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Abbreviations

BFV Barmah Forest virus
CCL2 Chemokine (C-C motif) ligand 2
CHIKV Chikungunya virus
CLIP Cross-linking immunoprecipitation
CPE Cytopathic effect
CTLs Cytotoxic T lymphocytes
CXCL10 C-X-C motif chemokine 10
GM-CSF Granulocyte-macrophage colony- stimulating 

factor
MAYV Mayaro virus
NF-κB Nuclear factor-kappa B
ONNV O’nyong-nyong virus

RER Rough endoplasmic reticulum
RRV Ross River virus
SINV Sindbis virus
VEEV Venezuelan equine encephalitis virus
WEEV Western equine encephalitis virus
WHODAS II World Health Organization Disability 

Assessment Schedule, version 2

 Introduction

Alphaviruses are a genus of enveloped, single-stranded RNA 
viruses that belong to the Togaviridae family, along with 
other viruses like dengue, yellow fever, West Nile, and Zika. 
They are arboviruses, so called by the mechanism of trans-
mission to humans: arthropod-borne viruses. All are trans-
mitted in zoonotic cycles and have entered to human-human 
cycles involving Aedes spp. mosquitoes, Aedes aegypti, and 
occasionally, Aedes albopictus [1–4].

Alphaviruses are distributed around the world and pro-
duce diverse human diseases including febrile rash, encepha-
litis, and arthritis. They are classically referred to as “Old 
World” and “New World” viruses. “Old World” group 
includes viruses that are related to rheumatic diseases, and 
chikungunya virus (CHIKV) is the most relevant, but Ross 
River virus(RRV), Mayaro virus (MayV), O’nyong-nyong 
virus (ONNV), Barmah Forest virus (BFV), and Sindbis 
virus (SINV) can also produce occasional outbreaks [5–7]. 
“New World” viruses refer to the group of viruses that in the 
Americas had produced fatal encephalitic diseases, in which 
Venezuelan equine encephalitis virus (VEEV) and Western 
equine encephalitis virus (WEEV) are the most relevant [8, 
9]. Although “Old World” and “New World” viruses are a 
public health concern, this chapter focuses only in “Old 
World” alphaviruses, mainly CHIKV.  Since 2004 there is 
growing information regarding the association of alphavi-
ruses and acute and chronic arthritis that has become a focus 
of research from the molecular, cellular, immunogenetics, 
clinical, treatment, and prevention. The chapter summarizes 
the most important evidence regarding these aspects.
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 Epidemiology of Arthritogenic Alpha Viruses

Alphaviruses are widespread across all continents and in 
general have the potential to disseminate because of the 
adaptations of vectors, especially to climate and climate 
change [10, 11]. Arthritogenic alphaviruses have been glob-
ally reported, and in the last two decades, the world has 
experienced large epidemics due to CHIKV, SINV, RRV, 
MAYV, and ONNV that produced a high public health and 
socioeconomic burden [2, 10, 12].

CHIKV is present around the world and is the most rele-
vant arthritogenic alphavirus due to its capacity to generate 
large epidemics. This virus was isolated in 1952 in Tanzania 
(before Tanganyika), and the largest registered epidemic 
took place in 2004–2011 and was transmitted by Aedes 
albopictus. The epidemic that began in Kenya and spread 
across South East Asia reached an estimated 1.4–6.5 million 
cases. Italy was the first European country that reported 
autochthonous cases in 2007 and France in 2010 [3, 10]. 
Prior to 2013, the virus only circulated in Africa, Asia, 
Europe, and Australia. In December 2013, the first local 
transmission of CHIV was reported in Saint Martin island 
and thereafter spread to other countries, reaching almost all 
the continent in 2017 [13, 14].

RRV is an endemic virus of Australia and Pacific islands, 
where the most common is a widespread arboviral disease, 
causing thousands of cases each year [15]. In the last two 
decades, RRV outbreaks have increased in Australia, 
accounting for more than 70% of notifications of mosquito- 
borne diseases and generating a significant annual cost for 
the health-care systems. The increase of cases due to RRV 
has been attributed to many factors, including climate, mos-
quito density, and individual risk factors [16].

ONNV is an endemic virus for Africa. It was first identi-
fied in East Africa between 1959 and 1962 epidemics, in 
where more than two million cases were reported. After 
1962, no more cases were documented, until it reemerged in 
Uganda in 1996, with attack rates ranging from 3% to 29%; 
more recent outbreaks have been reported in Liberia and 
Chad during 2003–2004 [17].

