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Abstract

Chikungunya virus (CHIKV) is transmitted by the bite of infected mosquitoes and can cause significant pathogenicity in humans.
Moreover, its importance has increased in the Americas since 2013. The primary vectors for viral delivery are the mosquito
species Aedes aegypti and Aedes albopictus. Several factors, including host genetic variations and immune response against
CHIKYV, influence the outcomes of Chikungunya disease. This work aimed to gather information about different single nucleotide
polymorphisms (SNPs) in genes that influence the host immune response during an infection by CHIKV. The viral
characteristics, disease epidemiology, clinical manifestations, and immune response against CHIKV are also addressed. The
main immune molecules related to this arboviral disease elucidated in this review are TLR3/7/8, DC-SIGN, HLA-DRB1/HLA-
DQB1, TNF, IL1RN, OAS2/3, and CRP. Advances in knowledge about the genetic basis of the immune response during CHIKV
infection are essential for expanding the understanding of disease pathophysiology, providing new genetic markers for
prognosis, and identifying molecular targets for the development of new drug treatments.
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Introduction

The chikungunya virus (CHIKV) is a member of the
Alphavirus genus, belonging to the Togaviridae family,
whose genetic material is constituted by a single strand of
RNA of approximately 12 kb with positive polarity. This
virus is the etiologic agent of Chikungunya disease (CHIK)
and was first isolated in 1952—1953 during an epidemic in
East Africa (Makonde Plateau-Tanzania) (1,2). Between
1960 and 1990, CHIK outbreaks occurred sporadically in
Africa and Asia, reappearing more frequently from 2000
onwards and spreading to other countries (3). In 2014,
CHIKV was responsible for causing a major epidemic in
Brazil, mainly affecting the Northeast region (4). In the
Americas alone, about 693,489 suspected cases and
37,480 confirmed cases of CHIK were reported in 2015
(5,6). In 2022, from January until November 23, 2022,
a total of 362,021 cases and 77 deaths were reported. The
maijority of cases have been reported in Brazil (247,537)
(7). CHIKV infection may have different clinical presenta-
tions. The acute phase of Chikungunya is associated with
various symptoms and characterized by the onset of high
fever, polyarthritis, and maculopapular rash. The chronic
phase is marked by arthritogenic manifestations lasting
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>3 months and the onset of rheumatic symptoms (8).
After the bite of an infected mosquito, CHIKV is inoculated
into the blood capillaries and dermis, where it infects
resident skin cells such as keratinocytes and dermal
fibroblasts, initiating the first cycle of viral replication (9).
The main sites of secondary infection are the muscles and
joints, causing polyarthralgia/polyarthritis. The incubation
period for CHIKV is usually 2 to 7 days in most cases (10).
Numerous risk factors for developing severe disease in
adult patients have been reported, including age and
gender. Moreover, host genetic variation has a significant
influence on the immune response and outcome of
CHIKV infections. It modulates the disease, influences
viral entry into cells, symptom onset and progression, and
individual susceptibility or resistance to infection (11,12).
Thus, the knowledge of the host profile of genes that
influence or contribute to the outcome and susceptibility
of CHIKV infection is an essential tool to elucidate
the pathophysiology of this arboviral disease and its
progression (2,13). Therefore, the present review aimed
to identify in the literature the influence of host genetic
variations on the immune response during CHIKV
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infection and the role of genetic polymorphisms on the
outcome of the disease.

General characteristics of Chikungunya
virus

CHIKV is an enveloped alphavirus with 60-70 nm in
diameter. It belongs to the Togaviridae family, and the
main vectors in the transmission of CHIKV are female
mosquitoes of the Aedes genus, more specifically the
Aedes aegypti and Aedes albopictus, which are widely
distributed in endemic regions (4,5).

CHIKV has an 11.8 kb-long single-stranded positive-
sense RNA (14). The CHIKV genome contains two reading
frames (open reading frame, ORF): the 5° ORF, translated
from genomic RNA (49S) and coding for four nonstructural
proteins (NSP1, NSP2, NSP3, and NSP4), and the 3’ ORF,
translated from a subgenomic RNA (26S) and coding for
a polyprotein later cleaved into the capsid protein, two
envelope proteins (E1 and E2), and two small peptides, E3
and 6K (15,16). E1 and E2 are surface glycoproteins, 439
and 423 amino acid-long, respectively (17,18). E1 is
responsible for the fusion of the viral membrane and the
endosomal membrane, and E2 is involved in receptor
binding and subsequent receptor-mediated endocytosis
(15,19). The 61-amino acid 6K protein increases cell
permeability to monovalent cations and virion budding
during infection (15,18). Transframe protein (TF) is pro-
duced as a result of the C-terminal extension of 6K protein
(20). Nonstructural proteins (NSP1-4) are responsible for
viral replication machinery (21).

