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Purpose of review

To review the emergence, clinical features, pathogenesis, and treatment of acute chikungunya (CHIK) fever
and chronic CHIK arthritis.

Recent findings

Since 2004, CHIK, an arboviral infection, has spread throughout the world, infecting millions of people.
The illness occurs in two phases: an acute viremic infection followed by chronic arthritis. In less developed
countries, there are limited resources and effective treatment. For acutely ill CHIK fever patients,
management is symptomatic. The treatment of chronic CHIK arthritis should be determined by an
understanding of pathogenesis. Is chronic CHIK arthritis a persistent viral infection or a postinfectious
inflammatory process? Multiple proinflammatory cytokines, chemokines, and growth factors have been
identified in chronic CHIK arthritis. Attempts to isolate CHIK virus from synovial fluid have been
unsuccessful. Given pathogenetic similarities (as well as differences) compared with rheumatoid arthritis
and the painful, disabling nature of the arthritis, it is not surprising that disease-modifying antirheumatic
drugs such as methotrexate have begun to be used.

Summary

CHIK infection has emerged with major arthritic epidemics for which evidence-based therapy is limited. But
there is an opportunity to improve the treatment of chronic CHIK arthritis and, from this disease, to gain
understanding of the pathogenesis and treatment of inflammatory arthritis more generally.
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INTRODUCTION

Chikungunya (CHIK) fever (CHIKF), caused by the
CHIK virus (CHIKV), is a rapidly emerging, global
pandemic. CHIKV is a single-stranded RNA virus of
the Togaviridae family that includes arthritogenic
alphaviruses such as the Ross River Virus and neu-
ropathic viruses such as Western equine encephali-
tis virus [1]. Since 2004, the emergence of CHIKF has
resulted from the global spread of two mosquito
vectors, Aedes aegypti and Aedes albopictus, that carry
CHIKV, migrating from Africa and Asia to cause
disease throughout Africa, Asia, Oceania, Europe,
and the Americas – with millions of cases reported
[2].

Vector spread throughout tropical and subtrop-
ical regions has been possible because of rapidly
expanding urban populations, limited vector con-
trol, globalization promoting human migration, cli-
mate change, and increased environmental disasters
(i.e., flooding) [3]. Almost all cases are arthropod-
borne, but intrapartum maternal–fetal transmission
and transmission via blood products and organ
transplantation have occurred [4].
rs Kluwer Health, Inc. All rights rese

 Kluwer Health, Inc. Una
To date, over 45 countries have reported CHIKV
outbreaks, including travel associated cases in 46 of
the United States and locally acquired cases in Flor-
ida [5]. Phylogenetic studies demonstrate three dis-
tinct CHIKV Genotypes: East/Central/South Africa
that has spread throughout Africa/Asia/Europe,
Asian genotype that spread to the Americas in
2013, and the ancestral West African genotype [2].
CHIKF is causing epidemics of acute illness followed
by persistent disabling arthritis. This review will
examine the clinical manifestations, pathogenesis,
and treatment of both early and late stage disease.
rved. www.co-rheumatology.com

uthorized reproduction of this article is prohibited.

mailto:Robert.Schoen@yale.edu


CE: Alpana; BOR/300308; Total nos of Pages: 8;

BOR 300308

KEY POINTS

� CHIK, like dengue virus or Zika virus infection, is an
emerging arboviral infection, transmitted by Aedes
mosquitoes, causing explosive epidemics.

� CHIK causes a biphasic illness, acute viremic infection
followed in many patients by chronic inflammatory
arthritis.

� Because CHIK causes chronic, painful inflammatory
arthritis in some patients and because chronic CHIK
arthritis may be a postinfectious inflammatory arthritis
with parallels to rheumatoid arthritis, disease-modifying
drugs, such as methotrexate, are being evaluated.

