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First evidence of natural vertical transmission of yellow fever virus in Aedes 
aegypti, its epidemic vector 
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Abstract 
Entomological investigations were conducted in 1995 in Senegal, following a yellow fever CYF) outbreak. 
A total of 1125 mosquitoes collected in the field, including males, females and 1 2 4 8  h old newly emerged 
adults reared from wild-caught larvae, were tested for YF virus. Among the 22 species captured, Aedes 
aegypti was the most common. ‘Wild’ vectors ofYF were also captured, includingd. furcifer, A. nzetallicus 
and A. luteocephalus. In all, 28YF virus isolations were made: 19 fromA. aegypn’females, including 2 from 
newly emerged specimens; 5 were obtained from A. aegypti males, including one from a pool of newly 
emerged specimens, 2 from A. furcifer females, and one each from a female A. nzetallicus and a female A. 
luteocephalus. The true infection rates (TIRs) were much higher in adult A. aegypti than in specimens 
reared from larvae-8.2% and 31.4% for female and maleA. uegypti captured on human volunteers, re- 
spectively (P 0.0001). The TIRs for A. aegypti reared from larvae were 1.4% and 0.5% for females and 

Our data proyide the first evidence of vertical transmission of YF virus in nature byA. aegypti, its main 
vector to humans, and strongly suggest that vertical transmission played a major role in the spread of the 
epidemic. , 
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males, respec d ’vely(130.05). This outbreak was an intermediate* epidemic, involving 4 vector species. 

Introduction 
Despite a highly effective vaccine, yellow fever (YF) 

has re-emerged in Africa since the 1980s, (MONATH, 
1991) due to inefficient vaccination campaigns. During 
its ‘wild’ cycle, W virus is transmitted between mon- 
keys and ‘wild‘ mosquitoes of the genus Aedes in f i c a  
and Haemagogus and Sabethes in tropical America. Hu- 
man beings are infected with YF virus in Africa during 
intermediate and urban outbreaks, mainly by Ae. aegyp- 
ti, which is strongly associated with the human environ- 
ment (MONATH, 1989). 

Since the discovery of the transmission of the virus 
about a century ago by REED (1901), following Finlay’s 
observations, the possibility of vertical transmission 
from an infected female mosquito to her progeny was 
under consideration. Natural vertical transmission of 
YF virus has been observed only once, when CoRNET et 
al. (1979) obtained 3 YF isolates from males of the 
‘wild’ Ae. furcifer-Ae. taylon’ group in Senegal. It was 
only in 1979 that AIT” et al. confirmed the results ob- 
tained in 1903 by MARCHOUX & SIMOND (1905), who 
showed experimentally that the virus could be transmit- 
ted from an infected female Ae. aegypti to the next gen- 
eration. Similar experimental transmissions were also 
made in Ae. mascarensis by BEATY et al. (1 980) and Hae- 
nzugogus epuinus by DUTARY & LEDUC (1981). Apart 
from these experiments, there had been many unsuc- 
cessful attempts to confirm vertical transmission (ROSE- 

PHILIP, 1929; WHITMAN & A ” E S ,  1938). The data 
we present were obtained during an outbreak of YF in 
1995 in Senegal. This epidemic killed at least 46 human 
beings among an estimated exposed population of 9000. 
It was quickly stopped, following a prompt immuniza- 
tion campaign conducted by the Senegalese Ministry of 
Health (THONNON et al., 1996). 

Our results demonstrated for the first time that verti- 
cal transmission occurs naturally in Ae. aegypti, the ma- 
jor vector of YF. The epidemiological implications are 
discussed. 

Materiais and’Methods 
Entomological surveys were conducted between 28 

October 1995 and 11 November 1995, duringa YF out- 

NEAU & GOLDBERGER, 1906; STOKES et al:, 1928; 
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breakin the Koungheul area (14’29 N, 14’59 W) around 
the dry valley (ValZéefossile) of the Saloum river, in the 
Sudanese climatic region of Senegal. Villages are tradi- 
tionally built and are located in the shrubby savannah. 
Water is stored indoors and outdoors for domestic use 
in clay jars and in 200 L barrels. Eythrocebuspatas mon- 
keys are present in the area. The average annual rainfall 
was 750 mm in 1994 and 676 mm in 1995. The rainy 
season lasts from July to October. The last rain preceed- 
ing our entomological survey fell on 12 October 1995. 

