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Abstract
Background  Chikungunya fever (CF) is marked by acute, subacute, and chronic phases, with a significant proportion 
of patients experiencing persistent joint and neuropathic pain. These symptoms may mimic those of rheumatic 
diseases such as rheumatoid arthritis (RA) and spondyloarthritis (SpA). There is currently no consensus on whether the 
infection directly causes chronic joint disease or serves as an immunological trigger for the development of rheumatic 
conditions.

Aim  This study aims to evaluate the overall proportion of CF patients who progress to chronic arthropathy, and to 
identify how many of these patients meet the classification criteria for RA and SpA (including ankylosing spondylitis 
(AS) and psoriatic arthritis (PsA)).

Methods  A thorough search was conducted in electronic databases, including PubMed, Embase, LILACS, and 
the Cochrane Library. The primary endpoint was the occurrence of chronic arthropathy, defined as joint signs and 
symptoms lasting more than six weeks following the acute phase of CF. The secondary endpoint involved the 
proportion of patients meeting the classification criteria for RA, SpA, AS, and PsA. A random-effects meta-analysis 
model was utilized to combine studies and determine the pooled frequency of persistent joint symptoms. Subgroup 
analyses were performed based on the fulfillment of classification criteria for rheumatic diseases. The risk of bias was 
assessed using the Joanna Briggs Institute critical appraisal tools. The study protocol was registered with PROSPERO 
(CRD42020211430).

Results  A total of thirty-eight studies, comprising data from 12.524 individuals with CF published between 2008 and 
2022, met the inclusion criteria. Of these, 4.324 (34.5%) patients developed chronic arthropathy; among them, 11.43% 
(240 in 2099) patients met the criteria for RA, 12.1% (86 in 711) patients for SpA, 3.42% (36 in 1052) patients for AS, and 
2.05% (25 in 1220) patients for PsA.
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Background
Chikungunya virus (CHIKV) is a single-stranded RNA 
virus from the Togaviridae family and Alphavirus genus, 
transmitted primarily by Aedes aegypti and Aedes albop-
ictus mosquitoes [1, 2]. Chikungunya fever (CF) poses a 
significant public health challenge in tropical and sub-
tropical regions, where it causes debilitating joint and 
neuropathic pain [3]. The term “chikungunya” originates 
from the Makonde dialect, meaning “to bend forward,” 
reflecting the arthralgia and discomfort experienced by 
patients [4].

The global spread of CHIKV, from initial epidemics 
in Tanzania during the 1950s to recent outbreaks in the 
Americas, since 2014, highlights its impact [5]. A decade 
after the virus began circulating in the Americas, 3.7 mil-
lion cases of CF have been reported across fifty countries 
and territories in the region, with Brazil accounting for 
45% of these cases [6].

Progression to the chronic phase, which is char-
acterized by symptoms persisting beyond six weeks, 
stems from both direct viral damage and inflammatory 
responses. These persistent symptoms resemble those 
of rheumatological diseases such as rheumatoid arthri-
tis (RA), spondyloarthritis (SpA), and psoriatic arthritis 
(PsA) [7].

Pathophysiological changes post-CHIKV infection 
include synovial hyperplasia and macrophage infiltration, 
similar to those in autoimmune joint disorders [8]. Ani-
mal models further reveal bone tissue proliferation and 
necrosis [9]. Risk factors for chronicity include female 
gender, age over 45, and severe acute phase joint involve-
ment [10, 11].

Chronic joint sequelae from CF not only mirror rheu-
matic diseases but also exacerbate morbidity and eco-
nomic burdens, without specific vaccines or antivirals 
currently available [12]. This review evaluates the extent 
of chronic arthropathy in CF patients and assesses the 
overlap with established rheumatic disease criteria 
through observational studies.

Methods
This systematic review and meta-analysis were adapted 
on recommendations from the Cochrane Guidelines for 
Systematic Reviews of Interventions taking into account 
the methodological guidelines set out by Borges Migli-
avaca et al., 2020 [13] and was written according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) (Supplementary material 1) 
[14–16].

The review protocol was registered at the PROSPERO 
(CRD42020211430).

There was no need for approval from an ethics com-
mittee as this was a systematic review and meta-analysis 
study.

All authors contributed to this study. VAS, DMM, 
NSG, MPGUSS, and AMK designed the study, wrote, 
and revised the main manuscript. NSG conducted the 
technical aspects related to the systematic review and 
meta-analysis. VAS, DMM and AMK conducted the 
study selection and data extraction. NSG and DMM were 
responsible for the risk of bias and quality assessment.

