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The immunopathogenesis of chikungunya virus (CHIKV) infection and the role of acute-
phase immune response on joint pain persistence is not fully understood. We investigated
the profile of serum chemokine and cytokine in CHIKV-infected patients with acute
disease, compared the levels of these biomarkers to those of patients with other acute
febrile diseases (OAFD) and healthy controls (HC), and evaluated their role as predictors of
chronic arthralgia development. Chemokines and cytokines were measured by flow
Cytometric Bead Array. Patients with CHIKV infection were further categorized
according to duration of arthralgia (< 3 months vs >3 months), presence of anti-CHIKV
IgM at acute-phase sample, and number of days of symptoms at sample collection (1 vs
2-3 vs >4). Patients with acute CHIKV infection had significantly higher levels of CXCLS,
CCL2, CXCL9, CCL5, CXCL10, IL-1B, IL-6, IL-12, and IL-10 as compared to HC. CCL2,
CCL5, and CXCL10 levels were also significantly higher in patients with CHIKV infection
compared to patients with OAFD. Patients whose arthralgia lasted > 3 months had
increased CXCLS8 levels compared to patients whose arthralgia did not (p<0.05).
Multivariable analyses further indicated that high levels of CXCL8 and female sex were
associated with arthralgia lasting >3 months. Patients with chikungunya and OAFD had
similar cytokine kinetics for IL-1p, IL-12, TNF, IFN-y, IL-2, and IL-4, although the levels
were lower for CHIKV patients. This study suggests that chemokines may have an
important role in the immunopathogenesis of chronic chikungunya-related arthralgia.
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INTRODUCTION

In the last decade, chikungunya virus (CHIKV) has caused several
outbreaks worldwide and became a serious public health issue in the
South and Central Americas, mainly in Brazil (1, 2). The first
autochthonous cases of CHIKV infection in Brazil were reported in
September 2014, in the city of Oiapoque, and in the city of Feira de
Santana, States of Amapa and Bahia, respectively (3-5).
Retrospectively, we found that the virus was also circulating in
Salvador, the capital of Bahia, in September 2014 (6).

Acute CHIKV infection in humans may cause mild to
moderate febrile disease, which is typically accompanied by
rash, headache, myalgia, and intense polyarthralgia. Although
most of the patients have a self-limited disease course, some
individuals can progress to a chronic phase, characterized by
continuous of recurring polyarthralgia that may last from
months to years (7). Chronic arthralgia post-CHIKV infection
also can lead to limitation of movements, incapacity for work,
and even depression, directly affecting household incomes and
representing a significant disease burden for affected populations
(8-10). Therefore, it is necessary to elucidate the mechanisms
that lead to chronic articular pain in some patients with
chikungunya in order to prevent this complication.

Studies to determine the mechanisms of arthropathy
associated with CHIKV infection have highlighted the role of
the immune system in the pathogenesis of the disease (11). It has
been described that a robust cytokine innate immune response
can control CHIKV infection and protect against chronic
arthropathy (12, 13). In contrast, pro-inflammatory cytokines
seems to serve as biomarkers of persistent arthralgia (14, 15).

The aim of this study was to describe chemokine and cytokine
profile during the acute phase of CHIKV infection, characterize
the kinetics of serum chemokines and cytokines during acute
disease, and evaluate whether specific serum biomarkers can
predict the risk of development of chronic arthralgia.

MATERIALS AND METHODS
Patients and Study Design

This study was carried out as part of an enhanced surveillance
investigation designed to monitor arboviral infections among
acute febrile patients at an emergency health center in Salvador,
Brazil, between September 2014 and July 2016. The surveillance
was previously described (6, 16). Briefly, a study team enrolled
patients with at least 6 months of age, with residence in Salvador,
and with reported or measured fever of <7 days of duration at the
date of attendance. We performed blood collection and
interviewed the patients to obtain demographic, epidemiological,
and clinical data. All interviews were entered into a Research
Electronic Data Capture (REDCap) digital database (17). Acute-
phase (<7 days after symptoms onset) and convalescent-phase
(15-40 days after symptoms onset) blood samples were collected,
centrifuged and sera were frozen at -80°C and -20°C until
molecular and serological analyses, respectively. Between
November 2016 and March 2017, telephone follow-up was
performed for all patients who had laboratory evidence of

CHIKYV infection to obtain self-reported data on disease
resolution or progression and on duration of arthralgia (10).

Molecular diagnosis of CHIKV was carried by conventional
RT-PCR according to specific protocols (18-20). The viral RN A was
extracted from the patients’ samples using Maxwell® 16 Viral Total
Nucleic Acid Purification Kit (Promega, Madison, USA) or
QIAmp® Viral RNA mini kit (Qiagen, Hilden, Germany) assays
according to the manufacturer’s specifications. Detection of specific
anti-CHIKV IgM antibodies was performed using the CHIKjj
Detect '™ IgM ELISA kits (InBios International, Seattle, USA).

The enhanced surveillance enrolled 948 acute febrile illness
patients with at least 1 sample available for laboratory testing.
Amongst them, 265 (28%) had molecular or serological evidence
of CHIKYV infection. Of the 683 CHIKV negative patients, 115
(17%) were positive for dengue virus (DENV) (102 patients) or
Zika virus (ZIKV) (13 patients) by conventional RT-PCR
(protocols of Lanciotti et al., 1992 and Balm et al., 2012), or by
detection of DENV IgM antibody (Dengue IgM Capture ELISA,
Panbio Diagnostics, Brisbane, Australia) or DENV NS1 antigen
(Dengue Early ELISA kit, Panbio Diagnostics, Brisbane,
Australia). The remaining 568 (83%) patients did not have any
laboratory evidence for CHIKV, DENV or ZIKV infection and
thus were deemed to have other acute febrile diseases (OAFD) of
non-arboviral etiology.

Chemokines and cytokines were measured in -80°C acute-
phase serum samples from 253 of the 265 patients with
laboratory evidence of CHIKV infection; 12 patients were not
tested due to the insufficient volume of serum. These 253
chikungunya patients were further categorized into subgroups
according to: i) method of chikungunya diagnosis (solely based
on IgM detection on acute-phase sample (n=81) vs based on RT-
PCR on acute-phase sample or by IgM seroconversion between
paired samples (n=172); ii) number of days post symptoms onset
(DPSO) at the enrollment and collection of acute-phase blood (1
DPSO (n=109), vs 2-3 DPSO (n=83), vs > 4 DPSO (n=61)); and
iii) duration of the arthralgia (<3 months (n=84) vs >3 months,
which was used to define patients with chronic arthralgia (n=62);
follow-up was not attained for 107 patients).