Mosquitoes were collected on immunized human vol- 
unteers, during a total of 445 person-hours of capture, 
and with CDC light traps. They were sorted and pooled 
by species andsexinthe field and storedinliquidnitrogen. 

Aedes larval development sites were investigated. The 
Breteau index (total number of containers with larvae of 
Ae. aegypti per 100 houses) and the container index 
(number of containers in which larvae of Ae. aegypti 
were found per 100 containers) were calculated. Larvae 
and pupae collected in the field were reared in Dakar in 
an insectary at 28°C and 80% relative humidity. Speci- 
mens from each breeding site were reared separately. 
Emerged adults were sorted and pooled by species and 
sex and stored at -70°C 1 2 4 8  h after emergence. 

Attempts to isolate YF virus were made from mosqui- 
to pools. Pools of mosquitoes of the genera Culex, 
Anopheles and Mansonia, which are not YF vectors, were 
interspersed among pools of potential vectors as a con- 
trol of contamination. Two batches of 40 pools were 
processed each week. The species and origin of each 
pool were not known by technicians doing the work at 
the CRORA-WH0 collaborative centre at the Pasteur In- 
stitute in Dakar. Cultures ofAe. pseudoscutellaris contin- 
uous cell line AP 61 were inoculated with the pools, and 
suckling mice were inoculated intracerebrally. With 
each of the 66 pools of newly emerged mosquitoes, in- 
cluding Culex pools, the supernatant of Al? 61 celi cul- 
tures was sampled at day 7 and subinoculated into 
another AP 61 cell culture and suckling mice. Ground 
mosquito pools, cell cultures and suckling mice were 
handled in a microbiological safety cabinet. Virus iden- 
tification was made using immune ascitic fluid pools 
and monoclonal antibodies, following methods de- 
scribed previously (DIGOUTTE et al., 1992). Each time 
a YF virus isolate was isolated from field-caught males 
of females, or from newly emerged adults, another inoc- 
ulation was made from the original suspension for con- 
firmation. 
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The minimum infection rate (MIR), which is the 
minimum percentage of mosquitoes infected with YF, 
and the true infection rate (TIR), the estimated true 
proportion of infected mosquitoes, were calculated from 
pools of different sizes following a maximum likelihood 
procedure developed by WALTER et a2. (1980), and us- 
ing a computer program written by N. Degallier (un- 
published data). TIRS were compared using a Z  test. 

Results 
The numbers of Aedes species captured, the number 

of pools, the number of YF isolates obtained, the MIR 
and the TIR are shown in the Table. A total of 1125 

rained from mosquitoes belonging to the genera Culex, 
Anopheles or Mansonia. Mosquito pools from other re- 
gions were also processed at the same time and were all 
negative for YF virus. Human sera and mosquito pools 
were never processed in the same week; positive human 
samples were all processed 2 weeks before the first pos- 
itive mosquito pool was obtained. Confirmation of each 
isolation was obtained from the original suspension and 
the possibility of false positive pools resulting from con- 
tamination can be rejected. 

This outbreak was clearly an intermediate YF epi- 
demic, according to the definitions of CORNET et al. 
(1977) and CORDELLIER (1991). Transmission in the i 

Table. Numbers of mosquitoes captured, numbers of yellow fever isolates, and minimum and true yellow 
fever infection rates; Senegal, 1995 

Light Total no. Total no. 

Species and sex ofAedes Nan MIRb T I R C  Naa  NO.^ Ml3 TIRc mosauitoes isolates 
Human bait catches traps Adults newly eme ed from larvae of of 

? 

