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In order to look for an ecoepidemiological model of sylvatic yellow fever (YF) transmission in 
South America, differences from and similarities to available African YF data are considered. 
Strains from both areas, representing various topotypes, are distinct serologically, genetically and 
biochemically. In Africa, all vector mosquitoes are Aedes species, some related to the forest cycle 
and others responsible for the transmission in dryer areas. In South America, and particularly in 
Brazil, the main vector is Haemagogus jantlzìizonzys. Hg. albomaculatus has been incriminated in 
human peridomestic transmission in Central Amazonia. In the two continents, monkeys are the 
only regular vertebrate hosts of YF but the indigenous neotropical monkeys, show higher mortal- 
ity rates. The South American and African vectors are  diurnal and crespuscularhocturnal in 
habit, respectively. The urban vector (Ae. aegypti) has the same habits in both continents, but 'its 
competence in transmitting the virus is very variable, and no urban epidemic has been notified in 
South America since the 40s. A general ecoepidemiological model was elaborated to explain the 
maintenance and circulation of YF virus in West and Central Africa, which are related to the 
phytoclimatical regions. Because no such hypothesis has yet been presented in the case of YF in 
South America, we tested this with the available data from Brazil. All occurrences (of which 386 
were lab-confirmed) were distributed in five phytogeographical zones: dense rain forest (189), 
open rain forest (30), savannah with gallery forest (147), ecotones (10) and decidual seasonal forest 
(7). For each of these zones mean intervals between years with occurrences of YF were estimated. 
They were all found to be lower than 3 years, and lower than 5 years when standard deviation was 
added. Despite the close values obtained for the means, the distribution of the years as a function 
of number of occurrences of YF showed two groups: a) gallery forest and dense forest and b)  open 
forest and ecotones. However, more data are necessary to enable the study of such variations 
which are thought to be related to ecological differences in YF transmission. 

Até o presente nä0 foi elaborada rieriliunia hipótese válida para esplicar a 
niariuteriçäo e os vários niodos de trarisniissäo do iv'riis da febre amarela 
ria Aiiiérica do Sirl. Uni prinieiro passo lia elaboraçäo de tal hipótese é 
analisar os dados dispor!iveis à ILI: do esquema eco-epidemiológico 
estabelecido para FA na Africa, liá riiiiito niais teiiipo estudada. Enibora 
as amostras sejam gerieticanierite distintas, as niaiores difereiiças eritre 
FA nos dois coritiiierites evidenciani-se nos aspectos ecológjcos, e par- 
ticularnierite tia iiattire:a e coiiiportanieiito dos vetores. Na Africa, esses 
säo niosqititos do gênero Aedes, coni hábitos priricipalnieritc crepas- 
culares OLI iiotiiriios, eriqirarito, lias Aiiihicas, os vetores pertericeni aos 
gêiieros Haemagogus e SabeMes, inosquitos diwiios. O vetor rirbano da 
FA é o niesiiio em anibos os coiitiiieiites: Aedes aegypti. Os hospedeiros 

vertebrados sä0 macacos eni anibos os casos. Os dados disporih~eis de 
casos humanos confirniados e outras evidências de circrilaçäo da FA 110 
Brasil, no período de 1954 a 1991, forani agrupados segrtrido localiìaçäo 
ein cinco grandes zoiias fitogeográficas. Para cada zona, foi  avaliado o 
intervalo jiiédio entre nianifestaçöes de FA. Os valores obtidos iiäo ultra- 
passaram três anos, o11 cinco, levando eni conta os desvios padräes. A 
distribrtiçäo dos anos; eni Jrnçäo do riiíniero de casos riotificados, tanibéni 
sugere diferenças eritre dois grupos: i )  floresta tropical densa e florestas 
galerias, e i i )  floresta tropical aberta e ecótoiios. Soriierite estudos 
ecológicos niais detalhados peraiitiräo estabelecer iiin esqtrema, com o 
objetivo de mapear corretanieiite as  regiäes de maior risco epideniio- 
lógico. 
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he yellow fever 
(YF) virus was 
among the world’s T first isolated arbo- 

viruses ( I ) ,  and at present 
it is among the most stud- 
ied, either in the labora- 
tory, or in nature. 

