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Several endemic and emerging arboviruses, such as 
chikungunya (CHIKV), Zika (ZIKV), and dengue 

(DENV) viruses, have evolutionary origins in nonhu-
man primates (NHPs) (1,2). These pathogens have 
adapted sylvatic to urban transmission cycles by us-
ing humans as amplifying hosts where NHPs are no 
longer required for virus maintenance. However, syl-
vatic arbovirus transmission cycles involving NHPs 
could act as sources of human infections, which 
would affect public health. NHPs could enable re-
emergence of arbovirus infections after immunity has 
waned following human–mosquito–human transmis-
sion. Sylvatic cycles can also provide selective envi-
ronments where new viral strains can emerge.

CHIKV circulates in distinct enzootic, sylvatic 
transmission cycles in old world monkeys in the for-
ests of sub-Saharan Africa (2). Limited data are avail-

able on sylvatic CHIKV transmission in Asia, but 
seroconversion has been detected in cynomolgus ma-
caques (Macaca fascicularis), pig-tailed macaques (M. 
nemistrina), black-crested Sumatran langurs (Presbytis 
melalophos), and dusky leaf monkeys (Presbytis obscu-
ra) in Thailand (3,4), and virus has been isolated from 
long-tailed macaques in Malaysia (5). A sylvatic ZIKV 
lineage in Africa, infecting Cercopthecidae primate 
species, is known to circulate widely (6). The only pos-
itive ZIKV serology findings in primates in Asia have 
been in orangutans (Pongo pygmaeus) in Borneo, Ma-
laysia, but those exposures were likely from an urban 
strain (7). Sylvatic DENV cycles occur in the forests of 
Malaysia in Macaca and Presbytis spp. monkeys (8) and 
also in West Africa; sylvatic DENV-2 circulates regu-
larly between Erythrocebus patas monkeys and various 
Aedes spp. mosquitoes in Senegal (8). Seroprevalence 
of Japanese encephalitis virus (JEV) has been reported 
in cynomolgus monkeys, Japanese macaques (M. fus-
cata), green monkeys (Chlorocebus sabaeus), and pig-
tailed macaques in several countries in Asia (4,9,10).

Myanmar is among the least studied but most 
heavily forested region in Asia, and CHIKV, ZIKV, 
DENV and JEV are highly endemic in humans. We 
investigated whether Myanmar peri-urban primates, 
living near the largest urban city of Yangon, are ex-
posed to arboviruses of public health concern and 
could be sources of spillover or recipients of spillback 
of human pathogenic arboviral diseases.

The Study
We collected specimens from 107 rhesus monkeys 
(Macaca mulata) and 12 pig-tailed macaques within 
Hlawga National Park, an open zoo and wildlife sanc-
tuary in Myanmar’s Yangon region that covers 6.23 
km2 (Figure). NHPs are free ranging within this park 
and have frequent opportunities for human contact. 
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Nonhuman primates living in proximity to humans increase 
risks for sylvatic arbovirus transmission. We collected serum 
samples from nonhuman primates in Hlawga National Park 
near Yangon, Myanmar, and detected antibodies against 
chikungunya (33%) and Japanese encephalitis (4%) virus-
es. Buffer zones between primate and human communities 
might reduce cross-species arbovirus transmission.



Sylvatic Transmission of Chikungunya Virus

Serum samples were collected during October 2016–
August 2017, which spanned 2 dry/wet seasons. We 
used a Luminex xMAP multiplex bead-based assay 
(Luminex Corp., https://www.luminexcorp.com) 
to simultaneously measure total IgG, IgA, and IgM 
against CHIKV E1 envelope protein, ZIKV nonstruc-
tural protein 1 (NS1), ZIKV envelope protein, DENV-
1–4 NS1, JEV NS1, West Nile virus NS1, yellow fe-
ver virus NS1, and tickborne encephalitis virus NS1 
(Appendix Table, https://wwwnc.cdc.gov/EID/
article/28/12/22-0893-App1.pdf). We confirmed 
positive serum samples by using the plaque reduc-
tion neutralization test (Appendix). Conventional re-
verse transcription PCR targeting conserved regions 
of Flavivirus and Alphavirus spp. was performed to 
detect arbovirus viremia (Appendix).

We identified virus-reactive antibodies among 
NHPs in Hlawga National Park, suggesting prior ex-
posure to arboviruses, but we did not detect viruses 
by using PCR, suggesting absence of active infections. 
We found 33% (39/119) of NHPs were seropositive 
for CHIKV and 4% (5/119) were seropositive for JEV 
(Table); all serum samples were negative for ZIKV, 
West Nile virus, yellow fever virus, and tick-borne en-
cephalitis virus. Using bivariate analysis, we showed 
specimens collected during the dry season were 
more likely to be seropositive for CHIKV (p = 0.05). 
Greater proportions of adult NHPs appeared to be 
seropositive for CHIKV; however, the difference was 
not statistically significant. We found no statistically 
significant associations between sex, age class, or spe-
cies and specific arbovirus exposure. CHIKV and JEV 
in NHPs in Myanmar have not been reported, likely 
because of limited surveillance. Our findings extend 
the geographic range of potential sylvatic cycles for 
CHIKV to forests and peri-urban areas of Myanmar.