SINV is found in Europe, Asia, Africa, and Australia. In 
endemic areas, serologic prevalence can reach 39%. It was 
first isolated from mosquitoes during an epidemic of febrile 
illness in the district of Sindbis, Egypt, in 1952; the serologi-
cal tests in cases of rash and arthritis suggested that SINV 
was the causative agent. In 1961–1962, it was isolated from 
human tissues (blood sample, skin). Although more out-
breaks occurred in South Africa during 1963–1964, it spread 
to Europe in the same years, suggested by serological studies 
performed in Israel, Italy, and Finland. In 1974, another out-
break occurred in South Africa, Sweden, and Finland. In the 
last three decades, more outbreaks have occurred, mainly in 
South Africa and Northern Europe. The last outbreak was 
reported in 2013 in Sweden [18, 19].

MAYV is an endemic virus for South America. It was first 
identified during an outbreak of acute febrile illness in Trinidad 
in 1954. More outbreaks have been reported in Brazil, Bolivia, 
Venezuela, Surinam, Guyana, and Peru. The last outbreak reg-
istered occurred in Venezuela in 2010 [10, 20].

 Immunopathogenesis of Arthritis Associated 
with Alphavirus Infections

Derived from the lessons of recent epidemics, especially 
those due to chikungunya in the Americas after 2013, the 
knowledge of pathogenesis of arthritis associated with alpha-
virus infection has evolved enough to better understand the 
mechanisms underlying chronic arthritis after CHIKV infec-
tion. The presence of new technologies such as deep sequenc-
ing has allowed the characterization of gene regulation 
involved in the control of infections and symptoms and the 
long-term immune response. However, despite all the exist-
ing information, there are still questions to answer, espe-
cially those related to the induction of autoimmune 
mechanisms that produce rheumatoid arthritis. Herein we 
summarize the most important findings focused on the patho-
genesis of arthritis associated with alphavirus infections with 
emphasis on the virus and host factors [14].

 Viral Factors

There are mainly three viral factors that could influence the 
development of arthritis associated with alphavirus infec-
tion: viral load, evasion of immune responses, and induction 
of autophagy. Viral load correlates with the presence and 
intensity of symptoms; the higher the viral load, the higher 
the organ damage. Studies are consistent that CHIKV- 
infected patients with higher viral loads developed chronic 
arthritic symptoms [21].

Evasion of immune responses is another mechanism by 
which the virus could be responsible for the development of 
chronic arthritis. In animal models, CHIKV can survive in 
macrophages for a long time using diverse mechanisms of 
evasion and establishing chronic infections [22]. Another 
mechanism of evasion of immune responses includes the 
neutralization of antibodies via genetic mutations or cell-to- 
cell transmission. For example, in CHIKV, there are strains 
that evade domains of neutralizing antibodies, inducing per-
sistence of the virus and impeding clearance [23, 24].

Induction of autophagy has been observed in alphavirus 
infection, especially in CHIKV, which activates pathways of 
stress in organelles like endoplasmic reticulum with the 
 consequent autophagy induction, enhancing the viral RNA 
replication [25]. This phenomenon observed also in other 
viruses like human immunodeficiency virus, mycobacte-
rium, and parasites is due to the mimicry of viral proteins 
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with host protein motifs that interact with other proteins in 
pathways that conduce to an explosion of the cellular infra-
structure [26, 27].

 Host Factors

A recent meta-analysis reported that nearly 50% of patients 
that became infected with CHIKV did not recover fully after 
3 months of infection [28]. Based on this data, it is logical to 
assume that not only the viral factors are involved in the 
immunopathogenesis of arthritis; there are many host factors 
that play a critical role in the resolution of symptoms or the 
progression of arthritic symptoms and development of 
chronic arthritis, including autoimmune arthritis. These fac-
tors include innate immune response, host proteins, adaptive 
immune response, osteoblasts, cytokines, chemokines, 
growth factors, and genetic factors, especially those related 
to the main histocompatibility complex [29].

After CHIKV enters the body through an infected mos-
quito bite, it reaches the dermic microvasculature; replicates 
primarily in leukocytes, the liver, and the spleen; and dis-
seminates to other organs like muscle, bones, and synovial 
tissue, a situation that generates a rapid and intense inflam-
matory response that correlates with the symptoms of an 
acute phase of infection [14].