Four distinct CHIKV genotypes (or lineages) have
already been identified and named based on their
geographical distribution: i) the West African; ii) the East/
Central/South African (ECSA); iii) the Asian, and iv) the
Indian Ocean Lineage (IOL) (22,23). Since 2014, the
ECSA genotype has been detected in several Brazilian
states in the northeastern, southeastern, and northern
regions, seriously threatening public health (22).

The female Aedes mosquito introduces the virions at
the intradermal level through the bite, and they enter the
subcutaneous capillaries. There, a local viral replication
occurs in susceptible cells such as fibroblasts, endothelial
cells, and macrophages (24). Couderc et al. (25) estab-
lished the development of an animal model and observed
that CHIKYV replicates first in the liver and target muscles,
joints, and skin, resembling the tissue/cell tropism seen on
biopsy samples from humans infected with CHIKV. They
also observed the spread of the virus to the choroid
plexuses and leptomeninges in the central nervous
system in severe infections (25).

Epidemiology of Chikungunya

CHIKV is a zoonotic virus that uses several non-
human primates and possibly other vertebrates as
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amplification hosts (10). Phylogenetic studies of CHIKV
suggest that the virus has been circulating enzootically in
Africa for centuries or longer (10,26). In addition to
evidence of Chikungunya outbreaks in the 18th century,
there are descriptions of serial epidemics consistent with
the disease in India, dating from the 1820s, 1853, 1871,
and 1923, especially in Calcutta but also extending to
Burma (10). In 2005, a large outbreak of Chikungunya
occurred on islands in the Indian Ocean, reaching several
countries in Asia in the following years, causing the
infection of more than 1.9 million people (27,28).

CHIKV arrived in the Americas for the first time in
2013. In October of that year, the first autochthonous cases
were diagnosed on Saint Martin island in the French
Caribbean (29). A major epidemic began that spread to
more than 43 American countries, with 1,300,000 cases
and 191 deaths in 2014 (4).

In Brazil, the virus was first identified in 2014. As of
June 2021, 41,673 probable cases of Chikungunya were
notified in Brazil. Of these, 21,127 occurred in the
Northeast region, 18,663 in the Southeast region, 605 in
the North region, 655 in the South region, and 623 in the
Center-West region (30). Globally, as of 23 November
2022, 362,021 cases and 77 deaths were reported. The
majority of cases have been reported in Brazil (247,537),
India (108,957), Guatemala (1,615), Thailand (842), and
Malaysia (688). Deaths have been reported in Brazil (75)
and Kenya (1) (7).

Clinical manifestations of Chikungunya

In most reports, almost all of the infected patients
became symptomatic. Acute clinical symptoms usually
include high fever (>38.5°C), chills, severe joint and
muscle pain, rash, weakness, and headache. Fever is the
main symptom in children. Atypical and severe cases
were frequently observed in this group of patients, with the
disease leading to hyperpigmentation and erythema
(31,32). CHIKV can cause persistent infection in macro-
phages and replicate at low levels for several days,
spreading to joint tissues and causing cellular infiltrates,
persistent inflammation, and arthritic pain (10). Studies
have detected CHIKV RNA in the affected joints, being
able to induce arthritis (33).

Studies show that more than 40% of patients progress
to the chronic form of the disease. The pathophysiological
mechanisms of musculoskeletal pain and chronic arthritis
after CHIKV infection are only partially understood (34).

Studies carried out after CHIKV outbreaks in Réunion
Island in 2006 and lItaly in 2007 showed persistence of
myalgia, asthenia, and arthralgia in 60-67% of cases 36
and 12 months after infection, respectively (35). Chronic
manifestations may include monoarthritis, oligoarthritis,
undifferentiated polyarthritis, and joint involvement mim-
icking rheumatoid arthritis (36). Fatigue, mood disorders,
and sleep disturbances were also common chronic
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symptoms (37). Long-term arthralgia was typically poly-
arthralgia (70%), which was generally symmetrical (90%)
and highly disabling (77%). These manifestations were
often associated with local swelling (63%) or depression
(56%) (35).