Clinical therapeutics

Cop
CLINICAL FEATURES

Early disease

Following exposure to CHIKV, up to 95% of infected
individuals develop acute symptoms 2–6 days after
an infecting mosquito bite [6]. After this incubation,
CHIKF begins abruptly with high fever, polyarthal-
gia, myalgia, rash, often maculopapular, headache,
and back pain [7]. CHIKF is often similar to dengue
viral infection. Both diseases present with fever and
myalgia and are transmitted by the same mosquito
vectors. Generally, however, arthralgias are more
prominent in CHIKF and hemorrhage, when pres-
ent, is a feature of dengue viral infection [7]. Other
acute symptoms of CHIKF include intense fatigue,
anorexia, nausea, vomiting, and diarrhea [6]. Vire-
mia lasts 5–10 days and can be followed by a 6–21-
day post-viremic phase with pyrexia, polyarthrlagia/
arthritis, lymphadenopathy, fatigue, and anorexia
[8,9]. Arthralgias are often symmetrical, affecting
ankles, wrists, hands, elbows, shoulders, knees,
and feet [10–12]. Joint pain is more distal than
proximal, although axial skeleton involvement is
noted in up to half of cases. Synovitis is seen in
ankles, hands, wrists, toes, and less commonly, in
larger joints. Atypical joint involvement includes
the spine, temporomandibular, or sternoclavicular
joints. There may be ligamental pain causing pubal-
gia and talalgia and myalgias in the arms, thighs,
and calves without objective evidence of myositis
[13,14].

In addition, many CHIKF patients have dermato-
logic manifestations. The most common rash is gen-
eralized, maculopapular and often pruritic, but
nodular, vesicular, bullous, and desquamative skin
lesions occur along with vasculitic and apthous
lesions [7,15–17]. Additional skin manifestations
include hypermelanosis, hyperpigmentation, photo-
sensitivity, exfoliative dermatitis, and erythema
nodosum like lesions. Patients with preexisting skin
2 www.co-rheumatology.com
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disease such as psoriasis may have exacerbations.
CHIKF skin lesions affect the extremities, trunk,
and face, and tend to be transient, resolving after
2–5 days [14,18].

More severely affected acute CHIKF patients
have other extra-articular manifestations. Neuro-
logic complications include encephalitis, facial
paralysis, sensorineural deafness, and Guillen–Barre
syndrome [19]. Ocular manifestations, including
optic neuritis, uveitis, retinitis, and conjunctivitis,
are also described [20]. A small number of patients
have myocarditis, cardiac arrhythmias, sepsis,
and septic shock [21]. During widespread CHIKF
epidemics, excess mortality has been reported,
primarily in newborns and the elderly [22].

Both nonspecific and specific laboratory abnor-
malities occur with CHIKF. During acute illness,
transient leukopenia and lymphopenia, mild
thrombocytopenia, elevated inflammatory markers,
and abnormal liver function tests are observed [7].
More specific diagnostic tests are also available.
During the viremic phase, CHIKV is detectable by
viral culture and reverse transcriptase PCR [1,23].
After about 5 days of illness, following viremia,
CHIKF can be diagnosed serologically, by ELISA,
or by immunofluorescence [6,24].
Late disease

To describe painful arthritis, the word ‘Chikungu-
nya’ means ‘that which bends up’ in the Tanzanian
dialect [25]. The transition from acute CHIKF to
chronic CHIK arthritis is variable. Some patients
have continuous symptoms, whereas others experi-
ence a biphasic illness, acute disease followed by
transient remission, and then persistent arthritis
[26]. Chronic CHIKV symptoms include arthralgia,
arthritis, and edema involving hands, wrists, ankles,
and knees, typically in a symmetrical pattern
[27,28]. In a Colombian study of 152 patients
evaluated 26 weeks after onset of CHIKF, morning
stiffness (53.7%), joint edema (49.5%), and polyar-
thralgia and morning stiffness concurrently (38.2%)
were the main arthritic symptoms. Overall, 53.7% of
the patients had persistent rheumatologic symp-
toms at 6 months [26]. Among 88 patients in the
US Virgin Islands, chronic arthritis was reported in
93, 57, 47% at 3, 15, 24 months, respectively [29].
Other studies report a 4–82% incidence of persis-
tent, unremitting joint symptoms, ranging from
months to years [10,30,31].

To better define the risk of chronic arthritis, a
systematic review evaluated 5700 CHIKF patients
and found that 25–35% progressed to chronic joint
symptoms, with 50% developing inflammatory
arthritis characterized as rheumatoid arthritis
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(RA), postviral polyarthritis, or seronegative spon-
dylitis [32]. To characterize clinical patterns of
arthritis, Javelle et al. [33] evaluated 159 individuals
and found that 112 with CHIKV arthritis for at least
2 years had chronic inflammatory rheumatism; 33
patients fulfilled criteria for spondyloarthritis, 40 for
RA, and 21 for undifferentiated polyarthritis.

