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4 IRD, UR 178, Dakar-Hann, Sénégal
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SUMMARY

During the 2003 rainy season, a follow-up survey in sentinel chickens was undertaken to assess

the seasonal transmission of West Nile virus (WNV) in a sahelian ecosystem: the Ferlo (Senegal).

The estimated incidence rate in chickens was 14% (95% CI 7–29), with a very low level of

transmission between July and September, and a transmission peak occurring between September

and October. Comparing these results with the estimate obtained from a previous transversal

serological study performed on horses the same year in the same area, the relevance of sentinel

chickens in estimating the WNV transmission rate is highlighted. Conventionally adult mosquito

populations disappear during the dry season but WN disease was shown to be endemic in the

study area. The mechanisms of virus maintenance are discussed.

West Nile fever (WNF) is a mosquito-borne disease

caused by a flavivirus (genus Flavivirus, family

Flaviviridae). The transmission cycle involves birds

(amplifying hosts) and mosquitoes which may also

transmit West Nile virus (WNV) to other species, in-

cluding humans and horses. Most infections in hu-

mans are asymptomatic or lead to a non-specific mild

febrile syndrome. Rare, albeit severe, neurological

forms have been reported in humans during the last

two decades [1] and heavy losses were observed in

naive horse populations in different parts of the

world.

WNF has often been associated with wetlands.

However, the virus is also observed in drier areas.

For example, it was isolated from Aedes and Culex

mosquitoes in the Ferlo (Senegal) [1] between 1988

and 1995. A serological survey in horses showed that

the infection was endemic in this sahelian ecosystem

[2]. We report here the results of a follow-up survey

in sentinel chicken flocks implemented in the Ferlo

region to assess the seasonal transmission dynamics

of WNV.

The study was undertaken in Barkedji (14x 52k W,

15x 16k N), a village located in the Ferlo. The climate

is hot and dry with an annual rainfall ranging

from 300 to 500 mm, occurring between July and

September. The Ferlo was an effluent of the Senegal

River which dried up in 2000 B.C. During the rainy

season, temporary ponds appear in the Ferlo bed:

they start to fill up in July and remain flooded until

October–December.

These ponds and their environment constitute a

favourable ecosystem for WNV. Culex and Aedes are

the dominant mosquito genera and are considered the
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most likely vectors of WNV [1]. Many birds are at-

tracted by the water and thus contribute to the main-

tenance of the epidemiological cycle. Nomadic

ruminant farmers (cattle, sheep and goats) frequently

come into close association with ponds. They rear

horses for transportation and agricultural work.

Humans and horses live in close proximity, thus

sharing common exposure conditions to WNV.

For the purpose of the study, daily rainfall was re-

corded with a rain gauge located in Barkedji.

Six cohorts of 1-day-old chicks were exposed to

WNV from July to December 2003. They were pur-

chased in a commercial hatchery in Dakar and settled

in hen houses built for the purpose of the survey.

Chickens were wing-tagged and received preventive

treatment against common diseases (Gumboro,

Newcastle, coccidiosis). Three cohorts were estab-

lished, two on 15 July and one on 15 August.

Chickens were sampled on 1October and 1November.

Three more cohorts were settled on 1 October.

Chickens from the first cohort were sampled on

1 November and 1 December. Chickens from the sec-

ond cohort were sampled on 1 November. Chickens

from the third cohort were only sampled on 1

December (Fig.). Chickens that tested positive on the

first sampling occasion were kept and sampled later

to rule out the possibility of maternal antibodies.

Chicken sera were tested for immunoglobulins M

(IgM) using an immunocapture enzyme-linked im-

munosorbent assay (ELISA). The test was adapted

from a previously described method [3] by using (i)

microplates coated with anti-horse IgM or anti-

chicken IgM antibodies, and (ii) WNV antigen and

anti-WNV mouse polyclonal, hyperimmune ascites

fluid prepared from the prototype strain Eg-101.

