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Prevalence of Post-Chikungunya Infection Chronic
Inflammatory Arthritis: A Systematic Review and
Meta-Analysis

ALFONSO J. RODRIGUEZ-MORALES," JAIME A. CARDONA-OSPINA,>
SIVIA FERNANDA URBANO-GARZON,? anp JUAN SEBASTIAN HURTADO-ZAPATA?

Objective. To determine the percentage of patients who would develop chronic inflammatory rheumatism (CIR) fol-
lowing chikungunya (CHIK) virus disease.

Methods. We conducted a systematic review of the literature in 3 databases (PubMed, Science Citation Index, and
Scopus) to identify studies assessing the proportion of patients who progress to CHIK-CIR. We performed a random-
effects model meta-analysis to calculate the pooled prevalence and 95% confidence intervals (95% CIs). A 2-tailed
alpha level of 5% was used for hypothesis testing. Measures of heterogeneity, including Cochran’s Q statistic, the I?
index, and the tau-squared test, were calculated and reported. Subgroup analyses were conducted by type of study
and country, by studies evaluating chronic arthritis, and by studies with =200 patients and followup =18 months.
Publication bias was assessed using a funnel-plot.

Results. Up to June 15, 2015, our literature search yielded 578 citations. The pooled prevalence of CHIK-CIR in 18
selected studies among 5,702 patients was 40.22% (95% CI 31.11-49.34; 7% =0.0838). From studies derived from India,
prevalence was 27.27% (95% CI 15.66-38.88; 7° = 0.0411), while from France, prevalence was 50.25% (95% CI 25.38—
75.12; 7° = 0.1797). The prevalence of CHIK chronic arthritis was 13.66% (95% CI 9.31-18.00; 7> =0.0060). Considering
just those studies with =200 patients assessed, prevalence was 34.14% (95% CI 23.99-44.29; 72 =0.0525). In studies
with a followup =18 months, prevalence was 32.13% (95% CI 22.21-42.04; 7* = 0.0453).

Conclusion. According to our results in the most conservative scenario, approximately 25% of CHIK cases would
develop CHIK-CIR (34% if we just consider the most representative studies), and 14% would develop chronic arthritis.

of affected people in the new endemic areas in Latin
America in 2014 who would develop post-CHIK chronic
inflammatory rheumatism (CHIK-CIR) in a median time of
20.12 months (2). The articular sequelae that follow,
which are a major cause of morbidity, have been reported
not only in tropical and subtropical areas but also world-
wide (e.g., European countries) (3).

There is evidence that links CHIK virus disease with the

INTRODUCTION

Chikungunya (CHIK) virus disease has emerged in the
Americas as a significant tropical infectious disease (1).
Along with the disease burden attributable to the acute
phase of CHIK, there is a concerning previous estimate of
47.57% (95% confidence interval [95% CI] 45.08-50.13)
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development of unspecific postviral arthritis, rheumatoid
arthritis, seronegative spondylitis, and other noninflam-
matory musculoskeletal symptoms like persistent arthral-
gia (4,5). Such developments affect the quality of life and
lead to increased direct and indirect economic loss (6,7),
imposing a significant burden of disease, with consider-
able impacts on restrained health systems (8). However,
previous preliminary estimates of the proportion of
patients evolving to CHIK-CIR (2) were the result of
pooled data on inflammatory and noninflammatory
chronic manifestations of the disease in different coun-
tries. Those estimates used both prospective and retro-
spective studies and were not obtained through a
systematic review of the literature, with the consequent
risk of biases.
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Significance & Innovations

e Chronic inflammatory rheumatism (CIR) associ-
ated with chikungunya virus disease has multi-
ple clinical and epidemiologic implications.

e At least a quarter of patients who have chikun-
gunya virus would develop CIR, the disease
being more frequent in patients from La
Réunion, France, than India.

Furthermore, the continued and still out-of-control
spread of CHIK virus disease in the new endemic areas in
Latin America raises concern about the possibility of a
coming CHIK-CIR epidemic, with consequent higher dis-
ability and economic costs for the region (6). Thus, we
conducted a systematic review and meta-analysis to estab-
lish an accurate proportion estimate of patients who prog-
ress to CHIK-CIR.

MATERIALS AND METHODS

Literature search. In June 2015, MEDLINE (PubMed),
Scopus, and Science Citation Index (Web of Knowledge)
were searched to identify potentially relevant articles
using the search strategy “chikungunya” and “arthritis.”
The review was conducted according to the recommenda-
tions of the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) group (9). No limit was set for the
publication year. The search strategy was limited to arti-
cles in English or Spanish. All the authors initially
screened the retrieved articles by title and abstract to iden-
tify possible eligible studies. Full-text of the possible eligi-
ble articles was reviewed and information abstracted by 3
authors (AJR-M, JAC-O, and SFU-G) and when 2 authors
disagreed on the inclusion of a study, a third made the
final decision. Cohort studies and cross-sectional studies
were originally considered. Case—control studies and case
series were not included, since they are not suitable (10),
nor were cross-sectional studies, given the fact that these
have not been used for estimations of CHIK-CIR.

