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Abstract

Throughout the last decade, chikungunya virus (CHIKV) and Zika virus (ZIKV) infections

have spread globally, causing a spectrum of disease that ranges from self-limited febrile ill-

ness to permanent severe disability, congenital anomalies, and early death. Nevertheless,

estimates of their aggregate health impact are absent from the literature and are currently

omitted from the Global Burden of Disease (GBD) reports. We systematically reviewed pub-

lished literature and surveillance records to evaluate the global burden caused by CHIKV

and ZIKV between 2010 and 2019, to calculate estimates of their disability-adjusted life year

(DALY) impact. Extracted data on acute, chronic, and perinatal outcomes were used to cre-

ate annualized DALY estimates, following techniques outlined in the GBD framework. This

study is registered with PROSPERO (CRD42020192502). Of 7,877 studies identified, 916

were screened in detail, and 21 were selected for inclusion. Available data indicate that

CHIKV and ZIKV caused the average yearly loss of over 106,000 and 44,000 DALYs,

respectively, between 2010 and 2019. Both viruses caused substantially more burden in the

Americas than in any other World Health Organization (WHO) region. This unequal distribu-

tion is likely due to a combination of limited active surveillance reporting in other regions and

the lack of immunity that left the previously unexposed populations of the Americas suscep-

tible to severe outbreaks during the last decade. Long-term rheumatic sequelae provided

the largest DALY component for CHIKV, whereas congenital Zika syndrome (CZS) contrib-

uted most significantly for ZIKV. Acute symptoms and early mortality accounted for relatively

less of the overall burden. Suboptimal reporting and inconsistent diagnostics limit precision

when determining arbovirus incidence and frequency of complications. Despite these limita-

tions, it is clear from our assessment that CHIKV and ZIKV represent a significant cause of

morbidity that is not included in current disease burden reports. These results suggest that

transmission-blocking strategies, including vector control and vaccine development, remain

crucial priorities in reducing global disease burden through prevention of potentially devas-

tating arboviral outbreaks.
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Author summary

Chikungunya and Zika are 2 mosquito-borne viral diseases that can cause both acute

symptoms and long-term, debilitating complications in infected individuals. Chikungu-

nya is best known as a cause of persistent arthritis in otherwise recovered patients and

Zika as a cause of cognitive, motor, and sensory anomalies in newborn children. Both dis-

eases emerged in the Americas within the last decade and have since spread rapidly

throughout the region. Despite their widespread transmission there and throughout

much of the world, chikungunya and Zika remain neglected diseases. One of the most sig-

nificant obstacles to address their spread is a lack of data involving their burden. We

searched the published literature and surveillance reports to collect information about the

incidence, mortality, and morbidity associated with each of these diseases to estimate

their regional and global burden during the last decade. Our estimates confirm that chi-

kungunya and Zika caused substantial burden throughout this time frame and place them

among the most problematic mosquito-borne viral diseases worldwide. We found that the

largest proportion of global burden linked to each disease between 2010 and 2019

occurred in the Americas, although this observation is likely due to limited reporting in

other regions.

Introduction

Arthropod-borne viruses, or arboviruses, are exceedingly common causes of disabling fever

syndromes worldwide, but the cumulative burden of disease that they cause is not well quanti-

fied [1]. Acutely, arboviral infections can range from asymptomatic to debilitating and undif-

ferentiated febrile illnesses. They can also progress to severe secondary conditions or cause

congenital maladies, both of which may result in long-term physical disability, cognitive

impairment, or early death [2–4].

Among over 100 arboviruses that cause disease in humans [2], chikungunya virus

(CHIKV) and Zika virus (ZIKV) have been particularly problematic in the last decade due to

their rapid emergence in the Western Hemisphere [5,6]. CHIKV, an alphavirus of the Togavir-

idae family, caused several outbreaks throughout the Pacific region in the early 2000s. The

virus then spread to the Americas in 2013, when the first reported autochthonous case of

CHIKV was reported in Brazil [7]. CHIKV has since infected millions across all 6 World

Health Organization (WHO)-defined regions [8–10].

ZIKV, a flavivirus of the family Flaviviridae, has been known to cause disease in humans

since the 1950s [11,12]. The spread of ZIKV, however, remained minimal until 2007, when the

first major Zika outbreak occurred in the Federated States of Micronesia [11,12]. ZIKV contin-

ued to cause outbreaks in other Pacific and Southeast Asian nations between 2012 and 2014.

Similarly to CHIKV, the virus’s spread through the Americas began in Brazil, where the first

autochthonous ZIKV infection was reported in 2015. Hundreds of thousands have been

infected with the virus since its emergence in the Western Hemisphere, and a number of

regions across the globe remain at high risk for future outbreaks [5,10,13].

As with other arboviruses, the disabling sequelae of CHIKV and ZIKV disproportionately

affect resource-poor communities, where they frequently cause chronic impairment that can

greatly reduce patients’ qualities of life [2,14,15]. Its name being derived from a Makonde

word meaning “that which bends up,” chikungunya has been characterized since the 1950s as

a cause of persistent polyarthralgias among those infected [16]. Recent studies have revealed

other lesser known clinical manifestations of CHIKV that can contribute to otherwise unrec-

ognized burden, including medium- to long-term neurologic symptoms and inflammatory
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ophthalmic complications like uveitis [17,18]. Intrapartum CHIKV transmission has also been

observed and can cause neonatal encephalitis and poor neurodevelopmental outcomes [19–

21].

While the acute phase symptoms of ZIKV infection are often less severe than those of chi-

kungunya, the virus can cause severe, often life-altering complications in some patients [22].

Several studies have elucidated a link between ZIKV infection and Guillain–Barré syndrome

(GBS), although estimates of progression to GBS vary between reports [23–26]. The most con-

cerning feature of ZIKV, however, is its teratogenic effect on fetal neurologic development,

which manifests as a complex syndrome characterized by microcephaly at birth, severe motor

and cognitive impairment, frequent seizures, ocular defects, and auditory deficits [27–30].

Since congenital Zika syndrome (CZS) has only been a recognized complication since 2015,

longer-term prospective follow-up will be necessary to further describe the condition and

study the progression of symptoms throughout life [31]. While long-term prognosis remains

unknown, data examining large CZS cohorts confirm that the syndrome causes considerable

burden for both affected children and their caretakers at least through 3 years of age

[28,32,33]. As of 2020, a WHO project examining pregnancy and child outcomes among

ZIKV cohorts from many regions is currently ongoing [34].

