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Chikungunya virus infection (CHIKV) increases the risk of persistent arthralgia; however, there is 
no consistent evidence regarding prognostic biomarkers of progression to chronic arthropathy. This 
systematic review provides an overview of currently available literature about the potential role of the 
acute immunologic response in predicting long-term joint pain in patients with a diagnosis of CHIKV. We 
searched for observational studies using the terms “chikungunya,” “cytokines,” “biomarkers,” and “joint 
pain” in PubMed/MEDLINE, LILACS, Cochrane Library Plus, and SCOPUS databases, restricting to 
articles published in English and up to April 2024. PROSPERO registration number: CRD42021279400. 
Thirty-eight studies were selected for qualitative synthesis with a maximum duration from diagnosis to 
clinical evaluation of 60 months. The sample sizes ranged from 8 to 346 participants (age range: 0-90 years). 
We identified an immunologic profile during the acute phase of CHIKV that includes increased levels of 
proinflammatory cytokines (IFN-α, IFN-γ, IL-2R, IL-6, IL-7, and IL-8), anti-inflammatory cytokines (IL-
1Ra and IL-4), chemokines (MCP-1, MIG, and IP-10) and growth factors (VEGF and G-CSF). Only one 
out of two studies reported differences in cytokine levels during the acute phase, predicting persistent joint 
pain at 20 months of follow-up. Also, persistence of anti-CHIKV IgG seemed to be a potential prognostic 
marker. The evidence suggests the existence of an inflammatory response in the acute phase of CHIKV 
that persists during its chronic phase; however, there is no unequivocal candidate set of biomarkers of 
progression toward long-term articular sequelae.
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INTRODUCTION

Chikungunya, an arthropod-borne disease caused by 
the Chikungunya virus (CHIKV), is an acute infection 
associated to the development of rheumatic clinical man-
ifestations that can persist for years [1]. The main long-
term consequence of CHIKV infection, the post-CHIK 
chronic inflammatory rheumatism (pCHIK-CIR), is de-

fined by the persistence of joint and extra-articular symp-
toms for more than 3 months after the onset of CHIKV 
disease or the development of specific immune-mediated 
inflammatory pathology during follow-up [2]. The fre-
quency of persistent rheumatic manifestations ranges 
from 17% to 53%, a wide variation partially explained 
by the heterogenicity of clinical definitions and follow-up 
times at which they were implemented [3-6].
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Although the first epidemic of CHIKV occurred in 
Tanzania in 1952 [7], the emergence of this infection in 
Europe and America is recent. Also, understanding the 
pathogenesis of persistent rheumatic manifestations is 
still limited, consistent with Chikungunya being classi-
fied as a neglected disease by the World Health Organiza-
tion (WHO) [8]. It has been suggested that CHIKV may 
persist in immune-privileged niches such as the synovial 
tissue, contributing directly to its damage and the pro-
gression toward the chronic phase of the disease; howev-
er, there is no consistency in the finding of viral RNA or 
its proteins in macrophages from synovial fluid obtained 
from patients afflicted by the infection [9,10].

Alternatively, it has been postulated that the immune 
response, ie, the production of cytokines, chemokines, 
and growth factors induced by CHIKV, could be asso-
ciated with chronic articular disease persistence [11-13]. 
Lee et al. were the first to demonstrate elevated levels of 
interleukin-8 (IL-8), IFN-γ-induced protein 10 (IP-10), 
monokine-induced by IFN-γ (MIG), and monocyte che-
moattractant protein (MCP-1) in one patient with CHIKV 
infection [14] a finding inconsistently replicated by other 
authors [10,15-24] owned in part to the limited availabili-
ty of longitudinal studies in clinical settings. This system-
atic review aims to establish an immunological profile of 
acute CHIKV disease based on the available evidence; 
also, to identify and critically appraise the evidence on 
prognostic biomarkers of the immune response in rela-
tion to persistent arthralgia, one of the most commonly 
and consistently reported symptoms of chronic articular 
compromise, post-CHIKV infection.

MATERIALS AND METHODS

This systematic review was conducted following the 
AMSTAR (A Measurement Tool to Assess Systematic Re-
views) instrument [25] and the reporting of results follow-
ing the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analysis) guidelines [26]. Review 
protocol was registered in the PROSPERO international 
register of systematic reviews (CRD42021279400). The 
AMSTAR and PRISMA checklists of this review can be 
found in Appendix A: Supplementary material I and II.

Data Sources and Search Strategy
PubMed/MEDLINE, LILACS, Cochrane Library 

Plus, and SCOPUS databases were searched for obser-
vational studies published in any language, since their 
inception to April 2024. We used the search terms “chi-
kungunya,” “cytokines,” “biomarkers,” “arthralgia,” and 
“joint pain.” We also checked the abstract books of the 
meetings of the American Society of Tropical Medicine 
and Hygiene (ASTMH) from 2011 to 2023 and the ref-

erence lists of the identified articles to supplement elec-
tronic searching.

Eligibility Criteria
We included observational studies, which evaluated 

the relationship between markers of immunological re-
sponse and acute phase of CHIKV disease or arthralgia 
in patients with a diagnosis of CHIKV infection. Studies 
published in a language different from English were ex-
cluded as well as those in which markers were measured 
in a biological matrix different from serum or plasma, or 
after an in vitro stimulation of human cells.

Study Selection
Studies identified through the search strategy were 

recorded in an Excel spreadsheet and the duplicated 
records were removed. We screened all the titles and 
abstracts based on the eligibility criteria (authors: AL-P, 
RMGR). Discrepancies were resolved by consensus and 
if necessary, a third reviewer was consulted to reach a 
final decision. After retrieval of full-text articles, one au-
thor again checked eligibility. Figure 1 shows the flow 
chart of the study.

Data Extraction
The following information was retrieved by one au-

thor, for each study: author name, study design, country, 
publication year, patient age, sample size (prevalent or 
incident cases and controls, if applicable), maximum 
disease duration, the test used for CHIKV diagnosis and 
type of biological matrix used for the measurement of 
markers’ concentrations.

Bias Risk Assessment
Two authors independently assessed the methodolog-

ical quality of the eligible observational studies using the 
Newcastle-Ottawa Scale (NOS). According to the NOS 
criteria for selection (four points at most), comparability 
(two points at most), and the adequacy of outcome mea-
sures (three points at most), a maximum of nine points 
could be awarded. The risk of bias was categorized based 
on the obtained score as follows: high-risk (0-3), interme-
diate-risk (4-6), and low-risk (7-9).