Threshold value was defined as the mean optical

density of negatives plus three standard deviations.

Positive results were confirmed using the plaque re-

duction neutralization test (PRNT) following a modi-

fied procedure [4]. Sera were inactivated at 56 xC

for 30 min. Two-fold dilutions were made from 1/10

to 1/320. Serum dilutions and virus [containing 50

plaque-forming units of the equine New York 1999

WNV strain (NY99-eqhs) for the latter] were mixed

and incubated at 37 xC for 1 h. The mixture was add-

ed to human SW13 cell monolayers and incubated

at 37 xC for 1 h. Agarose was added and plates were

incubated for 5 days at 37 xC. Cells were fixed with

formaldehyde and stained with Naphthalene Black.

Plaques were then counted. A serum was considered

positive whenever both (i) a 90% reduction of the

number of plaques at the 1/10 dilution and (ii) a 50%

reduction of the number of plaques at the 1/40

dilution were observed. This constitutes stringent

interpretation criteria.

The survey period was divided into two intervals :

July–September and October–November. These in-

tervals were chosen according to the predominance

of the two main genera of mosquitoes during the

rainy season in Barkedji : Aedes vexans at the begin-

ning and Culex poicilipes at the end of the rainy sea-

son. In fact, Culex eggs and larvae cannot survive

in draining ponds. Usually, Culex populations peak

several weeks after ponds are watered, and when

rainfalls are heavy and regular. The eggs of A. vexans

are laid on the wet soil of the pond banks, and their

desiccation is needed before they hatch when they are

watered again. Aedes populations peak at the begin-

ning of the rainy season, when rainfalls are irregular

and allow ponds to dry [5].

The annual cumulative rainfall in 2003 was

379 mm, showing a 5% deficit compared to the

1960–1990 annual average.

Mortality causes were not investigated in chickens.

Previous studies showed that chickens are not clini-

cally affected by WNV [6]. We therefore assumed

that mortality was not related to WNV infection. The

observed incidence rate Ii, t in cohort i (i={1, 6}) dur-

ing interval t (t={1, 2}) was computed as Ii, t=ci, t/

(ni, tx0.5 *mi, t), where ci, t was the count of new sero-

logical cases in cohort i during interval t ; ni, t was the
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Fig. Survey design to study the serological incidence in
six cohorts of chicks exposed to the West Nile fever virus

in Barkedji (Senegal) during the rainy season, 2003. $,
Sampling occasion.
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number of chickens in cohort i at the beginning of

interval t, andmi, t was the number of deaths in cohort

i during interval t.

Because different cohorts were used and repeat ob-

servations were made on chickens in the cohorts, over-

dispersion was likely to occur (variance greater than

the expected binomial variance). A beta-binomial

logistic regression model was used to overcome this

problem and estimate interval-specific incidence

rates I1 and I2. The overall incidence from July to

November was computed as I=1x(1xI1) * (1xI2).

From July to September, 200 chickens were in-

volved in the follow-up survey (Table). The observed

mortality rate was 20%. Thus, 161 chickens were

sampled and their sera were tested. A single serum

tested positive : the observed incidence rate was

1%. From October to November, 361 chickens (in-

cluding those surviving and still seronegative for

WNV after the first interval) were exposed to trans-

mission risk (Table). The observed mortality rate was

30%, therefore 254 sera were collected and analysed.

The serological incidence was 38 during this second

interval, i.e. an observed incidence rate of 15%.

Interval-specific incidence rates estimated with the

beta-binomial logistic regression model were 1%

(95% CI 0–4) and 14% (95% CI 6–28), respectively.

The overall estimated serological incidence from July

to November was 14% (95% CI 7–29).

Thus, WNV circulated in Barkedji during the 2003

rainy season. The annual cumulative rainfall in 2003

showed a deficit of 5% compared to the 1960–1990

annual average [5], suggesting that WNV may circu-

late even under very dry climatic conditions.