The most recent Global Burden of Disease (GBD) estimates published by WHO and the

Institute for Health Metrics and Evaluation (IHME) include assessments of only 3 arboviral

diseases: dengue, yellow fever, and Zika [35]. For other arboviruses, including CHIKV, all

cause-specific mortality and long-term infection-related morbidity represent substantial health

deficits omitted in international disease burden reports and are consequently not included in

top-level discussions of disease control priorities [36]. Although estimates for 2019 ZIKV-

related burden are included in the most recent GBD report, data from other years remain

absent. With evidence from the past decade indicating the high incidence and frequency of

disabling sequelae due to CHIKV and ZIKV, it is important to address this gap in knowledge

and to quantify the impacts of the 2 viruses. In the present study, we reviewed the available

data detailing CHIKV and ZIKV infections and their impact in order to estimate the disabil-

ity-adjusted life years (DALYs) lost globally as a result of their spread over the last decade.

Methods

Search strategy

We systematically reviewed the available published literature and official reports on CHIKV

and ZIKV. Searching was initiated with the use of the arbovirus name and the terms “outbreak

(s),” “complication(s),” “disability,” “quality of life,” “morbidity,” “mortality,” “DALY,” and

“QALY” in PubMed, Google Scholar, LILACS, African Journals Online, SciELO, and Web of

Science. The specific search algorithms used in each database are included in S1 Text. Bibliog-

raphies of selected publications were also searched for additional reports. English, Spanish,

French, and Portuguese reports were screened. A complete listing of included primary

research articles can be found in S1 Table. Additional epidemiologic surveillance data from

national, regional, and global reporting bodies were referenced to generate case count esti-

mates. These reports include those published by both the United States and European Centers

for Disease Control and Prevention, WHO, Pan American Health Organization (PAHO),

ProMed, and national ministries of health and detail the incidence of CHIKV and ZIKV

throughout their respective regions between 2010 and 2019. A complete listing of included

surveillance reports can be found in S2 Table.
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Study selection

Publications were required to meet 3 inclusion criteria: (1) discussion of complications that

lead to mortality or prolonged morbidity; (2) focus on population-based information; and (3)

reported data collected between 2010 and 2019. In order to assess the population-level impacts

of endemic disease, studies involving travelers from non-endemic areas and all case reports

were excluded from the analysis. Reviews and other sources that reported secondary data were

excluded from the analysis. Studies and surveillance reports that satisfied preliminary screen-

ing were evaluated to ensure that data were not duplicated in other included studies.

Data analysis

In order to derive DALY estimates for CHIKV and ZIKV, we extracted from the included

reports estimates of incidence, mortality, average age at death, and, for nonlethal cases, informa-

tion on the duration and severity of acute and chronic symptoms. Study populations and dates

were carefully reviewed to ensure that any duplicate data were not included more than once.

DALY estimates for each disease were calculated according to standard methods outlined

in the GBD guidelines [37] using spreadsheets developed by the authors. These spreadsheets,

included as S3–S6 Tables, are programmed to generate DALY estimates using the formulae

listed below. DALY scores for each condition represent the sum of 2 components: (a) for cases

of mortality, the years of healthy life lost (YLL) from a standard expected years of life lost

(SEYLL), plus (b) for individuals having nonlethal, disease-specific disability, the years lived

with disability (YLD) multiplied by a disability weight (DW) reflecting the proportion of

impairment caused by that health condition [37]. Because of limitations in the available data,

our summary estimates were calculated for both sexes together and not distributed according

to age group, as ideally presented in DALY tables [35,37]. We report our DALY estimates in 2

formats: discrete approximations calculated using inputs derived from weighted averaging of

the variables extracted from included publications and ranges based on the variability of credi-

ble input values contained in those reports.

DWs for acute ZIKV disease, subsequent GBS, and CZS were taken from James and col-

leagues (Table 1) [38]. For acute CHIKV infection, the range of DWs was based on published

values for the analogous febrile syndromes caused by dengue and yellow fever [38]. The range

of DW for chronic sequelae following CHIKV infection was the published DWs for mild to

severe rheumatoid arthritis, conditions analogous to persistent post-chikungunya rheumatic

symptoms. In order to generate comprehensive burden assessments, the pervasive psychologi-

cal sequelae reported among mothers and caretakers of children with CZS were also included

in the analysis [33,34]. To calculate this burden, DWs for depression and anxiety were taken

from James and colleagues [38], while the DW for post-traumatic stress disorder (PTSD), not

listed in the GBD framework, was taken from Lim and colleagues [39]. To calculate YLD,

DWs were multiplied by the relevant duration of symptoms, as reported in the literature for

each condition.

To estimate the incidence of clinical CHIKV and ZIKV infections in affected countries, we

used the cumulative case counts reported in available surveillance records and published

reports (see S2 Table for complete listing of surveillance documents referenced). Lab-con-

firmed infections with the arboviruses served as the lower bounds for our case count estimates.

These infections, combined with those documented as “suspected” or “likely” by the respective

reporting bodies, served as the upper bound. In light of the recognized trends of underreport-

ing [40–42], these larger case count values were used as the inputs for our calculations of dis-

crete estimates. Approximate incidence rates were annualized by dividing cumulative cases

from 2010 to 2019 by 10.
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Per the GBD framework guidelines, final DALYs were calculated as follows:

DALY = YLL + YLDacute + YLDchronic, where

YLL = (Incident deaths) × (standard expected years of life lost at median age of death)

YLDacute = (Incident cases with acute disease only) × DWacute × (duration acute disease)

YLDchronic = (Incident cases progressing to chronic disease) × DWchronic × (duration of

chronic disease).

The combined DW for CZS was obtained using the multiplicative equation defined in the

revised GBD framework from 2010, which recognizes the increased disability associated with

comorbid conditions while precluding disabilities in excess of 1:

Combined DW ¼ 1 � ð1 � DWaÞ x ð1 � DWbÞ; where

DWa and DWb are the DWs for 2 distinct conditions occurring simultaneously.

As of 2010, the GBD framework calls for the use of 92 years as the standard for life expec-

tancy, a value based on the frontier national life expectancy for 2050 among Japanese and

Korean women [37].