Search strategy
We searched four independent databases to conduct 
a comprehensive and specific bibliographic search for 
each database until October 2024: PubMed, Embase, 
Cochrane Central, and the Latin American and Carib-
bean Health Sciences Information (LILACS). Addition-
ally, we manually searched for observational studies using 
the references of the selected studies as a sample. There 
was no language, date, document type, publication sta-
tus, or geographic restriction for the inclusion of records. 
Descriptors were identified in Medical Subject Headings 
(MeSH), Descritores em Ciências da Saúde (Decs) and 
Embase Subject Headings (Emtree). The search strategy 
was adapted based on descriptors in each database and is 
presented in the Supplementary material 2.

Outcomes
Primary endpoint included the occurrence of chronic 
arthropathy in patients with CF defined as articular 
signs and symptoms lasting more than six weeks after 
the acute infection, according to the Recommendations 
of the Brazilian Society of Rheumatology for diagnosis 
and treatment of CF [17]. The secondary outcome was 
the proportion of patients with chronic CF meeting clas-
sification criteria for RA, SpA, AS, or PsA, as following: 
ACR 1987 [18] and ACR/EULAR 2010 for RA [19], ASAS 
2009, ACR and ESSG criteria for SpA [20], Modified New 
York criteria for AS [21] and CASPAR and ACR for PsA 
[22].

Eligibility criteria
We included observational studies (cross-sectional, 
cohort, and case-control) that evaluated patients with 
confirmed CF (by clinical or laboratory testing) that 
presented chronic arthropathy and assessed any pri-
mary (more than six weeks of articular symptoms) and 

Conclusion  This study found that approximately one-third of CF patients experience persistent joint pain lasting over 
six weeks. However, only a minority of these individuals meet classification criteria for rheumatic diseases.
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secondary outcomes (fulfillment of classification criteria 
for RA, AS, SpA or PsA). Randomized clinical trials, case 
series, case reports, systematic reviews with or without 
meta-analysis, narrative, and integrative reviews were 
excluded.

Study selection and data extraction
Electronic search results from defined databases were 
uploaded to the Rayyan Qatar Computing Research 
Institute [23]. Study selection and data extraction were 
independently performed by two investigators. A third 
reviewer resolved any disagreements. For duplicate regis-
trations, only the most recent one was included. Authors 
initially screened titles and abstracts. Subsequently, they 
assessed each study to determine whether it met inclu-
sion criteria.

We extracted data on first author of the study, year of 
publication, study population (n, sex, age group, average, 
median value age), scenario in which the data were evalu-
ated (outpatient/ hospital), study design, sample selec-
tion (sample calculation and sampling), number of events 
(chronic arthropathy, RA, SpA, AS, or PsA), classification 
criteria, outcomes and main results.

Risk of bias and quality assessment
Two investigators (NSG and DMM) independently 
assessed the risk of bias in the selected studies accord-
ing to the Joanna Briggs Institute (JBI’s) critical appraisal 
tools [24]. Three scores of yes, no, and unclear or Not/
Applicable, referring to high risk, low risk, and unknown 
risk, respectively, were performed (Supplementary 
material 3). The reviewers resolved discrepancies by 
discussion.

Sensitivity analysis
To assess the robustness of the pooled prevalence esti-
mates, a sensitivity analysis was conducted. This involved 
the exclusion of studies with non-standard (laborato-
rial) diagnostic criteria, those classified as having higher 
risk of bias, and studies that reported 100% event rates, 
which could disproportionately influence the meta-ana-
lytic estimates. The sensitivity analysis aimed to evalu-
ate the stability of the results under different analytical 
assumptions.

Statistical analysis
A random effects model was used to calculate pooled fre-
quency estimates of the number of patients with CF who 
presented with chronic arthropathy and those diagnosed 
with RA, SpA, AS or PsA. Pooled frequency estimates 
were expressed as mean estimates and 95% confidence 
intervals (CIs). Forest plots were used to visually assess 
the combined estimates and their corresponding 95% 

confidence intervals. We used an I2 statistic estimate of 
≥ 50% as an indicator of large statistical heterogeneity.

We conducted the meta-analysis estimates that had 
been transformed using the raw proportions (PRAW) 
method with random effect. Subgroup analyses were 
performed by classification criteria. In all analyses, 
p-value < 0.05 was defined as statistically significant. 
Analyses were performed using the R language (4.3.2).