Chemokine and cytokine levels from patients with CHIKV
infection were compared with those from two control groups.
The first comparison group consisted of patients randomly
selected from those enrolled by the enhanced surveillance
study, whose results for CHIKV, DENV and ZIKV were
negative, and whose acute-phase sera were available at -80°C
(defined as patients with OAFD; n=81). The second comparison
group comprised healthy controls (HC) (n=15). Samples from
HC subjects were negative by CHIKV qRT-PCR Assay (21),
DENYV IgM ELISA (Panbio Diagnostics, Brisbane, Australia) and
CHIKV IgM and IgG ELISA (Euroimmun, Lubeck, Germany).

This study was approved by the Research Ethics Committee
of Gongalo Moniz Research Center, Oswaldo Cruz Foundation,
Salvador, Brazil (CAAE: 90874818.5.0000.0040).

Serum Biomarkers Measurement

Serum cytokines and chemokines levels were measured by flow
cytometry, using commercially available BD Cytometric Bead
ArrayTM (CBA) kits. Human Thl, Th2, Th17, Human
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Inflammatory Cytokine and Human Chemokine (BD
Biosciences, San Diego, CA, USA) kits were used according to
the manufacturer’s instructions using BD FACSArrayTM
equipment (BD Biosciences, San Jose, CA, USA). A total of 14
serum biomarkers where analyzed: CXCL8, CXCL9, CCL2,
CCL5, CXCL10, IL-1f, IL-6, IL-12, TNF, INF-y, IL-17, IL-2,
IL-4 and IL-10. Data were analyzed using FCAP Array version
3.0 (BD Biosciences, USA) and the results were expressed in
pg/mL for chemokines and in mean fluorescence intensity (MFI)
for cytokines due to their low limit of detection in the CBA tests.

Statistical Analysis

One-way ANOVA followed by Tuckey test or Kruskal Wallis
followed by Dunns Test were used for multiple comparisons
amongst subgroups. Student t-Test or Mann-Whitney Test were
used for comparison between two groups. Chi-square test was
used for comparative analysis of categorical variables. In all cases,
statistically significant differences were set at P <0.05.

Among patients who had information for duration of
arthralgia, additional comparisons of chemokines and cytokines
concentrations were performed using bivariate Poisson regression
models. Biomarkers presenting P value <0.20 and variables for
clinical characteristics presumed to influence arthralgia duration,
such as age, gender, or the biomarker level, such as days of
symptoms at sample collection, were entered into a backward
multivariable Poisson regression model. Results were expressed as
risk ratios (RR) for arthralgia lasting > 3 months and 95%
Confidence Intervals (95% CI). The final model retained
variables associated with duration of arthralgia (P <0.05).

Data were analyzed using GraphPad Prism version 5.0
(GraphPad Software Inc., San Diego, CA) and STATA software
version 13 (StataCorp LP, College Station, TX, USA). Graphics
were prepared using GraphPad Prism version 5.0 (GraphPad
Software Inc., San Diego, CA) and Excel 2007 for Windows
(Microsoft, USA).

RESULTS

Participants’ Characteristics

No statistically significant difference in age median or sex was
observed between patients with chikungunya and patients with
OAFD. However, comparing the frequency of individuals by age
categories, we found that patients with OAFD had more similar
proportion of cases by age groups, while patients with chikungunya
had a higher frequency of young and adult individuals (15 to 44
years) (Table 1). Patients with chikungunya had significantly higher
frequencies of myalgia, arthralgia (including polyarthralgia and
symmetric arthralgia), and swollen joints in the acute phase of the
disease (P <0.05). Conversely, patients with OAFD had higher
frequencies of cough and sore throat (P <0.05). In addition, patients
with OAFD had longer duration of symptoms when presenting for
initial care (median: 3 days; interquartile range (IQR): 2-4)
compared to patients with chikungunya (median: 2 days; IQR: 1-
3) (P <0.05). Of the 81 patients with OAFD, 37 (45%) had a clinical
suspicion recorded in the medical chart. The most common

suspicions were arboviral infection (14; 17%), unspecified viral
infection (11; 14%), and respiratory infections (9; 11%).

Patients with chikungunya that developed chronic arthralgia
were older at the acute-phase of the disease (median: 39 years;
IQR 32-49) than those that did not (median age 32.5 years; IQR:
21-42) (P <0.01) and most were women (68% vs 42%,
respectively, P <0.01) (Table 1). In addition, patients with
chronic arthralgia had significantly higher frequency of swollen
joints, arthralgia (symmetric and polyarticular) at the acute
phase of chikungunya compared to those that recovered from
arthralgia in <3 months. Chikungunya patients diagnosed by
detection of anti-CHIKV IgM antibodies in the acute-phase
serum had a higher interval between symptoms onset and
medical care (median: 4 days; IQR: 2-6) compared to patients
diagnosed by RT-PCR or IgM seroconversion (median: 1 day;
IQR: 1-3) (P <0.05) (Supplementary Table 1). Additionally, the
group of patients diagnosed by detection of CHIKV IgM
antibodies in the acute-phase serum more frequently had rash,
cough, sore throat, and diarrhea, but less frequently had
arthralgia (P <0.05).

Chemokines and Cytokines Profile in
Patients With Acute Chikungunya

Compared to the HC group, patients with chikungunya had
significantly higher levels for most chemokines and cytokines
evaluated, except for TNF (for which no difference was observed)
and IFN-y, IL-17, IL-2, and IL-4 (for which levels were
significantly lower than that for HC) (Figure 1). Compared to
patients with OAFD, patients with chikungunya had statistically
higher levels of chemokines CCL2, CCL5, and CXCL10 and
statistically lower levels of CXCL9, IL-1fB, IL-12, TNF, IFN-y,
IL-17, IL-2, and IL-4.

Chemokines and Cytokines Profile
According to Subgroups of Patients

With Acute Chikungunya

Levels of CXCL8 were significantly higher in patients with
chikungunya whose arthralgia lasted >3 months compared to
those whose arthralgia lasted <3 months (Figure 2). Levels for all
the other chemokines and cytokines did not significantly differ
between these groups. Bivariate Poisson regression analysis
found that age, female sex, days of symptoms, higher levels of
CXCLS, IL-6 and lower levels of TNF were associated with
arthralgia lasting >3 months (Table 2). However, only CXCL8
(RR=1.04; 95% CI: 1.01-1.08) and female sex (RR=3.24; 95% CI:
1.51-6.94) remained associated with chronic arthralgia in a
multivariable Poisson regression model that retained
adjustment for age and days of symptoms at acute-phase
sample collection (Table 2).

Compared to the subgroup of patients with CHIKV IgM
antibodies detected at the acute-phase serum, the subgroup of
patients with diagnosis by RT-PCR or IgM seroconversion had
significantly higher levels of CXCL8, CCL2, CXCL10, and IL-6
(Supplementary Figure 1). In contrast, they had significantly
lower levels of IFN-y, IL-2, and IL-4. Because of this difference,
we performed subgroup analysis on the 100 chikungunya
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TABLE 1 | Acute-phase clinical characteristics of patients with chikungunya virus (CHIKV) infection compared to that of patients with other acute febrile diseases
(OAFD), and according to duration of arthralgia after CHIKV infection, Salvador, Brazil, 2014-2016.

