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Case report
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Abstract: Chikungunya virus is a re-emerging mosquito-borne alphavirus. Outbreaks are unpredictable and explosive in nature. Fever, arthralgia, and rash are common symptoms during the
acute phase. Diagnostic tests are required to differentiate chikungunya virus from other
co-circulating arboviruses, as symptoms can overlap, causing a dilemma for clinicians. Arthritis is
observed during the sub-acute and chronic phases, which can flare up, resulting in increased morbidity that adversely affects activities of daily living. During the 2019 chikungunya epidemic in
Thailand, cases surged in Bangkok in the last quarter of the year. Here, we demonstrate the chronic
sequelae of post-chikungunya arthritis in one of our patients 1 year after the initial infection. An
inflammatory process involving edema, erythema, and tenderness to palpation of her fingers'
flexor surfaces was observed, with positive chikungunya IgG and negative IgM tests and antigen.
The condition produced stiffness in the patient’s fingers and limited their range of motion, adversely affecting daily living activities. Resolution of symptoms was observed with a short course
of an anti-inflammatory agent. More research is required to determine whether sanctuaries enable
chikungunya virus to evade the host immune response and remain latent, flaring up months later
and triggering an inflammatory response that causes post-chikungunya arthritis.
Keywords: Acute febrile illness; Alphavirus; chikungunya virus; post-chikungunya musculoskeletal
disorder; post-chikungunya chronic inflammatory rheumatism

1. Introduction
Arboviral infections exhibit many etiologies and cause acute febrile illnesses in
tropical and subtropical regions. These infections are considered “neglected tropical
diseases” that place over one billion people worldwide at risk of illness [1]. The
co-existence of these pathogens in endemic regions poses a conundrum in clinical practice [2]. Due to similarities in their presentation, these viruses can be easily misidentified
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[3]. The use of definite laboratory diagnostics, either molecular techniques or serology, is
therefore crucial in narrowing down the differential diagnosis of acute febrile illnesses or,
more precisely, acute undifferentiated febrile illnesses. Infections involving the majority
of arboviral etiologic agents, such as the dengue viruses, Zika, and chikungunya virus
(CHIKV), frequently manifest as an abrupt-onset illness with non-localizing signs and
symptoms; the infections are self-limited, and patients typically recuperate without the
use of any particular therapeutics [3-5]. Conversely, of the three sympatric pathogens
described, CHIKV causes more morbidity and arthritis during chronic infection.

CHIKV is a mosquito-borne Alphavirus of the Togaviridae family, and it was first
detected along the forest fringes of modern-day Tanzania [6]. Since its discovery, the
virus has been more commonly known for its re-emergence and resurgence in tropical and subtropical regions. In addition, CHIKV is characterized by unpredictable
outbreak patterns that are explosive in nature, short-lived, and sporadically limited
during inter-epidemic periods [7]. The virus has three specific lineages, and polymorphisms that have arisen in the viral genome over the last decade have produced
sub-lineages that are detected with increasing frequency across the globe [8]. The
sylvatic transmission cycle has been well characterized, but details regarding the
urban cycle and identity of the reservoir maintaining the virus remain unclear.
However, the virus is amplified and sustained in humans during outbreaks.
After an incubation period of 2-10 days, over 70% of patients become symptomatic with a febrile arthritogenic infection that resolves naturally, providing life-long
immunity [9]. Fatalities from CHIKV infection are rare, but the virus can cause high
morbidity. Arthralgia and arthritis can affect large joints and proximal joints and is
polyarticular in nature, with symmetric or asymmetric polymorphic involvement.
Arthralgia is the predominant feature, but atypical infections can involve other organs. Individuals of extreme age or with underlying comorbidities develop a more
severe infection leading to multi-system involvement. Common laboratory features
include leukopenia and thrombocytopenia, with lymphopenia and neutrophilia
varying with the degree of viremia.
In terms of therapeutic management of the arthritides caused by CHIKV, infections are classified as either acute, sub-acute, or chronic [10]. The acute phase lasts for
3 weeks, whereas the sub-acute phase begins at 3 weeks of illness and lasts to the end
of 3 months, and protracted chronic infection is diagnosed when the illness persists
beyond 3 months with symptomatic sequelae. This syndrome can be recurrent, with
flare-ups during the sub-acute phase and chronic period. These flare-ups can involve
episodic relapses and periods of remission of musculoskeletal symptoms reminiscent
of rheumatism, causing debilitating and restricted ambulation that adversely impacts an affected individual’s quality of life. As observed previously, the median
number of relapses is 2, with a range of 1-20, and the median delay between relapses
is 4 weeks (range of 1-99 weeks) [11]. Over 60% of individuals affected by the virus
can develop chronicity [12]. Those most at risk of developing chronic infection include the elderly, women, and individuals with an underlying musculoskeletal disorder [13]. Moreover, increasing evidence suggests that severity and chronicity vary
with the viral genotype [14].
Details of the mechanism leading to persistent and recurrent inflammatory arthritis post-CHIKV infection are poorly understood. Historically, many viruses have
been described as causing arthritis or suspected of triggering an autoimmune response after infection [15]. The first description of a post-CHIKV rheumatic disorder
was in South Africa after an outbreak in the 1970s [16]. The host responses in
post-CHIKV inflammatory arthritis and rheumatoid arthritis involve the expression
of the same pro-inflammatory cytokines and chemokines, with comparable clinical
findings [17]. The majority of cases fail to meet the criteria for rheumatoid arthritis

