illustration of
its continuing relevance to historians of medicine by giving several historical examp1es
taken from bacteriology and immunology, l then raise two questions: 1) ls Canguilhem's
distinction between the pathological and the abnormal still relevant? 2) Is pathology still
independent ofphysiology? To understand the pertinence ofthese questions, let us turn to
Canguilhem's thesis.

The reduction of the pathological to the normal

According to Canguilhem, there is a recurrent theme or, more precisely, ideology ofmed
icine and, in particular, of the relationship ofphysiology or biology to pathology that dates
back to the beginning of the nineteenth century, While, as we shall see, the theme takes
various forms, it may be stated simply as the thesis that there is no difference between the
normal and the pathologicaL This belief can be understood as an expression of the triumph
of eighteenth century rationalism over other forms ofmagical and religious causation, For
physicians and researchers from the nineteenth century on, to admit that there was some
thing special about pathology, that it was something other than a particular application of
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the laws of physiology, was to admit that there was something special about disease. To
say that opened an unwanted door to the past where disease represented, for example,
punishment for sin.

Canguilhem criticizes three kinds ofreduction of the pathological to the normal. Let us
begin with the first, the idea that the pathological is a quantitative extension ofthe normal.
Stated somewhat differently, the thesis claims that there is a quantitative continuum
running between the two and that there is, therefore, a qualitative identity. This thesis finds
clear expression in the celebrated work of Claude Bernard. Indeed, according to
Canguilhem, one of Bernard's major preoccupations was the demonstration of such a
thesis.

The best example of this articulation of the normal and the pathological in Bemard is
diabetes. According to Bernard, each ofthe cardinal symptoms of diabetes can be under
stood as merely a quantitative extension of a normal physiological process. Thus, he
claimed that the intense thirst, frequent urination, wasting and sugar in the urine could a11
be obselved in a normal human being. While thirst, urination, and weight loss are common
human experiences, Bernard had difficulty showing that the last symptom, glycosurea,
was present in nOlTIlal subjects. Failing to make the required demonstration, Bernard
simply asserted that there mllst be something wrong with the equipment (i.e., that it was
not sensitive enough) used to measure glucose in urine [l, pp. 34-5]. Canguilhem's
critique in this case is quite clear. Diabetes is not simply too much sugar in the urine; there
is no physiological equivalent to glycosurea.

The second form ofreduction criticized by Canguilhem consists of the reduction of the
disease to part of its mechanism. To use the same example, Bernard took the mechanism
of glycosurea (which, to repeat, he considered a nonnal phenomenon) to be the mech
anism of diabetes. According to Bernard, the liver had simply put too much sugar in the
blood and the kidney was flooded; the consequent overflow leaked into the urine. If one
were to ask Bernard the cause of the increase in glycogenesis, he would simply defer to
the nervous system. Canguilhem's criticism in this case centers on what Bernard could not
have known, namely that the sugar in the blood is not a mere quantitative increase in
glycogenesis but the result of an absolute (qualitative) lack of insulin. Notice here that the
argument against Bernard could also have been stated as a classical confusion between
symptom and disease.

The third form of reduction is one that Canguilhem caUs "same cause but different
effects." Two examples are offered to explicate this form of reasoning and while the
second is no longer convincing, it seems to me that the first could never have been so. Let
us consider the first. According to Canguilhem, the movement from arterial tension to
hypertension is genera11y seen as a quantitative move in the sense that, as the prefix
"hyper" implies, the same underlying mechanisms are believed to be at work in the
production ofboth forms of tension. There is no fixed threshold, in other words, beyond
which arterial pressure may be said to be pathological. This .. at least, is the view of pathol
ogists in the 1930s. Canguilhem points out, however, that there is indeed a qualitative
difference in the effects of normal blood pressure and hypertension even though the same
cause has only varied quantitatively [1, p. 55]. Hence, although the identity of the normal
and the pathological can be maintained in terms of a common mechanism - blood pressure
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-, it cannot in terms of the effects ofthe quantitative differences in the performance of the
mechanism.

This is not a very strong argument and there is, 1 believe, a better one that could have
just as easily been made at the time. Specifically, one could ask: Is it really, as Canguilhem
suggests, the same cause that has varied quantitatively? As the etiological cause ofhyper
tension, then as now, is simply unknown, one could more directly conclude that the mech
anism of hypertension is unknown, or, at least, incomplete. In this sense, the third kind of
reductionism is simply another example of the second.

Canguilhem offers a second example ofthe "same cause, different effects" argument by
contrasting immunity and anaphylaxis. Presumably both forms of the immune response
proceed from the same cause: penetration ofa foreign substance into the body. The effects,
of course, are completely different. Canguilhem tells us, "The presence of antibodies in
the blood serum is therefore always normal, the organism having reacted to an aggression
by its milieu by modifying its constants (... ) but in one case the normality is physiological
(immunity) and in the other case pathological (anaphylaxis)" [l, p. 138]. Once again, there
are better reasons to agree with Canguilhem. This time, however, it is the newer knowledge
of immunology that allows us to say that that we do not have one cause varying quantita
tively, but two different mechanisms and, in fact, two different kinds of antibody in the
blood.

Canguilhem raises another kind ofobjection against the identification ofthe normal and
the pathological namely, that such an identification presupposes an objective definition of
the normal [1, p. 26]. Without an objective definition ofnonnal, there is no starting point
for the quantitative extension of the normal to the pathological. Such numbers do not,
according to Canguilhem, exist and the argument is as follows: It is only with regards to
sorne extemal norm or standard that it is possible to speak ofmore or less. In physiology,
the norm is often taken to be the mean of a series of observations. This leaves out,
however, the fact that the number - the mean - is not itself the nonn but the numerical
expression of the norm. Moreover, the physiological process under investigation has a
positive (qualitative) value prior to having a quantitative expression. The positive value
derives from the fact that, assuming that there are not any useless (neutral) physiological
processes, then aIl processes must contribute in sorne way to the maintenance of the life
of the organism and must have been the result of natural selection. In other words, aIl
physiological processes had at sorne point, and retain so far, sorne positive selective value.
Similarly, negative physiological values, like the body temperature of a dinosaur, must
already be extinct (and presumably cannot be measured anyway). We shaIl see later that
diseases such as diabetes create mixed cases.

The idea here is fairly obvious to students ofnatural selection. If a trait or characteristic
has a negative selective value, then it will, by definition, be eliminated in the course of
evolution. This value, however, is only ever retrospective. It is not predictive and therefore
can be neither judgmental nor normative. This Darwinian theme, however, can seemingly
become a platform for the re-enchantment ofnature as when Sinding tells us, for example,
that, according to Canguilhem: "A living thing institutes a value judgment on itself in so
far as the perpetuation of the species implies that in the course of evolution sorne individ
uals and sorne species have been valorized whereas others have been condemned to
disappear" [5, p. 23]. 1 say seemingly because Sinding is, of course, weIl aware that, in
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fact, no judgment has been made. Indeed, she goes on to say that "Now, no change, no
anomaly, no mutation can be considered a priori negative or positive in reference to a pre
established type: the validity of the new organization can only be referred to its eventuaI
success" [5, p. 23]. In other words, as previously stated, the "value judgment" is always
retrospective. So, why, we may ask, is Sinding drawn into what appears to be a contradic
tion? Sinding sees a practical side (other than promoting physiology) to Bernard 's attempt
to identifY the normal and the pathological and it is this: If the mechanisms ofpathology
can be reduced to those of physiology, then medical researchers will have considerably
widened the sphere ofpreventive medicine. It seems to Sinding that we are in fact on this
road to prevention. Whereas Bernard lacked the concept of gene and the technology
permitting its manipulation, now that we have it, the reduction is possible. In particular,
were physicians and researchers to genetically modify non-viable embryos, then artificial
selection will have replaced natural selection. In th is case Sinding 's fictitious value judg
ments become possible. In the absence of aliificial selection, however, and thus for the
present, physiological norms are ultimately dependent on the environment and thliS cannot
be taken as stand-alone, external standards.

The primacy of the clinic

If the pathological is not reducible to the normal. then, it might be asked, what, besides
"nature," gives pathology its autonomous status vis-à-vis physiology? According to
Canguilhem, the history of medicine shows that, despite textbook descriptions, research
has, more often than not, led from the pathological to the normal. Tt is uSllally the case that
some clinical phenomena has drawn the attention ofresearchers to some organ or process.
The discovery of the normal function of the islets of Langerhams, for example, resulted
from research on diabetes. In generaL as Canguilhem puts it: "Almost every time it is said
in human physiology, 'We now know that. .. ,' one will find, if one looks hard enough 
and without reducing the raie of experimentation - that the problem was raised and the
solution outlined in the clinic and through therapelltic intervention, and often at the
expense, biological1y that is, of the patient" [L p. 142]. This assumes, of course, that the
primary aim of medicine is the cure ofhuman beings. While this may be so for c1inicians,
it is not necessarily the immediate case for pathologists: understanding disease often
precedes cure and the model for understanding is not necessarily human patients. In their
recent textbook on pathology "dedicated to ail patients in aIl times and places and to aIl
those who helped us to understand the primai patient - the ceIl" , Majno and Joris, for
example, say that "We chose to focus on the cell as the elementmy patient (... )" [6, p. xii].
Nonetheless, Canguilhem's c1aim is clear: pathology is not only autonomous vis-à-vis
physiology, but, as far as clinical medicine is concerned, it is primalY Some COl11l11entators
have interpreted the latter to mean that Canguilhem is asserting the "pril11acy of the
patient." Stuart Spicker, for example, seel11S to believe that one of the consequences of
Canguilhem's work ShOllld be ta "stress the uniqueness of each patient (organi sm) and the
implications ofthis thesis in producing and prescribing complex, yet individualized, drug
regimens ( ... )" [7, p. 407].

While it is doubtful that Canguilhem himselfwould have gone that far. there is no doubt
that he considers the patient to be the historical starting point of pathological investiga
tions. Canguilhem develops this theme through a fictitious example. Suppose, he says, a
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murder victim is discovered to have cancer that had not been diagnosed or even suspected
by the victim who had remained symptom-free until his death. Did the murder victim have
cancer? According to Canguilhem, the answer is no. The reason offered at first appears
psychological, namely "there is nothing in science that has not first appeared in cons
ciousness" [l, p. 53]. In other words, priar to a conscious complaint by the patient or sorne
other form ofphysician/patient contact, there is no c1inical phenomena.

lt has been suggested that since individual complaints vary from culture to culture,
Canguilhem ends up in a kind ofrelativism. Christopher Lawrence, for example, tells us,
"What then defines an event as pathological in any particular context? Canguilhem's
answer is in one sense both logical and yet at the same time richly unexpected. lt is the
sick man" [8, p. 96]. Similarly, François Dagognet begins a commentary on Canguilhem
with an illustration of the cultural variability involved in the interpretation of scar tissue
[9]. According to Dagognet, whether and to what extent a scar is unwanted depends on a
number of factors, inc1uding where it is and whether or not it was the product of rituai
scarification and therefore wanted (at least initially). Dagognet then proceeds to explain
that, in a similar fashion, pathology is not objective because the definition of illness
depends on the social and cultural context within which the symptoms emerge. Unsurpris
ingly, Dagognet takes both of his examples from the field of mental diseases, which leads
to the obvious objection that harder cases abound. Death by smallpox, for example, would
seem to transcend cultural relativism and stand out in any cultural context as definitely
unwanted.

One might further object here that, in any event, many interesting, important and real
diseases do not affect humans and that such plant and animal diseases do not require
complaints by their sufferers in order to enter science [10]. This objection can, of course,
be easily sidestepped simply by deferring the complaint, the consequent priar entry into
consciousness, and the relativism entailed to the owner or steward of the plant or animal
in question. Such a manoeuvre, however, is insufficient. The replacement of the doctor/
patient relationship by a triad composed of, say, the veterinarian, the animal owner, and
the animal does not account for cases where animais and plants are routinely diagnosed as
ill and destroyed without any complaint having been made by the owner or steward.
Moreover, ecologists recognize diseases as real and important sources of stability and
diversity in nature [Il, pp. 272-93]. Pathology, in other words, does not always require
pathos or a conscious sufferer. A sense of arder will suffice.