Characteristics

CHIKD (n = 253) OAFD (n = 81)

% (numerator/denominator) or Median (IQR)

Chikungunya and other acute febrile diseases P values Chikungunya cases according to duration of arthralgia *** P values

< 3 months (n = 84)

% (numerator/denominator) or Median (IQR)

> 3 months (n = 62)

Sex
Female 51 (128/253) 51 (41/81)
Male 49 (125/253) 49 (40/81)
Age, in years 34 (22 - 44) 30 (14 - 50)
<15 12 (30/253) 7 (22/81)
>15 and <29 30 (77/253) 2 (18/81)
>30 and <44 33 (82/253) 7 (14/81)
>45 and <59 16 (40/253) 5 (20/81)
>60 9 (23/253) 9 (7/81)
Days post symptoms onset 2(1-3) 3 (2-4)
Myalgia 92 (234/253) 3 (67/81)
Arthralgia 88 (224/253) (51/81)
Polyarthralgia* 81 (205/253) 49 (40/81)
Symmetric Arthralgia*™ 82 (207/253) 8 (47/81)
Headache 92 (234/253) 94 (76/81)
Retro-orbital pain 0 (176/252) 1 (57/80)
Swollen Joints 41 (105/253) (1 1/81)
Rash 32 (81/2593) 3 (27/81)
Conjunctival Hyperemia 8 (98/204) (1 4/40)
Cough 34 (89/253) 62 (51/81)
Sore throat 7 (69/253) 4 (44/81)
Diarrhea 7 (44/253) 6 (21/81)
Nausea/Vomiting 3 (69/253) 7 (21/80)

<0.01

0.99 <0.01

35 (35/84) 68 (42/62)

65 (49/84) 32 (20/62)
0.36 32 5 (21-42) 9 (32-49) <0.01
3(11/84) 5 (3/62) 0.03

33 (28/84) 6 (10/62)

30 (25/84) 44 (27/62)

14 (12/84) 9 (12/62)

10 (8/84) 6 (10/62)
<0.01 2(1-3) 2 (1-4) 0.22
0.02 90 (76/84) 93 (58/62) 0.50
<0.01 84 (71/84) 95 (59/62) 0.04
<0.01 76 (64/84) 90 (56/62) 0.02
<0.01 73 (62/84) 95 (59/62) <0.01
0.68 91 (77/84) 92 (57/62) 0.95
0.81 64 (54/84) 7 (48/62) 0.08
<0.01 28 (24/84) 58 (36/62) <0.01
0.85 24 (20/84) 38 (23/62) 0.07
0.13 56 (37/66) 50 (26/52) 0.51
<0.01 33 (28/84) 32 (20/62) 0.89
<0.01 26 (22/84) 24 (15/62) 0.78
0.09 12 (10/84) 22 (14/62) 0.08
0.60 18 (15/83) 26 (16/62) 0.26

CHIKD, patients with acute CHIKV infection detected by IgM ELISA and/or RT-PCR for CHIKV;
OAFD, patients with other acute febrile disease (negative by IgM ELISA and RT-PCR for CHIKV and DENV and negative by RT-PCR for ZIKV);

IQR, Interquartile range;
*> 1 joint involved;
**At least one pair of joints involved;

***Duration of arthralgia determined by telephone follow-up. Of the 253 patients with chikungunya, follow-up was completed and data on arthralgia duration obtained for 146 patients.

patients diagnosed by RT-PCR or IgM seroconversion who
completed follow-up (45 with arthralgia lasting >3 months and
55 with arthralgia lasting <3 months) and found that CXCLS8
(RR=1.01; 95% CI: 1.00-1.01) and IL-6 (RR=1.03; 95% CI: 1.00-
1.06) levels were associated with chronic arthralgia in bivariate
Poisson models.

Kinetic Profile of Chemokines and
Cytokines in Patients With Acute
Chikungunya

To describe the kinetic profile of chemokines and cytokines in
patients with chikungunya, we observed their mean levels
according to the interval between symptoms onset and blood
sample collection (1, 2-3, or > 4 DPSO), and compared these
levels with those observed of patients with OAFD (Figure 3). For
both chikungunya and OAFD patients, the mean levels of IL-1,
IL-12, TNF, IFN-y, IL-2 and IL-4 did not substantially fluctuate
during the evaluated period. However, patients with
chikungunya commonly had a lower magnitude of these
biomarkers than patients with OAFD (Figure 3). On the other
hand, patients with chikungunya presented a decreasing trend in
the levels of CXCL8, CCL2, CCL5, CXCL10, and IL-6 after 1 or
2-3 DPSO, but patients with OAFD did not follow this pattern.
Both patients with chikungunya and with OAFD had an
increasing trend in the levels of CXCL9 over time.

DISCUSSION

Our analysis of the serum biomarker profile of patients with
acute CHIKV infection showed increased levels of pro-
inflammatory Thl chemokines (CCL5, CCL2, CXCL10) and
reduced levels of IL-2, TNF and mediators of Th2 and
regulatory responses (IL-12, IL-4 and IL-10) compared to the
control group of patients with OAFD. We also found that
chikungunya patients who developed chronic arthralgia had
higher levels of CXCL8 in the acute phase of the disease
compared to those who did not, even after adjusting for age,
sex and number of days of symptoms at the time of sample
collection. This finding suggests that CXCL8 may have an
inflammatory role during the acute-phase of the disease, which
may contribute to the development of chronic arthralgia.

Intense arthralgia is one of the most striking features of
chikungunya and it may persist for several months (22). In this
study, 88% and 63% of the patients with chikungunya and with
OAFD, respectively, reported arthralgia during the acute phase
of the disease. In contrast, patients with OAFD had higher
frequencies of cough and sore throat, clinical manifestations
that suggest that they frequently had an influenza-like illnesses
(23). Patients with chikungunya also sought medical care earlier
than patients with OAFD, which may be due to the intensity of
pain caused by CHIKV infection.