Results

Out of 7,877 studies identified, 916 were screened, and 21 were selected for inclusion (Fig 1).

Tables 1 and 2 summarize the findings of the studies included in our analysis. CHIKV has

historically been associated with relatively low mortality, and recent data gathered in the

Americas have indicated that the case fatality rate (CFR) is likely slightly lower than 1 per

1,000 infections [42,43]. Surveillance data released by WHO in 2019, however, point to a

Table 1. Summarized symptom frequency and related DWs.

Arbovirus Disease details and estimated prevalence of complications DW for condition(s) or analogous condition(s)

from GBD project listings [38,39]

Average (and range) of DW

values used for YLD

estimations

CHIKV Acute undifferentiated febrile illness which can include joint pain and

rash [2,4]

Mild dengue or yellow fever, DW = 0.051;

severe dengue or yellow fever, DW = 0.133 0.092 (0.051–0.133)

42.5% (7.0% to 89.7%) of survivors develop persistent postinfectious

neurologic and rheumatic symptoms, including polyarthritis [50–56]

Mild rheumatoid arthritis, DW = 0.117; severe

rheumatoid arthritis, DW = 0.581

0.349 (0.117–0.581)

ZIKV Acute undifferentiated febrile illness which can include joint pain, rash,

and conjunctivitis [3,5,6]

Acute Zika infection, DW = 0.051 0.051

0.020% (0.016% to 0.024%) of survivors develop postinfectious GBS,

which can cause temporary or permanent paralysis and incontinence

[22–24]

GBS due to Zika infection, DW = 0.296 0.296

7.0% (3.4% to 14.4%) of children born to mothers infected with ZIKV

during pregnancy will develop CZS, with likely lifelong cognitive,

motor, visual, and hearing impairment with severe epilepsy [27–31,57–

61]

CZS: combined DW (severe motor plus

cognitive impairment, DW = 0.542 and severe

epilepsy, DW = 0.552)

0.795

High rates of psychological sequelae are associated with caring for

surviving children with CZS: Among caretakers, 30% report moderate

and 21% severe depression, and 20% report moderate and 31% severe

anxiety; additionally, 17%, 34%, and 43% of mothers who experience

EPL or stillbirth report depression, anxiety, and PTSD, respectively,

often lasting several months [32,33,62,63]

Moderate or severe depression, DW = 0.396 or

DW = 0.658

0.527 (0.396–0.658)

Moderate or severe anxiety, DW = 0.133 or

DW = 0.523

0.328 (0.133–0.523)

PTSD, DW = 0.435 0.435

CHIKV, chikungunya virus; CZS, congenital Zika syndrome; DW, disability weight; EPL, early pregnancy loss; GBD, Global Burden of Diseases; GBS, Guillain–Barré

syndrome; PTSD, post-traumatic stress disorder; YLD, years lived with disability; ZIKV, Zika virus.

https://doi.org/10.1371/journal.pntd.0009055.t001
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Fig 1. Study selection. Breakdown of initial search results returned, reports screened, and sources included in the analysis.

https://doi.org/10.1371/journal.pntd.0009055.g001

Table 2. Extracted data used for DALY calculations.

Arbovirus Estimated global clinical

cases per annum�
CFR (%) Median age for

fatal cases

Survivor’s risk for chronic or

permanent disability

Median age for

symptomatic disease

Duration of chronic

disease (years)

CHIKV 52,774 to 328,943 0.07%

(0.012% to 1.8%)

[40,42,44]

60 [50] 42.5%

(7.0% to 89.7%) [50–56]

39 [50–55] 2.0 (1.0 to 53) [50–56]

ZIKV 25,344 to 99,365 0.0023%

(0.0020% to

0.0026%) [64,65]

72 [56] (0.020%)

(0.016% to 0.024%) [23–25]

40.5 [23–25] 1.0 (0.083 to 52) [22–24]

ZIKV

(CZS)

372 to 795 29.9%

(27.3% to 64.4%)

[27,61]

0 [28,61] 100%† 0 [22–26,40–42] 92 (1.7 to 92)

[28,30,31,66,67]

CFR, case fatality rate; CHIKV, chikungunya virus; CZS, congenital Zika syndrome; DALY, disability-adjusted life year; ZIKV, Zika virus.

�See S2 Table for complete listing of surveillance reports used to generate case count estimates.
†Reported CZS cases are those that meet predefined international diagnostic criteria based on clinical symptoms. Current evidence suggests that these symptoms will

persist throughout life; therefore, all of the CZS patients included in this analysis are assumed to have some degree of chronic or permanent disability [28,58,62].

https://doi.org/10.1371/journal.pntd.0009055.t002
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significantly higher CFR among the Sudanese population, setting the value of 18 per 1,000 clin-

ical infections as the credible upper bound for CFR [44]. Although the fever, rash, and joint

pain associated with acute infection are usually self-limited and last only 1 to 2 weeks [45],

CHIKV can result in neurologic [17], renal [46], cardiac [47], respiratory [48], and hemato-

logic [49] complications that may result in death or necessitate aggressive medical interven-

tions. Moreover, the acute symptoms of CHIKV often progress to long-term rheumatism,

including severe arthritis that can persist for several years. A large proportion of patients who

progress to these chronic symptoms seek medical treatment during the course of their disease,

with variable success in symptom management [50].

Estimates of the rate of progression to chronic post-chikungunya rheumatism vary widely

based on criteria used and the populations examined, with data indicating that, on average,

about 42.5% of patients experience chronic, post-chikungunya arthritis [50–56]. Such symp-

toms can substantially diminish a patient’s quality of life, and formal studies have confirmed

that post-chikungunya arthritis can severely impair activities of daily living [14,53].

The symptoms of acute ZIKV infection are similar to, but usually milder than those of

CHIKV [22,38]. As with CHIKV, most patients acutely infected with ZIKV recover within 1 to

2 weeks [57]. The CFR associated with acute ZIKV infection in adults is also extremely low,

with the majority of deaths occurring in older patients with preexisting comorbidities [64,65].

