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ABbTRACT During the 1993 rainy season, 15,806 mosquitoes, including 14,304 Aedes ssp., 
weqe collected and tested for virus infection in 702 and 547 pools, respectively. Aedes furcqer 
(Edwards) was the most abundant species collected througout the survey period. Yellow fever 
(YF) virus was detected in 187 pools: Ae. furcqer (123 isolates), Ae. taylori (Edwards) (41 
ìsolltes), and Ae. luteoceplzalus (Newstead) (23 isolates). A high prevalence of immunoglobulin 
(Igv) antibodies was found in human and simian populations. Results clearly indicated that 
inclieased sylvatic YF activity in eastern Senegal has the increased the risk of Y F  transmission 
amdng rural populations in West Africa. Our results showed that a minimal survey period may 
be kffective in detecting the circulation of YF in the Kedougou area. 
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YELLOW FEVER (YF) virus was endemic i 
until the beginning of this century, when the dis- 
covery of the vectorial role of the yellow fever mos- 
quito, Aedes aegypti (L,), in urban epidemics by 
Finlay (1881) made prevention through mosquito 
contro1 possible. Failure to sustain source reduc- 
tion control against Ae. aegypti led to an epidemic 
in Dakar in 1927 (Breteau 1954), after which vec- 
tor control was renewed. During the 1927 epidem- 
ic, Mathis et al. (1928) isolated the Y F  virus which 
was attenuated in 1940 to create the Dakar strain 
vaccine. However, neurotropism by this vaccine in 
children <10 yr of age led to the termination of 
quadrennial vaccination in 1960. Following the ep- 
idemic which occurred in Diourbel in 1965 
(Chambon et al. 1967), a search for the area of 
virus maintenance was undertaken in Senegal. 

After it was shown that Y F  antibodies were pres- 
ent in young children in the Kedougou area (Robin 
et al. 1972) and that there was a sylvatic cycle of 
YF virus transmission in eastern Senegal (Taufflieb 
et al. 1973), research was carried out in West Af- 
rica to understand the development of sylvatic cy- 
cles and the genesis of epidemics. An arbovirus 
surveillance program was established in 1972 in 
the Kedougou region to forecast epidemics. This 
program documented the recurrence of epizootics 
at 4- to 6-yr cycles by the isolation of virus from 
mosquitoes and the detection of antibodies in sim- 
ian and human sera during the rainy season. We 
present here surveillance results for 1993. 
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Methods 
Study Area. The Kedou ou area (Fig. 1) at 12" 

east of Senegal between Guinea in the south and 
Mali in the east. The area is hilly and contrasts 
with the low and flat lain, which constitutes the 

the Fouta Djdon mountains. Forest gallery gen- 
erally occupies valleys. The re 'on belongs to the 
sudano-guinean phytogeograpfic domain and is 
crossed by the Gambia River, which is fed by many 
seasonal tributaries draining the Fouta Djalon 
(Adam 1965). Rainfall from 1931 to 1990 averaged 
1,256 mm during the rainy season from May to 
October. In 1993 the rains startedin May, peaking 
in September (Fig. 2) with a total precipitation of 
1,110.7 mm. Mean temperature ranged from 
23.5"C in January to 33.0"C in April. Human pop- 
ulation density is low with 2.5 inhabitants per 
square kdometer living in small, dispersed agricul- 
tural villages. Stations and sampling periods for 
adult mosquitoes were selected based on previous 
studies (Taufflieb et al. 1973, Comet et al. 1978). 
The main mosquito collection site (Pk 10) was lo- 
cated 10 km north of Kedougou (Fig. 1) in forest 
gallery and included stations at ground level, the 
forest gallery with 3 platforms 6 m high and 1 plat- 
form 10 m high, and the savanna area. Four vil- 
lages studied were Ngari (situated 9 km northeast 
of Kedougou), Kenioto (3 km northeast of Kedou- 
ou), Sillin (13 km west of Kedougou), and Ban- 

Mosquito Collection and Processing. Mosqui- 
toes were collected from human bait" on 8 con- 

11' W, 12" 33' N is situate % in the extreme south- 

rest of Senegal. The hi Y 1s represent the last spur of 

flafassi (20 1 m west of Kedougou). 

