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Abstract

Background Seroprevalence studies about chikungunya infection are usually conducted after epidemics to estimate
the magnitude of the attack. This study aimed to estimate the seroprevalence of CHIKV by WHO region, considering
the periods of introduction of the virus in these regions and its potential to lead to epidemics.

Methods We systematically reviewed Medline/Pubmed, Embase, Lilacs, Scopus and Web of Science for original
articles published up to 2020. Cohort, case-control and cross-sectional studies were eligible for inclusion, based on
the results of laboratory diagnosis of previous or previous and recent infection. Those conducted with symptomatic
individuals were excluded.

Results 596 articles were identified, 197 full-text were reviewed and 64 were included, resulting in 71
seroprevalences. Most were cross-sectional studies (92%), between 2001 and 2020 (92%), with population of all

ages (55%), conducted in Kenya (10.9%), Brazil (9.4%) and French Polynesia (7.8%). The pooled estimates were 24%
(95%CI 19-29; I°=99.7%; p < 0.00), being 21% (95%CI 13-30; I>=99.5%; p < 0.00) for adults, 7% (95%CI 0-23; 1> =99.7%;
p < 0.00) for children and 30% (95%Cl| 23-38; 12=99.7%: p <0.00) for all ages. The higher seroprevalences were found in
African, the Americas and South-East Asian Regions.

Conclusions The great heterogeneity of seroprevalences points to the persistence of viral circulation. Even where the
seroprevalence is high, the population replacement and the absence of vaccines mean that the risk of virus spread
and epidemics remains.
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Background

Chikungunya is an arbovirus caused by an alphavirus,
Chikungunya virus (CHIKV), which is transmitted by
the bite of Aedes genus mosquitos. It was isolated for the
first time in 1952, when it was responsible for an out-
break in Tanzania [1]. In the 2000s, CHIKV emerged as
an important infectious disease when epidemics of great
magnitude broke out in Kenya, where the attack rate was
75% of the population [2]. From 2004 to 2006, the rapid
spread of CHIKV resulted in more than 500,000 cases
reported in the surrounding regions of the Indian Ocean
and in La Reunion Island, where 35% of the population
was infected [3]. Since then, epidemics have occurred in
India, Africa and Europe [4], and in 2013, CHIKV was
introduced in the Americas, with an explosive epidemic
in Saint Martin [5] and by 2021 it had led to more than
6.5 million cases in the Americas WHO Region [6]. Since
then, studies have shown the emergence of chronic and
disabling forms, giving rise to clinical and epidemiologi-
cal concern among scientists and health authorities [7].

Seroprevalence studies about CHIKV infection are
usually conducted after epidemics to estimate the mag-
nitude of the attack rate, identifying the proportion of
asymptomatic cases [8, 9]. Furthermore, these studies
elucidate the diagnosis given that there is a confusion
with other urban arboviruses that cocirculate in the same
space, especially in countries where the laboratory sup-
port is inadequate [10].

The potential to provoke epidemics, chronic and dis-
abling forms, together with the absence of vaccines and
the difficulties of control measures highlight the impor-
tance of scientific knowledge about the real burden of
chikungunya, in addition to identifying naive populations
and the herd immunity. This systematic review and meta-
analysis therefore aims to estimate the seroprevalence
of CHIKV by WHO region, considering the periods of
introduction of the virus in these regions and its poten-
tial to lead to epidemics.

Methods

This Systematic Review and Meta-analysis research was
conducted following the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-anal-
ysis (PRISMA) [11] and registered in the database of Pro-
spective Register of Systematic Reviews (PROSPERO)
under number CRD42020166227.

Search strategy and eligibility criteria

The data were extracted from studies included in Med-
line/Pubmed, Embase, Lilacs, Scopus and Web of Science
databases, without language restriction and published
until December 31st, 2020. The descriptors used on
the search were “Chikungunya Virus’, “Chikungunya

Fever’, “ Health Surveys”

» o«

Seroepidemiologic Studies’,
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and “Surveys and Questionnaires” These descriptors
were combined with boolean operators “OR” and “AND”
to identify the studies that might be included on this
systematic and meta-analysis review. Duplicates were
removed and then the eligibility criteria were applied.

