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iation in facteur thymique sérique 
activity 'in' moderately and severely malnourished 
Senegalese children's2 

ABSTRACT I:;icteur thyhiique s&-iilue íictivity w;is c\viiluiitctl in  rcliitioii to ilit'tircnt types 01. 
ni;ilnutrition in Senegalese children aged 5 to 42 niontlis. l ' l iey wcrc c.liissilicd 111 tour groups: 
controls. nwderate ni;ilnutrition, niiirasnius, and kw;ishiorkor. iiixx~rdiiig I I )  iintlirt~poiiictric iiiciih- 

iirements ;riid clinic;il cx;iniin;ition. The two latter groups were chr;ictcri/cil hy ver) depicsseil 
levels of. total protein. albumin, translerrin iind preiilhumin. i i n d  hy high cortisol c~~iiceiitt;iti~~iis. 

Zinc status wiis marginal in all children. 1';icteur thyniiquc sC:Iiq~e activity. dctcrriiiiicil 11) the 
rosette ass;iy, wiis norni;il i n  the ni;ilnourished piticnts suggcating ihiit iiiodcr;ite ;is well ;is x v c i c  
nialnutrition is not necessarily associated with depressed lcvcls 01' c~irciil;iting tliyiiiic liorinone. 
These results are discussed in relation to zinc status ;inil inlections. Aut .I ('liti Ntrtr 
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Introduction 

The immune responses of children suffer- 
ing from protein-energy malnutrition have 
been extensively investigated during the past 
few years. Protein-energy malnutrition often 
results in the impairment of functions related 
to cell-mediated immunity ( I )  but the mech- 
anisms involved are unknown. Previous stud- 
ies have indicated that thymic hormones 
probably play a role in the differenciation of 
T cell subpopulations. In Nigeria, Olusi el al 
(2) have observed that thymosin fraction 5 
increases the low percentage of E rosettes in 
children suffering from severe kwashiorkor. 
Similarly, Jackson and Zaman (3), i n  Bang- 
ladesh reported an increase in T cell rosettes 
with thymopoietin in IO of 16 marasmic or 
ni a ras m i c- k wash i o r k o r c h i Id re n . The se a u - 
thors have raised the possibility to use thymic 
hormones in the treatment of mnlnourished 

-- 

dependent (5). Recent studies have shown a 

decrease in I T S  activity i n  energy-restricted 
rats ( h ) ,  in  malnourished children (7), and in 
small for  gestational age infants (8). I lowever, 
the effect o f  malnutrition on the immune 
response depends on the severity, duration, 
and type of malnutrition, and on the specific 
nutritional deficiencies involved. Thus, a de- 
crease in FTS activity has been reported in 
rats and mice fed a zinc-deficient diet and in 
pyridoxine-restricted rats (9, IO).  Studies car- 
ried out in malnourished human subjects 
have not taken i n t o  account the influence of 
the severity and type of malnutrition on I T S  

The present work was undertaken to deter- 
mine the FTS activity in  children suf'fering 
from marginal to severe malnutrition in re- 

level, and the concentr;ttion 01. cortisol which 
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is known t o  be lympholytic ( I I ). a 
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Pat icrit s and methods 

Ptriicvtls 

Forty-seven Senegalese children whose ages ranged 
from 5 to42 months, were investig;ited, 33 ofthe children 
were hospitalized for v;irious diseirscs incliiding nialnii- 
trition. They were cliissilïed as moderately or severely 
melnourished using tlie Waterlow's clnssilicirtion ( 12). 
The severe cases were discriniiniited i n  kw:ishiorkor or 
niar:rsmus according to a clinical exaniiniitioii. 'l'lie con- 
trols were selected among children who belonged to the 
sanie families as tlie patients. 

Groiip I ---coti/rols. Their weight for height w;is more 
thiin 80%) atid height for iige over 90"Y 0 1  the NC'I IS 
stadiird (13). 