Nonetheless, Canguilhem's argument concerning the primacy of the c1inic rides on
more than the conscious presentation of symptoms by a human subject. As Canguilhem
explains, the primacy rests on a genealogy of clinical facts and techniques. Even though
clinical scientists use laboratory techniques to detect diseases that individuals may not be
aware of, these techniques are, in the final assizes, based on previous c1inical encounters.
In other words, "lftoday a physician's knowledge of disease allows him to foresee the
experience of the disease by the patient, it is because in the past the patient called upon the
physician." In history, then, pathology proceeds physiology. "CeIls of the renal, pulmo
nary or splenic parenchyma can only be said to be sick, and sick from sorne disease, today,
by an anatomo-pathologist who never sets foot in a hospital or clinic because they were
removed or resemble those that were removed yesterday or 100 years ago, it doesn 't
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matter which, by a practicing clinician from the body or amputated organ of a man whose
behavior he had observed" [1, p. 151].

True. But origin is not basis and one might easily claim that it is not because the
knowledge of a ceU as diseased originates in the clinic (i.e., is determined by how we have
come to know about the status of that ceIl) that the basis for a ceU being diagnosed as
diseased is clinical. We can distinguish between how we come to know something and
what that thing is. While it is often true that diseased cells presuppose a human being with
symptoms - we ignore, here, plants and animais -, there is not necessarily a continuous
chain - historical or logical - between clinical observation and a clinician's or a pathol
ogist's judgment. Clinicians originaUy diagnosed AIDS, for example, on the basis of
patients presenting with PneulIIocystis carinii pneumonia (PCP) or Kaposi 's sarcoma.
While this is the origin of the AIDS diagnosis, it is no longer the basis of the diagnosis of
HIV disease; that diagnosis depends entirely on laboratory tests. There is no c1inical
encounter or observation of behavior neccssary. Moreover, the behavior or symptoms
observed in the past are not necessary for the present diagnosis. Indeed, antibiotic therapy
for PCP, the discovery that Kaposi's sm'coma requires prior herpes infection and, above
aU, the discovery of the HIV vi lUS have broken the links in the chain. Laboratory investi
gations have, in fact, inverted the chain of events between the original clinical observa
tions and the diagnosis. AIthough in the course of this paragraph, 1 have deliberately
switched from the older term - AIDS - to the modern term - HIV disease, 1have not done
so in order to suppress the fact that HIV disease is a laboratory constlUct whereas AIDS is
a clinical designation. Rather, 1 have done so in order to stress that both diagnoses require
laboratory confirmation (in the Western world.) ln particular, since the mid-1990s "The
transition to a diagnosis of AIDS is now based on a laboratory parameter, e.g., a CD4 T
lymphocyte count below 200/mm3 (normal range approximately 500-1 ,000/mm3

) rather
than the prior clinical definition of the life-threatening opportunistic infection or cancer"
[12, p. 162]. In either case, as insurance caniers know, the present virological diagnosis
can be made without the patient's knowledge, symptoms, or consent. So, let us return to
the original question: Did the murder victim have cancer? Since it is fiction, let us suppose
that upon examination the coroner discovered that the victim suffered from HIV disease
and that unbeknownst to the victim, his tàithful wife discovered, during a routine blood
examination, that that she and her future child also suffered from the same disease. Does
the county coroner have a possible murder suspect or just a philosophical problem?

Two examples

While the above remarks may seem overly critical, 1 do believe that Canguilhem is right
to insist that attempts to reduce the pathological to the normal or to describe disease
without any notion oflesion or cognate notions are 1110st often doomed to failure. 1 would
like to give two further examples, not discussed by Canguilhem, of attempts to reduce the
pathological to the normal. rhave taken these examples from my own work in the history
ofbacteriology and immunology in pmi because the bacteriological revolution has come
to symbolize the triumph of ontological views of disease over physiological views such as
those expressed by Bernard. Consequently, the continued attempts to reduce pathology to
biology from within bacteriology have special significance and are not, 1 believe, moti
vated by the same concerns that directed earlier attempts to reduce pathology to physiol-
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ogy. While my first example confirms what Canguilhem has said about Bernard, the
second example raises a further issue that is somewhat more complicated, namely the
status of genetic polymorphisms in the production of disease.

Let me begin with the first example, vaccine therapy [13]. Prior to antibiotics, thera
peutic success in bacteriology was limited mainly to the antitoxins (notably diphtheria and
tetanus antitoxins) and passive serotherapy. One might wish to add malariotherapy to the
list, but that would seem to be a more empirical discovery if it can indeed be counted as
one. The only other therapy directly derived from bacteriology was vaccine therapy,
invented around the turn of the century by the British immunologist Almroth Wright.
Wright's therapy was practiced aIl over Europe and North America until the advent of
penicillin and then it disappeared. In its heyday, say between 1900 and 1920, practitioners
applied vaccine therapy to virtually every infectious disease and even to sorne diseases
that we wou1d not today consider infectious, such as mental illness or cancer. By the
middle of the 1930s, the therapy was reserved mainly for chronic, local infections.
Nonethe1ess, as late as 1970, researchers at the Pasteur Institute in Paris still produced a
limited number oftherapeutic vaccines. In the case of sorne dermatological disorders, they
still claimed a success rate of around 50%, although they admitted that it was impossible
to say why the vaccines worked.

Vaccine therapy consisted of the subcutaneous injection of heat-killed bacteria. The
species of the injected bacteria was supposed to be the same as that causing the disease.
Vaguely reminiscent of the "hair of the dog that bit you" reasoning, the rationale for the
therapy was based on a particular idea how immunity worked. According to Wright, infec
tious diseases could be divided into general and local. Local diseases - and this could
include tuberculosis and pneumonia - sometimes evaded host defense systems and thus
became chronic. Vaccine therapy supposedly recharged the immune system by provoking
an increased production of serum substances known as opsonins.

ln order to know if the immune system was depressed and thus to know if an individual
was a suitable subject for vaccine therapy, the physician had to calculate the "opsonic
index." The procedure for the calculation was more or less as follows: You took a blood
sample from the patient, and separated the blood serum and the white cells. At the time
investigators supposed that the serum contained the opsonins and that the white cells
contained phagocytes. They furthermore supposed that the two entities worked together in
the efficient killing of bacteria. In the meantime, you would have already cultivated the
pathogenic bacteria from the patient. Ifyou incubated the white ceIls, the bacteria and the
serum together in a capillary tube, under a microscope you could calculate the number of
bacteria ingested by the white cells. This gave you the numerator of the fraction. To get
the denominator, you took the same white cells and the same bacteria and incubated the
two ofthem with the serum from a normal, healthy person. You would do the count again.
An index of less than 0.8 signified that the patient lacked a normal number of opsonins
and thus required vaccine therapy to boost the number to a normallevel and overcome the
infection.

If we look at this calculation, 1 think we can see here something similar to Claude
Bemard's dictum that there is only a quantitative difference between the normal and the
pathological. That, at least, would seem to be the idea lying behind the comparison of
normal and pathological samples on the basis of numbers alone. However, in addition to

SINGULAR SELVES

HISTORICAL ISSUES AND CONTEMPORARY DEBATES IN IMMUNOLOGY 265



P. Keatillg

this unstated thesis, there is a more surprising presupposition lurking behind the calcula
tion. In order to substitute normal serum for the pathological serum, it must be assumed
that normal serum is capable ofwithstanding infection. Tt must be assumed, more precise
ly, that the pathological event of importance is not infection, per se, but the failure to
resist. Consequently, the ability to resist must function as a biological variable and this
variable must be normally distributed. Infectious disease is thus not the result of infection
but the result of a failure of resistance. As French authors sometimes said in this period
"Le terrain est tOllt." This is the constitutional doctrine.

Among the many constitutional doctrines that circulated between the two world wars,
one known as constitutional serology applied specifically to bacteriology [14]. Ludwik
Hirszfeld invented the doctrine of constitutional serology just after World War 1. Prior to
the war, Hirszfeld had worked with von Dungem in Heidelberg. History credits the two
with having shown that the ABO blood groups are inherited in a Mendelian fashion.
During the war, while stationed in Salonia, Hirszfeld and his wife worked with a multi
ethnic group of allied troops. They conducted a series of blood tests on the soldiers and
showed that the distribution of blood types varied between ethnic groups.

After World War l, in a series of articles later collected into a monograph, Hirszfeld
proposed a constitutional serology that he presented and justitied as a criticism ofbacte
riology. According to Hirszfeld, bacteriology had so far been too concemed with clinical
end-points; full-blown disease. Hirszfeld believed that, instead, one should look at the
continuum running from health to disease and produce a biology of infectious disease. ln
order to do so, it had to be shown that the immune response to infection was merely a quan
titative extension of a normal physiological process. To show this, two things had to be
demonstrated: 1) that normal or physiological antibodies existed and 2) that these antibod
ies pre-existed any bacterial or viral infection. Blood group antibodies seemed to fit this
description.

The problem with blood-group antibodies was that they did not seem to have any
physiological function. Moreover, the other so-caIled normal antibodies seemed, at least
during the inter-war period, to be a theoretical impossibility, even though they were occa
sionally found in the laboratory. This had not always been the case. Ehrlich, for instance,
writing in the 1890s, had proposed that normal and immune antibodies were identical and
suggested that normal antibodies participated in the physiological process of digestion.
But Hirszfeld could not accept this. Throughout the 1920s, Karl Landsteiner had been
producing antibodies against artificial haptens. The idea that pre-formed antibodies would
be present and specific to substances tl1at had no evolutionary existence seemed unlikely
and indeed, until the 1960s, most immunologists considered Landsteiner's work the best
evidence against pre-formed antibodies. That was the theory.

In practice, producers of diphtheria antitoxin knew that horses that had normal antibod
ies against diphtheria were the best producers of diphtheria antitoxin. That was taken as a
sign that they were constitutionally primed to produce a vigorous reaction to diphtheria.
Based on this 'practical knowledge, Hirszfeld elaborated the theory of "serogenesis."
Simply stated, "Normal antibodies represent a 'spontaneous' cell function; antibody
formation is the development and strengthening of a genotypicaIly determined ceIl capac
ity. The response ofthe organism follows a predetermined path" [15, p. 489]. Notice, first
of aIl, that this looks like a precursor to the clonaI selection theOlY. Notice also, however,
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that two different notions of the "same" are at work here: common structure (strengthen
ing) or common origin (development). This remained the biologically plausible basis of
constitutional serology.

The second proposition - that normal antibodies had sorne physiological function - was
somewhat more difficult to establish. In fact,'while it was supposed to be the basis of the
doctrine, it functioned as the presupposition of the doctrine. Taking only the blood group
antibodies, Hirszfeld proposed a correlation between blood groups and disease. However,
a number of studies prior to Hirszfeld had shown that diseases were fairly well distributed
amongst blood groups. To counter this, Hirszfeld argued that it was not 'incidence' that
counted, but 'disposition'. Now, disposition was an invisible variable for clinical med
icine. It included all those people that had had an infection without any clinical signs. Sick
people were just the tip of the iceberg. The test for disposition was the Schick test for
diphtheria and this formed the technical basis ofHirszfeld's theory.

Hirszfeld 's doctrine generated numerous studies and then died out in World War II.
1 would like to give just one example ofthe kind ofwork that was done. In the early 1930s,
Jungeblut in New York reported what he considered "direct experimental evidence" that
blood type determined clinical outcome in polio. He had taken sera from convalescent
polio patients that had been collected during the 1916 epidemic. Then he compared blood
type of the sera with a random sample ofblood types from the New York area. Using a X2

test, he found that there were significantly less type B than would be expected. So he
concluded that Type B was resistant to polio. 1 would like to cite his conclusion as it is
quite striking. Polio is "an extreme example of an infectious disease in the pathogenesis
ofwhich the significance of the etiological agent has become almost completely subordi
nate to the predominance ofconstitutional factors in the host" [16, p. 41]. Ofcourse, critics
were quick to point out, Esquimos had almost no Band yet no polio.