CHIKV causes an exaggerated inflammatory response
and infection of osteoblasts, which resembles rheumatoid
arthritis by the similar pattern of leukocyte infiltration,
cytokine production, and complement system activation
(38). Neurological complications, including encephalitis,
optic neuritis, facial paralysis, sensorineural deafness,
and Guillain-Barré syndrome, may occur in a variable
proportion of patients. Less frequently, CHIKV causes
myocarditis, cardiac arrhythmia, severe sepsis, septic
shock, and renal failure (39).

Immune responses to CHIKV

Innate immune response

The mechanism by which CHIKV initiates the immune
response is similar to that observed in other RNA viruses.
The innate immune response begins with the recognition
of viral RNA by pattern recognition receptors (PRRs)
(40,41). In the case of CHIKV, viral RNA activates the Toll-
like receptors (TLR-3 and TLR-7) and retinoic acid-
inducible gene-like receptors (RIG-I) and melanoma
differentiation-associated protein 5 (MDAS5) (41,42). The
signal emitted through the ectodomain of these receptors
allows the recruitment of adapter molecules that activate
different transcription factors such as nuclear factor (NF)-
kB and the interferon regulatory factors (IRFs), inducing
the transcription of antiviral interferons (type | IFNs: IFN-o
and IFN-B) and proinflammatory cytokines (41,42).

The release of type | IFNs controls viral replication in
cells and viral progression during acute infection. Studies
show that inefficient type | IFNs signaling is a risk factor
for developing severe forms of CHIKV-associated disease
(25,33). In humans, IFN-o is released early and is
detected on the first day of infection. Moreover, its
concentration correlates with plasma viral load (10,43).
Experimental models show an early induction of IFN-a,
MCP-1/CCL-2, and IL-6, followed by the detection of MIP-
10/CCL-3 and MIP-1B/CCL-4, IFN-y, and TNF (44,45).

Teo et al. (46) demonstrated the importance of NK
cells during acute joint pathology in CHIKV-infected mice
and revealed that reduced NK cells activity could underlie
the reduced pathology in the host. Different studies
showed that in the chronic phase of Chikungunya, the
cellular infiltrate in the affected joints is mainly composed
of macrophages, NK cells, monocytes, and macrophage-
derived osteoclasts (10,47). Osteoclasts and IL-6 may be
associated with bone destruction. In most cases, post-
CHIKYV arthritis is usually non-erosive (35).

Persistent arthralgia was associated with higher levels
of IL-6 and granulocyte-macrophage colony-stimulating
factor (GM-CSF) (24). A study suggests that yd T cells
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play a protective role by limiting the inflammatory
response induced by CHIKV, and mice with v& T cell
deficiency showed exacerbated CHIKV infection (48).
Studies show that CHIKV presents different mecha-
nisms to counteract the host’s immune response. CHIKV
inhibits IFNs signaling through its nonstructural protein
nsP2 by blocking the JAK/STAT (signal transducer and
activator of transcription) pathway (49,50). Moreover,
mutations within nsP2 alter the production of IFN-B, and
the nsP2 viral protein can inhibit RNA polymerase Il by
inducing the degradation of its catalytic subunit RpB1,
blocking the expression of cellular genes (51,52).

Adaptive immune response

Symptoms of acute CHIK are caused by direct cell
damage and local inflammation. However, the specific
contributions of viral replication and host adaptive immune
response to CHIKV infection remain to be fully elucidated
(53). The acute phase of the human disease leads to the
activation and proliferation of CD8™ T cells, whereas the
CD4* T cell response is dominant during the chronic
phase of Chikungunya (54,55).

T and B cells play an essential role in the immune
response against CHIKV and the pathogenesis of CHIKV-
associated joint disease. Hawman et al. (56) studied a
chronic infection model of Chikungunya using Rag? "/~
mice devoid of mature T and B cells. It was demonstrated
that CHIKV RNA persisted in joint-associated tissues. In
contrast, CHIKV RNA was cleared from visceral and mus-
cle tissues of wild-type mice, suggesting that an acquired
immune system is required for CHIKV clearance (56).