Frontiers in Immunology | www.frontiersin.org

October 2021 | Volume 12 | Article 744183


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Jacob-Nascimento et al. CXCLS8 Levels in Chikungunya Patients

CXCL8 CCL2 CXCL9 .
600 30,000

-
104 300 3004 15,000 2,000
o olﬁ 0_- ol o

IL-6 |

47 7I
0- 0-
IL-17 IL-2 IL-4 IL-10

—

CCLs . CXCL10
4,

pg/mL

Serum Concentration
MFI

= Patients with
P Chikungunya

Patients
44 44 with OAFD
95% confidence
D interval for the
healthy control group
o 04

FIGURE 1 | Serum levels of chemokines and cytokines in patients with acute chikungunya virus (CHIKV) infection and other acute febrile diseases. A total of 14 soluble
biomarkers (CXCL8, CXCL9, CCL2, CCL5, CXCL10, IL-1B, IL-6, IL-12, TNF, INF-y, IL-17, IL-2, IL-4 and IL-10) were measured in serum samples from patients with acute
CHIKV infection and other acute febrile diseases (OAFD) as well as healthy controls (HC). Results are expressed in pg/mL for chemokines and in mean fluorescence
intensity for cytokines. Data are presented as mean values; the error bar around the means represent standard error of the mean. The gray lines represent the 95%
confidence intervals for the mean values obtained for the healthy controls. Statistically significant differences were identified by asterisks for comparisons with HC and by
asterisks above connecting lines for differences between patients with chikungunya and OAFD (*p < 0.05; **p < 0.005; **p < 0.001).
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for cytokines. Data are presented as mean values; the error bar around the means represent standard error of the mean. Statistically significant differences were
identified by asterisks above connecting lines for differences between patients with arthralgia lasting < 3 months and > 3 months after CHIKV infection ("p < 0.05).
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TABLE 2 | Predictors of chronic arthralgia among patients with chikungunya virus acute infection, Salvador, Brazil, 2014-2016.

Risk Ratio for arthralgia lasting > 3 months (95% CI)
Factor Bivariable model p values Multivariable model p values

Demographics and clinical characteristics

Female sex 3.01 (1.51-5.97) <0.01 3.24 (1.51-6.94) <0.01
Age 1.03 (1.00-1.05) <0.01 1.01 (0.99-1.04) 0.13
Days of symptoms 1.03 (1.01-1.05) <0.01 1.07 (0.97-1.19) 0.13
Serum chemokines and cytokines
CXCL8 1.01 (1.00-1.01) <0.01 1.04 (1.01-1.08) <0.01
CCL2 1.00 (0.99-1.00) 0.17 * *
CXCL9 1.00 (0.99-1.00) 0.81 * *
CCL5 0.99 (0.99-1.00) 0.36 * *
CXCL10 1.00 (0.99-1.00) 0.28 * *
IL-1B 0.86 (0.64-1.15) 0.31 * *
IL-6 1.03 (0.99-1.06) 0.03 * *
TNF 0.78 (0.61-0.91) 0.04 * *
IL-12 0.85 (0.66-1.10) 0.23 * *
IFN-y 1.01 (0.67-1.53) 0.92 * *
IL-17 0.86 (0.70-1.05) 0.14 * *
IL-4 0.93 (0.65-1.31) 0.67 * *
IL-10 0.98 (0.81-1.20) 0.91 * *
IL-2 0.95 (0.65-1.39) 0.82 * *

*Variables not entered or retained into the final Poisson multivariable model. The final model was initially built by inclusion of variables associated at P<0.20, followed by backward removal
of variables not associated at P<0.05, excepted by age and days of symptoms that were retained in the model for adjustment. Bold font indicates variables associated with chronic
arthralgia in the final model. Risk Ratio (RR) indicates increase in risk of chronic arthralgia per one unit increase in the exposure variable (which for chemokines are expressed in pg/mL and
for cytokines are expressed in median fluorescence intensity). Except for female sex, which is a categorical variable and the observed RR was estimated compared to men, all other
variables are quantitative.
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FIGURE 3 | Kinetic profile of serum chemokines and cytokines in patients with acute chikungunya virus (CHIKV) infection and other acute febrile diseases. A total of
14 soluble biomarkers (CXCL8, CXCL9, CCL2, CCL5, CXCL10, IL-1b, IL-6, IL-12, TNF, INF-g, IL-17, IL-2, IL-4 and IL-10) were measured in serum samples from
patients with chikungunya and patients with other acute febrile diseases (OAFD) at distinct times after symptoms onset (D1, D2-3 and D>4) as well as healthy
controls. Data are presented as mean values and significant differences at p<0.05 by "#" for differences between chikungunya and OAFD and letters “a” and “b” for
comparisons with D1 and D2-3, respectively. The results are expressed in pg/mL for chemokines and in mean fluorescence intensity for cytokines.
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It is possible that some of the differences in the clinical
manifestations observed between patients with acute chikungunya
and those with OAFD were due to a distinct profile of chemokines
and cytokines. Our analysis showed that patients with acute
chikungunya had significantly higher levels of the serum
chemokines CCL2, CCL5, and CXCL10 compared to patients
with OAFD. CCL2 is a potent monocyte-attracting chemokine
(24) and CCL5 greatly contributes to the recruitment of blood
monocytes, eosinophils, basophils, monocytes, effector memory T
cells, B cells, NK cells, and immature dendritic cells into
inflammation sites and high levels of both had been previously
described in patients with CHIKV infection (25).

We had previously reported that 42.5% of the 153
chikungunya patients detected during our surveillance for
acute febrile illness that were followed by telephone calls
developed chronic arthralgia that lasted >3 months (10). In
this subsample of 146 chikungunya patients that were followed
and had available sera for cytokine and chemokine testing, the
frequency of chronic arthralgia was exactly the same (42.5%).
This rate is within the rate of chronic joint manifestations after 3
months of CHIKV infection, which has been estimated at 43%
(95% CI, 35-52%) (26). Methodological issues, such as sample
size, duration of follow-up, the strategy used to determine the
outcome (by telephone or medical evaluation), and data
collection methods may partly explain the variability between
the results (27).

In this study, we found female sex as a risk factor for the
development of chronic arthralgia. Previous studies have found
similar findings (28-31). In general, females tend to develop a
greater proinflammatory response compared to males and,
resulting in sex-specific outcomes from infectious and
autoimmune diseases (32, 33). Greater proinflammatory response
observed in woman may cause more severe symptomatology in
CHIKYV infection in comparison with man (34).

In addition, we found that higher levels of CXCL8 in acute-
phase samples of chikungunya patients was significantly
associated with development of arthralgia that last >3 months.
This is consistent with other studies that reported an increase in
circulating levels of CXCL8 in patients with CHIKV infection
(35). This specific chemokine is secreted by activated
macrophages mainly during the innate immune response and
promotes the recruitment of neutrophils to the inflammatory site
(36). Reddy et al. (25) also found that chikungunya patients who
had chronic arthralgia had elevated levels of CXCL8 in the
second week after symptom onset. Several other studies have
reported elevated serum CXCL8 levels in the acute phase
compared to healthy controls (35, 37, 38), and an even greater
increase in levels of this chemokine in the chronic phase of the
disease compared to the acute phase (39). Furthermore, CXCL8
has also been detected in serum (40) and synovial fluid (14, 41) of
patients with chronic arthralgia after CHIKV infection. On the
other hand, some studies found that reduced levels of CXCL8
were associated with increased intensity of pain (42) and chronic
arthralgia (43). Yet, in this latest study, CXCL8 values were also
increased in the acute phase of the disease compared to healthy
controls. Many reasons can lead to differences between cytokine

and chemokine levels in patients from different studies. Results
may vary depending on study design, cohort size, disease stage,
number of days of symptoms at the time of sample collection,
genetic history, among others (44). However, the results found in
this study are in agreement with most studies that previously
performed this type of assessment.

