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Arboviruses with history of urban emergence 

fromebziituc  African cycles: yellow fever, 

chikungunya, Zika A. aegypti

A. albopictus (and other 

Stegomyia subgenus)



Kraemer, M.U., et al., 2015. The global distribution of the arbovirus vectors Aedes aegypti and Ae. albopictus. Elife 4.

Aedes (Stegomyia) albopictus

Originated in Asia, spread to the 

Americas, Africa and Europe 

beginning in 1985

Aedes (Stegomyia) aegypti

Originated in sub-Saharan Africa, 

spread throughout the tropics 

centuries ago from West Africa

Urban Mosquito Vectors



Chikungunya Virus

• Attack rates approach 50% in many regions, high 

apparent:inapparent ratio (unlike Zika, dengue)

• Fatal cases (ca. 0.1%) occur mainly in the elderly, perinatal 

and congenital infections (peripartum transmission), 

persons with underlying medical conditions

• Arthralgia is highly debilitating and often chronic, resulting 

in severe economic impacts and massive DALYs



CHIKV Strain Distribution



CHIKV Epidemic in the 

Americas



Recent Chikungunya Activity

• Major 2017-18 outbreaks in India, 

Pakistan, Sudan, Kenya: tens-of-

thousands of cases

• Italy reported 405 cases in the Lazio 

and Calabria regions, 2017

• France reported 17 cases near 

Marseilles, 2017



A. albopictus-adaptive CHIKV Evolution

Tsetsarkin KA, et al. Nat Commun. 2014. 5:4084; Chen, R and Weaver, SC, unpublished

 
 
Lineage 

 
First 
appearance 

 
 
Protein 

 
 
Substitution 

Fitness for A. 
albopictus 
infection 

Fitness for 
A. aegypti 
infection 

IOL 2005 E1 A226V 40-fold increase Slight 
decrease 

IOL (SL1) 2007 E2 K252Q 8-fold increase No effect 

IOL (SL2 
partial) 

2008 E2 K233E 6-fold increase No effect 

IOL 
(SL3B) 

2008 E2/E3 R198Q/S18F 
(synergistic) 

16-fold increase No effect 

IOL (SL4) 2009 E2 L210Q 5-fold increase No effect 
      

Asian Never E1 A226V No effect Not done 
Asian Never E2 K252Q Little or no effect Little or no 

effect 
Asian Never E2 K233E Little or no effect Little or no 

effect 
Asian Never E2/E3 R198Q/S18F 

(synergistic) 
Little or no effect Little or no 

effect 
Asian Never E2 L210Q Slight decrease Not done 
 

1. None of these mutations has a major effect on infection of A. aegypti.

2. All affect initial infection of the A. albopitus midgut cells

3. None is predicted to affect CHIKV lineages now in the Americas (due to founder effect and 

resultant epistasis)



Amino acid substitutions that interact epistatically 
with A. albopictus-adaptive mutations 
 
 
CHIKV 
Lineage 

 
 
Year of first 
appearance 

 
 
 
Protein 

 
 
Amino acid 
substitution 

Approximate 
infectivity 
increase or 
epistatic effect 

 
 
Epistatic 
interaction 

Asian 1958 E1 A98T Completely 
prevents 
penetrance for A. 
albopictus 
infection  

E1-226V 

ECSA 1953 E2 I211T 

 

Enables 
penetrance for A. 
albopictus 
infection 

E1-226V 

 

Tsetsarkin KA, McGee CE, Volk SM, Vanlandingham DL, Weaver SC, Higgs S. Epistatic roles of E2 glycoprotein 
mutations in adaption of chikungunya virus to Aedes albopictus and Ae. aegypti mosquitoes. PLoS One. 2009. 

4:e6835. 
Tsetsarkin KA, Chen R, Leal G, Forrester N, Higgs S, Huang J, Weaver SC. Chikungunya virus emergence is 

constrained in Asia by lineage-specific adaptive landscapes. Proc Natl Acad Sci U S A. 2011. 108:7872-7. 

