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Culex quinquefasciatus from areas with the highest incidence of  
microcephaly associated with Zika virus infections in  
the Northeast Region of Brazil are refractory to the virus
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Zika virus (ZIKV) is widely distributed in Brazil and the Northeast Region (NE) is the most affected zone, 
showing the highest incidence of microcephaly associated with ZIKV congenital infections worldwide. We report 
attempts to infect three populations of Culex quinquefasciatus from severely affected sites in the NE and Southeast 
Region (SE) of Brazil with three strains of ZIKV isolated from these localities. An Aedes aegypti population from the 
SE was used as a positive control. All tested Cx. quinquefasciatus populations were refractory to the ZIKV isolates. 
For these reasons, we believe Cx. quinquefasciatus should not be considered a potential vector of ZIKV in Brazil. 
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After rapid expansion in the Pacific Region, the Zika 
virus (ZIKV) was first recognised in northeastern Brazil 
in 2015, followed by a countrywide epidemic that even-
tually spread to the entire continent (Possas et al. 2017, 
Zanluca et al. 2015). In 2016, 15,319 probable Zika cases 
were recorded in Brazil and the Northeast Region (NE) 
was the most affected zone, with the highest incidence 
(134.4/100,000 inhabitants) (portalsaude.saude.gov.br/in-
dex.php/o-inisterio/principal/secretarias/svs/boletim-epi
demiologico#numerosrecentes). Moreover, the first cases 
of microcephaly associated with ZIKV infection were re-
ported in this Brazilian region, which also showed the 
highest incidence of this condition and other congenital 
neurological malformations worldwide. Indeed, 76.2% 
of the 2,366 confirmed cases of ZIKV-associated micro-
cephaly recorded in Brazil in 2015–2016 occurred in this 
region of the country (Possas et al. 2017). 

The primary vector of ZIKV is Aedes aegypti (Fer-
reira-de-Brito et al. 2016, Weger-Lucarelli et al. 2016). 
However, due to its great abundance and anthropophilic 
behaviour in epidemic areas, especially in low-income 
districts where microcephaly was highest, Culex quin-
quefasciatus came under suspicion as an alternative 
ZIKV vector. Therefore, investigation of the vector 
competence of this species was mandatory because this 
knowledge could be essential to ZIKV control. To date, 
experimental data on Cx. quinquefasciatus vector com-

petence for ZIKV have been somewhat contradictory. 
For instance, Guo et al. (2016) reported the detection of 
ZIKV RNA in the saliva of orally infected Chinese Cx. 
quinquefasciatus and claimed this species was a poten-
tial vector. In contrast, Cx. quinquefasciatus from Rio 
de Janeiro, Brazil, were shown to be unable to trans-
mit local ZIKV isolates (Fernandes et al. 2016), a result 
also observed in the populations in the United State of 
America and Australia exposed to several ZIKV strains 
(Hall-Mendelin et al. 2016, Hart et al. 2017, Weger-Lu-
carelli et al. 2016). As vector competence is known to 
be geographically variable and depends on the specific 
combination of mosquito and virus genotypes (Lam-
brechts 2011, Tabachnick 2013), we challenged Cx. quin-
quefasciatus from two sites where a high incidence of 
microcephaly associated with ZIKV infections had been 
reported in NE Brazil with three Brazilian ZIKV iso-
lates from the NE and Southeast Region (SE). 

We used the F1 generation of Cx. quinquefasciatus col-
lected from NE Brazil: Recife [state of Pernambuco (PE) 
(08°03’14”S 34°52’52”W)] and Campina Grande [state of 
Paraíba (7°13’51’’S 35°52’54’’W)]. For comparison, we 
used two Cx. quinquefasciatus populations collected from 
SE Brazil — Manguinhos (F1) and Triagem (F>10), districts 
of Rio de Janeiro, whose low vector competence previously 
had been determined for other ZIKV isolates (Fernandes et 
al. 2016) — as well as an Ae. aegypti colony from Urca, Rio 
de Janeiro (F>10), which previously had been shown to be a 
highly competent vector (Fernandes et al. 2016). 

Mosquito-rearing protocols were approved by the 
Institutional Ethical Committee on Animal Use (CEUA-
IOC license LW-34/14) at the Oswaldo Cruz Institute, 
Oswaldo Cruz Foundation. No specific permits were 
required to collect mosquitoes in the districts in Recife, 
Campina Grande and Rio de Janeiro.