Study eligibility and selection. We included original
studies that assessed the proportion of patients with sero-
logic diagnosis of acute CHIK fever, persisting with arthri-
tis or arthralgia after a minimum followup of 2 months. If
an article presented data from multiple study groups, of
which some were eligible for inclusion, the eligible study
groups were included if the pertinent data could be ex-
tracted (followup period, serologic confirmation, and
arthritis or arthralgia assessment).

Studies that included only patients with established
CHIK-CIR, populations with previous rheumatologic dis-
ease, or previous musculoskeletal symptoms were
excluded, along with therapeutic clinical trials. Articles
were also excluded if they were duplicates from already
included articles (in a bibliographic database search) or if
the followed population was fewer than 10 patients. In

addition, articles were excluded if no or insufficient data
were presented to analyze the total followup period and
the diagnosis criteria for CHIK virus disease or CHIK-CIR
were not clear.

Definition of CHIK virus disease and CHIK-CIR. A
definition of CHIK virus disease included the following
criteria: a history of acute febrile arthralgia (acute attack)
with duration =48 hours, with positive anti-CHIK virus-
specific immunoglobulin M; or RNA virus by reverse-
transcriptase polymerase chain reaction; or postexposure
anti-CHIK virus-specific immunoglobulin G—positive sero-
logic test detected by enzyme-linked immunosorbent
assay (11).

We defined CHIK-CIR as including: arthritis (history or
finding of articular rigidity, erythema, edema, and pain),
musculoskeletal pain or nonspecific arthralgia (self-
reported or with medical diagnosis) lasting >2 months
from acute attack, both relapsing or lingering, fulfilling the
above CHIK virus disease criteria, and without a history of
previous rheumatologic disease or musculoskeletal symp-
toms. Rheumatoid arthritis, unspecific or postviral arthri-
tis, and seronegative spondylitis were included in the
arthritis group. Postviral polyarthralgia, fibromyalgia,
chronic articular pain, and frozen shoulder or plantar fas-
ciitis were included in the musculoskeletal symptoms
(12). Other conditions were excluded from the subgroup
analysis.

Data abstraction and quality assessment. All identi-
fied possible articles were entered in EndNote X7 and
were first screened on title and abstract and reviewed
independently by 2 research team members. Those articles
marked for inclusion by either team member went on to
full-text screening. The researchers completed full data
abstraction, and a third member verified all extracted data.
Extracted data were author, title, year of the study, fol-
lowup months, total population with CHIK, total number
of patients who developed CHIK-CIR, total number of
patients who developed either arthritis or musculoskeletal
symptoms as explained above, type of study (prospective
or retrospective), institution, city, and country. For stud-
ies that evaluated the same population at different times
during the followup period, the considered number of
patients was the one reported when the study finished.
All data were checked in a third round of verification. The
MOGOSE guidelines were used for reporting (9). The qual-
ity assessment of the included studies was conducted
using the Newcastle-Ottawa method for assessing the
quality of nonrandomized studies in meta-analyses (13).
Adequacy of followup of cohorts was considered good if
loss of patients was lower than 10%, and followup time
was considered enough for CHIK-CIR to occur if it was 3
months or higher.

Statistical approach. Unit discordance for variables
was resolved by converting all units to a standard mea-
surement for that variable. Percentages and mean * SDs
were calculated to describe the distributions of categorical
and continuous variables, respectively. Since individual
patient information was not available for all patients, we
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578 articles identified (to June 15, 2015):
Pubmed: 170

Scopus: 245

Science Citation Index: 163

]I Excluded by title and abstract: 511 |

Studies without serological
confirmation or lack of a control
group: 10

Non-observational studies: 8
Case report and case series: 5
Review articles: 4
Comments/Letter to the editor: 2
Observational studies that did not
assessed the percentage of
progression to pCHIK-CIR: 2
Excluded by follow up period: 2
Duplicates: 16

| 67 articles

18 articles

9 Prospective studies
9 Retrospective studies

Figure 1. Search strategy for identification of studies. pCHIK-
CIR = post-chikungunya virus disease chronic inflammatory
rheumatism.

report weighted means and SDs. The baseline data were
analyzed using the Statistical Package for Social
Scientists, version 21.0.

The meta-analyses were performed using Stata, version
11.0, and the Microsoft Excel spreadsheet developed by
Neyeloff et al (14), particularly for the forest plots. Pooled
prevalences and their 95% ClIs were used to summarize
the weighted effect size for each study grouping variable,
using the random-effects model (the weighting took into
consideration the sample sizes of the individual studies).
A random-effects meta-analysis model involves an
assumption that the effects being estimated in the differ-
ent studies are not identical but follow some distribution.

For random-effects analyses, the pooled estimate and
95% CIs refer to the center of the distribution of pooled
prevalences, but do not describe the width of the distribu-
tion. Often the pooled estimate and its 95% CI are quoted
in isolation as an alternative estimate of the quantity eval-
uated in a fixed-effect meta-analysis, which is inappropri-
ate. The 95% CI from a random-effects meta-analysis
describes uncertainty in the location of the mean of sys-
tematically different prevalences in the different studies.
Measures of heterogeneity, including Cochran’s Q statis-
tic, the I? index, and the tau-squared test, were estimated
and reported. We performed subgroup analyses by study
design (retrospective or prospective) and by country (those
with enough studies to include, India and France). We
also performed a meta-analysis for those studies assessing
specifically chronic arthritis, including only those studies
with =200 patients or with a followup time =18 months.
Publication bias was assessed using a funnel-plot. A
random-effects model was used to calculate the pooled
prevalence and 95% CI, given variable degrees of data het-
erogeneity and given the inherent heterogeneity in any
systematic review of studies from the published literature.