(ìroti/) 2 .- rnodiwrri~ly t~itrktioririslii~cl i*hililri~ti. Their 
weight for height ranged from 70 to XO%l of the s:iiiie 
standard with a height for age below or more than 90% 
of the reference value. 

(Ìroup .3 -. mrrrusiwii* chiklren. 'l'hey showed it very 
reduced subcutaneous fat tissue and niusculiir iitrophy. 
Their weight for height w;rs under 70% of the N('I IS 
standard and their height Ibr age ranged from XS t u  95% 
of the reference value, indicating an ilcute or chronic 
evo1 u t ion. 

(;roup 4-k wushiorkor c M l r c v t  w i ~ h  or Wi¡/ lOU/ skiit 
rind huir chuiigcs. They were ;ill edcniic. Their weight for 
height ranged between 63 and 80% of the NC'I IS stiin- 

dard. Only one patient was stunted (height for age less 
thnn 90% of the standard). 

No clinical signs of vitamin deliciency were noticed 
except a gingivitis in one child with kwashiorkor. Anemia 
associated with hyposideremiii was present in 40% of the 
children, in controls as well as in malnourished groups 
without any difference in prevalence. 

Most of the subjects, including the controls. were 
suffering from various infections. mainly respiratory and 
gastrointestinal infections. Four marasmic children died 
during hospitalization froni grave, acute, superimposed 
infections (myocarditis, measles. and bronchopneunio- 
pathies). 

M erh o h  

ßlood was withdrawn by venipuncture before any 
nutritional and anti-infectious treatment was started. 
ßlood was collected in cooled (4°C') heparinized tubes 
between 9 and IO A M  to take into account the circadian 

' rhythm of cortisol. Plasma was imniediately separated 
and kept frozen at -20°C until analyzed. 

The total protein concentration was determined using 
the biuret method and plasma albumin, transferrin, and 
prealbumin levels according to the radial immunodiffu- 
sion method of Mancini et al (14). 

Plasma zinc wiis assayed by atomic irbsorption spec- 
trophotometry. 

('ortisol was measured by radioiniiiiunoassay (Kit 
('ortctk I25-0ris. C13A. Ciif-sur-Yvette, I;riince). 

l:'lS iictivity was qtiantilied in plasma ;iceording to 
the method previously described by 1)artlenne aiid Ihch 
( IS):  this assay analyzes the conversion of relatively 
azathioprine (AZ) resistant spleen cells 01' adult thyniec- 
tomized niice to 0 positive rosette-forming cells that are 
niore sensitive to AZ. liriefly, plasnia saaiples were lil- 
tered by centril'ugntion at 4°C on ('1; SO Aniicon niem- 
hranrs l i i i&c i i l : i r  wrirrlit PIII r i l l ' ; 4 l  5 0  ( K U 1  I I I  rrtiitivd* ;in 

RCSllltS 

The average age was similar in the three 
groups of malnourished children: 17.5 & 2.12, 
19.1 k 2.47, 20.1 f 3.78 niontlis in  groups 2, 
3, and 4, respectively. ('ompared to the con- 
trol  group (9.6 t- 1.09) they were significantly 
older (p < 0.05). 

The  various degrees of' malnutrition in our 
subjects are reflected i n  the values obtained 
for plasma proteins ('l'able I). 

In moderately malnourished children, only 
the level of prealbumin was reduced, whereas 
the marasmic and kwashiorkor groups ex- 
hibited very depressed values for all the pa- 
rameters tested, compared to the control 
group. The level of plasma proteins (total 
protein, albumin, und transferrin) was 
slightly higher than expected in  the marasmic 
children. There was no difference in the mean 
plasma protein values between this group and 
the kwashiorkor group. 

The  plasma zinc concentrations o f  groups 
2 (629 -t. 52.1 p/I) and 3 (700 rfr 66.5) were 
comparable to those of the controls (655 f 
90.7). The decreased zinc level observed in 
group 4 (4x8 k 110.3) was not statistically 
signi tican t. 