A. Q C U ~ C ~  female 312 (17/31) 5.44 [ l m l  8.17 [1.98] O 165 (2/30) 1.33 tO.971 1.37 t0.971 477 19 
A. aegvpn’ male 33(416) 11.76[8.87] 31.4211.5.693 O 189(1/27) 0.52[0.52] 0*52[0.52] 222 5 
A. fur&ër female i9(2/10) iot~ir8.131 ioc.3r7.671 o O 19 2 - - - -  - - - - - 2 

1 1 - - - A.furc~jér male 2(0/1) O O 
O O A. luteocephalus female l(lI1) - .  

A. nietallicw female 1 (1/1) O O 1 1 
A. winatus male 5(0/1) O O 5 
A. fowlen’ female O l(O11) O 1 
A. sudanensis female O - 1 (0/1) O 1 
A. WXQW female O 3(0/1) O 3 

’ Other Culicidae 150(0/23) - 209(0/28) 34(0/9) 393 

. -  

- - - - 
- - - - 
- - - - 

- 
- 

- - - 
- - - - - 

- 
- - - - 

- - Total 523(25/74) - - 214(0/31) 388(3/66) 1125 28 

aNumbers of isolates oplF virus obtainecUnumbers of pools inoculated are shown in parentheses. 
bMinimum infection rate: minimum number of positive mosquitoes per 100 mosquitoes tested; standard error in brackets. 
T rue  idection rate: estimated number of positive mosquitoes per 100 mosquitoes tested, fol1owingWALTER et al. (1980); standard 
error in brackets. 

mosquitoes belonging to 22 species of the generadedes, 
Aedeomyia, Anopheles, Culex and Mansonia were inocu- 
lated. Ae. aegypti was the commonest mosquito, repre- 
sented by the domestic form, formerly known as the 
aegypti form, which is paler and has white scales on the 
first abdominal tergite and differs from the ‘wild’ formo- 
sus form found in gallery forests in eastern Senegal. Lar- 
val development sites were mainly clay jars, indoors and 
outdoors, and 200 L barrels situated outdoors. In all, 
293 water containers were examined in 13 villages. The 
average Breteau index was 35 (range O-135), and 
29.7% (range 0-63) of the containers contained larvae 
or pupae of Ae. aegypti. Twenty-eight isolates of YF vi- 
rus were obtained, all in Al? 6 l cell cultures; 2 were also 
isolated by inoculation of suckling mice. Among the 19 
isolates obtained from Ae. aegypti females, there were 2 
isolates from pools of newly emerged specimens, and 
one of the 5 isolates obtained fromAe. aegyptimales also 
originated from a pool of newly emerged specimens. All 
3 isolates from newly emerged adults were obtained at 
the primary inoculation to AP 61 cell cultures. 

Seventy-four pools were tested twice, particularly 
each time an isolate was obtained from males or adults 
reared from larvae, and all the 13 isolates obtained at the 
primary isolation were reisolated. The difference be- 
tween the TIRS of female and male Ae. aegypti captured 
on human volunteers, 8.2% and 31.4% respectively, 
was significant (l‘~O.000 1). The difference between the 
TIRS of male and female Ae. aegypti reared from larvae 
were not significant. However, the differences between 
TIRS of males captured on volunteers and newly 
emerged males, and those of females captured on volun- 
teers and newly emerged females, were significant 
(P<O.OOOl and P<O-O1, respectively). 

Discussion 
The high number of YF virus isolates obtained from 

mosquitoes during this outbreak may raise doubts about 
the validity of the results. As many controls as possible 
were included, and the technicians doing the work were 
very experienced and worked ‘blind’, without knowing 
the identity of the mosquitoes. No isolation was ob- 

area probably began with ‘wild’ vectors (Ae. furcifer, Ae. 
metallicus and Ae. luteocephdus), which disappeared rap- 
idly &er the rainy season. Transmission then continued 
with Ae. aegypti, particularly after the rains when it was 
the only remaining vector species. While Ae. aegypti is 
known to be the major vector during urban and hterme- 
diate outbreaks, vertical transmission to its progeny has 
never been observed naturally, contrary to dengue 2, 3 
and 4 viruses (KHIN & THAN, 1983; HULL et al., 1984; 
JOSHI et al., 1997). The isolations that we obtained from 
males captured landing on human beings and from 
adults reared from larvae demonstrated for the first time 
that such vertical transmission occurs naturally in Ae. 
aegypti. 