Results
Search results
After the search, 640 references were identified. No study 
was found in LILACS. After excluding duplicate stud-
ies, 632 articles were included for screening of titles and 
abstracts. Of these, 580 were excluded because they did 
not meet the inclusion criteria (Supplementary material 
4). Thus, 52 studies were included in the textual analy-
sis. Six articles did not include participants with chronic 
arthropathy, 5 did not meet the study design criteria and 
in 3 the patient population was not suitable. According 
to the inclusion criteria, 38 studies were finally included 
in the qualitative and quantitative synthesis. Data that 
remained unrecoverable (when authors did not respond 
to contact) were not included in the meta-analysis. Fig-
ure  1 shows the results of the search and selection of 
studies.

Among the studies that reported gender distribution, 
the participants were predominantly female (68%). The 
papers selected for this systematic review were published 
between 2008 and 2022, and no studies were retrieved 
after that. In terms of geographical location, 12 studies 
were carried out in India, 6 in Colombia, 5 in the French 
Antilles, 4 in Brazil, 2 in France, 2 in the Philippines, 1 in 
Bangladesh, 1 in Jamaica, 1 in Pakistan, 1 in Puerto Rico, 
1 in Singapore, 1 in Thailand, and 1 in Venezuela. As for 
the design of the studies included, 4 were case-control 
studies, 11 cross-sectional studies, and 23 cohort stud-
ies, comprising 38 studies. Of the 23 cohorts, 17 were 
prospective and 6 retrospective. Regarding the follow-
up time of the cohorts, the lower limit was 7 weeks and 
the upper limit was 288 weeks, and the median follow-
up time was 24 weeks. Most of the studies did not report 
ethnicity, in 1 Colombian study the majority were Afro-
Colombian, in another the mestizos stood out and in 2 
Brazilian studies black race predominated. Table 1 illus-
trates the results of the qualitative synthesis.

Meta-analysis
The diagnosis of CF in patients with chronic arthropa-
thy was clinical-laboratorial in 59.0% (95%CI 42.0–76.0) 
of patients, laboratorial in 56.0% (95%CI 43.0–70.0) 
and clinical in 63.0% (95%CI 40.0–87.0). In total, 12,524 
individuals with CF were included and, of these, 58.0% 
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(95%CI 48.0–68.0) developed chronic arthropathy 
(Fig. 2).

The meta-analysis values are shown in Supplementary 
material 5.

Sensitivity analysis
For this analysis, we excluded the studies of Rodriguez-
Morales et al., 2016; Bossy et al., 2020, and Ganu et al., 
(2009). We found that the pooled prevalence estimates 
remained consistent under these analytical assumptions, 
suggesting that our findings are robust despite the high 
heterogeneity (Supplementary material 6).

The frequency of patients with CF who developed 
chronic arthropathy and met classification criteria for 
RA was 14.0% (95%CI 6.0–22.0). Of these, 23.75% (n = 57) 
obtained the criteria through ACR/1987 and 76.25% 
(n = 183) by ACR/EULAR (Fig. 3).

The frequency of patients with CF who developed 
chronic arthropathy and met criteria for SpA was 13.0% 
(95%CI 4.0–23.0). Of these, 51.2% (n = 44) were classified 
by ESSG criteria, 47.7% (n = 41) by ASAS criteria, and 
1.16% (n = 1) by ACR (Fig. 4).

The frequency of patients with CF who developed 
chronic arthropathy and met criteria for AS was 5.0% 

Fig. 1  Flowchart of information through the different phases of the systematic review. The flowchart was adapted from the Preferred Reporting Items for 
Systematic Review and Meta-Analyses flowchart model. *Reason 1 - Wrong Research Design, i.e. the patient population or study design was inadequate; 
Reason 2 – Wrong Patient, i.e., did not include participants with chronic arthropathy; Reason 3 – Wrong Setting, i.e. did not meet the study design criteria
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(95%CI 0.0–12.0). Of these, 97.2% (n = 35) were classified 
by NY criteria and 2.8% (n = 1) for ACR (Fig. 5).

The frequency of patients with CF who developed 
chronic arthropathy and met criteria for PsA was and 
6.0% (95%CI 0.0–17.0), 72% (n = 18) classified by CAS-
PAR criteria and 28% (n = 7) by ACR (Fig. 6).

Discussion
This review synthesized evidence from observational 
studies on CF patients progressing to chronic arthropa-
thy, evaluating classification criteria for RA, SpA, AS, 
or PsA. Our findings indicate a 58.0% frequency of 
chronic arthropathy in CF patients. Studies like Rodri-
guez-Morales et al. [25] report a 40.0% prevalence, while 
Edington et al. suggest 52.0% chronic joint symptoms 

Fig. 2  Proportion of patients with Chikungunya fever with chronic arthropathy and met clinical and/or laboratorial criteria, divided into subgroups
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post-infection, underscoring the need for targeted inter-
ventions [26].