Both of the examples just given seem to point to the same mistake as if weB into the
twentieth century, fears of equating disease and sin still motivated researchers to reduce
the pathological to the normal. As 1 said previously, 1 do not think that we have the same
motives here. More importantly, 1do not think we have the same kind of mistake. 1 think
there is a difference between, say, Bemard's positivism and Hirszfeld's enthusiasm for a
biology of disease. In both the immunological cases, the ambiguity between the normal
and the pathological does not rely on a denial of the importance of the clinical origin of
medical knowledge. In fact, it seems that the ambivalence arises from the fact that the
objects under study have an intrinsicaUy ambiguous status. To take the first case, unlike aU
other organ systems, the immune system does not have just a normal tùnction. Inflamma
tion is not a normal process even though it is frequent. Infection is not normal even though
it is universal. The function of normal antibodies remains unknown and the status of
Wright's opsonins can even today be ditTerently described as either nomlai (the C3 portion
of complement) or as pathological (lgG antibodies involved in phagocytosis). Conceming
the second case, genetic polymorphisms (such as blood groups) are neither lethal muta
tions nor biological abnormalities. They can, however, attain something close to that
status in certain instances. The classic example from HLA polymorphisms is the relation
between HLA-B27 and ankylosing spondylitis (spinal inflammation) where bearers of
B27 are 87 times more likely to develop the disease [17, p. 355]. In other words, what
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appears to be an elTor motivated by ideological concerns can also be seen as a fmiher
naturalization of disease as a biological process.

Conclusion: What counts as pathology today?

In the era of "biomedicine" and molecular pathology we might be tempted to say that
biology has supplanted pathology as the form of explanation of disease. In this respect,
1wouId like to conclude with two questions, the first of which is raised by Canguilhem:
Can there be a biological definition of disease that does not ultimately depend upon a
clinical encounter? With the emergence of molecular biology and medical genetics, the
question may be recast as follows: To what extent do congenital diseases escape the
clinical encounter in so far as their diagnosis often precedes any form of clinical expres
sion? Do we have, in other words, with the advent of molecular and preventive medicine
an entirely new series of diseases similar to HIV disease in that they do not require a
patient's complaint for their diagnosis?

Canguilhem dealt with this issue by distinguishing between anomaly and disease.
According to Canguilhem, hemophilia, for example, is an anomaly. Tt can become a
disease, but an anomaly by itself is not a disease. Although one might agree with the prin
ciple, the example and the subsequent reasoning require a bit of a stretch. Specifically,
Canguilhem claims, "AlI the functions of a hemophiliac are carried out similarly to those
of healthy individuals. ( ... ) ln sum, the Iife of a hemophiliac would be normal if animal
life did not normally entail relations with a milieu, risky relations that may provoke lesions
(... )" [l, p. 88]. As both we and Canguilhem know, it is really all but one of the functions
(blood coagulation) that are normal. And that abnormality is indeed lethal (unless treated).
On this basis alone, hemophilia could easily be classified as a disease. One might fmiher
object, why does Canguilhem classify alcaptonuria as a disease while hemophilia is
deemed an anomaly? They are both genetic disorders and like the hemophiliac avoiding
hemorrhaging, the same ditIiculties confront the sufferer of alcaptonuria who attempts to
avoid tyrosine and phenylalanine in his or her diet [1, pp. 42; 206].

Canguilhem admits that the "problem of the distinction between an anomaly (... ) and a
pathological state is very obscure C.. )" [l, p. 88]. Indeed, ifwe ignore the vagaries of the
individual we can understand that Canguilhem wishes to raise here a very general issue.
He wants to ask: Should hemophilia be classified as an instance ofbiological variation or
should it be considered a (potentially) lethal mutation? In order to shed light on the issue,
Canguilhem offers an example of biological variation that is seemingly lethal, yet is not.
Fruit flies with vestigial wings do manage to compete successfully with winged fl ies in
certain (windy) milieux thus transforming a potentially letha1 liability into an asset. The
idea of lethal, in this case, is thus relative to the environment. Canguilhem does not, of
course, offer a milieu that is advantageous to hemophiliacs. But the die is cast, so to speak,
and Canguilhem goes on to describe a number ofphysiological variations produced by diet
and Iifè-style. He is sufficiently impressed by this variation and by its persistence within
certain ethnic groups that he is led to endorse the inheritance of acquired characteristics
which, in a footnote added in a later edition, he ultimately rejects.

Whether or not Canguilhem flüied with neo-Lamarckianislll is not the point here. The
problem would be the same for a strict Mendelian and it is this: If the environment deter
mines what will be considered pathological, just as it determines what will be considered
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normal, then, just as there is no objective criteria for the normal, there is equally none for
the pathological. We thus retum here to a point raised earlier and that Paul Rabinow has
put as follows: "Hence there is no purely objective pathology; rather, the basic unit is a
living being in shifting relations with a changing environment" [18, p. 84]. At this point,
one might wonder how Canguilhem can màintain that there is a qualitative difference
between the normal and the pathological. Since many of our descriptions of an environ
ment can be simply quantitative (more or less wind), then so would the determination of
what is normal and what is pathological.

Certainly, recent trends in what are termed "diseases of civilization" are consistent with
this line ofthought as the language ofbiology tends to override the language ofpathology.
In an article discussing problems in developing objective measures of asthma, for
example, Britton frames the problem as one of "defining the 'asthma phenotype'" [19,
p. 2]. The objective of such an exercise was not necessarily to improve the diagnosis of
asthma for clinical purposes. Rather, the short-term agenda sought to develop measures of
the phenotype to serve those "studying the disease in general populations" since the
"emergence of genetics as a new and especially active area of asthma research has added
new demands for appropriate ways of defining the 'asthma phenotype'" [19, p. 2]. Notice
here that while the requirements for isolating a phenotype and those for diagnosis certainly
overlap, they are not necessarily the same. Symptoms such as wheezing and bronchial
obstruction that are measured in the course of screening are continuous variables. Persons
screened for the phenotype may thus present at a subclinical level in the sense that they
themselves formulate no complaint. It is therefore certain that sorne members of the pop
ulation that fall within the phenotype definition would not, under normal circumstances,
be diagnosed with asthma. While it can therefore be said that this is certainly a form of
medicine, it is not strictly oriented around the clinic and the physician/patient encounter.
As in the case ofplant and animal pathologies, the physician/patient/disease triad has been
replaced, in this case, with a researcher/population/phenotype triad. It might be argued
that, at the end of the day, the phenotype definition depends upon the initial physician/
patient encounter and the specification ofwheezing and bronchial obstructions as cardinal
symptoms. Perhaps it does. However, the genotype will ultimately have been defined on
the basis of population studies that are more than the sum of individual encounters
between the doctor and the patient. When that day cornes, moreover, when there is a geno
type definition available, will not preventive therapy eliminate the need for the expression
ofthe phenotype for medical intervention to occur?

The definition of a disease as a biological phenotype, moreover, need not necessarily
arise from a clinical encounter. An anthropological encounter will do. This at least is what
we are led to be believe by proponents of the "thrifty genotype" hypothesis. Conceming
such diseases of civilizations as diabetes, obesity and hypertension, and their heightened
expression in anthropological phenotypes, for example, Neel and his collaborators,
suggest that "sorne positive selective value of the gene complex [underlying these
diseases] in the past must be visualized" [20]. They propose moreover that the "ultimate
genetic complexity of each of these diseases qualifies it for the term syndrome. Perhaps
collectively we can speak of the 'syndromes of impaired genetic homeostasis' or, more
colloquially, the 'civilization syndromes,' or the 'altered lifestyle syndromes,' to which
other diseases may be added" [20, p. 61]. Notice that the altered lifestyle in a new envi-
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ronment does not give rise to a disease, but to a syndrome: a configuration ofdiseases. The
diseases themselves are not relativized, just their relative frequency. Do we nonetheless
encounter here the relativism advanced by Canguilhem?

1 do not think that the observation that biological variability has selective value should
lead us to believe that disease is entirely relative or that pathology is completely subjective.
Recall that pathological processes, mechanisms, or events are not the same as or even rel
ative to normal processes and mechanisms. While the value (survival or health) of some
capacities, dispositions. genes, or polymorphisms may indeed be relative to the environ
ment, the events and mechanisms are not. Mutation is not transcription and proliferation
is not cell division. Cell surface markers are not tumor antigens (if there are any). The
vocabulary and the concepts ofpathology are not reducible to physiology. ln other words,
1 think Canguilhem's original statement could be reinforced: not only is the pathological
qualitatively different from the normal, but that pathological events are not simply relative
to an environment; they are absolutely ditferent from physiological processes.

Ifpathology is not reducible to biology then does it follow - this is the second question
- that pathology as a discipline is independent ofbiology? Recent events suggest conver
gence rather than independence. In July of 1995, The American JOll/7/al of Pathology
added the following subtitle to the journal: "'Cellular and molecular biology of disease".
Founded in 1901 under the name TheJournal ofMedical Research, in 1925, following the
merger of the American Society for Experimental Pathology and the American Associa
tion of Pathologists and Bacteriologists, it became the Al1lericall JOllrnal of Patlwlogy.
The most recent change in name had followed a change in name, 2 years previously, ofthe
society publishing the journal. Fomlerly known as the American Association of Pathol
ogists, in 1992 the society voted to change its name to the American Society ofInvestigative
Pathology [21]. Whatever the reason for the change in name, the addition of the subtitle
was prompted by the increasing importance of cellular and molecular biological methods
in the study of disease mechanisms. As an editorial announcing the addition explained,
"'During the last decade, studies of pathogenesis and diagnosis have relied, to an even
greater extent, on the methods of molecular and cell biology. These new developments
sharpened the fOClIs of pathology and, at the same time, greatly expanded its horizons by
removing al1ificial barriers among disciplines" [21, p. 1].

Nowa change in method is hardly cause for modifYing the title of a journal. Methods
change a11 the time. As stated, the object ofthe society is still the study ofthe pathogenesis
of disease. As the editors point out, however, it is more than the addition or change of
methods that the name-change is meant to mark. There is something of a historical move
ment at issue here. a movement forward from which there is, apparently. no turning back.
The application of these new methods had, as a consequence, "'placed the field into 'fast
forward' and made it leap from descriptive morphology to molecular pathogenesis" [21,
p. 1]. While this in itsel f may be reason enough for the change in name, there is more.

Citing the proposition to change the name, we learn that the change in methods had, in
fact. changed the nature ofpathology. Or so it seems. Ifwe look c10sely at the proposition
however. there are at least two different possibilities. The proposition states that the
renamed society"' ... takes pride in its members research contributions to the understand
ing of basic mechanisms of disease. Recognizing that this interest goes beyond tradi
tional concepts of pathology, the society has chosen its new name to reflect the breadth
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and interests of its members" [21, p. 1]. From the foregoing, it is the interest in the "under
standing ofbasic mechanisms ofdisease" that "goes beyond traditional concepts ofpathol
ogy." This could mean that either pathologists are now interested in more than disease,
such as biology, insofar as it is the background for basic mechanisms, or that biologists
are now interested in disease, insofar as it reveals, for example, pathological variations in
biological pathways that point to basic biological mechanisms. Both are probably true.
The pathologization of biology has proceeded apace with the biologization of pathology.
The point is, nonetheless, that the formulation does not allow us to decide whether the
"interests" or the "concepts" determine the subject (pathologists or members) of the
sentence.

