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Abstract: Zika virus (ZIKV) is transmitted to humans by the infectious bite of mosquitoes like Aedes
aegypti. After a viremic blood meal, the virus must infect the midgut, disseminate to tissues, and
reach the salivary gland to be transmitted to a vertebrate host. Many factors influence the mosquito’s
ability to become infected and transmit viruses, such as the mosquito’s genetic diversity, intrinsic
antiviral barriers, and midgut microbiota. This study evaluated the patterns of ZIKV infection in Ae.
aegypti field populations of a city. The infection rate, disseminated infection rate, viral transmission
rate, and transmission efficiency were measured by quantitative PCR at 14 days post-infection. The
results showed that all Ae. aegypti populations had individuals susceptible to ZIKV infection and
able to transmit the virus. The infection parameters showed the city’s geographical area of origin of
the Ae. aegypti influences their vector competence for ZIKV transmission.

Keywords: Zika virus; field mosquito population; vector competence; transmission efficiency; in-
fection rate; disseminated infection rate

1. Introduction

Zika virus (ZIKV) is an arthropod-borne virus transmitted through the bite of mos-
quitoes of the genus Aedes (Stegomyia). Aedes aegypti is the primary vector in tropical and
subtropical regions of the globe and is highly adapted to urban habitats (9). The world-
wide distribution of Ae. aegypti (10) and its permissiveness to ZIKV contribute to the broad
range of regions at risk of Zika fever outbreaks, with the disease representing a recurring
threat to the worldwide health system (7,11). The understanding of the dynamics of the
Ae. aegypti susceptibility to ZIKV is a necessary step in fighting against the virus circula-
tion and the consequent Zika fever spread.

ZIKV belongs to the genus Flavivirus, family Flaviviridae, and is closely related to
other health-relevant arboviruses, such as dengue (DENV) and chikungunya (CHIKV) vi-
ruses. It was first isolated in the Zika forest of Uganda in 1947 from a sentinel Rhesus mon-
key (1). The first human cases of ZIKV infection were detected in Uganda and Tanzania
in 1952, followed by sporadic cases reported only on the African and Asian continents.
The first outbreak of Zika outside these continents occurred in 2007 in Micronesia. After
that, a large epidemic occurred in French Polynesia in 2013-2014, where symptomatic in-
fections affected approximately 11% of the population (2,3). Following outbreaks in
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Micronesia and French Polynesia, the virus reemerged and spread rapidly across the
Americas in 2015 (4), causing a significant outbreak in Brazil, where the virus was a cause
of neurological disorders such as Guillain-Barré syndrome in adults, and microcephaly in
neonates (5). Despite the apparent decrease in cases reported since the last outbreak, ZIKV
infection remains considered a significant global human threat, especially in Latin Amer-
ica (8).

To establish an infection, the arboviruses such as ZIKV must overcome multiple bar-
riers within the mosquito for transmission to occur. After digestion of the blood meal, the
virus must infect the midgut, disseminate out of midgut cells, cross the midgut basal lam-
ina to reach the hemolymph, and then infect the salivary glands (SG) to be transmitted to
vertebrate hosts through a subsequent blood feeding (12). The time interval correspond-
ing to the ingestion of the infected blood meal until the vector becomes infectious is called
the extrinsic incubation period (EIP). The ZIKV EIP has an average range of 3-14 days
(13,14).

The permissiveness of a vector to infect and transmit a pathogen is called vector com-
petence (VC). Multiple extrinsic and intrinsic factors can influence the VC. The extrinsic
factors can be related to environmental conditions, the mosquito’s geographic origin,
breeding water quality, and pathogen virulence (14). The intrinsic factors are associated
with the vector-pathogen interaction, including genetic variability, innate immunity-re-
lated pathways, the composition of the mosquito gut microbiota, and tissue barriers. The
midgut infection and escape barrier (MIB and MEB) and salivary gland infection and es-
cape barrier (SGIB and SGEB) are inside main challenges the virus should overcome to
infect and disseminate inside the vector (15).