CD4+ T cells were shown to contribute to joint
inflammation in the course of CHIKV infection in mice.
Carissimo et al. (57) showed that interferon-stimulated
Viperin protein expression correlated with viral load. An
animal model of CHIKV infection using Viperin’/’ mice
has shown that the absence of this protein significantly
contributed to promote an increase of the Th1 profile, with
increased INFy secretion in the evaluated tissues,
resulting in high-intensity joint inflammation compared to
wild-type mice. Regulatory T cells (Tregs) may also be
involved in CHIKV infection immunopathogenesis, as
Tregs expansion reduces CHIKV disease by selectively
inhibiting CHIKV-specific CD4 ™" effector T cells during the
chronic phase (58).

In mouse models, CD8* T cell numbers in the joints
increase during acute CHIKV infection. However, they do
not protect against CHIKV-associated pathologies, as
mice deficient in CD8* T cells still develop joint inflam-
mation (57).

The development of anti-CHIKV neutralizing anti-
bodies is essential to control viremia. In humans and
mice, the antibody-mediated immune response seems to
target the envelope glycoprotein E2 of CHIKV (59,60).
Kam et al. (61) found that the early release of IgG3 isotype
antibodies in vivo dominates the humoral response
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against CHIKV. The neutralizing effect of IgG3 antibodies
was also evident in in vitro infection assays. Exposure of
CHIKV to patient plasma without IgG3 prevented its
inhibitory effect on viral infection of HEK 293T cells.
Elderly people have a weaker adaptive response, are
more prone to CHIKYV infection, and the disease is more
severe in these patients (62).

The role of polymorphisms in genes
involved in host immune response during
CHIKYV infection

Host factors, such as innate and adaptive immune
responses, and also genetic background, play an essen-
tial role in Chikungunya disease development and
progression. Different studies have shown the association
of several host genetic polymorphisms that influence the
immune response against CHIKV, resulting in suscept-
ibility or resistance to infection. Here, we addressed the
main findings about TLR3/7/8, DC-SIGN, HLA-DRB1/
HLA-DQB1, TNF, IL-1RN, OAS2/3, and CRP genetic
polymorphisms in Chikungunya (Figure 1 and Table 1).

Toll-like receptors (TLR-3, TLR-7, and TLR-8)

Toll-like receptors (TLRs) are proteins that detect
invading or endogenous pathogens, emitting signals that
initiate the innate and adaptive immune responses (42).
They are prototypic pattern recognition receptors (PRRs),
which recognize conserved microbial signature molecules
known as pathogen-associated molecular patterns (PAMPS)
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or microbe-associated molecular patterns (MAMPs), which
recognize any microbe regardless of their degree of
pathogenicity (41,42).

TLRs that recognize bacterial and fungal components
are located on the cell surface. In contrast, TLRs that
recognize viral or microbial nucleic acids are located in
intracellular membranes, such as endosomes or phago-
somes (63). Intracellular TLRs (TLR-3, 7, 8, and 9) play
crucial roles in response to intracellular pathogens; TLR-3
recognizes double-stranded RNA, TLR-7 and TLR-8 are
activated by single-stranded RNA, and TLR-9 senses
CpG sequences in DNA molecules (64).

TLR-3 is expressed within many cell types, including
microglial cells, mast cells, eosinophils, macrophages, NK
cells, and dendritic cells, but is less expressed in B and
T lymphocytes (65). The TLR3 L412F (rs3775291) is
considered the main SNP in the LRR domain of the TLR3
gene and is associated with the alteration of the TLR-3
function (66,67).

Bucardo et al. (13) evaluated the role of TLR3 poly-
morphisms (rs3775291 A/G) in susceptibility to CHIKV
infection and its association with clinical symptoms.
Multivariate logistic regression analysis showed that
Chikungunya disease cases were significantly more likely
to be carriers of the AA genotype than the GG genotype
(OR=3.26, 95%Cl: 1.15, 9.21), with no association
observed for the heterozygous AG genotype.