RESULTS

Our literature search yielded 578 citations. The last day of
the literature search was June 15, 2015. After scrutinizing
the titles and abstracts of retrieved articles, we accessed
67 articles in full text. Among these 67 articles, 49 studies
were excluded because they did not include information
regarding serologic information, were nonobservational
studies, corresponded to case report and case series, were

Table 1. Characteristics of included studies*
Study Cohort CHIK- Followup, Quality
Author, year (ref)) Country Place period type No. CIR,no. months score
Javelle et al, 2015 (22) France Saint Denis, 2006-2012 Retrospective 159 94 72 6
La Réunion
Miner et al, 2015 (42) Us St. Louis 2014 Retrospective 10 8 2.5 5
Chaaithanya et al, 2014 (34) India Dakshina Kannada 2008 Prospective 203 9 36 4
Yaseen et al, 2014 (5) France La Réunion 2006-2008 Retrospective 403 181 30 7
Gerardin et al, 2013 (19) France La Réunion 2007-2008 Retrospective 346 261 18 8
Thiberville et al, 2013 (21) France La Réunion 2006 Prospective 26 6 10 6
Schilte et al, 2013 (43) France Saint-Pierre 2006-2009 Prospective 102 62 36 6
Chopra et al, 2012 (44) India Bavi 2006-2008 Prospective 509 24 24 8
Couturier et al, 2012 (7) France France (mainland) 2005-2007 Retrospective 338 12 30 6
Kularatne et al, 2012 (45) Sri Lanka Galagedara-Madige 2007 Prospective 512 230 36 7
Mathew et al, 2011 (4) India Kerala 2007-2008 Retrospective 1,396 437 15 5
Gerardin et al, 2011 (41) France La Réunion 2007-2008 Retrospective 413 177 16 8
Chopra and Vanugopalan, India Village Modnimb ~ 2006-2007 Retrospective 212 172 12 8
2011 (46)
Ganu and Ganu, 2011 (35) India Maharashtra 2006-2008 Prospective 625 37 18 5
Chow et al, 2011 (47) Singapore Singapore 2008 Prospective 30 4 3 5
Manimunda et al, 2010 (48) India Dakshina Kannada 2008-2009 Prospective 203 94 10 6
Soumahoro et al, 2009 (49) France La Réunion 2006 Retrospective 199 185 17 7
Taubitz et al, 2007 (50) Germany Hamburg, 2006 Prospective 16 9 9 7
Heidelberg, Munich
* CHIK-CIR = chikungunya virus disease chronic inflammatory rheumatism; ref. = reference.
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Table 3. Meta-analysis outcomes (random-effects model)*

Combined effect

CHIK-CIR Studies No. (%) % (95% CI) Qt I*+ 7§ P
All studies 18 5,702 (100) 40.22 (31.11—49.34) 36.6 99.6 0.0838 < 0.001
Prospective 9 2,226 (39.0)  25.33 (16.46-34.21)  21.6  98.6  0.0247 < 0.001
India 6 3,148 (55.2)  27.27 (15.66-38.88)  21.2  99.6  0.0411 < 0.001
France 8 1,986 (34.8) 50.25 (25.38-75.12) 4.4 99.7 0.1797 < 0.001
Chronic arthritis 10 4,232 (74.2)  13.66 (9.31-18.00) 62.0 98.6 0.0060 < 0.001
=200 patients 11 5,160 (90.5)  34.14 (23.99-44.29) 26.13 99.6  0.0525 < 0.001
=18-month followup 9 3,197 (56.1) 32.13 (22.21-42.04) 29.13 99.5 0.0453 < 0.001

t Cochran’s Q statistic for heterogeneity.
# I index for degree of heterogeneity (percentage).
§ Tau-squared measure of heterogeneity.

* 95% CI=95% confidence interval; CHIK-CIR = chikungunya virus disease chronic inflammatory rheumatism.

review articles or other types of articles, did not contain
extractable data on prevalence of CHIK-CIR, or were
duplicates. Of the total 18 remaining eligible studies, 9
were retrospective cohort studies and 9 were prospective
cohort studies. Data were extracted from both types in an
effort to extract the maximum available data. We included
18 studies in the final analysis coded from 18 articles. The
details of the selection process of eligible articles are
shown in Figure 1.