RESULTS

Study Selection
The search strategy identified 1213 articles; how-

ever, after removing 625 duplicates and excluding 536 
non-eligible articles based on the screening of their titles 
and abstracts, we retrieved and reviewed 52 full-text ar-
ticles of which 38 studies were selected for qualitative 
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synthesis (Figure 1).

Studies’ Characteristics and Risk of Bias
Among the included studies, 52.6% were conducted 

in Asia, 31.6% in America, 13.2% in Europe, and 2.6% 
in Africa with a predominance of case-control and co-
hort designs (55.3% and 34.2%, respectively; Table 1). 
The sample sizes ranged from 8 to 346 participants (age 
range: 0 to 90 years old), and the maximum duration from 
diagnosis to clinical evaluation was 60 months. CHIKV 
infection was defined as a positive result of a reverse 
transcription-polymerase chain reaction (RT-PCR) test 
to detect the CHIKV genome (n=8), an enzyme-linked 
immunosorbent assay (ELISA) to detect IgM or IgG 
anti-CHIKV (n=13) or both (n=17). The most often 
evaluated biomarkers were IL-6 (n=21), tumor necrosis 
factor-alpha (TNF-α; n=19), interferon-gamma (IFN-γ; 
n=17), IL-8 (n=17), and IL-10 (n=17), with most studies 
(71.1%) using serum as a biological matrix for biomarker 
quantification. In relation to risk of bias, most of the stud-
ies (73.5% and 23.5%) were classified as at intermediate- 
and low-risk according to the NOS (Table 2).

Profile of Immune Response in the Acute Disease
Twenty-seven studies (71.1%) evaluated immune 

response markers during the acute phase of CHIKV in-

fection. Figure 2 shows a heat map of 37 immune medi-
ators from at least two studies, indicating comparisons 
among CHIKV cases and healthy controls (HC). We 
observed higher levels of proinflammatory cytokines 
(IFN-α, IFN-γ, interleukin 2 receptor (IL-2R), IL-6, IL-7, 
and IL-8) and anti-inflammatory cytokines (IL-4 and the 
IL-1 antagonist receptor (IL-1Ra)) as well as chemokines 
(MCP-1, MIG, and IP-10) and growth factors (vascu-
lar endothelial growth factor (VEGF), and granulocyte 
colony-stimulating factor (G-CSF)) in the acute phase 
of CHIKV infection compared with HC. This pattern 
persisted regardless of the precedence of cases (Asia or 
America), except by IL-4, and IFN-α, which were not 
included in the pattern of studies from America. The 
clinical laboratory parameter, C-reactive protein (CRP) 
was reported to increase in the acute phase of CHIKV 
infection compared with HC [10,21,22,27-30]. More-
over, recently three molecules were reported as potential 
markers of acute CHIKV infection: IL-27 [31], galectin 
9 (GAL-9) [32], and high mobility group box 1 protein 
(HMGB1) [33].

Biomarkers of Persistent Joint Pain
The duration of arthropathy symptoms among 

CHIKV cases ranged from 3 months [15,29,34] to 60 
months [35]. Concurrent evaluation of biomarkers be-

Figure 1. Search flow chart.
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tween 6 and 12 months post-CHIKV infection showed 
higher IL-6 levels and lower eotaxin, HGF, IL-5, and 
Regulated on Activation, Normal T-Expressed and Se-
creted (RANTES) levels in cases with persistent joint 
pain as compared to recovered cases [29,36,37] (Table 
3). Moreover, studies with longer disease duration (36 
and 60 months) found higher concentrations of IL-1α and 
matrix metalloproteinases 1 and 3 (MMP-1 and MMP-
3) among cases with persistent joint pain as compared to 
recovered cases [35,38].

About prognosis, only one out of two studies [10,39] 
reported cytokines levels measured during the acute 
phase predicting persistent joint arthropathy at 20 months 
of follow-up (Table 4) [39]. Although Hoarau et al. also 
observed lower IL-4 and IL-13 levels in the early days of 
CHIKV infection in patients with persistent arthralgia at 
12 months of follow-up, such differences were not statis-
tically significant [10]. Also, CRP levels were higher in 
the first 5 days in chronic cases compared to the recov-
ered case (60.2±59.7 vs 11.3±10.1 mg/l) [10].

Several studies evaluated anti-CHIKV IgG levels as 
biomarkers of chronic arthropathy [34,40-43]. The TEL-
ECHIK study reported an association between higher IgG 
levels and increased risk of persistent rheumatic pain at 
24 months of follow-up (OR=6.2; 95 CI%: 2.8-13.2) [40]. 
Rojas et al. observed associated higher IgG levels with 
a positive squeeze test in the sub-acute phase (OR=1.1; 
95% CI: 1.01-1.12) [43]. An early antibody response, 
indicated by increased IgG3 levels, could clear the vi-
rus faster and protect against persistent arthralgia [34]. 
Notably, the early appearance of neutralizing antibodies 
(irrespective of the isotype) during the febrile phase of 
CHIKV infection increased the risk of developing chron-
ic arthritis [42].

DISCUSSION

In this systematic review we identified an immuno-
logic profile characterized by a set of increased biomark-
ers during the acute phase of the infection by CHIKV that 
includes proinflammatory cytokines (IFN-α, IFN-γ, IL-
2R, IL-6, IL-7, and IL-8), anti-inflammatory cytokines 
(IL-1Ra and IL-4), chemokines (MCP-1, MIG, and IP-
10) and growth factors (VEGF and G-CSF). IL-27, GAL-
9, and HMGB1 also could contributed to such profiles, 
while IL-6, IL-4, IgG, and CRP emerged as potential 
prognostic biomarkers of chronic complications.