The analysis by Paixão et al. of 38 articles revealed that 
43.0% of patients with CF experienced arthralgia symp-
toms for more than three months [10]. This highlights 
the relevance of the condition in a significant subgroup 
of infected individuals. Complementing these findings, 
the systematic review of 37 studies conducted by Aalst 

et al., found that the persistence of arthralgia after CF 
ranged from 5.0 to 60.8%, depending on the follow-up 
period, with higher percentages observed in studies with 
closer monitoring over 13 months [27]. These variations 
in the frequency of chronic arthropathy between our 
results and those observed in the literature may be attrib-
uted to various factors, including selection bias among 
the studies, differences in host immune responses, viral 

Fig. 4  Frequency of patients with Chikungunya fever and chronic arthropathy who fulfilled classification criteria to spondyloarthritis

 

Fig. 3  Frequency of patients with Chikungunya fever and chronic arthropathy who fulfilled classification criteria to rheumatoid arthritis
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mutations, and the genetic make up of the affected popu-
lation [28]. This context emphasizes the need for further 
investigation to understand the determinants of symp-
tom persistence across different patient cohorts.

In our study, among the patients who developed 
chronic arthropathy, the following percentages met the 
classification criteria: 14.0% for RA, 13.0% for SpA, 6.0% 
for PsA and 5.0% for AS. Nevertheless, chronic arthropa-
thy following CF shares several characteristics with joint 
manifestations observed in immune-mediated rheu-
matic diseases. For instance, in RA, there is a notable 
prevalence among middle-aged women, alongside spe-
cific patterns of joint involvement and radiographic and 
laboratory findings that resemble those seen in chronic 
arthropathy post-CF. Additionally, the expression of 
pro-inflammatory cytokines and the response to various 

disease-modifying antirheumatic drugs (DMARDs) are 
comparable [29].

Several cohorts have reported patients with chronic 
arthropathy after CF that exhibit symptoms similar to 
those of RA or SpA [30–34]. A cross-sectional study con-
ducted in Brazil identified that four out of 120 patients 
were diagnosed with RA following CHIKV infection [33]. 
Furthermore, Manimunda et al. found in a prospective 
cohort that 34 out of 94 patients met the criteria for RA 
[34].

It is noteworthy that almost a quarter of patients with 
a classification for RA met the 1987 ACR criteria, since 
the presence of bone erosion is one of the conditions 
required, and indicates a more established disease, with 
the possibility of irreversible joint damage. Unfortunately, 
we do not have data on the presence or frequency of 
radiographic changes in these studies.

Fig. 6  Frequency of patients with Chikungunya fever with chronic arthropathy and fulfilled classification criteria to psoriatic arthritis

 

Fig. 5  Frequency of patients with Chikungunya fever and chronic arthropathy who fulfilled classification criteria to ankylosing spondylitis

 



Page 14 of 16Souza de et al. Advances in Rheumatology           (2025) 65:38 

Despite the clinical similarities, the radiographic 
involvement in CF arthropathy is still controversial. As 
mentioned, studies indicate that up to 40.0–60.0% of 
patients with CF may progress to the chronic form, but 
not all exhibit significant radiographic changes. Dam-
age tends to be more evident in patients with risk fac-
tors such as advanced age, the presence of pre-existing 
joint comorbidities, or greater severity during the acute 
phase of the disease [8]. These data support the need for 
more studies to evaluate the radiographic progression of 
chronic CF arthropathy.

The mechanisms underlying the progression to the 
chronic phase of chikungunya infection are an area of 
ongoing investigation. It is recognized that the acute 
immune response to the infection plays a crucial role in 
the development of chronic arthropathy and the subse-
quent evolution into rheumatic diseases [35]. Studies 
have demonstrated that individuals experiencing chronic 
arthralgias exhibit aberrant immune responses, charac-
terized by elevated levels of interleukin (IL)-6 compared 
to those who have recovered from the initial infection 
[29]. This suggests a persistent imbalance in the ratio 
of receptor activator of nuclear factor kappa-B ligand 
(RANKL) to osteoprotegerin (OPG), which may lead to 
ongoing bone erosions [36].

Additionally, the non-structural proteins (nsPs) pro-
duced by the CHIKV during host cell infection can neu-
tralize various intrinsic antiviral responses. This results 
in limitations on the activation of antiviral genes, such as 
interferon beta (IFN-B), due to suppression of genomic 
transcription and interference with the JAK-STAT sig-
naling pathway [37]. It is also noteworthy that in cases 
of chronic CF, approximately 95.0% of the reported pain 
mechanisms are non-inflammatory [38], which adds 
another layer to the complexity of the condition.