A great number of 
strains were isolated during 
epidemics, interepidemic 
periods and during experi- 
mental studies. Epidemio- 
logical studies, related or 
not to the use of vaccine, 
have been done in almost 
all endemic areas. Reviews 
have been published ( 2 ) ,  
including the more recent 
developments on molecu- 
lar biology (3). Thus, are 
there still new facts to be 
discovered about YF?! 

Among the questions 
which have not received 
satisfactory answers are the 
following: 

a) What are the eco- 
epidemiological factors 
which determine the trans- 
mission mode of YF? 

b) What are the eco- 
logical factors which deter- 
mine the geographical dis- 
tribution of YF? 

Because of the differ- 
ent answers obtained when 

Sandy forest 
Mangle forest 
Mixed ombrophil forest 

dealing with New World or Old World ecoepidemiology of 
YF, the following review was written to emphasize the 
comparative aspects between the two main areas where YF 
is encountered: West and Central Africa and South 
America. immunochemical analysis (8,lZ). 

oligonucleotide fingerprinting for strains isolated in distinct 
regions and/or periods in both continents (8,12,13). 

The South American strains were also distinctive from 
the African ones when their proteins were submitted to 

Elements of comparison 

Many similarities and differences may be noted in relation 
to the strains, hosts, sylvatic and urban cycles, and 
ecoepidemiological models. 

The strains of YF virus 

Many authors have contributed to the knowledge of the 
nucleotide base sequences of RNA and proteins of the virus 

Distinctive topotypes have been characterized by 
(4-1 1). 

Correspondence to: Nicolas Degallier, ORSTOM, Caixa Postal 75, Belém, 
PA 66000, Brasil 

The vertebrate hosts 

Man - In the Americas as in Africa, man is an accidental 
host of the sylvatic YF virus. He becomes infected sporadi- 
cally when he enters the endemic zone. 

When favorable ecoepidemiological conditions are 
met, i.e. high densities of the urban vector Ae. aegypti and 
low rate of serological protection of the people, epidemics 
can occur. The sick man is the carrier of the virus from the 
sylvatic environment to the city. In Africa, the “intermedi- 
ate” vector Ae. f imifer also plays the role of carrier of the 
virus into towns (8,14). In Brazil, the mosquito Ha. 
albomaciilatrts has been suspected to play the same role in 
rural peridomestic environment (15,16). 

No histopathological or clinical differences have been 
noted between YF cases of Africa and South America (17,18). 
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Table 1 - YF isolations, and human cases diagnosed by histopathology or seroconversion in Brazil, 
1954 -June, 1992; notifications of cases already reported in the literature are referenced; an * means that 
the diagnosis was confirmed by another method (isolation of virus or serology); 'Y. "h", and "c" are 
isolations from a sentinel monkey, histological diagnosis, and seroconversion in monkey, respectively. 

Syhlatic - In both 
continents all monkey species 
are susceptible to YF virus. 
However, there are differences 
in lethality. In South America, 