Despite the impact of Zika fever on the global health systems, the features that con-
trol vector competence (VC) in Ae. aegypti populations still need to be elucidated. Only a
few studies have evaluated the ability of Ae. aegypti local populations to be infected and
transmit ZIKV in the context of mosquito populational variability. This study assessed the
VC and related parameters such as the infection rate (IR), disseminated infection rate
(DIR), viral load (VL), and transmission efficiency (TE) of Ae. aegypti populations derived
from five geographically distinct areas of Manaus, an endemic Brazilian city. Understand-
ing the patterns of ZIKV infection and transmission response among mosquito popula-
tions may contribute to future vector-borne disease control programs.

2. Materials and Methods
2.1. Mosquito collection

1,200 Ae. aegypti eggs were collected using ovitraps distributed in five health districts
of Manaus, State of Amazonas (latitude 3°6'26" S, longitude 60°1'34" W, and 39m above
sea level). Manaus occupies an area of 11,401 km2. The city is the capital of the State of
Amazonas and has 2,255,903 inhabitants and a population density of 158 inhabitants/km?.
It is divided into five health administrative regions: North, South, East, West, and Central
(16).

Eggs from each health administrative district were allowed to hatch and reared
through 3 successive generations as a single local colony until enough specimens were
used for the experimental infections. The Ae. aegypti mosquitoes were selected and kept at
a controlled temperature of 28°C, 80% relative humidity, and 12 h/12 h light-dark photo-
period. They were separated and named according to their district of origin. The parental
generation of mosquitoes derived from the field-collected eggs was checked for ZIKV nat-
ural infection using polymerase chain reaction (QPCR) before starting the mosquito colo-
nization to obtain the next generations. A well-established Brazilian colony of Ae. aegypti
(strain PP-Campos) was the positive control group in this study to validate the infection
procedures.
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2.2. ZIKV Culture

Virus stocks of a ZIKV strain that currently circulates in Brazil (ZikaSPH2015) (17)
were passaged in an Aedes albopictus cell line (C6/36), grown in Leibowitz L-15 medium
supplemented with 2% inactivated fetal bovine serum (FBS), 20 ug/ml Gentamicin, 5
ug/ml Amphotericin B, and 200 U/ml Penicillin (18). Virus titration followed the 50% tis-
sue culture infectious dose method (19).

2.3. ZIKV infection of Aedes aegypti

3 to 5-day-old Ae. aegypti female mosquitoes (n=150) from the five-health district were
placed in separate cages and experimentally infected with ZIKV via a membrane feeding
assay (11,20). A blood meal with a virus titer of 1x10¢ PFU/mL was mixed with fresh
mouse blood (ratio 2:1) and offered to the mosquitoes as described elsewhere (19). Mos-
quitoes were allowed to feed for 1h on the ZIKV-infective blood meal. Fully engorged
females were separated into new cages and maintained on 10% glucose solution ad libitum
for up to 14 days post-infection (dpi) until the completion of the extrinsic infection period
(EIP).

2.4. Mosquito dissection and viral RNA extraction

At 14 dpi, twenty-five mosquitoes from each health district were randomly chosen,
anesthetized on ice, and dissected under a stereoscope. Their bodies and head/salivary
glands (head/SG) (salivary glands attached to the heads) were individualized and trans-
ferred to separate microtubes. The viral RNA was extracted using QIlAamp Viral RNA
Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions and
stored at -80°C. The quantification of ZIKV was carried out by the Real-Time Reverse
Transcription qPCR with cDNA production using a random primer and M-MLV enzyme,
and subsequent TagMan-based qPCR assay (Thermos Fisher Scientific, Hampton, USA)
(2,20).