In addition to arthritis, a variety of extra-articu-
lar manifestations occur with chronic CHIK. In one
cohort, new-onset Raynaud’s phenomenon devel-
oped in the second or third month in 20% of
patients [31]. In another report, neurological symp-
toms including neuropathic pain syndromes, cere-
bral disorders, sensorineural impairment, and
paresthesia’s were reported, as well as depression
[10]. Also present were carpal/tarsal/cubital tunnel
syndromes, bursitis, tenosynovitis, and frank syno-
vitis. Some patients had digestive disorders. Consid-
ering the large numbers of individuals affected,
these widespread and severe symptoms underscore
the severity of pain and disability presented by
chronic CHIKV infection [14].
PATHOGENESIS

Early disease

During acute CHIKF, a high viral load develops
quickly with viral replication in musculoskeletal
tissues, particularly tissue fibroblasts, epithelial
cells, endothelial cells and macrophages [34]. Vire-
mia promotes a robust immune response dominated
by plasmacytoid dendritic cells, monocytes and
lymphocytes and a rapid rise in plasma levels of
IFN-a and IFN-g. Control of viremia is IFN-a depen-
dent and rising IFN-a levels coincide with onset of
symptoms [10,35]. Several animal studies demon-
strate that CHIK infection is lethal in type 1 inter-
feron deficient mice and that mice lacking IFN-a/b

have severe arthritic symptoms [36,37]. Similarly, a
strong interferon response correlates with milder
disease in alphavirus infected mice [38]. In acutely
infected patients, elevated viral load and defective
interferon type 1 signaling also correlate with dis-
ease severity and symptoms [36]. To promote viral
replication and signaling, alphaviruses have devel-
oped mechanisms to inhibit host interferon induc-
tion [39].

A complex array of other proinflammatory/anti-
inflammatory cytokines, chemokines, and growth
factors are involved in monocyte trafficking and
activation of natural killer (NK)/T cells in early
CHIKF [40]. Elevated levels of IL-1Ra, IL-6, IL-8,
IL-10, IL-13, IL-16, IP-10, MCP-1, MIP1Beta, CCL2,
migration inhibition factor, CCL4, granulocyte col-
ony stimulating factor, granulocyte-macrophage
1040-8711 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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colony stimulating factor (GM-CSF), and vascular
endothelial growth factor have all been reported
[24,41,42,43

&

].
Transition from early to late disease

As patients with CHIKF transition from acute to
chronic disease, typically between 4 weeks and
3 months after infection, proinflammatory cyto-
kines such as IL-6 and IL-17 persist, as do increased
serum concentrations of the growth factor GM-CSF
[35]. The mechanism of progression from acute
infection to persistent arthritis is uncertain, but
could include macrophage virus tropism, local viral
persistence, or unabated inflammatory responses
[14]. However, attempts to recover CHIKV from
synovial fluid have been unsuccessful, suggesting
that the pathogenesis of chronic CHIK arthritis may
be a postinfectious, inflammatory process [44

&&

].
CHIKV RNA has also not been found in synovium
during chronic disease [44

&&

,45,46].
Molecular mimicry is a possible mechanism for

chronic CHIK arthritis, but no specific autoantigen
has been described [47

&

]. In both mice and human
models, CD4þ T cells and improperly functioning
NK cells have been linked to chronic arthritis
[40,48]. It is postulated that myeloid cells, including
cellular debris-clearing macrophages, may act as a
source of pathogen-associated molecular patterns
that generate chronic inflammation [43

&

]. These
several lines of evidence suggest that progression
from acute infection to chronic CHIKV arthritis
could result from a postinfectious, inflammatory
host response that resembles other auto-immune,
inflammatory rheumatic diseases.
Late disease

In addition to the failure to demonstrate CHIKV in
synovial fluid in chronic CHIK arthritis patients, the
cytokine profile in chronic infection mimics the
cytokines seen in RA, including IFN-a, IL-1b, IL-5,
IL-6, IL-10, IL-7, IL-15, and TNF-a [49]. Despite these
similarities, 95.8% of CHIKV arthritis patients are
rheumatoid factor and anticitrulline antibody neg-
ative [50].