According to animal models, innate immune responses 
are the first line of defense. Monocytes, macrophages natural 
killer (NK) cells, and dendritic cells drive the initial response. 
There is evidence showing that arthritis is related to upregu-
lation of gene associated with macrophage recruitment and 
activation, generating a cascade of inflammatory mediators, 
prostaglandins, and interleukins that results in tissue damage 
and arthritis [2, 30, 31]. Gardner et al. [32], who replicated 
an animal model of CHIKV-induced arthritis, demonstrated 
that infection of mice with two different isolates resulted in 
(1) development of clearly foot swelling that was preceded 
by mononuclear viremias and (2) prolific infiltrate of mono-
nuclear cells in muscular tissues with the subsequent subcu-
taneous edema, clear signs of arthritis with lymphocyte 
infiltration, and disruption of synovial membrane.

The presence of monocytes, macrophages, and NK cells, 
as the main components of inflammatory infiltrate in animal 
models of alphavirus-induced arthritis, shows that innate 
immune responses play a role in the pathogenesis of arthritis. 
In fact, there is evidence showing that in patients with dem-
onstrated alphavirus-induced arthritis, macrophages and NK 
cells can be isolated from synovial exudates [33].

It seems that the symptom generated by the acute viremia 
(first 5–7  days) is primarily controlled by innate immune 
responses through IFN-alpha/beta and with the participation 
of monocytes, macrophages, and NK cells. Once acute vire-
mia and inflammatory responses generated by the virus and 
their products drop, the symptoms generally disappear; nev-

ertheless, due to epidemics outcomes, almost all research is 
focused on investigating the mechanisms involved in the per-
sistence of symptoms beyond the acute phase of the disease. 
At this time, it is not fully explained whether these chronic 
symptoms that are different in each patient and can last for 
months to years are due to host responses only or have a 
contribution from the virus intrinsic characteristics. There is 
evidence that supports that arthralgia and arthritis are due to 
inflammatory responses induced by virus replication within 
tissues after acute viremia, a situation that has been demon-
strated at least for CHIKV. The mechanisms by which alpha-
viruses can persist for a long period in tissues despite strong 
T-cell and IFN alpha/beta responses seem to be related to the 
capacity of the virus to evade neutralization and T-cell 
responses through the shutdown of major histocompatibility 
molecules synthesis, a situation that limits antigen presenta-
tion [15, 22, 34].

On the other hand, host response to infection has been 
related to the persistence and progression of arthritic symptoms 
beyond the acute phase. Most studies have reported that there 
are pro-inflammatory cytokines secreted during acute and 
chronic phases that are the same with those associated with 
autoimmune arthritis, like rheumatoid arthritis, and one theory 
states that alphavirus infection could trigger autoimmune 
responses that could explain part of the clinical picture of some 
chronic arthritis observed in infected patients; nevertheless this 
is not a consistent feature on published reports [35, 36].

Studies that have focused on host responses instead of 
viral persistence conclude that immune responses could be 
the responsible factors of chronic arthritic symptoms. 
Diverse cytokine profile has been characterized in chronic 
symptoms after CHIKV infection like IL-6, IFN α/β, CCL2, 
GM-CSF, IL-7, IL-12, IL-13, IL-17, and CXCL10 upregula-
tion that seems to be related to the persistence of symptoms. 
Although that information is growing, at this moment it is 
not consistent and coherent with the clinical evolution of 
patients [37, 38].

More recently, Chang et al. explored the differences in cyto-
kine profile in acute CHIKV infection between patients with 
and without chronic arthritic symptoms and demonstrated that 
robust cytokine response during acute infection was correlated 
with less incidence of chronic joint pain. Although these 
authors found differences between cytokine response between 
subjects with and without chronic symptoms suggesting that 
cytokine response is necessary to clear the virus from the body, 
two important limitations are observed: (1) there were no serial 
measurements of cytokine profile to make multiple compari-
sons at different times to elucidate the relationship of chronic 
symptoms and cytokine serum levels; (2) the term “chronic 
arthritis” was used in patients who referred symptoms only by 
phone call instead of being evaluated in person to confirm or 
rule out the presence of true arthritis. This same group reported 
that there was no evidence of CHIKV virus in synovial fluid of 
patients with chronic arthritis suggesting that viral persistence 
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and local replication are not responsible for chronic arthritis 
and maybe host autoimmune response better explains the 
chronic symptoms and the response to immunomodulatory 
treatments [39–41].