Nuiiiber arid origiri of strains 

Year PlacelState 
1954 Oriboca (PA) 
1955 Oriboca (PA) 
1955 Apeú (PA) 
1955 Lazar6polis do Prata (PA) 
1955 Utinga, BelCm (PA) 
1955 Ananindeua (PA) 
1956 Acara (PA) 
1956 Porto Velho (RO) 
1957 Acara (PA) 
1957 Campo Grande (MS) 
1957 Coxini (MS) 
1957 Jataí (GO) 
1957 Manaus (AM) 
1957 Mineiros (GO) 
1957 Roslrio Oeste (MT) 
1958 Anilpolis (GO) 
1958 Aquidauana (MS) 
1958 Campo Grande (MS) 
1958 Coromandel (MG) 
1958 Goilnia (GO) 
1958 Ipameri (GO) 
1958 Ipora (GO) 
1958 Paracatu (MG) 
1958 Pires do Rio (GO) 
1958 Prata (MG) 
1958 Rio Verde (GO) 
1958 Uberlândia (MG) 
1959 Anlpolis (GO) 
1959 Corinto (MG) 
1959 Cristalina (GO) 
1959 Patos de Minas (MG) 
1960 BelCm-Brasília km 94 (PA) 
1960 Marabl (PA) 
1961 Boa Vista (RR) 
196 1 Lábrea (AM) 
1962 BelCm-Brasília km 87 and km 94 
1962 São Paulo de Olivença (AM) 
1964 Barra de Bugres (MT) 
1964 Boa Vista (RR) 
1964 Campo Grande (MS) 
1964 Cuiabá (MT) 
1964 Mineiros (GO) 
1964 Utinga (PA) 
1965 Anilpolis (GO) 
1965 Aquidauana (MS) 
1965 Bela Vista (MS) 
1965 Boa Vista (RR) 
1965 Campina Verde (MG) 
1965 Campo Grande (MS) 
1965 Ceres (GO) 
1965 Ituiutaba (MG) 
1965 Porto Nacional (TO) 
1965 Uberaba (MG) 
1965 Verissimo (MG) 
1966 Anchieta (SC) 
1966 Barcelos (AM) 
1966 Cascavel (PR) 
1966 Chapecd (SC) 
1966 Guaraniaçu (PR) 
1966 Iraí (RS) 
1966 Maravilha (SC) 
1966 Medianeira (PR) 
1966 Mondaí (SC) 
1966 Palma Sola (SC) 
1966 Passo Fundo (RS) 
1966 Piratuba (SC) 
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isol. histop. 
10 

1 
11 

I 
1 
I 
4 
1 
I 
1 
1 
1 
1 
I 
3 
1 
5 
5 
2 
2 
1 
I 
2 
1 
1 
I 
1 
I 

1 
1 
1 

1 
I 
1 
6 
2 
2 

1 
I 
1 
I 
I 
3 
1 
2 

' 1  
I 
1 
1 
1 
3 
1 
1 
2 
1 
I 
2 
2 
1 
1 

serol. 

2c 

Monkey Mosquitoes Refererices 
(43944) 

2s 4 (43,441 
2 (43,44) 
1 (43) 
7 (43) 
1 (43) 

Is 

2 

Is (45) 

(to he continued) 

only Cebus species (Cebidae) 
show low mortality rates. Other 
monkeys, like Alouatta, Ateles 
or the Callitrichidae are fre- 
quently encountered infected or 
immune but show higher mor- 
tality rates (19). 

African monkeys do not 
show high lethality to YF infec- 
tion (20). 

Occasioiial and experimental 
ltosts - A great number of ver- 
tebrate species were experimen- 
tally viremic or occasionally 
found infected in nature. More 
notable are marsupials (Didel- 
phis sp. and Caluroniys sp.) and 
rodents in South America (19), 
and the lemurs "Galagos" and 
"Potos" (20) and even bats in 
Africa (21). 

The actual role of marsupi- 
als in the maintenance cycle of 
YF in South America is not 
known. In Africa, the nonsim- 
ian hosts are not considered to 
be important. 

The arthropod hosts 

Coltfinned sylvatic hosts - In 
the New World the confirmed 
sylvatic vectors are Haenzago- 
gus species (Hg. jarithiiionzys, 
Hg.  spegazzinii, Hg. alboma- 
culatus and Hg. leucocelaeiius 
in Brazil), and Sabethes chlo- 
ropterus (16,22). 

In Africa the vectors are: 
Ae. ajj-icanus in forest areas; 
Ac. sinipsoni only in East Afri- 
ca at the ecotone between forest 
and cultivated areas (Ae.  lilii, 
present in West Africa, is not 
anthropophilous: 23); Ae. luteo- 
cephalus and the Ae.  furcifer- 
taylori complex in tropical and 
sub-tropical savannahs (24). 