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2021

doi:10.20944/preprints202103.0680.v1

3 of 9

during articular inflammatory flare-ups, with seronegative status for rheumatism
[18]. This makes it difficult to recognize the early onset of rheumatoid arthritis and
initiate appropriate targeted treatment in a timely manner. However, cases of erosive
rheumatoid arthritis were reported following a large Indian Ocean CHIKV epidemic
[19]. In addressing this issue, the term post-CHIKV rheumatic and musculoskeletal
disorders (pCHIKV-RMSD) was coined by rheumatologists. For specific targeted
therapeutic management, pCHIKV-RMSD was partitioned into two additional categories. These include post-CHIKV musculoskeletal disorders (pCHIKV-MSD),
which respond to anti-inflammatory agents, and post-CHIKV de novo chronic inflammatory rheumatism (pCHIKV-CIR), which is characterized by the presence of
rheumatism without evidence of articular disorders prior to CHIKV infection [20].
Here, we report the chronic sequelae of post-CHIKV arthritis in a patient 1 year
after the initial infection.
2. Materials and Methods
The patient was a participant of one of our previous studies conducted at the
Bangkok Hospital for Tropical Diseases during the CHIKV outbreak in 2019 [3]. After
becoming symptomatic again in 2020, the patient returned to the Fever Clinic. Mahidol-Osaka Center for Infectious Diseases at the Faculty of Tropical Medicine, Mahidol
University, provided diagnostic support for the CHIKV infection. The patient’s medical
chart was reviewed retrospectively to extract the clinical data, and the patient was closely
followed up until resolution of her symptoms. We used a prototype lateral-flow immunochromatography rapid point-of-care test kit to detect the CHIKV envelope protein 1
(E1) antigen, which was subsequently confirmed via real-time RT-PCR analysis [21, 22].
Other serologic tests included anti-CHIKV immunoglobulin M (IgM) and immunoglobulin G (IgG) (SD Biosensor, Inc. Gyeonggi-do, Korea), dengue non-structural protein
1 (NS1) antigen (Biosynex, Swiss S.A, Fribourg, Switzerland), and anti-DENV IgM and
IgG (S, Bioline, Sankt Ingbert, Germany).
3. Case report
A case of post-CHIKV arthritis in a patient from our CHIKV patient cohort is presented. A Thai woman in her mid-forties presented to the Fever Clinic at Bangkok Hospital for Tropical Diseases following surges of CHIKV cases during the 2019 outbreak in
Thailand. She had no underlying past medical history of diabetes, hypertension, chronic
lung disease, chronic kidney disease, ischemic heart disease, or any known musculoskeletal disorder and was not on any regular treatment or consuming any supplements.
She denied any recent travel history outside of Bangkok, coming into contact with animals (rodents), or exposure to floods, and she had not received any blood transfusion
over the past 4 weeks. She presented on her third day of illness with complaints of an
abrupt onset of high-grade fever (39°C) associated with chills, arthralgia, myalgia, rash,
finger stiffness, and difficulty walking. On examination, she was conscious and coherent
with time, place, and person. There was no noticeable pallor or jaundice and no evidence
of dehydration or any palpable lymphadenopathy, but injection of the conjunctiva, erythema over the cheeks, and erysipelas of the pinnae were noted (Figure S1).
Physical examination of the cardiovascular system was normal except for tachycardia. Examination of the respiratory and central nervous systems was unremarkable. The
patient’s abdomen was soft, with no evidence of hepato-splenomegaly. A maculopapular
rash was observed predominantly over the trunk, which was described as pruritic and
suggestive of a centrifugal distribution. The arthralgia involved large joints (knees),
without swelling or joint effusion, as well as peripheral joints (wrists and phalanges).
There was swelling of the proximal phalangeal and metacarpophalangeal joints, with
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restricted range of motion. A pain severity score of 8/10 was reported. The myalgia was
reported as generalized, not predominantly affecting the lower or upper extremities.
Laboratory investigation results at the time of presentation are shown in Table 1.
Table 1. Clinical and laboratory data during acute infection (2019) and upon flare-up of symptoms
(2020).