To this regard, and trying to provide objective information 
about the rheumatic manifestations related to CHIKV infec-
tion on acute and chronic phase and taking into account the 
lack of objective information about the presence or absence of 
true arthritis after CHIKV infection, our group followed ten 
patients with confirmed CHIKV infection for 1 year (monthly 
visits) in an attempt to characterize clinically and biochemi-
cally the evolution from acute to chronic phase. We used 
objective tools like Disease Activity Index WHODAS II score 
to evaluate the self-reported disability, joint exploration to evi-
dence synovitis, and serial measurements of inflammatory 
biomarkers and rheumatoid factors. In that study, we reported 
that more than 50% of patients persist with disability and 
arthritic symptoms beyond the acute phase; all patients pre-
sented elevation of inflammatory biomarkers in the acute 
phase, especially interleukin 6. Interestingly we observed pos-
itivity of rheumatoid factor in the acute phase in all patients, 
drop of levels over time in patients without chronic symptoms 
and persistence of positivity in patients with chronic symp-
toms, and persistence of high levels of interleukin 6 in patients 
with chronic symptoms. After 1 year of follow-up, no case was 
consistent with the diagnosis of rheumatoid arthritis (RA). Of 
those ten patients, two presented true arthritis after follow-up, 
and four presented only arthralgia. We consider that clinical 
evaluation, joint exploration, and serial measurements are 
essential to really define the presence or absence of true arthri-
tis because of the implications in terms of classification and 
therapeutic approaches [42].

 Genetic Susceptibility of Arthritis Associated 
with Alphavirus Infections

Genetic susceptibility of the host may play a critical role in 
both the infection and the development and progression of 
arthritic symptoms. Specific polymorphisms of the human 
leukocyte antigen (HLA) that is known to predispose sub-
jects to develop autoimmune arthritis may be related with 
CHIKV-induced arthritis. The MHC class II alleles HLA- 
DRB1∗01:01 and HLA-DRB1∗04:01 are involved in the 
pathogenesis of RA by recognizing citrullinated peptides 
and consequently activation and clonal expansion of autore-
active CD4+ T cells [43, 44].

 HLA CLASS I Disease Mechanism

HLA class I molecules present endogenous antigens, such as 
those derived from viruses and intracellular bacteria, for rec-

ognition by the immune system. This process involves ubiq-
uitination of endogenous cytosolic proteins and then 
degradation into short 8–16 amino acid peptides, optimal for 
HLA class I binding. These are subsequently transported 
into the endoplasmic reticulum where they bind HLA class I 
molecules, before exiting the RER and being transported to 
the cell surface. HLA class I presented antigen is then recog-
nized by CD8+ T cells and natural killer (NK) cells. Once 
CD8+ T cells become activated, functional effectors T lym-
phocytes (CTLs) are produced which possess lytic capabili-
ties and also play a role in generating CD8+ T memory cells, 
acting as part of both the innate and adaptive immune 
responses. Activated NKs act before clonal expansion and 
differentiation of CD8+ T cells and compliment the CTL 
response. They act as one of the first lines of innate immune 
defense by producing cytokines, including interferons, which 
aid in the recruitment of additional cells to the site of inflam-
mation and also produce cytokines and chemokines that have 
a cytolytic activity aiding cell destruction [45].

HLA class I molecules play a role in presenting endoge-
nous antigens, including those derived from viruses, which 
have been proposed to be key triggers for arthritis. Viral anti-
gens may trigger arthritis through molecular mimicry and 
via acting as superantigens. Molecular mimicry occurs when 
viral antigens that are similar to self-antigens activate autore-
active T-cells that can cross-react with self-antigen generat-
ing autoimmunity. Some viral antigens could also act as 
superantigens, producing a strong non-specific immune 
response that then cross-reacts attacking and damaging tis-
sues in the body [46, 47]. Viruses can also alter HLA class I 
and II expression, potentially leading to greater antigen pre-
sentation to CD8+ T cells, with certain alleles more prone to 
viral manipulation. During viral infection soluble HLA lev-
els, involved in regulating the immune response, have also 
been shown to be increased in RA patients, the level of which 
is dependent on HLA allele present.

 HLA Class II Disease Mechanism

Exogenous peripheral antigens are internalized via antigen 
presenting cells (APC) and are degraded into 13–18 amino 
acid residue peptides, in the increasingly acidic  compartments 
of the endocytic pathway. HLA class II molecules are syn-
thesized in the rough endoplasmic reticulum (RER) where 
they associate with the invariant chain (Ii) to prevent endog-
enous peptide binding. The HLA class II molecule is then 
routed to the endocytic pathway, where it is degraded, leav-
ing a short fragment of the Ii class II-associated invariant 
chain peptide (CLIP) bound, which is then exchanged for 
peptide. The HLA class II peptide complex is then trans-
ported to the cell surface for recognition by CD4+ Th cells, 
which determine whether an immune response is mounted. If 
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an immune response is mounted, CD4+ Th cells will activate 
naive B cells to produce antibodies, or in the case of self- 
antigens autoantibodies and aid in macrophage recruitment.