Previous systematic reviews provide context for our 
findings. Teng et al. [44], reported a similar acute immune 
response profile in CHIKV infection but found no chang-
es in VEGF and IL-8 levels. They observed increased 
concentration of IL-2, IL-10, IL-12, IL-15, IL-17, IL-18, 
monocyte chemoattractant protein 1α and β (MIP-1α and 
MIP-1β) and the basic fibroblast growth factor (FGF-β). C
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Table 2. Newcastle-Ottawa Risk of Bias Assessment
Author’s name Study design Selection Comparability Exposure Score Risk of bias
Hoarau, 2010 [10] Cohort 3 0 1 4 Intermediate
Chaaithanya, 2011 [36] Cohort 3 0 2 5 Intermediate
Kelvin, 2011 [18] Cohort 3 0 2 5 Intermediate
Chow, 2011 [29] Cohort 2 0 2 4 Intermediate
Chopra, 2012 [28] Cohort 3 0 2 5 Intermediate
Lohachanakul, 2012 [20] Cohort 4 0 0 4 Intermediate
Moro, 2012 [41] Cohort 4 1 3 8 Low
Kam, 2012 [34] Cohort 2 0 0 2 High
Gérardin, 2013 [40] Cohort 4 1 2 7 Low
Venugopalan, 2014 [30] Cohort 3 0 1 4 Intermediate
Chang, 2018 [39] Cohort 4 1 2 7 Low
Nayak, 2020 [42] Cohort 4 0 2 6 Intermediate
Jacob-Nascimento, 2021 
[63]

Cohort 4 2 1 7 Low

Alves de Souza, 2022 [15] Cohort 3 0 1 4 Intermediate
Chirathaworn, 2010 [64] Case-Control 2 0 3 5 Intermediate
Wauquier, 2011 [24] Case-Control 3 0 3 6 Intermediate
Chirathaworn, 2013 [16] Case-Control 1 0 3 4 Intermediate
Schilte, 2013 [38] Case-Control 4 1 3 8 Low
Kashyap, 2014 [17] Case-Control 1 0 3 4 Intermediate
Reddy, 2014 [65] Case-Control 1 1 3 5 Intermediate
Rojas, 2015 [43] Case-Control 4 1 3 8 Low
Dutta, 2017 [66] Case-Control 3 2 3 8 Low
Chattopadhya, 2017 [27] Case-Control 2 1 3 6 Intermediate
Banerjee, 2018 [67] Case-Control 2 1 3 6 Intermediate
Tanabe, 2019 [68] Case-Control 1 0 3 4 Intermediate
Cavalcanti, 2019 [31] Case-Control 3 1 2 6 Intermediate
Ninla-Aesong, 2019 [35] Case-Control 4 1 3 8 Low
Sánchez-Arcila, 2020 [23] Case-Control 2 0 3 5 Intermediate
Cavalcanti, 2020 [32] Case-Control 2 1 2 5 Intermediate
Krishnan, 2021 [19] Case-Control 1 1 2 4 Intermediate
Rocha, 2022 [33] Case-Control 3 0 3 6 Intermediate
Liu, 2022 [69] Case-Control 3 0 3 6 Intermediate
Restrepo, 2022 [22] Case-Control 1 0 3 4 Intermediate
Babu, 2023 [70] Case-Control 3 0 2 5 Intermediate
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compared to healthy controls. IFN-γ is crucial for main-
taining the Th1/Th2 balance and induces these chemok-
ines, which recruit macrophages, monocytes, NK cells, 
and T cells to the affected joints [14,36].

Elevated MCP-1 levels during the acute stage 
of CHIKV infection could attract monocytes to in-
fection sites, correlating with increased CD14+ and 
CD14+CD16+ monocyte subpopulations [49]. In addi-
tion, MCP-1 stimulates monocytes differentiation into 
osteoclasts, which could partially explain early joint 
pain in CHIKV patients [50]. Likewise, IL-6 and IL-8 
may contribute to the differentiation of monocyte into 
osteoclasts [50], and IL-7 may stimulate T cells to secrete 
osteoclastogenic cytokines [51]. Furthermore, IL-8 and 
VEGF may be relevant to CHIKV pathogenesis. IL-8 
contributes to joint inflammation by attracting neutrophils 
and T cells to the inflammatory site [52,53], while VEFG, 
a proinflammatory growth factor, has been reported at 
high levels during the acute and chronic phase of the Ma-
yaro virus infection and detected in synovial fibroblasts 
cultures from rheumatoid arthritis patients [54,55].

Other molecules, whose production was elevated 
during the acute phase of CHIKV infection but for which 
no replication studies are available, could also contribute 
to the pathogenesis of long-term disease’s complications. 

These differences may be attributed to the genetic back-
ground of the populations in the studies reviewed by Teng 
et al. which mostly originated in Asia and Europe [45,46].  
Ferreira et al. revealed higher biomarker concentrations 
in severe acute infection or chronic cases; however, their 
quantitative synthesis focused on IL-6, CRP and TNF-α 
showing no significant differences [47]. Our results par-
tially agree with those from Ferreira et al. in relation to 
their qualitative finding of increased levels of IL-6, IL-8, 
MCP-1, IL-1α, GM-CSF, IL-1Ra, MIP-1α, and MIP-
1β; however, these results cannot be directly contrasted 
because Ferreira et al. did not report separate data for 
patients evaluated during acute infection from those with 
chronic disease and considered as control group a mix of 
healthy individuals and recovered patients.

As the first line of defense against viral infections, 
IFN-α induces an antiviral state to restrict the infection 
and promotes the expression of class I major histocom-
patibility complex (MHC I) on infected cells. This favors 
the recognition and destruction of infected cells by CD8+ 
T cells [48]. Our results are in accordance with previous 
reports showing high levels of IFN-α and a predominance 
of CD8+ T cells during the early stages of CHIKV in-
fection [24]. We also found increased concentrations of 
IFN-γ, IP-10 and MIG among CHIKV infection cases 

Figure 2. Heat map of immune profile reported in the acute phase of chikungunya infection.
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association between acute-phase biomarkers and the de-
velopment of relevant clinical outcomes [10,39]. How-
ever, they reported conflicting results for TNF-α, IL-6, 
and IL-12 due to the differences in study design. Hoarau 
et al. found no association between cytokine levels and 
persistent joint pain, possibly due to their smaller sample 
size and shorter follow-up [10]. In contrast, Chang et al. 
conducted a nested case-control study, with 242 age- and 
gender-matched CHIKV infection cases, assessing joint 
pain by telephone survey at 20 months [39].

