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Absíract:Ecological duta oit tlie kiiobvii I i o s t s  of' /86 tistjovii-i~s spccic.s 
wliicli Izave been sliocvri to occiir i i i  Bsciziliíiii Aiiicizoiiio tise escriiiiiied. 
In orzler to make ari ecologictrl clas,s#cntioii oJ' virrues, ciccoidiii,q to 
tlie ecology qf tlieis Iiosts, a nirilti-tliriierisioiial iiiclie coiicept lias heeii 
serailied. Bolli vestelirate arid in vestehi-cite liosts litive h í w i  , r t ~ p r r . c r t c ~ l  
by tlieir soil vs. cciiiopy prefeseiices triitl clirisritil w. r~oc~i~srit i l  lwlitivioi: 

I t  lias beeit verifïed lliat tlie iruriiber of l i o s t s  eiivolved ìr i  i i .~ i i i , s i i i i , s ,~ i~ ) i i  

cycles (ecological cliveraìjicatioii) seem to be i i i c lc~pei i t l t r i i t  j h i i i  t l ic 
systeiiintic divers$catioit oftlie visrises. Ailotlies iritesestirig Jirct is tliirt 
encli sei-ological gsoup lias biit oiie v i i u s  i i i  oiie visris iii orie ecologictrl 
gsoiip, psobnbl~ ineaiiiiig that sesologiccrl coiisti-ciirits í r i z  íit  wosk di{s i i i ,y  
its ecologicíil divessiJi'calioii. The iiiaiii sesidt cf our s1iidie.s coiices~is 
t l ie dyitariiic eqirilìbr-ìuni wliiclt cliarcrcterizes coniiiiuiiities. Pei-trii-bot ioiis 
qf rliis equilibriuni, aiid tlie.fciirly qirick recover of a i m v  orie, liave beeil 
sliowri to occur duriiig the coiistructiori qf big clanis i i i  Aiiitrzoriiíi. 7 'Iie 
iieeds .for- firtiira reseasclis are, niirorig otliess: tlie 1iost.s of' 2/3 qf the 
viruses, the vclsiatioiis qf tlie virus coiiiiiiiiiiity alorig tiiiie ir i i í l  ¡lie geiietics 
of eiiiesgerit types. 
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lntrocluc tion 
The amazonian region is probably the world's richest reservoir of 

arboviruses.The 186 different types of arboviruses so far detected i n  the 

account for above one third of the world's arboviruses (537) (7). Of 
these, 136 (83.4 %) are endemics in  this part of the neotropical 
zoogeographical region. 
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! brazilian part of the region (1-6) and Travassos da Rosa (unpubl. data) 
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The virological and serological data, 
obtained between 1954 and 1992 at the Evandro 
Chagas Insti tute / National Ilealth Foundation 
( B e l é ~ n ) ~ ,  have been analysed from two 
complementary points of view: (i) the definition 
of the ecological niche of each arbovirus and (ii) 
the ecological factors which have possibly 
cons trained the i r c v o I ut i o II. 

The ecological niche concept has been used 
recently by Calisher (8) in re1,ation with the 
definition of the virus species: ‘‘A virus species 
is a polythetic class of viruses that constitutes a 
replicating lineage and occupies CE particular 
ecological iticlie (emphasis by us)”. Adefinition 
of the ecological niclie which best suits to the 
arboviruses and has been used once by Dégallier 
et al. (9) is: “A niche is a multi-dimensional 
hypervolunie of resource axes” (Colinvaux ( 1 O), 
p. 31). In the case of arboviruses, each host or 
alternatively, each component of the hosts’ 
environinent may ic~?resent one of these resource 
axes or variables, :illowing for the quantification 
of the niche.‘Thus, various data analysis methods 
revealed tliemsclves particularly well adapted (i)  
to the numerical definition of the niche of each 
virus species, (i¡) to the study of the ecological 
grouping of the viruses, and ( i i i )  of the man-made 
modifications or the tiatiiral eiivironment which 
may cause tlic eniergcnce or ‘re:emergence of 
arboviruses ( 1 1, 12). 

Another question which is not yet resolved 
but is related to the ahove two points is: what 
are the ecological factors which are preventing 
arboviruses from ~iiultiplying randomly in ‘all 
available hosts ? There are probably constraints 
of various origins and located at various levels, 
from inside the cell to the ecosystem: genetical 
(or physiological) [ I3), eco- ethological and 
historical (or biogcogrnphical) ( 14). 