2.5. Infection Rate (IR), Disseminated Infection Rate (DIR), Transmission rate (TR), and
transmission efficiency (TE)

The intensity of the infection was estimated by determining the number of viral
cDNA copies, and viral load (VL), present in the sample. The IR, DIR, and VC were deter-
mined for the five Ae. aeqypti populations. The well-established Brazilian colony of Ae.
aegypti (strain PP-Campos) was used as a control group. The IR was calculated as the pro-
portion of infected mosquito bodies related to the total number of tested mosquitoes (n =
25). The DIR was the proportion of infected mosquito heads/salivary glands related to the
number of infected mosquito bodies (23). The TR and TE were assessed by evaluating the
presence of ZIKV in forced-secreted saliva’s of infected Ae. aegypti. At 14 dpi, 25 mosqui-
toes from each experimental group were cold-anesthetized and had their legs and wings
removed. The proboscis of each one was inserted into a filter tip containing 6 pL of sucrose
solution plus fetal bovine serum (1:1) for 30 min. The secreted saliva samples were indi-
vidually cultivated in C6/36 cells for 5 days as described above, and supernatants were
processed by qPCR for ZIKV cDNA copy quantification. The mosquitoes were analyzed
for the transmission rate (TR), which corresponds to the proportion of mosquitoes with
infected saliva among mosquitoes with disseminated infection; and for the transmission
efficiency (TE), which corresponds to the proportion of mosquitoes with the virus in saliva
among the total number of mosquitoes tested (21,22).

2.6. Ethics Approval

The Ethics approved this study in Animal Use Committee of Tropical Medicine Foun-
dation Dr. Heitor Vieira Dourado, Manaus - AM, Brazil (protocol number
001979/2019.015/FMT-HVD/CEUA).
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2.7. Statistical Analyses

The body, head/SG and saliva viral loads were evaluated among all populations us-
ing Kruskal-Wallis one-way ANOVA tests. Mann-Whitney U tests were used to evaluate
the significance among viral load medians in each infected mosquito population's bodies
and head/SG. All statistical analyses were performed in GraphPad Prism Prism (version
8.0.2, LaJolla, CA, USA), and P values < 0.05 were considered statistically significant.

3. Results
3.1. Infection Rate (IR) and Disseminated Infection Rate (DIR) of the Ae. aegypti populations

The IRs and DIRs of the five Ae. aegypti populations were measured at 14 dpi, an
incubation time enough to allow the viral establishment and spreading in the mosquito,
making it infectious. The results are shown in Figure 1. To facilitate the comparisons of
the infection-related rates among the mosquito populations, we assign arbitrary levels to
measure their susceptibility to ZIKV related to infectivity (IR) and viral dissemination
(DIR). Rates in the range of 0 - 40% were considered low levels; 40 - 70%, intermediate
levels; and 70 — 100%, high levels. Considering that classification, the IRs and DIRs values
were high in Northern, Eastern, Western, and Central health districts (ranging from 84 to
100%); and the Southern district had an intermediate IR (48%) and high DIR (92%). No
mosquito population had IRs or DIRs rated below 40% (Table 1 and Fig. 1).
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Figure 1. Infection Rates (A) and Disseminated Infection Rates (B) of Aedes aegypti mosquitoes from
five districts of Manaus to transmit Zika virus, at 14 days post-infection.

3.2. Viral Load (VL) of the ZIKV by qPCR of Ae. aegypti populations

The VLs of ZIKV in the mosquito populations were determined by the median num-
ber of virus cDNA copies in the mosquitoes' bodies and head/SGs at 14 dpi. In ascending
order, the median VL of ZIKV cDNA copies in the mosquito bodies were: Central district
(4 x 10¢), Northern (2 x 105), Western and Eastern (1 x 10¢), and Southern district (2 x 10?)
(Figure 2A). The median ZIKV ¢cDNA copies in the mosquito heads were: Central district
(3 x 10¢), Northern (2 x 105), Western and Eastern (4 x 105), and Southern district (4 x 102)
(Figure 2B). Comparatively, the ZIKV VLs in the mosquito body were similar among all
tested populations (p = 0.7252). Differently, the head/SG VLs varied among populations
(p=0.0074), with the Southern population having a smaller value than the others (Fig. 2A-
B).

3.3. Transmission Rate (TR) and Transmission Efficiency (TE)

The mosquito populations were tested for the TR corresponding to the proportion of
mosquitoes with infected saliva among mosquitoes with disseminated infection, and for
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the TE, determined by the number of samples with infected saliva among the total sam-
ples tested. The highest TR value was from the population from the Central district (50%),
while the lowest was from the Northern district (8%). The other values in ascending order
were from Eastern (13%), Western (17%), and Southern (27%) districts (Fig. 2C).

