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Abstract.

Dengue is responsible for a wide range of clinical manifestations, ranging from asymptomatic infections

to severe cases. The alteration of cytokine levels correlated with clinical characteristics can help determine prognostic
markers of the disease and the identification of targets for immunotherapy. We measured the viral load, serotype,
and cytokine levels of 212 serum samples from patients with acute dengue infection during days 1-4 after the onset
of symptoms. The patients were classified as either with hemorrhagic manifestations (HM) or with no hemorrhagic
manifestations (NHM). The cytokines interleukin-6 (IL-6), IL-8, and IL-10 were increased (P < 0.05) in the dengue
virus+ group, compared with the control group. A higher viral load (P < 0.05) and IL-6 was detected in the HM group
compared with the NHM group. Interestingly, the NHM group demonstrated a significant positive correlation between
inflammatory (IL-6 and 8) and anti-inflammatory (IL-10) cytokines, whereas the HM group did not. These findings
suggest that a disturbance in the balance of inflammatory cytokines IL-6 and IL-8 with the anti-inflammatory cytokine,
IL-10, combined with the high levels of IL-6 and viral load, characterize possible mechanisms related to the formation

of HM.

INTRODUCTION

Dengue virus infection is one of the most widespread
mosquito-borne diseases in the world and the lack of a vac-
cine or licensed antiviral therapy exacerbates this scenario.
Dengue viruses (DENVs) are serologically classified into
four antigenically distinct serotypes (DENV-1, DENV-2,
DENV-3, and DENV-4).12 Factors such as virus serotype
and virulence, as well as host susceptibility factors, and past
DENV infections have been implicated in disease progres-
sion and severity.>™®

Symptomatic dengue manifestations typically range from a
high fever together with severe headache, eye and joint pain
(dengue fever [DF]) to a severe syndrome, which may
include hemorrhage and shock (dengue hemorrhagic fever
[DHF]). DHF can be divided into four grades of severity, of
which the most severe grades III and IV are classified as
dengue shock syndrome (DSS). Although this classification
system is useful, limitations exist for patient classification
due to many clinical and biochemical parameters consid-
ered.”"? The new World Health Organization classification
for dengue severity is divided into dengue without warning
signs, dengue with warning signs, and severe dengue, but the
old system has applicability in many studies and is used here.

The key pathological feature of DHF is increased vascular
permeability associated with increased levels of inflamma-
tory cytokines such as Tumor necrosis factor-alpha (TNF-a),
Interferon-gamma (IFN-vy), interleukin-1beta (IL-1beta),
IL-2, IL-6, IL-8, and anti-inflammatory cytokines such as
IL-10."*7'® Other studies have suggested that cytokine levels
can be used as predictive factors for severity in dengue.'”
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High levels of IL-6 have implications for development of
pathology in severe dengue, playing an important role in the
production of antiplatelet or antiendothelial cell antibodies,
as well as elevated levels of tissue plasminogen activator,
and a deficiency in coagulation, leading to plasma leakage
and bleeding.'®

IL-8 is a chemokine that can contribute to platelet activation
either by its chemoattractant properties or by its effect on endo-
thelial permeability and has been associated with thrombocyto-
penia.’*?° IL-8 has also been associated with DHF pathogenesis,
due to higher levels in DHF compared with DF, and a correla-
tion with thrombocytopenia and raised alanine transferase.**

IL-10 exhibits anti-inflammatory properties, including the
inhibition of inflammatory responses, antigen presentation,
and phagocytosis. In some cases, IL-10 may play a role in
DENYV pathogenesis, reflecting an immunosuppressive func-
tion, followed by impaired immune clearance and a persis-
tent infectious effect for acute viral infection.?

Most of these studies have been performed using material
from patients with active DHF versus those with classic DF.
One important question that remains to be studied is at what
stage during disease progression and development these
cytokines increase or become out of balance. In many infec-
tious and parasitic diseases, the inflammatory response is aug-
mented and driven by inflammatory cytokines such as those
mentioned above. However, the role of anti-inflammatory
cytokines, such as IL-10, is key for counteracting and balancing
the potentially pathogenic activities of inflammatory cyto-
kines.???* Thus, studies designed to determine the profiles and
balance between key inflammatory and anti-inflammatory
cytokines during DENYV infection are critical for helping to
understand the cellular and molecular mechanisms that drive
disease development.