3 Collectors were immunized against YF and protocols were 
approved by Comité Consultatif National d'Etique pour les Sci- 
ences de la Vie et de la Santé. 
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Fig. 1. Map of village sites where serological surveys and mosquitoes collection carried out. 

secutive days in July, October, and November. 
Twenty-four volunteers (18 in 6 groups at PklO 
and 6 in 3 groups in the villages) collected mos- 
quitoes from 1730 to 2030 hours using methods 
described by Traore-Lamizana et al. (1994). Mos- 
quitoes were killed by quick freezing at -18”C, 
and then pooled on a chill table by species, loca- 
tion, and date (550 specimens per pool). Pools 
were stored in liquid nitrogen in the field and then 
at -70°C in the laboratory in Dakar before testing. 
Each pool was ground in 1 ml Leibovitz 15 me- 
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Fig. 2. Mosquito abundance (females per person per 
hour) and rainfall in Kedougou area, 1993. 

dium containing 5% fetal calf sera, centrifuged, 
and the supernatant inoculated into AP 61 (Aedes 
pseudoscutellaris Theobald) or Vero cells as de- 
scribed previously (Digoutte et al. 1992). Cells 
were incubated at 28°C (AP61) or 37°C (Vero), and 
cytopathogenic effects recorded daily. Within 10 d, 
slides were prepared for immunofluorescence as- 
say (IFA) against 7 immune ascitic grouping fluids 
for most of the African mosquito-borne arbovirus- 
es. Monoclonal Y F  virus antibodies were used for 
type determination (Digoutte et al. 1992). Other 
viruses were identified by complement fixation and 
seroneutralization tests by intracerebral inocula- 
tion into suckling mice. 

Human and Monkey Blood Samples. Serolog- 
ical surveys were carried out in the villages of Fon- 
golimbi, Samekouta, Saraya, Mako, Dindefelou, 
Khossanto, Silling, Hamdalaye, Bandafassi, Sale- 
mata, Tomborokoto, and Ibel in November 1993 
(Fig. 1). 

Blood samples also were taken in January and 
February 1994 from Cercopithecus œthiops, Ey- 
trocebus patas, and Papi0 papi0 monkeys living in 
forest galleries and frequently visiting villages and 
fields in the Kedougou region. 

Human and monkey blood samples were cen- 
trifuged within 4 h of collection and sera stored in 
liquid nitrogen in the field, and then at -70°C in 
Dakar before serological testing and virus isolation 
attemps. Positive IgG captured by Y F  antigen was 
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Table 1. Aedes collected in the Kedougou area in 1993, pools tested and yellow fever virus isolations 

July Oct.-Nov. 

Genus Species Sex Pools Pools 
No. No. 

No. No. f 

Aedes 
(Diceromyia) 

(Stegomyia) 

(Aedimo y h u s )  

Aedes spp. 
Anopheles spp.  

Mansonia spp. 
Culex ssp. 

Total 

furcqer 

taylori 

furcifer-taylori 
luteocephalus 
aegypti 
metallicus 
unilineatus 
africanus 
cozi 
neocfricanus 
vittatus 

dalzieli 

argenteopunctattrs 
minutus 

fowleri 

1,908 
Male 

!?A8 
Male 19 

13 
563 
25 
1 
5 
1 

612 
Male 328 

10 
55 
5 
45 
8 
74 
6 

3,926 

61 

12 
4 
1 
18 
7 
1 
3 
1 

25 
11 
5 
4 
3 
6 
6 
13 
3 

184 

6,782 
130 

1,652 
74 

1,149 
31 
32 
2 

1 
6 

105 
1 

890 
3 
65 
2 
85 
220 
151 

1,051 

12,432 

171 123 
11 
67 39 
10 

54 25 
11 
12 
2 

1 
1 
14 
1 
32 
2 
7 
2 
18 
44 
20 
38 

518 187 

f ,  Pool was positive for YF. 

detected by capture mouse immune ascitic fluids 
by enzyme immunoassay (EIA) (Lhuillier and Sar- 
thou 1983). All human and monkey sera were test- 
ed for yellow fever virus specific antigen at the 
WHO collaborative Center for Reaseach on Ar- 
boviruses in Dakar. The positivity background was 
calculated following the methods of Lhuillier et al. 
(1985), based on the kinetics of yellow fever IgM. 

Resulta 

Overall, 16,358 mosquitoes in 4 genera and 39 
species were collected in 1993 and processed in 
702 pools (Table 1). Aedes mosquitoes represented 
91% of all mosquitoes collected; 73% of the Aedes 
were Diceromyia, 12% Stegomyia, and 14% Aedi- 
nwrphus. 