For the TEs, the highest and lowest values were from the populations from the Cen-
tral (40%) and the Northern (8%) districts. The TE for mosquitoes from the Western district
was 16%, and for the Southern and Eastern districts, the values were 12 and 8%, respec-

tively (Fig.2D).
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Figure 2. ZIKV viral loads (VLs) per body (A) and head/salivary gland (B) in Ae. aegypti populations
from the five districts of Manaus. The VLs were measured as cDNA copies by qPCR at 14 days post-
infection. Transmission Rate (C) and Transmission Efficiency (D) of the five Ae. aegypti populations
from Manaus to ZIKV at 14 days post-infection. The p values 0.05 and 0.01 are summarized with
one (*) and two (**) asterisks, respectively.

4. Discussion

Assessing the patterns of infectivity and dissemination of the arboviruses inside their
natural vectors is essential to understanding the vector susceptibility to these pathogens
and the transmission to the vertebrate hosts. This study evaluated two types of infection
parameters: (i) the susceptibility of Ae. aegypti to the ZIKV infection, an analysis based on
the IR (viral ability to infect the mosquito body) and DIR (viral ability to disseminate the
infection to secondary organs, such as the salivary glands); and (¢i) the TR and the effi-
ciency of ZIKV transmission by mosquitoes through secreted saliva analysis. It was al-
ready demonstrated in previous studies that the infection parameters of Ae. aegypti after
arbovirus challenge can vary in mosquitoes from distinct geographic areas (24), including
that belonging to the same city (7,10), corroborating the results presented here for the
field-derived populations of Ae. aegypti from Manaus. The primary factors that may
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explain these variabilities in susceptibility among mosquito populations related to their
geographical area of origin include their intrinsic genetic differences and differences in
the composition and abundance of midgut microbiota. The genetic differences may reflect
in distinct antiviral efficiency of the anatomical barriers and other antiviral responses; and
the microbiota in the mosquito midgut can improve or prevent virus infection, replication,
and dissemination in the tissues, depending on the bacterial species present there and its
quantity.

Concerning the IR and DIR in mosquitoes from Northern, Eastern, Western, and Cen-
tral populations, ZIKV establish in a high proportion of infected individuals and dissem-
inate the infection in the tissues, maintaining high viral loads upon arrival in the salivary
glands. It indicates that these mosquitoes are highly permissive to ZIKV establish-
ment. Differently, mosquitoes from the Southern population are less permissive to infec-
tion than the other populations, with lower rates of IR and DIR. The high IR and DIR
observed in all mosquito populations except the Southern one show that ZIKV could
transpose MIB and MEB in several individuals, disseminating through the hemocoel and
infecting secondary organs, such as the salivary glands. For the Southern population, less
than half of mosquitoes challenged with ZIKV were permissive to infection. Variations in
IR and DIR among geographically diverse mosquito populations of the same species are
observed in the literature for different arboviruses in Aedes spp. (7,10,24-26). These results
are in line with that made with Ae. aegypti populations from the city of Belo Horizonte in
Brazil (7), with high values of IR and DIR for ZIKV infections. A similar vector competence
study was conducted in Manaus with 4 serotypes of DENV and demonstrated that the Ae.
aegypti populations have variabilities in the IR and DIR, indicating different efficiencies to
deal with the virus considering both infection and dissemination (10).

Concerning the VLs of the five mosquito populations, the similarity in the body val-
ues indicates homogeneity in the infection and virus replication in the Northern, Eastern,
and Central populations. Also, it demonstrates that the individuals with positive infec-
tions from the Southern population had high enough VLs to compensate for the impact of
the mosquitoes with a negative one. Additionally, for the VLs in the head/SG, the lowest
value for the Southern population compared with the others may be explained by its low
IR. These VL, IR, and DIR results demonstrate no homogeneity in the virus spreading
inside the Ae. aegypti body concerning the five mosquito populations.