Has pathology therefore been reduced to biology? If we distinguish actors and events
then so far it has not. Consider, for example, the following review article entitled 'The use
of biological variables to predict outcome in multiple myeloma" [22]. Given the above,
we might ask what are these biological variables? According to the article, there are two:
IL6 (interleukin 6) and a human herpes virus HHV8. In the first case, the IL6, rather than
performing its normal function, was suspected of contributing (was a factor in) to uncon
trolled proliferation. In the second case, a preliminary study showed evidence of HHV8
infection in 100% of cases of melanoma. It was moreover suspected that there was a rela
tion between the two biological variables in that the viral genome contained a homologue
(a homologous sequence) to IL6. Now it is true that viruses are biological entities and that
IL6 is a normal biological substance. But can it truly be said that infection by herpes is
normal or that promoting uncontrolled cellular proliferation is a normal function of IL6?
Are infection and uncontrolled proliferation really biological variables or are they pathol
ogical events? Clearly, although the players are normal, biological entities, the events are
pathological.
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in historical accounts of immunology
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À chacun son sablier, pour en finir avec le sablier {1 ]

Introduction: history and time

History, by definition, unfolds in time. In other words, in spite of the existence of different
attitudes towards the coherence ofhistorical narratives [2], time is an intrinsic dimension of
all historical accounts. Lest one be tempted to argue that the same applies to 'society' in the
case of sociological accounts, or 'culture' in the case of anthropological accounts, it should
be noted that time, unlike 'society' and 'culture,' is not the actual object of inquiry but,
rather, a constitutive element of the various, sometime widely heterogeneous events or
phenomena (from battles to mentalities) undergoing historical analysis. As a result, histo
rians, more often than not, take the temporal dimension oftheir narratives for granted, one
obvious and notable exception - although, as we will see below, less of an exception than
one would at first assume - being, ofcourse, Fernand Braudel's notions of"longue et courte
durée" [3]. For the moment, let us simply note that, implicitly or explicitly, the existence of
a uniform, linear, unidirectional flow oftime is generally perceived as a condition ofpossi
bility of any modem understanding of historical events, other notions of time, for instance
circular or relativistic ones, being relegated to pre-modem or esoteric societies or to the no
less esoteric debates at the interface between philosophy and modem physics [e.g., 4].

As long as alternative conceptions of time were confined to primitive (literally spea
king, "pre-historical") societies, or to domains, such as the physical world, falling within
the province of nature, as opposed to society or human affairs, historians did not need to
worry. However, in recent years sociologists and anthropologists have tumed their ethno
graphic eye to the temples of modem rationality, namely scientific laboratories and
research institutions [e.g., 5], by the same token also questioning such time-honored great
divides as those between primitive and modem thought, or nature and society. Several of
these contributions have involved an explicit discussion oftime parameters. For instance,
Sharon Traweek [6] has examined how the activities ofhigh-energy physicists take place
in a web ofentangled temporalities; Allan Young [7] has analyzed the architecture of time
in psychiatric narratives; Hans-J6rg Rheinberger [8], drawing on Bachelard and Derrida,
has cast his analysis of experimental systems in biochemistry and molecular biology in
terms of recurrence and historiality; and Bruno Latour [9] has explored strategies of
temporal attribution in order to claim that scientific objects can be simultaneously histo
rical and real.
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At this point, readers familiar with historiographic debates will argue that there is nothing
new under the sun, citing as proof Braudel 's previously mentioned famous distinction
between "courte durée" and "longue durée" [3]. There have been slightly different versions
of this distinction, but the basic. idea is the same: in writing history, one must distinguish
between different historicallayers that do not obey the same temporality. ln opposition to
the "longue durée" -- the almost immobile history of the relations between human beings
and their environment - stands the "courte durée" - the highly rhythmical history of indi
viduals (the "histoire él'énememielle") -- a middle layer being occupied by the slow-moving
history of social formations. Yet, one should not read into the distinction between different
temporal layers an attempt to contrast incommensurable narratives since, in the end, these
different temporalities must somehow fit together, as in an archeological or geological
excavation where the different strata ail cast light on the evolution ofa same fonnation: "ln
fact, these different temporalities are interdependent: it is not time as such that is a creation
of our mind but, rather, its fragmentation" [3, p. 76, my translation].

Braudel has applied his temporal framework to science and technology, by arguing, for
instance, that the "longue durée" accounts for such long-standing formations as the Aris
totelian world and, subsequently, the geometrical world of Galileo, Descartes, and
Newton [3, p. 52]. Yet, lest one is tempted to identify the Braudelian "longue durée" with
Kuhnian paradigms [10, p. 293-319], and, on that basis, to sociologize the whole thing, it
should be noted that Braudel (like Kuhn; 'pace', among others, Barnes [II]) has consis
tently resisted any sociological interpret'ation ofhis approach. Casting Bachelard, and his
admittedly unusual discussion of time and rhythmicity [12], into the somewhat surprising
role of the sociological villain, Braudel has explicitly rejected any notion of a variable
time, that is, of the existence of multiple times that would somehow be reducible to or
engendered by a given social fomlation. What is of interest to historians, according to
Braudel, are intersections and breaking points between temporal layers, and this presup
poses the existence of a uniform time [3, pp. 77-78].

Today readers looking for a distinctly sociological account oftime will probably turn to
Norbert Elias [13] rather than Bachelard [12]. Eliàs's contribution amounts to a strong
argument in tàvor of an instrumental, as opposed to a transcendental understanding of
time. ln spite of his outdated evolutionmy grand narrative, Elias shares with recent work
in the field of science studies an interest in the empirical tools that generate time, for he
insists on the fact that time is neither a natural, physical object nor a psychological a priori
but, rather, the result of an evolving set of contingent practices involving the production
of standardized tools such as docks, timetables, and so on. Time, according to Elias, blurs
the lines between nature and society. But if this is so, two consequences follow: tirst,
'contra' BraudeL multiple temporalities, as produced by diffèrent tools and as embedded
in different, parallel networks, can be separately articulated; and, second, these multiple
temporalities can be reflexively injected into historical accounts.

The temporality of immunological imagery

As hinted in the previous section, scientific objects have the interesting property ofde-stabi
lizing taken-for-granted notions ofhistorical time: they are a source of temporal instability.
For instance, previously inexistent scientific entities, once accepted as real, are granted by
scientists a temporal privilege that turns them into a-historical objects (they have always
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Figure la. 1902 representation of an antibody with receptors for dominant and non-dommant complements
[19, p. 585]. Original in black and white.

been there), although they can later slide, once again, into inexistence, thereby regaining
historical contingency [9, 14]. Another kind of temporal instability is exemplified by
medical pedigrees, i.e., the family trees utilized in human genetics [15]. The use ofpedigrees
to track human hereditary diseases goes back to the nineteenth century and a comparison
between early twentieth century and present-day pedigrees shows the existence ofa continu
ity that lies less in their content than in their form [16]. In the course of the century, ped
igrees have been associated with widely different genetic technologies [17], and although
one could indeed argue that with each new association pedigrees have been translated into
different tools, one could also maintain that in spite ofand through ail these transformations,
pedigrees basically remained the same roler, pen and paper technology. Castaneda [16],
following Foucault [18], has argued that, in this particular case, the continuity in form can
be ascribed to the fact that pedigrees embody the transition from the classical to the modem
épistémè: form and content, in her account, thus obey different temporal rhythms.

In the present paper 1 will explore a somewhat similar argument, although cast in a less
epochal form. As with the just mentioned example ofpedigrees, my focus will be on scien
tific, more specifically: immunological, imagery. In spite of the epistemological privilege
often granted to textual and verbal components of scientific practice, visual objects are
also full-fledged ingredients, rather than occasional by-products, of scientific activities.
Thus, immunological imagery is not to be conceived of simply as a pedagogical device,
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Figure lb. 1992 schematie representation of the CD34 receptor [20, fig. 4, p. 120). Original in black, red, and
white. Illustration courtesy of Mary Ann Liebert Ine ., Publishers. Original artwork kindly provided by DR
Sutherland.

but, rather, as a constitutive element of the entities investigated by immunologists [19]. A
detailed empirical analysis of both present-day and tum of the century immunological
imagery [19,20], conjugating semiotics with the history and sociology ofscience, can lead
to an interesting subversion oftraditional historical narratives by inaugurating the possibil
ity of multiple temporalities. This is so because certain images can be accounted for by
relating them to the material practices by which they were generated - they are, in other
words, both context-bound and temporally located - while other images seem to escape
narrow temporal straitjackets. This raises the interesting possibility of variable analytical
temporal frames.

As a way of proceeding with the abstract argument, let me imrnediately turn to a
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concrete example. 1 will contrast two sets of images:
The first set consists ofthree illustrations, a turn-of-the century drawing and two recent

images. Figure la shows a 1902 drawing by Ehrlich and Marshall, representing an anti
body (or, to use their terminology, an "amboceptor") with receptors for what the authors
refer to as "dominant and non-dominant complements" [21]. Figure lb, published in a
1992 article in the Journal ofHematotherapy, consists of a "schematic representation of
the structural characteristics of the human CD34 antigen" [22, p. 120]. Finally, Figure le
is an 'artistic,' computer-generated interpretation of figure lb that was featured on the
coyer of an "educational chart" distributed by the biotech company Coulter/lmmunotech
in the mid-1990s.

The second set consists of two illustrations. Figure 2a shows a "summary diagram"
from a 1908 book authored by one of Ehrlich's followers. It shows three types of cells
(antigen cell, antibody cell, and complement-producing cell) with their various receptors,
as weil as free receptors [23]. Figure 2b was featured on the coyer of the 1996-1997 Cyto
metry catalogue produced, once again, by Coulter/lmmunotech, and although no explana
tion is given for that figure, it 'obviously' represents a cell with antibodies attached to the
cell surface.

Tt is my claim that the illustrations in the first set do not inhabit the same temporal space,
while the drawings of the second set can be construed as sharing a common temporal frame.

From a formaI semiotic point of view, the figures within each set present different
characteristics. For instance, sorne are in black and white (figure 1a), others in black and
white with a few dashes of color (figures lb and 2a), while yet others are in full color
(figures le and 2b). Sorne figures have a flat, two-dimensional structure (figures la, lb
and 20), while others resort to perspective and three-dimensional effects (figures le
and 2b). Yet, the figures within each set also evoke a sense of similarity: a tree- or
seaweed-like form in the case of the first set, and, to use an anachronistic analogy (at least
for the 1908 image), a "module-landing-on-the-moon-surface" appearance in the case of
the second set. In turn, this sense of similarity can be ascribed to sorne of the semiotic
properties of the drawings. For instance, in both illustrations in the second set, a curved
surface occupies the corners of the figure, and a boundary is used to separate different
domains (the intracellular from the extracellular space) within each figure. Moreover, in
both illustrations small entities appear to rest on or be approaching the boundary, or, to be
more exact, are drawn in contact or close proximity to the boundary, the perception of
movement towards the cell membrane being an effect produced by graphie conventions.

Admittedly, infigure 2a the bounded surface is empty, as in a portolan - those ancient
maps of Africa listing only coastline towns, the continent's interior bearing only the
inscription "hic sunt leones" - while in figure 2b the cell interior is filled with distinct
shapes (we recognize them as a DNA molecule, mitochondria, and the endoplasmic reti
culum). Even the boundary, rather than a reinforced but undifferentiated single line as in
figure 2a, consists, in figure 2b, of a multi-layered structure. Yet, this does not detract from
the fundamental similarity ofthe two figures, in the same way as both the African portolan
and a modem African map will be recognized as maps of the same continent. In addition,
notice another similarity: in both cases the relative scale ofthe various elements (hypothet
ical or real) is not respected. In figure 2b, for instance, the DNA molecule (recognizable
to modem readers because of the conventional double-helix structure) undergoes a
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progressive change of scale, a sort of perspectival magnification. As with the DNA mol
ecule, in bothfigures 2a and 2b the elements sitting on or close to the cell membrane (the
antibodies) are 'obviously' magnified with respect to the cel!. 'Obviously' because, in
spite of the fact that in figure 2a the antibodies are represented as conventional symbols
whereas infigure 2b they are featured by showing one of their possible molecular config
urations, in both cases the artist would have known that cells are visible under a light
microscope while antibodies are not.

Figure le. Artistic interpretation of the structure of a CD34 receptor. Original in color. Illustration courtesy
of Beckman Coulter, Inc. 2000.
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Figure 2a. 1908 "summary diagram" of the various receptors involved in immune reactions [21; unpaginated
plate]. Original in black and white, with a few dashes ofred, green, and blue.