The studies included in our analysis were published
from 2007 to 2015 (Table 1) and reported data on 5,702
patients (Tables 2 and 3). We stratified the analyses
according to the type of cohort (analyzing only prospec-
tive studies), by country of the study (India and France),
and by occurrence of chronic arthritis, and we also
selected those studies with =200 patients and followup
time =18 months (Table 3). Among these studies, 2,226
patients (39%) were assessed in prospective cohorts (9
studies); 3,148 patients (55.2%) were from India (6 stud-
ies) and 1,986 (34.8%) from France (8 studies); 4,232
patients (74.2%) were in studies where arthritis occur-
rence was assessed (10 studies, 5 prospective and 5 retro-
spective). There were 11 studies (5 prospective and 6
retrospective) including =200 patients each, combining
5,160 patients (90.5%). Regarding followup time, there
were 9 studies including 3,197 patients (56.1%). Data
from individual studies are shown in Table 1, and all
studies were considered of adequate quality on the basis
of the Newcastle-Ottawa scale.

Geographical location varied among the included arti-
cles. Among the 18 studies, 8 were conducted in France
(La Réunion), 6 in India, 1 in the US, 1 in Sri Lanka, 1 in
Singapore, and 1 in Germany. Median time of followup
was 17.5 months (range 2.5—72 months). In 15 studies, the
followup was longer than 9 months, and 9 studies had
more than 18 months (Table 1). Other demographic and
clinical characteristics of the individual studies are
included in Table 2.

The pooled prevalence of CIR among 5,702 patients
who had CHIK virus disease was 40.22% (95% CI 31.11—
49.34; 7°=0.0838) (Figure 2A). Publication bias was
assessed with a funnel-plot for the SE by logit event, with
no evidence of bias (Figure 3). The funnel-plot showed
symmetric distribution of all studies at both extremes as

well as around the midline. As the 18 pooled meta-
analyses of retrospective cohorts seems to overestimate
the prevalence of CHIK-CIR (Figure 2A), we also stratified
our data based on the types of studies. Excluding retro-
spective cohorts and keeping prospective ones, the preva-
lence of CHIK-CIR was 25.33% (95% CI 16.46-34.21;
™ =0.0247) (Figure 2B). The prevalence of CHIK-CIR
derived from studies in India was 27.27% (95% CI 15.66—
38.88; 72 =0.0411) (Figure 2C), while for studies from
France prevalence was 50.25% (95% CI 25.38-75.12;
7% =0.1797) (Figure 2D). The prevalence of CHIK chronic
arthritis was 13.66% (95% CI 9.31-18.00; 7° = 0.0060).
Considering just those studies with =200 patients
assessed, the prevalence of CHIK-CIR was 34.14% (95%
CI 23.99-44.29; 7* = 0.0525) (Table 3). In studies with a
followup =18 months, the prevalence of CHIK-CIR was
32.13% (95% CI 22.21-42.04; 7 = 0.0453). The 95% CI of
those studies with =18 months did not differ significantly
from the global 95% CI of the whole group of studies, nor
from those with <18 months.

Although we had no detailed data to subanalyze a pooled
prevalence comparing by sex, the proportion of women (as
described in Table 2) was used as an independent variable
in a nonlinear regression model to see its influence in the
proportion of CHIK-CIR in the studies. The model showed
a significant positive association (r* = 0.7483, P<0.0001),
those studies including a higher proportion of women also
had a higher proportion of CHIK-CIR. Finally, we proceeded
in a similar way analyzing by age, but we found no signifi-
cant differences when we included the mean age reported
by each study (P> 0.05).

DISCUSSION

Chronic sequelae derived from CHIK virus disease seem to
be a worrisome coming epidemic in the endemic areas in
Latin America (1). According to our results in the most
conservative scenario, approximately 25% of CHIK virus
disease cases would develop CHIK-CIR (34% if we just
consider the most representative studies), and 14% would
develop chronic arthritis.

Given the time passed since CHIK virus disease was dis-
covered, more than a half century ago (15), research has
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(bars) for each study selected; pooled prevalence estimates are represented as a diamond. A, All selected cohort studies (prospective
and retrospective). B, Prospective cohort studies. C, Studies from India. D, Studies from France.

only been triggered since the 2005—2006 epidemics in La
Réunion, overseas France. This research has involved
observational studies assessing the prevalence of CHIK-
CIR. In fact, it seems remarkable that after a decade, and
with enough research, a systematic review and meta-
analysis was not previously conducted as done here.
Otherwise, considering the pooled prevalence of CIR,
our results coincide with previous estimations (2). There

is no significant difference between our 95% CIs and those
found previously, although this similarity could also be
explained due to limitations in statistical power, given the
fact that some studies are small (4 of the prospective and 2
of the retrospective). The subanalysis by country showed
differences (although not significant) between the preva-
lence of CHIK-CIR in populations from France (La
Réunion) and India. Although this finding could be the



Chronic Inflammatory Rheumatism Following Chikungunya

1855

o

Standard Error
°
.
-
b
55

Logit event rate

Figure 3. Funnel-plot for the SE by logit event rate to assess for
publication bias.

result of the different number of followed patients and
study design, since studies from France were mainly retro-
spective (4 of them with <200 patients, which can lead to
prevalence overestimation), and since all the studies from
India had >200 patients, including the largest cohort
(1,396 patients), the difference among countries could be
attributable to other variables like ethnic variability
between and within studied cohorts, virus lineage, comor-
bidities, or sex of the included population, as well as other
nonassessed immune host response and environmental
conditions (16).