Occasional or experiinental 
hosts - Some neotropical mos- 
quito species of Aedes, Tricho- 
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Table 1 (continued) 

Table 1 (cont.) 
Number and ori& of strains 

prosopon, Anopheles, Culex, 
and Amblyomma ticks have 

Year PlacelState isol. 
1966 Quilombo (SC) 
1966 São Luis Gonzaga (RS) 
1966 Toledo (PR) 
1967 Boa Vista (RR) 
1967 Serra do Navio (AP) 
1967 Tom6 Açu (PA) 
1968 Abaetetuba (PA) I 
1968 Barcarena (PA) I 
1969 Boa Vista (RR) 
1969 Itacoatiara (AM) 
1969 Itaituba (PA) 1 
1970 Marabi (PA) 
1970 Portel (PA) 
1971 Boa Vista (RR) 
197 I Castanha1 (PA) 

1971 Porto Velho (RO) 
1971 Salinópolis (PA) ' 

1972 Boa Vista (RR) 
1972 Carolina (MA) 
1972 Coari (AM) 
1972 Rio Branco (AC) 
1972 Silvania (GO) 
1973 Barra do Garças (MT) 
1973 Boa Vista (RR) 
1973 Cáceres (MT) 
1973 Carolina (MA) 
1973 Imperatriz (MA) 
1973 Jar¡ (PA) 
1973 Paracatu (MG) 
1973 Rio Negro (MS) 
1973 Numerous localities in the southern 

1971 Peixe Boi (PA) I 

half of Goiis State (see refs.) 
1974 Anasticio (MS) 
1974 Araguaína (TO) 
1974 Boa Vista (RR) 
1974 Cáceres (MT) 
1974 Coxim (MS) 
1974 Itupiranga (PA) 
1974 Rio Jaburtí, 

1974 Jaraguari (MS) 
1974 Jardim (MS) 
1974 Ladário (MS) 
1974 Marabi (PA) 
1974 Ponta Pori (MS) 
1974 Tom6 Açu (PA) 
1975 Manacapuru (AM) 
1976 Alenquer (PA) 
1977 Altamira (PA) 
1977 Araquatins (TO) 
1977 Itupiranga (PA) 
1977 Marabi (PA) 
1977 Miracema do Norte (TO) 
1977 Tocantinópolis (TO) 
1978 Altamira (PA) 
1978 Araguaína (TO) 
1978,Belterra (PA) 
1978 Boa Vista (RR) 
1978 Caracaraí (RR) 
1978 Tom6 Açu (PA) 
1978 Conceição do Araguaia (PA) 
1978 Guaraí (TO) 
1978 Miracema do Norte (TO) 
1978 Santana do Araguaia (PA) 
1978 Santar6m (PA) 
1978 Irituia (PA) 
1978 Rio Ouro, Vila Rondon (PA) 
1978 Tocantinópolis (TO) 

Ilha Gurupa (PA) 

- .  

Mar? been occasionally found natu- 
hisrop. serol. Monkey Mosquitoes References rally infected and/or experi- 

1 
3 
2 
1 

I 

2 
1 

I *  
1 
I 
4 
1 
I 
3 
1 
4 

1 
I 
3 
1 
5 
2 
1 
1 
1 
2 
I 

44 
1 
1 
1 
I 
1 
I 

1 
1 
I 
I 
1 
1 
1 
1 

1.1* 
1 
I 
4 
2 
I 
1 
I 

I *  
2 
I 

4,1* 
2 
I 
1 
1 
I 
I 
1 
I 

I 

3 
1 1 

mentally susceptible to infec- 
tion (25). 

In Africa, many species of 
mosquitoes have been found 
occasionally infected but the 
more relevant fact is the isola- 
tion of YF virus from naturally 
infected ticks in Central Africa 
(23,26). 

Despite the absence of YF 
in Malagasy, some lemurs have 
been found susceptible to the 
virus (27). Unfortunately, it is 
not known if the presence of 
West Nile virus, of the same 

>35 (47) serological group, may prevent 
YF from establishing itself in 
case of its accidental introduc- 
tion. 

The mosquito A e .  albo- 
pictus, recently introduced and 
established in Brazil (28), is a 
good candidate to be a rural or 
peridomestic vector of YF (29). 

14c,12 1 9 (4849) 
The sylvatic cycles 
(epienzootic) 

I 

3 

In both continents, the cycles 
involve canopy-frequenting pri- 
matophilous mosquitoes, and 
monkeys. Furthermore, the 
mosquitoes lay drought-resist- 
ant eggs in tree holes. 