Our results indicate that NHPs were exposed to 
CHIKV during a period with no or limited human–
mosquito–human transmission, suggesting that sero-
positive samples resulted from sylvatic exposures. IgG 
against CHIKV E2 protein can be detected up to 21 
months postinfection (11). If similar kinetics occur in 
NHPs and extend to the E1 protein, NHP exposures to 
CHIKV could have occurred during 2013–2014 or ear-
lier. However, in 2017, we detected CHIKV antibodies 
in NHPs that were <5 years of age, indicating expo-
sure during an interepidemic period. Human cases of 
CHIKV were not reported by the Myanmar Ministry of 
Health during 2011–2018 (12), and CHIKV outbreaks 
are not commonly underreported because a large pro-
portion of infected persons have indicative arthritic 
manifestations. In 2019, health officials reported wide-
spread outbreaks of CHIKV in Mandalay, Nay Pyi 

Taw, Kachin State, Tanintharyi, and Yangon regions 
of Myanmar, indicating reemergence of the virus (12).

We studied an NHP population that lived in a for-
ested area outside of Yangon and could have played 
a role in the reemergence of CHIKV in humans. The 
large proportion of NHPs that were exposed indicat-
ed the virus was circulating among sylvatic mosqui-
tos and primates in this park. The absence of report-
ed human infections during the potential period of 
NHP infection suggested that spillover from humans 
to NHPs via mosquitoes was unlikely. Aedes aegypti 
and A. albopictus mosquitoes, the two primary urban 
vectors of CHIKV, are also known to feed almost ex-
clusively on humans in the region, providing further 
evidence that NHP exposures to CHIKV in our study 
population were of sylvatic origin (13).

Our findings indicate that JEV is circulating at 
the periphery of Yangon, and NHPs can be occa-
sional incidental hosts. JEV is endemic in Myanmar, 
particularly in the Yangon region (14). NHPs are not 
thought to be potential reservoirs, but are dead-end 
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Figure. Hlawga National Park sampling site (white outline) in 
Yangon in study of sylvatic transmission of chikungunya virus 
among NHPs in Myanmar. Blue lines show the Yangon city wards 
south of the park. Inset shows location of Yangon in Myanmar 
(white box). NHP, nonhuman primate.
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hosts; they produce a low viremia that cannot subse-
quently infect mosquitoes (1). Low levels of viremia 
produced in experimental studies and sylvatic cycles 
involving waterfowl or pigs are well documented. 
Furthermore, JEV is transmitted to humans by in-
fected Culex spp. mosquitoes (most commonly Culex 
tritaeniorhynchus), which feed on many mammals in 
the region (15), making it more plausible that NHPs 
could be incidental targets of this mosquito species.

We did not confirm NHP exposure to DENV or 
ZIKV. We identified positive samples by using the 
Luminex assay, but those samples tested negative 
when the plaque reduction neutralization assay was 
used for confirmation. DENV is endemic in humans 
in Myanmar, and our findings indicate that spillback 
of urban DENV strains to NHPs is not common in this 
region or was not detected in our sample size. Given 
the limited knowledge of the scope of human ZIKV 
circulation in Myanmar and lack of entomological 
data, further research is needed to examine potential 
sylvatic ZIKV cycles among NHPs in Asia.

Conclusions
Our study demonstrates the importance of conduct-
ing surveillance of peri-urban primates in regions 
of high arbovirus transmission and the need for less 
invasive methods that improve feasibility. Future 
research on molecular epidemiology of arboviruses 
in humans, NHPs, and mosquitoes is needed to con-
firm whether exposures result from potential sylvatic 
cycles of ongoing transmission or spillback events 
from urban strains. A heightened awareness of new 
CHIKV outbreak potential in humans living near 
NHPs in Hlawga National Park is warranted. Buffer 
zones between parks and human settlements might 
reduce future cross-species arbovirus transmission.
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Characteristic 

Chikungunya virus 
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No. 

positive† 
No. 

negative† 
Period 

prevalence 
No. 
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No. 

negative† 
Period 

prevalence  
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Viruses are constantly mutating, and with those 
mutations can come shifts in their abilities to infect 
different hosts. Sometimes these mutations allow a 
virus to “jump” from one species to another, such as 
an avian influenza virus adapting to pigs.

Zoonotic transmission can have catastrophic effects 
on global and environmental health. Researchers 
document and study these events, prepare for them, 
and if possible, minimize the risk for zoonotic trans-
mission in the first place.

In this EID podcast, Dr. Kristien Van Reeth, a professor 
of virology at Ghent University in Belgium, tells the 
events of how an avian-like influenza virus infected a 
pig farmer in the Netherlands. 