Unlike previous reviews, our study uniquely inte-
grates data across continents, allowing for a comprehen-
sive understanding of CF’s impact on rheumatic disease 
development. This broad approach offers insights into 
global epidemiological patterns and potential region-spe-
cific interventions.

We also selected studies explicitly addressing chronic 
arthropathy and rheumatic classification criteria, exclud-
ing those lacking robust diagnostic methodologies. This 
focus ensures clearer connections between CF and rheu-
matic conditions, contributing to a more targeted under-
standing that was absent in earlier reviews.

Our study presents limitations. We observed a high 
heterogeneity (> 90%) in the studies included in our anal-
ysis, which reflects the natural variation in prevalence 
across different contexts. Previous meta-analyses have 
also reported high heterogeneity (> 75%)in this field [25, 
39]. We believe that excluding studies based solely on 
their prevalence estimates would potentially introduce 

selection bias and reduce the comprehensive nature of 
our review, which aims to capture the full spectrum of 
prevalence across different contexts. We conducted a 
sensitivity analysis excluding studies that did not classify 
CF according to laboratory criteria, those with a higher 
risk of bias, and studies that reported 100% event rates. 
Despite these exclusions, the pooled prevalence estimates 
remained consistent under these analytical assumptions, 
suggesting that our findings are robust despite the high 
heterogeneity. Variations in prevalence estimates across 
studies are generally expected due to genuine differences 
in populations, settings, and methodologies, rather than 
representing outliers or dispersed effects that would war-
rant exclusion [40, 41]. Future comprehensive cohort 
studies, accounting for regional disparities and detailed 
classification criteria, are essential to strengthen the evi-
dence base and guide effective intervention strategies.

The risk of bias assessment for the cohort studies 
showed wide variability in methodological quality, with 
positive highlights for Bertolotti et al. (2020) and Hossain 
et al. (2022), who presented a low risk of bias across most 
domains, while the research conducted in India and Latin 
America demonstrated a higher proportion of domains 
with uncertain or high risk. Studies with higher risk of 
bias included those by Bouquillard et al. (2018, France), 
Chopra et al. (2008, India), Paul et al. (2011, India), and 
Fuentes-Silva et al. (2017, Venezuela), with moderate to 
high risk of bias. Rahim et al. (2010, India) also showed a 
high risk of bias. When evaluating the case-control stud-
ies, we noted that Medina-Cíntron et al. (2021, Puerto 
Rico) stood out for presenting a low risk of bias in all 
assessed domains, whereas Patel et al. (2019) and Chow 
et al. (2010) displayed higher methodological risk, rein-
forcing the heterogeneity in study quality. The cross-sec-
tional studies presented various categories of risk of bias. 
Medina-Cíntron et al. (2021, Puerto Rico) and Watson 
et al. (2021, Brazil) showed low risk of bias, while Alam 
et al. (2018, Pakistan), Salgado et al. (2018, Brazil), and 
Bossy et al. (2020, French Caribbean) exhibited signifi-
cant methodological limitations. This variability under-
scores the need for caution in interpreting findings and 
comparing studies from different geographical and meth-
odological contexts (Supplementary material 3).

Another limitation is that some studies did not men-
tion fulfillment of classification criteria, although some 
calculated composite disease activity indices. We recog-
nize that classification criteria are tools for use in clinical 
trials, with the purpose of homogenizing patients. Nev-
ertheless, it is significant to observe that some patients 
meet classification criteria, and this will be relevant in the 
discussion to evaluate the need for developing specific 
classification criteria for CHIKV arthropathy, and in the 
design of clinical trials that will evaluate disease-modify-
ing medications for this group of patients.
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Conclusion
This review showed that a significant number of patients 
with CF experience persistent arthropathy. These symp-
toms may mimic those of rheumatological conditions 
such as RA and SpA. This review represents a pivotal step 
in understanding CF impact and its intersections with 
rheumatic disease progression. By highlighting these 
associations, we lay the groundwork for future research 
and clinical practices aimed at improving patient out-
comes in affected regions.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​2​3​5​8​-​0​2​5​-​0​0​4​7​1​-​6.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Author contributions
VAS, DMM, NSG, MPGUSS, AMK designed the study NSG conducted the 
technical aspects related to the systematic review and meta-analysis DMM, 
VAS, AMK conducted the study selection and data extraction DMM analysed 
the risk of bias and did the quality assessment VAS, DMM, NSG, MPGUSS, AMK 
wrote and revised the main manuscript.