 

Founder effect

These epistatic interactions predict that neither strain in the Americas 

should be transmitted efficiently by A. albopictus



Evolution of the CHIKV 3’UTR



Evolution of the Asian Lineage 3’UTR 

Duplications and Mutations

Chen R, Wang E, Tsetsarkin KA, Weaver SC. PLoS Pathog. 2013. 9:e1003591.

DR1 39 nt

DR2 62 nt

DR3 313 nt



Rare But Severe 

Outcomes of Zika 

Virus Infection

• ZIKV infection first associated in 

French Polynesia with a ca. 2-10-

fold increase in Guillain–Barré 

syndrome

• Microcephaly first detected in 

northeastern Brazil in 2015 based 

on a 100-200-fold rise in the 

incidence coincident with an 

outbreak of ZIKV infection. A wide 

range of congenital defects now 

termed Congenital Zika 

Syndrome



ZIKV Epidemic in the Americas





Major Hypotheses for the Recent 

ZIKV Emergence
1. ZIKV underwent adaptive evolution to enhance 

infectivity of urban mosquito vectors (like chikungunya 

virus) or to enhance human viremia (which could also 

increase the risk of transplacental transmission), or 

became more virulent for other reasons (enhancement 

by dengue immunity?).

2. The stochastic introduction of ZIKV into naïve populations 

in the South Pacific allowed for sufficient amplification to 

facilitate the introduction into Brazil (assisted by 

increased global travel, expansion of tropical cities and A. 

aegypti populations; i.e. no major change among ZIKV 

strains in epidemic transmission potential or 

virulence).



African ZIKV strains are 

typically more infectious 

for A. aegypti and more 

virulent for mice than 

Asian or American 

strains

To test whether Zika virus has adapted for more effici ent  

transmission by Aedes aegypti mosquitoes, leading to re-

cent urban outbreaks, we fed mosquitoes from Brazil, the 

Dominican Republic, and the United States artifici al  blood 

meals containing 1 of 3 Zika virus strains (Senegal, Cam-

bodia, Mexico) and monitored infection, dissemination, and 

virus in saliva. Contrary to our hypothesis, Cambodia and 

Mexica strains were less infectious than the Senegal strain. 

Only mosquitoes from the Dominican Republic transmitted 

the Cambodia and Mexica strains. However, blood meals 

from viremic mice were more infectious than artifici al  blood 

meals of comparable doses; the Cambodia strain was not 

transmitted by mosquitoes from Brazil after artifici al  blood 

meals, whereas 61% transmission occurred after a murine 

blood meal (saliva titers up to 4 log
10

 infectious units/col-

lection). Although regional origins of vector populations and 

virus strain influe nce transmission effici ency , Ae. aegypti 

mosquitoes appear to be competent vectors of Zika virus in 

several regions of the Americas.

Zika virus is an emerging arthropodborne virus (arbo-

virus) of the family Flaviviridae. Discovered in 1947 

(1), Zika virus remained obscure and its detection largely 

limited to sylvatic transmission cycles between arboreal 

mosquitoes (Aedes [Stegomyia] africanus, Ae. [Diceromy-

ia] furcifer) and primates (1). Before the recent outbreaks 

in Micronesia (1) and French Polynesia (2), only 14 hu-

man cases had been reported. In early 2015, autochthonous 

Zika virus transmission was detected for the firs t  time in 

the Americas, in Brazil (3). After explosive spread in the 

Americas, transmission has been documented in 48 coun-

tries and territories, including the United States (4). Most 

Zika virus infections result in inapparent or mild illness; 

symptoms include fever, rash, malaise, and conjunctivitis. 