The eligible studies were those which presented the
seroprevalence of chikungunya in populations in obser-
vational studies, including case-control, cross-sectional
and cohort studies, based on the results of laboratory
diagnosis of previous or previous and recent infection
by antibodies detection (Elisa IgG, Elisa IgG+IgM and/
or molecular diagnosis, immunofluorescence — IF, hem-
agglutination inhibition — HI, neutralization - NT). Stud-
ies that only presented results indicating recent or acute
infections were excluded, as well as those conducted
with symptomatic individuals in health services turned
to investigation of febrile illness. Case report studies and
reviews were used as sources of references only and were
not considered in this systematic review. The specific-
ity and sensitivity of the tests were not considered for
analysis.

Study selection and data collection

Four reviewers (L.M.S., A.E.S.S., EB. and M.L.) worked
in pairs to screen the titles and abstracts that fulfilled
the criteria, which were then read completely. The pairs
extracted data filling in a standardized form, which con-
tained the following information: author, journal and year
of publication, country and city, period, study design,
populational group, sample, age, laboratorial method
and number of positive results. Whenever disagreements
occurred, they were resolved by consensus.

Risk of bias assessment

The quality of articles was evaluated by two reviewers
(L.M.S. and A.E.S.S.), using the critical appraisal tools for
use in systematic reviews [12]. Nine criteria guided the
analysis, including aspects of selection, representative-
ness and description of population, sample size, coverage
and availability of diagnosis methods, statistical analysis
and management of low response rate. Each criterion
was answered with yes, no, unclear or not applicable.
Each “yes” was considered a point in the evaluation and
the higher the number of yes, the lower the risk of bias.
The ones with 7 to 9 points were considered as low risk of
bias, between 4 and 6 as moderate and 1 to 3 as high risk.

Statistical analysis

The outcome considered in this study was the serop-
revalence of CHIKV among populations and its 95%
Confidence Intervals (95% CI). The seroprevalence was
calculated with the number of positive cases, evidenced
by lab tests, divided by the number of people who were
tested.
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The seroprevalence was estimated by the popula-
tion groups recruited (less than 15 years old - children,
more than 15 years old — adults and studies with all ages
— general population) and by World Health Organiza-
tion Regions (African, Americas, Eastern Mediterranean,
European, South-East Asian and Western Pacific) which
the countries in the studies belong to.

In order to perform meta-analysis of proportions,
metapropp was applied in Stata Software. Metapropp cal-
culates the 95% Confidence Intervals (95% CI) using the
score statistic and the exact binomial method, incorpo-
rating Freeman-Tukey double arcsine transformation of
proportions and models the variability using the bino-
mial distribution [13].

The weights were calculated to represent the size of
the contribution of each individual study to the average
of seroprevalence. Heterogeneity (I?) was used to express
the variability among studies in the systematic review
and to explain whether this variability can be randomly
attributed. The I? values less than 50% indicate absence or
moderate variability, while I? higher than 50% may rep-
resent substantial heterogeneity. If it is higher than 75%,
this indicates considerable heterogeneity. Chi square test
was applied to evaluate the significance of I%, considering
the level of p<0.10 [14].

Results

After searching the databases, 596 articles were iden-
tified. Of these, 188 were removed because they were
duplicates, leaving 408 articles that had their titles and
abstracts read. A total of 213 articles were considered eli-
gible, but 16 of them were not available to access (Supple-
mentary material 1). Thus, 197 articles were read in full
and 133 did not answer the study question. Then 64 arti-
cles were included in the systematic review (Fig. 1, Sup-
plementary material 2). Six publications presented more
than one population study, so we considered them sepa-
rately in the analysis, finding 71 results of seroprevalence.