The highest-risk alleles, belonging to the DR4 group, 
have higher affinity to a polar residue such as T or S in the P6 
pocket, where it can form a hydrogen bond with DR-β13H 
(histidine at 13th position of beta chain), while DR1 (and 
presumably DRB1∗0901 and ∗1001) prefer adenine over 
tyrosine or serine, possibly because the phenylalanine at 
DR-β13 makes the pocket more hydrophobic [43, 48]. Six of 
the alphaviruses known to infect humans carry T or S at 
pocket P6 suggesting a possible mechanism of disruption of 
tolerance. Of these, CHIKV is one with the highest serologic 
prevalent in humans and endemic in regions with high preva-
lence of DR4 alleles, such as Latin-American countries like 
Mexico and Ecuador [49, 50]. Host genetics haplotype HLA- 
DRB1∗11 and HLA-DRB1∗11-HLADQB1∗03:01 are asso-
ciated with resistance to CHIKV infection, and 
HLA-DRB1∗04-HLA-DQB1∗03:02 are susceptible to 
CHIKV infection. Also, HLA-DRB1∗04 or HLADRB1∗01 
alleles were present in 66.6% of CHIKV-infected patients 
with RA [28].

 Clinical Manifestations of Alphavirus 
Infection

CHIKV infection could lead to fever, arthritis, encephalitis, 
myelopathy, peripheral neuropathy, myeloneuropathy, 
myopathy, and sometimes death. Chronic disorders post- 
CHIKV are nonspecific polyarthralgia, rheumatoid arthritis- 
like illness, undifferentiated inflammatory arthritis, soft 
tissue rheumatism, seronegative spondyloarthritis, or psori-
atic arthritis (PsA) [28]. After incubation period (2–6 days), 
the symptoms begin as fever (more than 90%, lasting 
1  week), myalgia (90% usually lasting between 7 and 
10  days), polyarthralgias/polyarthritis (95%, lasting from 
weeks to months), and erythema (50%, 1 week). The chikun-
gunya fever is divided into an acute phase (less than 10 days), 
subacute (between 10 and 90 days), and chronic (more than 
3  months); the symptoms are continuous or relapsing- 
recurrent. Symptoms of subacute and chronic disease are 
distal polyarthritis, non-arthritic polyarthralgia, oligoarthri-
tis in previously affected joints, subacute hypertrophic teno-
synovitis, peripheral vascular disorders, depressive 
symptoms, fatigue, and weakness (Table 11.1) [42, 51, 52].

There are atypical manifestations of chikungunya fever, 
such as skin manifestations: hyperpigmentation, aphthous 
ulcers, transient nasal erythema, generalized erythema, 
vesicular-amphilophus lesions, desquamation of palms, vas-
culitis, lichenoid eruptions, renal failure that can be triggered 
by the use of non-steroidal anti-inflammatory drugs 
(NSAIDs), nephritis, pneumonia, nausea and vomiting, acute 

hepatitis (associated with the use of paracetamol or previous 
alcoholism), encephalitis, meningoencephalitis, Guillain- 
Barre, cerebellar syndrome, mental confusion, convulsions, 
conjunctivitis, optic neuritis, episcleritis, rhinitis, uveitis, 
lymphadenopathy, and thrombocytopenia [52, 53] 
(Table 11.1).

 Chronic Arthritis

The clinical manifestation of rheumatic disorders post- 
CHIKV infection can be divided into three groups: (1) true 
arthritis, including seronegative and seropositive arthritis, 
(2) spondyloarthritis, and (3) undifferentiated polyarthritis. 
Arthralgia without arthritis is the most common manifesta-
tion of chronic inflammation post-CHIKV infection [53, 54].