Sengupta et al. (68) performed a study with co-infected
patients (dengue virus and CHIKV) and CHIKV mono-
infected patients, and they reported that patients with TT

Gene
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t Risk of CHIKV infection —
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HLA -DRB1
ILIRN
DC-SIGN (CD209)
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Figure 1. Summary of host genetic polymorphisms involved in the immune response and their association with Chikungunya virus

(CHIKV) infection and clinical symptoms of Chikungunya.
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Table 1. Influence of genetic polymorphisms in genes involved in the immune response against Chikungunya virus (CHIKV) infection

and disease outcomes.

Gene Allele/ Chromosome SNP Type Association Reference
polymorphism
TLR3 rs3775291 [A/G] Chr 4 Transition AA genotype promotes increased CHIKV infection susceptibility. (13)
Substitution
rs3775290 [T/C] Transition TT genotype increases the risk of arboviruses coinfection. Increases the (68)
Substitution risk of Chikungunya infection.
TLR7 rs3853839 [C/G] Chr.X Transversion GC genotype is associated with increased risk of CHIKV infection. (11,68)
Substitution Increases the risk of fever and rash.
rs179010 [T/C] Transversion Increases the risk of fever and rash. 11)
Substitution
rs574880 [G/T] (1)
TLR8 rs3764880 [A/G] Chr.X Transversion AG genotype is associated with susceptibility to CHIKV infection. (68)
Substitution
rs3764879 [G/C] Association with increased risk of CHIKV infection. (11,68)
HLA Il DQB1*03: 03/ Chr.6 Insertion/Deletion Protection against CHIKV infection. (77,78)
DRB1*11 (Indels)
-DQB1  DQB1_03DRB1*4 Susceptibility to CHIKV infection. (78)
-DRB1
TNF rs1800629 [A/G] Chr.6 Transition Associated with decreased persistent joint pain in patients with (13)
Substitution Chikungunya disease.
IL1RN *0* Chr.2 Tandem Repeat Association with increased risk of CHIKV infection. (82)
*2 Protection against chronic Chikungunya. (82)
CD209  rs4804803 [A /G] Chr.19 Transition Promotes susceptibility to CHIKV infection. (2,13)
Substitution
OAS3 rs2285932 [C/T] Chr.12 Transition Associated with a reduced risk of chills. 2)
Substitution
OAS1 rs1131434 [G/G] Transition Associated with reduced risk of edema. 2)
Substitution
OAS2 rs1732778 [G/A] Transition Associations with symptoms such as edema, fever, chills, and reduced 2)
rs15895 [G/A] Substitution conjunctival redness.
CRP rs3091244 [T/C] Chr.1 Transition CT genotype confers protection against CHIKV infection. (90)
Substitution Patients with CC genotype present higher viral load for CHIKV.
rs3093059 [T/C] Genotypes CT and TT are associated with protection against arthralgia (87)

rs3091244 [T/C]

produced by CHIKV.

The polymorphic variants of these genes were initially selected in the following databases and then confirmed by consulting the reported
literature. However, to ensure that only reasonably representative studies were used, studies based on a minimum of 100 individuals or

more were selected.

genotype of TLR3 (rs3775290) exhibited significantly
higher susceptibility towards co-infection. The rs3775290
polymorphism of the TLR3 gene was also evaluated by
Dutta et al. (11). However, this genetic variant was not
associated with CHIKV susceptibility, cytokines secretion,
or clinical symptoms.

TLR7/8 are tandem duplicated genes on the X-
chromosome located in the endosome membrane and
recognize ssRNA and synthetic oligoribonucleotides
(69,70). TLR-7 is highly expressed in plasmacytoid den-
dritic cells, which are a cell subset that have a plasmacytoid
morphology and primarily secrete vast amounts of type |
IFNs in response to viral infection (69,70).

The rs3853839 C/G polymorphism of the TLR7 gene
shows a significant difference in GC genotype and its
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distribution among the group of patients infected with
CHIKV compared to the control group (OR=3.44, 95%Cl:
2.127-5.57; P<0.00001) (11). In this same study,
they also examined the SNP rs3775290 from the TLR3
gene, and it was associated with the presence of joint
pain. The SNPs rs179010, rs5741880, and rs38533839
of the TLR7 gene were associated with increased
fever, joint pain, and rash, respectively. Interestingly, the
SNP in the TLR7 gene associated with fever (rs179010)
was also present in patients with CHIKV infection and
increased levels of IFN-a. Finally, fever was also
associated with an SNP (rs3764880) in the TLR8 gene
(11). The exact function of SNP rs179010 of TLR7 is not
yet fully elucidated, although some studies suggest that
this variant may decrease the expression of TLR-7,
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downregulating the production of autoantibodies or
cytokines (71).