What about figures la, lb and le? In ail three cases the illustrations can be termed
"artistic renditions," an expression that hedges the visual realism of the entities repre
sented. But there are important distinctions. Infigure 1a, we find ourseIves in a self-cons
cious world of speculative analogy. In the absence of any information on the chemical
structure of antibodies (whose existence as discrete chemica! substances was in itself a
matter of controversy), Ehrlich's tum of the century diagrams were more suggestive of
marine animaIs than of chemical formulae. Contemporary observers noted that the figures
had "something [of] the appearance of cells with pseudopodia extending out from their
periphery," that they resembled "hungry pollywogs biting eagerly at inviting bits of protrud
ing protoplasm of just the right size to make a mouthful," and Ehrlich himself spoke of
"the 'tentacle' or grappling arm of the protoplasm" [19, p. 676]. In other words, nobody,
especially not Ehrlich, would have argued that his drawings were realistic representations
of antibodies and receptors.

In the case offigure lb, things are murkier. The figure's originallegend informs us that
we are looking at a "schematic representation" of the structural characteristics of a
receptor. UnI ike Ehrlich's 1902 diagram, the 1992 schematic drawing features several
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Figure 2b. Illustration on the cover of the 1996-[997 Cytometry catalogue of CoulterlImmunotech. Original
in color. Illustration courtesy of Beckman Coulter, lnc. 2000.

subdomains of the molecule (O-linked gJycans, amino terminaIs, serine residues, and so
on) the occurrence ofwhich has been secured by other researchers using various chemical
and physical techniques. The drawing, then, is a composite picture obtained by piecing
together various kinds of evidence and conventions. Yet, the figure sti Il qualifies as "sche
matic." In the main body of the article we find additional quàlifications: we learn, for
example, that the "the native molecule is anticipated to contain" a cetiain structure, and
that a given molecular domain "may be large and/or complex," "may induce the polypep-
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tide to take on an extended configuration," "ean be anticipated to protrude a considerable
distance above the cell membrane," and "probably exhibits a globular conformation" [22,
pp. 119-20; italics added]. In short, structural claims are accompanied by modifiers that
signal their tentative status, so that, in conclusion, the wealth of immunochemical and
cDNA data mobilized by the authors merely 'suggests,' as opposed to establishing, the
receptor's shape.

As for figure le, it explicitly presents itself as an "artistic view" offigure lb, a qualifier
that while preserving sorne of the scientific legitimacy of the latter, adds yet another
degree of representational freedom. In spite of the fact that the main author of figure lb
consulted with the authors of figure le in order to prevent any major misinterpretation of
the original data, he daims to have had no real say in how the final product tumed out and
to be less than satisfied with the results, for, to him, the molecule in figure le looks very
'"top-heavy," whereas it should look (note the interesting analogy) like a flag-pole, "where
the protein backbone is the pole and the flags are the different types of sugars decorating
the molecule" [24].

The tentative status attributed to figures lb and le is not surprising, not simply because
these illustrations can be construed as preliminary attempts at deciphering the molecular
structure of the CD34 receptor, but, more decisively, because the practice of molecular
modeling embodies a constant negotiation between a realist and a constructivist under
standing [25]. As noted by a group of leading protein biophysicists, "for something smaller
than the wavelength of visible light, there is no such thing as showing how it really looks
on the molecular level" [26, p. 1186]. Yet, for the purpose at hand, models will be treated
as truthful representations of molecular objects. The realist interpretation is nicely iIIus
trated by the following anecdote. A few years ago, during a meeting on the history of
immunology to which many famous immunologists, old and young, had been invited, a
younger but already famous scientist who had been instrumental in producing three
dimensional computer representations of structures such as T-cell receptors, grew visibly
annoyed by a theoretical debate launched by his senior peers. He stood up and briskly
argued that there was no point in pursuing those old debates: why not simply settle the
issues by inspecting the molecular spatial configuration of the relevant structures? This
was not simply a rhetorical outburst during a conference. When a controversy erupted
among immunologists over whether the Major Histocompatibility Complex 1 or II was
involvéd in autoimmune diabetes, the production of a three-dimensional configuration of
the relevant molecules settied the debate in a way other experimental results had not been
able to do [27]. A similar sort ofpragmatic realism is constitutive ofthe production ofdesign
er-drugs [28]. Scientists thus assume, for ail practical purposes, that molecular represen
tations such as figure lb and, to a lesser degree, figure le, correspond to real structures.
"For aIl practical purposes" here means: for the purpose offurther experimental or clinical
intervention.

So, what makes the difference betweenfigllres la and lb/e'? A quick answer is: a thick
layer of instrumental inscriptions that sustain the hybrid realist status of representations
such asfigllres lb and le, thus grounding them (almost paradoxically) in a specific time
and place. By speaking of instrumental inscriptions, we do not intend to reduce complex
issues of representation to a question of mere technology narrowIy conceived, for instru
mentalities should be understood in terms of"dispositifs" [29, p. 299; see also 30] connect-
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ing instruments, skills, organisms, notions, reagents, texts, and so on. In turn, "dispositifs"
function as part of experimental systems, those "machines for the production of differ
ence" that cannot be reduced to either science or technology (since the difference between
science and technology is preciseIy one of their outcomes). A computer-generated mol
ecular model such asfigllre le occupies a middle position within the continuum between
epistemic and technical things produced by experimental systems [8, p. 110]. Exper
imental systems, as graphematic articulations (or arrangements of inscription-generating
devices), generate their own spaces of representation [8, chapter 7]. They are not,
however, pure representational domains, since in an important sense they are a combina
tion of material and graphic traces. CorrelativeIy, experimental systems generate their
own reClment time for "with respect to the movement of material systems, systems of
things, or systems of action, time can be viewed as an operator and not simply as a chro
nological axis of extension in a system of coordinates.... With 'ditferential temporality'
we are further than ever from the romantic illusion ofhistory as an all-pervading 'totality'
dominated by mimetic, metamorphotic, or 'expressive' relations of the p31is within an
ensemble" [8, pp. 180-2]. We are also obviously far from Braudel, here.

Do the previous considerations also apply to the second set of illustrations? At first, one
might think that this is indeed the case. For instance, while the receptors shown infigure
2a are purely conventional symbols, the structure of the antibody molecules infigure 2b
corresponds to one of the accepted renditions of their three-dimensional configuration.
However, if we shift our attention from the single eIements taken in isolation to the two
figures each taken as a whole, the situation is no longer the same. Both illustrations in the
second set occupy a sort of middle position between, on the one hand, the "scenes from
deep time" analyzed by Martin Rudwick [31] or the Sarah Landry drawings in E.O.
Wilson's "Sociobiology" analyzed by Greg Myers [32], and, on the other hand, the sche
matic renditions of electron microscopic pictures of cells and tissues analyzed by Michael
Lynch [33].The former are designed to convey the impression that the situations they
portray (prehistorical forests inhabited by now extinct animais, or groups of apes exhibit
ing various forms of social behavior) could, at least hypothetically (very much so in the
case of dinosaurs!), have been witnessed by an observer. Theil' fullness of detail suggests
sorne contact witJ1 reality, yet they are neither mechanical records (photographs) nor
records of an actual scene witnessed by an observer. Rather, these drawings "arrange their
components in a way a photographer cannot, to make them typical" [32, p. 240]. The
schemes ofcellular or subcellular entities analyzed by Lynch are often juxtaposed to their
corresponding electron-micrograph in order to allow an inexperienced viewer to immediate
ly "see" the relevant features of the polysemic photographic image. They share with the
previous categOlY of images the goal of typicality. However, they go further in that direc
tion, or, rather, they move in the opposite direction by stripping away (instead of adding)
the gratuitous detail to be found in the photographs, in order to enhance the "eidetic"
quality of the diagram [33, p. 162]. The horizon in no longer one of realism but, rather,
one of re-specifying the image around a few relevant features, relevant. that is, in relation
to a specific argument or fact-producing activity.

The illustrations in the second set, then, are some sort of hybrid: not quite realistic
(witness the manipulation of scale and dimensions) but also not schematic (they resort to
shading and other graphical tricks in order to recall "real" objects). Bothjigllres 2a and 2b
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create a sort of imaginary cellular landscape, mimicking the hidden recesses of the body
inhabited by various microscopie and sub-microscopic entities, as in the 1966 Hollywood
movie "Fantastic Voyage," that featured human observers reduced to microscopie dimen
sions and injected into the body with a similarly reduced submarine, from where they
could observe cells and tissues on an equivalent scale. It is not so much that these illustra
tions aim at showing how internai tissues and ceUs "actually look," since their unrealistic
graphie features (cross-cuts through the cells, changes of scale) are obvious, not to speak
of the fact that no single image could pretend to capture the heterogeneity of bodily
tissues, cells, and organelles. Rather, these cellular and molecular landscapes embody a
representational strategy governed by relations of similitude rather than of resemblance
[34]. They combine conventional features and symbols with ideal-type reconstmctions of
the environment within which the symbolized entities operate. They thus provide a
utopian connection between the macro-world of laboratory or c1inical interventions and
the invisible world which is the target of, say, immunology or molecular biology.

Moreover, these utopianlandscapes maintain a stable graphic-symbolic operating envi
l'onment in the face of evolving instmmentalities. As evidenced by the shift from figure 2(1
to 2b, although we are still within a same or similar representational order, the illustrations
feature an increasing numberofnew and complex entities (both intracel1ular, such as differ
ent kinds of organelles, and intercellular, such as various kind ofbiochemical messengers,
adhesion molecules, etc.). Yet, these obvious differences are secondary to a more funda
mental continuity, for while the artist drafting the illustration wil1, at any given time,
borrow the necessary semiotic elements from the repertory ofvisual forms available at the
moment, the overall model has not changed.

Ifwe now apply the analysis in terms of experimental systems to the cel1ular landscapes
offigures 2a and 2b, it appears that the latter are not generated by any particular exper
imental system. Maybe, then, they should be accounted for by resorting to the notion of
an experimental culture that somehow connects the various experimental systems. This
solution seems highly unsatisfactory in the view of mounting criticism of all-encompas
sing cultural or social formations. An entirely different route seems to be called for in
tackling this issue, one that does not start from the idea that there must be some consis
tency, either in kind, in time, or topographieal, between systems. Let us restate the ques
tion: Do certain kinds ofimages exist outside experimental systems and do they come with
their own temporality, in the same way as experimental systems do? If we grant this, it
becomes possible to argue that the spaces ofrepresentation corresponding to those images
obey different regulatory mechanisms, both in terms oftheir production and of the tempo
rality they engender. Borrowing Umberto Eco's discussion of invention as code-making,
one could go so far as to speak of a semiotic mode of production whereby "something is
mapped from something else which was not defined and analyzed before the act of
mapping took place" [35, p. 250]. A semiotic mode of production generates specifie kinds
of events, distinguishable from experimental or instmmental events. They intersect, for
sure, but their intersection is defined by heterogeneity and polymorphism. They play differ
ent regulatory roles, produce different networks, generate different temporalities. Theil'
analysis calls for different tools that milTor, in their heterogeneity but not in their nature,
the heterogeneity of the events.
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Consequences

The discussion presented in the previous section is still tentative or, sorne would say,
speculative: rather than provide a full-fledged treatment ofthe issue of multiple temporal
Îties in historical accounts, its main purpose has been to raise this issue in the hope that it
might find sorne echo in future work. Before taking up the challenge, however, readers
will want to know whether the game is worth playing or, in other words, what the possible
consequences are of taking this issue seriously. In these concluding remarks, 1 williimit
myselfto one obvious domain ofapplication, namely the one concerning the thorny debate
between continuity and discontinuity in historical aCCüllnts.

Whereas writers in the tradition of French historical epistemology have emphasized
discontinuities, scholars reacting against that tradition tend to argue that, in fact, continu
ities are a more interesting topic for sociohistorical analysis. A few authors have argued
that in empirical historical-epistemological research we are confronted with a mix of
continuities and discontinuities. This has led, for instance, Joseph Rouse [36] to offel' a
reinterpretation of Kuhn's notion ofparadigm in performative, as opposed to representa
tional terms [37], a move that allows for the replacement of incommensurability (and thus
discontinuity) with a certain amount of continuity (as warranted, for instance, by the role
played in research by similar instmmental arrangements). But what is at stake here is more
than an ecumenical plea for a peaceful coexistence between continuities and discontinu
ities. The key issue is the attempt to re-specify relations between continuities and discon
tinuities, for, first, it wOllld appear that new discontinuities introduce new continllities (and
vice versa), and, second, that there exist distinctions between the time coordinates accord
ing to which continuities and discontinuities display themselves. Continuities and
discontinuities, in other words, should not be regarded merely as a matter of historical
interpretation but, rather, as full-fledged events in their own right.