According to carried out studies, arthritis is benign; how-
ever, between 10% and 30% arthritis can be persistent up to 
3 years after infection and resembles RA and in some cases 
with the presence of positive rheumatoid factor, with bone 
erosions and presence of the human leukocyte antigen (HLA 
DR 04 and HLA DR 01) in a manner similar to that observed 
in RA. Because the cytokines secreted during CHIKV infec-
tion are the same found in RA, CHIKV may be considered to 
trigger the onset of RA in genetically predisposed individu-
als. However, it is necessary to demonstrate the presence and 

Table 11.1 Clinical manifestations of chikungunya fever

Virus Alfavirus (RNA virus)
Vector Aedes aegypti and 

Aedes albopictus
Incubation 3–7 days(1–12)
Appearance of symptoms 4–8 days (2–12)
The virus causes a febrile illness associated with
Fever Sudden +39 ° C 

76–100% continuous or 
intermittent

Arthralgia/arthritis∗ (87%)
Back pain (67%)
Headache (62%)
Cutaneous rash (50%)
Severe forms are rare; symptoms usually remit 7–10 days
∗Asymmetric intense and debilitating more frequently hands and 
feet, swelling associated with tenosynovitis
Atypical manifestations
Skin: hyperpigmentation, ulcers or aphthous, generalized erythema, 
vesicular-amphilophus lesions, desquamation of palms, vasculitis, 
liquinoid eruptions
Lung: pneumonia
Gastrointestinal: nausea and vomiting, acute hepatitis
Neurologics: encephalitis, meningoencephalitis Guillain-Barre, 
cerebellar syndrome, mental confusion, convulsions
Eyes: conjunctivitis, optic neuritis, episcleritis, rhinitis, uveitis
Hematological: lymphadenopathy, thrombocytopenia
Complication: Non-frequent
Pain for months or years
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participation of autoimmune processes in arthritis induced 
by alphaviruses [54].

 Risk Factors for Chronic Arthralgia/Arthritis
There are some clinical factors and biomarkers associated 
with an elevated risk of progression to post-CHIKV chronic 
disease, such as older age, symmetrical distribution of 
arthralgia, initial severe joint pain, female gender, and previ-
ous osteoarthritis [55–61]. DAS-28 and WHODAS-II score 
at diagnosis have been associated with increased risk of pro-
gression to chronicity [42]. Some biomarkers have also been 
found as predictors of chronicity, e.g., high level of interleu-
kin- 6 and ferritin [42, 55].

 Diagnosis

The diagnosis of alphavirus, especially CHIKV, is based 
on clinical, epidemiological, and laboratory criteria. 
However, CHIKV infection may be definitely confirmed 
only by laboratory methods such as detection of viral RNA 
or by identification of the specific anti-CHIKV antibodies 
[62–65]. The viremia of CHIKV lasts between 5 and 
7  days and is the period in which IgM antibodies are 
detected 3–8  days after the symptoms and persist for 
1–3 months. IgG is observed from 4 to 10 days after onset 
of symptoms and persists for years. Another method for 
diagnosis is molecular biology (real-time PCR). Some bio-
markers have been investigated as predictors of chronicity, 
and it was found that in the initial phase the C reactive 
protein (CRP), the erythrocyte sedimentation rate (ESR) 
and interleukin-6 (IL6) were found increased. The ESR 
and IL-6 could predict chronicity from the moment of 
diagnosis [42]. The non-specific laboratory abnormalities 
observed during an early stage of chikungunya fever are 
leukopenia with lymphopenia, thrombocytopenia, or ele-
vated aminotransferases levels [65] (Table 11.2).

 Treatment of Chikungunya Arthritis

During the acute phase of chikungunya, joint and muscle 
pain predominates, and analgesics and antipyretics are rec-
ommended: acetaminophen at a dose of 500–750 mg every 
4–6 h, without exceeding the maximum daily dose of 4.0 g, 
due to the risk of hepatotoxicity. Tramadol hydrochloride 
50–100 mg orally should be used every 6 h. In cases of severe 
pain, you can combine analgesics with opiates. Hydration 
and absolute rest are crucial components of the patient’s inte-
grative approach [66].

Pharmacological treatment in the chronic phase: the per-
sistence of clinical manifestations for more than 3 months 
from the onset of symptoms is considered a chronic phase. 
Arthralgia is mild in some of these patients, which means 
that the disease is in true regression. On the contrary, in a 
percentage of patients (20–30%), intense inflammatory man-
ifestations are observed, many of which adequately meet the 
criteria of the American College of Rheumatology to be clas-
sified as RA and the treatment must be with drugs modifying 
the disease such as hydroxychloroquine, methotrexate, sul-
fasalazine, and even biological therapy [67, 68]. However, 
there is little evidence of their efficacy from large clinical 
trials. Chopra et al. [69] studied the effectiveness of chloro-
quine and inflammatory cytokine response in patients with 
early persistent musculoskeletal and arthritis post- 
chikungunya; the results showed no advantage of meloxicam 
over the symptoms. Recently, the results of the combination 
of triple DMARDs therapy (methotrexate, sulfasalazine, and 
hydroxychloroquine) vs monotherapy with methotrexate in 
chronic persistent chikungunya arthritis were informed. The 
triple therapy was superior to monotherapy with hydroxy-
chloroquine with a higher percentage of patients achieving 
EULAR clinical response and low disease activity. 
Nevertheless, none of the patent remission was observed 
[70]. Regarding biological therapy, there is a report of 21 
cases of RA following CHIKV fever [71]. Based on the 
experimental model, there are some perspectives for future 
treatment of post-chikungunya chronic arthritis especially 
with biological therapy developed for rheumatoid arthritis, 
such as tocilizumab abatacept, tofacitinib, etc. [72].