Recent work showed that neutrophil extracellular traps
effectively control CHIKV infection in vitro human cells model
and in challenged mice, reinforcing that Th1 cells and mediators
early recruited to the infection site could be able to control
CHIKV replication and dissemination (45). It has also been
suggested that occurrence of joint pain and inflammation
following CHIKV infection may be associated with
dysregulation of the immune response in both the acute and
convalescent phases, with an increase in Thl pro-inflammatory
cytokines and decrease in Th2 effectors cytokines (14, 38), which
suggests that the Th1 response could either fight CHIKV infection
and resolve the symptoms or promote more inflammation and
pain. Therefore, it is important to note that the correlation
between joint inflammation and a state of systemic activation,
as demonstrated by the presence of inflammation markers in
plasma, such as chemokines and cytokines, remains uncertain. It
is not clear whether the chronic arthralgia resulting from CHIKV
infection is due to the viral presence in joints and tissues, whether
these events are due to the host’s immune response to infection or
even an association of these events. There may be other factors
that interfere with the virus-host interaction, such as genetic
background (e.g., polymorphism, human leukocyte antigen),
which can trigger and direct the immune response and,
consequently, influence the patient’s outcome.

As expected, patients who sought medical care later (median
4 days of symptoms) were confirmed by CHIKV IgM antibodies,
whereas patients that sought medical care earlier (median 1 day
of symptom) were confirmed by RT-PCR/IgM seroconversion.
Thus, patients diagnosed by RT-PCR or by IgM seroconversion
had levels of chemokines and cytokines compatible with those
observed for patients diagnosed earlier in the course of the acute
disease (in the first three days after the onset of symptoms); for
example, they had higher levels of IL-6, CXCL8, CCL2, CXCL10,
which are known to recruit Th1 cells levels. In contrast, patients
diagnosed by IgM detection on the acute-phase sample had
chemokines and cytokines levels compatible with those
observed for patients detected later on the course of the acute
disease, such as higher levels of IL-2 and IL-4.

Our study has some limitations. First, we cannot rule out that
some of our chikungunya patients diagnosed by the presence of
IgM in the acute-phase sample were actually seeking medical
care due to another disease and maintained the CHIKV IgM
from a previous infection. Our patients diagnosed by detection of
CHIKYV IgM in the acute-phase sample had higher frequencies of
rash, cough, sore throat, and diarrhea (P <0.05) compared to
those diagnosed by RT-PCR or IgM seroconversion, a profile
similar to that of patients with OAFD. Furthermore, a recent
study (46) showed that a small fraction of patients with
chikungunya can maintain detectable levels of CHIKV IgM
antibodies for long periods; 7 (12%) of 57 patients maintained
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detectable IgM antibodies after 15 months of follow-up. Other
authors had already reported similar findings regarding
persistence of CHIKV IgM, ranging from 13.2% (30/227) after
12-13 months to 76% (16/21) after 10 months (47, 48). Based on
this, they recommend that, whenever possible, the laboratory
diagnosis of CHIKYV infection should not rely only on serological
results, but rather be based on molecular biology tests that can
directly detect the presence of the virus. Although not all of our
chikungunya patients had a positive RT-PCR result, 68% of them
were diagnosed by RT-PCR or IgM seroconversion, indicating
that the majority undoubtedly had an acute infection. In addition,
subgroup bivariate analysis performed on the chikungunya cases
diagnosed by RT-PCR or IgM seroconversion confirmed that
CXCLS8 and IL-6 were positively associated with chronic arthralgia.

Second, we were not able to determine the etiological
diagnosis for the comparison group of patients with OAFD,
but all of them had the diagnosis of chikungunya, as well as
dengue and Zika, discarded, and their clinical picture suggest
that an acute respiratory illness was the most probable etiology
for them. Another limitation of our study includes the low
dosage levels of certain cytokines (CBA Human Thl, Th2,
Th17 and Inflammation), which led us to choose the use of
MF], instead of pg/mL, to present the results for them. Although
other studies have used this unit of measurement in cytokines
analysis, we acknowledge that this type of measurement may not
be ideal for evaluating biomarkers. Lastly, we detected
persistence of chronic arthralgia through telephone follow-up,
which prevented us from carrying out a detailed clinical
assessment. Thus, we cannot completely rule out the possibility
of patients’ misclassification.

Due to the spread of CHIKV and the occurrence of large
epidemics in all tropical and subtropical regions of the world, a
better understanding of the factors that influence the onset of
chronic arthralgia after infection is critical to guide the
development of preventive and therapeutical approaches
targeting chikungunya joint pain. Nevertheless, the precise
functional role of the immune response and its mediators in
CHIKV-infected individuals remains a challenge. This study
contributed to clarify the relationship between the initial immune
response after CHIKV infection and the clinical progression of the
disease. In addition, our findings highlighted that CXCL8 probably
plays a key role in the immunopathogenesis of chronic arthralgia.
However, the precise biological implication associated with the
CXCLS profile observed in our study remains to be elucidated and it
should be considered in future research on biomarkers, drug targets,
and therapeutic monitoring of chikungunya patients. Further
investigations into the immunopathogenesis of chikungunya and
to evaluate pharmacological and non-pharmacological approaches
aiming to improve the quality of life of patients with chikungunya
are needed.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

This study was reviewed and approved by the Ethics Research
Committee of the Gongalo Moniz Institute, Oswaldo Cruz
Foundation (CAAE 55904616.4.0000.0040). Before enrollment
into this study, all subjects 218 years provided written informed
consent and all subjects aged 7-17 years provided written informed
assent. Parents or legal guardians also provided written informed
consent for inclusion of patients <18 years of age.

AUTHOR CONTRIBUTIONS

Designing research study: GR, MR. Conducting experiments:
LJ-N, CC, LT, PM. Acquiring data: LJ-N, LT, PM, MK, MS, RA.
Analyzing data: LJ-N, JF, AC-A, OM-F. Advisory Medical
Committee: GR, MR. Writing the manuscript: LJ-N, GR, MR,
OM-F. Revising the manuscript: LJ-N, JE, AC-A, GR, MR, MP,
CC, MS, MK, RA, LT, GC, PM, OM-F. All authors contributed to
the article and approved the submitted version.