The titers of anti-CHIKV IgG antibodies also have 
been related to persistent joint pain [40,41,43]. Experi-
mental and epidemiological studies suggest that pre-ex-
isting neutralizing antibodies are associated with a lower 
risk of both symptomatic and asymptomatic CHIKV in-
fections [62]. Consistently, a Colombian cohort study ob-
served that a positive test for anti-CHIKV IgG antibodies 
doubled the likelihood of having a symptomatic infection 
compared to a negative result (preliminary data). In rela-
tion to IgG subtypes, Kam et al. suggest that a strong and 
rapid response of the IgG3 subtype could clear the virus 
faster and potentially protect against the development of 
persistent joint pain after CHIKV infection [34].

The available evidence is consistent with the exis-
tence of an inflammatory response from the acute phase 
to the chronic phase of CHIKV infection; however, 
there is no clear profile of prognostic biomarkers for 
long-term sequelae, specifically arthralgia. This might 
be partially explained by the high heterogeneity among 
studies regarding eligibility criteria for cases and controls 
(sociodemographic composition, geographical origin, 
comorbidities, etc.), candidate biomarkers, timing of 
measurements, definition of outcomes, and follow-up 
durations. Most of the studies in this review had a high 
risk of bias, mainly attributable to the lack of adjustment 
for relevant covariates. Moreover, some studies in this 
review are reported as cohorts, only two prospectively 
evaluated the relationships between exposure(s) and 
outcomes. Finally, our search strategy might be consid-
ered as highly sensitive (ie, selected terms, databases, 
and checking reference lists) and we do not expect that 
publication bias due to the omission of publications in 
languages other than English has significantly impacted 
our conclusions.

CONCLUSIONS

The evidence suggests the existence of an inflamma-
tory response in the acute phase of CHIKV that persists 
during its chronic phase; however, there is no unequiv-
ocal candidate set of biomarkers of progression toward 
long-term articular sequelae. This may be due to the 
heterogeneity of the studied populations, the definition of 
outcomes, and the timing for quantification of biomarkers 

One of these is IL-27 [31] which might play both, proin-
flammatory and anti-inflammatory roles. In the first case, 
IL-27 downregulates the regulatory T cells but stimulates 
the Th1 and Th17 response, whereas in its anti-inflam-
matory role IL-27 stimulates the production of IL-10 by 
T cells and decreases the Th17 response [31]. IL-27 also 
induces a strong IFN-independent antiviral response to 
CHIKV in monocyte-derived macrophages by activating 
JAK-STAT signaling pathway and inducing IFN-stimu-
lated genes in the antiviral state [56,57]. GAL-9 is another 
relevant molecule to CHIKV infection pathogenesis, with 
higher levels among CHIKV infection cases compared to 
healthy controls and is associated with the duration of 
morning stiffness [31]. Increased levels of GAL-9 have 
also been observed in rheumatoid arthritis patients, which 
suggests that the Galectin family is implicated in the 
processes of osteoclast genesis and inflammatory bone 
destruction [58]. On the other hand, HMGB1, which is 
secreted by infected or active immune cells to potentiate 
the proinflammatory response, has been associated with 
viremia in CHIKV infection as proposed as a disease bio-
marker [59]. Furthermore, HMGB1 has been observed in 
the synovial fluid of rheumatoid arthritis cases, contribut-
ing to cartilage and bone destruction [59]. While increased 
CRP levels have been found in CHIKV cases, CRP does 
not seem to have a prognostic role for the persistence of 
articular manifestations of CHIKV [60]. Interestingly, 
Hoarau et al. reported that early CRP levels discriminated 
between patients with persistent joint pain and those who 
recovered at 12 months of follow-up [10], suggesting that 
CRP might be a simple and affordable prognostic marker 
of disease progression, a finding that requires replication.

When contrasted against patients who recovered 
from CHIKV infection, those with persistent clinical find-
ings showed higher levels of IL-6 at 3, 10, and 12 months 
post-onset of infection. Similarly, MCP-1 remains elevat-
ed after 10 months of follow-up in patients with arthralgia 
compared to those without [36]. As mentioned before, 
MCP-1 and IL-6 are related to bone degradation [50], 
with IL-6 inducing its own production and upregulating 
MCP-1 expression [48]. On the other hand, matrix metal-
loproteinases (MMP-1, MMP-3, MMP-9, and MMP-13) 
which degraded the extracellular matrix in cartilage may 
also contribute to chronic arthralgia in CHIKV infection 
[61]. Ninla-Aesong et al. proposed that the activation of 
MMP-1 and MMP-3, secondary to the increase of Th1 
markers (IL-6, IL-8, IL-1β, MCP-1, and TNF-α) [35], 
might partially contribute to the pathogenesis of chronic 
arthralgia in Chikungunya.

Although the body of evidence suggests an important 
contribution of immune mechanisms in the pathogenesis 
of the long-term articular complications in CHIKV infec-
tion, its prognostic potential remains poorly developed. 
In fact, only two prospective studies have evaluated the 
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doya-Arias JE, et al. Post-chikungunya chronic inflamma-
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da, Colombia. F1000Res. 2016;5(360).

6. Rama K, de Roo AM, Louwsma T, Hofstra HS, Gurgel Do 
Amaral GS, Vondeling GT, et al. Clinical outcomes of 
chikungunya: A systematic literature review and meta-anal-
ysis. PLoS Negl Trop Dis. 2024 Jun 1;18(6):e0012254.

7. Kucharz EJ, Cebula-Byrska I. Chikungunya fever. Eur J 
Intern Med. 2012;23(4):325–9.

8. WHO. Neglected tropical diseases [Internet]. 2019 [cited 
2024 Jul 30]. Available from: https://www.who.int/neglect-
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Aguilar-Faisal JL. Multiple factors involved in bone dam-
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2023 Aug 23;24(17):13087.
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chikungunya? An overview to immunopathology of per-
sistent arthralgia. World J Virol. 2024 Jun 25;13(2):89985.
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PCG, et al. Increased Indoleamine 2,3-Dioxygenase 1 
(IDO-1) activity and inflammatory responses during chiku-
ngunya virus infection. Pathogens. 2022;11(4):444.

16. Chirathaworn C, Poovorawan Y, Lertmaharit S, Wuttirat-
tanakowit N. Cytokine levels in patients with chikungunya 
virus infection. Asian Pac J Trop Med. 2013;6(8):631–4.
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during disease.
Given the current gaps in understanding CHIKV 

pathogenesis, further research should focus on key areas 
such as synovial membrane biopsies and predisposing 
genetic factors could provide insights associated with 
chronic disease. Since alphavirus target synovial fibro-
blast and cause arthritis, new studies could investigate 
the expression of biomarker discussed in this review on 
these cells. Additionally, evaluating polymorphisms in 
genes encoding JAK-STAT pathway components, IFNs, 
or toll-like receptors like TLR3/8, IL-27 receptor, should 
be informative. These approaches could enhance our 
understanding of disease mechanisms and inform more 
effective diagnostic and therapeutic approaches.