Year of presentation
Day of illness
History of fever
Temperature 0C
Pulse, beats per minute
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Arthralgia
Arthralgia pain score, (0/10)
Arthritis
Myalgia
Fatigue
Rash
Pruritus
Headache
Diarrhea
Vomiting
Nausea
Conjunctivitis
Dengue NS1 antigen
Dengue IgM antibody
Dengue IgG antibody
Chikungunya E1 antigen
Chikungunya IgM
Chikungunya IgG
CHIKV real time RT-PCR (Ct value)
CHIKV viral load, copies/ml
Hemoglobin g/dL
Hematocrit %
Leukocytes /µL
Neutrophils /µL
Lymphocytes /µL
Monocytes /µL
Eosinophils /µL
Basophils /µL
Platelets /µL

2019
3rd day
Yes
39
102
111
68
Yes
8/10
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Negative
Negative
Negative
Positive
Negative
Negative
19.43
3.29x105
13.8
41.2
4100
3218
639
231
54
54
220,000

2020
5th day
No
37
110
110
73
Yes
5/10
No
No
No
No
No
No
No
No
No
No

Positive
Positive

2nd day
Yes
36.9
122
122
85
Yes
5/10
Yes
No
No
No
No
Yes
No
No
No
No
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Not detected
12.9
38.3
7700
4750
2348
250
53
16
353,000

NS1 = non-structural protein 1; IgM = immunoglobulin M; IgG = immunoglobulin G; E1 = envelope protein 1; Ct = cyclic threshold
1

CHIKV infection was suspected, and the patient was screened using a novel antigen
test that detects the E1 protein; CHIKV infection was later confirmed via real-time
RT-PCR analysis. With possible co-infections ruled out and without prior known allergies to non-steroidal anti-inflammatory drugs (NSAIDs), naproxen was prescribed at a
daily dose of 1000 mg, along with an antihistamine (hydroxyzine 25 mg), for 3 days, to
which she responded well, reporting much relief at the follow-up consultation on the
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fifth day of illness. Complete resolution of symptoms was noted on follow-up 9 days after onset.
After almost a year without further flare-ups of symptoms characteristic of CHIKV,
the patient returned to the Fever Clinic with new onset of febrile illness. She presented on
the second day of illness with complaints of fever, chills, arthralgia, and unilateral
swelling and stiffness of her left hand. On examination of the affected limb, there was
swelling of the proximal interphalangeal joints extending to the metacarpophalangeal
joints, with a limited range of motion (Figure 1).

.

(a)

(b)

(c)

(d)

Figure 1. Images showing fingernail discoloration and post-CHIKV arthritis of the proximal interphalangeal joints and
resolution of arthritis on the follow-up. (a-b) Flexor tenosynovitis, post-CHIKV MCD (October 6, 2020); (c-d) resolution of
tenosynovitis after treatment with an NSAID (October 8, 2020).