IL-17 may drive chronic CHIK inflammation,
inciting extracellular matrix/bone destruction
through stimulation of IL-6, tumor necrosis factor,
IL-1, matrix metalloproteinases proteinases, and
the receptor activator of nuclear factor kB-receptor
activator of nuclear factor kB ligand (RANKL) system
[51]. As in RA, IL-6 participates in chronic
CHIKV arthritis, in part by stimulating RANKL
and inhibiting osteoprotegerin released by osteo-
blasts. In mouse models of chronic CHIK arthritis,
rved. www.co-rheumatology.com 3
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osteoclastogenesis and substantial bone loss occur
via this pathway [52–55]. Elevated levels of IL-1b

and IL-6 along with decreased regulated on activa-
tion, normal T cell expressed and secreted correlate
with more severe disease, whereas increased IL-1 and
IL-8 coincide with more destructive arthritis dem-
onstrating the complex, concerted interaction of
multiple proinflammatory factors [46,50].
TREATMENT

None of the treatments to be discussed have been
approved by the Food and Drug Administration or
other regulatory authority.
Prevention

Vector control strategies of Aedes mosquitoes have
been used, particularly in affluent countries with
temperate climates, but have had limited success in
India, Africa, and other major reservoirs of disease
[56]. Alphavirus vaccines, including an effective
CHIKV vaccine, are technically achievable, but have
not yet found a viable commercial market. This
limitation is changing as a result of the spread of
the CHIK pandemic, tourism, and the needs of the
military [57]. Vaccines have reached human trials
and may have a preventive impact in the future [58].
Early disease

A variety of antiviral strategies are under investiga-
tion in the treatment of CHIKF and other alphavirus
infections, but none, including chloroquine, acyclo-
vir, ribavirin, IFN-a, corticosteroids, and newer
agents, including favipiravir, the trypanosomiasis
drug suramin, and the turmeric-derived compound
curcumin have been validated [59

&

,60–64]. At the
present time, early treatment is supportive care,
including rest, adequate hydration, antipyretics,
and analgesics [65]. Severely ill and frail patients
may need to be hospitalized for intravenous fluids
and monitoring of electrolyte imbalances, organ
dysfunction, pain, and fever. As corticosteroids are
immunosuppressive, NSAIDs have been recom-
mended for early treatment of joint symptoms
[1,9], but concern exists that aspirin or NSAIDs be
used cautiously if there is possible dengue coinfec-
tion with potential for hemorrhagic complications
[6]. Thus, in acute infection, acetaminophen, tra-
madol, codeine, or oxycodone are preferred [66].
Maintaining mobility is important.

Following acute infection, some patients expe-
rience postacute (week 4 to month 3) symptoms
of tendinitis, arthritis, and arthralgias. Treatment
includes NSAIDs, corticosteroids for severe arthritic
4 www.co-rheumatology.com

yright © 2018 Wolters Kluwer Health, Inc. Unaut
manifestations, and gabapentin and pregabalin for
neuropathic pain control [9]. Acute symptoms often
resolve within weeks, but some patients remain
symptomatic with joint pain and depression [33].
Late disease

Chronic CHIKV arthritis causes joint damage and
impacts quality of life as severely as RA [46]. The
goals of treatment of chronic CHIK arthritis include
pain relief and preventing joint destruction. This
phase of the illness is increasingly referred to as post-
CHIK chronic inflammatory rheumatism (pCHIK-
CIR) [29,33]. Treatment options for pCHIK-CIR
include NSAIDs, corticosteroids, hydroxychloro-
quine (HCQ), sulfasalazine (SSZ), leflunomide,
methotrexate (MTX), and biologics [33] (Table 1).

NSAIDs and corticosteroids

Corticosteroids improved tenosynovitis, polyarthri-
tis, and ability to ambulate in patients treated
months after acute illness [31]. In 147 patients with
pCHIK-CIR, there was better symptomatic improve-
ment with corticosteroids compared with NSAIDs
and acetaminophen [67]. Padmakumar et al. [68]
demonstrated that an NSAID (aceclofenac 200 mg/
day) in combination with corticosteroids (predniso-
lone 10 mg/day) improved quality of life and
reduced pain more than NSAID monotherapy or
combination NSAID/HCQ (400 mg/day) therapy.
No benefit was achieved with the addition of HCQ.

