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Abstract:

Chikungunya fever is a mosquito’s borne disease. It is one of the most health problem in Thailand.
This disease cause by chikungunya virus (CHIKV) infection. The commonly symptoms are fever, rash, and
especially joint pain leading to poor quality of life. The pathophysiology of the disease is not completely clear.
There are some reports on inflammatory cytokines associated with the disease, but no report has been revealed
on the angiogenic mediators in the acute CHIKV patients. Furthermore, a few year ago, there is the new
outbreak of CHIKV in Thailand. Therefore, the researcher attempted to study the genetic characteristic of the
virus and the level of angiogenic and inflammatory cytokines in acute CHIKV patients.

Eighty-five acute CHIKV patients and patients without CHIKV were enrolled in the study. The
concentrations of 11 angiogenic and inflammatory mediators were determine by multiplex ELISA. The genetic
characteristic of CHIKV was performed in 127 CHIKV suspected patients. CHIKV RNA were extracted and
amplified by real time RT-PCR. The positive CHIKV samples were sequenced and illustrated phylogenetic
analysis.

The results found the significantly decreased leptin concentration in the acute CHIKV patients when
compared with controls. Subgroup classification as viremia, IgM, and both viremia and IgM analysis, we found
the CXCL-10 level was highest in viremia and gradually decreased in IgM and both. Additionally, the genetic
characteristic of CHIKV during 2018-2019 outbreak was ECSA (East/ Central/ South/ Africa) linage, which was
similar to previous outbreak in Thailand.

The CXCL-10 and leptin expressions, the mediators in angiogenic and inflammatory processes, were
associated with the pathogenesis of CHIKV. These cytokines might be biomarkers or targets for disease
diagnosis or therapy. Moreover, we revealed the old strain of CHIKV like the last 10 years, this data might be

important to CHIKV surveillance consideration and start CHIKV activity to prevent the outbreak in the future.
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Introduction

Chikungunya is a mosquito-borne disease that is transmitted to human via the bites of infected
Aedes aegypti and Aedes albopictus mosquitoes. The first outbreak of chikungunya was identified in
Tanzania in 1952. Then the epidemic area continues to spread throughout several countries such as on
island of La Reunion in the Indian Ocean, in Europe, Kenya, and Southeast Asia including in Thailand.
The first Chikungunya isolation in Thailand was reported in 1958 and the currently large outbreak in
Thailand was found in 2008 to 2009 (1). The chikungunya virus (CHIKV) infection has been considered
as a major public health problem in many countries. There is no specific treatment for CHIKV infection
disease. The CHIKV is a single-strand RNA virus belonging to family Togaviridae, genus Alphavirus.

CHIKV infection is characterized by high fever, skin rash, and severe arthralgia.

Although the clinical manifestation of chikungunya has been clarified, the pathogenesis of the
disease is still unclear. The host innate and adaptive immune responses are stimulated after the CHIKV
infection in order to eliminate the virus with divergent pathways. Inflammatory pathway is one of the
important processes that benefit the host from viral elimination. Various previous studies showed the
contribution of inflammatory cytokines and pathogenesis of CHIKV infection (2, 3). Some inflammatory
cytokines such as interleukin-1B (IL-1PB), interleukin-6 (IL-6), and interferon-gamma (IFN-y) were
increased in the CHIKV infected patients (2, 3). There are evidences indicated that angiogenesis and
inflammation are closely associated processes in many diseases like cancer, tissue injury, and infectious
diseases. Angiogenesis can facilitate inflammation process and inflammation is capable of angiogenic
stimulation. The site of inflammation is often hypoxic, meanwhile hypoxia is a potent pro-angiogenic
signal activating angiogenesis (4). Although some reports have shown the cytokine/ chemokine profiles
in chikungunya infection, there is no evidence in association between angiogenic cytokine profiles during

chikungunya virus infection.

Treatment of CHIKV infection is based on anti-inflammatory drug or symptomatic therapy.
Moreover, the vaccinations against CHIKV are not yet available. The intensive understanding in the
cytokine hyper responses contributing to chikungunya virus infection may give a better insight into the
pathology and possible therapeutic routes. Therefore, the aim of this study will to investigate the levels

of inflammatory mediators and angiogenic cytokines in acute chikungunya viral infection.