In Africa, the vectors are 
principally crepuscular or noc- 
turnal in habit, but in the New 
World, they are diurnal. How- 
ever, in both cases they bite 
resting monkeys either at night 
or during the midday hours, re- 
spectively. 

IC* 

3 

(50) The epidemics 2 

(47) In both continents, the YF virus 
is introduced into Ae.  aegypti- 
infested cities by the viremic 
man (30). 

Various strains of Ae. ae- 
gypti have shown significant 
variations of vector competence 
but i t  has been demonstrated (10 be c o l l t i m d  
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- 
Table 1 (cont.) 

Nuniber and origin of strains 
Mari 

Year PlacelStare isol. Itistop. serol. Monkey Mosquitoes Referelices 
1979 Altamira (PA) 2 
1979 Araguaina (TO) 1 
1979 Barro Alto (GO) I 
1979 Bujam (PA) 1 
1979 Careiro (AM) I 
1979 Goiânia (GO) 1 
1979 Ji-Parani (RO) 1 
1979 Manaus (AM) 1 
1979 Oriximina (PA) 1 
1979 Porto Velho (RO) 1 
1979 Santa Maria (PA) I 
1979 Santarém (PA) 1 
1980 Altamira (PA) 1 I 
1980 Ariquemes (RO) I 
1980 Arraias (GO) 1 
1980 Barro Alto (GO) I 
1980 Caldas Novas (GO) 1 
1980 Crixas (GO) 1 
1980 Formosa (GO) 2 
1980 Goiis Velho (GO) I 
1980 Goiatuba (GO) I 
1980 Iaciara (GO) 1 
1980 Imperatriz (MA) l I 
1980 Luziânia (GO) 1 
1980 Monte Altos (MA) 1 1 1 

1980 Niquelândia (GO) I (51) 
1980 Novo Brasil (GO) 1 
1980 Ji-Parani (RO) 1 
1980 Parani (GO) 1 
1980 Pilar de Goiás (GO) 1 
1980 Porto Franco (MA) 1 
1980 Sanclerlândia (GO) I 
1980 São João d’Aliança (GO) 2 1 
1980 Sta. Terezinha Goiás (GO) 2 
198 1 Altamira (PA) 1 
1981 Ananis (GO) 1 
1981 Anasticio (MS) 2 
198 1 Caracaraí (RR) 2 
198 1 Conceição do Araguaia (PA) 3 I* (47) 
1981 Diamantino (MT) I 
198 1 Frieira (GO) 1 

1980 Uruaçu (GO) 1 3 (51) 

that, under very high densities, 
a weak vector can sustain an 
epidemic (31). 

Eco-epidemiological models 

198 1 Igarapé Mirim (PA) 
1981 Jataí (GO) 
198 1 Camapuã (MS) 
1981 Campo Grande (MS) 
1981 Nova Brasilândia (MT) 
198 1 Garimpo do Mutum (RR) 
198 1 Boa Vista (RR) 
198 1 Macapi (AP) 
198 1 Pedro Gomes (MS) 
198 1 Tucurui (PA) 
198 1 Santarém (PA) 
198 1 Vilhena (RO) 
1982 Lago da Pedra (MA) 
1982 Altamira (PA) 
1982 Aquidauana (MS) 
1982 Cuiabi (MT) 
1982 Campo Grande (MS) 
1982 Antônio João (MS) 
1982 Caracol (MS) 
1982 Coxim (MS) 
1982 Anasticio (MS) 
1982 Bela Vista (MS) 
1982 Boa Vista (RR) 

1 
1 
1 
4 
4 
1 
I 
1 
I 
1 
1 
I 

3 
1 3 I* 

1 
2 
7 
4 
4 

1* 1 
2 
2 
2 

1982 Alto Alegre (&) 1 
1982 Garimpo do Mutum (RR) 
1982 Grajaú (MA) 2 
1982 Jardim (MS) 2 

2 

(to be continuedl 

The New World - Until now, 
there has been no consensus 
theory about the maintenance 
and transmission of YF virus in 
the New World. Most authors 
think that the virus has to move 
about constantly in “epizootic 
waves”, due to the relatively 
high mortality of the monkeys 
(18,38). Travassos da Rosa et al 
(16) have summarized the cur- 
rent data available on ecoepi- 
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Table 1 (cotir.) 