The flrst aspect is clearly captured in Rheinberger's remark that "What we calI history
is deferred in a constitutive sense: the recent is made into the result of something that did
not so happen. And the past is made into a trace of something that had not (yet) occurred."
This is so, because "recurrence [... ] is at work as part of the time stmcture of the innelmost
differential activity of the systems of investigation themselves" [8, p. 178]. Yet, as we have
seen, systems of investigation are only part of the story, and differential time stmctures are
generated both from within and from outside these systems. Thus, in describing objects
and practices, time should no longer be treated as an external parameter but, rather, as one
of the intrinsic parameters defining a particular object or practice. This has the interesting
result of disconnecting issues of space and locality from temporal issues. Far from sound
ing the death knell ofhistory as a scholarly enterprise, as sorne may fear, the recognition of
multiple temporalities appears to open up unexplored possibilities of scholarly inquiry.
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Immunology à la Plutarch - biographies
of immunologists as an ethical genre
Thomas Soderqvist

What is the history of immunology good for? The participants in the meeting "Immunol
ogy: historical issues and contemporary debates" at the Musée Claude Bernard on 3-6
June 1998 represented a wide range of more or less explicit ideas about the purpose of
their craft. Sorne wanted to understand the immunological past for its own sake, others to
make a contribution to the larger historical pattern. Sorne ~ by taking immunology as a (for
the moment) useful, but in principle replaceable, object of inquiry - had more epistemo
logical or sociological axes to grind: for example, Alberto Cambrosio and Peter Keating,
who utilized their studies of the recent history of immunology to explore the sociological
concept of a(n immunological) "platform" [1]. Others yet were apparently more inter
ested in promoting immunological practice, like Leslie Brent, who wanted to use his concep
tuai history to inform a younger generation of immunologists about the experimental and
theoretical foundations they stand upon, to make them better immunologists [2].

Thus the history ofimmunology can be written for a variety ofpurposes. With this paper
1 wish to add yet another entry to the catalogue of intentions, namely that historical and
biographical studies of individual immunologists can also be undertaken for ethical
purposes. Drawing on the recent revival of interest in classical historiography and biograph
ical writing, 1 would argue that biography is not only a historical or literary genre, but
has important normative connotations as weil. Biographies of immunologists can thus also
be written with the intention to provide "moral exemplars" for other immunologists to
follow, not in order to make them better immunologists in a restricted sense, i.e., to
produce better experiments and theories, but to be exemplars for others how to live a
"good life" in science. In other words, biographies of immunologists can have eudaimo
nistic (from Greek eudaimonia, "good fortune, f1ourishing") purposes.

The case of Niels K Jerne
My argument is closely bound up with my experience of writing the biography of the

English-Dutch-Danish immunologist Niels K. Jerne [3]. Jerne, who received the Nobel
Prize in Physiology or Medicine in 1984, was probably the most renowned and inf1uential
immunologist of the 1960s, 1970s, and 1980s. The foundation ofhis fame was laid when,
in 1955, he published a radical alternative to the theories of antibody production that had
prevailed until then [4]. Opposing template/instruction theories which postulated that anti
body specificity is shaped by the intruding antigen as a "template," Jerne asserted instead
that ail kinds of specific antibodies already exist, preformed, and that the antigen 's only
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function is to select the best-fitting kind. This natural selection theory challenged an
ingrained immunochemical principle and advocated a more biologically-oriented
approach with, as Jerne himself expressed it, "Darwinian overtones" [5].

The selection theory was neglected at first, and Jerne embarked on a career as a medical
officer at the World Health Organization (WHO) in Geneva. In 1957, however, his theory
was modified by the Australian virologist Macfarlane Burnet into the clonaI selection
theory [6], and as the selective principle began to be accepted as the foundation of immu
nology, Jerne 's reputation as the new discipline 's leading theoretician grew. In the early
1960s, he was asked to organize the WHO's program for immunology, and in 1962 he was
called to be chairman of the Department of Microbiology at the University of Pittsburgh
Medical School, where he worked out a method for demonstrating individual antibody
producing cells [7]; the "plaque" technique soon became one of the most used methods in
burgeoning cellular immunology. A few years later, Jerne retumed to Europe as Director
of the Paul Ehrlich Institute in Frankf1irt-am-Main, now with the expectation of being
immunology's "Messiah" [8].

At the annual Cold Spring Harbor symposium on antibodies in 1967 - a conference that
marked immunology's full acceptance as a member of the family oflife sciences - Bllrnet
declared that the selection theory was the central dogma of immunology and that Jerne
was its "onlie begetter" [9]. Jerne confirmed his standing as the leading theoretician in
the field when, in 1968, he was asked by the Swiss pharmaceutical company Hoffman
La Roche to create, in Basel, the world 's then largest international immunological
research instihlte. Basel Institute for Immunology came to occupy a position central to the
next phase ofpost-war immunology - the fusion of cellular immunology with molecular
biology - resulting in two more medical Nobel Prizes: to George Kahler in 1984 and to
Susumu Tonegawa in 1987 [10]. Jerne's last major theoretical contribution, the idiotypic
network theory, constituted still another radical break with the traditional understanding
of the immune system (Anne-Marie Moulin, in my view somewhat hyperbolically, even
elevates the network theOlY to a "Copernican revolution" in immunology) [11]: against the
CUITent picture of antibody formation as a response to extemal influence, Jerne drew the
picture of the immune system as a self-generating, cybernetic network. Studies of the
immunological network came to occupy a whole generation of immunologists, divided
into skeptics and advocates of Jerne 's theory [12].

Jerne's position in post-war immunological research is not reflected in any especially
comprehensive scientific production. His col1ected output only amounts to around 85
papers (and no books), a sllbstantial portion ofwhich were published in journals without
peer review; in addition, only about a fifth ofthese are experimental reports. Several ofhis
papers nevertheless had a strong impact on iml1l11nological research in the 1960s, 1970s,
and 1980s, and some have become modern classics in the immllnologicalliterature [13].
Most signiticantly, Jerne hovered as a critical spirit over the new discipline. Many saw
him as its leading intellectllal figure, the one who, more than any other immunologist.
raised discussions above the level of evelyday work. Burnet called him "one of the 1110St
intelligent biologists of this centUlY" and "the most intelligent immunologist alive," and
even his sharpest critic, Melvin Co11l1, saw him as "the dominant figure" in late twentieth
century immunology [14].
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The purpose of biography

This is not the place to evaluate Jerne's contributions to immunology, nor to discuss the
responses to his theories [15]. Instead, 1 want to summarize sorne of my experiences in
writing Jerne's biography, and particularly to communicate sorne afterthoughts ab.out
what a biography of an immunologist is good for.

Traditionally, biographies of scientists were written by other scientists to commemorate
their heroes, a practice that goes back to the funeral speeches ("orationes funebres,"
"Leichenpredigten") for deceased university professors in the sixteenth and seventeenth
centuries and to the early stages of the European scientific academies in the late seven
teenth century [16]. The "Éloges" ofthe Académie des Sciences in Paris are probably the
best known example [17]. This eulogistic practice has survived in the form of innumerable
obituaries and encomiastic memoirs in scientific journals and proceedings of scientific
societies. A short glance in the Index ofPersonalities of the consecutive volumes of "Isis
Cumulative Bibliography" reveals that brief, commemorative biographical articles remain
a huge genre - and briefbiographical articles of microbiologists, pathologists, serologists,
and immunologists is no exception. But in the course of the nineteenth and twentieth
centuries, the purpose of writing lives gradually changed - from eulogy to history - and
during the last century most scholarly biographies of scientists, short articles as well as
book-length studies, have been written and read as contributions to the history of science.
The practice of biographical writing has adopted the prevalent historical standards of the
time, and thus the trend in recent decades towards more contextual histories of science has
manifested itself in increasingly culturally contextualized biographies of scientists [18].

When 1began my research for the Jerne biography, 1was occupied with two prevailing
ideas among historians of science about the uses ofbiography: first, that biographies could
be used as a lens to gain a broader understanding of science in its social and cultural
context, i.e., that the individual scientist is the "single package" from which the "scientific,
philosophical, social and political ideas" of the times can be "wrapped up" [19] and
second, that biographies could be used for reconstructing the laboratory practices and the
cognitive and "investigative pathways" that lead to theories, i.e., what Fredric L. Holmes
does in his paradigmatic 900-page, fine-grained reconstruction of the biochemist Hans
Krebs 's daily work in the laboratory leading to the citric acid cycle model of internaI meta
bolism [20].

Initially, both these views of what a scientific biography is good for were sustained by
Jerne's rich collection of papers, donated to the Roya! Library in Copenhagen in 1992.
This is a unique collection of a late twentieth century biomedical scientist. The approxi
mately 500 not yet registered boxes contain thousands of laboratory and other scientific
notes, many thousands of letters to and from almost every immunologist of any impor
tance between the mid-1950s and the 1980s, hundreds of oudines to scientific papers and
lecture manuscripts for scientific conferences, and records from a large number of scien
tific meetings.

A large proportion of the events in the immunologically exciting quarter century from
the mid-1950s to the early 1980s are reflected in the Royal Library collection, so that
Jerne's life and work could indeed be used as the package from which post-war immunol
ogy might be unwrapped. In other words, because Jerne's scientific career coincided with
the development of immunology from what one of his contemporary colleagues, Baruj
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Benacerraf, called "a comparatively virgin field" at the close of the 1940s to a core biomed
ical science in the 1970s and 1980s [21], his biography might illuminate the complex
social, cultural, and intellectual interplay behind the establishment of the new discipline.
The abundance of laboratory notebooks and other notes, including series of successive
drafts of manuscripts and conference lectures, could also be utilized for a reconstruction à
la Holmes of the interaction between laboratory practice, theoretical arguments, reading
experiences, and conversations with other scientists that constituted Jerne's particular
'"investigative pathway" to the selection and network theories.

Biography as an ethical genre

Elements of these two dominating purposes of biographical writing in the history of
science reverberate in the Jerne biography. However, as 1worked my way through the tens
ofthousands of documents in the archive, another - and as Ilater understood (see below)
- much older conception of biography opened itself up to me. Since the age of 16, Jerne
had collected almost everything that passed through his hands: not only scientific docu
ments of the kinds mentioned above, but also thousands of private letters, diary records,
scraps of papers with passing thoughts, library book-Ioan receipts, movie ticket stubs,
chess records, bills, prescriptions, and so forth. He had kept dratl:s or copies of almost all
his outgoing correspondence, and had even reclaimed his own letters to parents, wives,
and close friends. He had, in other words, Iived a '"biographical life," the life lived in
expectation of one 's biographers [22].

1 therefore began to entertain the idea that a biography of Jeme might serve other
masters than the history, sociology, or practice of immunology. 1 was pal1icularly struck
by the large number ofletters and diary entries in which Jerne reflected upon his life, not
only at the desk or at the bench, but life in general. In the diaries of his adolescent years
in the Netherlands, a Niels Jerne was revealed who felt Iike an alien in the culture, who
read Nietzsche and Dutch romantic poets, and who longed for the sublime. Out of the
documents from his Copenhagen years in the late 1930s, 1940s, and early 1950s emerged
the picture of a man who long hesitated before choosing science as his life's work. For
example, in July 1943, when Jerne had just been employed as a secretary in the Danish
State Serum Institute he wrote to his first wife Tjek, wondering "whether it is sensible,
humanly speaking, to invest such great energy and powers of concentration in something
so specialized, something that doesn 't even slightly impinge on your personal sense of
life," and expressed concerns about employing his time "in the demanding assignment of
familiarizing yourselfwith a thought-structure that others have already built up to comple
tion; to develop this part of your life as a dabbler in peripheral abstractions, while the
pulsing purple-red blood in your veins and the feelings in your heart have to accept "later' "
[23].