FUNDING

This work was supported by the Brazilian National Council for
Scientific and Technological Development under Grants 400830/
2013-2 and 440891/2016-7 to GR, and scholarships to LT, MR,
and GR; the Bahia Foundation for Research Support under
Grants PET0026/2013, PP0044/2016, and PET0022/2016 to
GR, and scholarship to MS; the Coordination for the
Improvement of Higher Education Personnel, Brazilian
Ministry of Education under grant 88881.130749/2016-01 to
GR; the Department of Science and Technology, Secretariat of
Science, Technology and Strategic Inputs, Brazilian Ministry of
Health; the Federal University of Bahia; the Oswaldo Cruz
Foundation; and the REPLICK (Clinical and Applied Research
in Chikungunya). OM-F is a research fellow from FAPEAM
(PVN-IL, PRO-ESTADO Program #005/2019). The funders had
no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

ACKNOWLEDGMENTS

The authors thank the technical staft who participated in data
collection and sample processing, Renan Rosa for his assistance
with data management, the Sdo Marcos Health Unit staff for
providing health assistance to the patients, and the patients for
their participation in the study. The authors thank the program
for technological development in tools for health-PDTIS-
FIOCRUZ for the use of its facilities. LJ-N thanks the
Coordination for the Improvement of Higher Education
Personnel (CAPES) for scholarship grant.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
744183 /full#supplementary-material

Frontiers in Immunology | www.frontiersin.org

October 2021 | Volume 12 | Article 744183


https://www.frontiersin.org/articles/10.3389/fimmu.2021.744183/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.744183/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Jacob-Nascimento et al.

CXCLS8 Levels in Chikungunya Patients

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Vairo F, Haider N, Kock R, Ntoumi F, Ippolito G, Zumla A. Chikungunya:
Epidemiology, Pathogenesis, Clinical Features, Management, and Prevention.
Infect Dis Clinics North America (2019) 33:1003-25. doi: 10.1016/
j.idc.2019.08.006

. Lourengo-de-Oliveira R, Failloux A-B. High Risk for Chikungunya Virus to

Initiate an Enzootic Sylvatic Cycle in the Tropical Americas. PloS Neglected
Trop Dis (2017) 11:e0005698. doi: 10.1371/journal.pntd.0005698

. BRASIL. Boletim Epidemiologico Secretaria De Vigilancia Em Saude -

Ministerio Da Satide (2014). Available at: http://portalarquivos2.saude.gov.
br/images/pdf/2015/maio/04/2015-016—Boletim-Dengue-SE15-2015.pdf
(Accessed May 4, 2019).

. Teixeira MG, Andrade AMS, Da Costa MCN, Castro JSM, Oliveira FLS,

Goes CSB, et al. East/central/South African Genotype Chikungunya Virus,
Brazil, 2014. Emerging Infect Dis (2015) 21:906-8. doi: 10.3201/
€id2105.141727

. Nunes MRT, Faria NR, de Vasconcelos JM, Golding N, Kraemer MUG,

de Oliveira LF, et al. Emergence and Potential for Spread of
Chikungunya Virus in Brazil. BMC Med (2015) 13:102. doi: 10.1186/
$12916-015-0348-x

. Silva MMO, Tauro LB, Kikuti M, Anjos RO, Santos VC, Gongalves TSF, et al.

Concomitant Transmission of Dengue, Chikungunya, and Zika Viruses in
Brazil: Clinical and Epidemiological Findings From Surveillance for Acute
Febrile Illness. Clin Infect Dis: An Off Publ Infect Dis Soc America (2019)
69:1353-9. doi: 10.1093/cid/ciy1083

. McCarthy MK, Davenport BJJ, Morrison TE. Chronic Chikungunya Virus

Disease. Berlin, Heidelberg: Springer (2019) p. 1-26.

. Honorio NA, Camara DCP, Calvet GA, Brasil P. Chikungunya: Uma

Arbovirose Em Estabelecimento E Expansdo No Brasil. Cadernos Saiide
Piiblica (2015) 31:906-8. doi: 10.1590/0102-311XPE020515

. de Lima Martins HA, dos Santos CC, Ribeiro Ribas V, Sougey EB, Valenca

MM. Depression, Anxiety, and Hopelessness in Patients With Chikungunya
Fever in Brazil. | Neuroinfectious Dis (2016) 07:1-2. doi: 10.4172/2314-
7326.1000236

Silva MMO, Kikuti M, Anjos RO, Portilho MM, Santos VC, Gongalves TSF,
et al. Risk of Chronic Arthralgia and Impact of Pain on Daily Activities in a
Cohort of Patients With Chikungunya Virus Infection From Brazil. Int ] Infect
Dis (2021) 105:608-16. doi: 10.1016/}.ijid.2021.03.003

Mostafavi H, Abeyratne E, Zaid A, Taylor A, Mostafavi H, Abeyratne E, et al.
Arthritogenic Alphavirus-Induced Immunopathology and Targeting Host
Inflammation as A Therapeutic Strategy for Alphaviral Disease. Viruses
(2019) 11:290. doi: 10.3390/v11030290

Carpentier KS, Morrison TE. Innate Immune Control of Alphavirus Infection.
Curr Opin Virol (2018) 28:53-60. doi: 10.1016/j.coviro.2017.11.006
Simarmata D, Ng DCE, Kam Y-W, Lee B, Sum MSH, Her Z, et al. Early
Clearance of Chikungunya Virus in Children Is Associated With a Strong
Innate Immune Response. Sci Rep (2016) 6:26097. doi: 10.1038/srep26097
Hoarau JJ, Jaffar Bandjee MC, Krejbich Trotot P, Das T, Li-Pat-Yuen G, Dassa
B, et al. Persistent Chronic Inflammation and Infection by Chikungunya
Arthritogenic Alphavirus in Spite of a Robust Host Immune Response.
J Immunol (2010) 184:5914-27. doi: 10.4049/jimmunol.0900255

Teng T-S, Kam Y-W, Lee B, Hapuarachchi HC, Wimal A, Ng L-C, et al. A
Systematic Meta-Analysis of Immune Signatures in Patients With Acute
Chikungunya Virus Infection. J Infect Dis (2015) 211:1925-35. doi: 10.1093/
infdis/jiv049

Ribeiro GS, Kikuti M, Tauro LB, Nascimento LC]J, Cardoso CW, Campos GS,
et al. Does Immunity After Zika Virus Infection Cross-Protect Against
Dengue? Lancet Global Health (2018) 6:E140-1. doi: 10.1016/s2214-109x
(17)30496-5

Harris PA, Taylor R, Thielke R, Payne ], Gonzalez N, Conde JG. Research
Electronic Data Capture (REDCap)—A Metadata-Driven Methodology and
Workflow Process for Providing Translational Research Informatics Support.
J Biomed Inf (2009) 42:377-81. doi: 10.1016/].JB1.2008.08.010

Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV. Rapid
Detection and Typing of Dengue Viruses From Clinical Samples by Using
Reverse Transcriptase-Polymerase Chain Reaction. J Clin Microbiol (1992)
30:545-51. doi: 10.1128/jcm.30.3.545-551.1992

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Edwards CJ, Welch SR, Chamberlain J, Hewson R, Tolley H, Cane PA, et al.
Molecular Diagnosis and Analysis of Chikungunya Virus. J Clin Virol (2007)
39:271-5. doi: 10.1016/j.jcv.2007.05.008