After a brief interview about possible exposures, travel history, and trauma to the
left hand, routine investigations were conducted. The elapsed time between the initial
presentation to the hospital and the relapse of symptoms, including clinical manifestations and investigations performed during each visit, is depicted in Figure S2.
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4. Discussion
We describe a case involving typical musculoskeletal manifestations of acute
CHIKV infection, including cutaneous manifestations. The Milians ear sign is increasingly recognized during the acute phase of CHIKV infection [23]. Nevertheless,
non-specific symptoms such as non-purulent conjunctivitis can resemble those associated
with other endemic virus infections [5]. Clinicians working in fever clinics or travel clinics caring for patients residing in endemic regions or travelers returning from tropical
regions should carefully consider infection with all possible tropical pathogens that could
present as an acute undifferentiated febrile illness. It is essential to inquire about possible
exposures, which can help narrow the differential diagnosis of tropical viruses or bacteria
such as Leptospira or Rickettsia, for which effective treatments exit. For most arboviruses,
rapid point-of-care diagnostics are helpful for prompt identification of suspected cases of
dengue, CHIKV, or Zika.
As alluded to in the Introduction, details of the mechanism underlying the chronicity and flare-up of symptoms with CHIKV are unclear. However, it has been demonstrated that factors such as viremia, advanced age at the onset of illness, female gender,
comorbidities, pre-existing rheumatism or arthropathy, and genetic predisposition may
contribute to the persistence of symptoms in CHIKV infection [24]. Furthermore, the East
Central South African (ECSA) lineage and Asian lineage reportedly cause long-lasting
musculoskeletal disorders [25]. Similarly, post-CHIKV arthritis can occur during infection with the ECSA Indian Ocean sub-lineage, as observed in the present case [3].
Unlike animal models in which pathologies and persistence of viral RNA have been
demonstrated in joint tissue in vivo during acute CHIKV infection, no viable viruses or
viral genetic material have been found within the joint articular spaces in humans, except
in a limited number of cases in which CHIKV antigen was identified in perivascular
macrophages [26,27]. This lack of detection might be due a robust innate type 1 immune
response that directs macrophages to clear up the viruses or to a decreased threshold of
detection for extremely low viremia levels [28]. Interferons are known for their antiviral
properties; any interferon deficiencies observed with increasing age could contribute to
the severity of the infection [29]. In addition, interferons function poorly at lower temperatures, which promotes arthritis in infections with other alphaviruses [29]. Similarly,
interferon dysfunction could play a role in the peripheral articular joints predominantly
involved during CHIKV infection. As described previously in patients with CHIKV, levels of circulating anti-inflammatory cytokines and cytotoxic T-cell activity are low during
post-CHIKV arthritis [27]. Individuals with a compromised immune system due to diabetes or immunosuppressive therapy are vulnerable to development of chronic sequelae

of inflammatory arthritis post-CHIKV infection.