Funding
This study was supported in part by National Council for Scientific and 
Technological Development (Conselho Nacional de Desenvolvimento 
Científico e Tecnológico - CNPq) [SIAPE 2646486; Number project 49499].

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Data access, responsibility, and analysis
The lead authors DM and VAS had full access to all the data in the study and 
take responsibility for the integrity of the data and the accuracy of the data 
analysis.

Competing interests
The authors declare no competing interests.

Author details
1Universidade Federal de Juiz de Fora, Rua Flores de Ouro Preto, 221. 
Estrela Sul, Juiz de Fora, Minas Gerais 36030-718, Brasil
2Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brasil

Received: 13 December 2024 / Accepted: 19 August 2025

References
1.	 Solignat M, Gay B, Higgs S, Briant L, Devaux C. Replication cycle of chikungu-

nya: a re-emerging arbovirus. Virology. 2009;393(2):183–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​​1​0​1​6​​/​j​​.​v​i​​r​o​l​​.​2​0​0​​9​.​​0​7​.​0​2​4.

2.	 Caglioti C, Lalle E, Castilletti C, et al. Chikungunya virus infection: an overview. 
New Microbiol. 2013;36:211–27.

3.	 Pialoux G, Gaüzère BA, Jauréguiberry S, Strobel M. Chikungunya, an epidemic 
arbovirosis. Lancet Infect Dis. 2007;7(5):319–27.

4.	 Lumsden WH, et al. An epidemic of virus disease in Southern Province Tang-
anyika territory, in 1952–53. II. General description and epidemiology. Trans R 
Soc Trop Med Hyg. 1955;49:33–57.

5.	 Faria NR, Lourenco J, Cerqueira EM, Lima MM, Pybus O. L.C.J. Alcantara. Epide-
miology of Chikungunya virus in bahia, brazil, 2014–2015. PLoS Curr, 8 (2016).

6.	 de Souza WM, Ribeiro GS, de Lima STS et al. Chikungunya: a decade of bur-
den in the Americas. Lancet Reg Health Am 2024 Jan 8:30100673.

7.	 Assuncao-Miranda I, Cruz-Oliveira C, Da Poian AT. Molecular mechanisms 
involved in the pathogenesis of alphavirus-induced arthritis. Biomed Res Int. 
2013;2013:973516.

8.	 Amaral JK, Taylor PC, Schoen RT. Bone erosions and joint damage caused 
by Chikungunya virus: a systematic review. Rev Soc Bras Med Trop. 2024 
Apr;5:57e00404.

9.	 Goupil BA, McNulty MA, Martin MJ, McCracken MK, Christofferson RC, Mores 
CN. Novel lesions of bones and joints associated with Chikungunya virus 
infection in two mouse models of disease: new insights into disease patho-
genesis. PLoS ONE. 2016;11:e0155243.

10.	 Paixão ES, Rodrigues LC, Costa MDCN, et al. Chikungunya chronic dis-
ease: a systematic review and meta-analysis. Trans R Soc Trop Med Hyg. 
2018;112(7):301–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​t​​r​s​t​m​h​/​t​r​y​0​6​3.

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

12.	 Pollet S, Hsieh HC, Lu D, et al. The risk and risk factors of Chikungunya virus 
infection and rheumatological sequelae in a cohort of U.S. Military health 
system beneficiaries: implications for the vaccine era. PLoS Negl Trop Dis. 
2024;18(8):e0011810.

13.	 Borges Migliavaca C, Stein C, Colpani V, et al. How are systematic reviews of 
prevalence conducted? A methodological study. BMC Med Res Methodol. 
2020;20:96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​4​-​0​2​0​-​0​0​9​7​5​-​3.

14.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, edi-
tors. Cochrane handbook for systematic reviews of interventions version 6.3 
(updated February 2022). Cochrane, 2022. Available from ​w​w​w​.​t​r​a​i​n​i​n​g​.​c​o​c​h​r​
a​n​e​.​o​r​g​/​h​a​n​d​b​o​o​k

15.	 Rethlefsen ML, Kirtley S, Waffenschmidt S, et al. PRISMA-S: an extension to the 
PRISMA statement for reporting literature searches in systematic reviews. Syst 
Rev. 2021;10:39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​6​4​3​-​0​2​0​-​0​1​5​4​2​-​z.

16.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;372:n71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​n​7​1.