Year PlacelState 
1982 Sidrolândia (MS) 
1982 Terenos (MS) 
1983 Porto Velho (RO) 
1983 Ouro Preto (RO) 
1983 Presidente Figueiredo (AM) 
1983 Cacoal (RO) 
1983 Vila do Incra (RR) 
1983 Garimpo Serra Pelada (PA) 
1983 São Joäo Araguaia (PA) 
1983 Xinguara (PA) 
1984 Faro (PA) 
1984 Alenquer (PA) 
1984 Altamira (PA) 
1984 Bonfim (RR) 
1984 Santarém (PA) 
1984 Senador José Porfírio (PA) 
1984 Col. Ingles de Souza (PA) 
1984 Monte Alegre (PA) 
1984 Tucurui (PA) 
1984 São Domingos do Capim (PA) 
1984 Rio Curuatinga (PA) 
1984 Mariry, Oyampi (API 
1984 Pedreire (RR) 
1984 Tefé (AM) 
1984 Parintins (AM) 
1984 Manaus-Itacoatiara km 42 (AM) 
1984 Monte Castelo (AM) 
1984 Nova Olinda Norte (AM) 
1984 Ilha do Cerubani (AM) 
1984 Porto Novo (AM) 
1984 Presidente Figueiredo (AM) 
1984 Macapé (AM) 
1984 Maraä (AM) 
1984 R o h  de Moura (RO) 
1984 Presidente Medici (RO) 
1984 Prainha (PA) 
1984 Urucura (AM) 
1985 Sinop (MT) 
1985 Cacoal (RO) 
1985 Almeirim (PA) 
1986 Monte Dourado (PA) 
1986 Agua Fria (RR) 
1986 Diamantino (MT) 
1986 Formosa (GO) 
1986 Mara Rosa (GO) 
1986 Nova Maringd (MT) 
1986 Nova Orixds (GO) 
1986 Jardim Oriente (GO) 
1987 Tucuruí (PA) 
1987 Alto Parafso (GO) 
1987 Rio Laco, Sena Madureira (AC) 
1987 Goiânia (GO) 
1987 Goids (GO) 
1987 Goids Velho (GO) 
1987 Cristalina (GO) 
1987 Sä0 Luís de Montes Belos (GO) 
1987 Santana (GO) 
1987 Goiatuba (GO) 
1987 Fratemidade (GO) 
1987 Bela Vista (GO) 
1987 Formosa (GO) 
1987 Canutama (AM) 
1987 Carajds-Serra Norte (PA) 
1987 Altamira (PA) 
1987 Ilha Japichaua, Breves (PA) 
1987 Palmeiras (GO) 
1987 Planaltina (GO) 
1987 Portel (PA) 
1987 Cametd (PA) 

I 

Number and origin of strains 
Mari 

isol. liistop. serol. 
1 
1 

1 
I 
2 
1 
1 
1 
I 

2 3 2c,10 
1 6 
3 

1 

2 
5 
4 

1 
3 1*,4 2c*,20 

1 

1 
1 

1 
4 
1 

1 
1 
I 
1 
1 
1 
1 
I 
1 
3 
1 

1 2,2* 3 
1 
1 
1 
1 
I 
2 
2 
1 1 
I 
1 

1* Ic,l 
1 1 
I 

2 
I 
1 

1 1 
1 
1 
1 
1 

1 I 
1 

1 

1 

1 
1 

1 
1 

1 
1 

demiology of YF in Brazil. 
More precise data on the vector 
were obtained recently (39). 

Morikey Mosqiriroes References 

The “Old World model” 
tested by the 
New World data 

Spatio-temporal 
distribution of YF 

1 

3 

3 
1 

1 

lh 

2 

(47) 

(to be coritiriiiedJ 

The periodicity of YF epidem- 
ics was first studied by Kumm 
(40). However he could not ex- 
plain either the great variability 
of interepidemic periods, or the 
lack of concordance between 
epidemics in different South 
American countries. Further- 
more, the relations between 
phytoclimatical zones and the 
ecology of YF was not consid- 
ered. The present work will at- 
.tempt to analyze the Brazilian 
data available from 1954 to 
June, 1992 (Table 1). 