Hydroxychloroquine and chloroquine

Antimalarial therapy has not been demonstrated to
be effective in pCHIK-CIR. Sebastian et al. [69] found
no reduction in joint pain comparing chloroquine
with placebo. Other studies demonstrated no differ-
ence in the duration of arthralgia or viremia with
chloroquine vs. placebo [70]. Chloroquine was not
superior to meloxicam in controlling chronic arthri-
tis pain in 70 pCHIK-CIR patients [8,71].

Methotrexate

If chronic CHIKV arthritis may be a postinfectious,
inflammatory arthritis, MTX therapy should be con-
sidered [72]. MTX increases adenosine and inhibits
proinflammatory cytokines such as IL-1, IL-6, IL-8,
and TNF-a [73]. These cytokines, especially IL-1, IL-
6, IL-17, have been associated with greater disease
severity in both RA and chronic CHIKV arthritis
[49,51]. There is no prospective, placebo controlled
trial evaluating the efficacy and safety of MTX
monotherapy in the treatment of chronic CHIK
arthritis [74]. We believe that such a study is war-
ranted and have had success treating individual
chronic CHIK arthritis patients with MTX (Fig. 1).
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FIGURE 1. A patient with chronic chikungunya arthritis. (a) Before methotrexate treatment. (b) Following methotrexate
7.5 mg/week for 4 weeks.
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In the best available CHIK arthritis MTX study,
Ravindran and Alias [75

&&

] demonstrated superiority
of triple therapy (MTX 15 mg/week, HCQ 400 mg/
day, and SSZ 1 g/day) compared with HCQ
FIGURE 2. Triple therapy including methotrexate is superior
to hydroxychloroquine. Disease activity and disability at
weeks 8th, 16th, and 24th. DAS, disease activity score;
HAQ, Health Assessment Questionnaire in Combination
therapy with methotrexate, sulfasalazine,
hydroxychloroquine vs. monotherapy with
hydroxychloroquine. Reproduced from [75&&].
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monotherapy (DAS28-ESR<3.2 at 24 weeks, 84 vs.
14%, respectively, P value <0001) (Fig. 2).

Other uncontrolled studies support the use of
MTX in chronic CHIK arthritis. Ganu and Ganu [76]
found that adding MTX to SSZ and HCQ in non-
responders after 3 months resulted in significantly
better clinical responses. Javelle et al. [33] noted
‘good therapeutic response’ in 75% of the 72
patients treated with MTX 15 mg/weekly with
pCHIK-CIR who met criteria for RA, spondyloarthr-
opathy, or undifferentiated polyarthritis.

Biologic therapy

There is limited information regarding use of bio-
logic therapies in pCHIK-CIR. In a murine model,
anti-TNF-a therapy with etanercept exacerbated tis-
sue damage in mice with alphaviral arthritis [77].
During the CHIK outbreak on Reunion Island, how-
ever, 12 patients with chronic CHIK arthritis who
escalated to treatment with antitumor necrosis fac-
tor therapy after MTX failure showed ‘beneficial
effect’ [33]. Significantly, another report from the
Dominican Republic indicated that 53 of 328 RA
patients developed CHIKV arthritis while on prior
Volume 30 � Number 00 � Month 2018
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biologic therapy, suggesting that biologic therapy
does not protect against CHIK arthritis [78]. In a
murine model, the CD4þ T-cell suppressive drug
fingolimod was joint protective [79]. Also in a
mouse model, Miner et al. [80] showed benefit for
the CTLA-4 fusion protein, abatacept, used in the
treatment of RA, when combined with anti-CHIKV
neutralizing antibodies.
CONCLUSION

In just 10 years, CHIKF has become a global disease
affecting millions of people. Attempts to limit the
Aedes mosquito vectors or to prevent the disease
through vaccination may have a future impact on
this disease. In the meantime, primary care physi-
cians, practicing in CHIK endemic areas, treat acute
disease symptomatically as we have outlined in
this review.

For the rheumatologist, treating patients with
chronic CHIK arthritis, a central question about
pathogenesis will determine how the disease should
be managed. CHIKF begins as an alphavirus infec-
tion. Evidence, by no means certain, suggests that in
the progression of acute illness to chronic arthritis,
the infection may become a postinfectious inflam-
matory arthritis. This may provide treatment
options beyond supportive management with dis-
ease-modifying drugs such as MTX. But before con-
fident recommendations can be made, there is a
need for more research both on the pathogenesis
of CHIK arthritis and on randomized controlled
trials evaluating therapy.
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