The crude da ta  was tepresehted by the 
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isolated strains and the results of 
haemagglutination inhibition (HI) tests (the 
laboratory techniques are described i t 1  detail i n  
Shope & Sather (15)). In order to avoid tlie 
introduction of false positives i n  the data, even 
at cost of some false negatives, the HI tests have 
been considered posi tive for a particular 
arbovirus if i t  showed a monotypic Ieaclio~i or a 
titer at least four-fold above any OC other tested 
antigen in the saine serological (cross-reacting) 
group (A.P.A. Travassos da Rosa, unpublished 
results). 

Table 1: Nunibers of genera, serological groups and 
species for each family of arboviruses present in the 

azonian region of Brazil; their order of enunieration 
ows decreasing nuniber of species. 

genera groups species 
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. I  
Rhabdoviridae c l  

I 
, 

-1 

1 

II 70 
10 45 

I(b) 25 
2(c) 63 

1 8 
I 8 
1 l 

1 
- 15 
I 3) * 

1) 

5(,d) 1s 

(Paran*yxoviridae(~ 1) 

Ca) with I Buriyavirris-like virus included 
(b) witli 4 ungrouped viruses included 

with 3 ungrouped viiuses included 
(d) witti 3 ungrouped viruses included 
(e) with I ungrouped virus included 
(0 probably not arboviruses 

‘ 

An intuitive knowledge about the intensity of 
the adaptive radiation of arboviruses i n  
Amazonia is provided by both the host specti-uni 
of each virus (table I) and number of viruses 



found i n  each host (table 2). However, the 
viruses’ families with greater number of species 
are not necessarily those which were found in 
the greater variety of hosts. For example, the 
Flaviviridae ancl Togaviridae with each only 8 
viral species i t 1  thc brazilian Amazon region, 
have becn found associated with at least 57 and 
56 different hosts, respectively, numbers only a 
little abovc the 54 hgsts known for the 
B m y i v i i - i i , v  wliicli include ‘45 species. On the 
other limici, tlic Iicoviridae, accounting for 63 
dil‘fcrwt virus, ~ r c  ktiowii from only 14 different 
species of hosts. Thus, the ecological 
diversificalion, in terms of number of hosts 
envolvecl i n  trniismission cycles, seems to be 
independant t‘roni the systematic diversification 

of the viruses (= number of species). 
Table 2 shows the number of different 

species of viruses found i n  each ecological type 
and/or systematic group of hosts. 

Some types of hosts seem to be more 
favorable to the speciation of arboviruses than 
others. Among the arthropods, sandflies are 
almost the sole hosts for the majority of 
Reoviridae known from our region. As these 
viruses do not form agglutinins in  vertebrates, it 
is not yet possible to know if they are diversified 
in this respect. Due to their minuteness and the 
lack of identification key for fresh females, the 
Phlebotomine sandflies were not identified ancl 
thus, may contain many species with various 
habits. On average, nocturnal mosquitoes 
harbour more different viruses than diurnal ones 
do. This difference results mainly from the 
number of Bunyaviridae transmitted by these two 
types of mosquitoes. Among the vertebrates, the 
same may be said i. e. that the nocturnal ones 
harbour a larger variety of vimses, due especially 
to the predominance of the Bunyaviruses. The 
Flaviviriclae seem l o  be as “diurnal” t h a i l  

“nocturnal” but the Togaviridae may be more 
“diurnal” if we consider their vertebrate hosts 
(table 3). 

T H E  MULTIDIMENSIONAL ECOI,OGICAI, NICIIIS 

The data, under the form of a contingency 
table, may be explored either by ordination 
(factorial analysis of correspondances) or 
c 1 as s i fica t i o n (asce n den t hi  er arc li i c a I 
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classification) methods (AnaMul and ADDAD 
packages, respectively) ( 1  6,17). In order to study 
more specifically the ecological relationships 
existing between the arboviruses, the hosts have 
been grouped according to (i)  their vertebrate 
vs. arthropod nature and (ii) their  known 
ecological preferences, e.g. their terrestrial/ 
arboricolous and diurnal/ nocturnal habits. A 
more detailed study of the  bird-associated 
arboviruses, based on data about habitat and level 
preferences of the hosts has been done separately 
by Dégallier et al. (9). 