 Prevention

As in other diseases transmitted by mosquitos, it is important 
to have the following recommendations for the prevention of 
CHIKV [73]:

 General Recommendations

• Wear clothes that cover most of the body
• Do not expose yourself to the bite of the mosquitoes

Table 11.2 Diagnosis of chikungunya

Molecular and 
serological tests

Viral RNA: analysis with reverse 
transcription-polymerase chain reaction; 
RT-Anti CHIKV antibodies: ELISA IgG, 
IgM

Leukopenia ++
Neutropenia +
Lymphopenia +++
Thrombocytopenia <100,000
VSG and C-reactive 
protein

Increased

Interleukin −6 Increased
+++High intensity: 70–100% of patients
++Medium intensity: 40–69% of patients
++Medium intensity: 10–39% of patients
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• Use mosquito repellent
• Use a canopy or cloth that covers your bed completely
• Install mosquito nets on doors and windows
• Prevent garbage from accumulating
• Do not leave containers where water accumulates
• Constantly wash water containers, as well as water tanks 

and cisterns
• Use larvicides in containers to eliminate mosquito larvae
• Use special insecticides to eliminate the mosquito in its 

adult phase

 Vaccines for Chikungunya

Chikungunya fever has reemerged since 2004 to cause mil-
lions of cases. Because CHIKV exhibits limited antigenic 
diversity and is not known to be capable of reinfection, a 
vaccine could serve to both prevent disease and diminish 
human amplification during epidemic circulation. Owing to 
the lack of licensed vaccines and antiviral therapeutics, the 
primary response to CHIKV outbreaks is vector control. 
However, A. aegypti and A. albopictus populations continue 
to expand because of factors such as insecticide resistance 
and poor infrastructure, lack of education, and uncontrolled 
urban development. Thus, a vaccine still provides the best 
hope for limiting CHIKV infections and spread [74].

Vaccines as in other diseases constitute a fundamental pil-
lar to eradicate these viral diseases; however, in these viral 
infections (dengue and chikungunya), they are not yet con-
solidated [75].

 Perspectives

Chikungunya virus infection has been described so far in 
patients from 45 countries, including travelers. Therefore, 
this infection is considered an epidemic of acute disease, 
with low mortality, but with persistent and disabling chronic 
arthritis [76].

In addition to the clinical manifestations described previ-
ously, it is important to mention other extra-articular mani-
festations described in the early stages of the infection, such 
as myocarditis, cardiac arrhythmias, sepsis, and septic shock. 
During widespread CHIKV epidemics, excess mortality has 
been reported in newborns and the elderly [77].

In relation to the transition from acute to the chronic 
stage, it is important to mention that CHIKV RNA antigen 
has been found in the synovial tissue at 18-months post- 
CHIKV infection in a single subject [21]. In contrast, in 22 
months after acute infection has not been identified CHIKV 
RNA or proteins in the synovial fluid of CHIKV arthritis 
patients suggesting that viral persistence may not be a 
requirement for persistent joint pain [40]. However, the anal-

ysis of the synovial fluid is different from that of the synovial 
membrane analysis. Therefore it is necessary to investigate 
the synovial membrane of these patients, in order to find evi-
dences of CHIKV RNA.

Recently, a comprehensive review of the literature on 
CHIKV infection was conducted [78]. According to this 
review, the chronological analysis of epidemics of infection 
with this virus shows cycles of emergency and re-emergence 
of this infection on all continents. This is due to mutations in 
the viral genome that allows it to adapt to new vectors and 
survive at colder temperatures. Therefore the health authori-
ties should remain alert to new outbreaks of CHIKV 
infection.

Vertical transmission of CHIKV infection has been 
described in humans. Evidence of CHIKV has been found in 
saliva and semen from infected patients. Therefore, the pos-
sibility of sexual transmission of CHIKV should be investi-
gated [79, 80].