Most of the studies (92.2%) were published between
2001 and 2020 and were conducted in Kenya (10.9%),
Brazil (9.4%) and French Polynesia (7.8%). Cross sectional
was the study design used in 92.3% of publications and
70.4% had samples of 1,000 participants or fewer. Regard-
ing the population of study, 54.9% were of all ages, 33.8%
of studies recruited only adults (>15 years old) and 11.3%
were composed of only children (<15 years old). Elisa
tests were performed in 77% of publications (Table 1,
Supplementary material 2).

The risk of bias was classified as low in 46.9%, moderate
in 35.9% and high in 17.2% of the studies (Table 1, Sup-
plementary material 3). Analyzing the nine criteria sepa-
rately, the worst in evaluation were the adequate sample
size, which was present only in 36.9% of the studies, fol-
lowed by the sufficient coverage of the identified sample
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(52.3%) and sample frame appropriate to address the tar-
get population (55.4%).

The overall seroprevalence identified in the 71 stud-
ies was 24% (95%CI 19-29), with high heterogeneity
(1?=99.7%; p<0.00) in meta-analysis.

The seroprevalence of CHIKV in adults was calculated
based on 24 studies [3, 15-36]. The pooled seropreva-
lence in this set of studies was 21% (95%CI 13-30), with
high heterogeneity (I=99.5%; p<0.00) observed in meta-
analysis. The lowest seroprevalence observed was 0.4%
(95%CI 0.1-1.5) in Turkey [15] and the highest was 71.2%
(95%CI 66.0-75.9) in Thailand [27] (Fig. 2).

Eight studies were conducted only with children [18,
29, 37-42] and the pooled seroprevalence was 7% (95%CI
0-23), with high heterogeneity (I?°=99.7%; p<0.00). No
cases were identified in Tunisia [41], the lowest seroprev-
alence was 0.2 (95%CI 0.1-1.2) in French Polynesia [37]
and the highest was 53.3% (95%CI 50.9-55.6) in Kenya
[38] (Fig. 2).

Thirty-nine studies included populations of all ages
[2, 28, 37, 43-76], with pooled seroprevalence of 30%
(95%CI 23-38), with high heterogeneity (I>=99.7%;
p<0.00). The lowest seroprevalence observed was 0.8%
(95%CI 0.4-1.7) in Fiji [49] and the highest was 95.4%
(95%C1 93.4-96.9) in Laos [64] (Fig. 2).

Analyzing the seroprevalence by WHO Region, the
highest one was African, where the seroprevalence found
was 31% (95%CI 21-41), followed by Americas, with 29%
(95%CI 19-39) and South-East Asian, with 24% (95%CI
19-29)(Table 2, Supplementary material 4).

Considering only the studies of low risk of bias, the
pooled seroprevalence was 27% (95%CI 19-36), with
high heterogeneity (I°=99.7%; p<0.00), and the studies
of low and moderate risk showed a pooled seropreva-
lence of 25% (95%CI 20-31), with high heterogeneity
(12=99.6%; p<0.00) (data not shown).

Discussion

This study revealed that the overall seroprevalence of
CHIKYV among the 71 population serosurveys was 24%.
The highest seroprevalence found was 95.4% in a study
conducted in Laos [64], where 542 of 568 participants
from the general population had at least one positive
immunoglobulin isotype (IgM and/or IgG) and the low-
est was 0.2% in a study conducted with 476 children in
French Polynesia [37], with only IgG tests. This great
variability was also found in studies conducted only
with adults, which indicated 21% of pooled seropreva-
lence that varied from 0.4 to 71.2%. In those surveys that
included only children the pooled seroprevalence was
7%, varying from 0.2 to 53.3%. Similarly, in the popula-
tion of all ages the variation was from 0.8 to 95.4%, with
pooled seroprevalence of 30%. African was the WHO
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Fig. 1 Flowchart of study selection for systematic review and meta-analysis

Region with the highest seroprevalence (31%), followed
by Americas (29%) and South-East Asian (24%).