Nevertheless, this question highlights the importance of
proper assessments in regions where CHIK virus disease
is endemic, since along with the virus lineage, differences
in the risk of progression to chronic forms of the disease
depend on immune and environmental variables (17).
Additionally, while the majority of studies evaluated
endemic cases, comprehensive assessment of imported
cases is desirable in view of the fact that the importance of
the ethnic background and place of infection is not
completely understood. Our systematic review included
only 3 studies of imported cases from various countries to
different origins and did not allow conducting such a
subanalysis. Nonetheless, studies have found some factors
associated with CHIK-CIR development. The condition
seems to be less likely in children, and the risk apparently
increases in older people, women, and patients with mul-
tiple comorbidities (7,18-20). As we analyzed the results,
a significantly higher frequency of CHIK-CIR was found in
those studies including a higher proportion of women.
But we were not able to find a significant association with
age (given the fact that we have no detailed age informa-
tion of each case from each study). Likewise, acute
immune response apparently impacts the risk of evolution
to chronic forms, as the duration of initial rheumatologic
symptoms and immunoglobulin levels are related with
evolution to CHIK-CIR (7,18,19). Nevertheless, there are
no large specific studies designed to address risk factors
for the development of CHIK-CIR, but arthralgia of hands
and wrists, myalgia, and lymphopenia appear to predict
its occurrence (21).

Regarding followup, there was a large heterogeneity of
followup time in the included studies; however, there
were no significant differences between the frequency of
CHIK-CIR according to time. As we reported previously
(2), high prevalences of CHIK-CIR are found in studies of

short and long followup times. The longest study follow-
ing patients found a frequency of 59% after 6 years (22),
but the concern is whether CHIK-CIR may last for more
years. According to our meta-analysis and previous stud-
ies (2,22), we would not expect that the CHIK-CIR propor-
tion in 10 years would be zero. Thus, CHIK-CIR could be
considered a long-standing condition such as other rheu-
matologic diseases, also implying longer followup for
such patients.

In the acute phase of the disease, skin fibroblasts sup-
port viral replication following the mosquito bite, being
the initial target of CHIK virus (23). CHIK virus enters the
circulatory system and triggers an early type I interferon
(IFN) response (17). In mouse models, altered IFN
response has been associated with more severe disease
and even death (24). From the blood, the virus spreads to
various organs and tissues, and it can persist in immune-
privileged niches (23). It has been found to replicate to
high titers in the joints and skeletal muscles of mice and
nonhuman primates and is associated with extensive
inflammatory cell recruitment (17,25,26). Mononuclear
cells, including macrophages, infiltrate those tissues, and
CHIK virus infection can persist in these cells in lym-
phoid, muscle, and joint tissues (27,28). Macrophages
probably are another primary cellular target that may
assist in virus dissemination and have an important role
in the pathogenesis of CHIK-CIR, as macrophages may
mediate CHIK virus inflammatory disease and regulate
viral clearance and resolution of inflammation (23,29,30).
Viral persistence has been associated with expression of
IFNe, interleukin-10, monocyte chemotactic protein 1
(MCP-1 or CCL2), and proinflammatory cytokines (17).

Likewise, elevated expression of MCP-1, MCP-2, and
MCP-3, which modulate the chemotaxis of osteoblasts and
osteoclasts, has been associated with bone resorption and
bone loss. CHIK virus seems to favor a pro-osteoclastic
microenvironment, disrupting the RANKL/osteoprotegerin
ratio (26,31). The fact that inflammation was reduced in
CHIK virus—infected mice receiving the MCP inhibitor,
Bindarit, highlights the importance of MCP and monocytic
cells in the pathogenesis of CHIK virus (31).

Furthermore, viral characteristics have been related
not only with disease clinical course but also with dis-
ease spread and enhancement of mosquito infectivity.
Genetic changes, such as the E1-A226V mutation, have
been related to the adaptation of the virus to vectors
such as Aedes albopictus, favoring its spread (32). Like-
wise, virus strains have shown genetic changes through
time that have been associated with higher and faster
viral replication in the human host, (33) which would
increase the number of viruses available to reinfect mos-
quitoes and then transmit CHIK virus to other human
hosts.

However, more studies are necessary to characterize
host-pathogen relations to lead to the development of
CHIK-CIR preventive interventions and adequate treat-
ment for patients that already have it. The expected preva-
lence of CHIK chronic arthritis raises concern about the
need for adequate diagnosis, evaluation, and treatment of
patients, given that erosive forms of the disease have been
reported, and probably those patients would need disease-
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modifying antirheumatic drugs (34,35). Even more, retro-
spective and prospective studies are necessary in those
new endemic areas such as the countries in Latin America
where these chronic consequences are highly expected
(1,2,8), although there is still a lack of publications.
Recently our group reported a similar CHIK-CIR frequency
in a cohort in Colombia (44.3% [95% CI 35.39-53.16], not
a significant difference from our pooled estimated preva-
lence) (36), which is consistent with the current meta-
analysis findings.

