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Background. Reunion Island was struck by a massive
Chikungunya outbreak in 2005-2006. Chikungunya infection
is characterized by inflammatory joint symptoms, which may
evolve into chronic arthritis.

Methods. In this long-term longitudinal observational
monocentric study, after the 2005-2006 outbreak in Reunion
Island, 159 patients were first referred to a rheumatologist for
post-Chikungunya chronic musculoskeletal pain, 73 of them were
diagnosed with classifiable Chikungunya-related chronic inflam-
matory rheumatic diseases (>3 month symptom duration from
the initial viral infection). Thirty of these 73 patients were clin-
ically evaluated by a second rheumatologist in 2018-2019. The
main objective of this second examination was to estimate the
proportion of patients with persistent Chikungunya-related in-
flammatory joint symptoms after 13 years.

Results. Inflammatory joint symptoms persisted in 17/30
patients after 13 years (therefore in at least 23.3% of the 73 pa-
tients initially diagnosed with Chikungunya-related inflam-
matory joint symptoms and 10.7% of the 159 patients referred
for post-Chikungunya chronic musculoskeletal pain). In the
symptom persistence subgroup, the prevalence of positive
autoantibodies (antinuclear or ACPA) was significantly higher
- without any seroconversion, Chikungunya IgG and IgM
levels were higher, long-term IgM positivity and radiographic
damage were more frequent. Overall, after 13 years, pain and
fatigue levels remained significant, 5 patients were still treated
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by methotrexate, 3 by TNF-blockers, highlighting long-term
Chikungunya-related patient burden.

Conclusions. Suchalong-term persistence of Chikungunya-
related chronic inflammatory rheumatic diseases had not been
reported so far. Furthermore, the long-term Chikungunya IgM
positivity we observed in some cases might corroborate the hy-
pothesis of residual viral antigen-driven chronic arthritis.

Keywords. anti-CCP negative; Chikungunya; Chikungunya
IgM; chronic arthritis; immunosuppressant drugs.

In 2005-2006, Reunion Island suffered a massive Chikungunya out-
break, with an estimated 40% seroprevalence and 38% prevalence
in a developed but previously nonimmunized population [1], pro-
viding a unique opportunity for further clinical and biological un-
derstanding of Chikungunya-related joint manifestations [2]. Joint
symptoms (arthralgia, arthritis) involve approximately 90% of the
patients in the acute phase of the viral infection. Sixty percent of
the patients still suffered from joint symptoms [3] and 39.7% still
showed elevated anti-Chikungunya immunoglobulin (Ig)M levels
[4] at 36 and 18 months, respectively, after acute viral infection in 2
Reunion Island cohorts. Several clinical presentations were reported
(arthralgia, anticitrullinated peptide autoantibody [ACPA]-negative
rheumatoid arthritis-like forms, axial spondyloarthritis (SpA)-like
forms, oligoarthritis, tenosynovitis, etc) [5]. In the RHUMATOCHIK
study [6], 83% of 258 patients contacted by phone still reported
joint pain 32 months after an initial clinical evaluation by a rheu-
matologist at the initial stage of Chikungunya infection. However, a
clinical re-evaluation by a rheumatologist would be more accurate
to assess the nosology, long-term evolution and prognosis of post-
Chikungunya rheumatic diseases.

In this context, we performed a longitudinal rheumatologic
re-evaluation (clinical examination, biological parameters, and
joint x-rays) after 13 years, in 30 patients who had previously
developed post-Chikungunya chronic inflammatory rheumatic
diseases, assessed by a rheumatologist, during the 2005-2006
outbreak in Reunion Island.

The main objective was to estimate the proportion of these
patients still suffering from Chikungunya-related inflamma-
tory joint symptoms 13 years later. We also aimed at comparing
the characteristics of the 2 subgroups of patients defined by the
persistence or not of these symptoms after 13 years, to identify
prognostic factors.