After forced salivation, we could detect the mosquitoes with viruses in the saliva and
calculate the TR and TE. All Ae. aegypti populations from Manaus had individuals pre-
senting ZIKV-positive saliva, demonstrating that the SG barriers have been overcome and
that mosquitoes can effectively transmit ZIKV. SG infection is the last step in the mosquito
infection cycle, and to reaching the salivary glands, arboviruses must overcome natural
barriers, infect various tissues, and counteract innate and cellular defenses (28). In the SG,
the viruses can be inside the saliva secretory cells after overcoming the SGIB, but to be
transmitted to the vertebrate host, they need to cross the SGEB and disseminate to the SG
ducts to be present in the mosquito saliva. The TE results showed that even though the
Southern population has the lowest IR compared to the others, their TR of 27 %, the second
higher considering all five populations, allowed it to reach pattern TE rates close to that
of the Northern, Eastern, and Western ones. Despite high IR and DIR, the low TE high-
lights that even if the virus can establish infection and spread in the mosquito body, SG
barriers may still prevent virus transmission. It shows the importance of assessing all the
steps of the viral invasion, concerning infection, dissemination, and the reach of the SG.
The Central population presented high IR, DIR, and TR, thus having the most competent
mosquitoes compared to the other ones and demonstrating that in this population, the
ZIKV had success in all these three steps of viral invasion.

It is known that genetic factors are responsible for most of the characteristics that
contribute to the success of the insect vectors, such as susceptibility, vector competence,
and insecticide resistance (31). However, a previous study of population genetics per-
formed with Ae. aegypti in Manaus showed no genetic difference between mosquito pop-
ulations of distinct geographical areas (32). It is possible that a potential divergence in the
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midgut microbiota of the mosquitoes could explain the differences seen in IR rates, VLs,
and TEs. Further studies with Ae. aeqypti from distinct geographical areas of Manaus are
necessary to assess if the microbiota composition differs and contributes to their different
susceptibilities to ZIKV.

5. Conclusion

In this study, we saw that all Ae. aegypti populations from Manaus have individuals
competent to transmit ZIKV. The Southern population stood out for being the least sus-
ceptible to ZIKV, which supported the least virus quantity at all, and even presented
equivalent results to the other populations of high infectivity because there was a high
proportion of individuals with infected saliva. The Central population was the most com-
petent population due to the high proportion of individuals susceptible to ZIKV infection,
and permissive to the virus spreading and crossing the SG cells to reach saliva. Our results
show that determining whether an infected mosquito can transmit an arbovirus is essen-
tial to understanding the transmission dynamics and emphasizes the importance of ana-
lyzing vector-arbovirus interactions for mosquito populations in urban environments.
The understanding of the susceptibilities of Ae. aegypti mosquitoes from distinct loca-
tions to ZIKV, especially in endemic cities to Zika fever, can cooperate with transmission
control studies and mitigation of arboviral diseases. Future studies aimed at elucidating
factors besides genetics capable of interfering with Ae. aegypti susceptibility/resistance
to ZIKV in geographically close mosquito populations is necessary to trace the diversity
of antiviral behaviors they can develop against arboviral infections.

Author Contributions: B.A.C, RSM.G,, N.F.C.S and P.F.P.P designed the research. A.C.P, B.A.C,
R.SM.G. and RM.M.A. performed the bioinformatics. D.F.C., AB.V.],, J.A.A, LSF., C.C.A.O. per-
formed the data analysis. A.C.P., B.A.C,, RSM.G, WMM, M.V.GL., N.F.CS. and P.F.P.P. wrote
the manuscript, participated in the study design, coordination, and writing of the final version of
the manuscript. All authors reviewed and approved final version of the manuscript.

ACKNOWLEDGMENTS: The following Brazilian agencies partially funded this study: Foundation
of the Institute Oswaldo Cruz (FIOCRUZ), Brazilian Council for Scientific and Technological Devel-
opment (CNPq), Coordination for Improvement of Higher Education Personnel (CAPES), Minas
Gerais and Amazonas State Research Support Foundations (FAPEMIG and FAPEAM - PROES-
TADO). This manuscript is a part of the PhD thesis developed by A.C.P. and supervised by PFPP
and B.A.C. N.F.C.S, WMM.,, M.V.G.L. and P.E.P.P. are productivity fellows of the CNPq. The fun-
ders had no role in study design, data collection and analysis, manuscript preparation. All authors
read and approved the final version of the manuscript.

Conlflicts of Interests: The authors declare no competing of interests.