A first hypothesis which 
will be examined is that inter- 
vals between years with trans- 
mission evidence augment 
when the region is farther away 
from the endemic area. 

Sampling and methods - It is 
obvious that, in such a large ter- 
ritory as Brazil - even if we 
consider only the Brazilian 
Ammonia - it is impossible to 
establish a nonbiased sample. 
The welfare centers are not 
sending us blood or viscera 
samples regularly. Furthermore, 
it was not possible to do sur- 
veys on each epidemic and/or 
each sporadic case. Thus, the 
present study will be valid only 
in the Brazilian context. 

Eight phytoclimatical zones 
were chosen among those used 
in the map edited by the Brazil- 
ian Institute of Geography and 
Statistics (41) (Fig. 1). The lo- 
calities with YF evidences were 
pooled according to their rel- 
evant phytoclimatic zones. Fig- 
ure 2 shows the temporal distri- 
bution, as a percent of the total 
(386) YF  transmission evi- 
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Table 1 (coni.) 
Niirnber and origin of strains 

Year PlacelSiate 
1987 Vieiras (GO) 
1987 Santa Cruz (GO) 
1987 Itaituba (PA) 
1988 São Felix do Xingu (PA) 
1988 Altamira (PA) 
1988 Abaetetuba (PA) 
1988 Manaquiri (AM) 
1988 Camari (AM) 
1988 Pl5cido de Castro (AC) 
1988 Santa Cruz (GO) 
1988 Caiapônia (GO) 
1988 Lavras (GO) 
1988 Jataí (GO) 
1988 Paracatu (MG) 
1988 Unaí (MG) 
1988 Bonfinópolis (MG) 
1988 Doverlândia (GO) 
1988 Novo Airiio (AM) 
1988 Redenção (PA) , 

1989 Cacoal (RO) 
1989 Francisco Dumont (MG) 
1989 Mineiros (GO) 
1989 Mirabela (MG) 
1990 Lajeado II (MA) 
1990 Tailândia (PA) 
1991 Locality ? (GO) 
199 I Catrimani, Yanomami (RR) 
1991 Altamira-Itaituba km 30 (PA) 
1991 Campo Grande (MS) 
1991 Barcarena (PA) 
1991 Corguinho (MS) 
1991 Goiis (GO) 
199 I Jaraguari (MS) 
1991 São Gabriel do Oeste (MS) 
1991 Tucuruí (PA) 
1992 Camapuã (MS) 
1992 Campo Grande (MS) 
1992 Corguinho (MS) 
1992 Jaraguari (MS) 
1992 Paconí? (MT) 
1992 Pontes e Lacerda (MT) 
1992 Ribas do Rio Pardo (MS) 
1992 Sidroiândia (MS) 
1992 Terenos (MS) 

Mari 

1 
1 
1 
1 

isol. hisrop. 

I *  

1 
1 

1 I 

1 2,3* 
I 
I 

1" 

I 
1 

1 

I 

I 

1 3,1* 

I 

I *  
1 
4 

1" 
1 

serol. 

1 
1 
1 
1 

I C  

1 
I 
1 
8 
1 

1 
1 

5 

1 

1 

4 
1 
I 

1 

3 
1 
1 
1 

I 

1 

dences (strains isolated from 
human or sylvatic hosts, sero- 
logical conversions or histo- 

each of .the phytoclimatical 
zone. Thus, it was possible to 
study: i) qualitative aspects, 
such as the intervals between 
YF evidences, and ii) quantita- 
tive data, such as the distribu- 
tion of years with variable lev- 
els of transmission. 

Moiikey Mosr]rtiioes References p at11 o1 0 g ic al di agrios tics) in 

1 

1 

1 

4 

Periodicity of YF traiisinissioii 
- For each phytoclimatical 
zone, we estimated the mean 
interval (and standard devia- 
tion) between years with YF 
transmission evidence (Fig. 3). 