Other similar letters and diary entries gradually convinced me that this rich collection
of documents allowed me to tell a ditTerent StOlY of Jerne 's Iife. In our conversations, too,
we entered more and more deeply into his view of himself and his evaluations of his Iife
trajectOlY, both inside and outside of science. 1grew increasingly fascinated with the ways
he had come to develop his identity and his understanding of himself, his self-image and
his social persona. 1 became more interested in the way he had orchestrated his beliefs and
talents into the shape of an i111munologist than by the subsequent success story, culmin-
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ating in the Nobel Prize. 1began to put questions to myselfsuch as: What choices did Jerne
make during his life, and what consequences did these choices have, for himself and
others? Which life situations attracted him, and which did he try to avoid or flee from?
What brought him to pursue a scientific life instead of a career in business, a life as a
doctor, writer or philosopher, or a life of taking care of family and children? How did he
bring together, or separate, his life inside and his life outside science? What intellectual
and moral virtues and vices did he develop? How did he live his life in such a way as to
gain a sense of worth, meaning, and connectedness, and how did he make use of autobio
graphical narratives to convey this sense of meaning to me and to others? Was there a
"narrative unity" in his life, in the sense that there was a pattern in the transaction between
his deep, emotional experiences, his social character, and the multitudinous settings ofhis
life [24]?

Ali these questions, of course, address Jerne 's life as a whole, not only his scientific
practices and his work. As Keynes' biographer Robert Skidelsky puts it: "With the life,
rather than the deeds, the achievement, we have entered a new biographical territory, still
largely unexplored" [25]. 1 cali this approach existential biography, as opposed to scien
tific biography. Inquiries into the way a scientist has tried to make sense out of his or her
private and professional life are not primarily aimed at understanding the process and
practices of science in the restricted sense; they rather resuscitate a much older conception
ofthe purpose ofbiographical writing, i.e., that life stories can provide answers to the clas
sical ethical question ofwhat it means to live a good and flourishing life? ln other words,
biographies which focus on the full 1ives of scientists are - potentially, implicitly or expli
citly - editying. Biographical narratives can furnish scientists with models with whom, for
better or worse, they can compare themselves, somewhat like the way Richard Rorty
claims that novels can "take us out of our old selves by the power of strangeness, to aid us
in becoming new beings" [26].

The notion of biography as an ethical genre is not a new one. The lives of others have
been offered as "moral exemplars" during most of Western history [27]. During the Hellen
istic Age, history in general was supposed to lead to moral improvement [28], and biogra
phers, too, clearly had ethical purposes in mind when they wrote their texts. The best
known ethical biographer in classical antiquity, L. Mestrius Plutarch, wrote his "Parallel
Lives" Chiai paralleloi") to provide model patterns of conduct, both for the author
himself and for his readers. A young Greek man aiming for a career in the provincial admi
nistration was supposed to emulate by imitation the virtues and noble deeds of famous
Greek and Roman soldiers, orators, and statesmen, and correspondingly avoid their vices
and failures [29].

Plutarch's biographical project, widely imitated in late antiquity and in Byzantium, was
rediscovered in the Latin West in the fifteenth and sixteenth centuries. Rabelais knew his
Plutarch weil, as did Montaigne. The best known Renaissance emulator of Plutarch was
the painter and art historian Giorgio Vasari, whose "Vite de'piu eccelenti architetti, pittori,
et scultori italiani," first published in Florence in 1550, transferred the idea of biography
as edification from the political sphere to the world of artists. Vasari 's main purpose was
to "say something useful and helpful to our own artists" and "inspire sorne of the more able
among us to give them every possible encouragement" (a goal not very diiTerent from that
ofLeslie Brent and Arthur Silverstein), but he also wanted "to show how men have acted
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wisely or foolishly, with prudence or with compassion and magnanimity." The true spirit
of history, Vasari said, "fulfils its real purpose in making men prudent and showing them
how to live" [30].

Biographers continued to write along these explicitly morally edifying lines until the
end of the nineteenth century. The late eighteenth and early nineteenth centuries saw a
proliferation of "Plutarchs" in many countries, for example, "The British Plutarch"
(1762), a "Deutscher Plutarch" (1822-1824), an "Oesterreichischer Plutarch" (1807
1812), etc. [31]. The purpose ofthe "Svensk [Swedish] Plutarch" of 1820, for example,
was "to rouse love for the nation, to strengthen manly spirits, to awake the feeling of
human value and human ability, to fashion civic ways of thinking" [32]. The Scottish
author Samuel Smiles, best known for his biographical sketches of engineers and other
heroic individuals of the industrial revolution, concluded that "the chief use ofbiography
consists in the noble 1110dels of character in which it abounds" [33].

Like the commemorative eulogy, however, the character-building biography was soon
superseded by the more "objective" and "scientific" view ofhistory that swept over Euro
pean historical writing in the nineteenth centUlY, and for this reason too, biography was
incorporated into mainstream historiography. The ethical component, so pervasive in the
genre from Plutarch to the late nineteenth century, has largely disappeared from the
explicit agenda of biographical writing today, although there seem to remain traces of it,
at least as a more or less hidden subtext, even in so-called scientific biographies.

In recent years, however, there has been a renewed interest in the ethical aspects ofhistor
iography [34]. Sorne ofthis interest is spurred by a re-reading of Nietzsche and his plea
for a "history in the service oflife" [35]; others are stimulated by the recent reappraisal of
the classical Greek and Roman historiographical tradition. Even Polybius, who was
adopted as the special pet of the scientific historians, has tumed out to be more overtly
moral than the conventional modemist reading allows. In his recent book "Moral Vision
in the Histories ofPolybius," Aiihur Eckstein not only reinterprets Polybius as a thorough
ly moral historian, but l'aises fundamental historiographical questions of the ±ùnction of
praise and blame in history; as Eckstein shows, Polybius was fully aware of the moral
component of historiography and was at the same time able to reconcile this with the
purposes of critical historical scholarship [36].

The recent revival of ethical historiography and biography is paralleled by an interest in
the Plutarchian biographical tradition [37], and the theoretical foundation fOl' this reassess
ment of ethical biography is, in turn, closely bound to a renewed interest among moral
philosophers in virtue ethics [38]. Virtue ethics can best be understood in contrast with the
two dominant forms ofethical traditions in modemity, viz., consequentialism and deontol
ogy. Both traditions focus on how one should act in given situations. Consequentialists
direct their attention to the acts that the agent is required to perform, and more specifically
to the acts that will produce the best consequences; deontologists, on the other hand,
consider right actions as those that are perfonned out of respect for the moral law. Both
ethica1traditions view morality as a set of principles that guide us to perfonn (and partic
ularly not to perform) certain actions. The basic question for these modernist ethical inqui
ries is: "How should 1 act?"

The consequentialist and deontological traditions both fit weil with the view of the
scientist as an actor, as a producer of knowledge. According to both traditions, cognitive
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acts are judged. The only difference is whether these acts should be judged with reference
to a set of moral norms or to their scientific, social, or political consequences, i.e., ls a
particular investigation in accordance with a pre-given set of moral principles? But from
the vantage point of existential biography, according to which the scientist is described as
a "whole" moral being, an alternative ethical theory is needed - specifically one which is
not act-oriented or founded legalistically, but centered on the person and his/her life.
Virtue ethics, an ethical theory that can be traced back to Aristotle's "Nicomachean
Ethics," can provide such a theory.

The basic question for a virtue ethicist is not "How should 1 act?," but "How should 1
liveT and the corresponding answer is: "The good life." So, what does a good life in
science look like? One possibility that cornes easily to mind is to identifY the good life
with the Platonic idea ofthe search for "truth." In "Republic," Plato sets forth the notion
of the good man as someone who, through a disciplined purification of intellect and
passion, turns his attention to the idea of pure Goodness in his soul [39]. This perception
of the Platonic tradition was continued in early Christianity; it is found, for example, in
Augustine's view that the highest good is in God: thus, to Augustine to live the good life
is to know God and be like him; and to be a philosopher accordingly means to love God.
In "City of God," Augustine, inspired by Platonic philosophy, developed the idea of a
choice between a politicallife and a life in the heavenly city, spent in pursuit oftruth. Such
a contemplative religious life was to be searched for in seclusion, and thus for many
centuries a life in the monastery was considered the best life style for those who wanted
to search for the highest good.

Now, substitute God with Truth and one obtains a secular, scientific version ofthe highest
good in modernity, namely, to know and to love the "truth," an ideal that shines through
almost ail biographies of scientists written in the eighteenth, nineteenth, and early twen
tieth centuries. The modern counterpart to the Platonic-Augustinian search for the good is
that of a life in the secular version of the heavenly city, i.e., the academy, the university,
the scientific laboratory, and the research library. Accordingly, the immunologist's good
life would take place in a well-equipped laboratory in a major immunology department at
a leading Western university.

In Jerne's case, institutions like the Department of Standardization at the Danish State
Serum Institute in Copenhagen in the late 1940s and early 1950s, the Department of
Microbiology at the University of Pittsburgh in the early 1960s, and the Basel Institute for
Immunology in the 1970s were secular heavenly cities. During his early years in the
Netherlands, he had repeatedly expressed a longing for the sublime, a strongly felt wish to
get away from the earthly and the vulgar, in order to reach higher, more abstract levels of
existence. The longing for the sublime followed him throughout life, and science gave him
an opportunity to realize it - looking back on the experience of working together with
members of the phage group in Copenhagen in the early 1950s, he claimed that meeting
the molecular biologists and their quest for the gene was like being thrown with "a catapult
into higher and deeper regions ofongoing science" [40]. This fervor was contagious: sorne
scientists remember that the experience of going to the Basel Institute under Jerne's
leadership was like as pilgrimage to the Mecca of immunology - the institute was a "cath
edral of thinking," says one ofthem [41].
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The secularized Platonic-AlIgllstinian conception of a good life devoted to science (and
science only) has faded throughout the course of the twentieth century. Today"s scientists
may still wish to live a monastic life in the laboratory in sem'ch of the "truth," but they also
search for a more hedonistic good life in science; when gradllate.students and colleagues
are asked why they have chosen to purslle a scientific career instead of going into politics,
religion, administration, or business, they give answers such as: "to do some interesting,"
"to meet interesting people," or "to have fun" [42]. Many oftoday's scientists see them
selves in terms of Homo lz/(lens (playing man), and it is probably no coincidence that
several autobiographies of contemporary scientists, such as James D. Watson and Richard
Feynman, abound with references to the playflll aspects of science [43]. These and similar
accounts suggest that the notion of a good life in science could be articulated in terms of
sorne variety ofhedonism (pleasure ethics). At certain times Jerne surely felt that science
was a great playground - many interviewees have given witness to his ah110st childish
passion for playing with ideas in social interaction, and Alain Bussard (otherwise best
known for his work on immunological tolerance) remcmbers that the strangest impression
he got of his English-DlItch-Danish roommate at a conference on antibodies in 1958 was
a person who primarily "plays with ideas ... he plays in his own mind" [44].

The opportunity for living the good life as a scientific Homo Il/dens does not mean that
hedonism is restricted to Academia. Today's scientists want to go to the beach, to drink
beer together, eat weiL enjoy good sex - in other words, they want to combine a good life
(Platonian-Augustinian, or hedonistic, or both) in the seminal' room or laboratory during
day hours with another good life after working hours. Jerne, who loved to play the raie of
the urbane bohemian, was no exception; contemporary witness reports abound with stories
about the many hours spent in cafés, restaurants, and night-clubs in Copenhagen, Pitts
burgh, Geneva, and Frankfurt. His tàvorite story from the 5 years at WHO in Geneva in
the late 1950s and early 1960s was that it was "so fantastic to go to three-star restaurants"
with his new fiancee:

1 remember. .. we had a fantastic dinner in a star restaurant, and then we drave back
again, though it was 200 kilometers or so.... And we did that many times, in the
evening at six we said: 'Shall we go somewhere, Lyon or somewhere', and then we
drave along [45].

But pleasure is not ail there is in sciencc. It is reportedly also painfu1. Scientists' auto
biographies do not only tell about the pleasure and joy of solving a problem, but also about
the intense feelings of pain before the solution comes, the feelings of feac anxiety, even
terror during the process. Pain colors and runs through the life ofthe scientist. irrespective
of his or her scholarly standing. As one scientist says in an interview book:

There 's an aspect of terror [in the] moments of creativity.... Being shaken out fram
yom normal experience enhances yom mvarencss of mortality.... It's like throwing
up when you're sick [46].

