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Chikungunya virus (CHIKV), and sev-
eral related alphaviruses, are mosquito-
transmitted viruses that cause debilitating 
musculoskeletal disease in humans. Since 
2004, CHIKV has caused millions of dis-
ease cases in the Indian Ocean region and 
has emerged in new areas, including Italy, 
France, the Middle East and the Pacific 
region [1]. The mosquito vectors for this 
virus are globally distributed in tropi-
cal and temperate zones, suggesting that 
CHIKV will continue to emerge in new 
areas. In fact, in December 2013 an out-
break of CHIKV occurred on St Martin, 
which has subsequently spread to multiple 
islands in the Caribbean, French Guiana 
and possibly to Mexico. This event has 
raised concerns of looming epidemics 
throughout the Americas.

Chikungunya, which translates as “that 
which bends up the joints”, is characterized 
by an abrupt onset of fever and severe joint 
pain that may persist for weeks to years 
[2]. The arthralgia is typically symmetri-
cal and affects peripheral joints, including 
wrists, knees, ankles and the small joints 
of the hand. Additional disease signs and 

symptoms include arthritis, with joints 
often exhibiting tenderness and swelling, 
tenosynovitis, skin rash and myalgia. In 
addition to these clinical features, severe 
neurologic and cardiac manifestations 
have been associated with CHIKV infec-
tion. In addition, mother-to-child trans-
mission with high rates of morbidity have 
been reported [3]. Chronic CHIKV disease 
can be highly debilitating and have severe 
economic consequences [4,5], highlighting 
the significant public health threat posed 
by CHIKV and the need for continued 
research into the pathogenesis of these 
infections.

Do host immune responses 
contribute to acute &/or chronic 
CHIKV disease?
Studies from humans and animal models 
have shown that disease signs and symp-
toms following infection with arthrito-
genic alphaviruses are associated with the 
infiltration of musculoskeletal tissues with 
monocytes/macrophages, NK cells and 
T cells, as well as with elevated levels of 
specific cytokines and components of the 
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“A better understanding of the molecular 
mechanisms underlying the pathogenesis of these 

infections will inform vaccine, antiviral and 
immunotherapeutic strategies to prevent and 

reduce morbidity in those infected.”

“...in December 2013 an outbreak 
of Chikungunya virus occurred on 
St Martin, which has subsequently 
spread to multiple islands in the 
Caribbean, French Guiana and 

possibly to Mexico. This event has 
raised concerns of looming 
epidemics throughout the 

Americas.”
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complement cascade. In addition, MRI findings 
from CHIKV-infected patients showed joint 
effusion, bone marrow edema, synovial thick-
ening, tendinitis and tenosynovitis [6]. Together, 
these data suggest an immunopathologic compo-
nent to alphavirus rheumatological disease; how-
ever, the precise immunopathologic mechanisms 
have not yet been well defined.

During acute CHIKV infection, a limited 
number of studies have shown that activated 
T cells and a unique subset of cytotoxic NK cells 
are detectable in the periphery [7,8]. Even less 
understood is the activation status and effector 
functions of musculoskeletal tissue-infiltrating 
immune cells. The cellular infiltrate in the 
synovial fluid of patients with Ross River virus 
(RRV) disease is predominantly monocytic, 
with macrophages showing an inflammatory 
phenotype [9]. Similarly, the synovial fluid of a 
patient with chronic CHIKV disease showed 
monocytes/macrophages and NK cells [10]. 
Macrophages and T cells are also detected in 
synovial and muscle tissue biopsies from patients 
suffering from chronic CHIKV disease [10,11]. 
The roles of these cell types, and other cell sub-
sets, in pathogenesis remain to be elucidated and 
are a focus of intense research in animal models. 
For example, treatment of mice with clodronate-
loaded liposomes, which deplete macrophages, 
reduced the severity of acute disease signs in 
CHIKV- and RRV-infected mice [12,13], suggest-
ing a pathogenic role for macrophages during 
these infections. Additional studies showed that 
the injury to musculoskeletal tissues in RRV- or 
CHIKV-infected mice promotes a wound-healing 
response characterized by the abundance of argi-
nase 1-expressing macrophages [14]. Mice deleted 
for arginase 1 in myeloid cells, which function in 
wound repair and immune suppression [15], had 
reduced viral loads and less severe tissue pathology 
at late times post-RRV infection [14]. These find-
ings further implicate macrophages and specific 
macrophage effector functions in pathogenesis. 
Studies in animal models have also implicated 
lymphocytes in the pathogenesis of alphavi-
rus rheumatological disease. Both Rag1-/- mice, 
which lack mature T and B cells, and CD4-/- 
mice, which lack CD4+ T cells, had reduced joint 
swelling and less severe musculoskeletal tissue 
injury during the acute stage of CHIKV disease 
[16,17]. By contrast, Rag1-/- mice had more severe 
musculoskeletal tissue pathology during chronic 
CHIKV infection [17]. These results are consist-
ent with findings in rhesus macaques in which 

persistence of CHIKV correlated with defects in 
adaptive immunity [18], and in humans in which 
the appearance of neutralizing IgG3 antibodies 
correlated with protection from chronic CHIKV 
disease [19]. Together, these findings suggest both 
pathogenic and protective roles for immune cells 
in alphavirus rheumatological disease.