Literature review

Prevalence and biology of chikungunya (1, 5-9)

Chikungunya disease is first identified in Tanzania in 1952.CHIKV subsequently spread to La
Reunion, America, Europe, India, Sri lanka, Southeast Asia (Malaysia, Cambodia, Singapore, Philippines
and Thailand). The first country in Southeast Asia isolated CHIKV occurs in Thailand. In Thailand, the
first report has been in Bangkok in 1958. Then epidemic also spread to the Northeastern and the most
recent outbreak is in the Southern of Thailand. The reemerge of chikungunya virus is unpredictable, with

interval of seven to twenty years. Therefore, we could not prevent or break the sporadic of the disease.

Chikungunya virus, an alphavirus belonging to Togaviridae family, is transmitted to human by
mosquitoes, with Aedes aegypti and Aedes albopictus being the main vector. CHIKV is a small positive
single strand RNA genome of approximately 12 kb bases. The genome structure encodes two open
reading frames (ORFs) that encodes for non-structural protein (nsP1 to nsP4) and structural protein
(capsid protein, envelope protein: E1 and E2, accessory peptide: E3 and 6K). Clinical features of
chikungunya are high fever, skin rash, headache, nausea, and severe joint pain. Normally, the disease
is self-limiting and resolves itself. It is not considered as life-threatening disease, however; severe
outcomes often occur in neonates, elderly people (more than 65 years old), and the patient underlying
medical conditions. Acute CHIKV infection lasts for a few days to a couple weeks. Meanwhile joint pain
may linger for week, months or years. Unfortunately, there is no specific therapeutic and vaccine for
CHIKV infection treatment. Therefore, the pathophysiological of the disease is still needed more

consideration.

Pathogenesis of chikungunya

Pathogenesis of chikungunya is poorly understood. Following transmission, CHIKV replicates in
the skin and then disseminates to the liver, muscle, spleen, and joint presumably through the blood
circulation (10). Chikungunya virus is able to replicate in the human adherent cells such as epithelial cell,
endothelial cells, fibroblast, dendritic cells and macrophage. The infected cells are death via apoptosis
pathway (7, 9, 11, 12). When chikungunya pathogenesis has occurred, the host immune response is
responded to control the amount and activity of virus using both innate and adaptive immunity. Various
pathways are involved in antiviral defense such as NK-cell, B cell, and T cell overresponses, apoptosis,

and high productions of cytokines, and inflammatory mechanism (3).



Cytokine levels in Chikungunya

There is a little evidence on pathology of CHIKV infection and immune responses. The cytokine
expression patterns have reported. Proinflammatory cytokines such as IL-6, interleukin-8 (IL-8), monocyte
chemoattractant protein-1 (MCP-1) were elevated in the CHIKV infection patients. Moreover, IL-6 and
MCP-1 in plasma are reliable as biomarkers of high viral load in the patients (13). The production of
inflammatory cytokine profile is different in each stage of infection. Interferon-o. (IFN-a.), interleukin-1
receptor (IL-1R), and IL-6 levels were increased in acute phase. On the other hand, the concentration of
IL-17 became prominent expressed during chronic phase (14). The similar result was done by
Chirathaworn C et al. They found that IL-6 and MCP-1 concentrations were stimulated in acute phase
patients and were then decreased after the disease developed to the recovery stage (15). Kelvin A A
and his colleague had concentrate on chikungunya disease progression. They found that IL-6, chemokine
(C-X-C motif) ligand 10 (CXCL10), and MCP-1 were high concentration in acute phase patients compared
to follow up samples. Additionally, IL-1R, tumor necrosis factor-a (TNF-a), IL-12, IFN-y levels were low
during acute phase and were high at later time point (16). The expressions of cytokines studied in
Thailand were shown that increased concentrations of IL-6 and MCP-1 with reduced concentration of IL-
8 may be an indicator of severe chikungunya virus infection (17). All mention above imply that
inflammatory cytokine production, which is one of the host immune response to viral defense, is important

in pathogenic mechanism during CHIKV infection.