Disclosure Statement: No potential conflict of interest 
was reported by the authors.

Funding: The work was partially supported by Euro-
pean Union’s Horizon 2020 Research and Innovation 
Programme (Grant Agreement No. 825746), the Cana-
dian Institutes of Health Research, Institute of Genetics 
- CIHR-IG (Grant Agreement N.01886-000), Universidad 
Industrial de Santander, and Centro de Atención y Diag-
nóstico de Enfermedades Infecciosas (CDI).

Author Contributions: AL-P (ORCID: 0000-0002-6770-
258X): Conceptualization; Methodology; Writing - original 
draft. VH (ORCID: 0000-0002-6295-1640): Conceptu-
alization, Methodology; Writing - review & editing. SU-I 
(ORCID: 0000-0002-2865-3041): Writing - review & 
editing. RMGM (ORCID: 0000-0002-4851-1753): Articles 
selection; Writing – review. LAVC (ORCID: 0000-0002-
3873-0901): Conceptualization; Funding acquisition; 
Methodology; Writing - review & editing.

REFERENCES

1. Thiberville SD, Moyen N, Dupuis-Maguiraga L, Nougairede 
A, Gould EA, Roques P, et al. Chikungunya fever: Epi-
demiology, clinical syndrome, pathogenesis and therapy. 
Antiviral Res. 2013;99(3):345–70.

2. Simon F, Javelle E, Cabie A, Bouquillard E, Troisgros O, 
Gentile G, et al. French guidelines for the management of 
chikungunya (acute and persistent presentations). Novem-
ber 2014. Med Mal Infect. 2015 Jul 1;45(7):243–63.

3. López Rodríguez MA. Evaluación de las manifestaciones 
reumatológicas y las alteraciones paraclínicas luego de 
dos años de la presentación de la infección por virus de 
chikungunya en un brote en el municipio de Capitanejo, 
Santander. [Tesis de Especialización en Medicina Interna]. 
Universidad Industrial de Santander; 2018.

4. 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.

5. Rodriguez-Morales AJ, Gil-Restrepo AF, Ramírez-Jaramil-
lo V, Montoya-Arias CP, Acevedo-Mendoza WF, Be-



Lozano-Parra et al.: Biomarkers of persistent joint pain post-chikungunya fever 483

lating levels of high mobility group box 1 (HMGB1) in 
acute-phase chikungunya virus infection: Potential disease 
biomarker. J Clin Virol. 2022 Jan 1;146.

34. Kam YW, Simarmata D, Chow A, Her Z, Teng TS, Ong 
EKS, et al. Early appearance of neutralizing immunoglob-
ulin G3 antibodies is associated with chikungunya virus 
clearance and long-term clinical protection. Journal of 
Infectious Diseases. 2012;205(7):1147–54.

35. Ninla-Aesong P, Mitarnun W, Noipha K. Proinflammato-
ry cytokines and chemokines as biomarkers of persistent 
arthralgia and severe disease after chikungunya virus 
infection: A 5-year follow-up study in southern Thailand. 
Viral Immunol. 2019;32(10):1–11.

36. Chaaithanya IK, Muruganandam N, Sundaram SG, 
Kawalekar O, Sugunan AP, Manimunda SP, et al. Role 
of proinflammatory cytokines and chemokines in chron-
ic arthropathy in CHIKV infection. Viral Immunol. 
2011;24(4):265–71.

37. Sepúlveda-Delgado J, Vera-Lastra OL, Trujillo-Murillo K, 
Canseco-Ávila LM, Sánchez-González RA, Gómez-Cruz 
O, et al. Inflammatory biomarkers, disease activity index, 
and self-reported disability may be predictors of chronic 
arthritis after chikungunya infection: brief report. Clin 
Rheumatol. 2017;36(3):695–9.

38. Schilte C, Staikovsky 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(3):e2137.

39. Chang A, Tritsch S, Reid St, Martins K, Encinales L, Pa-
checo N, et al. The cytokine profile in acute chikungunya 
infection is predictive of chronic arthritis 20 months post 
infection. Diseases. 2018;6(4):95.

40. Gérardin P, Fianu A, Michault A, Mussard C, Boussaïd 
K, Rollot O, et al. Predictors of chikungunya rheumatism: 
A prognostic survey ancillary to the TELECHIK cohort 
study. Arthritis Res Ther. 2013;15(1):R9.

41. Moro ML, Grilli E, Corvetta A, Silvi G, Angelini R, 
Mascella F, et al. Long-term chikungunya infection clinical 
manifestations after an outbreak in Italy: A prognostic 
cohort study. Journal of Infection. 2012;65(2):165–72.

42. Nayak K, Jain V, Kaur M, Khan N, Gottimukkala K, 
Aggarwal C, et al. Antibody response patterns in chikun-
gunya febrile phase predict protection versus progression 
to chronic arthritis. JCI Insight. 2020;5(7).

43. Rojas EM et al. Chikungunya rheumatism during the 
subacute phase of the disease and its correlation with Ig G 
antibodies: Findings from an outbreak in Colombia. In: Ab-
stract Book 64th Annual Meeting ASTMH [Internet]. 2015. 
p. 520. Available from: https://www.astmh.org/ASTMH/
media/Documents/ASTMH-2015-Abstract-Book-Final.pdf

44. Teng TS, Kam YW, Lee B, Hapuarachchi HC, Wimal A, 
Ng LC, et al. A systematic meta-analysis of immune sig-
natures in patients with acute chikungunya virus infection. 
Journal of Infectious Diseases. 2015;211(12):1925–35.

45. Paredes J, Zabaleta J, Garai J, Ji P, Imtiaz S, Spagnardi 
M, et al. Immune-related gene expression and cytokine 
secretion is reduced among African American colon cancer 
patients. Front Oncol. 2020 Sep 2;10:1498.