Pain (or, in this particular case, rather the combination of beauty and pain \vhich
Edmund Burke and lmmanuel Kant thought of as the "sublime") seems to be an integral
part of science. Jerne repeatedly experienced sim il al' periods of pain and pangs of beauty
in his career. He recounted a number of depression-like periods; for example, after the
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opening of the Basel Institute in the summer of 1971 he was completely at the end of his
tether and called off his long-planned participation in the First International Congress of
Immunology. The archive is silent about exactly what closed in on him; we only know that
his old friend Max Delbrück recommended him to read Beckett's "Molloy" "for the night
side ofour lives" [47], and that another old friend, Ernst Sorkin, promised to stand by him
in any way at ail, if needed, for, as he said, "While things may go outwardly quite splen
didly, there are internaI commotions in ail ofus, which can torture or terrorize us" [48].

At other occasions, stress and surges of creative activity went hand-in-hand. For
example, Jerne reports that the somatic mutation theory of antibody diversity came to him
il) "a spell of creativity that lasted until the day before yesterday." As he explained to his
friend Gunther Stent:

Being aware, 1 followed my own behavior quite carefuIly; 1felt that aIl the chores
(such as farewell speeches in Frankfurt, etc.) were merely nothingness. 1 had the
feeling that 1 had a good idea somewhere though 1did not quite understand what it
was. Fact is, that 1was very nervous, stopped eating, writing, etc. until 20 July, Iike
a log coming slowly to the surface ofa lake, 1knew what 1wanted to understand [49].

So, a life in science is not sheer pleasure. Remember that in the most influential Hellen
istic hedonistic school, i.e., Epicureanism, pleasure is defined negatively as the absence of
pain. From an Epicurean point of view, if pain has such a central place in the scientific
enterprise, we should rather avoid science; therefore, hedonism is presumably problematic
as a candidate for the articulation of the notion of the good life in science.

InternaI and external goods in science

An interesting point of departure for a virtue-ethical understanding of the good life in
science has been articulated by Alasdair MacIntyre in his seminal revival of Aristotelian
virtue ethics [50]. Using Maclntyre's argument about the relation between virtues and the
good life, one can distinguish between at least three kinds of "goods" in science. The first
kind are those goods that are external to scientific practices, such as honor, reputation,
monetary rewards, etc. These goods are obviously important for most scientists. Jerne
considered them so important that, in the 1960s, he turned down an offer from Harvard
University, then one of the international centers of excellence in immunological research,
to take up a position as Director of the Paul Ehrlich Institut in immunologically under
developed Frankfurt instead, simply because he found the German offer the most hono
rable and the best paid.

From a virtue-ethical point ofview, however, external goods are uninteresting, because
they do not involve the expression ofvirtues; on the contrary, they often collide with the
development of a vÎliuous life in science. More important to my discussion is therefore
another kind of goods in MacIntyre's typology, viz., those which are internaI to scientific
practices (intrinsic goods) and which are achieved by means of the expression ofvirtues
specifie to these practices, such as being an honest, courageous, and skillful experimental
ist, or being an able, just, and generous professor in relation to students. The categoryof
intrinsic goods also includes the satisfaction that goes with being virtuously absorbed in
these practices. Jerne, for example, often described the immense satisfaction he felt when
he tried to fit theoretical curves to experimental data; it was notjust "fun" in the hedonistic
sense, it was also a feeling of pride and total mastery of the world. Maybe it is this aspect
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of the good life that sorne scientists and graduate students retèr to when they say that they
want '"to develop themselves" or '"to express themselves." French molecular biologist
François Jacob says in his autobiography:

Science meant for me the most elevating fon11 of revoit against the incoherence of
nature ... taking part in the new developments that were shaping up in biology l feh,
deeply rooted in myself, the sense ofbeing where something was happening The
opportunity to praye what l could do [51].

The goods associated with scientific practices are not enough to characterize a good life
in science, however. Not only has history taught us that scientific practices can be utilized
for altogether evil purposes (Nazi medici ne is a tragic example), but scientific excellence
also often coll ides with the moral virtues of ordinary life. One of Jerne's collaborators, Dr.
N.N., was known as one ofthe most blessed experimental molecular geneticists ofthe time
and may thus have experienced the '"Zen of genetical engineering" in his work, but he was
apparently also a bad guy: thus, he reportedly threw out (and thereby destroyed) other
researchers' samples from the refrigerator if he could not find space for his own.
Confronted by a fmious young researcher who complained about Dr. N.N.'s outrageous
behavior, Jerne laconically answered, "'But he's the best scientisf' [52]. Internai excel
lence evidently trumped all other concerns.

Evidently something more is needed to characterize a good life in science. Here we
might again rely on MacIntyre. To ask ""What is the good for me?" is to ask how one can
bring about unity in one's life. Not any sort of unity, but a "narrative unity," i.e., a unity
which consists of giving accounts of one's actions in terms of one's past and future aims.
More specifically, the good life is a narratively unified life spent in seeking for "'the" good,
i.e., '"the" good which will enable us to evaluate and order other goods in relation to each
other, for example, the higher-level good that enables us to evaluate the virtuousness in
using PCR skillfully to obtain excellent research results in relation to the virtuousness in
being a just and generous laboratory leader. 'The" good can, of course, not be absolutely
defined; on the contraty, the telos of life implicit in this definition of the good litè is
contingent on historically given moral traditions. Nevertheless, it is precisely through this
quest for "the" good that we, pace MacIntyre, are able to develop the good litè. Thus,
instead of a biological telos, which Aristotle meant was the aim of a human life (the "finis
ultimus" which Hobbes later rejected), MacIntyre introduces a cultural telos, a socially
contextual te/os, "a conception of "the" good which will enable us to understand the place
ofintegrity and constancy in life" and "which will enable us to order other goods" [53]
a quest which is never given, but the result of education and self-knowledge (the late
Michel Foucault would probably say "'self-construction'').

The idea of "'the unity ofvirtues" is of particular importance for the articulation of the
good life in science, because it opens up for a discussion of virtues in science that may
qualify Lorraine Daston's notion of '"the moral economy" of science. Daston identifies a
set of qualities, such as precision, accuracy, impersonality, impartiality, and communic
ability having '"an almost unbroken history in the sciences as well as in public life" up to
the present [54]. But despite calling these qualities vil1ues ('"quantifying vÎ11ues"), hers is
not a vÎ11ue-theoretical understanding of virtues. These and similar qualities in scientific
work are rather what Maclntyre would call "professional skills" because, according to a
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virtue-ethical understanding, one cannot differentiate between one set ofvirtues in scien
tific practices as distinct from another set ofvirtues in ordinary life. A virtue is not a dispo
sition that guarantees success in one particular type of situation only. As MacIntyre puts
it, someone who "genuinely" possesses a virtue "can be expected to manifest it in very
different types of situation" [55].

Thus, if an immunologist displays courage or honesty in her work at the bench, but not
in her daily life outside the laboratory, she is not - from a virtue-ethical point ofview - a
courageous or honest person, and consequently, her quest for the good life as the narrative
unity of life is severely hampered. As Iris Murdoch, another exponent of the renaissance
for virtue ethics puts it, honesty not only seems to be "much the same virtue in a chemist
as in a historian," but there is also a close similarity between "the honesty required to tear
up one's theory and the honesty required to perceive the real state of one's marriage,
though doubtless the latter is much more difficult." And, continues Murdoch,

A serious scholar has great merits. But a serious scholar who is also a good man
knows not only his subject but the proper place of his subject in the whole of his
life [56].

This widened sphere of knowledge that Murdoch speaks of is similar to that which the
ancients called phronesis (prudence, moral wisdom) - a wisdom which at least Aristotle
thought superior to scientific knowledge. And a scholar who possesses phronesis is, accord
ing to Socrates (who, in Apology and Crito, is said to have equated moral wisdom, virtue,
the good life, and happiness), the quintessential happy person living a good life.

Did Niels Jerne live a good life? According to a Platonic-Augustinian conception of the
good, he was certainly happy, because he had more experiences of contact with the sublim
ity of "higher regions" of biomedicine than most scientists of his generation, and rarely
experienced the drudgery of everyday, uninspiring and non-consequential experimental
work. As an hedonist he was happy too: like a puer aeternus (etemal boy) he spent many
hours at the blackboard in the laboratory, in the department's seminar room, or at meetings
of international science playing with ideas and concepts [57J; and as an inveterate city
dweller he knew how to enjoy himself in the nightlife of Geneva, Pittsburgh, and Frank
furt. He also had his share of the extrinsic goods of science: good pay, beautiful home,
heaps of scientific honors. No wonder that so many scientists of a younger generation
admired him, not only for his scientific work (which, as I said, I will not try to evaluate
here), but also for his personality.

But seen from the vantage point of "the unity ofvirtues," Jerne's life is more problem
atic as a moral exemplar for immunologists to follow. In spite ofhis success and apparent
outer happiness, he was also haunted by unhappiness and misfortune (kakodaimonia). His
first wife's suicide in 1945, and particularly his awareness of having provoked it, conti
nued to haunt him with a feeling ofguilt, and it is weil known that he drank too much and
too freely. The biography offers a full range of examples ofa less than good life that makes
one think of the poet's words: "The intellect of man is forced to choose / Perfection ofthe
life, or of the work" [58].

Worst of aIl, he did not even rest assured about the perfection ofthe work. The Nobel
Prize in 1984 àpparently did not satisfy him, because towards the end ofhis life, the ques
tion ofhis posthumous reputation was increasingly gnawing at him [59J. In the beginning
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ofAugust 1994, his third wife, Alexandra, suddenly called me up. "Niels doesn't like that
title of the book, 'What struggle to escape'," she proclaimed in her usual direct way. J
asked to speak with Jerne, and a few minutes later he came to the telephone.

"What do you mean'?" J asked. "Why don't you like the title of the book'?"
There was a silence. "~Vou want to cali it 'What struggle to escape', right?" he replied

at last, and went on, "lsn't that From a poem by Keats'?" [60]
"Yes."

"And the line before it is 'What mad pursuit''?''
"Yes."

"Which is also the title of Francis Crick's autobiographyT' [61]
"That's right," 1 answered, still not sure just what his drift was. Then it came, plainly

and clearly, without the least llncertainty in his voice:
'1 don 't want to be second to Francis Crick" [62].
This our 1ast conversation - a few weeks later Jerne died at his retirement home in

Castillon-du-Gard in Languedoc ~ illustrates MacIntyre's point that the biographical
genre is "neithcr hagiography nor saga, but tragedy" [63]. As mentioned above, Jerne was
recognized as "one of the most intelligent biologists of this century," once even hailed as
a "Messiah" for European immunology, and thereby he tultilled ail reasonable require
ments for "the perfection of the work." Nevertheless, he felt threatened by the thOllght that
someone else might come in as Number One in the race for fame and glory. Jerne truly
wanted to live an llnusual and excellent life - he hated mediocrity - but in spite of ail his
success, in the end he feH as if his life was unfulfilled.

l wouId not be surprised ifthis type oftragedy is more widespread in today's scientifie
culture than we normally wish to acknowledge. l am also convinced that this kind of life
can function as a moral exemplar, too. Moral models need not be uniformly positive, like
Samuel Smiles' edifying Victorian biographies [64], but can p0I1ray more complex human
fates, portraits that present the reader with moral dilemmas, like John Heilbron's of Max
Planck as a study in "heroic tragedy" [65]. In Tim Duff's recent reading of Plutarclù
"Parallel Lives," the "moralisl11" ofthese aneient portraits is not a simple exposition of
advice or injunctions to be put into effect, but a "challenging moralism," a food for
reflection and "a kind of gentle exploration of the realities of human life and the moral
dilemmas." The "Lives" were "designed to make the reader ask new and rather
challenging moral questions" [66]. In a similar fashion, biographies of immunologists can
provide food for reflection for readers in the biomedical professions who are increasingly
asking questions about what is good, what is bad, and what constitutes a flourishing Iife
in science [67].
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