Most Diceromyia (82%) were Ae. furcqer (Ed- 
wards) and 18% were Ae. taylori (Edwards). Ae. 
luteocephalus (Newstead) comprised 94.3% of 
Stegomyia, followed by Ae. aegypti 3.1%; other 
species were rare. Ae. tuylori was the least abun- 
dant in July (0.7 females per person per hour) but 
increased in October and November (1.7 and 3.2). 
Ae. fiircqer was the most abundant human biting 
species (5.0 females per person per hour in July, 
9.8 in October, and 7.8 in November). Ae. luteo- 
cephalus followed the same pattern (1.8 in July, 2.0 
in October, and 0.8 in November). 

In total, 187 Y F  isolates were obtained during 
the October-November period from Ae. furcifer, 
Ae. taybri, and Ae. luteocephalus (Table 1). These 

3 species comprised 58% of the total pools tested. 
Y F  virus was isolated from 72, 58, and 46% pools 
of Ae. furcifer; Ae. tnylori, and Ae. luteocephalus, 
respectively, collected in October and November. 
No viruses were found in July The minimal field 
infection rate for the entire study was 14.2 per 1,000 
females tested for Ae. fiircfefer. 20.5 for Ae. taylori, 
and 14.6 for Ae. luteocephnltis. Y F  isolates were re- 
covered in October and November from Ae. fiircqer 
(E3 isolates) collected at all sites, and from Ae. tay- 
lori (39 isolates) and Ae. luteocephalus (25 isolates) 
at Pk 10 sites. In Ngari village, 9 of 12 pools col- 
lected in October and November were positive; 
minimal field infection rate was 19.7. The man bit- 
ing rate by Ae. ficrcij¿er during these 2 mo totalled 
2,310. Four pools containing both Zika and Y F  vi- 
ruses were collected in October from Ae. furc$er (2 
isolates) and from Ae. lziteoceplzalzis (2 isolates) at 
sites 2, 4, 5, and Ngari. Overall, 3,820 adults from . 

Table 2. Human serologic results 

Age No. YF IgG% 

0-5 
6-10 
11-15 
1620 
2130 
3140 
4150 
>so 

Total 

5 
83 
60 
31 
74 
71 
49 
38 
411 

80.0 
51.8 
71.6 
77.4 
90.5 
84.5 
89.8 
84.2 
77.1 
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i. f--) 
Mauritania (21) 

Nigeria (30000) 
U 

Burkina Faso (12500)- 
- Ghana(823) * 

RCA (25) - 
Gambia(8400) f--) - Ghana (372) 

Table 3. Simim serologic results 
I 

C. aethiops E. patos P. papìo 
Age No. Yf IgG No. Y F  IgG No. Y F  IEG 

e 

I I I 1 ,  
I I I  1 ,  

Baby 7 5  O 0  2 2  
Young 19 19 5 5  3 3  
Adult 14 13 3 1  O 0  
Total, % 40 37 8 6  5 5  

‘0 
i 92.5 75.0 100% 

i 

3 other genera in 293 pools were processed for virus 
with negative results for yellow fever virus. 

Serological Results. Of 411 human sera tested 
from 4 villages (Saraya, Silling, Bandafassi, and 
Fongolimbi), 317 were positive for IgG against Y F  
virus; none were IgM positive (Table 2). Among 53 
monkeys collected, 48 were uositive for IgG. and 

I I I 
I I I 

1 youig C. aethiois male waLpositive for IiM (Ta- 
ble 3). 

Discussion 

During this short-term arbovirus survey at Ke- 
dougou, no collection’ were made in August and 
September. The 1st collections were made in July, 
and the 2nd in October, after virus amplification. 
Minimal field infection rates increased by 26% 
from October to November for Ae. luteocephalus, 
and 25% for Ae. furcifeq and decreased by 25% 
for Ae. taylori. Ae. furcijer and Ae. luteocephalus 
abundance decreased rapidly, whereas Ae. taylori 
abundance continued to increase from October to 
November. Like Cornet et al. (1978), we con- 
firmed that Ae. luteoceplzahis disappeared more 

Number of 
YF isolates 

200 T 

quickly after the rains than Diceromyia ssp. Ae. 
furcijer human biting rates clearly were greater 
than those of Ae. taylori at Ngari and Silling vil- 
lages. Ae. furayer was abundant in these villages 
and at the savanna site in October and November. 