IFN-a is one of the members in type | interferon have been well regarded as antiviral cytokine
(18). IFN-o. is associated with pathology of CHIKV infection. Previous studies suggested that the
concentration of IFN-o. was early determined and correlated with viral load in acute CHIKV infection (3,
19). Moreover, based on both human and animal experiment, IFN-o. was triggered by CHIKV infected
nonhematopoietic cells especially fibroblast (20). CXCL-10 or interferon gamma inducible protein-10 (IP-
10) plays roles in chemotactic, regulate cell growth and proliferation, angiogenesis in infectious disorder,
and inflammation. CXCL-10 is capable of both prevent and stimulate infection. For example, CXCL-10
have a protective effect on coronavirus-induced severe acute respiratory syndrome (SARS), while it
promotes the HIV infection by stimulate viral replication (21). Elevated CXCL-10 concentration was shown
in acute phase CHIKV infection and gradually then decreased in follow up samples (14, 16). There is a
model described the coordinate function between IFN-o and CXCL-10. Entry of virus into the body
induces the viral elimination cascade starting with IFN-o stimulated the production of CXCL-10 (innate

stimuli). Then innate stimuli moves to adaptive stimuli (such as IFN-y, cytotoxic T cell) leading to viral



clearance. However, difference virus species have distinguished antiviral pathway. Therefore, the

collaboration of IFN-a. and CXCL-10 need to shed light on pathology of CHIKV infection (22).

According to inflammation in pathogenesis of CHIKV infection, a closely associated process is
angiogenesis. Angiogenesis tends to prolong and intensity the inflammation. In inflammation, the
elevating cell proliferation at affected site leading to hypoxic and hypoxia is a potential signal to promote
angiogenesis (4, 23). Imhof B A et al. has reviewed the codependence of angiogenesis and inflammation.
For instance, angiopoietin-2, a regulator of blood vessel formation, can prompt upregulation of
inflammation. They explain the two processes mechanism that pathogen entering the host body induces
secretion of cytokine/chemokine which stimulate recruitment of immune cells and endothelial cells. These
cells move to the pathogenic site via blood circulation and lead to inflammation (24). Although there are
some evidences on cytokine/chemokine concentration in CHIKV infection, no report in the expression of

angiogenic cytokine profile has been studied.

Therefore, we will focus on the angiogenic cytokine and inflammatory mediator expressions in
acute chikungunya virus infection in the South of Thailand. Moreover, there is over 10 years that CHIKV
infection has been disappeared from Thailand and the new outbreak of CHIKV infection was found in the
South of Thailand in 2018 to 2019. Hence, we also concentrate on the genetically of the chikungunya

virus.
Objectives

1) To investigate the levels of angiogenesis and inflammatory cytokine in acute

chikungunya patients

2) To assess the association between angiogenesis and inflammatory cytokine in acute

chikungunya compared with controls

3) To perform the molecular characteristic of chikungunya virus outbreaked in the

Southern Thailand



Methodology
Patients and Sample collection

Eighty five participants in Narathiwat province, located in the South of Thailand, were enrolled
into the study for cytokine level assessment. All subjects lives in the closely area including in
neighborhood or in family. Seventy-one suspected patients infected with CHIKV who have fever, joint
pain, rash, myalgia, conjunctival redness, and headache were recruited in chikungunya group. Moreover,
there were 14 control volunteers who have negative for chikungunya confirmation test (negative for
CHIKV RNA and IgM). The CHIKV infection was confirmed by detection of CHIKV specific IgM antibodies
using an ELISA and/or CHIKV RNA by reverse transcriptase-polymerase chain reaction (RT-PCR). Data
on demographic characteristic was obtained from questionnaire. Blood samples (3—5ml of blood) were
collected from the 85 subjects, serum was separated and stored in aliquots at -70°C until all tests
analysis. Furthermore, when the new outbreak of CHIKV in 2018-2019 was occur, we collected another
group of samples for chikungunya molecular characteristic evaluation from 127 CHIKV suspected patients
went to the hospital in Satun province. Serum was separated and performed DNA extraction and CHIKV

antibody detection.
Multiplex Microbead Immunoassay for Cytokine

The concentrations of nine angiogenic cytokines including granulocyte-colony stimulating factor
(G-CSF), hepatocyte growth factor (HGF), platelet endothelial cell adhesion molecule-1 (PECAM-1),
leptin, vascular endothelia growth factor (VEGF), platelet derived growth factor-BB (PDGF-BB),
angiopoietin-2, follistatin, and interleukin-8 (IL-8) will determined in the serum samples using Bio-plex pro
human angiogenesis 9-plex assay kit (Bio-rad) according to manufacturer’s instruction. Results were
analyzed using the Bioplex® 200 system instrument (Bio-rad), with Bioplex manager™ software, based

on standard curves plotted through a 5-parameter logistic curve setting.