METHODS

Recruitment and Study Procedures

One hundred fifty-nine serologically confirmed Chikungunya
patients suffering from chronic musculoskeletal pain were ini-
tially referred to a single rheumatologist (A.R.) in Saint-Denis
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teaching hospital (median time interval after the initial viral
infection in 2005-2006: 38.5 months). Among them, 73 pa-
tients (45.9%) suffered from classifiable and non-pre-existing
chronic inflammatory rheumatic diseases, including 40 pa-
tients fulfilling rheumatoid arthritis (RA) American College of
Rheumatology (ACR)/European League Against Rheumatism
(EULAR) classification criteria, 18 fulfilling the SpA European
Spondyloarthropathy Study Group (ESSG) criteria, and 15
fulfilling psoriatic arthritis (PsA) Classification Criteria for
Psoriatic Arthritis (CASPAR) criteria [7]. Thirty of these 73
patients were re-evaluated in a longitudinal observational
study in 2018-2019 by a second senior rheumatologist (X.G.),
after signed informed consent. The study protocol was ap-
proved by the research ethics committee of Laveran Military
Teaching Hospital, Marseille, France (registration number
2014-PRSimon). Clinical, biological, and joint x-ray (hands,
wrists, feet, pelvis) examinations were performed within the
range of standard care. Disease activity was assessed using
DAS28 score for peripheral arthritides and BASDALI score for
axial symptoms of SpA.

Chronic Chikungunya-related inflammatory rheumatic dis-
eases were defined as daily inflammatory joint or spine pain ful-
filling (in terms of inflammatory pain, stiffness, joint swelling,
and biologic markers) the aforementioned validated classi-
fication criteria of RA, SpA, or PsA (sometimes requiring an
immunomodulatory treatment and therefore potentially re-
lieved at the time of clinical examination), which initially started
concomitantly with the Chikungunya infection and lasted for at
least 3 consecutive months [8]. At the second clinical evaluation
step in 2018-2019, the patients were then categorized into the
symptom persistence group if they still fulfilled the aforemen-
tioned definition criteria or into the symptom resolution group
if they had no more symptoms nor immunomodulatory drugs
linked to the initial Chikungunya-related inflammatory rheu-
matic disease.

Data Analysis

Quantitative variables were expressed as means, and qualita-
tive variables were expressed as percentages + 95% confidence
intervals. The P value was 5%. We compared 2 groups of pa-
tients (persisting joint symptoms versus no more symptoms),
using non-parametric Wilcoxon Mann-Whitney tests for quan-
titative values and Fisher tests for qualitative values.

RESULTS

Forty-three of the 73 patients initially classified as Chikungunya-
related classifiable chronic inflaimmatory rheumatic diseases
were lost to follow-up or refused to participate, and 30 were
re-evaluated in 2018-2019. Patient characteristics are summar-
ized in Table 1. At the second evaluation time in 2018-2019, the
inflammatory joint symptoms persisted in 17 of the 30 patients
(mean symptom duration 156 months), whereas 13 patients

reported no more pain (mean symptom duration 55.5 months)
(Table 1).

DISCUSSION

In this study, we show for the first time that Chikungunya-
related chronic inflammatory joint symptoms may persist
for as long as 13 years after the initial infection. Among 159
patients initially referred for chronic Chikungunya-related
chronic musculoskeletal pain, 73 (45.9%) fulfilled classification
criteria of RA or SpA. Thirteen years after the initial viral in-
fection, 43 patients were lost to follow-up, but at least 17 pa-
tients were still diagnosed with persistent Chikungunya-related
classifiable chronic inflammatory rheumatic diseases (minimal
estimations: at least 23.3% of 73 patients diagnosed with post-
Chikungunya inflammatory rheumatic diseases and 10.7% of
159 patients referred for post-Chikungunya chronic musculo-
skeletal pain 38.5 months after the viral infection).

