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I NTRODUCTION 

Oropouche (ORO) virus is 
presently the leading cause of urban epi- 
demics of arboviral disease in the Ama- 
zon Basin. Results from detailed epide- 
miologic and entomologic studies during 
several such epidemics, as well as labora- 
tory transmission studies, provide clear 
evidence that the biting midge Cz& 
coides (C.) paraensis (Goeldi) is the prin- 
cipal vector of Oropouche fever in urban 
areas (1-G). As such, it is the first ar- 
bovirus of known public health impor- 
tance vectored by Cz&coides. However, 
the isolation of OR0 virus from three 
pools of C&x (Cx.) quinquefasciatus 
Say mosquitos and the occurrence of hu- 
man cases in urban areas with dense pop- 
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ulations of Cx. quinquefasc&us, as well 
as C. paraensis, raised the possibility that 
this common urban mosquito could be a 
vector of OR0 virus (I, 3, 6). This article 
reports our attempts to demonstrate and 
quantify the efficiency of biological and 
mechanical transmission of OR0 virus 
with Cx. quinquefasciattzcs in the labora- 
tory. 
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M ATERIALSAND 
METHODS 

Mosquitoes 

Adult Cx. quinquefasciatus 
females used in the transmission studies 
were collected from various sites in Be- 
Km, Par%, Brazil, during 1975 and 1978. 
The first two biological transmission ex- 
periments were conducted with colo- 
nized Cx. quinquefasciatus from labora- 
tory colonies begun with wild-caught 
specimens collected in 1975. The third 
biological transmission experiment was 
conducted with laboratory populations 
from the F1 generation of wild-caught 
Cx. quinquefasciatus females collected 
in 1978. All the mosquitoes were main- 
tained in the laboratory at 26.5 “C with 
95 % relative humidity and 12 hours of 
light alternating with 12 hours of dark- 
ness . Cx. quinquefasciatzls adults were 
provided with a 10% sucrose solution. 

Recently emerged adult mos- 
quitoes were held three to four days be- 
fore being allowed to feed on a viremic 
hamster. The sucrose solution was re- 
moved from the mosquito holding cages 
24 hours before each attempt at blood 
feeding. Oviposition containers also were 
removed during blood feeding attempts, 
but were available to the test populations 
at ail other times. 

Virus Strains and Assays 

The methods used for virus 
isolation, virus identification, and sero- 
logic testing have been described previ- 
ously (I, 4, 7). The Belem prototype of 
OR0 virus (Be An 19991) was used in all 
the tests. Information about this strain, 
including its passage history, has been 
provided elsewhere (5). 

Biological Transmission 

Adult Cx. quinquefasciatus 
females were offered an infectious blood 
meal by placing a restrained viremic 
hamster in a one-cubic-foot mosquito 
cage containing 200 to 350 adult mos- 
quitoes. Following 90 minutes of expo- 
sure the viremic hamster was removed, 
and all the blood-engorged mosquitoes 
were collected and placed in a separate 
holding cage. All of the blood feeding 
attempts were conducted during the 
dark phase of the photoperiod. Groups 
of mosquitoes that fed on different 
viremic hamsters were kept separate from 
one another, and all blood-engorged 
mosquitoes were considered potentially 
infected. 

Young Syrian golden hamsters 
(21-23 days old) were used to demon- 
strate virus transmission. These hamsters 
were exposed individually to one or more 
mosquitoes on days 3 to 2 1 following the 
mosquitoes’ infectious blood meal. The 
mosquitoes used in each of these trans- 
mission trials were cryopreserved at 
- 70 o C and assayed for virus content at a 
later date. 

Each test hamster was utilized 
only once during the series of transmis- 
sion trials. The hamsters fed on by po- 
tentially infected mosquitoes were iso- 
lated after their exposure and were 
observed during the next 21 days for 
signs of illness. Sera from individual 
hamsters that survived the observation 
period were tested for antibodies to OR0 
virus by plaque reduction neutralization. 