However, during the outbreak in Brazil, Zika virus was as-

sociated with serious congenital outcomes, including mi-

crocephaly (5), ocular abnormalities (6), meningoencepha-

litis (7), and myelitis (8), and Guillain-Barré syndrome in 

many age groups (2). These complications and the rapid 

spread of the virus prompted the World Health Organiza-

tion to declare Zika virus a public health emergency of in-

ternational concern (5).

There are 2 primary Zika virus lineages: Asian and Af-

rican (9). The Zika virus strain currently circulating in the 

Americas (American lineage) is derived from the Asian lin-

eage (10). Because no vaccines or antiviral drugs are avail-

able (11), effor ts to prevent Zika virus infection focus on 

controlling mosquito vectors. Historically, Zika virus has 

been isolated from several Aedes spp. mosquitoes, includ-

ing multiple sylvatic species in Africa (1,12,13) and the 

domestic species Ae. aegypti in Malaysia (1) and Mexico 

(14). Ae. aegypti mosquitoes are the main urban vector of 

other medically important urban arboviruses with similar 

origins, such as dengue virus (DENV), chikungunya virus 

(CHIKV), and yellow fever virus. However, studies of Ae. 

aegypti mosquito susceptibility for Zika virus have yielded 

varied results; some have suggested relative refractoriness 

(15). This find i ng has led to speculation that other vectors 

common in tropical cities, such as Ae. albopictus mosqui-

toes (16), implicated in a Gabon epidemic (17), and Culex 

quinquefasciatus mosquitoes, common in tropical cities, 

could be Zika virus vectors (13).

One hypothesis for the sudden emergence of Zika virus 

epidemics since 2007 is viral adaptation for more effici ent  

transmission by Ae. aegypti mosquitoes (18). A precedent 

for this mechanism is the adaptation of CHIKV for infect-

ing Ae. albopictus mosquitoes, mediated through a series 

Variat ion in Aedes aegypt i  
Mosquito Com petence for   
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RESEARCH

log
10

 FFU/mL sampled 2, 4, 7, 10, and 14 dpi) did not com-

pletely overlap, we firs t  compared mosquito infection only 

for blood meal titers (≈4 and 6 log
10

 FFU/mL) and dpi (7, 

14 dpi) that coincided between the 2 feeding methods (Fig-

ure 1, panels A [middle panel], C [middle panel]; Figure 

4). A nominal logistic regression using these data (N = 81) 

showed no signific

a

nt  interactions among the independent 

variables; virus titer (≈2 24.3, df = 1, p<0.0001) and feeding 

method (≈2 9.7, df = 1, p<0.0019) significa nt ly affec t ed the 

likelihood of infection, whereas dpi did not (≈2 0.33, df = 1, 

p = 0.56). Using this same dataset, we found that virus titer, 

feeding method, and dpi all significa nt ly affec t ed dissemi-

nation from infected bodies to legs (N = 50, p<0.0001 for 

all 3 variables). Because only 8 mosquitoes in this group 

produced infected saliva, we did not attempt analysis on 

this small sample. However, it was striking that only mos-

quitoes fed on mice produced infected saliva. An analysis 

using all data from Salvador mosquitoes fed on Zika vi-

rus strain FSS 13025 in artifici al  blood meals and mice re-

vealed a significa nt  ef fec

t

 of all 3 independent variables on 

infection (p<0.0001 for all comparisons), with infection be-

ing greater at higher blood meal titers and later time points 

after infection and from blood meals acquired from mice.

Ae. aegypti mosquitoes from Salvador exhibited a 

minimum EIP of 10 days after artifici al  infection with Zika 

virus strain DAK AR 41525 at 5 and 6 log
10

 FFU/mL and 

14 days after infection with FSS 13025 or MEX1–7 strains 

at 6 log
10

 FFU/mL and DAK AR 41525 at 4 log
10

 FFU/

mL. Ae. aegypti mosquitoes from the DR exhibited an EIP 

of 10 days after artific

i

al  infection with Zika virus strain 

DAK AR 41525 at 5 and 6 log
10

 FFU/mL and 14 days after 

infection with FSS 13025 at 5 or 6 log
10

 FFU/mL, MEX1–7 

strains at all 3 doses, and DAK AR 41525 at 4 log
10

 FFU/

mL. Ae. aegypti mosquitoes from the RGV did not effec -

tively transmit FSS 13025 or MEX1–7 at any titer (only 

1 positive MEX1–7 saliva sample on 10 dpi) but showed 

an EIP of 7 days with strain DAK AR 41525 at 6 log
10

 