Although IgM can be detected as early as the fourth day after the onset of symptoms
and aids in viral clearance, IgM persistence is also reportedly associated with destructive
arthropathies during CHIKV infection [30]. In general, the IgM level decreases to below
the detection limit within 3 to 4 months, and IgG persistence ensures life-long immunity.
Some researchers have described a slightly extended IgM depletion trend lasting until
the end of 18 months [31]. In our case, IgM and IgG were detected during the second
week of the acute phase, but IgM became undetectable by the end of 12 months, but IgG
was positive, facilitating immunologic memory. After an acute CHIKV infection, the
common observation is resolution of symptoms during the acute phase, but protraction
of symptoms into the chronic phase with relapses can occur within 3 months. In contrast,
in our case, although the patient’s symptoms resolved after the acute CHIKV infection,
after approximately 1 year, the patient presented again with symptoms consistent with
pCHIKV-RMSD. An inflammatory process involving edema, erythema, and tenderness
to palpation of the flexor surfaces of her fingers was noted. This inflammatory response
produced stiffness in her fingers and limited their range of motion, thus adversely affecting her daily living activities.
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Limitations in this case report include the unavailability of inflammatory biomarker
data (rheumatoid factor, anti–citrullinated protein antibodies, antinuclear antibodies,
C-reactive protein, erythrocyte sedimentation rate, uric acid levels, or human leukocyte
antigen antibodies) and imaging (X-rays or magnetic resonance imaging of the articular
joints) to determine the presence of any degenerative or erosive arthritis. As the patient
declared no recent travel history, we did not consider other Alphaviruses capable of manifesting as arthritides. The clinical presentation was not suggestive of other cosmopolitan
viruses such as rubella, cytomegalovirus, or hepatitis. More research is thus required to
determine whether there are sanctuaries for CHIKV in which the virus can evade the host
immune response and remain latent, flaring up months later and triggering inflammatory responses leading to pCHIKV-MSD or pCHIKV-CIR. The new onset of inflammation in the patient’s fingers was consistent with pCHIKV-MSD, with the rapid response
to a short course of NSAIDs. Treatment strategies should take a combined approach involving the primary care physician and a rheumatologist to optimize the management of
such cases.
Supplementary Materials: Figure S1 Images taken at presentation to the Fever Clinic during the
acute CHIKV infection (October 2019). (a) Non-purulent conjunctivitis of both eyes and erythema
over the cheeks, (b) erythema of the pinna (Milians ear sign), (c) bilateral swelling of metacarpophalangeal joints and ambulation in a wheel chair due to debilitating arthralgia of the knees;
Figure S2. Elapsed time between the initial presentation to the hospital and recurrence of symptoms, clinical findings, and investigations performed on each visit.
Author Contributions: Conceptualization, H.A.I, E.E.N., and T.S.; Methodology, H.A.I, E.E.M.,
and T.S.; Software, H.I., E.E.M., and T.S.; Validation, H.A.I., W.M., S.K., P.A., J.P., E.E.N., K.S., P.L.,
W.P. (Watcharapong Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Formal Analysis, H.A.I., W.M., S.K., P.A., J.P., E.E.N., K.S., P.L., W.P. (Watcharapong Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Investigation, H.A.I., W.M., S.K., P.A., J.P., E.E.N., K.S., P.L.,
W.P. (Watcharapong Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Data Curation,
H.A.I., W.M., S.K., P.A., J.P., E.E.N., K.S., P.L., W.P. (Watcharapong Piyaphanee), W.P. (Weerapong
Phumratanaprapin), and T.S.; Writing—Original Draft Preparation, H.A.I., E.E.N., and T.S.; Writing—Review and Editing, H.A.I., W.M., S.K., P.A., J.P., E.E.N., K.S., P.L., W.P. (Watcharapong
Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Visualization, H.A.I., W.M., S.K., and
A.P.; Supervision, E.E.N., P.L., W.P. (Watcharapong Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Project Administration, H.A.I., W.M., E.E.N., P.L., W.P. (Watcharapong
Piyaphanee), W.P. (Weerapong Phumratanaprapin), and T.S.; Funding Acquisition, T.S. and E.E.N.
All authors have read and agreed to the published version of the manuscript.
Funding: This research was funded by the Japan Agency for Medical Research and Development
(AMED, grant numbers JP19fm0108003 and 20wm0225010h0101).
Institutional Review Board Statement: This study was conducted according to the Declaration of
Helsinki, and ethical approval was obtained from the Ethics Committee of the Faculty of Tropical
Medicine, Mahidol University (Certificate of Ethical Approval MUTM 2020-010-01).
Informed Consent Statement: Written informed consent to publish this paper was obtained from
the patient.
Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available to ensure the privacy of the study participant.
Acknowledgments: We are grateful to the patient who participated in this study. We would like to
thank the Fever Clinic staff at Bangkok Hospital for Tropical Diseases.
Conflicts of Interest: The authors declare no conflicts of interest.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2021

doi:10.20944/preprints202103.0680.v1

8 of 9

References
1.

Hotez, P.J., et al., What constitutes a neglected tropical disease? PLoS Negl Trop Dis, 2020. 14(1): p. e0008001.

2.

S.L.Beltrán-Silva, et al., Clinical and differential diagnosis: Dengue,chikungunya and Zika. Sociedad Medica del Hospital General de Mexico, 2016.

3.

Imad, H.A., et al., Chikungunya Manifestations and Viremia in Patients WhoPresented to the Fever Clinic at Bangkok Hospital for
Tropical Diseases during the 2019 Outbreak in Thailand. Trop Med Infect Dis, 2021. 6(1).

4.

Imad, H.A., et al., Cytokine Expression in Dengue Fever and Dengue Hemorrhagic Fever Patients with Bleeding and Severe Hepatitis. Am J Trop Med Hyg, 2020. 102(5): p. 943-950.

5.
6.

Imad, H.A., et al., Fever, rash, and red eyes in Thailand: A diagnostic challenge. Travel Med Infect Dis, 2018. 24: p. 15.
Robinson, M.C., An epidemic of virus disease in Southern Province, Tanganyika Territory, in 1952-53. I. Clinical features. Trans R
Soc Trop Med Hyg, 1955. 49(1): p. 28-32.

7.

PG, J. and M. BM, The arbovirus: epidemiology and ecology. CRC Press, Boca Raton FL, 1988. II: p. 137-157.

8.

Phadungsombat, J., et al., A Novel Sub-Lineage of Chikungunya Virus East/Central/South African Genotype Indian Ocean Lineage
Caused Sequential Outbreaks in Bangladesh and Thailand. Viruses, 2020. 12(11).

9.

Appassakij, H., et al., Viremic profiles in asymptomatic and symptomatic chikungunya fever: a blood transfusion threat? Transfusion, 2013. 53(10 Pt 2): p. 2567-74.