Nevertheless, acute ZIKV infection has been found to cause cardiovascular and other compli-

cations, with some otherwise healthy individuals requiring hospitalization and respiratory sup-

port during infection [68,69]. ZIKV has also been linked to GBS, a rare, paralyzing neurologic

condition that can leave up to 45% of patients unable to walk without assistance 6 months after

symptom onset. Studies indicate that the incidence of post-ZIKV GBS is about 2 per 10,000

ZIKV infections, making the arbovirus a leading cause of the condition among affected popu-

lations during outbreaks [23–26]. In addition to the acute febrile symptoms, mortality, and

GBS associated with adult infections, ZIKV can also have severe teratogenic effects on fetal

development, causing CZS.

CZS is associated with a complex constellation of symptoms that cause substantial morbidity

and mortality among affected populations. Due to the ZIKV’s tropism for fetal neural progeni-

tor cells, as many as 1 in 7 neonates whose mothers were infected with ZIKV during pregnancy

develop neurologic, optic, or aural malformations [27–31]. CZS is classically characterized by

microcephaly at birth, and this finding is a requirement for diagnosis in most settings [66,67].

However, the neurologic complications of CZS have also been documented in some normoce-

phalic children, indicating that current surveillance may omit many cases of CZS [70]. Although

research is limited, studies have demonstrated that the motor and cognitive impairments expe-

rienced by many children with CZS persist at least throughout infancy, with recent studies doc-

umenting substantial developmental delays at 3 years of age [28]. Longer-term follow-up is

needed to characterize the progression of CZS symptoms beyond this age, although the severity

of the related neurologic malformations make it likely that patients with CZS will experience

lifelong symptoms [28,30,31,66,67]. Between 27.3% and 64.4% of CZS cases result in early preg-

nancy loss (EPL) or perinatal death [27,61]. While CZS-related morbidity most directly affects

patients with the condition, a large amount of burden also arises from the disease’s impact on

mothers and caretakers. The psychological sequelae experienced by the caretakers of children

with CZS are extremely pervasive, with about half of surveyed caretakers, usually mothers,

reporting moderate or severe depression and a similar proportion reporting anxiety [32,33].

Studies have also shown that over a third of mothers who experience EPL report depression,

anxiety, or PTSD for months following the loss [62]. These psychological symptoms can all neg-

atively impact quality of life and one’s ability to perform activities of daily living and so were

consequently included in our ZIKV-related DALY estimates.
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Using the values listed in Tables 1 and 2, we estimate that from 2010 to 2019, CHIKV

caused an average annual global loss of over 106,000 DALYs, while ZIKV caused the average

annual loss of over 44,000 DALYs. Both arboviruses caused significantly more burden in

WHO’s Region of the Americas (AMRO) than in any other region, reflecting their rapid

expansion there. We estimate that CHIKV and ZIKV caused the respective annualized loss of

94,995 and 42,690 DALYs in the Americas when averaged over the 10 years studied. However,

these estimates increase substantially when only the years since each virus’s emergence in

AMRO are considered. When only data from 2014 through 2019 are analyzed, CHIKV caused

an annual average burden of over 158,000 DALYs in AMRO. Likewise, if only the 5 years since

ZIKV’s emergence in the Americas are considered, the virus’s associated burden in the region

effectively doubles to an annualized average of over 85,000 DALYs.

Tables 3 and 4 summarize the DALY estimates for CHIKV and ZIKV, detailing the relative

contributions of acute disease, chronic complications, and early mortality. YLD due to chronic

complications contribute substantially more to the overall DALY burden of CHIKV than the

symptoms and mortality associated with acute infection. CZS cases, although representing a

small proportion of the total number of Zika cases, account for the majority of ZIKV-related

burden.

Although their related burden is unevenly distributed, both of the studied arboviruses affect

populations across much of the globe. CHIKV was found to have spread more widely than

ZIKV, with autochthonous transmission occurring in 114 countries and independent territo-

ries [8]. ZIKV was significantly less prevalent throughout the last decade, but reported autoch-

thonous cases still occurred in 86 countries and territories [10]. As a result, over three quarters

of the world’s populations now live in countries reporting endemic spread of CHIKV, and

about half live in those reporting transmission of ZIKV. Figs 2 and 3 and Table 5 summarize

the global distribution of the 2 viruses and the populations at risk for their continued spread.

Discussion

Arboviral infections are known to cause a wide spectrum of acute disease, chronic complica-

tion, and mortality in many tropical and subtropical locales [16]. Among these diseases,

Table 3. DALY estimates for CHIKV.

YLLacute YLDacute YLDchronic TOTAL�

AFRO 64

(0–2,548)

10

(0–14)

814

(1–74,360)

888

(1–75,637)

AMRO 6,592

(312–275,704)

1,089

(5–1,457)

87,314

(401–7,977,910)

94,995

(767–8,111,092)

EMRO 32

(0–1,820)

7

(0–10)

580

(16–52,960)

619

(18–53,833)

EURO 0

(0–52)

0

(0–2)

9

(0–840)

9

(0–865)

SEARO 544

(0–22,308)

88

(0–118)

7,066

(7–645,676)

7,699

(8–656,457)

WPRO 128

(0–5,460)

22

(0–29)

1,729

(0–158,012)

1,879

(0–160,658)

TOTAL� 7,360

(312–307,892)

1,216

(5–1,627)

97,513

(424–8,909,812)

106,089

(794–9,058,541)

AFRO, WHO Africa region; AMRO, WHO Americas region; CHIKV, chikungunya virus; DALY, disability-adjusted life year; EMRO, WHO Eastern Mediterranean

region; EURO, WHO European region; SEARO, WHO Southeast Asia region; WPRO, Western Pacific region; YLD, years lost to disability; YLL, years of life lost.

�Note: Total DALY min. and max. values do not sum across rows because gains in 1 DALY category column are necessarily offset by reductions in other categories.

https://doi.org/10.1371/journal.pntd.0009055.t003
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Table 4. DALY estimates for ZIKV.