ELISA for Inflammatory mediator detection

The CXCL-10 and IFN-CL levels in all subjects were assessed by Duoset CXCL10 ELISA kit and
VeriKine human interferon alpha multi-subtype serum ELISA kit, respectively followed by protocol’s

recommendation.



Viral RNA extraction

The viral RNA was extracted from the patient's serum using Ribospin™ VvRD Il viral RNA

purification kit (Geneall, Korea). The 100 LI of serum was added to the mini spin column and went on

the process followed by the manufacturer’s procedure.

Real time reverse transcriptase-polymerase chain reaction (real time RT-PCR) for CHIKV

RNA detection

The CHIKV RNA was amplified using the QuantiTect Probe RT-PCR kit (Qiagen, Germany) as

previously described (25). The five microliter of RNA virus was mixed with the mastermix buffer and
specific primers for CHIKV. The thermal cycler was set as 50°C for 30 min and 95°C for 15 min, followed

by 45 cycles of 95°C for 15 s and 60°C for 1 min.
CHIKV E1 amplification

CHIKV positive sample were converted into cDNA by ImProm Il Reverse Transcription System
(Promega, Madison, WI, USA). E1 gene was partially amplified using nested-PCR as previously report

(26). The 485 bp of E1 amplicon was sent to sequencing by Sanger method.
Phylogenetic analysis

We analysed the CHIKV sequence to establish genetic relationship among the CHIKV strains
using BLAST (http://blast.ncbi.nim.nih.gov). Sequences were aligned using the BioEdit program v7.2.5
(http:// www.mbio.ncsu.edu/bioedit/bioedit. html). Phylogenetic analysis was created by using the

maximum likelihood method implemented in MEGAS5.
Statistical analysis

Statistical analysis was analyzed using the Statistical Package for the Social Sciences (SPSS)
software, version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Independent samples Mann-Whitney
U test used to compare the means of two independent groups (CHIKV and control groups). In addition,
the independent samples Kruskal-Wallis test was conducted to determine the different of cytokine levels
in 4 groups: control, viremia, IgM positive, and both viremia + IgM. Data were expressed as median +
standard error of the mean (SEM). P values<0.05 will be considered to be statistically significant for

differences and correlations.



Result
Part I: Angiogenic and inflammatory cytokine evaluation

The multiplex angiogenic and inflammatory cytokines such as CXCL-10, IFN-OL GCSF,
PECAM, HGF, VEGF, Leptin, PDGF, Angiopoietin, Follistatin, and IL-8 levels were investigated
in aged-match acute CHIKV infection patients and normal controls. The mean age of patient and
control were 59.8 + 13 years old and 52.0 £ 20 years old, respectively. We classified the patients
into 3 groups including 18 viremia (CHIVK viral RNA positive), 48 CHIKV IgM antibody positive
and 5 both viremia and IgM expression. The levels of almost 11 cytokines were not significant
difference when compare between CHIKV patients and controls except the leptin concentration.

The significantly decreased leptin level was found in CHIKV group (P = 0.44) showed in Table1.

Table 1 Angiogenic and inflammatory cytokine levels in CHIKV patient and control groups

Cytokines CHIKV Control
P-value
(pg/mli) Median IQR (Q1 - Q3) Median IQR (Q1 - Q3)
CXCL-10 376.83 | 21350 - 101017 | 965.17 166.00 - 1858.92 | 0.648
IEN-OL 19.08 18.00 - 21.69 21.85 18.12 - 31.74 0.253
GCSF 2.98 143 - 4.05 4.89 2.10 - 8.20 0.110
PECAM 124263 | 855.52-1784.88 | 1263.83 | 830.08 - 1529.18 | 0.804
HGF 169.22 | 98.54 - 227.70 194.14 87.14 - 339.72 0.767
VEGF 51.37 26.96 - 85.80 32.11 13.85 - 71.95 0.100
Leptin 81566 | 300.66 - 1698.11 | 2296.57 1091.26 - 4197.45 | 0.044*
PDGF 92327 | 474.04-1577.10 | 791.48 474.58 - 1689.06 | 0.767
Angiopoietin | 198.23 147.09 - 291.46 218.92 155.34 - 346.10 0.362
Follistatin 28.44 21.05 - 53.75 21.39 14.12 - 31.78 0.072
IL-8 133.59 | 45.87 - 265.09 95.75 45.58 - 335.09 0.915