All ZIKV strains used belong to the Asian lineage 
and were previously isolated from humans: ZIKVPE243, 
from the city of Recife, PE, NE (Donald et al. 2016); 
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ZIKVSPH2015 from the city of Sumaré, state of São Pau-
lo, SE (Faria et al. 2016); and ZIKV RioU-1, from Rio de 
Janeiro, SE (Bonaldo et al. 2016). ZIKVSPH2015 has high 
similarity with ZIKVPE243 (99.9% of the nucleotides and 
99.97% of the aminoacids) (Donald et al. 2016).

Female mosquitoes at five–seven days post-emer-
gence were fed using an artificial feeding apparatus with 
a mixture containing two parts washed erythrocytes and 
one part viral suspension. Depending on the availability, 
mosquitoes were examined at seven, 14 and 21 days post-
oral challenge (dpi). Homogenates of the body (thorax + 
abdomen) and head were examined by plaque assays in a 
culture of Vero cells to determine the infection (IR) and 
dissemination (DR) rates, respectively. We performed a 
real-time quantitative polymerase chain reaction (RT-
qPCR) to confirm positivity for the Culex body samples 
(for details, see Fernandes et al. 2016). Saliva was also 
collected and stored at -80°C for further examination if 
evidence existed of viral dissemination. 

All tested Cx. quinquefasciatus were refractory to 
ZIKV regardless of the viral strain (Table). Only one 
of 20 bodies of Cx. quinquefasciatus from Recife chal-
lenged with the ZIKV Rio-U1 was feebly positive at 7 
dpi and the virus did not disseminate in this individual, 
as shown by the head repeatedly testing negative. As the 
virus did not disseminate in any Cx. quinquefasciatus, 
the saliva was not examined. 

In contrast, all strains of ZIKV infected and dis-
seminated in Ae. aegypt, regardless of the geographical 
origin of the isolates. IRs in Ae. aegypti ranged from 
65–75% at 7 dpi and from 68–100% at 14 dpi; the DR 
ranged from 86–100% at 14 dpi. The Urca Ae. aegypti 
population had previously exhibited high transmission 

rates (saliva infection) to two local ZIKV (Fernandes et 
al. 2016) and, thus, the saliva of the infected individu-
als was not examined. 

This is the first time that populations of Cx. quinque-
fasciatus from an area with a high incidence of micro-
cephaly and other congenital malformations associated 
with ZIKV infections have been tested for vector com-
petence to ZIKV from the same region. In agreement 
with results from SE Brazilian populations of Cx. quin-
quefasciatus, the tested populations were not competent 
for transmitting the virus, including a strain isolated 
from the same epidemiological region. Our results show-
ing the refractoriness of these populations to ZIKV are 
consistent with studies on this and other members of the 
Culex pipiens complex (Amraoui et al. 2016, Fernandes 
et al. 2016, Hall-Mendelin et al. 2016, Hart et al. 2017, 
Weger-Lucarelli et al. 2016). The only exception reported 
in the literature is from Guo et al. (2016), who reported 
the detection of ZIKV RNA in the bodies and saliva of 
orally challenged Chinese Cx. quinquefasciatus mosqui-
toes. The detection of residual RNA, cross-reactions and 
cross-contamination with positive control material or 
other problems with molecular assays without adequate 
negative controls may explain this isolated discrepant re-
sult. Indeed, another Chinese Cx. quinquefasciatus orally 
exposed to a ZIKV isolate from China was not compe-
tent to transmit the virus (Liu et al. 2017). In addition, 
Cx. quinquefasciatus mosquitoes from several other geo-
graphical origins and epidemiological situations consis-
tently have been shown to be refractory to ZIKV for both 
the African and Asian genotypes, even when challenged 
with blood meals with high viral titres (Fernandes et al. 
2016, Hall-Mendelin et al. 2016, Hart et al. 2017).

TABLE 
Infection (IR) and dissemination (DIR) rates of Brazilian Culex quinquefasciatus challenged with three Zika virus (ZIKV) 

isolates at seven, 14, and 21 days after oral exposure

Virus solate/
origin/year/
titer (PFU/mL)

Mosquito 
population

Days after 
exposure

Number 
examineda

(per time point)
IRa

(per time point)
DIRa

(per time point)

ZIKVPE243/
Recife, NE/
2015/
2.3 x 106

Cx. quinquefasciatus Recife, NE (F1)
Cx. quinquefasciatus Campina Grande, NE (F1)
Cx. quinquefasciatus Rio de Janeiro, SE (F>10)
Cx. quinquefasciatus Rio de Janeiro, SE (F1)