YLLacute YLDacute YLLGBS YLDGBS YLLCZS YLDCZS YLDcare YLDEPL TOTAL

AFRO - 1

(1–2)

- - 92

(0–276)

146

(0–219)

48

(0–90)

- 287

(1–403)

AMRO 40

(40–60)

96

(23–197)

108

(0–206)

5

(0–289)

12,236

(9,384–45,632)

22,734

(178–40,958)

7,460

(118–17,364)

16

(4–59)

42,690

(10,058–77,884)

EMRO - - - - - - - - -

EURO - - - - 0

(0–92)

73

(0–73)

24

(0–30)

- 97

(0–104)

SEARO - - - - 0

(0–92)

73

(0–73)

24

(0–30)

- 97

(0–173)

WPRO - 2

(2–5)

- 0

(0–15)

276

(0–1,104)

512

(0–951)

168

(0–391)

0

(0–1)

958

(2–1,812)

TOTAL 40

(40–60)

100

(26–203)

108

(0–206)

5

(0–304)

12,604

(9,384–47,104)

34,772

(178–42,275)

7,724

(118–17,364)

16

(4–61)

44,130

(10,061–80,407)

AFRO, WHO Africa region; AMRO, WHO Americas region; care, caregiver impact; CZS, congenital Zika syndrome; DALY, disability-adjusted life year; EMRO, WHO

Eastern Mediterranean region; EPL, early pregnancy loss; EURO, WHO European region; GBS, Guillain–Barré syndrome; SEARO, WHO Southeast Asia region;

WPRO, Western Pacific region; YLD, years lost to disability; YLL, years of life lost; ZIKV, Zika virus.

https://doi.org/10.1371/journal.pntd.0009055.t004

Fig 2. Global distribution of CHIKV. Countries having transmission of chikungunya, with gradient indicating average number of reported cases per year from 2010 to

2019. Map created using an open-access world map from Wikimedia Commons (https://commons.wikimedia.org/wiki/File:BlankMap-World.svg). CHIKV, chikungunya

virus.

https://doi.org/10.1371/journal.pntd.0009055.g002
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chikungunya and Zika have been particularly notable for their rapid emergence and spread

throughout several regions over the last decade, including the densely populated Americas [5–

10]. Having infected millions of people since 2010, the 2 viruses have created a considerable

disease burden, yet this burden has been largely understudied, and as a consequence, it has

Fig 3. Global distribution of ZIKV. Countries having transmission of Zika, with gradient indicating average number of reported cases per year from 2010 to 2019. Map

created using an open-access world map from Wikimedia Commons (https://commons.wikimedia.org/wiki/File:BlankMap-World.svg). ZIKV, Zika virus.

https://doi.org/10.1371/journal.pntd.0009055.g003

Table 5. Populations of areas with endemic CHIKV and ZIKV transmission by WHO region.

Arbovirus Number of affected territories and

countries

WHO regions (populations of affected countries in

thousands)

Total populations of affected countries (% global

population)

CHIKV 114 AFRO (828,100)

AMRO (929,765)

EMRO (257,300)

EURO (126,800)

SEARO (1,898,600)

WPRO (1,658,460)

5,699,025,000 (77.9%)

ZIKV 86 AFRO (445,600)

AMRO (929,802)

EMRO (0)

EURO (64,300)

SEARO (1,847,700)

WPRO (263,880)

3,551,282,000 (48.6%)

AFRO, African region; AMRO, Americas region; CHIKV, chikungunya virus; EMRO, Eastern Mediterranean region; EURO, European region; SEARO, Southeast Asia

region; WPRO, Western Pacific region; ZIKV, Zika virus.

The populations listed were quantified according to the 2015 estimates given in the United States Census Bureau’s International Database (https://www.census.gov/data-

tools/demo/idb/).

https://doi.org/10.1371/journal.pntd.0009055.t005
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been omitted from most reports of international disability estimates [39,41,44,65]. Despite

early evidence from 2014 suggesting that CHIKV could cause more burden than any other

arbovirus in the Americas, quantified DALY estimates have been strikingly absent from the lit-

erature [71]. The most recent GBD report published by the IHME includes data for only 3

arboviral diseases: dengue, yellow fever, and Zika [39]. This report excludes chikungunya and

exclusively assesses Zika-related burden in 2019, missing the years during which the most sig-

nificant outbreaks occurred globally. To address this gap in awareness, we now report what

are, to our knowledge, the first multiyear global DALY estimates for ZIKV and the first

updated estimates for CHIKV in the last decade. Our systematic review and subsequent calcu-

lations of CHIKV- and ZIKV-related burden indicate that the 2 arboviruses cause significant

health burdens at both regional and global levels. The burden caused by these viruses should

be included in routine reports and regularly acknowledged in discussions of policy and con-

tainment priorities.

Our DALY estimates for CHIKV align with those reported by Cardona-Ospina and col-

leagues, who analyzed chronic CHIKV-linked burden in Latin America in 2014 and noted that

DALYs attributable to CHIKV likely outweighed those of any other arbovirus in the region

that year [71]. In our current analysis, we estimated that the virus has caused the annualized

loss of over 158,000 DALYs in AMRO since its emergence. This value confirms that CHIKV is

among the most problematic arboviruses in the region, causing a burden second only to that

of dengue virus (DENV), which WHO estimated to cause the loss of 203,000 DALYs in its

2016 GBD report [38]. We estimate that ZIKV has caused an annualized DALY burden of

85,000 in AMRO since its emergence there in 2015. This estimate aligns with those previously

published for Latin America and far exceeds the 23,000 DALYs associated with yellow fever in

AMRO [38,72]. Although our CHIKV and ZIKV burden estimates for other regions are

smaller in comparison, the differences may be partially explained by irregular surveillance and

reporting in other regions. Since our calculations are based on nationally or regionally

reported case counts, burden is inevitably underestimated in areas with limited surveillance, as

is the case in many countries with continuing endemic and epidemic transmission outside the

Americas [40,42,73,74]. Despite likely underestimation, our annualized value of 44,310 DALYs

for global ZIKV burden still far exceeds the 2019 DALY estimate published by WHO and

IHME of 347 DALYs [35]. This large discrepancy results mostly from the time periods ana-

lyzed. ZIKV infection rates were substantially higher from 2015 to 2018 than in 2019. These

years of peak infection rates are not reflected in the estimate published by WHO and IHME.

Further, a large portion of the ZIKV-associated burden we report is linked to the psychological

symptoms experienced by mothers and caretakers of children affected by CZS, which is omit-

ted from the 2019 GBD estimate.