Importation into non-endemic areas of CHIKV infection 
by travelers returning from endemic areas is high risk. 
Epidemics can be controlled if health authorities take strict 
protection measures for travelers and develop vector attenua-
tion programs. CHIKV should be suspected in returning trav-
elers presenting with fever and severe polyarthralgia [81–83].

Regarding serological tests for viral infection, there is 
evidence of cross-reaction of CHIKV infection with other 
alphavirus antibodies; therefore, it is necessary to have a 
highly specific and sensitive test that is a gold standard to 
diagnose CHIKV infection [84, 85].

One of the most relevant aspects related to morbidity and 
mortality from this infection is the comorbidities of the 
patient who contracts CHIKV infection. It has been sug-
gested that chronic diseases such as respiratory, cardiovascu-
lar, autoimmune diseases, diabetes, etc., present in the patient 
can be a risk factor to aggravate this infection and turn it into 
chronic infection [86, 87]. New studies will be needed to 
demonstrate the association between comorbidities and 
chronic CHIKV infection.

Atypical clinical manifestations of CHIKV infection have 
been described such as nasal skin necrosis, various forms of 
presentation of uveitis until reaching blindness, and acute 
disseminated encephalomyelitis. In relation to Guillain- 
Barre syndrome, an increase in this syndrome has been 
observed during an epidemic of CHIKV infection [88–91]. 
These changes in the clinical spectrum of CHIKV infection 
suggest an increase in virulence due to genetic mutations of 
the virus, more complete epidemiological and clinical 
reports, or the existence of Zika virus infection. In this 
regard, changes at the intra-host level, mutational of the E1 
of the CHIKV, have been reported, which makes the virus 
more efficient and with greater capacity for dissemination by 
vector exchange [78, 92]. CHIKV and other Alphavirus 
infections are characterized by global inhibition of cellular 
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transcription and rapid induction of a cytopathic effect (CPE) 
in cells of vertebrate origin, causing changes in cell morphol-
ogy, cell lysis, vacuolization, formation of syncytia, forma-
tion of inclusion bodies, etc. CHIKV is a highly pathogenic 
alphavirus representative because it has a nonstructural pro-
tein 2 (nsP2) that plays critical roles in both inhibition of 
transcription and CPE development. In this sense, a mutation 
of nsP2 has recently been identified that made CHIKV and 
its replicons incapable of inhibiting cellular transcription and 
dramatically this mutation decreases CPE. The mutations in 
nsP2 may be used for the development of new vaccine candi-
dates against alphavirus infections [93].

One question to be clarified is whether CHIKV infection 
is a risk factor for developing rheumatoid arthritis (RA). A 
recent study suggests that in certain endemic regions, 
CHIKV infection may be one of the risk factors for develop-
ing RA [94]. These retrospective findings should be studied 
prospectively, analyzing the interaction between genes and 
environment that favors CHIKV infection. In this sense, a 
recent study shows that in early stages of CHIKV infection, 
the microRNAs of the skin fibroblast cells of mice and 
humans which are implicated in RA showed differential 
regulation in CHIKV infection [95]. Previously, Selvamani 
et al. [96] demonstrated that CHIKV enhances the replica-
tion in primary human synovial fibroblasts by modulating 
the miR-146a expression, suggesting that CHIKV sup-
presses the antiviral response by modulating the miR146a 
expression and downregulating the expression of NF-κB 
activation through a negative feedback loop. Both studies 
are relevant because they identify new biomarkers of 
CHIKV infection.

 Conclusions

 1. In the last 10 years, CHIKV infection has become a diag-
nostic and therapeutic challenge for rheumatologists from 
all over the world.

 2. Due to the mutations described, the virus epidemic can 
appear anywhere in the world. Therefore, health authori-
ties and first-contact physicians should be alert, especially 
in endemic areas where a new outbreak may occur.

 3. The progression of an acute infection to the development 
of a chronic infection, characterized mainly by chronic 
arthritis, should be investigated, in order to identify both 
clinical and molecular progression factors to clarify if it is 
a chronic post-infectious arthritis or a persistent viral 
infection.

 4. The patient with chronic arthritis should be treated by the 
rheumatologist using the necessary medications to reduce 
or if possible eliminate joint inflammation, improve the 
quality of life of the patient, and prevent the progression 
of disabling arthritis.

 5. The interaction between the CHIKV infection (environ-
mental factor) and the immunological/inflammatory 
response of the host, genetically determined, is the key to 
understanding the development of chronic arthritis after 
infection by the virus. These findings will allow the devel-
opment of new preventive and therapeutic strategies to 
deal with outbreaks of CHIKV infection.
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