The  cortisol coiicen t ra t ion  wits li igher in 
the severely nialnourished children (groups 3 
and 4) than in the other groups. llowever, the 
only significan 1 di I l i .  rence was observed in 
group 4 compured to groiip I (l+'ig I). 

1;igure 2 shows the plasnia levels of' FTS 
activity. When expressed 11s log-2 reciprocal 
titers the values recorded l'or normal subjects 
ranged between 4.5 iind 7 (mean 5.7 f 0.20). 
I n m r i r i P r : i  I P ;B ni i YPVP I'P ni :I I n I I I ri I ion ni:i r:i q- 
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TABLE I 
Plasma protein levels* of Senegalese children grouped according 
Lo different types of  'nialnutrition 

3 - I 2 
~ I _ _ . _ _ _  __---I-.- "" L. _- -. .^ - . . . . . . .  . 

Total protein 67.4 k 2.15 h2.9 f 2.32 50.8 f 2.ss1., 1: 
Al bu min 33.3 i 1.58 31,s f 1.sx 2 2 . 2  I I .  13.1, :I: 
í'real bumin 0.14 -+. 0.015 O. I I f 0.00 It 0.08 f 0.00q 
Transferrin 3,2 * 0.25 2.9 f 0.23 1.5 f 0.271.j: 

* Values expressed per g/l (mean f SEM). 
t p < 0.05, versus the group I .  
$ p < 0.05, versus the group 2. 

T * +  
For practical and et tiicitl rexons, well- 

nourished patients were selected among sib- 
lings. Reference values for some plasma pro- 
teins given by the manufitctiirer (Behring- 
werke AG Marburg, Germany) indicate 
slightly lower values below I y r  of' age. Our 
controls were younger than the malnourished 
groups so that the differences observed were 
not age dependent. 

Preatbuniin was the only protein that al- 
lowed a distinction between normal and niod- 
erately malno\irished children. This finding 
is in keeping with the results of Ogunshina et 
al (16). However, its level was not  further 
decreased in groups 3 and 4 i n  contrast with 
total protein, albumin, and transferrin values. 
The kwashiorkor cases were similar to those 
described by Lunn et al (17) i n  the Gambia 
where infections are precipitating factors for 
the appearance of edema in children who 
would otherwise be regarded as cases of nia- 
rasmus. This explains the rather high levels 
of cortisol observed in these children. The 
fact that the levels o f  the various plasma 
proteins were lower than expected in the 
marasmic children (group 3) suggested a pos- 
sible evolution t o  a marasmic-kwashiorkor 
state. As previoiisly reported for normal hu- 
mans, FTS f o i i i ) d  in  the seri) o f  children less 
than 20 y r  of' age. was active between the 
concentrations of' 1/16 and 1/28 (18, IC)). Our 
control values f o r  I T S  activity paralleled this 
finding. I n  o u r  patients, nioderute aiid severe 
nia In u t  rit io II we re not  íìssoc i it t ed with it de- 
crease in I T S  activity. In contrast, ('hancira 
(7)  reported elcviited I*TS tilers in his controls 
and reduced levels o!' ITS ilctivity i n  children 
suffering f'ro ni prote in -en e rgy ni a I II u t  r i t ion. 

I t  is known that protein-energy malnutri- 
tion and high cortisol ( o r  corticosterone) 

!I 1 1 2 
O I 

3 4  
Groups of childreti 

FIG. I .  I'lasma cortisol levels of children with vary- 
ing degrees of malnutrition. Groups of children: I ,  con- 
trols; 2, moderate malnutrition; 3. marasmus; 4, kwashi- 
orkor. Means + SEM are shown. * p < 0.01 versus the 
control group; t p < 0.05 versus the moderately mal- 
nourished group. 
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FIG. 2. I'lasma F'TS activity in normal and mal- 

malnutrition 

nourished children. 