The wide ranges of our estimated burden values, presented in Tables 4 and 5, reflect the

current uncertainty in predicting the short- and long-term outcomes of infections, inconsis-

tencies in published findings, and inherent challenges in generating yearly DALY estimates for

arboviral diseases. DALY calculations require the use of annualized mortality rates and inci-

dence rates of both acute and chronic manifestations of disease. Like most tropical diseases,

CHIKV and ZIKV disproportionately affect resource-poor areas where healthcare and public

health surveillance are often limited [2,15,40,41]. Due to inconsistencies in diagnostics and

likely underreporting in endemic areas, it is impossible at this time to know precisely the num-

ber of symptomatic infections globally or their associated cause-specific deaths. Likewise, due

to limited long-term data, it is currently unclear how many chronic cases either virus has

caused, or the duration for which patients generally experience long-term complications. In

particular, more follow-up will be needed to ascertain the lifetime prognosis of CZS, a condi-

tion which has only been studied since its discovery in 2015 [23,26]. Although it does so less
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frequently than ZIKV, CHIKV can also cause life-threatening complications in neonates via

intrapartum infection and subsequent encephalitis. Such findings were well documented dur-

ing the Réunion Island outbreak in 2005 and 2006, yet little information on nonfatal outcomes

from neonatal CHIKV has been reported during outbreaks in the last decade [19–21]. As a

result, any chronic sequelae due to neonatal infection represent sources of burden absent from

our CHIKV DALY estimates.

The transmission patterns of arboviral infections further complicate the determination of

their associated burden. Arboviruses are typically spread in epidemics, and information on

interepidemic transmission is often unavailable. This tendency can, in part, explain the lack of

sufficient data from regions outside AMRO that detail CHIKV and ZIKV incidence during the

past decade. As evidenced by seroprevalence and case study data, several countries in Africa,

Asia, and the Pacific had autochthonous spread of the 2 viruses between 2010 and 2019 [75–

80]. For many of these nations, however, nearly no routine surveillance data are available.

Given the findings of various seroprevalence studies and detected outbreaks in countries like

Sudan, Yemen, India, and Thailand, it is very likely that a large number of infections occur

across the world each year that are missed in global burden assessments [14,44,48,75,80,81].

Unequal distribution of disease burden is a potential limitation of a DALY-based approach,

which requires a standardized methodology across regions. For example, the 92-year standard

life expectancy used in the current GBD framework may not accurately reflect the life expec-

tancy of individuals in the tropical areas affected most heavily by arboviral disease.

Even within the Americas, reporting guidelines differ greatly between countries. This

inconsistency is perhaps most prominent in CZS diagnosis, for which surveillance in clinical

settings can vary widely. By the end of 2017, over 85% of all CZS cases in the Americas were

reported in Brazil, Guatemala, and the Dominican Republic, yet only about 47% of all ZIKV

infections in the Americas were reported in these 3 nations [65]. This discrepancy between sta-

tistics indicates that many CZS cases were likely missed in areas that did not implement such

proactive screening protocols. As illustrated in Table 5, even the relatively few known CZS

cases contribute substantially more to overall global burden than all reported adult infections.

Importantly, CZS-related burden is carried not only by affected children, but also by mothers

and caretakers. The well-documented psychological symptoms experienced by mothers and

caretakers are a unique effect of CZS, and the severity and frequency of these sequelae mean

they must be considered when approximating the total burden caused by ZIKV [32,33].

Although nearly all diagnosed CZS cases have been in the Americas, confirmed cases have

been reported in continental Africa and the Pacific [82,83]. Such findings suggest that CZS is

in fact a global problem for which public health education and surveillance must be improved.

DALY estimates can provide a quantitative means by which to assess burden over a chosen

period, but they fail to convey perhaps the most important characteristic of arboviral infec-

tions: outbreak potential. As a tool used by policymakers to assess burden during times of both

average and peak demand, DALYs are traditionally calculated over a multiyear period. To

derive estimates that can be readily compared to those available for other diseases, we analyzed

CHIKV- and ZIKV-associated burden over the course of a decade rather than on a year-by-

year basis. When averaged over the course of years, the burden associated with CHIKV, ZIKV,

and other arboviruses can seem small relative to those caused by other pathogens. What is not

conveyed by DALY estimates, however, is the often explosive spread of these diseases in epi-

demics that can overwhelm health systems and devastate local communities through supply

chain dysfunction, economic downturn, and political disruption. As the rapid spread of

CHIKV and ZIKV throughout the Americas illustrates, the introduction of arboviruses into

new populations can result in spikes in cases that exceed the capacity of local health systems

[84]. These surges in utilization during epidemics can indirectly result in additional burden, as
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patients with other medical conditions have reduced access to optimal treatment while health

systems are overwhelmed.

The majority of the world’s populations now live in areas with evidence of arboviral trans-

mission [8,10]. With climatic and social changes further driving the spread of Aedes mosqui-

toes to new regions, it is exceedingly likely that CHIKV, ZIKV, and other arboviruses will

continue to cause explosive outbreaks in the near future [85,86]. Consequently, improved sur-

veillance and preventative measures are important. Better estimates of the global burden and

economic losses caused by arboviral epidemics point to the potential long-term cost-effective-

ness of transmission-blocking strategies, including vector control and novel vaccine

implementation.
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verri MC, Garcı́a-Loaiza CJ, et al. Post-chikungunya chronic arthralgia: Results from a retrospective fol-

low-up study of 131 cases in Tolima, Colombia. Travel Med Infect Dis. 2016; 14:58–9. https://doi.org/

10.1016/j.tmaid.2015.09.001 PMID: 26419952

51. Genderen FT, Krishnadath I, Sno R, Grunberg MG, Zijlmans W, Adhin MR First Chikungunya Outbreak

in Suriname; Clinical and Epidemiological Features. PLoS Negl Trop Dis. 2016; 10: e0004625. https://

doi.org/10.1371/journal.pntd.0004625 PMID: 27082985

52. Consuegra-Rodrı́guez MP, Hidalgo-Zambrano DM, Vásquez-Serna H, Jimenez-Canizales CE, Parra-

Valencia E, Rodriguez-Morales AJ. Post-chikungunya chronic inflammatory rheumatism: Follow-up of

cases after 1 year of infection in Tolima. Colombia Travel Med Infect Dis. 2018; 21:62–8. https://doi.org/