However, our estimations are still limited regarding the
high heterogeneity of the included studies, in part because
studies published in languages other than English or
Spanish were not considered. This restriction leaves out
potentially important works written in French. Besides
this limitation, the funnel-plot suggested no publication
bias in this report. The quality assessment showed good
quality of most of the studies, and our results are consis-
tent with previous estimates (2). In order to manage the
heterogeneity of the studies, we conducted subgroup anal-
ysis by the type of cohort followup, removing retrospec-
tive studies, which overestimated CHIK-CIR, and still the
prevalence remained high enough to raise concern of what
we could expect in 2016, given the time frame of evolu-
tion. Followup time was another aspect to consider. In
studies with =18 months, CHIK-CIR was over 32%. In 5 of
those studies, prevalence was higher. The study with the
highest followup time (72 months) reported 59% of CHIK-
CIR (22).

These findings have clear concerning implications
regarding the future disability and direct and indirect eco-
nomic costs of the disease. Taking into account only rheu-
matologic chronic sequelae of the disease, previous
disability-adjusted life years loss estimates in Latin Amer-
ica have shown higher disease burden than those reported
in Indian epidemics (8,37). Those previous results were
based on estimations that did not result from a systematic
review; even so, they coincide with ours. CHIK-CIR could
overload not only countries that have already shown prob-
lems controlling vector-borne diseases (38), but also
health systems in crisis due to other socioeconomic
factors, affecting health care in communicable and non-
communicable diseases. As has been described, according
to the model of epidemiologic transition (39,40), where
developing countries would advance in reducing infec-
tious diseases but face increasing morbidity and mortality
of noncommunicable chronic diseases, this double burden
of disease is theoretically applicable to chikungunya,
which affects the population during its acute phase but
also carries with it chronic conditions such as CHIK-CIR.

In this setting, there is a call to health care managers to
establish prompt disease spread control and to educate
physicians to prepare them for the future challenge of dis-
ease, specifically for CHIK-CIR proper diagnosis and man-
agement (6,36,41). There is a lack of high-quality evidence
to guide assessment and diagnosis, and also a lack of local
followup studies in Latin America to address the real pro-
portion of CHIK-CIR evolving patients. CHIK virus disease
is a problem at the present, and could be a major problem
in the future, including significant economic implications,

given the high cost associated with the chronic condition
of disease (6).

ACKNOWLEDGMENTS

The authors thank Diane Edrington, Faith Gipson, and
John Gipson (Tulane University) for their English review
of the manuscript.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it
critically for important intellectual content, and all authors
approved the final version to be submitted for publication. Dr.
Rodriguez-Morales had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accu-
racy of the data analysis.

Study conception and design. Rodriguez-Morales, Cardona-
Ospina.

Acquisition of data. Rodriguez-Morales, Cardona-Ospina,
Urbano-Garzén, Hurtado-Zapata.

Analysis and interpretation of data. Rodriguez-Morales,
Cardona-Ospina, Urbano-Garzén, Hurtado-Zapata.

REFERENCES

1. Alfaro-Toloza P, Clouet-Huerta DE, Rodriguez-Morales AJ.
Chikungunya, the emerging migratory rheumatism. Lancet
Infect Dis 2015;15:510-2.

2. Rodriguez-Morales AJ, Cardona-Ospina JA, Villamil-Gomez
W, Paniz-Mondolfi AE. How many patients with post-
chikungunya chronic inflammatory rheumatism can we
expect in the new endemic areas of Latin America?
Rheumatol Int 2015;35:2091—4.

3. Delisle E, Rousseau C, Broche B, Leparc-Goffart I, L’Ambert
G, Cochet A, et al. Chikungunya outbreak in Montpellier,
France, September to October 2014. Euro Surveill 2015;20:
pii, 21108.

4. Mathew AJ, Goyal V, George E, Thekkemuriyil DV,
Jayakumar B, Chopra A. Rheumatic-musculoskeletal pain
and disorders in a naive group of individuals 15 months fol-
lowing a chikungunya viral epidemic in south India: a pop-
ulation based observational study. Int J Clin Pract 2011;65:
1306-12.

5. Yaseen HM, Simon F, Deparis X, Marimoutou C. Identifica-
tion of initial severity determinants to predict arthritis after
chikungunya infection in a cohort of French gendarmes.
BMC Musculoskelet Disord 2014;15:249.

6. Cardona-Ospina JA, Villamil-Gomez WE, Jimenez-Canizales
CE, Castaneda-Hernandez DM, Rodriguez-Morales AJ. Esti-
mating the burden of disease and the economic cost attribut-
able to chikungunya, Colombia, 2014. Trans R Soc Trop
Med Hyg 2015;109:793-802.

7. Couturier E, Guillemin F, Mura M, Leon L, Virion JM, Letort
MJ, et al. Impaired quality of life after chikungunya virus
infection: a 2-year follow-up study. Rheumatology (Oxford)
2012;51:1315-22.

8. Cardona-Ospina JA, Rodriguez-Morales AJ, Villamil-Gémez
W. Burden of chikungunya in one coastal department of
Colombia (Sucre): estimates of disability adjusted life years
(DALY) lost in 2014 epidemic. J Infect Public Health 2015;8:
644—6.

9. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, et al, for the Meta-analysis Of Observational Stud-
ies in Epidemiology (MOOSE) group. Meta-analysis of obser-
vational studies in epidemiology: a proposal for reporting.
JAMA 2000;283:2008-12.