Balm MND, Lee CK, Lee HK, Chiu L, Koay ESC, Tang JW. A Diagnostic
Polymerase Chain Reaction Assay for Zika Virus. ] Med Virol (2012) 84:1501—
5. doi: 10.1002/jmv.23241

Santiago GA, Vazquez J, Courtney S, Matias KY, Andersen LE, Colon C, et al.
Performance of the Trioplex Real-Time RT-PCR Assay for Detection of Zika,
Dengue, and Chikungunya Viruses. Nat Commun (2018) 9:1-10. doi: 10.1038/
541467-018-03772-1

Goupil BA, Mores CN. A Review of Chikungunya Virus-Induced Arthralgia:
Clinical Manifestations, Therapeutics, and Pathogenesis. Open Rheumatol ]
(2016) 10:129-40. doi: 10.2174/1874312901610010129

Oliveira CR, Costa GSR, Paploski IAD, Kikuti M, Kasper AM, Silva MMO,
et al. Influenza-Like Illness in an Urban Community of Salvador, Brazil:
Incidence, Seasonality and Risk Factors. BMC Infect Dis (2016) 16:1-10.
doi: 10.1186/s12879-016-1456-8

Yoshimura T. The Chemokine MCP-1 (CCL2) in the Host Interaction With
Cancer: A Foe or Ally? Cell Mol Immunol (2018) 15:335-45. doi: 10.1038/
cmi.2017.135

Reddy V, Mani RS, Desai A, Ravi V. Correlation of Plasma Viral Loads and
Presence of Chikungunya IgM Antibodies With Cytokine/Chemokine Levels
During Acute Chikungunya Virus Infection. ] Med Virol (2014) 86:1393-401.
doi: 10.1002/jmv.23875

Paixao ES, Rodrigues LC, Costa M da CN, Itaparica M, Barreto F, Gérardin P,
et al. Chikungunya Chronic Disease: A Systematic Review and Meta-Analysis.
Trans R Soc Trop Med Hygiene (2018) 112:301-16. doi: 10.1093/trstmh/try063
Marques CDL, Duarte ALBP, Ranzolin A, Dantas AT, Cavalcanti NG,
Gongalves RSG, et al. Recommendations of the Brazilian Society of
Rheumatology for Diagnosis and Treatment of Chikungunya Fever. Part 1
- Diagnosis and Special Situations. Rev Bras Reumatol (English Ed) (2017)
57:421-37. doi: 10.1016/j.rbre.2017.05.006

Van Aalst M, Nelen CM, Goorhuis A, Stijnis C, Grobusch MP. Long-Term
Sequelae of Chikungunya Virus Disease: A Systematic Review. Travel Med
Infect Dis (2017) 15:8-22. doi: 10.1016/].TMAID.2017.01.004

Win MK, Chow A, Dimatatac F, Go CJ, Leo YS. Chikungunya Fever in
Singapore: Acute Clinical and Laboratory Features, and Factors Associated
With Persistent Arthralgia. J Clin Virol (2010) 49:111-4. doi: 10.1016/
J.JCV.2010.07.004

Moro ML, Grilli E, Corvetta A, Silvi G, Angelini R, Mascella F, et al. Long-
Term Chikungunya Infection Clinical Manifestations After an Outbreak in
Italy: A Prognostic Cohort Study. J Infect (2012) 65:165-72. doi: 10.1016/
J.JINF.2012.04.005

Bonifay T, Lienne JF, Bago¢e C, Santa F, Vesin G, Walter G, et al. Prevalence
and Risk Factors of Post Chikungunya Rheumatic Musculoskeletal Disorders:
A Prospective Follow-Up Study in French Guiana. Eur ] Clin Microbiol Infect
Dis (2018) 37:2159-64. doi: 10.1007/S10096-018-3353-0

Klein SL, Flanagan KL. Sex Differences in Immune Responses. Nat Rev
Immunol 2016 16:10 (2016) 16:626-38. doi: 10.1038/nri.2016.90

vom S LG, Klein SL. SeXX Matters in Infectious Disease Pathogenesis. PloS
Pathog (2016) 12:1-6. doi: 10.1371/JOURNAL.PPAT.1005374
Delgado-Enciso I, Paz-Michel B, Melnikov V, Guzman-Esquivel ], Espinoza-
Gomez F, Soriano-Hernandez AD, et al. Smoking and Female Sex as Key Risk
Factors Associated With Severe Arthralgia in Acute and Chronic Phases of
Chikungunya Virus Infection. Exp Ther Med (2018) 15:2634-42. doi: 10.3892/
ETM.2017.5668

Tanabe ISB, Santos EC, Tanabe ELL, Souza SJM, Santos FEF, Taniele-Silva J,
et al. Cytokines and Chemokines Triggered by Chikungunya Virus Infection
in Human Patients During the Very Early Acute Phase. Trans R Soc Trop Med
Hygiene (2019) 113:730-3. doi: 10.1093/trstmh/trz065

Russo RC, Garcia CC, Teixeira MM, Amaral FA. The CXCL8/IL-8
Chemokine Family and its Receptors in Inflammatory Diseases. Expert Rev
Clin Immunol (2014) 10:593-619. doi: 10.1586/1744666X.2014.894886
Chirathaworn C, Poovorawan Y, Lertmaharit S, Wuttirattanakowit N.
Cytokine Levels in Patients With Chikungunya Virus Infection. Asian
Pacific ] Trop Med (2013) 6:631-4. doi: 10.1016/51995-7645(13)60108-X
Chow A, Her Z, Ong EKS, Chen J, Dimatatac F, Kwek DJC, et al. Persistent
Arthralgia Induced by Chikungunya Virus Infection Is Associated With