7, 14
7, 14
7, 14
7, 14

20, 20
20, 20
30, 30
30, 30

0, 0
0, 0
0, 0
0, 0

-
-
-
-

Aedes aegypti Rio de Janeirob, SE (F>10) 7, 14 20, 39 65%, 68% 30%, 86%

ZIKVSPH/
Sumaré, SE/
2015/
1.68 x 107

Cx. quinquefasciatus Recife, NE (F1)
Cx. quinquefasciatus Campina Grande, NE (F1)
Cx. quinquefasciatus Rio de Janeiro, SE (F>10)
Cx. quinquefasciatus Rio de Janeiro, SE (F1)

7, 14
7, 14

14, 21
14, 21

12, 20
20, 20
30, 3
30, 8

0, 0
0, 0
0, 0
0, 0

-
-
-
-

Ae. aegypti Rio de Janeirob, SE (F>10) 14 20 100% 100%

ZIKVU1/
Rio de Janeiro, SE/
2015/
3.55 x 106

Cx. quinquefasciatus Recife, NE (F1)
Cx. quinquefasciatus Campina Grande, NE (F1)

7, 14
7, 14

20, 20
20, 20

5%, 0%
0, 0

0%, 0%
-

Ae. aegypti Rio de Janeirob, SE (F>10) 7 20 75% 60%

a: the number of examined mosquitoes and infection and dissemination rates at each day post-ZIKV exposure are respectively 
given; b: Urca population; NE: Northeast Region; PFU: plaque-forming unit; SE: Southeast Region.
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Thus, evidences from the current study and from 
previously published works reinforce the conclusion that 
Cx. quinquefasciatus should not be considered a poten-
tial vector of ZIKV. Even when the mosquito and ZIKV 
isolates are from localities with a high incidence of hu-
man cases of Zika, Cx. quinquefasciatus is still not com-
petent in the laboratory as a vector.

ACKNOWLEDGEMENTS

To Iule de Souza Bonelly, Rafaella Moraes de Miranda, Keli 
Antunes Barbosa da Silva, and Anielly Ferreira-de-Brito, for 
technical support, and Maria Ignêz Bersot, for rearing some of 
the tested mosquito populations. Pedro Fernando da Costa Vas-
concelos, Luciano Moreira, and Marli T. Cordeiro are thanked 
for providing virus isolates. Maria Goreti Rosa-Freitas and Jef-
frey Powell are thanked for correcting the manuscript.

AUTHORS’ CONTRIBUTIONS

RSF and RLO conceived the study and wrote the manuscript. 
RSF and SSC carried out mosquito experimental infections and 
tested the mosquito samples. LMSR and MCB produced the vi-
ral stocks and plaque assays for ZIKV titration. RPS performed 
mosquito collection and rearing in Recife and Campina Grande. 
All authors read and approved the final manuscript.

REFERENCES

Amraoui F, Atyame-Nten C, Vega-Rúa A, Lourenço-de-Oliveira R, 
Vazeille M, Failloux AB. Culex mosquitoes are experimentally 
unable to transmit Zika virus. Euro Surveill. 2016; 21(35):1-4.

Bonaldo MC, Ribeiro IP, Lima NS, Santos AAC, Menezes LSR, Cruz 
SOD, de Mello IS, Furtado ND, de Moura EE, Damasceno L, da 
Silva KA, de Castro MG, Gerber AL, de Almeida LG, Lourenço-
de-Oliveira R,  Vasconcelos AT,  Brasil P. Isolation of infective 
Zika virus from urine and saliva of patients in Brazil. PLoSNegl 
Trop Dis. 2016; 10(6): 1-17.

Donald CL, Brennan B, Cumberworth SL, Rezelj V, Clark JJ, Cordei-
ro MT, Freitas de Oliveira França R, Pena LJ, Wilkie GS, Da Sil-
va Filipe A, Davis C, Hughes J, Varjak M, Selinger M, Zuvanov 
L, Owsianka AM, Patel AH, McLauchlan J, Lindenbach BD, Fall 
G, Sall AA, Biek R, Rehwinkel J, Schnettler E, Kohl A. Full ge-
nome sequence and sfRNA interferon antagonist activity of Zika 
virus from Recife, Brazil. PLoS Negl Trop Dis. 2016; 10(10): 1-20.

