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     INTRODUCTION 

 Chikungunya fever is one of the most important mosquito-
borne viral diseases in countries in Africa and Southeast Asia, 
including India. The disease is caused by Chikungunya virus 
(CHIKV), an  Alphavirus  of the family  Togaviridae , which was 
first isolated in Africa during a dengue like illness in 1952–
1953. 1  The disease, although self-limiting, causes high mor-
bidity and is characterized by sudden onset of high fever, 
polyarthralgia, and myalgia.  Aedes aegypti  mosquitoes are the 
principal vector of CHIKV and are involved virtually in all 
chikungunya epidemics reported so far from Africa, India, and 
other countries in Southeast Asia. 2–  5  However,  Ae. albopictus , 
the Asian tiger mosquito, has also played a prominent role 
in the transmission of CHIKV during the recent outbreaks 
in India, the Reunion Islands in the Indian Ocean, and Italy, 
as observed by high incidence in the outbreak area and virus 
isolation. 6,  7  

 In Africa, the virus is maintained in a sylvatic cycle that 
involves non-human primates and a number of forest-dwell-
ing mosquitoes. However, it is not clear how the virus is main-
tained in Asia because there is no known animal reservoir 
and the virus is maintained between humans and mosquitoes. 
Chikungunya virus has a peculiar characteristic in that it is 
absent for a long period and then suddenly reappears in an 
explosive form. 8  Transovarial transmission of the virus in the 
mosquitoes might be a mechanism to maintain the virus during 
inter-epidemic periods because the virus has been detected in 
wild-caught male  Ae. aegypti  and  Ae. albopictus  mosquitoes. 9,  10  
In this context, we tested the possibility of maintenance of the 
virus in male  Ae. aegypti  mosquitoes and transmission to the 
females during mating. The present study describes the suc-
cessful venereal transmission of CHIKV from experimentally 
infected male mosquitoes to females. 

   MATERIALS AND METHODS 

  Mosquitoes.    Aedes aegypti  mosquitoes were obtained from 
a laboratory colony maintained at the National Institute of 

Virology, Pune, India, for the past 17 years at a temperature of 
28 ± 2°C and a relative humidity of 80 ± 5%. 

   Virus.   We used chikungunya virus strain 061573, which was 
isolated from human serum sample obtained during the 2006 
outbreak in Andhra Pradesh, India, and had undergone four 
passages in Vero E6 cells. The virus had a 50% tissue culture 
infectious dose titer of 7 log 10 /mL. 

   Mosquito infection and venereal transmission.   Before 
conducting experiments, male and female mosquitoes were 
screened for CHIKV antigen. Emerged virgin males and 
females were kept in separate cages. One hundred male 
mosquitoes were inoculated intra-thoracically with 0.2 µL of 
virus suspension per mosquito, as described by Rosen and 
Gubler. 11  Inoculated mosquitoes were maintained on a 10% 
glucose solution. On day 4 post infection, 10 mosquitoes were 
removed randomly and head squashes were made and screened 
for CHIKV antigen by using an indirect immunofluorescent 
antibody technique (IFAT) as described by Dhanda and Ilkal 12  
and CHIKV hyperimmune serum raised in rabbits. 

 Once the presence of CHIKV in all 10 infected males was 
confirmed, the rest of the mosquitoes were allowed to mate 
en masse with virgin females of the same age at a ratio of 
1:2 in three cages. Eight days after cohabitation, 92 surviv-
ing females were removed from the cage and head squashes 
were made and screened for CHIKV antigen by IFAT. 
Bodies of decapitated mosquitoes were triturated in 0.75% 
bovine albumin in phosphate-buffered saline, centrifuged 
at 10,000 rpm for one hour at 4°C, and the supernatant was 
inoculated into 1–2-day-old suckling mice by the intracra-
nial route. Inoculated mice were observed for illness, and 
brains were obtained and screened for viral RNA by using a 
reverse transcription–polymerase chain reaction (RT-PCR) as 
described. 4  

   Transmission of CHIKV through cotton pads.   To rule out 
CHIKV transmission through glucose-soaked cotton pads, 50 
male mosquitoes were inoculated intra-thoracically as above, 
incubated for 4 days, and screened for virus antigen in 10 
randomly selected males. After confirmation of 100% (10 of 10) 
positivity, the remaining males were allowed to feed on 10% 
glucose through cotton pads. The same glucose pads were used 
to feed uninfected females, who were incubated for eight days 
and screened for CHIKV antigen in head squashes by IFAT. 
Bodies were also processed and inoculated into infant mice as 
described above. 
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    RESULTS 

  Detection of CHIKV in head squashes.   The 10 inoculated 
male mosquitoes harvested on day 4 post-infection were 
positive for CHIKV antigen by IFAT, demonstrating 100% 
positivity in the inoculated mosquitoes. Head squashes of the 
females mosquitoes after coinhabitation for 8 days contained 
CHIKV antigen in 10 mosquitoes when screened by IFAT 
(11% positivity). Although the same ratio of male and female 
mosquitoes was maintained in all three cages, the percent 
positivity ranged from 6% to 17% per cage ( Table 1 ). 