Frontiers in Immunology | www.frontiersin.org

October 2021 | Volume 12 | Article 744183


https://doi.org/10.1016/j.idc.2019.08.006
https://doi.org/10.1016/j.idc.2019.08.006
https://doi.org/10.1371/journal.pntd.0005698
http://portalarquivos2.saude.gov.br/images/pdf/2015/maio/04/2015-016&mdash;Boletim-Dengue-SE15-2015.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2015/maio/04/2015-016&mdash;Boletim-Dengue-SE15-2015.pdf
https://doi.org/10.3201/eid2105.141727
https://doi.org/10.3201/eid2105.141727
https://doi.org/10.1186/s12916-015-0348-x
https://doi.org/10.1186/s12916-015-0348-x
https://doi.org/10.1093/cid/ciy1083
https://doi.org/10.1590/0102-311XPE020515
https://doi.org/10.4172/2314-7326.1000236
https://doi.org/10.4172/2314-7326.1000236
https://doi.org/10.1016/j.ijid.2021.03.003
https://doi.org/10.3390/v11030290
https://doi.org/10.1016/j.coviro.2017.11.006
https://doi.org/10.1038/srep26097
https://doi.org/10.4049/jimmunol.0900255
https://doi.org/10.1093/infdis/jiv049
https://doi.org/10.1093/infdis/jiv049
https://doi.org/10.1016/s2214-109x(17)30496-5
https://doi.org/10.1016/s2214-109x(17)30496-5
https://doi.org/10.1016/J.JBI.2008.08.010
https://doi.org/10.1128/jcm.30.3.545-551.1992
https://doi.org/10.1016/j.jcv.2007.05.008
https://doi.org/10.1002/jmv.23241
https://doi.org/10.1038/s41467-018-03772-1
https://doi.org/10.1038/s41467-018-03772-1
https://doi.org/10.2174/1874312901610010129
https://doi.org/10.1186/s12879-016-1456-8
https://doi.org/10.1038/cmi.2017.135
https://doi.org/10.1038/cmi.2017.135
https://doi.org/10.1002/jmv.23875
https://doi.org/10.1093/trstmh/try063
https://doi.org/10.1016/j.rbre.2017.05.006
https://doi.org/10.1016/J.TMAID.2017.01.004
https://doi.org/10.1016/J.JCV.2010.07.004
https://doi.org/10.1016/J.JCV.2010.07.004
https://doi.org/10.1016/J.JINF.2012.04.005
https://doi.org/10.1016/J.JINF.2012.04.005
https://doi.org/10.1007/S10096-018-3353-0
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1371/JOURNAL.PPAT.1005374
https://doi.org/10.3892/ETM.2017.5668
https://doi.org/10.3892/ETM.2017.5668
https://doi.org/10.1093/trstmh/trz065
https://doi.org/10.1586/1744666X.2014.894886
https://doi.org/10.1016/S1995-7645(13)60108-X
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Jacob-Nascimento et al.

CXCLS8 Levels in Chikungunya Patients

39.

40.

41.

42.

43.

44.

45.

Interleukin-6 and Granulocyte Macrophage Colony-Stimulating Factor.
J Infect Dis (2011) 203:149-57. doi: 10.1093/infdis/jiq042

Chaaitanya IK, Muruganandam N, Sundaram SG, Kawalekar O, Sugunan AP,
Manimunda SP, et al. Role of Proinflammatory Cytokines and Chemokines in
Chronic Arthropathy in CHIKV Infection. Viral Immunol (2011) 24:265-71.
doi: 10.1089/VIM.2010.0123

Ninla-aesong P, Mitarnun W, Noipha K. Proinflammatory Cytokines and
Chemokines as Biomarkers of Persistent Arthralgia and Severe Disease After
Chikungunya Virus Infection: A 5-Year Follow-Up Study in Southern
Thailand. Viral Immunol (2019) 32:442-52. doi: 10.1089/VIM.2019.0064
Kaneko S, Satoh T, Chiba J, Ju C, Inoue K, Kagawa J. Interleukin-6 and
Interleukin-8 Levels in Serum and Synovial Fluid of Patients With
Osteoarthritis. Cytokines Cell Mol Ther (2000) 6:71-9. doi: 10.1080/
13684730050515796

Lohachanakul J, Phuklia W, Thannagith M, Thonsakulprasert T, Ubol S. High
Concentrations of Circulating Interleukin-6 and Monocyte Chemotactic
Protein-1 With Low Concentrations of Interleukin-8 Were Associated With
Severe Chikungunya Fever During the 2009-2010 Outbreak in Thailand.
Microbiol Immunol (2012) 56:134-8. doi: 10.1111/].1348-0421.2011.00417.X
Kelvin AA, Banner D, Silvi G, Moro ML, Spataro N, Gaibani P, et al.
Inflammatory Cytokine Expression Is Associated With Chikungunya Virus
Resolution and Symptom Severity. PloS Neglected Trop Dis (2011) 5:e1279.
doi: 10.1371/journal.pntd.0001279

Tanabe ISB, Tanabe ELL, Santos EC, Martins WV, Aratjo IMTC, Cavalcante
MCA, et al. Cellular and Molecular Immune Response to Chikungunya Virus
Infection. Front Cell Infect Microbiol (2018) 8:345. doi: 10.3389/fcimb.2018.00345
Hiroki CH, Toller-Kawahisa JE, Fumagalli MJ, Colon DF, Figueiredo LTM,
Fonseca BALD, et al. Neutrophil Extracellular Traps Effectively Control Acute
Chikungunya Virus Infection. Front Immunol (2020) 10:1-6. doi: 10.3389/
fimmu.2019.03108

46. Costa DM do N, Coélho MRCD, Gouveia PA da C, Bezerra LA, Marques
CDL, Duarte ALBP, et al. Long-Term Persistence of Serum-Specific Anti-
Chikungunya IgM Antibody - A Case Series of Brazilian Patients. Rev Da
Sociedade Bras Med Trop (2021) 54:1-4. doi: 10.1590/0037-8682-0855-2020
Chelluboina S, Robin S, Aswathyraj S, Arunkumar G. Persistence of Antibody
Response in Chikungunya. VirusDisease (2019) 30:469-73. doi: 10.1007/
513337-019-00534-5

Pierro A, Rossini G, Gaibani P, Finarelli AC, Moro ML, Landini MP, et al.
Persistence of Anti-Chikungunya Virus-Specific Antibodies in a Cohort of
Patients Followed Fromthe Acute Phase of Infectionafter the 2007 Outbreak in
Italy. New Microbes New Infect (2015) 7:23-5. doi: 10.1016/j.0mni.2015.04.002

47.

48.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Jacob-Nascimento, Carvalho, Silva, Kikuti, Anjos, Fradico,
Campi-Azevedo, Tauro, Campos, Moreira, Portilho, Martins-Filho, Ribeiro and
Reis. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

October 2021 | Volume 12 | Article 744183


https://doi.org/10.1093/infdis/jiq042
https://doi.org/10.1089/VIM.2010.0123
https://doi.org/10.1089/VIM.2019.0064
https://doi.org/10.1080/13684730050515796
https://doi.org/10.1080/13684730050515796
https://doi.org/10.1111/J.1348-0421.2011.00417.X
https://doi.org/10.1371/journal.pntd.0001279
https://doi.org/10.3389/fcimb.2018.00345
https://doi.org/10.3389/fimmu.2019.03108
https://doi.org/10.3389/fimmu.2019.03108
https://doi.org/10.1590/0037-8682-0855-2020
https://doi.org/10.1007/s13337-019-00534-5
https://doi.org/10.1007/s13337-019-00534-5
https://doi.org/10.1016/j.nmni.2015.04.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Acute-Phase Levels of CXCL8 as Risk Factor for Chronic Arthralgia Following Chikungunya Virus Infection
	Introduction
	Materials and Methods
	Patients and Study Design
	Serum Biomarkers Measurement
	Statistical Analysis

	Results
	Participants’ Characteristics
	Chemokines and Cytokines Profile in Patients With Acute Chikungunya
	Chemokines and Cytokines Profile According to Subgroups of Patients With Acute Chikungunya
	Kinetic Profile of Chemokines and Cytokines in Patients With Acute Chikungunya

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