mus and Kwashiorkor) FTS activity was sim- 
ilar to that of the control group (5.6 & 0.22, 
6.0 rf: 0.17, 5.1 -+: 0.44, in groups 2, 3, and 4, 
respectively. 
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levels may induce thymic íitrophy. The strict 
thymic dependency of FTS, already shown 
by its disappearance after thymectomy and 
its presence in thymic extracts (20) was re- 
ce n t ly con firmed u s i n g i II d i rec t i m m u n oll u o- 
rescence or ininiiinoperoxidase binding to re- 
ticuloepithelial cells of an antibody produced 
against synthetic FTS (21). Similar tindings 
have been reported for human (22) and mu- 
rine thymuses, using anti-FTS nionoclonai 
antibodies (23). The localization of' FTS i n  
thymic epithelial cells was further confirmed 
by i ni munoelectron ni icrosco pic stud ¡es (24). 
In malnutrition, various reports have indi- 
cated that the thyniic involution involves 
mainly the lymphoid part; i n  a postmortem 
study of kwashiorkor, Mugerwa (25) oh- 
served well-preserved thymic epithelial cells. 
Therefore, a nornial FTS activity would not 
be inconsistent with protein-energy nialnutri- 
tion. 

In addition to their lympholytic effect, glu- 
cocorticoid hormones might also influence 
the circulating thymic hornione. Steriod 
treatment of nornial niice results in a drop o f  
FTS activity;, however, this effect is induced 
by high doses and is transient (26). Under 
physiological conditions, adrenal corticoid 
hormones do not seem to interfere with FTS 
levels since the high cortisol concentrations 
recorded in the marasmic and kwashiorkor 
children were not negatively correlated with 
the levels of circulating thymic hormone. 

The normal FTS activity in moderately 
and severely malnourished children might 
possibly be explained by the status of their 
concurrent infections. Studies have shown 
that activated T cells secrete an ullogenic 
fucior which is active in the rosette assay (27, 
28). Our subjects sustained many infectious 
diseases, therefore, we assumed that the pro- 
duction of this factor in these children might 

- 

CNI r patients. 'l'hc 111c;iii zinc conc'eii t ra t  ions 
reached borderline v í i l u e b  i n  groups I ,  2, and 
3, and fèll below norrnal levels in  group 4 
(29). Yet, the variations between the individ- 
ual kwíishiorkor children did not result in ;i 
st at ist ica Il y sign i fica ti t di ffe re n ce be t ween t li e 
four groups. When we looked nt I T S  levels 
in individual patients i n  relation to zinc con- 
centrations, we did not observe a n y  correlíi- 
tion of ( r  = O. 12). I lowever, Iwatn et al  (4) 
reported t h n t  ii state o f  marginal deficiency 
i n  mice did not lower their FTS activity while 
a 0% zinc deficient diet markedly reduced the 
FTS level. The roselle assay used to evnliiíite 
the FTS levels is bused on the biological 
activity of this hormone. Natural íis well ils 
synthetic FTS ;ire active only when soine 
minerals, particulirrly zinc, ¿ire bouiicl to the 
peptide: f:TS loses its biological activity after 
passage on a chelating agent and recovers i t  
after addition of zinc (30). So, the possible 
influence of the zinc status i n  the mainte- 
nance of  normal circulating thymic hormone 
ni us t he cons id e red alt hough the ni i n i ni II ni 
zinc level required is not yet established. 

The effects o f  protein-energy malnutrition 
on immunological processes are ofien con- 
flicting. According to the nutritional, sani- 
ta ry , and cu It u ra 1 en v i ron ni en t , n LI nie rou s 
fact ors ni ay prod II ce h e t e roge n o u s res u 1 t s. 

Our study demonstrates that nioderate as 
well as severe malnutrition including niaras- 
mus and kwashiorkor were not associated 
with a decrease in FTS activity. One niay 
hope that further experimental studies would 
be useful to clariljl this point and we suggest 
that the unaffected level of circulating hor- 
mone might be explained either by the zinc 
status of.the children or by the stimulatory 
effect of the ir CO n c u r re n t in fec t i o n s. E3 
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