Mechanical Transmission 

Using the interrupted blood 
meal method, two test runs were con- 
ducted to demonstrate mechanical trans- 
mission of OR0 virus by Cx. qzlinpefus- 
ciatzls. To begin with, a large number of 
mosquitoes (over 50 in each run) were as- 
pirated from a viremic hamster before 
completing their blood meals and were 
transferred to a holding cage. Next, a vi- 
rus-susceptible hamster was exposed to 
that population for about one hour. This 
hamster was then removed and a second 
hamster was placed in the cage, where it 
remained until the next morning. The 
viremic hamster used in one test run was 
circulating lo*.’ suckling mouse 50 % le- 
thal doses of OR0 virus per ml (log.' 
SMLDS,/ml), while the hamster used in 
the other test run was circulating lo”.* 
SMLD5c,/ml of OR0 virus. Observations 
were made with the aid of a flashlight to 
verify that the potentially infectious mos- 
quitoes probed or fed on each of the four 
recipient hamsters used in the two runs. 
The hamsters were then observed for 21 
days and blood samples were assayed for 
neutralizing antibodies to OR0 virus. 

IL SULTS 
Biological Transmission 

Results of the first of the three 
biological transmission experiments, in- 
volving two groups of CX. qivinqzcefas- 
ciatzls mosquitoes, are presented in Table 
1. The first and second mosquito groups 
fed on hamsters that were circulating 

109.9 and 109,' SMLD5,/ml of OR0 virus, 
respectively. However, none of the recipi- 
ent hamsters fed upon by the mosquitoes 
became ill, and only one of 16 animals 
developed neutralizing antibodies. The 
single animal that experienced serocon- 
version had been fed upon by 21 mos- 
quitoes on day 8 following the mos- 
quitoes’ infectious blood meals. 

In the second experiment (see 
Table 2), a group of four-day-old Cx. 
qzcinquefasczk~zs fed on a hamster circu- 
lating 109.5 SMLD,,/ml of virus and an- 
other group of three-day-old mosquitoes 
fed on a viremic hamster with a titer of 
lo”.’ SMLD,,/ml. Either one or both 
groups were then allowed to feed on nor- 
mal hamsters 15, 16, and 21 days after 
feeding on the viremic hamsters. Oro- 
pouche virus was recovered from one 
hamster that received bites from 33 mos- 
quitoes on day 21. No other hamsters ex- 
posed to either group of mosquitoes be- 
came infected. Immediately after the 
second animal exposure, 16 days after 
the mosquitoes’ infectious blood meal, 
30 potentially infected mosquitoes were 
collected and assayed individually for the 
presence of virus. Oropouche virus was 
recovered from a single specimen. On 
day 22 another 15 mosquitoes were as- 
sayed, but no Oropouche isolates were 
obtained. 

Summary data from the third 
experiment appear in Table 3. Mos- 
quitoes used in this experiment were ob- 
tained from the F, generation of wild- 
caught Cx. qzlinqzlefasciatza so as to 
preclude any genetic changes in suscepti- 
bility that might have resulted from pro- 
longed colonization. Three groups of 
mosquitoes engorged themselves on 
hamsters circulating 106.3, 107.“, and 
lo’,’ SMLD5,/ml of OR0 virus. These 
potentially infected mosquitoes were 
then exposed to a series of normal ham- 
sters on days 7, 14, and 21 after their in- 
fectious blood meals. In all, 29 normal 57 



TABLE 1. Results of the first experiment attempting to transmit Oropouche (ORO) virus from infected 
to normal hamsters with Culex quinquer;lsciafus. Normal hamsters were exposed simuftaneousfy to 
two groups of mosquitoes on scheduled days after the mosquitoes had engorged themsetves on 
viremic hamsters. 