10.1016/j.tmaid.2017.11.013 PMID: 29203304

53. Rodriguez-Morales AJ, Restrepo-Posada VM, Acevedo-Escalante N, Rodrı́guez-Muñoz ED, Valencia-

Marı́n M, Castrillón-Spitia JD, et al. Impaired quality of life after chikungunya virus infection: a 12-month

follow-up study of its chronic inflammatory rheumatism in La Virginia, Risaralda, Colombia. Rheumatol

Int. 2017; 37:1757–8. https://doi.org/10.1007/s00296-017-3795-1 PMID: 28828632

54. Chang AY, Encinales L, Porras A, Pacheco N, Reid SP, Martins KAO, et al. Frequency of Chronic Joint

Pain Following Chikungunya Virus Infection: A Colombian Cohort Study. Arthritis Rheumatol. 2018;

70:578–84. https://doi.org/10.1002/art.40384 PMID: 29266783

55. Tritsch SR, Encinales L, Pacheco N, Cadena A, Cure C, McMahon E, et al. Chronic Joint Pain 3 Years

after Chikungunya Virus Infection Largely Characterized by Relapsing-remitting Symptoms. J Rheuma-

tol. 2020; 47:1267–74. https://doi.org/10.3899/jrheum.190162 PMID: 31263071

56. Rodriguez-Morales AJ, Villamil-Gomez W, Merlano-Espinosa M, Simone-Kleber L. Post-chikungunya

chronic arthralgia: a first retrospective follow-up study of 39 cases in Colombia. Clin Rheumatol. 2016;

35:831–2. https://doi.org/10.1007/s10067-015-3041-8 PMID: 26242471

57. Plourde AR, Bloch EM. A Literature Review of Zika Virus. Emerg Infect Dis. 2016; 22:1185–92. https://

doi.org/10.3201/eid2207.151990 PMID: 27070380

58. Almeida KJ, Martins ACB. Almendra ICCG e, Meneses GMS de, Sampaio TD de O, Campêlo J da CM,

et al. Clinical aspects of congenital microcephaly syndrome by Zika virus in a rehabilitation center for

patients with microcephaly. Rev Assoc Med Bras. 2019; 65:1249–53. https://doi.org/10.1590/1806-

9282.65.10.1249 PMID: 31721956

59. van der Linden H, Carvalho MD, van der Linden V, Lacerda KM, Pessoa A, Carneiro ML, et al. Epilepsy

Profile in Infants with Congenital Zika Virus Infection. N Engl J Med. 2018; 379:891–2. https://doi.org/

10.1056/NEJMc1716070 PMID: 30157396

60. Pomar L, Vouga M, Lambert V, Pomar C, Hcini N, Jolivet A, et al. Maternal-fetal transmission and

adverse perinatal outcomes in pregnant women infected with Zika virus: prospective cohort study in

French Guiana. BMJ. 2018:k4431. https://doi.org/10.1136/bmj.k4431 PMID: 30381296

61. Brasil P, Pereira JP, Moreira ME, Ribeiro Nogueira RM, Damasceno L, Wakimoto M, et al. Zika Virus

Infection in Pregnant Women in Rio de Janeiro. N Engl J Med. 2016; 375:2321–34. https://doi.org/10.

1056/NEJMoa1602412 PMID: 26943629

62. Farren J, Jalmbrant M, Ameye L, Joash K, Mitchell-Jones N, Tapp S, et al. Post-traumatic stress, anxi-

ety and depression following miscarriage or ectopic pregnancy: a prospective cohort study. BMJ Open.

2016; e011864:6. https://doi.org/10.1136/bmjopen-2016-011864 PMID: 27807081

PLOS NEGLECTED TROPICAL DISEASES Measuring the global burden of chikungunya and Zika viruses

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009055 March 4, 2021 16 / 18

http://www.emro.who.int/pandemic-epidemic-diseases/chikungunya/outbreak-update-chikungunya-in-sudan-21-december-2019.html
http://www.emro.who.int/pandemic-epidemic-diseases/chikungunya/outbreak-update-chikungunya-in-sudan-21-december-2019.html
https://doi.org/10.1590/0074-02760170044
http://www.ncbi.nlm.nih.gov/pubmed/28767976
https://doi.org/10.1016/j.jcv.2018.03.009
https://doi.org/10.1016/j.jcv.2018.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29604514
https://doi.org/10.1177/0883073817701879
http://www.ncbi.nlm.nih.gov/pubmed/28459170
https://doi.org/10.3201/eid2409.180330
https://doi.org/10.3201/eid2409.180330
http://www.ncbi.nlm.nih.gov/pubmed/30124414
https://doi.org/10.1371/journal.pntd.0005189
http://www.ncbi.nlm.nih.gov/pubmed/28030537
https://doi.org/10.1016/j.tmaid.2015.09.001
https://doi.org/10.1016/j.tmaid.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/26419952
https://doi.org/10.1371/journal.pntd.0004625
https://doi.org/10.1371/journal.pntd.0004625
http://www.ncbi.nlm.nih.gov/pubmed/27082985
https://doi.org/10.1016/j.tmaid.2017.11.013
https://doi.org/10.1016/j.tmaid.2017.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29203304
https://doi.org/10.1007/s00296-017-3795-1
http://www.ncbi.nlm.nih.gov/pubmed/28828632
https://doi.org/10.1002/art.40384
http://www.ncbi.nlm.nih.gov/pubmed/29266783
https://doi.org/10.3899/jrheum.190162
http://www.ncbi.nlm.nih.gov/pubmed/31263071
https://doi.org/10.1007/s10067-015-3041-8
http://www.ncbi.nlm.nih.gov/pubmed/26242471
https://doi.org/10.3201/eid2207.151990
https://doi.org/10.3201/eid2207.151990
http://www.ncbi.nlm.nih.gov/pubmed/27070380
https://doi.org/10.1590/1806-9282.65.10.1249
https://doi.org/10.1590/1806-9282.65.10.1249
http://www.ncbi.nlm.nih.gov/pubmed/31721956
https://doi.org/10.1056/NEJMc1716070
https://doi.org/10.1056/NEJMc1716070
http://www.ncbi.nlm.nih.gov/pubmed/30157396
https://doi.org/10.1136/bmj.k4431
http://www.ncbi.nlm.nih.gov/pubmed/30381296
https://doi.org/10.1056/NEJMoa1602412
https://doi.org/10.1056/NEJMoa1602412
http://www.ncbi.nlm.nih.gov/pubmed/26943629
https://doi.org/10.1136/bmjopen-2016-011864
http://www.ncbi.nlm.nih.gov/pubmed/27807081
https://doi.org/10.1371/journal.pntd.0009055


63. Santos-Pinto CDB, de Almeida S-MD, Ferrari FP, Ajalla MEA, Venancio FA, da Rosa TS, et al. Health

demands and care of children with congenital Zika syndrome and their mothers in a Brazilian state.