The true infection rate was very high in Ae. aegypti 
captured on human bait, and it was significantly higher 
in males than in females, although only females are hae- 
matophagous and so can contract the virus from a virae- 
mic host. If vertical transmission occurs at the same rate 
in male and female progeny, this observation suggests 
that it was a major mechanism of YF transmission dur- 
ing this outbreak. In addition, the TIR of 24 newly 
emerged males was lower than that of males captured on 
human bait. If we exclude the possibility of venereal 
transmission from infected females to males ( W O N S  
et al., 1931; ROSEN, 1987), the explanation may be that 
the viral titre of newly emerged adults is too low to per- 
mit isolation of the virus from all infected mosquitoes 
with the laboratory methods we used. Multiplication of 
the virus to a detectable titre may take a few days, as has 
been observed with other viruses (HUANG et al., 1992). 
Experiments conducted by ROSEN et al. (1983) on den- 
gue viruses showed that there were more infected FI 
adults among Ae. albopictus killed ‘a relatively long time 
after emergence as compared with those killed earlier’. 

A period of one and a half centuries has elapsed after 
it was suspected that mosquitoes transmitted YF, and 
nearly a century after Ae. aegypti was demonstrated to 
be a vector, before vertical transmission by Ae. aegypti, 
shown experimentally in 1905 by MARCHOUX & SI- 
MOND, was observed in nature. This was because only a 
few studies on vertical transmission were conducted 
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during outbreaks ( M N ,  1988), and because the in- 
oculation of samples into new born mice, the classical 
method for YF virus isolation, was not very sensitive 
(ROSEN, 198 1 a). Intrathoracic inoculation of mosqui- 
toes (Aedes and Toxorhynchites), and inoculation of  cul- 
tures of A e .  albopictzis (C6-36) and Ae. pseudoscutellaris 
(AI' 61) cell lines, which is much more sensitive and has 
been used since the 198Os, allowed many more isola- 
tions to be made (ROSEN, 1981b; DIGOU?TE et al., 
1992). Our data confirmed this, since only 2 isolates 
were obtained after inoculation of suckling mice q o n g  
the 28 isolations made by inoculation of AP 61 cell cul- 
tures. 

It is possible that the Koungheul population o f A e .  ae- 
gypti was very susceptible to the YF virus causing this 
outbreak, contrary to the 2 Senegalese Ae. aegypn' colo- 
nies previously tested by TABACHNICK et al. (1985). It 
is well known that susceptibility to YF virus varies great- 
ly between different mosquito populations and is under 
genetic control ( W m S e t  al., 1985). 

The occurrence of vertical transmission has 2 very im- 
portant epidemiological implications. The first is that 
the virus can be transmitted only a few days after the 
emergence of Ae. aegypti females, theoretically at the 
first blood meal, without being delayed until the viral 
extrinsic cycle is completed 8 to 12 d later. Transmis- 
sion in the human population will be more frequent 
than if there were only horizontal transmission. The sec- 
ond implication is that the YF virus can persist in the 
area until the next rainy season inside infected eggs laid 
in peridomestic breeding sites which dry up, such as 
used tyres and old pots. 

Our results are the first evidence of vertical transmis- 
sion of YF virus in nature by Ae.  aegypti, its main vector 
to humans. The vertical transmission rate was very high, 
contrary to the generally accepted idea suggested by 
previous experiments or by natural observation of den- 
gue viruses. During this outbreak, vertical transmission 
probably played a major role in the spread of the epi- 
demic. If the exposed human population has not been 
promptly vaccinated, many more people would proba- 
bly have been infected by the virus. 