The host complement pathway has also been 
implicated in the pathogenesis of these viral infec-
tions. Activated complement was detected in the 
synovial fluid of RRV-infected patients [20], and 
the levels of MBL, an activator of the complement 
cascade, in the serum and synovial fluid corre-
lated with disease severity [21]. Complement was 
shown to play a pathologic role in RRV-induced 
disease in mice, with both C3-/- and MBL-/- mice 
developing less severe musculoskeletal tissue dam-
age and disease signs [20,21]. Although the role of 
the complement pathway in CHIKV-induced 
disease has not been extensively investigated, 
recent gene-expression analyses in mice suggest 
that complement is activated during CHIKV 
infection [22]. Thus, interfering with the comple-
ment cascade may represent a useful route for 
therapeutic intervention.

Another of area of intense research is the role of 
cytokines in alphavirus rheumatological disease, 
particularly due to the success of drugs targeting 
cytokines in the treatment of other arthritides 
[23]. Several studies have reported upregulation 
of IFN-α, IFN-γ, IL-6, MIF, CCL2 (MCP-1), 
CXCL9 (MIG) and CXCL10 (IP-10) during the 
acute stage, with levels of IL-6, IL-1β, RANTES, 
MCP-1, MIG and IP-10 linked to CHIKV disease 
severity [24–26]. Cytokines may also contribute to 
chronic CHIKV disease, as persistent arthralgia 
has been associated with elevated levels of IL-6, 
GM-CSF, MIG and MCP-1 [27,28]. Consistent 
with these data, the serum levels of MCP-1, 
MIG and IP-10 correlated with the degree of 
joint swelling in CHIKV-infected mice [29]. 
Furthermore, treatment of mice with bindarit, 
an inhibitor of MCP-1 synthesis, reduced the 
severity of CHIKV- and RRV-induced musculo
skeletal tissue inflammation and injury [30,31], 
suggesting that MCP-1-mediated recruitment 
of macrophages contributes to disease severity. 
However, studies in animal models that tested the 
role of specific cytokines have been less clear. For 
example, while one study reported that genetic 
deletion of IFN-γ reduced CHIKV-induced joint 
swelling in mice [22], this was not observed in a 
second study [16]. In addition, treatment of RRV-
infected mice with etanercept, an anti-TNF drug, 

“...interfering with the 
complement cascade may 
represent a useful route for 
therapeutic intervention.”
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resulted in more severe disease [32]. Thus, further 
studies investigating the role for specific cytokines 
in the pathogenesis of alphavirus rheumatological 
disease are needed.

Is chronic alphavirus rheumatological 
disease due to chronic viral infection?
As discussed above, the development of chronic 
joint pain in a subset of individuals is a central 
feature of infection with arthritogenic alphavi-
ruses. The cause of this persistent joint disease 
is unclear; however, there is little evidence for 
the development of autoimmunity in individuals 
experiencing chronic disease [2]. Thus, an unre-
solved question in the field is whether chronic 
alphavirus rheumatological disease is associated 
with or caused by persistent alphavirus infection.

Although data from human studies are lim-
ited, evidence that is suggestive of persistent 
virus infection in patients suffering from chronic 
alphavirus rheumatological disease has been 
reported. CHIKV antigen and RNA was detected 
in synovial tissue biopsies collected from a patient 
suffering from chronic joint pain, with CHIKV 
antigen detected in perivascular macrophages 
[10]. In addition, CHIKV antigen was detected in 
muscle satellite cells in a muscle tissue biopsy col-
lected from of a patient during a relapse of chronic 
musculoskeletal pain [11]. Finally, RRV RNA was 
detected in knee biopsies collected 5 weeks after 
the onset of joint symptoms [33].

Studies in several animal models further 
indicate that arthritogenic alphaviruses estab-
lish chronic infections in musculoskeletal and 
other tissues. CHIKV RNA and antigens were 
detected up to 90 days postinoculation in the 
spleen, lymph nodes, liver and, to a lesser extent, 
in synovial and muscle tissue of infected cyn-
omolgus macaques [34]. Similarly, CHIKV RNA 
was found to persist in the spleen of experimen-
tally infected aged rhesus macaques [18]. In mice, 
infection with a recombinant CHIKV expressing 

luciferase resulted in detection of luciferase activ-
ity 60 days postinfection in joint-associated tis-
sues near the site of inoculation [16], while work 
in our laboratory showed that CHIKV RNA 
persisted specifically in numerous joints, but not 
a variety of other tissues, for at least 16 weeks. 
Furthermore, the persistence of CHIKV RNA in 
joints was associated with chronic synovitis [17]. 
Although these data are not conclusive, cumula-
tively, they support the intriguing hypothesis that 
chronic alphavirus infection of joints, and per-
haps other tissues, drives chronic rheumatological 
disease. This hypothesis raises many important 
questions to be addressed in future research. For 
example, what are the mechanisms that allow the 
virus to evade innate and adaptive immunity and 
establish persistence? What are the viral and host 
determinants that govern the tissue and cellular 
tropism during persistence? What is the virus 
replication strategy during persistence?

In the past decade, CHIKV and related arthri-
togenic alphaviruses have caused millions of cases 
of acute and chronic rheumatological disease. The 
continued re-emergence of CHIKV into new geo-
graphic areas with large naive populations puts 
millions more at risk and presents a significant 
public health concern. A better understanding of 
the molecular mechanisms underlying the patho-
genesis of these infections will inform vaccine, 
antiviral and immunotherapeutic strategies to 
prevent and reduce morbidity in those infected.
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“Although data from 
human studies are limited, 
evidence that is suggestive 
of persistent virus infection 
in patients suffering from 

chronic alphavirus 
rheumatological disease 

has been reported.”
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