References
1. Dick GWA, Kitchen SF, Haddow A]. Zika virus isolation and serological specificity. Trans R Soc Trop Med Hyg.
1952;46(5):12.

2. Lanciotti RS, Kosoy OL, Laven JJ, Velez JO, Lambert A]J, Johnson A], et al. Genetic and serologic properties of Zika virus
associated with an epidemic, Yap State, Micronesia, 2007. Emerg Infect Dis. 2008;14(8):1232-9.

3. Musso D, Nilles EJ, Cao-Lormeau V-M. Rapid spread of emerging Zika virus in the Pacific area. Clin Microbiol Infect
[Internet]. 2014;20(10):0595-6.

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

5. Pan American Health Organization. Neurological syndrome, congenital malformations, and Zika virus infection. Implica-
tions for public health in the Americas. Epidemiol Alert [Internet]. 2015;1-11.

6.  World Health Organization. Countries and territories with current or previous Zika virus transmission by WHO regional
office. Who. 2019;(July):2019.

7. Godoy RSM, Dos Santos Felix L, Da Silva Orfano A, Chaves BA, Nogueira PM, Dos Anjos Costa B, et al. Dengue and Zika
virus infection patterns vary among Aedes aegypti field populations from Belo Horizonte, a Brazilian endemic city. PLoS
Negl Trop Dis. 2021;15(11):1-24.

8. BRASIL. Monitoramento dos casos de Arboviroses urbanas transmitidas pelo Aedes (dengue, chikungunya e Zika). Bol
Epidemioldgico Arboviroses.


https://doi.org/10.20944/preprints202212.0384.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2022 d0i:10.20944/preprints202212.0384.v1

9. Souza-Neto JA, Powell JR, Bonizzoni M. Aedes aegypti vector competence studies: A review. Infect Genet Evol. 2019
Jan;67:191-209.

10. Chaves BA, Godoy RSM, Campolina TB, Vieira Junior AB, Paz A da C, Vaz EB da C, et al. Dengue infection susceptibility
of five aedes aegypti populations from Manaus (Brazil) after challenge with virus serotypes 1-4. Viruses. 2022;14(1):1-17.

11. Chaves BA, Orfano AS, Nogueira PM, Rodrigues NB, Campolina TB, Nacif-Pimenta R, et al. Coinfection with Zika Virus
(ZIKV) and Dengue Virus Results in Preferential ZIKV Transmission by Vector Bite to Vertebrate Host. ] Infect Dis [Inter-
net]. 2018;XX00(April):1-9.

12. Chowdhury A, Modahl CM, Missé D, Kini RM, Pompon ]. High resolution proteomics of Aedes aegypti salivary glands
infected with either dengue, Zika or chikungunya viruses identify new virus specific and broad antiviral factors. Sci Rep
[Internet]. 2021;11(1):1-12.

13. Lambrechts L, Paaijmans KP, Fansiri T, Carrington LB, Kramer LD, Thomas MB, et al. Impact of daily temperature fluctua-
tions on dengue virus transmission by Aedes aegypti. Proc Natl Acad Sci U S A. 2011;108(18):7460-5.

14. Kramer LD, Ebel GDBT-A in VR. Dynamics of Flavivirus Infection in Mosquitoes. In Academic Press; 2003. p. 187-232.

15. Franz AWE, Kantor AM, Passarelli AL, Clem R]. Tissue barriers to arbovirus infection in mosquitoes. Viruses.
2015;7(7):3741-67.

16. Brasil. Manaus (AM) | Cidades e Estados | IBGE [Internet]. [cited 2021 Oct 28]. Available from:
https://www.ibge.gov.br/cidades-e-estados/am/manaus.html

17. Cunha MS, Alves L, Rocco M, Maeda Y, Silva G, Nogueira JS, et al. First Complete Genome Sequence of Zika Virus ( Fla-
viviridae , Flavivirus ) from an Autochthonous Transmission in Brazil. Genoma Annoucements. 2016;4(2):2015-6.

18. White LA. Susceptibility of Aedes albopictus C6/36 Cells to Viral Infection. J Clin Microbiol. 1987;1221-4.

19. Labarre DD, Lowy R]. Improvements in methods for calculating virus titer estimates from TCID 50 and plaque assays. ]
Virol Methods [Internet]. 2001 [cited 2021 Oct 28];96:107-26.