Acknowledgements 
This work was supported by Institut Français de Recherche 

Scientifique pour le Développement en Coopération (ORSTOM) and 
by Institut Pasteur de Dakar. 

We thank Abdourhamane Maiga, Lang Girault, Aicha Fall 
and Mamoudou Diallo for their technical assistance, Jean Paul 
Gonzalez, Nicolas Degallier, Thomas Aitken, Francois Rod- 
hain, Leon Rosen and Christophe Rogier for suggestions and 
comments, and Pauline Roussilhon for help in the English 
translation. We also thank E. H. Mamadou Ndiaye, chief of 
the Koungheul Hospital, and Adama Diallo and Baba Top, 
nurses in the Koungheul district. 

References 
Aitken,T. H. G. (1988).Yellow fever: evolution of ideas con- 

cerned with demonstrating the natural occurrence of trans- 
ovarial transmission of virus in mosquitoes. Bulletin of the 
Society of Kctor Ecology, 13,85-96. 

Aitken,T. H. G.,Tesh, R. B., Beaty, B. J. & Rosen, L. (1979). 
Transovarial transmission of yellow fever virus by mosqui- 
toes (Aedes aegyptt]. AmericanJournal of Tropical Medicine and 
Hygiene, 28, 119-121. 

Beaty,B. J.,Tesh, R. B. &Aitken,T. H. G. (1980).Transovarial 
transmission of yellow fever virus in Stegomyia mosquitoes. 
American Journal of Tropical Medicine and Hygiene, 29, 

Cordellier, R. (1991). Epidemiologie de la fièvre jaune en Af- 
rique de l'Ouest. Bulletin of the World Health Organization, 69, 
73-84. 

Cornet, M., Jan, C. & Coz, J. (1977). Place de l'homme dans 
les cycles épidémiologiques de la fièvre jaune en Afrique de 
l'Ouest. Médecine Tropicale, 37,265-268. 

Cornet, M., Robin,Y., Héme, G., Adam, C., Renaudet, J.,Va- 
lade, & Eyraud, M. (1979). Une poussée épizootique de 
fièvre jaune selvatique an Sénégal Oriental. Isolement du vi- 
rus de moustiques adultes mâles et femelles. Médecine et 
Maladies Infcliezws, 9,63-66, 

125-132. 

Digoutte, J. P., Calvo-Wilson, M. A., Mondo, M., Traore- 
Lamizana, M. &Adam, F. (1992). Continuous cell lines and 
immune ascitic fluid pools in arbovirus detection. Research in 
Virology, 143,417-422. 

Dutary, B. E. &Leduc, J.W. (1981).Transovarial transmission 
of yellow fever virus by a sylvatic vector, Haelnagogus equinifi. 
Transactions of the Royal Society of Tropical Medicine and Hy- 
giene, 75, 128. 

Huang, G.,Vergne, E. & Gubler, D. J. (1992). Failure of den- 
gue viruses to replicate in Culex quinquefasciatus (Diptera: 
Culicidae). Journal of Medical Entomology, 29,911-914. 

Hull, B.,Tikasingh, E., De Souza, M. & Martinez, R. (1984). 
Natural transovarial transmission of denme 4 virus in Aedes 
aegypti inTrinidad. AmericanJournal of TFopical Medicine and 
Hygiene, 33, 1248-1250. 

Toshi,V., Singhi, M. & Chaudharv. R. C. (1997).Transovarial - - -  
transmissi& of dengue 3 virus"by Aedes'aegypti. Transactions 
of the Royal ciety of Tropical Medicine and Hygiene, 90, 

Khin, M. M. &Than, K. A. (1983).Transovarial transmission 
of dengue 2 virus by Aedes aegypti in nature. American Jour- 
nal of Tropical Medicine and Hygiene, 32,590-594. 

Marchou, E. & Simond, P. L. (1905). La transmission héréd- 
itaire du virus de la fièvre jaune chez le Stegomyia fasciata. 
Compte Rendus de la So&% de Bwbgie, 59,259-260. 