As already shown ( 1 S), the arboviruses may 
thus be grouped ecologically according to the 
predominance of different types of hosts: 

- Nocturnal terrestrial vertebrates/ 
Nocturnal mosquitoes: BEN, K O ,  BSB, MOJU, 
ACA, BSQ, CAR, CAR-like, CATU, MUC, 
NEP, CAP, GMA, BVS, ITQ, MUR, ORI, BIM, 
GJA, GAM, AURA, Trombetas; 

- Diurnal terrestrial v<rtebrates/ Diurnal 
mosquitoes: UNA, MCA, ILH,TNT, KRI, MAG 
(+ KWA-like, ANU I?); 

- Diurnal canopy vertebrated Diurnal 
mosquitoes: YF, GRO, MAY, SLE, TCM, TUR, 
WEE, ORO, TCM, J U R ;  

The viruses EEE and PAC-like seem to 
localize at intermediate positions, between 
diurnal and nocturnal arid between canopy and 
ground-dwelling hosts. 

Although the above categorization may be 
useful, it remains unrcalistic because there is 
rather a continuum (or çpdient) from “diurnal” 
to “nocturnal” viruses and from “arboricolous” 
to “terrestrial” ones. Some viruses as GAM, 
WEE, TUR, ACA ‘Tronibetas and GRO are 
intermediate, being isolated also from 
“Nocturnal mosquitoes”. It is interesting to note 
the opposition between the predominantly 
“diurnal” and “terrestrial” PIX; TNT and MAG 
viruses, and the almost strictly “canopy-liking’’ 
viruses MAY, ILH, YF and UNA. The ecology 

I 

of some viruses like ORO, ANU, Tapara, KRl 
and IC0 needs more infonnations to be gathered, 
especially about their vectors. 

With few exceptions, each serological group 
has but one virus i n  one ecological group; 
however, we need finer definitions of the niches 
of 21 viruses pertaining to A, B, BUN, C, CAP, 
CGL and GMA serological groups. 

In a special study, Dkgallier e t  al .  (9) 
considered a subset of the data which included 
30 different bird-associated arboviruses. In this 
case, more precise ecological variables have 
been used to classify the viruses, namely five 
types of vegetation, two of which (igapo or 
inundated forest and “terra firme” forest) has 
been subdivided i n  two and five strata, 
respectively. A gradient has been observed 
between the birds’ species which are preferring 
secondary vegetation or forest (= “capoeira”) 
and, those which are found mainly in primary 
fores t. 

The viruses CPC, MAY, ILH andTCM have 
an important secondary forest coiiiponent (25 
%). The birds which are the hosts of UTl, KWA 
and GAM viruses are species living exclusively 
i n  the “terra-firme” forest. 

EEE virus has been “found” in all but wie 
rare type of vegetation or strata (forest 011 sandy 
ground) and is considered as ecologically 
versatile. This may be linked to a great potential 
of this virus to colonize new niches, including 
in urban environment . 

The viruses which may be considci-ed tlic 
more prone to infect human people in rural places 

. are GMA, MUC, MUR andAPEU because they 
have been found in birds which are living i i i  the 
secondary (or degradateci) environments mixed 
with cultivated areas as is often the case i n  
Amazonia. They are actually fairly prevaletit in  
human sera. 

3 

DISCUSSION AND CONCLUSIONS 
Previous works have already describecl tllc 
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probable sylvatic cycles of many amazonian 
arboviruses (1,19,20). However, the grouping of 
ecologically similar viruses was made mainly 
after the number and nature of the hosts, i. e. the 
relative “coniplexity” of the cycles. We have 
reexamined the saine data with quantitative 
methods. In a cluaiititative ecological study of 
the viruses pertaining to the group C of 
Buiiyaviriis, Woodall (2 I )  has shown a marked 
niche separation between canopy- and ground 
level-transmitted viruses and, when two viruses 
appeared to share ìlie same niche, that the vectors 
were distinct species. Thus, for establishing 
themselves in a locally stable equilibrium, related 
viruses cannot share the same afthropod and/or 
vertebrale hosts. I t  rnay even be said that the less 
they are serologicnlly related, the more they can 
share the sanie ccological niche. 