These results provide further insight into the long-term evo-
lution of Chikungunya-related inflammatory joint symptoms.
The Chikungunya seroprevalence was estimated to be 40% in
Reunion Island during the 2005-2006 outbreak, and 43% of the
Chikungunya-positive patients still suffered from chronic mus-
culoskeletal pain 24 months after the initial infection (versus
17% in Chikungunya-negative patients) [1]. Furthermore, if we
extrapolate our results, at least 10.7% of the patients initially re-
ferred to a rheumatologist for post-Chikungunya chronic mus-
culoskeletal pain might still suffer from a classifiable chronic
inflammatory joint disease after 13 years, and therefore the
prevalence of persistent post-Chikungunya inflammatory rheu-
matic diseases might reach 4.6% in Chikungunya-seropositive
patients (0.75% of the general population when taking into ac-
count the concomitant expected prevalence of chronic muscu-
loskeletal pain in Chikungunya-negative patients) in Reunion
Island, 13 years after the 2005-2006 outbreak. In the literature,
the prevalence estimates of persistent Chikungunya-related
classifiable chronic inflammatory rheumatic diseases after
acute Chikungunya infection ranged from 2% to 8% after
15-27.5 months [9-12]. In other studies not using validated in-
flammatory rheumatic disease classification criteria, 13.7% to
64% persistence rates were reported after 15-36 months [3-6,
8, 13].

Given the estimated global prevalence of RA (0.3%) and SpA
(0.3%) in the French population, the expected number of RA
and SpA cases in Reunion Island would be approximately 5250
patients. Using the prevalence estimation extrapolated from
our results, 5872 additional cases attributable to Chikungunya
infection might have occurred since the 2005-2006 outbreak.
An epidemiologic study based on anonymized medical records
from the national health insurance is on the way and will be
an important tool to check this hypothesis, by comparing the
prevalence of diagnosed RA and SpA patients in Reunion Island
before and after 2005-2006.
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Table 1. Characteristics of the Patients (N = 30)°