17.	 Lopes MARQUESCD et al. Recommendations of the Brazilian Society of 
Rheumatology for diagnosis and treatment of Chikungunya fever. Part 1 - 
Diagnosis and special situations. Rev. Bras. Reumatol. [online]. 2017, vol.57, 
suppl.2 [citado 2021-01-31], pp.s421-s437. Disponível em:. ISSN 1809–4570.

18.	 Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al. The 
American rheumatism association 1987 revised criteria for the classification 
of rheumatoid arthritis. Arthritis Rheum. 1988;31(3):315–24.

19.	 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO et al. 
2010 Rheumatoid arthritis classification criteria: an American College of 
Rheumatology/European League against Rheumatism collaborative initiative. 
Arthritis Rheum. 2010;62(9):2569-81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​r​t​.​2​7​5​8​4. PMID: 
20872595.

20.	 Rudwaleit M, Landewé R, van der Heijde D, Listing J, Brandt J, Braun J, Burgos-
Vargas R, Collantes-Estevez E, Davis J, Dijkmans B, et al. The development of 
assessment of spondyloarthritis international society classification criteria 
for axial spondyloarthritis (part I): classification of paper patients by expert 
opinion including uncertainty appraisal. Ann Rheum Dis. 2009;68:770–6.

21.	 van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for 
ankylosing spondylitis. A proposal for modification of the New York criteria. 
Arthritis Rheum. 1984;27(4):361-8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​r​t​.​1​7​8​0​2​7​0​4​0​1. 
PMID: 6231933.

22.	 Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H, CASPAR 
Study Group. Classification criteria for psoriatic arthritis: development of new 

https://doi.org/10.1186/s42358-025-00471-6
https://doi.org/10.1186/s42358-025-00471-6
https://doi.org/10.1016/j.virol.2009.07.024
https://doi.org/10.1016/j.virol.2009.07.024
https://doi.org/10.1093/trstmh/try063
https://doi.org/10.1186/s12874-020-00975-3
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.1186/s13643-020-01542-z
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/art.27584
https://doi.org/10.1002/art.1780270401


Page 16 of 16Souza de et al. Advances in Rheumatology           (2025) 65:38 

criteria from a large international study. Arthritis Rheum. 2006;54(8):2665-73. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​r​t​.​2​1​9​7​2. PMID: 16871531.

23.	 Mourad Ouzzani H, Hammady Z, Fedorowicz, Ahmed Elmagarmid. Rayyan — 
a web and mobile app for systematic reviews. Syst Reviews. 2016;5:210. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​6​4​3​-​0​1​6​-​0​3​8​4​-​4.

24.	 Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, 
Qureshi R, Mattis P, Lisy K, Mu P-F. Chapter 7: systematic reviews of etiology 
and risk. In: Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. 
JBI, 2020. Available from ​h​t​t​p​​s​:​/​​/​s​y​n​​t​h​​e​s​i​​s​m​a​​n​u​a​l​​.​j​​b​i​.​g​l​o​b​a​l

25.	 Rodríguez-Morales AJ, Cardona-Ospina JA, Fernanda Urbano-Garzón S, 
Sebastian Hurtado-Zapata J. Prevalence of Post-Chikungunya infection 
chronic inflammatory arthritis: a systematic review and Meta-Analysis. Arthri-
tis Care Res (Hoboken). 2016;68(12):1849–58. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​c​r​.​2​2​9​
0​0. Epub 2016 Oct 21. PMID: 27015439.

26.	 Edington F, Varjão D, Melo P. Incidence of articular pain and arthritis after 
Chikungunya fever in the americas: a systematic review of the literature and 
meta-analysis. Joint Bone Spine. 2018;85(6):669–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​
b​​s​p​i​​n​.​2​0​​1​8​​.​0​3​.​0​1​9. Epub 2018 Jul 24. PMID: 30053609.

27.	 van Aalst M, Nelen CM, Goorhuis A, Stijnis C, Grobusch MP. Long-term 
sequelae of Chikungunya virus disease: a systematic review. Travel Med Infect 
Dis. 2017;15:8–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​m​​a​i​d​​.​2​0​1​​7​.​​0​1​.​0​0​4.

28.	 Mora C, et al. Over half of known human pathogenic diseases can be aggra-
vated by climate change. Nat Clim Change. 2022;12:869–75.

29.	 Chow A, et al. Persistent arthralgia induced by Chikungunya virus infection is 
associated with interleukin-6 and granulocyte macrophage colony-stimulat-
ing factor. J Infect Dis. 2011;203:149–57.

30.	 Rodriguez-Morales AJ, Villamil-Gomez W, Merlano-Espinosa M, et al. Postchi-
kungunya chronic arthralgia: a first retrospective follow-up study of 39 cases 
in Colombia. Clin Rheumatol. 2016;35:831–2.