BMC Public Health. 2020; 20:762. https://doi.org/10.1186/s12889-020-08880-6 PMID: 32448272

64. Van Dyne EA, Neaterour P, Rivera A, Bello-Pagan M, Adams L, Munoz-Jordan J, et al. Incidence and

Outcome of Severe and Nonsevere Thrombocytopenia Associated With Zika Virus Infection-Puerto

Rico, 2016. Open Forum Infect Dis. 2019; 6:ofy325. https://doi.org/10.1093/ofid/ofy325 PMID:

30631791

65. PAHO/WHO | Zika Cumulative Cases. In: Pan American Health Organization / World Health Organiza-

tion [Internet]. 18 Aug 2016 [cited 28 Jul 2020]. Available from: https://www.paho.org/hq/index.php?

option=com_content&view=article&id=12390:zika-cumulative-cases&Itemid=42090&lang=en

66. Melo AS de O, Aguiar RS, Amorim MMR, Arruda MB, Melo F de O, Ribeiro STC, et al. Congenital Zika

Virus Infection: Beyond Neonatal Microcephaly. JAMA Neurol. 2016; 73:1407–16. https://doi.org/10.

1001/jamaneurol.2016.3720 PMID: 27695855

67. Moore CA, Staples JE, Dobyns WB, Pessoa A, Ventura CV, da Fonseca EB, et al. Characterizing the

Pattern of Anomalies in Congenital Zika Syndrome for Pediatric Clinicians. JAMA Pediatr. 2017;

171:288–95. https://doi.org/10.1001/jamapediatrics.2016.3982 PMID: 27812690

68. Krittanawong C, Zhang H, Sun T. Cardiovascular complications after Zika virus infection. Int J Cardiol.

2016; 221:859. https://doi.org/10.1016/j.ijcard.2016.06.293 PMID: 27434361

69. Ramos-Rossy J, Flores J, Otero-Domı́nguez Y, Torres-Palacios J, Rodrı́guez-Cintrón W. Hypoxemic

Respiratory Failure Secondary to Zika Virus Infection. P R Health Sci J. 2018; 37:S99–S101. PMID:

30576587

70. van der Linden V. Description of 13 Infants Born During October 2015–January 2016 With Congenital

Zika Virus Infection Without Microcephaly at Birth—Brazil. MMWR Morb Mortal Wkly Rep. 2016:65.

https://doi.org/10.15585/mmwr.mm6547e2 PMID: 27906905

71. Cardona-Ospina JA, Diaz-Quijano FA, Rodrı́guez-Morales AJ. Burden of chikungunya in Latin Ameri-

can countries: estimates of disability-adjusted life-years (DALY) lost in the 2014 epidemic. Int J Infect

Dis. 2015; 38:60–1. https://doi.org/10.1016/j.ijid.2015.07.015 PMID: 26216764

72. Alfaro-Murillo JA, Parpia AS, Fitzpatrick MC, Tamagnan JA, Medlock J, Ndeffo-Mbah ML, et al. A Cost-

Effectiveness Tool for Informing Policies on Zika Virus Control. Carabin H, editor. PLoS Negl Trop Dis.

2016; e0004743:10. https://doi.org/10.1371/journal.pntd.0004743 PMID: 27205899

73. WHO | Chikungunya–Congo. In: WHO [Internet]. [cited 28 Jul 2020]. Available from: http://www.who.

int/csr/don/01-may-2019-chikungunya-congo/en/

74. Zika Epidemiology Update. WHO; 2019. Available from: https://www.who.int/emergencies/diseases/

zika/zika-epidemiology-update-july-2019.pdf?ua=1

75. Gurav YK, Gopalkrishna V, Shah PS, Patil DR, Mishra M, Paingankar MS, et al. An outbreak of chikun-

gunya in Jamshedpur, Jharkhand in 2011. Indian J Med Res. 2012; 136:886–9. PMID: 23287142

76. Konongoi SL, Nyunja A, Ofula V, Owaka S, Koka H, Koskei E, et al. Human and entomologic investiga-

tions of chikungunya outbreak in Mandera, Northeastern Kenya, 2016. PLoS ONE. 2018; e0205058:13.

https://doi.org/10.1371/journal.pone.0205058 PMID: 30308064

77. Willcox AC, Collins MH, Jadi R, Keeler C, Parr JB, Mumba D, et al. Seroepidemiology of Dengue, Zika,

and Yellow Fever Viruses among Children in the Democratic Republic of the Congo. Am J Trop Med

Hyg. 2018; 99:756–63. https://doi.org/10.4269/ajtmh.18-0156 PMID: 29988000

78. Malik MR, Mnzava A, Mohareb E, Zayed A, Al Kohlani A, Thabet AAK, et al. Chikungunya outbreak in

Al-Hudaydah, Yemen, 2011: epidemiological characterization and key lessons learned for early detec-

tion and control. J Epidemiol Glob Health. 2014; 4:203–11. https://doi.org/10.1016/j.jegh.2014.01.004

PMID: 25107656

79. Ngwe Tun MM, Kyaw AK, Hmone SW, Inoue S, Buerano CC, Soe AM, et al. Detection of Zika Virus

Infection in Myanmar. Am J Trop Med Hyg. 2018; 98:868–71. https://doi.org/10.4269/ajtmh.17-0708

PMID: 29363460

80. Yoon I-K, Alera MT, Lago CB, Tac-An IA, Villa D, Fernandez S, et al. High rate of subclinical chikungu-

nya virus infection and association of neutralizing antibody with protection in a prospective cohort in the

Philippines. PLoS Negl Trop Dis. 2015; 9:e0003764. https://doi.org/10.1371/journal.pntd.0003764

PMID: 25951202

81. Suwanmanee S, Surasombatpattana P, Soonthornworasiri N, Hamel R, Maneekan P, Missé D, et al.
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