The observed incidence rate in chickens was lower

than that estimated in horses in the same area in 2003

(14% vs. 22%) [2]. Moreover, the incidence rate was

lower than the rates reported in 1997 in 160 sentinel

chickens scattered throughout the city of Bucharest

(Romania), after the 1996 outbreak: 16–40% [7].

Previous studies suggested that sentinel chickens

should be sampled weekly for optimal detection of

antibodies, as some animals exhibited a low IgM re-

sponse [6]. With a 1-month interval between success-

ive samples and a high stringency threshold for

antibody detection, WNV serological incidence might

have been underestimated in our study. Nevertheless,

WNV undoubtedly circulated in the Ferlo region.

High chicken mortality rates were probably related

to the climatic conditions in Barkedji : hot and dry

at the beginning of the rainy season, hot and wet

with storms in the middle and at the end of the rainy

season.

Chicken and horse incidence rates were difficult to

compare. The serological incidence rate in chickens

was probably more reliable than the serological inci-

dence rate in horses, because the former was directly

observed while the latter was computed and relied

on several assumptions. In addition, C. poicilipes is

mainly ornithophilic, and thus more attracted to

chickens than horses. A. vexans, which is mammo-

philic, is probably involved in the transmission to

horses. The impact of WN diseases on human and

horse populations should be evaluated.

According to chicken data, WNV transmission be-

gan as soon as the rainy season began, when the Aedes

population was dominant and the Culex population

at a very low level [5]. This result corroborated with

that from the horse survey: WN-reactive IgM were

detected in horses sampled in July [2]. WNV has often

been isolated from A. vexans in the Ferlo area [1, 10].

Even if it was shown that this species was not an ef-

ficient WN vector [8], A. vexans may compensate for

its lack of effectiveness by its abundance, and act as an

early initiator and a bridge vector of the WN cycle in

this region. Then the transmission cycle is amplified to

reach a maximum intensity at the end of the rainy

season when the Culex population is dominant and

the Aedes population at a low level [5]. Therefore,

Culex mosquitoes were probably involved in the am-

plification of the epidemiological cycle at the end of

the rainy season in 2003. The abundance of Culex

mosquitoes is subject to large annual variations [9,

10]. In fact, eggs and larvae of this genus do not sur-

vive during the dry periods [11]. Several rainfall

shortages were observed during the rainy season of

2002, resulting in successive cycles of flooding and

Table. Serological incidence of West Nile virus

antibodies in six cohorts of sentinel chickens in

Barkedji (Senegal) during the rainy season 2003

Cohort Period Initial size Deaths Incidence

1 Oct.–Nov. 50 17 1
2 July–Sep. 50 8 0

2 Oct.–Nov. 42 1 11
3 Oct.–Nov. 50 44 0
4 July–Sep. 100 15 0
4 Oct.–Nov. 85 2 2

5 Oct.–Nov. 50 20 3
5 Oct.–Nov. 50 20 6
6 July–Sep. 50 16 1

6 Oct.–Nov. 34 3 14
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draining of the ponds. Therefore, Culex abundance

was low and A. vexans – whose biology and ecology

are well-adapted to this rainfall pattern, remained the

dominant species throughout the rainy season [12].

These variations may cause annual changes in the

incidence of WNF.

The processes that allow the maintenance of the

virus in arid areas remain unknown. In South Africa,

where the annual rainfall level is below 500 mm, the

disease is endemic [13]. The virus could be maintained

during the dry season via a low-level circulation be-

tween wild birds and Culex univittatus [14]. In the

Ferlo area, whether the virus is maintained on ticks,

batraciens or overwintering Culex, or is regularly in-

troduced via migrating birds remains unknown.

Bird-borne dissemination appears to be the most

likely hypothesis. However, this is difficult to demon-

strate: thousands of bird captures, blood samples and

laboratory analyses would be needed to assess the

transmission risk of WNV between distant ecosys-

tems. Further studies are needed to investigate the

maintenance mechanisms of the virus in the Ferlo

area during the dry season.
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