31.	 Krutikov M, Manson J. Chikungunya virus infection: an update on joint mani-
festations and management. Rambam Maimonides Med J. 2016;7:1–7.

32.	 Rodriguez-Morales AJ, Cardona-Ospina JA, Villamil-Gómez W, PanizMon-
dolfi 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(12):2091–4.

33.	 Hayd RLN, Moreno MR, Naveca F, et al. Persistent Chikungunya arthritis in 
Roraima, Brazil. Clin Rheumatol. 2020;39:2781–7.

34.	 Manimunda SP, Vijayachari P, Uppoor R, Sugunan AP, Singh SS, Rai SK, Sudeep 
AB, Muruganandam N, Chaitanya IK, Guruprasad DR. Clinical progression of 
Chikungunya fever during acute and chronic arthritic stages and the changes 
in joint morphology as revealed by imaging. Trans R Soc Trop Med Hyg. 
2010;104(6):392–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​r​​s​t​m​​h​.​2​0​​1​0​​.​0​1​.​0​1​1.

35.	 Amaral JK, Bingham CO, Taylor PC, Luis M, Vilá ME, Weinblatt RT, Schoen. 
Pathogenesis of chronic chikungunya arthritis: resemblances and links with 
rheumatoid arthritis, Travel Medicine and Infectious Disease, Volume 52, 
2023,102534,ISSN 1477–8939. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​m​​a​i​d​​.​2​0​2​​2​.​​1​0​2​5​3​4

36.	 Noret M, et al. Interleukin 6, RANKL, and osteoprotegerin expression by 
Chikungunya virus-infected human osteoblasts. J Infect Dis. 2012;206:455–7.

37.	 Fros JJ, van der Maten E, Vlak JM, Pijlman GP. The C-terminal domain of Chi-
kungunya virus nsP2 independently governs viral RNA replication, cytopath-
icity, and Inhibition of interferon signaling. J Virol. 2013;87(18):10394–400. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​8​​/​J​​V​I​.​0​0​8​8​4​-​1​3.

38.	 Marques CDL, Ranzolin A, Cavalcanti NG, Duarte A. L.B.P. Arboviruses related 
with chronic musculoskeletal symptoms. Best Pract Res Clin Rheumatol. 
2020;34(4):101502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​e​r​h​.​2​0​2​0​.​1​0​1​5​0​2.

39.	 Edington F, Varjão D, Melo P. Incidence of articular pain and arthritis after 
Chikungunya fever in the americas: a systematic review of the literature and 
meta-analysis. Joint Bone Spine. 2018;85(6):669–78.

40.	 Deeks JJ, Deeks, Higgins JPT, Altman DG, McKenzie JE, Veroniki AA, on behalf 
of the Cochrane Statistical Methods Group. Chapter 10: analysing data and 
undertaking meta-analyses. ​h​t​t​p​s​:​​​/​​/​t​r​a​i​n​​i​n​​​g​.​c​o​​c​h​r​​a​n​​​e​.​o​​​r​g​/​​h​a​n​​d​b​​o​​o​k​​/​c​u​​r​r​​e​​n​t​​
/​c​h​a​p​​t​e​r​-​1​0

41.	 Pereira MG, Galvão TF. Heterogeneidade e viés de Publicação Em revisões 
sistemáticas. Epidemiologia E Serviços De Saúde. 2014;23(4):775–8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1002/art.21972
https://doi.org/10.1002/art.21972
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://synthesismanual.jbi.global
https://doi.org/10.1002/acr.22900
https://doi.org/10.1002/acr.22900
https://doi.org/10.1016/j.jbspin.2018.03.019
https://doi.org/10.1016/j.jbspin.2018.03.019
https://doi.org/10.1016/j.tmaid.2017.01.004
https://doi.org/10.1016/j.trstmh.2010.01.011
https://doi.org/10.1016/j.tmaid.2022.102534
https://doi.org/10.1128/JVI.00884-13
https://doi.org/10.1128/JVI.00884-13
https://doi.org/10.1016/j.berh.2020.101502
https://training.cochrane.org/handbook/current/chapter-10
https://training.cochrane.org/handbook/current/chapter-10

	﻿Patients with chikungunya meeting criteria for inflammatory rheumatic diseases: a systematic literature review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Search strategy
	﻿Outcomes
	﻿Eligibility criteria
	﻿Study selection and data extraction
	﻿Risk of bias and quality assessment
	﻿Sensitivity analysis
	﻿Statistical analysis

	﻿Results
	﻿Search results
	﻿Meta-analysis