The first result is that in no 
single zone the mean interval 
exceeded five years. The means 
vary from 1.4 years for open 
rain forest to 2.7 years for the 
decidual forest and are there- 
fore always lower than 7-10 
years, usually cited in the litera- 
ture (1 8). The decidual seasonal 
forests which lay at the division 
between the Amazonian belt 
and the East and Northeast re- 
gions of Brazil, represent prob- 
ably the eastern limit of sylv- 
atic YF. The zone, classified as 
an ecotone between the rain 
forests in the north and the 
southern mosaic of savannahs 
and gallery forest, is character- 
ized by the relatively high 
value of 2.S vears. 

Figure 2. A~irrical positiir siroirrs I% J j%r Y F  1 h . 7 .  .for eoclr p1i~rn,~eogru/iliiral :one irr Br.o:il, 1954 - Jiore. 1992 
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rhe YF epidemiology in Brazil. Nevertheless, three remarks 
are worthwhile here: i )  i n  West and Central Africa, the 
level and seasonality of YF sylvatic transmissions are well 
correlated with the phytoclimatic zonation, justifying our 
present approach to the problem; ii) once the pooling of 
cases by zone is considered a valid method, the mean inter- 
vals between epienzootic manifestations do not exceed 
three years. Thus, inside the considered area, the YF virus 
may be thought of as always present and circulating. This 
area may be considered equivalent to the endemic area of 
Germain et al (24). The fluctuations of the transmission in- 
tensity would depend of the level of immunity of the hu- 

man and simian popula- 
rions; iii) the zones with 
higher ecological instability 
(naturally or man-modified 
biotopes), namely open rain 

40 - Dense rain forest - Ecotones forest, ecotones and 
,decidual forest would cor- 
respond to an “emergent 
endemic area”. A possible 
“epidemic area” would ex- 
tend much southward. 

Figitre 3. ~ e t o i  irrrenw/: irit/r .wtrrt/cru/ d e i k / / i f J / f .  hefl l ’Pw srrcwssi i~c  ytrrs o j  
YF iYrirs f / ’ ~ / / f . ~ / l f i . ~ . ~ i ~ J / f .  ,fiIr C N C / I  (J/!\/t/,~eogrcr/’//;[’e// :OW ir, Brtr:i/ ~ . s f / / l f / J / c  

sirej. 1954 - . / io ie.  1992. 

50 - 
’ Gallery forest - Open rain forest 

10 Conclusions 

This comparative ecoepi- 
T f = i - ?  demiological analysis of O 

Three phytoclimatic zones where the mean interval be- 
tween epizootics is lower than two years may be good can- 
didates for sheltering natural endemic focuses of YF: i) the 
dense Amazonian rain forest, ii) the open rain forest and iii) 
the gallery forests running through the arboreal savannahs 
in central and southwestem Brazil. The standard deviation 
increases from the open Amazonian rainforest to the dense 
rain forest and gallery forests. 

circrdatiori ei’idewe.7 (% qfcctse.~).,/iw YF shows the lack of dana 
related to South America. 
However, an ecoclimatical 

approach must be projected for future studies. The most im- 
portant aspects that are in need of detailed investigation 
are: i) the tumover of simian populations, i i )  the macro and 
microclimatic parameters that determine the fluctuations of 
vector populations and iii) the relative importance of some 
ill-known vectors such as Hg. nlhoninailatirs. 

Distribution of cases - YF was not transmitted by Ae. 
aegypti during our period of study (1954 to 1991). Thus, 
the frequency distribution of the years, according to the 
number of cases (or transmission evidences), would be 
characteristic of the transmission mode in each phyto- 
climatical zone (42). Figure 4 shows two types of distribu- 
tions for the cases of Y F  i )  more or less linear ones in open 
rain forest and ecotones and ii) nonlinear ones in dense rain 
forest and gallery forest. Unfortunately, it is not known if 
these variations represent actual eco-epidemiological dif- 
ferences. It is as if the gallery forests were in continuity 
(and/or remains) of the dense Amazonian rain forest, and 
open rain forest and ecotones were more unstable (and het- 
erogeneous) zones. 

Due to the relative paucity of controlled data and the 
fact that human cases do not (at least quantitatively) repre- 
sent the level of sylvatic circulation of YF virus, it remains 
difficult to evaluate the “Old World model” for explaining 
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