The coniplcxity of the  amazonian 
en vi ro II me II t , cxe 111 17 1 i f i  ed by an ex tre me 
diversity of vertebrate and‘ arthropod species, and 
consequently of  niches: have favoured the 
diversification and therefoi4 sympatry OC many 
arboviruscs of the saine group. As our studies 
have shown, Ihc presence of two or more 
different viruses of the saine serological group 
iii  what Ilas bccii chiuítclerized as one niche may 
be due to thc co;irseness of the ecological 
variables wliicli Iinvc been considered. As many 
ecologists have shown, temporal and spatial 
variables may also be included i n  the 
mu 1 ti di mens i o ti al de f i n it ion of the n i ch es. The 
isolations o f  strains anddor serological 
conversions i n  sentinel animals should be 
interpreted i n  the future fof the “temporal” 
characterization of the niches. 

Excepted for some viruses which seem to 
be ecologically vcry distinct of all others (for 
ex. PAC-like (22)), there is no clear-cut 
separation between one group and the next along 
the “ecological ti.ansekts” defined either by the 
preferred vegetation types and strata, or by the 
habits of the hosts. This niay mean that, with 
siinilar historical (= biogeographical +- genetical) 
constraints, the arboviruses’ population i n  a 
defined community forms a dynamic 
eqi~ilibriuiii. Subsets of this population may 

share the same niche, at least at the two levels 
studied here, and each niche is separated from 
the others by ecological constraints actirig on the 
hosts’ populations. However, two very different 
types of perturbations can modify this 
equilibrium. When sonie fluctuations are going 
011 in  hosts’ populations, as occiirs seasonally 
for non-immune hosts, only the arbovirus 
transmission levels are affected. On the contrary, 
when the hosts’ populations are permanently 
modified, the equilibrium of arboviruses’ 
populations need to shift to a new state. 
Eventually, new niches inay appear which would 
be filled after a short time. These may be 
colonized by new genotypes, obtained by 
recombination, reassortment or introduction 
from adjacent coininunities (8). Rapid 
adjustments of equilibriuni tiave bccn iioted in 
the case of the important perturbations induced 
by the filling of a dam reservoir, whcrc ‘Ìicw” 
arboviruses appeared i n  the area, either as 
exogenous material or as autoclitonous 
speciation (23). 

The phylogenetic study of arboviruscs, based 
on the viruses-hosts associatioils is yet very 
tentative because of the lack of phylogenetic 
classifications of either groups (24).‘This author 
has looked for soilie evitlcncc of ;I host-parasite 
coevolution i n  the case of thc California 
serogroup viruses. What we have defined as 
historical constraints are doubtlessly related w i t h  
some effects of coevolution but i t  r-eniains 
difficult to distinguish these from the constraints 
arising from viruses competition after horizontal 
transfers (25). These hypothesis need to be 
evaluated by inolecular biologists. 

What happciied with the viruses l‘or wliich 
soine evolutionary hypotheses are available, 
based on protein sequencing ? Levinson et. 
(26) fur-nished some interesting hypothesis which 
will be discussed from an ecological point of 
view. MAY (with Una, not studied by these 
authors), EEE/WEE,AURA and MUC (riieniber 
of VEE complex) seein lo have divcrgetl i n  1‘0~11. 

different directions. As other authors have 
shown, WEE virus arised probably as il 



recombinant betweeii EEE- and Sindbis - like 
ancestors (27,28). EEE seeins to be a very 
versatile virus, especially in birds whereas HI 
antibodies against AURA have been found i n  
rodents (29). The ecological link between the two 
may be the Melanoconion and Ochlerotatus 
subgenera of Cu lex and Aedes mosquitoes, 
respec ti ve 1 y. 

The available data are not detailed enough 
to explain why  solile viruses of the saine 
serological group coexist and other do not, but 
it allowed us to defiiie some main ecological 
groups. Each of these groups further needs to 
be studied separately as i t  has been done with 
the bird-borne arboviruscs. 

Despite tlie grcal ~iuniber of tested pools 
between 1954 ancl 1992, serological and 
virological data are lacking either for viruses 
which do not form aglutinins, or about potential 
hosts which are difficult to collect. In fact, less 
than one third (28.9 % or 50/173) of the viruses 
known from sylvatic hosts have been found i n  
both vertebrate and arthropod hosts, 17.7 96 (29/ 
173) are known only from vertebrate hosts and 
54.3 % (94/173) only from arthropods. Among 
the latter, 63.8 Y¿ (60/04) are known only from 
phlebotoniine s:intl flics illlcl represent probably 
a very complex ecological system. 