Means + 95% CI
or

Second Evaluation in 2018-

Joint Symptom Persist-

Joint Symptom

PValue
(Persistence
Versus Reso-

N (Percentages + 95% Cl) 2019 (N = 30) ence (N=17) Resolution (N = 13) lution)
Age (years) 60.1 [57.2-63.1] 58.8 [54-63.5] 61.5 [56.1-67] 5
Sex, N (%) F: 20 (66 [49-83]) 12 (70.6 [49-92]) 9 (69.2 [44-94]) 1
M: 10 (33 [17-51]) 5(29.4 [7.7-51]) 4(30.8 [5.7-56]) 1
Initial Rheumatic disease diagnosis in RA: 19 (63 [46-80]) 11(64.7 [42-87]) 8 (61.5 [35-88]) 1
2005-2006, N (%) SpA: 5 (16.7 [3-30]) 2 (11.8 [0-27]) 3(23.1 [0.1-46]) .63
PsA: 6 (20 [6-34]) 4 (23.5 [3-44]) 2 (156.4 [0-35]) .67
Joint symptom duration (months) 114.4 [92-137] 156 [127-185] 55.5 [21-90] .000005***
Joint symptom evolution, N (%) Persistence: 17 (56.7 [39-74])
Resolution: 13 (43.3 [26-61])
Pain (1-10 VAS) 4.4 [3.3-5.6] 4.8[3.4-6.3] 3.9[2.1-5.7] 49
Fatigue (1-10 VAS) 4.6 [2.7-6.5] 5[2.2-78] 3.2[0.6-5.8] .78
Morning stiffness (min) 17 [9-26] 18.7 [8-29.4] 15.5 [2.3-28.7] .38
Number of tender joints 2.5[0.3-4.8] 4.1 [1.1-7] 0.3 [0-3.9] A7
Number of swollen joints 0.4 [0-0.8] 0.6 [0-1.2] 0.2 [0-0.9] .89
DAS28 (ESR) 3.212.7-3.7] 3.6[2.9-4.3] 2.7 [1.9-3.5] .058
DAS28 (CRP) 2.6[2.1-3] 2.91[2.3-3.5] 2.1[1.4-2.8] 13
BASDAI (SpA + PsA) =N =11 42 [30-53] 45.4 [29.9-61] 373120.6-54.1] .83
ESR (mm) 23 [17-29] 22.4[14.7-30.1] 23.8[14.5-33.1] .69
CRP (mg/L) 3.9[1.7-6.1] 3.1[0.4-5.9] 5.2 [1.6-8.8] .65
Chikungunya IgG (1U) 1.07 [0.74-1.41] 1.3[0.8-1.7] 0.7 [0.2-1.3] .28
Chikungunya IgM (IU) 0.24 [0.04-0.44] 0.3[0.1-0.6] 0.110-0.4] 14
IgM*, N (%) 4(13.3[0.9-25]) 3 (17.7 [0-36]) 1(77[0-22]) 1
IgM™* individual values (IU) 1.72-1.47-0.45 0.36
IgM™ patient phenotype (RA: 3/3) (SpA: 1)
ACPA (+), N (%) 3 (10 [39-74]) 3 (17.7 [0-36]) 0(0) .26
RF (+), N (%) 3 (10 [39-74]) 3 (177 [0-36]) 0(0) .26
ANA (+), N (%) 3 (10 [39-74]) 3 (17.7 [0-36]) 0(0) .24
Any autoantibody (+), N (%) 6 (20 [6.7-34]) 6 (35.3 [12-58]) 0(0) .05*
Uricemia (nmol/L) 324 [260-369] 314 [253-375] 342 [273-411] .83
HLA: 2 (6.7 [0-15.6]) 0(0) 2 (15.4 [0-35]) 14
B27 (+), N (%) 3 (10 [0-20.71) 1 (5.9 [0-171]) 2 (15.4 [0-35]) .53
DRB1*01 (+), N (%) 6 (20 [5-34]) 3 (17.7[0-36]) 3(23.1 [0-46]) .63
DRB1%*04 (+), N (%) 9 (30 [13.6-46]) 4 (23.5[3-44]) 5 (38.5 [12-65]) 2
DRB1*01 or *04 (+), N (%)
Radiographic structural damage 7 (23.3 [8-38]) 5(29.4 [7.7-51]) 2 (15.4 [0-35]) 2
(joint erosions and/or joint space
narrowing), N (%)
Radiographic sacroiliitis (NY 1(3.3[0-0,7]) 0(0) 1(7.710-22]) 1
criteria), N (%)
Previous treatments (2005-2018) 23 (76.7 [62-92]) - 14 (82 [64-100]) 9 (69.2 [44-94]) .54
Methotrexate, N (%) 37 [17-61] 45.6 [16.9-74.3] 22 [0-68.3] .32
Duration (months) 8(26.7 [10.9-42.5]) 5(29.4 [7.7-51]) 3 (23.1 [0-46]) 1
Leflunomide, N (%) 2 (6.7 [0-15.6]) 1 (5.9 [0-17]) 1(7.7 [0-22]) 1
Sulfasalazine, N (%) 1(3.3[0-9.7)) 0(0) 1(77[0-22]) 4
Hydroxychloroquine, N (%) 8(26.7 [10.9-42.5]) 6 (35.3 [12-58]) 2 (15.4 [0-35]) .67
TNF blockers, N (%) 45.8 [15-76] 33 [0-68.4] 84 [22.6-145.4] .23
Duration (months) 11 (36.7 [19.5-54]) 7 (41.2 [18-65]) 4 (30.8 [5.7-56]) 3
Corticosteroids, N (%) 7 (23.3[8.2-38.4]) 3 (17.7 [0-36]) 4 (30.8 [5.7-56]) .57
NSAIDs, N (%)
Current treatments (2018-19) 5 (16.7 [3.4-30]) 5(29.4 [7.7-51]) 0 (0) 12
Methotrexate, N (%) 3 (10 [0-20.7]) 3 (17.7 [0-36]) 0 (0) .26