Chronic Inflammatory Rheumatism Following Chikungunya

1857

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dekkers OM, Egger M, Altman DG, Vandenbroucke JP. Dis-
tinguishing case series from cohort studies. Ann Intern Med
2012;156 Pt 1:37—40.

Weaver SC, Lecuit M. Chikungunya virus and the global
spread of a mosquito-borne disease. N Engl ] Med 2015;372:
1231-9.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT,
Bingham CO III, et al. 2010 rheumatoid arthritis classification
criteria: an American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Arthritis
Rheum 2010;62:2569-81.

Margulis AV, Pladevall M, Riera-Guardia N, Varas-Lorenzo
C, Hazell L, Berkman ND, et al. Quality assessment of obser-
vational studies in a drug-safety systematic review, compari-
son of two tools: the Newcastle-Ottawa Scale and the RTI
item bank. Clin Epidemiol 2014;6:359-68.

Neyeloff JL, Fuchs SC, Moreira LB. Meta-analyses and forest
plots using a Microsoft Excel spreadsheet: step-by-step
guide focusing on descriptive data analysis. BMC Res Notes
2012;5:52.

Vera-Polania F, Munoz-Urbano M, Banol-Giraldo AM,
Jimenez-Rincon M, Granados-Alvarez S, Rodriguez-Morales
AJ. Bibliometric assessment of scientific production of liter-
ature on chikungunya. J Infect Public Health 2015;8:386-8.
Roiz D, Bousses P, Simard F, Paupy C, Fontenille D.
Autochthonous chikungunya transmission and extreme cli-
mate events in southern France. PLoS Negl Trop Dis 2015;9:
e0003854.

Hoarau JJ, Jaffar Bandjee MC, Krejbich Trotot P, Das T,
Li-Pat-Yuen G, Dassa B, et al. Persistent chronic inflamma-
tion and infection by chikungunya arthritogenic alphavirus
in spite of a robust host immune response. ] Immunol 2010;
184:5914-27.

Economopoulou A, Dominguez M, Helynck B, Sissoko D,
Wichmann O, Quenel P, et al. Atypical chikungunya virus
infections: clinical manifestations, mortality and risk factors
for severe disease during the 2005-2006 outbreak on
Reunion. Epidemiol Infect 2009;137:534—41.

Gerardin P, Fianu A, Michault A, Mussard C, Boussaid K,
Rollot O, et al. Predictors of chikungunya rheumatism: a
prognostic survey ancillary to the TELECHIK cohort study.
Arthritis Res Ther 2013;15:R9.

Sebastian MR, Lodha R, Kabra SK. Chikungunya infection
in children. Indian J Pediatr 2009;76:185-9.

Thiberville SD, Boisson V, Gaudart J, Simon F, Flahault A,
de Lamballerie X. Chikungunya fever: a clinical and virolog-
ical investigation of outpatients on Reunion Island, South-
West Indian Ocean. PLoS Negl Trop Dis 2013;7:€2004.
Javelle E, Ribera A, Degasne I, Gauzere BA, Marimoutou C,
Simon F. Specific management of post-chikungunya rheu-
matic disorders: a retrospective study of 159 cases in
reunion island from 2006-2012. PLoS Negl Trop Dis 2015;9:
e0003603.

Ekchariyawat P, Hamel R, Bernard E, Wichit S,
Surasombatpattana P, Talignani L, et al. Inflammasome sig-
naling pathways exert antiviral effect against chikungunya
virus in human dermal fibroblasts. Infect Genet Evol 2015;
32:401-8.

Couderc T, Chretien F, Schilte C, Disson O, Brigitte M,
Guivel-Benhassine F, et al. A mouse model for chikun-
gunya: young age and inefficient type-I interferon signaling
are risk factors for severe disease. PLoS Pathog 2008;4:e29.
Ozden S, Huerre M, Riviere JP, Coffey LL, Afonso PV,
Mouly V, et al. Human muscle satellite cells as targets of
chikungunya virus infection. PLoS One 2007;2:€527.
Herrero L], Taylor A, Wolf S, Mahalingam S. Arthropod-
borne arthritides. Best Pract Res Clin Rheumatol 2015;29:
259-74.

Labadie K, Larcher T, Joubert C, Mannioui A, Delache B,
Brochard P, et al. Chikungunya disease in nonhuman pri-
mates involves long-term viral persistence in macrophages.
J Clin Invest 2010;120:894—906.

Her Z, Malleret B, Chan M, Ong EK, Wong SC, Kwek DJ,
et al. Active infection of human blood monocytes by

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

chikungunya virus triggers an innate immune response.
J Immunol 2010;184:5903—13.

Gardner J, Anraku I, Le TT, Larcher T, Major L, Roques P,
et al. Chikungunya virus arthritis in adult wild-type mice.
] Virol 2010;84:8021-32.

Poo YS, Nakaya H, Gardner J, Larcher T, Schroder WA, Le
TT, et al. CCR2 deficiency promotes exacerbated chronic
erosive neutrophil-dominated chikungunya virus arthritis.
] Virol 2014;88:6862-72.