Sampling biais niay account for some 
distortions in  the quantitative delineations of the 
niches, For ex a ni 17 I c, gr ou n d d w el 1 i II g rodents , 
marsupials and birds are inuch easier to trap 
than canopy frequeii ting hosts and among them 

References 

2. Pinheiro FI’. Travasses cl;i I<os:i APA, 
Freitas RB,  Travassos da Rosn JFS & 
Vasconcelos PFda C ( I986).Aspectos 

t 
.-i 

3 

those which cannot be attracted by any lypc o f  
baited trap. Thus, many species are poorly 
known, not only for the viruses they niay 
harbour but also for their bioecology. An 
important ecological “axe” which has been yet 
neglected is the time or seasonal one. It is quite 
conceivable t h a t  some hosts niay harbour 
different viruses of the same serological group 
at different times of the year. This may be 
especially the case with butiyaviruses whose 
antibodies are not life-long lasting (30). In 
future studies, the interpretation of serological 
tests ought to be fine-tuned, according to each 
virus-host association. 

Never t h e 1 es s , quant i tat i ve ni u 1 t i f‘ac t o ri ;I I 
analysis seemed adequate for tlie study of the 
i n u l  tidimensional niche concept of arboviimes, 
and it will also reveal itself a usetul tool to make 
predictions about the natural evolution of tlie 
arboviruses i n  response to modificrtions of the 
natural environliients. 

A cltnowledgmen ts 
We wish to thank all st*ifF members, bolli 

from the Evandro Chagas Institute and other 
Institutions, for their  past and present 
participation in  the field and 1nbor.atoi.y work 
which has niaclc  this piper possible,?’he prcseiit 
work has beneficiated of t he  i ~ ~ i v a l u n b l e  
financial and/or logistic help of Eletronorte 
(Eletrobras), SUDAM (Polos Agropecuarios da 
Amazonia), CNPo. CIRSTOM arid Foundation 
SESP (now National Health Foundation, 
Ministry of Health). 

cllnico-cpitlemiol~gicos. In: lrtstifrrfo 
Evaridro C/rcigo.r; 50 arios d e  
corrfrihrriqiia 6s ciZrrcias Oiolrigicns e 
à riredicirra frupical, vol, 1. FSESI’, 
Belém. 

3. Travassos da Rosa APA, Sliope RE, 
Travassos da Rusa JFS, Nakaulh C & 
Vasconcelos PFda C ( I98G).Aspcctos 
virol6gicos. III: lris/ifrtra Ew”/ru 
Clingas; 50 mos c/c corr/iibitiqiio ils 
ciincins hiolbgicns, e 6 riredicirra 
tropical, id. I .  FSESP, ßeldiii. 

VIRUS Resiews and Rcscnrch 

4. ‘I’lavassos da Rosa APP., ‘ I h v ~ i r  C S - N C ~ I  
J, Vasconcelos PFC,A(~iftlc hl ,  fv1or:ics 
1.1 & Travassos da Rosa JFS ( I  98x1. 
P re v a I6 II c i a d c a I I  t i c o 111 os CO II 1 I‘Í] 
arbovirus ciii tlondorcs dc sangue, dc 
Ubcraba - MG. Re\: Soc. Ilrtrs. hletl. 
IN>/)., 2 (SUPI . ) :  72-73. 

5. Travassos da Rosa AI’A, Ddgallicr N,  
llcrvd J-P & Si GC,Filho (1987). La 
rccherclic sur ICs arbovirus cri 
Ainazonic. Ia: Lcscurc J P  

27 



I 

(Editor)Coririaisst~nce dii rriilielt 
arriazoriieri. Acres diì shriirtairv 15 e l  
16octobr~ 1985 Paris. ORS'TOM coll. 
Colloques et Séminaires, Paris. 