FFU/mL, 10 days at 5 log
10

 FFU/mL, and 14 days at 4 log
10

 

FFU/mL. Mosquitoes infected through murine blood meals 

showed an EIP of 7 days after a 6 or 7 log
10

 FFU/mL blood 

meal, and 14 days after a 4 log
10

 blood meal.

Discussion

Because no vaccine or therapeutic drugs are available, Zika 

virus prevention depends on controlling the mosquito vec-

tor. Although some previous studies (15) showed relatively 

low Zika virus competence in Ae. aegypti mosquitoes, rais-

ing questions about the role of other potential vectors, oth-

ers have shown this species to be highly competent (24,25). 

We demonstrated that Ae. aegypti mosquito competency as 

a vector for Zika virus in the Americas varies greatly and 

depends on mosquito origin, Zika virus strain, and type of 

blood meal used. Recent studies demonstrated that preex-

isting DENV antibodies in Zika virus–endemic areas might 

enhance Zika virus infection in vitro (26); other studies 

have conversely demonstrated that monoclonal antibodies 

to DENV envelope neutralize Zika virus in vitro and pro-

tect immunocompromised mice from lethal infection (27). 

The role of preexisting immunity to heterologous viruses 

remains unclear; thus, even a moderately competent vector, 

such as Ae. aegypti mosquitoes, might be able transmit ef-

fic

i

ent ly because of its highly anthropophilic behavior and 

ready access to homes without screening or air condition-

ing in much of Latin America and the Caribbean.

In agreement with previous studies (15), we demon-

strated significa nt  variation in competency for Zika virus 
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Figure 1. Infection, dissemination, and transmission of 3 Zika 

virus strains by Aedes aegypti mosquitoes from Salvador, Brazil, 

after artific

i

al  bl ood me al s wi th a concent rat ion of  4 log
10

 (A), 5 

log
10

 (B), or 6 log
10

 (C) focus-forming units/mL.

1. How is ZIKV transmitted 

efficiently by A. aegypti?

2. Could an African ZIKV strain 

cause another major 

outbreak?



Does DENV Immunity 

Affect ZIKV Infection, 

or Vice Versa (i.e. 

Immune 

Enhancement)?
• No evidence that DENV 

immunity increases the risk 

of CZS in ZIKV-infected, 

pregnant women (Halai et 

al., 2017)

• Indirect evidence that recent 

DENV infection provides 

partial protection against 

more severe ZIKV infections 

(Ribeiro et al. 2018)



Main Conclusions
1.CHIKV and probably now ZIKV are now endemic (permanently 

independent of the enzootic progenitor African enzootic cycles).

2.Although the peak of the CHIKV and ZIKV epidemics in the 

Americas have passed, transmission continues there and new 

outbreaks continue to appear in Europe, Africa and Asia.

3.Founder effects resulting from bottlenecks that accompany 

human introductions, demonstrated for CHIKV and ZIKV, can leave 

geographically expanded arbovirus populations with low fitness and 

challenging recovery. These stochastic events, based on epistatic 

interactions, limit our ability to predict arboviral emergence.

4.Post-emergence adaptive mutations identified in chikungunya 

(multiple, major adaptive mutations for A. albopictus transmission), 

and Zika viruses (multiple, minor adaptive mutations for A. aegypti

transmission).
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Questions?

A little clean water, please! Classic or Modern

• Are you carrying Zika or 

chikungunya?

• Only dengue. I detest 

being fashionable!