Chen W, Foo SS, Taylor A, Lulla A, Merits A, Hueston L,
et al. Bindarit, an inhibitor of monocyte chemotactic protein
synthesis, protects against bone loss induced by chikun-
gunya virus infection. J Virol 2015;89:581-93.

Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. A
single mutation in chikungunya virus affects vector specific-
ity and epidemic potential. PLoS Pathog 2007;3:e201.
Kumar A, Mamidi P, Das I, Nayak TK, Kumar S, Chhatai J,
et al. A novel 2006 Indian outbreak strain of chikungunya
virus exhibits different pattern of infection as compared to
prototype strain. PLoS One 2014;9:e85714.

Chaaithanya IK, Muruganandam N, Raghuraj U, Sugunan
AP, Rajesh R, Anwesh M, et al. Chronic inflammatory
arthritis with persisting bony erosions in patients following
chikungunya infection. Indian ] Med Res 2014;140:142-5.
Ganu MA, Ganu AS. Post-chikungunya chronic arthritis:
our experience with DMARDs over two year follow up.
J Assoc Physicians India 2011;59:83-6.

Rodriguez-Morales AJ, Calvache-Benavides CE, Giraldo-
Gomez J, Hurtado-Hurtado N, Yepes-Echeverri MC, Garcia-
Loaiza CJ, et al. Post-chikungunya chronic arthralgia: results
from a retrospective follow-up study of 131 cases in Tolima,
Colombia [letter]. Travel Med Infect Dis 2015;14:58-9.
Krishnamoorthy K, Harichandrakumar KT, Krishna Kumari
A, Das LK. Burden of chikungunya in India: estimates of
disability adjusted life years (DALY) lost in 2006 epidemic.
J Vector Borne Dis 2009;46:26—-35.

Rodriguez-Morales AJ, Paniz-Mondolfi AE. Venezuela’s fail-
ure in malaria control. Lancet 2014;384:663—4.

Risquez A, Echezuria L, Rodriguez-Morales AJ. Epidemio-
logical transition in Venezuela: relationships between infec-
tious diarrheas, ischemic heart diseases and motor vehicles
accidents mortalities and the Human Development Index
(HDI) in Venezuela, 2005—-2007. J Infect Public Health 2010;
3:95-7.

Marshall SJ. Developing countries face double burden of
disease [news article]. Bull World Health Organ 2004;82:556.
Gerardin P, Fianu A, Malvy D, Mussard C, Boussaid K,
Rollot O, et al. Perceived morbidity and community burden
after a chikungunya outbreak: the TELECHIK survey, a
population-based cohort study. BMC Med 2011;9:5.

Miner JJ, Aw Yeang HX, Fox JM, Taffner S, Malkova ON,
Oh ST, et al. Chikungunya viral arthritis in the United
States: a mimic of seronegative rheumatoid arthritis. Arthri-
tis Rheumatol 2015;67:1214-20.

Schilte C, Staikowsky F, Couderc T, Madec Y, Carpentier F,
Kassab S, et al. Chikungunya virus-associated long-term
arthralgia: a 36-month prospective longitudinal study. PLoS
Negl Trop Dis 2013;7:€2137.

Chopra A, Anuradha V, Ghorpade R, Saluja M. Acute chik-
ungunya and persistent musculoskeletal pain following the
2006 Indian epidemic: a 2-year prospective rural community
study. Epidemiol Infect 2012;140:842-50.

Kularatne SA, Weerasinghe SC, Gihan C, Wickramasinghe
S, Dharmarathne S, Abeyrathna A, et al. Epidemiology,
clinical manifestations, and long-term outcomes of a
major outbreak of chikungunya in a hamlet in Sri Lanka,
in 2007: a longitudinal cohort study. J Trop Med 2012;
2012:639178.

Chopra A, Venugopalan A. Persistent rheumatic muscu-
loskeletal pain and disorders at one year post-
chikungunya epidemic in south Maharashtra: a rural
community based observational study with special focus
on naive persistent rheumatic musculoskeletal cases and



1858

Rodriguez-Morales et al

47.

48.

selected cytokine expression. Indian J Rheumatol 2011;6
Suppl:5-11.

Chow A, Her Z, Ong EK, Chen JM, Dimatatac F, Kwek DJ, et al.
Persistent arthralgia induced by chikungunya virus infection is
associated with interleukin-6 and granulocyte macrophage
colony-stimulating factor. ] Infect Dis 2011;203:149-57.
Manimunda SP, Vijayachari P, Uppoor R, Sugunan AP,
Singh SS, Rai SK, et al. Clinical progression of chikun-
gunya fever during acute and chronic arthritic stages

49.

50.

and the changes in joint morphology as revealed by
imaging. Trans R Soc Trop Med Hyg 2010;104:392-9.
Soumahoro MK, Gerardin P, Boelle PY, Perrau J, Fianu A,
Pouchot J, et al. Impact of chikungunya virus infection on
health status and quality of life: a retrospective cohort
study. PloS One 2009;4:A221-6.

Taubitz W, Cramer JP, Kapaun A, Pfeffer M, Drosten C,
Dobler G, et al. Chikungunya fever in travelers: clinical pre-
sentation and course. Clin Infect Dis 2007;45:e1—4.