* indicated the significant different between CHIKV patients and controls



Additionally, we stratified the patients into 3 groups: viremia, CHIKV IgM positive, and
both. The concentration of CXCL-10 was highest in viremia group followed by CHIKV IgM positive
and both (P = 0.44). However, the other cytokine levels were not significantly different when

compared between groups. The data was shown in Figure 1.
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Figure 1 The levels of inflammatory and angiogenic cytokines in controls and CHIKV

patients classified into viremia, IgM, and both viremia and IgM



Part 2: Genetically analysis of chikungunya virus

The 127 samples of patients who suspected chikungunya viral infection during 2018-2019 were
determined the viral RNA infection. Twenty one samples were positive with real time PCR detection and
nucleotide sequences from 15 patients with high viral load were submitted to the GenBank database
under the accession numbers MK061363-MK061377. Moreover, phylogenetic analysis showed that the
ECSA (East/ Central/ South/ Africa) lineage were identified in this study. The data was showed in Figure
2.
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Figure 2 Phylogenetic analysis of the partial E1 gene sequences of CHIKV. Strains identified in this study
were compared to the global CHIKV sequences available from GenBank. Black circles represent CHIKV

strains from this study



Discussion

The prevalence of CHIKV infection in Thailand was disappear over 10 years. However, the new outbreak
was established during 2018 to 2019. In this time, we found that the strain of virus was identified as
ECSA lineage. It was similar to the more recent strains identified from previous study (26, 27). The
prevalence data from our study revealed the existence of chikungunya virus in the country and it may be
important to CHIKV surveillance consideration and start CHIKV activity to prevent the outbreak in the

future.

The pathophysiology of CHIKV associated with angiogenic and inflammatory processes have been small
documented. Some previous studies have been reported the immune response in CHIKV infection
revealed the associations of a lot of cytokines, chemokines, and growth factors in those patients either
increase or decrease expression ways (14, 28). This indicated that the inflammatory and angiogenesis
are involved in pathogenesis of acute CHIKV infection. Deregulation of innate immune response including
inflammation may play a role in clinical signs of CHIKV infection. Our results found the level of leptin,
which is one of the inflammatory cytokines, was significant decreased in acute chikungunya patients
when compared with control. Additionally, subgroup CHIKV infection classification as viremia, IgM, and
both analysis demonstrated the concentration of CXCL-10 was highest in viremia group and gradually
decreased in IgM and both, respectively. Otherwise, angiogenic mediators were found no significant

difference between CHIKV and control groups.

Leptin, a regulator of both innate and adaptive immunity, functions as pro-inflammatory cytokine and
angiogenesis. Previous study indicated that leptin deficiency leaded to increase susceptibility to
intracellular infection such as HIV, influenza, and respiratory syncytial virus (29). However, there had
been no report of the concentration of leptin in chikungunya infection; our data was the first documented.
Reduced leptin level may contribute to decrease other inflammatory cytokine or T cell function in order

to lost of immune response to CHIKV infection (29).

CXCL-10 is the chemokine associated with pro-inflammatory pathway. This chemokine was promoted by

interferon Y which response to viral infection. Our result showed the highest CXCL-10 level in viremia
which is the most severity stage in this study. The concentration of CXCL-10 was reduced after immune
response (IgM production). The data was correlated with the report from Kelvin AA et al. (16) that CXCL-
10 were associated with the severity of CHIKV disease manifestation. On the contrary, the CXCL-10
level was elevated in CHIKV infected patient group compared with healthy control (13). Unchangeable

of various angiogenic cytokines in this study when compared between CHIKV and controls might be non-



severe tissue damage in the CHIKV patients. There was the result from Ng LF et al. illustrated the
elevated levels of HGF and VEGF in CHIKV patient may reflect a physiological response to tissue
destruction resulting from viral infection (30). Moreover, the different patient groups have reported
different patterns of inflammatory mediators, indicating these mediators may differ according to the
genetic variation of population leading to the contrast of our result to other previous reports. Other reason
may explained the small sample size in each group and all subjects in control group had negative for
CHIKV test but some have symptoms such as joint pain without CHIKV. Therefore, they might not be an

ideal control group.

In conclusion, epidemic CHIKV in Thailand will be important to consideration CHIVK surveillance effort
and track CHIVK activity. In field of pathology of chikungunya infection, the immune response developed
at the beginning of CHIKV infection, therefore helping in the discovery of acute phase biological marker

for the diagnosis and monitoring the treatment of this emergent chikungunya viral infection disease.
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