46. Yao S, Hong CC, Ruiz-Narváez EA, Evans SS, Zhu Q, 
Schaefer BA, et al. Genetic ancestry and population differ-

gens. 2021 Feb;10(2).
20. Lohachanakul J, Phuklia W, Thannagith M, Thonsakul-

prasert T, Ubol S. High concentrations of circulating 
interleukin-6 and monocyte chemotactic protein-1 with low 
concentrations of interleukin-8 were associated with severe 
chikungunya fever during the 2009-2010 outbreak in Thai-
land. Microbiol Immunol. 2012;56(2):134–8.

21. Ng LFP, Chow A, Sun YJ, Kwek DJC, Lim PL, Dimatatac 
F, et al. IL-1β, IL-6, and RANTES as biomarkers of chiku-
ngunya severity. PLoS One. 2009;4(1):e4261.

22. Restrepo BN, Marín K, Romero P, Arboleda M, Muñoz 
AL, Bosch I, et al. Role of cytokines, chemokines, C3a, 
and mannose-binding lectin in the evolution of the chikun-
gunya infection. Am J Clin Exp Immunol. 2022;11(3):51.

23. Sánchez-Arcila JC, Badolato-Correa J, de Souza TMA, 
Paiva IA, Barbosa LS, Nunes PCG, et al. Clinical, vi-
rological, and immunological profiles of DENV, ZIKV, 
and/or CHIKV-infected Brazilian patients. Intervirology. 
2020;63(1–6):33–45.

24. Wauquier N, Becquart P, Nkoghe D, Padilla C, Nd-
joyi-Mbiguino A, Leroy EM. The acute phase of chikun-
gunya virus infection in humans is associated with strong 
innate immunity and T CD8 cell activation. Journal of 
Infectious Diseases. 2011;204(1):115–23.

25. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran 
J, et al. AMSTAR 2: A critical appraisal tool for system-
atic reviews that include randomised or non-randomised 
studies of healthcare interventions, or both. BMJ (Online). 
2017;358:j4008.

26. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, 
Antes G, et al. Preferred reporting items for systematic re-
views and meta-analyses: The PRISMA statement (Chinese 
edition). Journal of Chinese Integrative Medicine. 2009.

27. Chattopadhya D, Verghese A, Broor S. The pro-inflamma-
tory markers and cytokine profile in acute chikungunya 
virus infections in a rural community from north India. 
Journal of Communicable Diseases. 2017;49(3):67–72.

28. Chopra A, Anuradha V, Ghorpade R, Saluja M. Acute 
chikungunya and persistent musculoskeletal pain following 
the 2006 Indian epidemic: A 2-year prospective rural com-
munity study. Epidemiol Infect. 2012;140:842–50.

29. Chow A, Her Z, Ong EKS, Chen JM, Dimatatac F, Kwek 
DJC, et al. Persistent arthralgia induced by chikungunya 
virus infection is associated with interleukin-6 and gran-
ulocyte macrophage colony-stimulating factor. Journal of 
Infectious Diseases. 2011;203(2):149–57.

30. Venugopalan A, Ghorpade RP, Chopra A. Cytokines in 
acute chikungunya. PLoS One. 2014;9(10).

31. Gualberto Cavalcanti N, MeloVilar K, Branco Pinto Duarte 
AL, Jesus Barreto de Melo Rêgo M, Cristiny Pereira M, 
da Rocha Pitta I, et al. IL-27 in patients with chikungun-
ya fever: A possible chronicity biomarker? Acta Trop. 
2019;196:48–51.

32. Gualberto Cavalcanti N, Melo Vilar K, Branco Pinto 
Duarte AL, Barreto de Melo Rêgo MJ, Pereira MC, da 
Rocha Pitta I, et al. Increased serum levels of galec-
tin-9 in patients with chikungunya fever. Virus Res. 
2020;286:198062.

33. Rocha DCP, Souza TMA, Nunes PCG, Mohana-Borges 
R, Paes M V., Guimarães GMC, et al. Increased circu-



Lozano-Parra et al.: Biomarkers of persistent joint pain post-chikungunya fever484

infection-induced inflammatory diseases. Cytokine Growth 
Factor Rev. 2021 Dec 1;62:54–61.

60. Anna Genaro MS, Marchi MS, Perin MY, Cossô IS, 
Dezengrini Slhessarenko R. Ferritin, erythrocyte sedi-
mentation rate, and C-reactive protein level in chikungun-
ya-induced chronic polyarthritis. Am J Trop Med Hyg. 
2020;103(5):2077–82.

61. Nguyen LT, Sharma AR, Chakraborty C, Saibaba B, Ahn 
ME, Lee SS. Review of prospects of biological fluid bio-
markers in osteoarthritis. Int J Mol Sci. 2017;18(3):e601.

62. Yoon IK, Srikiatkhachorn A, Alera MT, Fernandez S, 
Cummings DAT, Salje H. Pre-existing chikungunya virus 
neutralizing antibodies correlate with risk of symptomatic 
infection and subclinical seroconversion in a Philippine 
cohort. International Journal of Infectious Diseases. 
2020;95:P167-173.

63. Jacob-Nascimento LC, Carvalho CX, Silva MMO, 
Kikuti M, Anjos RO, Fradico JRB, et al. Acute-phase 
levels of CXCL8 as risk factor for chronic arthralgia 
following chikungunya virus infection. Front Immunol. 
2021;12:744183.

64. Chirathaworn C, Rianthavorn P, Wuttirattanakowit N, 
Poovorawan Y. Serum IL-18 and IL-18BP levels in pa-
tients with chikungunya virus infection. Viral Immunol. 
2010;23(1):113–7.

65. Reddy V, Mani RS, Desai A, Ravi V. Correlation of plasma 
viral loads and presence of chikungunya IgM antibodies 
with cytokine/ chemokine levels during acute chikungunya 
virus infection. J Med Virol. 2014;86(8):1393–401.

66. Dutta SK, Tripathi A. Association of toll-like receptor 
polymorphisms with susceptibility to chikungunya virus 
infection. Virology. 2017;511:207–13.

67. Banerjee N, Mukhopadhyay S. Oxidative damage markers 
and inflammatory cytokines are altered in patients suffering 
with post-chikungunya persisting polyarthralgia. Free 
Radic Res. 2018;52(8):887–985.

68. Tanabe ISB, Santos EC, Tanabe ELL, Souza SJM, Santos 
FEF, Taniele-Silva J, et al. Cytokines and chemokines 
triggered by chikungunya virus infection in human patients 
during the very early acute phase. Trans R Soc Trop Med 
Hyg. 2019;113(11):730–3.