Faria NR, Azevedo R do S da S, Kraemer MUG, Souza R, Cunha MS, 
Hill SC, Thézé J, Bonsall MB, Bowden TA, Rissanen I, Rocco 
IM, Nogueira JS, Maeda AY, Vasami FG, Macedo FL, Suzuki 
A, Rodrigues SG, Cruz AC, Nunes BT, Medeiros DB, Rodrigues 
DS, Nunes Queiroz AL, da Silva EV, Henriques DF, Travassos da 
Rosa ES, de Oliveira CS, Martins LC, Vasconcelos HB, Casseb 
LM, Simith D de B, Messina JP, Abade L, Lourenço J, Carlos Ju-
nior Alcantara L, de Lima MM, Giovanetti M, Hay SI, de Olivei-
ra RS, Lemos P da S, de Oliveira LF, de Lima CP, da Silva SP, de 

Vasconcelos JM, Franco L, Cardoso JF, Vianez-Júnior JL, Mir 
D,  Bello G,  Delatorre E,  Khan K,  Creatore M,  Coelho GE,  de 
Oliveira WK, Tesh R, Pybus OG, Nunes MR, Vasconcelos PF. 
Zika virus in the Americas: early epidemiological and genetic 
findings. Science. 2016; 352(6283): 1-10.

Fernandes RS, Campos SS, Ferreira-de-Brito A, Miranda MR, Silva 
KAB, Gonçalves MC, Raphael LM, Brasil P, Failloux AB, Bo- 
naldo MC,  Lourenço-de-Oliveira R. Culex quinquefasciatus 
from Rio de Janeiro is not competent to transmit the local Zika 
virus. PLoS Negl Trop Dis. 2016; 10(9): 1-13.

Ferreira-de-Brito A, Ribeiro IP, Miranda RM, Fernandes RS, Cam-
pos SS, Silva KAB. First detection of natural infection of Aedes 
aegypti with Zika virus in Brazil and throughout South America. 
Mem Inst Oswaldo Cruz. 2016; 111(10): 655-658. 

Guo X, Li C, Deng Y, Xing D, Liu Q, Wu Q, Sun A, Dong Y, Cao W, 
Qin C, Zhao T. Culex pipiens quinquefasciatus: a potential vector 
to transmit Zika virus. Emerg Microbes Infecti 2016; 5(9): 1-5.

Hall-Mendelin S, Pyke AT, Moore PR, Mackay IM, McMahon JL, Rit-
chie SA, Taylor CT, Moore FAJ, van den Hurk AF. Assessment of 
local mosquito species incriminates Aedes aegypti as the potential 
vector of Zika virus in Australia. PLoS Negl Trop 2016; 10(9): 1-14.

Hart CE, Roundy CM, Azar SR, Huang JH, Yun R, Reynolds E, Leal 
G, Nava MR, Vela J, Stark PM, Debboun M, Rossi S, Vasilakis 
N,  Thangamani S, Weaver SC.  Zika virus vector competency 
of mosquitoes, Gulf Coast, United States. Emerg Infect Dis 2017; 
23(3): 559-60.

Lambrechts, L. Quantitative genetics of Aedes aegypti vector com-
petence for dengue viruses: Towards a new paradigm? Trends 
Parasitol 2011; 27(3): 111-14.

Liu Z, Zhou T, Lai Z, Zhang Z, Jia Z, Zhou G, Williams T, Xu J, Gu 
J, Zhou X, Lin L, Yan G, Chen XG. Competence of Aedes ae-
gypty, Aedes albopictus and Culex quinquefasciatus mosqui-
toes as Zika virus vectors, China. Emerg Infect Dis. 2017; 23(7). 
[Epub ahead of print]

Possas C, Brasil P, Marzochi MCA, Tanuri A, Martins R, Marques ETA, 
Bonaldo MC, Ferreira AGP, Lourenço-de-Oliveira R, Nogueira 
RMR, Sequeira CS, Marzochi KBF, Homma A. Zika puzzle in Bra-
zil: peculiar conditions of viral introduction and dissemination — A 
Review. Mem Inst Oswaldo Cruz. 2017; 112(5): 319-27.

Tabachnick WJ. Nature, nurture and evolution of intra-species varia-
tion in mosquito arbovirus transmission competence. Int J Envi-
ron Res Public Health. 2013; 10(1): 249-77.

Weger-Lucarelli J, Rückert C, Chotiwan N, Nguyen C, Luna SMG, 
Fauver JR, Foy BD, Perera R, Black WC, Kading RC, Ebel GD. 
Vector competence of American mosquitoes for three strains of 
Zika virus. PLOS Negl Trop Dis. 2016; 10(10): 1-16.

Zanluca C, De Melo VCA, Mosimann ALP, Dos Santos GIV, dos San-
tos CND, Luz K. First report of autochthonous transmission of 
Zika virus in Brazil. Mem Inst Oswaldo Cruz. 2015; 110(4): 569-72.