'G. Travassos da Rosa APA, Shope RE, 
Pinheiro FP, Travassos da Rosa JFS, 
Vasconcelos PFda C, I-lervé J-P & 
Dégallier N (1989). Arbovirus 
research i n  the brazilian Amazon. I n :  
Uren MF, Blok J & Manderson LN, 
(Editors). A r b o i j i i . ~ ~ ~  Research i r 1  
A iis f r a  I in. Fi  f f ¡i 
Syrriposiurrl, Aiigit.st2K - Septerrlber I ,  
1989, Brisbarre, Aiistrdin. CSIRO, 
Brisbane. 

Pro ce cl d i r i  g .Y 

7. Karabatsos N (1985). Iriter.riafioria/ 
Catalogire OJ Arboi~iriiscs iricludirlg 
certairi other \h i se s  o j  Ver.tehi.ate.7, 
3rd edn.Atnerican Society ofTropical 
Medicine and I~lygieiie, San Antonio, 
Texas. 

8. Calisher CI1 (1994). Arbovirus 
evolution. 1n:'I'ravassos da Rosa APA 
& Ishak R, (Editors),\/ir.oldgica 91. 
I I  Simpds io /r i  t P 1.1 I (ici o ri  a I so /I re 
Arbovír~irs dos 7idpicos e Febres 
Herriorrcigicns, 17 I I  23 de Noijerrtbro 
d e  1991, CI<N7'IJR (FriridnçCio 
Ciiltiiral Taricredo N e i ~ s )  Bele'rrl - 
Parci - Brasil. IEClFNS - UFPA - 
Sociedade Brasileira de Virologia, 
Belém. 

9. Dégallier N, Travassos da Rosa APA, 
Silva J-MC d a ,  liodrigucs SG, 
Vasconcelos PF da C1. 'I'ravassos da 
Rosa JFS, Silva GP tlíi & Silva RP da i 

(1993). As aves como hospedeiros de 
arbovirus naAniaz6llia Brasileira, Bol. 
Mus. Para. Erriilio Goeldi, sir: 
Zoologia, 8( I ) :  G9- 1 1 I. 

1 0. Colinvaux P ( I  986). Ikolopy, ,i John 

I l .  Pinheiro FP, ßensabath G. Travassos 
da Rosa APA, Lainson R, Shaw JJ, 
Ward R,  Fraiha 11, Moraes MAP, 
Gueiros ZM, Lins ZC & Mendes R 
(1977). Publie health hazards among 
workers al o ng the t r a n s- ani azon 
highway. Joiirnal 0.f accupatiorial 
rriedicirie, 19(7): 490-497. 

. $ >  Wiley & Sons. 

12. Dixon KE, Llewelly~i CI!, Travassos 
da Rosa APA & 'I'ravassos da Rosa 
JFS (1981). Programa 
multidisciplinario de vigilancia de las 
enfermedades en zonas colindantes 
con la carretera transamazonica en 
Brasil. I I .  Epideniiologia de  las 
infecciones por arbovirus. Bol. Of: 
saIIil. P U ~ I ~ I ~ I . ,  91(3): 200-218. 

13. Dubois A (1991). Systématique et 

écologie: le point de vue d'un 
systématicien. In: Sysféniatique el 
Ecologie. Biosysferrta No. 6. Société 
Française de Systématique, Paris. 

14. Babault R (1991). Systélnatique et 
écologie: vers un renouveau de 
l'histoire naturelle - le point de vue 
d'un écologiste, In: Systérriarique et 
Ecologie. Biosysterrra No. 6. Société 

' "  Française de Systématique, Paris. 

15. Shope RE & Sather GE (1979). 
Arbiviruses. In: Lennette EI4 & 
Schinidt NJ, (Editors), Diagrlostic 
procediires Jot. viral, rickettsial arid 
chlaniydial infectiorls. American 
Public Health As soci at ion, 
Washington, D.C. 

IG. Fénelon J-P (1981). Qii'est-ce @e 
/'arialyse des doririe'es? LEFONEN, 
Paris. 

17. Fcbvay G & ßonnot G (1990). 
AnaMul: ensemble de  logiciels 
d ' a II a I y s e s in u 1 t i  d i mens i on n el I es 
(ACP, AFD, FD et AFC) sur 
Macintosh@. Cali. Techri. INM, 24: 
7 1-14. 