Monath, T. P. (1989). Yellow fever. In. The Arboviruses: Epide- 
miologv and Ecology, volume 5,  Monath, T. P. (editor). Boca 
Raton, Florida: CRC Press, pp. 139-231. 

Monath, T. P. (1991).Yellow fever: victor, Victoria? Conquer- 
or, conquest? Epidemics and research in the last forty years 
and prospects for the future. American Journal of Tropical 
Medicine and Hygiène, 45,143. 

Philip, C. B. (1929). Possibility of hereditary transmission of 
yellow fever virus by Aedes aegypti (Linn.).Journal of Experi- 
mental Medicine, 50,703-708. 

Reed, W. (1901). Propagation of yellow fever: observation 
based on recent researches. Medical Record, 60,20 1-209. 

Rosen, L. (1 98 la). Transmission transovarienne des arbovirus 
par les moustiques. Médecine Tropicale, 41,23-29. 

Rosen, L. (1981b).The use of Toxorhynchites mosquitoes to de- 
tect and propagate dengue and other arboviruses. American 
Journal of Tropical Medicine nad Hygiene, 30, 177-183. 

Rosen. L. (1987). Sexual transmission of denme viruses bv 

643-644. sp 

Aedk aldopic&. American Journal of Tro-picaï Medicine anh 
Hygiene, 37,398-402. 

Rosen, L., Shroyer, D. A.,Tesh, R. B., Freier, J. E. & Lien, J. 
C. (1983'1. Transovarial transmission of denme viruses bv 
mos'quitóes: Aedes albopictus and Aedes ae&pti. Americaff 
Journal of Tropical Medicine and Hygiene, 32, 1108-1 11 9. 

Roseneau, M. J. & Goidberger, J. (1906). Hereditary transmis- 
sion of the yellow fever parasite in the mosquito. Bullelin of 
theEllow Fever Institute, Wmhington, 15, 105-1 13. 

Simmons, J. S., St John, J. H., Holt, R. L. & Reynolds, F. H. 
K. (1931).The possible transfer of dengue virus from infect- 
ed to normal mosquitoes during copulation. American Jour- 
nal of Tropical Medicine, 11, 199-216. 

Stokes, A., Bauer, J. H. & Hudson, N. P. (1928). Experimental 
transmission of yellow fever to laboratory animals. American 
Joicrnal of Tropical Medicine, 8,103-164. 

Tabachnick, W. J., Wallis, G. P., Aitken, T. H. G., Miller, B. R., 
Amato, G. D., Lorenz, L., Powell, J. R. & Beaty, B. J. (1985). 
Oral infection of Aedes aegypti with yellow fever virus: geo- 
graphic variation and genetic considerations. American Jour- 
nal of Tropical Medicine and Hygiene, 34, 1219-1224. 

Thonnon, J., Fall, A., Sylla, R., N'Diaye, M., Fortez, C., 
Samb, I. & Diassy, A. S. (1996). Activités du laboratoire 
d'écologie des arbovirus, année 1995. Rapport sur le Fonction- 
nement Technique de l'Institut Pasteur de Dakar, pp. 19-26. 

Wallis, G. P., Aitken,T. H. G., Beaty, B. J., Lorenz, L., Amato, 
G. D. &Tabachnick,W. J. (1985). Selection for susceptibility 
and refractoriness of Aedes aegypti to oral infection with yel- 
low fever virus. AmericanJournal of Tropical Medicine and Hy- 
giene, 34, 122511231. 

Walter, S. D., Hildreth, S. W. & Beaty, B. J. (1980). Estimation 
of infection rates in populations of organisms using pools of 
variable size. American Journal of Epidemio!ogy, 112, 
124-128. 

Whitman, L. & Antunes, P. C. A. (1938). Studies on Aedes ae- 
gypti infection in the larval stage with the virus of yellow fe- 
ver. Proceedings of the Society for Experimental Biology and 
Medicine, 37,664-666. 

Received 11 February 1997; revised 19  May 1997; accepted 
forpublication 20 May 1997 



Zonae Torridne Tutainen 