Virus tiier of infectious blood maal 

Days elapsed between lOg,g SMLD&ml lOg.7 SMLD&ml 

the mosquitoes’ No. of Transmission No. of Transmission 
infectious blood meals mosquitoes results mosquitoes results 

and exposure fed (+ or -)” fed (+ or -)” 

3 14 - 17 - 
4 24 - 30 - 
6 28 - 33 - 
8 21 + 19 - 

10 4 - - 
12 5 - 

148 
- 

14 17 - 23 - 
16 9 - 13 - 

a Transmission results were determined by virus isolation attempts from sick animals or by neutralization tests conducted wth 
serum samples collected fmm the hamsters 21 days after exposure to the potentially infected mosqutoes The single posltrve 
resuft was obtained by the neutralization test. 

TABLE 2. Resufts of the second experiment attempting to transmit Oropouche (ORO) virus from 
infected to normal hamsters with Culex quinquefasciafus.a Normal hamsters were exposed to one or 
two groups of mosquitoes 15,16, or 21 days after the mosquitoes had fed on viremic hamsters. 

Virus tier of infectious blood meal 

Days elapsed between 
the mosquitoes’ 

infectious blood meals 
and exposure 

log7 SMLD%/ml 1Og.5 SMLD&ml 

No. of Transmission No. of Transmission 
bites resuitsb bites resuLsb 

15 49 - - - 
16 - - 50 - 
21 10 - 33 +c 

a The mosquitoes were three or four days old when exposed to the Uremic hamsters. 
b Transmission results were determined by virus isolation attempts from sick animals or by neutralizrtron tests on serum samples 

h collected 21 days after exposure to the potentially infected mosquitoes. 

3 
c Oropouche virus infection was confirmed by virus isolation and serologic identification. 

< 
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G hamsters were exposed to the group of The number of bites received 
.jg 
9, mosquitoes that fed on the infected during the exposure period by any one 

3 hamster with the lowest virus titer (106.3 normal hamster varied from one to 12, 

2 
SML.D5,-Jml of OR0 virus), and 59 nor- with most receiving more than five bites 

3 

mal hamsters were exposed to the other each. None of these animals demon- 
two groups of mosquitoes. strated any subsequent signs of virus in- 

fection, nor were any seroconversions 
detected by plaque reduction neutraliza- 

58 tion tests. 



TABLE 3. Results of the third experiment attempting to transmit Ompouche (ORO) virus to suscepti- 
ble hamsters with C&x quinquefasciatus fed on infected hamsters circulating W3 to 1117.1 
SMLD&ml of Ompouche virus. 

No. of 
Days elapsed between No. of mosquitoes OR0 virus 

the mosquitoes’ susceptible feeding on transmission 
infectious blood meals hamsters susceptible results 

and exposure exposed hamsters (+ or -)” 

7 
14 fi z; 

- 
- 

21 28 141 - 

a Transmission results were determined es in the previously described biological transmission experiments (see Tables 1 end 2). 

In addition, 282 mosquitoes 
that fed on the uninfected hamsters dur- 
ing this experiment were processed for 
isolation of OR0 virus. One isolate was 
obtained from a pool of eight mos- 
quitoes that had fed on the hamster cir- 
culating 106.3 SMLD,/ml of virus. 

Mechanical ‘liransmission 

As already described, me- 
chanical transmission of OR0 virus from 
viremic to normal hamsters was at- 
tempted during two separate test runs. 
However, none of the four normal ham- 
sters exposed to the test mosquitoes ex- 
hibited symptoms of virus infection, nor 
were any antibodies to OR0 virus de- 
tected in blood samples collected from 
these hamsters 21 days after exposure to 
the potentially infected mosquitoes. 