TNF blockers, N (%)
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Abbreviations: ACPA, anticitrullinated peptide autoantibodies; ANA, antinuclear antibody; BASDAI, bath ankylosing spondylitis disease activity index; Cl, confidence interval; CRE, C-reactive
protein; DAS28, 28 joint disease activity score; ESR, erythrocyte sedimentation rate; F, female; HLA, human leukocyte antigen; Ig, immunoglobulin; M, male; NSAIDs, nonsteroidal anti-in-
flammatory drugs; NY, New York; PsA, psoriatic arthritis (Classification Criteria for Psoriatic Arthritis [CASPAR] criteria); RA, rheumatoid arthritis (American College of Rheumatology/European
League Against Rheumatism [ACR/EULAR] criteria); RF, rheumatoid factor (the same 3 patients were both ACPA and RF positive); SpA, spondyloarthritis (European Spondyloarthropathy
Study Group [ESSG] criteria); TNF, tumor necrosis factor; VAS, visual analog scale.

“Results are expressed by means or percentages with 95% Cls. For comparisons between persistence and resolution groups, means were compared using Wilcoxon-Mann Whitney tests,
whereas percentages were compared using Fisher tests; P=.05. *P < .05; ***P < .001.
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The mean Chikungunya IgM and IgG levels tended to be
higher in the patients with persistent joint symptoms, and 3 pa-
tients remained Chikungunya- IgM positive 13 years after the
infection in the Persistence group (versus 1 in the Resolution
group). The Chikungunya IgG levels had already been re-
ported to be associated with more frequent joint symptom
persistence after 24 months [1], and a long-term persistence
of Chikungunya IgM positivity had also been reported after
18 months [4]. This might be linked with viral antigen persist-
ence in “sanctuary” tissues such as synovial macrophages of
infected patients, potentially causing chronic joint inflamma-
tion [2]. We also observed more radiographic joint damage in
the group with persistence of the symptoms (29% versus 15%,
P = .2). It is notable that, among the 5 patients with persistent
joint symptoms and radiographic damage, 2 still showed signif-
icantly positive Chikungunya IgM levels 13 years after the initial
infection. Overall, we observed radiographic damage evocative
of inflammatory joint diseases in 7 of 30 of our patients (5 of
19 in RA patients) after 13 years, the proportion of which was
potentially reduced/limited by the use of immunomodulatory
drugs. The previously reported prevalence estimates of radio-
graphic damage in Chikungunya-related inflammatory joint
diseases ranged from 0% after 6 [14] and 15 months [10] to 57%
and 81% after 10 and 24 months [15].

The overall proportion of positive autoantibodies was rela-
tively low (6 of 30 patients, including 3 of 19 RA patients ful-
filling the ACR/EULAR criteria)—lower than the expected
prevalence of autoantibodies in established inflammatory
rheumatic diseases (for instance, 50%-75% of established RA
patients are ACPA positive)—consistent with previous studies
on the topic [6, 8-10], suggesting widely autoantibody and
peptide citrullination-independent pathophysiological mech-
anisms [8] such as viral antigen persistence in tissue sanctu-
aries [2], virus-induced epigenetic modifications of synovial
macrophages (inducing more invasive and proinflammatory
phenotypes), or molecular mimicry through the persistence
of Chikungunya-specific antibodies, which might cross-react
with host synovial autoantigens. More importantly, the auto-
antibodies were positive from the beginning, and no serocon-
version was observed during the 13-year follow-up, as was
reported in previous studies [8, 9]. We observed antinuclear an-
tibody or ACPA/rheumatoid factor autoantibody positivity in 6
of 17 patients with persistent symptoms after 13 years versus 0
of 13 patients in the Resolution group (P = .05, mean symptom
durations: 156 versus 55.5 months). Although the Chikungunya
infection does not seem to induce de novo autoantibody pro-
duction, our results suggest that baseline autoantibody-positive
patients—who are generally more at risk of developing chronic
inflammatory joint diseases—might be prone to develop more
prolonged (beyond 13 years) Chikungunya-related chronic in-
flammatory rheumatic diseases as well. This association had not
been reported in previous shorter term follow-up studies. The