Other SNPs in TLR7 (rs179008 C/A) and TLRS8
(rs3764879 G/C) genes were significantly related to
increased susceptibility to CHIKV infection (68). Moreover,
in the same study, patients with GC genotypes of TLR7
(rs3853839) and TLR8 (rs3764879) and AG genotypes
of TLR8 (rs3764880) were more susceptible to CHIKV
mono-infection (68). Other studies have demonstrated
that TLR8 polymorphisms could produce a truncated
TLR-8 receptor with a shorter signal peptide, which
results in a more rapid decay of its expression or may
affect the in vitro protein function, impairing NF-xB
activation (72).

In conclusion, most of the polymorphisms previously
described in the different studies for the TLR3/7/8 genes
increase the risk of Chikungunya infection and may
influence susceptibility, disease progression, and clinical
outcome among infected people. Those genetic variations
or SNPs in the TLR genes could induce differential innate
immune responses towards the same pathogen.

DC-SIGN (CD209)

DC-SIGN (dendritic cell-specific intercellular adhe-
sion molecule 3-grabbing nonintegrin) is a type C lectin
expressed in macrophages and dendritic cells, with
fundamental importance in the immune response due to
its possible interaction with viral and bacterial pathogens
(2). Like TLRs, DC-SIGN acts as a pattern recognition
receptor, promoting phagocytosis in macrophages and
dendritic cells (73). This molecule is encoded by the CD209
gene, and it is located on chromosome 19 and is highly
polymorphic (74). Polymorphisms in the CD209 gene have
been associated with increased susceptibility to CHIKV
infection. This gene has SNPs that affect the expression of
DC-SIGN at position — 336 (rs4804803) (2,75).

The rs4804803 variant represents a transition from
guanine to adenine at position — 336 promoter region
of the CD209 gene, and this SNP can regulate the
expression of DC-SIGN (76). Bucardo et al. (13) analyzed
the polymorphic variant rs4804803 and after a multivariate
logistic regression analysis showed that Chikungunya
patients were significantly more likely to be carriers of the
AG genotype than carriers of the AA wild-type genotype
(OR=5.17; 95%Cl: 1.6-16.7). The authors also showed
that the proportion of individuals carrying the AG genotype
of the DC-SIGN-encoding gene was higher in the group
seropositive for Chikungunya-specific IgG than in the
seronegative group (OR=2.79, 95%CI: 0.88-8.9) (13).

Another study conducted by Chaaithanya et al. (2)
evaluated the same variant A/G (rs4804803) of the CD209
gene in patients with Chikungunya and healthy controls.
The results showed that the frequency of the GG
genotype was significantly higher in CHIKV patients
compared to healthy controls (P=0.046). The authors
suggested that the rs4804803 G/G genotype might
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influence the expression of DC-SIGN and affect the innate
and the development of adaptive immune responses
mediated through DCs and hence the possible associa-
tion with susceptibility to CHIKV infection (2). In summary,
the rs4804803 variant of the DC-SIGN gene contributes to
the disease and the infection by the virus. The results of
the studies provide new insight into how host genetics
influence susceptibility to Chikungunya infection.

Human leukocyte antigens

Human leukocyte antigens (HLA) are coded on the
short arm of chromosome 6, occupying a large portion of
the DNA (~3,500 kilobases). HLA are the most poly-
morphic genes in the human genome. These polymorph-
isms allow the immune system to increase the repertoire
of peptides presented by HLA molecules, which will affect
the susceptibility to infectious diseases (77). There are
two main classes of HLA (HLA class | and HLA class Il).
T cells that express CD8 molecules react with HLA class |
molecules on the cell surface of all nucleated cells. HLA
class Il molecules are usually present only on antigen-
presenting cells such as B cells, macrophages, dendritic
cells, and Langerhans cells and interact with T CcDh4*
lymphocytes (78). Polymorphism in the HLA genes is
clustered in the peptide-binding region and affects the
repertoire of peptides presented by an HLA molecule to
the T cell.