D ISCUSSION AND 
CONCLUSIONS 

The possible role of Cx. qzkn- 
pefasciahr as a vector of OR0 virus has 
been a subject of considerable specula- 
tion, based mainly on observations made 
during investigation of epidemics. The 
transmission studies reported here were 
conducted to evaluate the vector poten- 

tial of Cx. pinpefa-rciaatzcs under labo- 
ratory conditions. These results provide 
the first demonstration that Cx. qzkz- 
qtiefasciatm is capable of animal-to-ani- 
mal transmission of OR0 virus. They 
also’indicate (because of the low percent- 
age of successful transmissions and the 
paucity of mosquito infections under op- 
timized conditions) that Cx. qzcinqzcefas- 
ciatzcs is not an efficient vector in the lab- 
oratory. 

Successful OR0 virus trans- 
mission was found to have occurred in 
two of 108 attempts, and virus was recov- 
ered from two of 327 mosquitoes that 
fed on viremic hamsters. The latter data 
indicate an OR0 virus infection ratio of 
1: 163 for our test populations of CX. 
quimpefa.rciatz4.s. 

Since the titers of OR0 virus 
in our donor hamsters were usually much 
higher than those reported for humans 
with Oropouche fever (105.* to 1O7.3 
SMLD5Jml), it is reasonable to assume 
that the infection rates for field popu- 
lations of Cx. quinquefasciattxr would 
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generally be much lower than our ex- 
perimental rates (8). In fact, the field in- 
fection rate during epidemics, calculated 
from unpublished surveillance data, has 
been estimated at one in 18,037. 

High human infection rates 
have been documented during epidem- 
ics of Oropouche fever (1, 2). Since per- 
son-to-person transmission does not oc- 
cur, a high attack rate implies the 
occurrence of (1) efficient biological 
transmission, (2) efficient mechanical 
transmission, or (3) a combination of the 
two. Our experimental data indicate that 
Cx. qzlinquefa~ciatzcs is unlikely to be the 
principal OR0 virus vector in urban epi- 
demics. In addition, our failure to show 
mechanical transmission in two separate 
laboratory tests provides evidence that 
Cx. qzcimpefasciat~s is probably not a 
mechanical vector of this virus in the 
field. (Negative mechanical transmission 
results were obtained from similar tests 
with Culicoides paraensis (S) . Thus, we 
believe that mechanical transmission is 
not an explanation for high attack rates 
of Oropouche fever during epidemics.) 

All in all, the work reported 
here has demonstrated that Cx. quin- 
qzcefasciatw is a notably inefficient vec- 
tor of OR0 virus. This finding is consis- 
tent with the hypothesis that C. para- 
ensir is the principal vector of OR0 virus 
in urban areas of the Amazon Basin. 

h 
E 
< A CKNOWLEDGMENTS 
CL. 
2 We are grateful to the follow- 
.,$ ing personnel of the Evandro Chagas In- 
P, 

% 
stitute for their technical support: 

Q 

Raimundo Pio Girard Martins, Jose Bento 
Pereira Lima, Maria Teresinha de Jesus 
Silva de Souza, Jose Luiz da Costa Baia, 
and Francisco Ferreira de Carvalho. 

S UMMARY 

Experimental studies were 
conducted to determine the vector po- 
tential of CuZex quinquefasciatus Say for 
Oropouche (ORO) virus. Mosquitoes 
from a laboratory colony and mosquito 
offspring of field-collected adults were 
allowed to feed on viremic hamsters. The 
mosquitoes were held for various inter- 
vals of time following the infectious 
blood meal and were then fed on normal 
hamsters. 

The efficiency of virus trans- 
mission by this method was low. Despite 
the fact that 108 normal hamsters were 
exposed to potentially infected mos- 
quitoes, OR0 virus was recovered from 
only one hamster; another hamster expe- 
rienced seroconversion to OR0 virus. 
The minimal infection rate of Cx. q&n- 
quefasciattzls mosquitoes that fed on 
hamsters circulating 106.3 to 1O9.9 suck- 
ling mouse 50% lethal doses of OR0 vi- 
rus per ml was found to be 1: 163 (2 / 
327). Tests using the interrupted blood 
meal method failed to demonstrate me- 
chanical transmission of OR0 virus from 
infected to normal hamsters. 
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