In a systematic review conducted by other authors
which included studies published from 2000 to 2019,
the overall seroprevalence of CHIKV was 25% (95% CI:
22-29) [77], similar to what we found in this review, even
considering a shorter and more recent time period. This
must be due to the circulation of CHIKV that was more
restricted to Africa and Southeast Asia in the period
prior to 2000. It included 44 studies and the South-East
Asian Region had the highest seroprevalence among all

WHO regions (42%, 95% CI: 17-67), followed by African
Region (33%, 95% CI: 24—41) [77] In our study, African
showed the highest seroprevalence, probably because
we included studies before 2000. As expected, a scope
review including publications of studies carried out from
1989 to 2017 also evidenced great variability (0.4—76.0%)
in 54 studies [78].

In our review there were studies in 38 countries located
in all the WHO Regions, however, they do not represent
these Regions as a whole, since the virus circulation has
already been identified in 114 countries [79]. There was
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Table 1 Characteristics of seroprevalence studies of
chikungunya virus included in the systematic review and meta-
analysis, 1960-2020

Characteristic n %

Year of publication

1960-1980 4 6.3
1981-2000 1 1.5
2001-2020 59 922
Country of study

Kenya 7 109
Brazil 6 94
French Polynesia 5 7.8
India 4 6.3
Comoros 4 6.3
Cameroon 2 3.1
Fiji 2 3.1
Nicaragua 2 3.1
Thailand 2 31
United States 2 3.1
Others 28 438
Study design

Cross sectional 60 923
Cohort 3 4.7
Cohort and cross sectional 1 1.5
Case Control 1 1.5
Sample size

75-1000 50 704
1001-2000 13 183
>2001 8 1.3
Population of study

General population (all ages) 39 549
Adults 24 338
Children 8 1.3
Risk of bias (points)

Low (7-9) 30 46.9
Moderate (4-6) 23 359
High (1-3) I 17.2

great seroprevalence variability among WHO regions,
31% in Africa, followed by the Americas with 29%, and
the lowest was 5% in the Eastern Mediterranean and
European regions. Although there were no studies of all
the 114 countries, it is plausible to hypothesize that this
variability is real, because the results depict the higher or
lower intensity and time of circulation of CHIKV in each
Region to a certain extent.

All surveys used similar laboratory tests that identify
the presence of antibodies against CHIKV. However, the
specificity and sensitivity of the tests were not considered
in the analysis, which may have biased the study results.
Furthermore, the methods for selecting the population of
the surveys were diverse and the sample size calculation
was not always described in the methods section, as evi-
denced by the qualitative analysis of the articles included
in this meta-analysis. These differences in methods
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inevitably lead to statistical heterogeneity of meta-anal-
yses, which generally include a small number of studies
which constitutes a limitation, given that the power of
the heterogeneity test in these circumstances is low [80].
Another important factor is that in prevalence studies
with large sample sizes and narrow confidence intervals,
the heterogeneity result can be misleading [81, 82].

We understand that the great heterogeneity between
the seroprevalence values found here is not surprising
and cannot be attributed only to the aforementioned rea-
sons, insofar as the level of herd immunity produced by
arboviruses is modulated by several factors that show dif-
ferent characteristics in distinct areas. In fact, in addition
to the infectivity power of the agent, the time of introduc-
tion and circulation in a given population also play a role
in the greater or lesser receptivity of the environment to
the vector. This receptivity, with regard to CHIKV trans-
mitters, is determined not only by climatic conditions but
also by the environmental sanitation infrastructure, the
living conditions of the populations and the availability
and implementation of control measures. All these fac-
tors will condition the population density of transmitting
mosquitoes in each area. Furthermore, it is also neces-
sary to consider the density of the human population in
urban centers, as it is a very important factor in this pro-
cess [83, 84].