69. Liu X, Poo YS, Alves JC, Almeida RP, Mostafavi H, Tang 
PCH, et al. Interleukin-17 contributes to chikungunya 
virus-induced disease. mBio. 2022 Apr 26;13(2).

70. Babu N, Mahilkar S, Jayaram A, Ibemgbo SA, Mathur G, 
Shetty U, et al. Cytokine profile, neutralisation potential 
and viral replication dynamics in sera of chikungunya 
patients in India: a cross-sectional study. The Lancet Re-
gional Health - Southeast Asia. 2023 Dec 1;19:100269.

71. Dhenni R, Yohan B, Alisjahbana B, Lucanus A, Riswari 
SF, Megawati D, et al. Comparative cytokine profiling 
identifies common and unique serum cytokine responses in 
acute chikungunya and dengue virus infection. BMC Infect 
Dis. 2021 Jul;21(1):639.

72. Chopra A, Saluja M, Venugopalan A. Effectiveness of chlo-
roquine and inflammatory cytokine response in patients 
with early persistent musculoskeletal pain and arthritis 
following chikungunya virus infection. Arthritis and Rheu-
matology. 2014;66(2):319–26.

ences in levels of inflammatory cytokines in women: Role 
for evolutionary selection and environmental factors. PLoS 
Genet. 2018 Jun 1;14(6).

47. Ferreira AS, Baldoni NR, Cardoso CS, Oliveira CDL. 
Biomarkers of severity and chronification in chikungunya 
fever: a systematic review and meta-analysis. Rev Inst Med 
Trop Sao Paulo. 2021;63:e16.

48. Lum FM, Ng LFP. Cellular and molecular mechanisms of 
chikungunya pathogenesis. Antiviral Res. 2015;120:165–
74.

49. Michlmayr D, Pak TR, Rahman AH, Amir ED, Kim E, 
Kim‐Schulze S, et al. Comprehensive innate immune 
profiling of chikungunya virus infection in pediatric cases. 
Mol Syst Biol. 2018;14(8):e7862.

50. Phuklia W, Kasisith J, Modhiran N, Rodpai E, Thannagith 
M, Thongsakulprasert T, et al. Osteoclastogenesis induced 
by CHIKV-infected fibroblast-like synoviocytes: a possible 
interplay between synoviocytes and monocytes/macro-
phages in CHIKV-induced arthralgia/arthritis. Virus Res. 
2013 Nov 6;177(2):179–88.

51. Churchman SM, Ponchel F. Interleukin-7 in rheumatoid 
arthritis. Rheumatology (Oxford). 2008 Jun;47(6):753–9.

52. Constant LEC, Rajsfus BF, Carneiro PH, Sisnande T, 
Mohana-Borges R, Allonso D. Overview on chikungunya 
virus infection: From epidemiology to state-of-the-art ex-
perimental models. Front Microbiol. 2021 Oct 5;12:2873.

53. Russo RC, Garcia CC, Teixeira MM, Amaral FA. The 
CXCL8/IL-8 chemokine family and its receptors in 
inflammatory diseases. Expert Rev Clin Immunol. 
2014;10(5):593–619.

54. Nakahara H, Song J, Sugimoto M, Hagihara K, Kishimoto 
T, Yoshizaki K, et al. Anti-interleukin-6 receptor antibody 
therapy reduces vascular endothelial growth factor pro-
duction in rheumatoid arthritis. Arthritis Rheum [Internet]. 
2003 Jun 1 [cited 2023 Apr 23];48(6):1521–9. Available 
from: https://pubmed.ncbi.nlm.nih.gov/12794819/

55. Santiago FW, Halsey ES, Siles C, Vilcarromero S, Guevara 
C, Silvas JA, et al. Long-term arthralgia after mayaro virus 
infection correlates with sustained pro-inflammatory cyto-
kine response. PLoS Negl Trop Dis. 2015;9(10):1–14.

56. Valdés-López JF, Fernandez GJ, Urcuqui-Inchima S. 
Interleukin 27 as an inducer of antiviral response against 
chikungunya virus infection in human macrophages. Cell 
Immunol. 2021 Sep 1;367.

57. Valdés-López JF, Hernández-Sarmiento LJ, Tamayo-Mo-
lina YS, Velilla-Hernández PA, Rodenhuis-Zybert IA, Ur-
cuqui-Inchima S. Interleukin 27, like interferons, activates 
JAK-STAT signaling and promotes pro-inflammatory and 
antiviral states that interfere with dengue and chikungunya 
viruses replication in human macrophages. Front Immunol 
[Internet]. 2024 [cited 2024 Aug 1];15. Available from: 
https://pubmed.ncbi.nlm.nih.gov/38720890/

58. Fujita Y, Asano T, Matsuoka N, Temmoku J, Sato S, 
Matsumoto H, et al. Differential regulation and correlation 
between galectin-9 and anti-CCP antibody (ACPA) in 
rheumatoid arthritis patients. Arthritis Res Ther. 2020 Apr 
15;22(1):1–9.

59. Ding X, Li S, Zhu L. Potential effects of HMGB1 on 
viral replication and virus infection-induced inflamma-
tory responses: A promising therapeutic target for virus 



Lozano-Parra et al.: Biomarkers of persistent joint pain post-chikungunya fever 485

AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both 

1. Did the research questions and inclusion criteria for the review include the components of PICO?
For Yes:

 Population
 Intervention
 Comparator group
 Outcome

Optional (recommended)
 Timeframe for follow-up  Yes

 No

2. Did the report of the review contain an explicit statement that the review methods were
established prior to the conduct of the review and did the report justify any significant deviations
from the protocol?