20. Secundino NFC, Chaves BA, Orfano AS, Silveira KRD, Rodrigues NB, Campolina TB, et al. Zika virus transmission to mouse
ear by mosquito bite: A laboratory model that replicates the natural transmission process. Parasites and Vectors.
2017;10(1):4-10.

21. Chouin-carneiro T, Vega-rua A, Vazeille M, Yebakima A. Differential Susceptibilities of Aedes aegypti and Aedes albopictus
from the Americas to Zika Virus. PLoS Negl Trop Dis. 2016;10(3):1-11.

22. Heitmann A, Jansen S, Lithken R, Leggewie M, Schmidt-Chanasit J, Tannich E. Forced salivation as a method to analyze
vector competence of mosquitoes. ] Vis Exp. 2018;2018(138):3-7.

23. Bennett KE, Olson KE, Munoz M de L, Fernandez-salas I, Farfan-ale JA, Higgs S, et al. Variation in vector competence for
Dengue 2 virus among 24 collections of Aedes aegypti from Mexico and the United States. Am ] Trop Med Hyg. 2002;67(1):85-
92.

24. Kamgang B, Vazeille M, Tedjou A, Yougang AP, Wilson-Bahun TA, Mousson L, et al. Different populations of Aedes aegypti
and Aedes albopictus (Diptera: Culicidae) from Central Africa are susceptible to Zika virus infection. PLoS Negl Trop Dis.
2020;14(3):1-12.

25. Gonzalez MA, Pavan MG, Fernandes RS, Busquets N, David MR, Lourenco-Oliveira R, et al. Limited risk of Zika virus
transmission by five Aedes albopictus populations from Spain. Parasit Vectors. 2019 Mar;12(1):150.

26. Calvez E, O’Connor O, Pol M, Rousset D, Faye O, Richard V, et al. Differential transmission of Asian and African Zika virus
lineages by Aedes aegypti from New Caledonia. Emerg Microbes Infect [Internet]. 2018;7(1).

27. LiC-X, Guo X-X, Deng Y-Q, Xing D, Sun A-J, Liu Q-M, et al. Vector competence and transovarial transmission of two Aedes
aegypti strains to Zika virus. Emerg Microbes Infect. 2017 Apr;6(4):e23.

28. Salazar MI, Richardson JH, Sanchez-vargas I, Olson KE, Beaty BJ. Dengue virus type 2 : replication and tropisms in orally
infected Aedes aegypti mosquitoes. BMC Microbiol. 2007;7(9):1-13.

29. Heitmann A, Jansen S, Lithken R, Leggewie M, Badusche M, Pluskota B, et al. Experimental transmission of zika virus by
mosquitoes from central Europe. Eurosurveillance. 2017;22(2):2—4.

30. Agha SB, Chepkorir E, Mulwa F, Tigoi C, Arum S, Guarido MM, et al. Vector competence of populations of Aedes aegypti
from three distinct cities in Kenya for chikungunya virus. PLoS Negl Trop Dis. 2017 Aug;11(8):e0005860.

31. Ayres CFJ, Melo-Santos MA 'V, Solé -Cava AM, Furtado AF. Genetic Differentiation of Aedes aegypti (Diptera: Culicidae), the
Major Dengue Vector in Brazil. ] Med Entomol [Internet]. 2003 [cited 2021 Nov 1];40(4):430-5.

32. dos Santos J]MM, Fraga EC, Maia JF, Tadei WP. Genetic diversity in dengue mosquito, Aedes aegypti (Diptera: Culicidae)
from Amazon region: Comparative analysis with isozymes and RAPD loci. Open Trop Med J. 2011;4(1):11-20.

33. SousaR, Junior L, Scarpassa VM. Evidence of two lineages of the dengue vector Aedes aegypti in the Brazilian Amazon, based
on mitochondrial DNA ND4 gene sequences. Genet Mol Biol [Internet]. 2009 [cited 2021 Nov 6];32(2):414-22.


https://doi.org/10.20944/preprints202212.0384.v1