18. Dégallier N, Travassos da Rosa APA, 
Vasconcelos PF da C, Sá GC, Filho, 
Travassos da Rosa ES, Rodrigues SG 
& Travassos da Rosa JFS. 
Evolutionary aspects of the ecology 
of arboviruses in ßrazilian Atnazonia, 
South America, i n  press. I n :  Ari 
oi*erview of or/iovir.o/og~ iri Brazil a r i d  
rieihboiìririg coitritries. Instituto 
Evatldro Chagas - FNS, Belem. 

19. Woodall JP (1967). Virus research in 
Amazonia. In: Atas do Sirriposio sdbre 
LI Bio~ctAr)tc~~Briica, 1 d .  6 (Patologia). 

20. Dégallier N (1 982). Les arbovirus 
selvatiques en Guyane française et 
leurs vecteurs. 7 T i t . s ~  préseritée / m i r  
l'obteririori tiri DiplBrrie de Docterir de 
3errie Cycle à l'uriiivrsité Pierre et 
Marie Curie ,  Poris 6 ,  spicicllire' 
Eritornologic, 8 octobr.e 1982, rriiiltigr: 

, O .  R.S. 7: O.M.,74p.  

Vasconcelos PF da C, Hervé J-P, Sri 
GC, Filho, 'I'ravassos da Rosa JFS, 
Travasses da Rosa ES & Rodrigues 
SG (1992). Modifications of 
arboviruses transmission in relation 
with thc constructiori of dams i n  
Brazilian Ainazonia, Cidricia e 
Ciclrura (Jourrtal of fhe Braziliarr 
Association ji)r the Advnricertterrt O/ 
Scierice), 44 (Z3): 124- 135. 

I 

24. Eldridge BF (1990). Evolutionary 
rcla t i  on s hips aniong Cal i lorn i a 
scrogroup viniscs (13unyaviridac) and 
Aedes mosquitoes (Diptera: 
Culicidae). Jourrial of Medical 
Erilorrtology, 27(5): 738-749. 

25.TabachnickWJ (1991).7'0 the editors. 
J. Med. E r ~ t . ,  28(3): 297-298. 

21. Woodall JP (1979). Transmission of 
group C arboviruses (Bunyaviridae). 
In: Arrfic arid 7iapical Arbovirnses. 

22. Souto RNP, Dégallier N,Travassos da 
Rosa APA & Travassos da Rosa JFS 
Occurrence o f  Pacora virus 
(Bunyaviridae: Buri~avir.irs-like) in 
Brazilian Amazonia: new findings. 
Cidricia e Ciilliira, 48(4): 26 1-263. 

23. Dégallier N,Travassos da Rosa APA, 

26. Levinson RS, Strauss J I 1  & Strauss 

genomic RNA ol' O' Nyong-liyong 
viius and its use i n  the construction of 
A I pli avi rus p l i  y I o gc net i c t rccs . 
virology, 175: 110-123. 

EG (1990). conlpiete seq(1cuce or tile 

27. Ilalil1 CS, Lustig S, Slrauss CG Sr 
Strauss JH (1988). Western equine 
encephalitis virus is a recombillant 
virus. Proc. riarl. Acad. Sci. USA, 85:  
5997-600 I. 

28. Weaver S C  (1996). Moleciilar 
evolution or WEE cuniplex 
alphaviruses. In: \/ Corigresso 
cirgeritirio de ivir.o/ogin - I I  Ericiteritr.o 
de rirologos laririocirrrcr icclrros, Eirrdil, 
UiiertosAir.es - 24-27 de abril de 1996. 
Sociedad Argentina de Virologia, 
Buenos Aires. 

29. Causey OR, Casals J, Shope RE & 
Udoriisakdi S ( I  963). Aura arid Una, 
two new group A arthropod-borile 
viruses. AIII. J. 7 k y .  Med. ffyg., 12: 
777-78 I .  

30. Shope RE, Andrade API1 & 
Bensabath G (1967). The setological 
response of aninials to virus iiilcctioli 
in Utinga forest, I3cléin, Brazil. I n :  
Atas do Sirtrposio sribre a Biota 
A trimor i ica. rol. li (l'a f o / O R  io ). 

c 

R. Fernandes Morelra. 5 1 3 . CEP 04 7 16-00 1 
São Paulo - SP - Telefone: (O1 1) 246-7588 

e-mall: cMlda@lbm.nel~ Fax: [Ol 1 ] 246-7588 

VIRUS Reviews and Researclr 28 