For Partial Yes:
The authors state that they had a written 
protocol or guide that included ALL the 
following:

 review question(s)
 a search strategy
 inclusion/exclusion criteria
 a risk of bias assessment

For Yes:
As for partial yes, plus the protocol 
should be registered and should also 
have specified:

 a meta-analysis/synthesis plan,
if appropriate, and

 a plan for investigating causes
of heterogeneity

 justification for any deviations
from the protocol

 Yes
 Partial Yes
 No

3. Did the review authors explain their selection of the study designs for inclusion in the review?
For Yes, the review should satisfy ONE of the following:

 Explanation for including only RCTs
 OR Explanation for including only NRSI
 OR Explanation for including both RCTs and NRSI

 Yes
 No

4. Did the review authors use a comprehensive literature search strategy?
For Partial Yes (all the following):

 searched at least 2 databases
(relevant to research question)

 provided key word and/or
search strategy

 justified publication restrictions
(e.g. language)

For Yes, should also have (all the 
following):

 searched the reference lists /
bibliographies of included
studies

 searched trial/study registries
 included/consulted content

experts in the field
 where relevant, searched for

grey literature
 conducted search within 24

months of completion of the
review

 Yes
 Partial Yes
 No

5. Did the review authors perform study selection in duplicate?
For Yes, either ONE of the following:

 at least two reviewers independently agreed on selection of eligible studies
and achieved consensus on which studies to include

 OR two reviewers selected a sample of eligible studies and achieved good
agreement (at least 80 percent), with the remainder selected by one
reviewer.

 Yes
 No

Appendix A: Supplement I and II
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both 

6. Did the review authors perform data extraction in duplicate?
For Yes, either ONE of the following:

 at least two reviewers achieved consensus on which data to extract from 
included studies

 OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder 
extracted by one reviewer.

 Yes
 No

7. Did the review authors provide a list of excluded studies and justify the exclusions?
For Partial Yes:

 provided a list of all potentially 
relevant studies that were read 
in full-text form but excluded 
from the review

For Yes, must also have:
 Justified the exclusion from 

the review of each potentially 
relevant study

 Yes
 Partial Yes
 No

8. Did the review authors describe the included studies in adequate detail?
For Partial Yes (ALL the following):

 described populations
 described interventions 
 described comparators
 described outcomes
 described research designs 

For Yes, should also have ALL the 
following:

 described population in detail
 described intervention in 

detail (including doses where 
relevant)

 described comparator in detail 
(including doses where 
relevant)

 described study’s setting
 timeframe for follow-up

 Yes
 Partial Yes
 No

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in 
individual studies that were included in the review?

RCTs
For Partial Yes, must have assessed RoB 
from 

 unconcealed allocation, and
 lack of blinding of patients and 

assessors when assessing 
outcomes (unnecessary for 
objective outcomes such as all-
cause mortality)

For Yes, must also have assessed RoB 
from:

 allocation sequence that was 
not truly random, and

 selection of the reported result 
from among multiple 
measurements or analyses of a 
specified outcome

 Yes
 Partial Yes
 No
 Includes only 

NRSI

NRSI
For Partial Yes, must have assessed
RoB:

 from confounding, and
 from selection bias

For Yes, must also have assessed RoB:
 methods used to ascertain 

exposures and outcomes, and
 selection of the reported result 

from among multiple 
measurements or analyses of a 
specified outcome 

 Yes
 Partial Yes
 No
 Includes only 

RCTs

10. Did the review authors report on the sources of funding for the studies included in the review?
For Yes

 Must have reported on the sources of funding for individual studies included 
in the review.  Note: Reporting that the reviewers looked for this information 
but it was not reported by study authors also qualifies

 Yes
 No
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both 

11. If meta-analysis was performed did the review authors use appropriate methods for statistical 
combination of results?

RCTs 
For Yes:

 The authors justified combining the data in a meta-analysis 
 AND they used an appropriate weighted technique to combine 

study results and adjusted for heterogeneity if present.
 AND investigated the causes of any heterogeneity 

 Yes
 No
 No meta-analysis 

conducted
For NRSI
For Yes:

 The authors justified combining the data in a meta-analysis
 AND they used an appropriate weighted technique to combine 

study results, adjusting for heterogeneity if present
 AND they statistically combined effect estimates from NRSI that 

were adjusted for confounding, rather than combining raw data, 
or justified combining raw data when adjusted effect estimates 
were not available 

 AND they reported separate summary estimates for RCTs and 
NRSI separately when both were included in the review

 Yes
 No
 No meta-analysis 

conducted

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in 
individual studies on the results of the meta-analysis or other evidence synthesis?                                           

For Yes:
 included only low risk of bias RCTs
 OR, if the pooled estimate was based on RCTs and/or NRSI at variable 

RoB, the authors performed analyses to investigate possible impact of 
RoB on summary estimates of effect. 

 Yes
 No
 No meta-analysis 

conducted

13. Did the review authors account for RoB in individual studies when interpreting/ discussing the 
results of the review?

For Yes:
 included only low risk of bias RCTs
 OR, if RCTs with moderate or high RoB, or NRSI were included the 

review provided a discussion of the likely impact of RoB on the results

 Yes
 No

14. Did the review authors provide a satisfactory explanation for, and discussion of, any 
heterogeneity observed in the results of the review?

For Yes:
 There was no significant heterogeneity in the results
 OR if heterogeneity was present the authors performed an investigation of 

sources of any heterogeneity in the results and discussed the impact of this 
on the results of the review

 Yes
 No

15. If they performed quantitative synthesis did the review authors carry out an adequate 
investigation of publication bias (small study bias) and discuss its likely impact on the results of 
the review?

For Yes:
 performed graphical or statistical tests for publication bias and discussed 

the likelihood and magnitude of impact of publication bias 
 Yes
 No 
 No meta-analysis 

conducted
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both 
 

16.  Did the review authors report any potential sources of conflict of interest, including any funding 
they received for conducting the review? 

For Yes: 
 The authors reported no competing interests OR 
 The authors described their funding sources and how they managed 

potential conflicts of interest  

 
 Yes 
 No 

 

 

To cite this tool: Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P, 
Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic reviews that 
include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep 
21;358:j4008. 

PRISMA 2009 Checklist

Section/topic  # Checklist item  Reported on 
page # 

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions 
and implications of key findings; systematic review registration number.  

2 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  3 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS).  
3 

METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 

provide registration information including registration number.  
Prospero (ID = 

CRD42021279400). 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as criteria for eligibility, giving rationale.  
4 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

4 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

4 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

4 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

5 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 
and simplifications made.  

5 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this 
was done at the study or outcome level), and how this information is to be used in any data synthesis.  

5 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  No Apply 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 

consistency (e.g., I2) for each meta-analysis.  
No Apply 

 

Page 1 of 2  
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PRISMA 2009 Checklist

Section/topic  # Checklist item  Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

No Apply 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

No Apply 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  
5 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Table 1 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Table 2 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
No Apply 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  No Apply 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  No Apply 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  No Apply 

DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  
10 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

14 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  14 

FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review.  
15 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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