All Y F  virus isolations were made from Ae. fur- 
cijec Ae. taylori, and Ae. luteocephabs. These spe- 
cies were incriminated previously as vectors in the 
Y F  virus sylvatic cycle in this region (Cornet et al. 
1979a, b). No isolations were made from Ae. ae- 
gypti or Ae. metallicus (Edwards). Virus was not 
isolated in July, indicating the absence or low level 
of virus circulation at the beginning of the rainy 
season. Viral amplification was rapid, and Y F  was 
isolated from 73% of the mosquitoes pooled at the 
end of the rainy season. Ae. furcijer because of its 
elevated biting rates and its high infection rate was 
considered to be the main vector. 

At the end of the rainy season, Y F  virus was 
found at all the villages surveyed, some of them 15 
km apart, indicating that the epizootic had a wide 
distribution. Ae. furcifer was the only species abun- 
dantly biting humans in the villages. There, the 
biting rate of infected, but not necessarily infec- 
tive, mosquitoes was 245 per person per hour dur- 
ing early evenings. It is probable that every person 
in the study villages received several virus inocu- 
lations during the 1993 rainy season. However, 
clinical cases of Y F  were not reported by the hos- 
pitals and dispensaries in the region. Lack of hu- 
man cases was attributed to the elevated antibody 
rates in the village population. The presence of 
IgG in humans indicated a previous vaccination or 
infection. Desgrées du Loû and Pison (1994), in a 
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Fig. 3. Yellow fever isolates from mosquitoes collected in southeastern Senegal plotted with the duration of Y F  
epidemics and human cases number in West Africa (1976-1993). 
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survey of vaccine coverage in the Kedougou area, 
found that 91% of O- to 10-y-old children were 
vaccinated in the village of Bandafassi, and in the 
area only 74% of person aged 215 y were vacci- 
nated at least once. In monkeys, IgG indicated 
previous contact with the flavivirus, whereas IgM 
indicated recent infection with YF virus (e.g., the 
young C. aetlziops). 

Natural vertical transmission of Y F  virus has 
been demonstrated previously in eastern Senegal 
by virus isolation from pools of Ae. fiircfer-tuylori 
males (Cornet et al. 197913). However, 2 strains of 
virus were isolated from Ae. tuylori in November 
1992, indicating the transmission of Y F  virus dur- 
ing the year before the present epizootic. Y F  virus 
was not isolated from 25 pools of males collected 
in November 1993. Similarly, virus was not isolated 
from 266 mosquito pools collected in July 1994; 
but 7 pools were positive for Y F  in October and 
November (data not shown). These data indicate 
that the rate of vertical transmission probably was 
low both before and after the 1993 epizootic. 

The year 1993 was particularly wet with 1,107 
mm of rain, as compared with 879 mm in 1992. 
Nevertheless, because the rainfall was greater be- 
fore July 1992 (504.7 mm) than during July 1993 
(253.1 mm), mosquito catches in July 1992 were 2 
times greater for Ae. fiwcfer females, 5 times 
greater for Ae. taylori, and 9 times greater for Ae. 
luteocephaltis compared with 1993 (data not 
shown). In contrast during October and November 
1993, greater catches of Ae. fiwc$eK Ae. taylori, 
and Ae. luteocephalus (20, 2, and 3 times, respec- 
tively) were made per day compared with those 
from October and November 1992. Many authors 
have noted the positive relationship between in- 
creased rainfall and mosquito abundance, especial- 
ly for species such as Ae. luteocqhalus whose lar- 
val container habitats are filled by rain water. 
Rickenbach et al. (1971) and Cordellier and Geof- 
froy (1972) noted that the female abundance 
lagged 2 mo behind increases a rainfall. Mondet 
and Montagne (1993) showed that the role of rain- 
fall is complex and is based on daily (not monthly) 
quantity, temporary distribution, and their total. 

Arbovirus activity has been monitored routinely 
at Kedougou since 1970, based principally on mos- 
quito catches and testing blood samples from mon- 
keys. Results obtained from 1970 to 1980 indicated 
that October and November were the 2 mo having 
highest mosquito infection rates. Since 1989, sur- 
veillance has emphasized mosquito collections dur- 
ing 10 d in July, October, and November and a 
serological survey of the human population in No- 
vember. A striking correlation exists between in- 
creased Y F  virus isolations during this period from 
mosquitoes captured in Senegal and YF epidemics 
in humans in western Africa (Fig. 3). 

We conclude that an increase of yellow fever 
activity in the sylvatic cycle in eastern Senegal may 
forecast epidemics in surrounding West African 
countries. The Kedougou emergence zone may 

serve as an indicator for West Africa. Early detec- 
tion of elevated sylvatic circulation of Y F  virus may 
provide sufficient time to prevent urban Y F  epi- 
demics through vaccination campaigns. 
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