Studies have demonstrated the association of HLA
class Il alleles with susceptibility or resistance to CHIKV
infection. An Indian study by Chaaithanya et al. (77)
demonstrated a significantly decreased frequency of the
HLA-DQB1*03: 03 allele in CHIKV patients compared with
healthy subjects, suggesting these alleles might be
associated with reduced risk of developing CHIKV
symptoms, or severe disease.

In the two-locus haplotypes analysis by Thanapati
et al. (78), the authors showed that DRB1*11/DQB1*03
and DRB1*04/DQB1*03 haplotypes revealed statistically
significant associations with resistance and susceptibility
to CHIKV infection, respectively.

A prospective follow-up study of 21 Chikungunya
patients from Réunion Island suggested the role of CHIKV
infection in rheumatoid arthritis initiation. The study
showed the prevalence of HLA-DRB1*01 and DRB1*04
alleles in patients who had rheumatoid arthritis after the
infection (79). Thus, the studies showed an association of
DRB1*11/DQB1*03 and DRB1*04/DQB1*03 as resistant
and susceptible haplotypes, respectively, to CHIKV infec-
tion. These results suggest that genetic susceptibility and/
or resistance to Chikungunya infection may be modulated
by HLA class Il alleles.

Tumor necrosis factor

Tumor necrosis factor (TNF), an important proinflam-
matory cytokine, plays a role in regulating cell differentia-
tion, proliferation, and death, as well as in innate and
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adaptive immune response. The TNF gene is located on
chromosome 6 in the class Il region of the MHC locus
(80). Several SNPs found in the regulatory region
influence the transcription of the TNF gene and the
circulating level of TNF (78).

A study by Bucardo et al. (13) evaluated the variant
rs1800629 A/G of the TNF gene in patients with
Chikungunya. TNF genotype distribution was not asso-
ciated with the risk of clinical Chikungunya disease nor
with Chikungunya seropositivity. However, Chikungunya
patients with persistent joint pain were significantly less
likely to be carriers of the AG genotype than the GG
genotype (OR=0.24; 95%CI: 0.074-0.76). The authors
suggested that carriers of the AG genotype, expressing
higher levels of TNF-a, might be better able to control
infection and clear the infection early, leading to lower
prevalence of persistent joint pain (13).

Overall, the rs1800629 polymorphism of the TNF gene
was not associated with susceptibility to Chikungunya
disease or seropositivity by the study presented. However,
the AG genotype was associated with a higher concen-
tration of TNF-a that helps in the inhibition of viral
replication and early control of the infection leading to a
decrease in joint pain in individuals with chronic
Chikungunya.

Interleukin-1 receptor antagonist (IL-1RN)

The IL-1 family consists of IL-1a and IL-1B. These
cytokines bind the IL-1 receptor (IL-1R) and initiate an
inflammation cascade to induce vascular dilation and
fever (81). The human interleukin-1 receptor antagonist
(IL1RN) gene is located on the long arm of chromosome
2, and the IL-1RN molecule is a potent endogenous
competitive inhibitor of IL-1a and IL-1 and has an anti-
inflammatory role (81). ILTRN gene polymorphism results
in quantitative differences in both IL-1RN and IL-1B
production. The polymorphic region within intron 2 of the
ILTRN* gene contains variable numbers of tandem
repeats (VNTR) of 86 bp, resulting in five alleles of the
IL1RN* (*1-*5), corresponding to 2, 3, 4, 5, and 6 copies
of the 86-bp sequence, respectively (81,82).

The study conducted by Tripathy et al. (82) revealed a
significant association of the ILTRN *1/*1 genotype under
a recessive genetic model with the risk of developing
CHIKV infection (OR=1.57, 95%Cl: 1.06-2.34, P=0.02).
Other findings also indicated that IL1RN*2 allele under the
dominant model was associated with protection against
chronic Chikungunya (OR=0.54, 95%CI: 0.34-0.85,
P=0.009). These findings also suggest a role of higher
IL-1RN production in the pathogenesis of chronic Chi-
kungunya (82). Ultimately, the results suggest the
association of ILRN VNTR polymorphism with Chikungu-
nya. Individuals with the ILTRN*1/*1 genotype showed an
increased risk of CHIKV infection, whereas the ILTRN*2
allele could have a protective effect against the develop-
ment of chronic disease.
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Oligoadenylate synthetase (OAS)