       Demonstration of infectivity of venereally transmitted 
CHIKV in infant mice.   Swiss albino mice (1–2 days old) 
infected with the suspension of decapitated bodies of positive 
female mosquitoes became ill on the third and fourth days 
post infection in the second passage (8/8). Brains of the ill 
mice contained CHIKV RNA by CHIK-specific RT-PCR. 

   Absence of CHIKV transmission through cotton pads.  
 Suckling mice did not show signs of infection after inoculation 
with mosquito body suspensions from female mosquitoes 
that fed on glucose pads. These findings clearly demonstrated 
that CHIKV was not transmitted through cotton pads while 
mosquitoes were feeding on these pads. 

    DISCUSSION 

 Chikungunya virus, which is endemic to countries in Africa 
and Asia, behaves differently in terms of virus maintenance 
and transmission in these two continents. 3,  13  Because no syl-
vatic cycle is involved in Asia, it is useful to know how CHIKV 
exists in nature, especially during inter-epidemic periods in 
Asia. Recent studies have shown that vertical transmission or 
transovarial transmission of CHIKV occurs at a low level in 
 Ae. aegypti  and  Ae. albopictus  mosquitoes. 9,  10  Because no ver-
tebrate reservoir is known to harbor the virus, a low prevalence 
of transovarial transmission and venereal transmission might 
be responsible for the maintenance of the virus in nature. 

 If transovarial transmission of CHIKV occurs, the virus may 
be present in male mosquitoes. This possibility has been dem-
onstrated in a recent study in Thailand, in which CHIKV was 
detected in  Ae. aegypti  and  Ae. albopictus  male mosquitoes. 9  
Ratsitorahina and others 10  also reported CHIKV in larvae-
reared pools of  Ae. albopictus  mosquitoes during their study 
in Toamasina, Madgascar. During a recent study carried out 
at the National Institute of Virology, CHIKV antigen was 
detected in wild-caught male  Ae. aegypti  mosquitoes obtained 
in Kerala State (National Institute of Virology, unpublished 
data). This state in India is unique because  Ae. albopictus  mos-
quitoes have been identified as the vector of CHIKV during 
the 2006–07 outbreak because of their high incidence in out-
break areas. The potential of this mosquito in transmission 
of CHIKV has already been demonstrated in Asia, Europe 

(Italy), and on islands in the Indian Ocean. 6,  7  The presence of 
the virus in the male mosquitoes is suggestive that they can 
initiate a new cycle of infection by venereal transmission to 
female mosquitoes. 

 Venereal transmission of viruses by male mosquitoes is 
well documented and is considered as one of the modes of 
maintenance of virus in nature. This phenomenon has been 
studied in several vector species and demonstrated in mos-
quito vectors for bunyaviruses, alphaviruses, flaviviruses, and 
rhabdoviruses. 14–  19  However, no information is available for 
CHIKV venereal transmission in mosquitoes. Our data dem-
onstrating approximately 17% positivity in female mosqui-
toes when coinhabited with experimentally infected males is 
an important observation and may have immense epidemio-
logic significance. The present study also demonstrated that 
CHIKV-infected males are capable of transmitting the virus 
efficiently to females venereally during mating. Induction of ill-
ness in suckling mouse when inoculated with decapitated bod-
ies of venereally infected females demonstrates the infectivity 
of the virus to vertebrate hosts. This finding is indicative of the 
transmission potential of venereally infected mosquitoes. 

 In the present study, we did not test experimental transmis-
sion of the virus through the bite of the mosquitoes. The pres-
ence of virus in the head is suggestive of the potential of the 
mosquitoes to transmit the virus by bite. Dubrulle and oth-
ers showed in experiments with  Ae. aegypti  and  Ae. albopic-
tus  mosquitoes that the salivary glands become infected as 
early as the second day post-infection when infected orally. 20  
These investigators also observed that infective virus particles 
increased as the incubation progressed, and maximum virus 
titer was observed on days 6 and 7 for  Ae. aegypti  and  Ae. 
albopictus  mosquitoes, respectively. 

 We believe that infected males might be maintaining the virus 
at a low threshold without causing outbreaks in human popu-
lation, and that venereally infected female  Ae. aegypti  mosqui-
toes may start a new infection cycle within the focus. It would 
be useful to study the actual mode of virus transmission from 
infected male mosquitoes to female mosquitoes. One prob-
able explanation for venereal transmission could be through 
infected sperm to spermatheca or by seminal fluid. However, a 
more precise study is needed to understand the actual mecha-
nism involved in this process and expand the existing realm of 
our understanding of virus–vector interaction 
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