10.

Simon, F., et al., French guidelines for the management of chikungunya (acute and persistent presentations). November 2014. Med
Mal Infect, 2015. 45(7): p. 243-63.

11.

Couturier, E., et al., Impaired quality of life after chikungunya virus infection: a 2-year follow-up study. Rheumatology (Oxford),
2012. 51(7): p. 1315-22.

12.

Schilte, C., et al., Chikungunya virus-associated long-term arthralgia: a 36-month prospective longitudinal study. PLoS Negl Trop
Dis, 2013. 7(3): p. e2137.

13.

van Aalst, M., et al., Long-term sequelae of chikungunya virus disease: A systematic review. Travel Med Infect Dis, 2017. 15: p.
8-22.

14.

Paixao, E.S., et al., Chikungunya chronic disease: a systematic review and meta-analysis. Trans R Soc Trop Med Hyg, 2018.
112(7): p. 301-316.

15.

Clarris, B.J., Viral arthritis and the possible role of viruses in rheumatoid arthritis. Aust N Z J Med, 1978. 8 Suppl 1: p. 40-3.

16.

Fourie, E.D. and J.G. Morrison, Rheumatoid arthritic syndrome after chikungunya fever. S Afr Med J, 1979. 56(4): p. 130-2.

17.

Chaaitanya, I.K., et al., Role of proinflammatory cytokines and chemokines in chronic arthropathy in CHIKV infection. Viral Immunol, 2011. 24(4): p. 265-71.

18.

Miner, J.J., et al., Chikungunya viral arthritis in the United States: a mimic of seronegative rheumatoid arthritis. Arthritis Rheumatol, 2015. 67(5): p. 1214-1220.

19.

Bouquillard, E. and B. Combe, A report of 21 cases of rheumatoid arthritis following Chikungunya fever. A mean follow-up of two
years. Joint Bone Spine, 2009. 76(6): p. 654-7.

20.

Javelle, E., et al., Specific management of post-chikungunya rheumatic disorders: a retrospective study of 159 cases in Reunion Island
from 2006-2012. PLoS Negl Trop Dis, 2015. 9(3): p. e0003603.

21.

Suzuki, K., et al., Promising application of monoclonal antibody against chikungunya virus E1-antigen across genotypes in immunochromatographic rapid diagnostic tests. Virol J, 2020. 17(1): p. 90.

22.

Kishishita, N., et al., Neutralization activity of patient sera collected during the 2008-2009 Chikungunya outbreak in Thailand. J
Clin Microbiol, 2015. 53(1): p. 184-90.

23.

Aiempanakit, K., Cutaneous Manifestations in Chikungunya Disease. Journal of Health Science and Medical Research, 2019.
2019;37(1):1-3.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2021

doi:10.20944/preprints202103.0680.v1

9 of 9

24.

Suhrbier, A., Rheumatic manifestations of chikungunya: emerging concepts and interventions. Nat Rev Rheumatol, 2019. 15(10):
p. 597-611.

25.

Foissac, M., et al., Post-Chikungunya rheumatoid arthritis, Saint Martin. Emerg Infect Dis, 2015. 21(3): p. 530-2.

26.

Hawman, D.W., et al., Chronic joint disease caused by persistent Chikungunya virus infection is controlled by the adaptive immune
response. J Virol, 2013. 87(24): p. 13878-88.

27.

Hoarau, J.J., et al., Persistent chronic inflammation and infection by Chikungunya arthritogenic alphavirus in spite of a robust host
immune response. J Immunol, 2010. 184(10): p. 5914-27.

28.

Chang, A.Y., et al., Chikungunya Arthritis Mechanisms in the Americas: A Cross-Sectional Analysis of Chikungunya Arthritis
Patients Twenty-Two Months After Infection Demonstrating No Detectable Viral Persistence in Synovial Fluid. Arthritis Rheumatol, 2018. 70(4): p. 585-593.

29.

Prow, N.A., et al., Lower temperatures reduce type I interferon activity and promote alphaviral arthritis. PLoS Pathog, 2017. 13(12):
p. e1006788.

30.

Malvy, D., et al., Destructive arthritis in a patient with chikungunya virus infection with persistent specific IgM antibodies. BMC
Infect Dis, 2009. 9: p. 200.

31.

Grivard, P., et al., Molecular and serological diagnosis of Chikungunya virus infection. Pathol Biol (Paris), 2007. 55(10): p. 490-4.