The value of 95.4%, the highest seroprevalence
observed in our review, verified in a survey conducted in
Laos, a year after the first laboratorial evidence of CHIKV
circulation in this country [85] can be partly explained by
its location in a region of tropical climate and rainy sea-
sons that favor the reproduction of the vector. However,
this impressive find could be the result of the intense
and previous circulation of CHIKV in this country, as
highlighted by Somlor et al. in 2017 [64]. On the other
hand, the 90% seroprevalence found in Cameroon is not
surprising, as CHIKV is known to have been circulating
there since at least 2001 [86], as evidenced in a survey
conducted from 2000 to 2003, where the seroprevalence
was already 46% [22]. These high levels of seroprevalence
indicate that CHIKV had been circulating previously in
both countries. If in fact this arbovirus had been intro-
duced in Laos in 2012, the seroprevalence would possibly
have been much lower.

The study with French Polynesian children was car-
ried out between May and June 2014 in Tahiti, its most
populous island. At the beginning of the chikungunya
epidemic in this archipelago the study found a seropreva-
lence of 0.2% [37]. However, right after the outbreak of
this epidemic, in another survey carried out from Sep-
tember to November 2015, including only adults, the
seroprevalence reached more than 75.6% [37], revealing
the force of infection of this arbovirus. However, this is
not the only factor to consider. For example, although
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Table 2 Number of studies, pooled seroprevalence, Confidence
Interval of 95% (95%Cl) and heterogeneity (I) in meta-analysis by
WHO Region

Region N of Seroprevalence 95% |2
studies (d] (%)*
African 4 31 21-41 9943
Americas 15 29 19-39 99.68
Eastern 6 5 1-10 96.21
Mediterranean
European 4 5 0-17 99.88
South-East Asian 7 24 19-29 99.73
Western Pacific 15 18 7-32 99.78

* p-value was <0.00 in all heterogeneity tests

there is a similarity in terms of climate and living condi-
tions between Fiji and French Polynesia, the epidemic did
not explode at the same rate in the two countries, which
can be seen from the seroprevalence that was only 13%
[72]. Perhaps this difference is due to the cross-protec-
tion generated by infections produced by the Ross River
Virus, an agent that circulates in Fiji and belongs to the
same group as CHIKV [72], producing febrile clinical
conditions and polyarthritis.

It is a fact that CHIKV has been circulating in the Afri-
can and South-East Asian Regions since 1950s [1, 87].
Since then, CHIKV has produced periodic outbreaks for
approximately 50 years, until the occurrence of the 2005
epidemic in the Indian Ocean Islands [28, 62].This pro-
longed circulation may partly explain this high pooled
seroprevalence, in addition to the human replacement of
naive population and the high Ae. aegypti and Ae. albop-
ictus densities in these Regions. In the Americas, this
arbovirus only emerged in 2013 [88] and the high level of
seroprevalence can be a result of the speed of dissemina-
tion and high epidemic levels that many populous cities
in several countries have seen since then. This is probably
due to the widespread distribution and high population
density of both vectors, especially in large urban centers,
which had already favored the occurrence of successive
epidemics of the four serotypes of the DENV since the
1980s. The emergence of CHIKV and ZIKV have wors-
ened this epidemiological situation, and despite all the
efforts that many countries alongside PAHO are imple-
menting to reduce the population of these mosquitoes,
the results have mostly been inadequate. This scenario
points to the urgent need to develop new technologies to
control these urban arboviruses, not only for vector con-
trol, but especially for vaccines for the populations.

Conclusions

In countries with an abundance of vectors and naive pop-
ulations, the persisting viral circulation remains an epide-
miological concern and must be a target for surveillance
and control measures. Even where the seroprevalence is
high, the human population replacement, the absence of
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vaccines to prevent the infection by CHIKV and the low
effectiveness of currently available vector control mea-
sures, the risk of virus spread remains and the possible
occurrence of epidemics.
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