relatively moderate difference in terms of mean pain levels we
observed between the 2 groups (Table 1) could be explained by
the fact that the patients with persistent inflammatory rheu-
matic diseases were examined during the chronic phase (not
during disease flares) and that 8 of 17 patients in this group
were still treated by immunomodulatory drugs. More impor-
tantly, even though the Resolution group patients reported
some level of residual pain (mostly due to degenerative condi-
tions such as osteoarthritis), they did not fulfill the classifica-
tion criteria of inflammatory rheumatic diseases nor required
immunomodulatory treatments anymore. It is logical that the
difference between the 2 groups regarding the DAS28 inflam-
matory activity score was more pronounced (P = .058).

After 13 years, 8 of 30 patients were still treated by meth-
otrexate, 3 of 30 by TNF blockers (all belonging to the joint
symptom persistence group), and the mean pain and fatigue
scores remained relatively high, highlighting a significant
burden in terms of general health.

Our study had some limitations. It is notable that the sample
size was relatively small, due to lost to follow-up patients,
introducing an unavoidable attrition bias and a low absolute
number of cases, which underpowered the statistical analyses
we performed. However, our study showed interesting trends
concerning an unexpectedly long-term Chikungunya IgM
positivity and a statistically significant association between
autoantibody baseline positivity and a longer term symptom
persistence. These results will require further confirmation
in larger scale studies. Furthermore, the minimal estimated
prevalence of joint symptom persistence after 13 years (17 of
73 patients with chronic inflammatory joint diseases, 17 of
159 patients with post-Chikungunya chronic musculoskeletal
pain) might have been underestimated due to the lost to fol-
low-up patients, even though these patients could have been
less likely to suffer from persistent joint symptoms. The study
was monocentric, and all the patients were initially referred to a
single rheumatologist in a university hospital, which might have
introduced a selection bias, and, conversely, a potential overrep-
resentation of severe and refractory inflammatory rheumatic
diseases. We also focused on a specific population, defined
by validated classification criteria of inflammatory rheumatic
diseases, and therefore did not consider the full spectrum of
Chikungunya-related long-term sequelae. Furthermore, no
specific epidemiologic data regarding RA nor SpA prevalence
exist for the Reunion Island population, making it difficult to
evaluate the real impact of Chikungunya infection. An ongoing
epidemiologic study using the French national health insurance
system records will help determine whether (and to what ex-
tent) this prevalence actually increased in Reunion Island after
the 2005-2006 Chikungunya outbreak.

The important strength of our study is the follow-up duration
(13 years after viral infection), which is unprecedented in the
literature (the previous longest term published follow-up data
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did not exceed 40 months). Unlike all other studies on the topic,
the second evaluation consisted of a standardized clinical, bi-
ological, and radiographic evaluation by a senior rheumatolo-
gist, therefore reducing the risk of biases inherent to telephonic
interviews [6] or retrospective data analyses (potential overes-
timation of clinical parameters such as joint swelling, potential
misclassification between degenerative and inflammatory rheu-
matic diseases).

CONCLUSIONS

The present results concerning the long-term evolution
of Chikungunya serology, autoantibody status, and radio-
graphic parameters provide further insight into the natural
history Chikungunya-related chronic inflammatory rheu-
matic diseases and lend credibility to mechanistic hypotheses
such as a potential persistent viral antigen-mediated immune

stimulation.
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