Human oligoadenylate synthetase (OAS) is a family
of enzymes encoded by three closely linked genes
on chromosome 12g24.2 in the following order: small
(OAS1, p40/p46), medium (OAS2, p69/71), and large
(OAS3, p100) (83,84). OASS efficiently inhibits the growth
of CHIKV. The antiviral effect was a blockade in the early
stages of virus replication (84). OAS families are formed by
homologous enzymes that are encoded by IFN-stimulated
genes. The 2'-5'-oligoadenylate synthetase (OAS)/ribonu-
clease L (RNase L) system is an innate immunity pathway
that responds to pathogens and is associated with the
induction of viral and cellular RNAs degradation, thereby
blocking viral infections (85). Polymorphisms in the genes
encoding OAS enzymes are known to influence suscept-
ibility and severity of viral diseases (2,86).

Chaaithanya et al. (2) aimed to investigate the
association of OAS polymorphisms with susceptibility to
CHIKV infection, evaluating samples from 101 CHIKV-
infected patients and 101 samples obtained from healthy
subjects. The OAS2 rs1732778 A/A genotype, under a
recessive genetic model (A/A vs G/G+G/A), was sig-
nificantly associated with a reduced risk of nausea [OR
with 95%CI: 0.16 (0.05-0.57), P-value=0.0028] (2). The
OAS2 rs15895 G/A genotype and OAS3 rs2285932 C/T
genotype in an overdominant model were significantly
associated with a reduced risk of chills. The OAS3
rs2285932 T allele in a dominant model (C/T+T/T vs C/C)
and OAST rs1131434 G/G genotype under a recessive
genetic model were associated with a reduced risk of
edema. OAS2 rs15895 G/A in an overdominant model was
associated with a reduced risk of conjunctival redness. Thus,
the authors suggested that OAS gene cluster polymorph-
isms were associated with a reduced risk of developing
nausea, chills, edema, and conjunctival redness in CHIKV
infection (2).

Finally, this study suggested that SNPs in the OAS
gene cluster are associated with the risk of developing
clinical symptoms in patients infected with CHIKV.
Further follow-up studies are needed to evaluate the
role of these genes in association with clinical symptoms
in CHIKV patients.

C-reactive protein

C-reactive protein (CRP), an acute phase protein, is
genetically located in the region of chromosome 19g23.2
and has been previously used as an inflammatory and
infectious biomarker in clinical contexts (87). The main
stimulus factor for the liver production of CRP is the IL-6
cytokine. Moreover, TNF and IL-1B, among others, act
synergistically with IL-6, exacerbating the stimulus for
CRP production (88,89).

Sengupta et al. (90) investigated the role of polymorph-
isms in the gene encoding CRP and whether these SNPs
influence the level of serum CRP concentration in patients
with mono-infection (dengue virus infection/n=201 or
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CHIKV infection/n=167) and patients co-infected with both
viruses (n=128). Patients with CT genotype of rs3093059
and with TT genotype of rs3091244 were more susceptible
to co-infection (OR=1.951/P=0.0378 and OR=4.381/
P=0.0138). Patients with the CT genotype of the
rs3091244 variant exhibited protection against CHIKV
infection (OR=0.3611; P=0.278) and increased CRP
levels compared to those with the CC genotype. More-
over, the same study showed that individuals with the CC
genotype (rs3091244) presented a higher viral load for
CHIKV (OR=2.643; P=0.0313). Thus, CRP genotype
might play a significant role in determining serum-CRP
concentration, viral load, and dengue-CHIKV mono/co-
infection (90).

The same research group published a recent article
showing the influence of CRP rs3093059 and rs3091244
polymorphisms in the prognosis of post-Chikungunya
chronic arthritis (87). The study was conducted with 167
Chikungunya patients and 102 healthy subjects. Statistical
analysis revealed that individuals with the TC genotype
of rs3091244 were less susceptible to CHIKV infec-
tion (P=0.0126). Moreover, CT (rs3093059) and TT
(rs3091244) genotypes were significantly associated with
patients without any arthralgic manifestations (P <0.0001,
P=0.0004, respectively) (87).

Thus, the findings shown in these studies suggested
that both serum biomarker levels and genetic factors
played an essential role in the development of post-
Chikungunya chronic arthritis among infected patients.
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