The search for biological parameters in clinical samples
that may support the distinction between severe and non-
severe dengue can be useful for a better understanding of
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the immunopathogenesis of this infection, as well as iden-
tify possible biomarkers of disease progression. Indeed, sev-
eral studies have presented many cytokines as predictive
factors for dengue severity including IFN-y, TNF-a, IL-6,
IL-8, and IL-10.172*25 However, the actual use of these
potential markers to predict hemorrhagic manifestations (HM)
of the disease is not clear due to the wide variation in study
designs, timing, methods of sample collection/processing, and
the precision in the identification of disease severity. Herein,
we investigate cytokine expression profiles together with other
parameters including viral load and dengue serotype, in addi-
tion to early expression of HM, during the initial 1-4 days of
the onset of symptoms, in an attempt to define possible
polarized responses in the earliest phases of the onset of dis-
ease and identify possible immune profiles related to more
severe manifestations.

MATERIALS AND METHODS

Serum samples. Ethical approval was provided by the
Research Ethics Committee of the Instituto de Pesquisa e Ensino
da Santa Casa de Belo Horizonte (no. 02126213.8.0000.5138).
The samples were selected from the biobank of Ezequiel Dias
Foundation (Central Laboratory of Minas Gerais, Brazil), in
the year 2013, based on the “Information System for Notifiable
Diseases” (SINAN) forms. This form classifies individuals as
with HM or with no hemorrhagic manifestations (NHM) during
the first 4 days after the onset of symptoms. In addition, the clini-
cian indicates one or more indicators of HM which are epistaxis,
hematuria, gingival bleeding, menorrhagia, gastrointestinal
bleeding, petechiae, and positive tourniquet test. Patients with
one or more of these events were clustered in the group of
HM, and those without were grouped as NHM patients.

The samples were subjected to viral isolation using 10-mL
cell culture tubes at 10° cells/mL (C6/36 clone of Aedes
albopictus cells) incubated with 20 pL of serum at 25°C for
10 days. Then, the cell cultures were screened for virus pres-
ence by antigen detection immunofluorescence assays, using
flavivirus group-reactive antibodies or serotype-specific
monoclonal antibodies. Viral replication in C6/36 cells is a
key tool useful for viral isolation and typing by immunofluo-
rescence staining, since the increased amount of the virus in
these susceptible cells is an important aspect for success of
the immunofluorescence reaction.?®

We selected a total of 212 serum samples: 91 positive for
DENV-1 (39 from HM group and 52 from NHM group),
61 positive for DENV-2 (17 HM and 44 NHM), and 29 posi-
tive for DENV-3 (12 HM and 17 NHM). During the period
of this study, no DENV-4 positive samples were found. The
negative controls for all comparisons consisted of 31 samples
(15 samples from negative DENV isolation and polymerase
chain reaction (PCR), and 16 samples from healthy individuals).

RNA extraction. RNA was extracted from the serum
samples (140 pL) using QIAamp® Viral RNA Mini Kit
(Qiagen, Hilden, Germany), following the manufacturer’s pro-
tocol. Viral particles were lysed using a lysis solution, and the
RNA was precipitated with ethanol and purified using a silica
column with affinity for nucleic acids. Finally, the RNA was
eluted in 60 pL of diethyl pyrocarbonate (DEPC)-treated
water (Sigma, St. Louis, MO) and maintained at —80°C.

One-step quantitative real-time PCR. DENV serotype con-
sensus RNA standard constructed by cloning the 67-base pair

(bp) amplicon of the 3’ untranslated region from DENV.? In
addition, a 64-bp amplicon from human RNase P was cloned
and a standard RNAse P RNA was also produced in vitro.”®
Both transcribed RNA were generated using MEGAscript®
High Yield Transcription Kit (Ambion, Austin, TX) and were
purified using the MEGAclear " Kit (Ambion).*® The RNase P
internal control was used as an important strategy for accurate
quantification of the RNA viral load, allowing us to monitor
possible false-negative results (due to RNA degradation) and
to correct for variations in the amounts of the initial sample
(due to different RNA recovery), thereby allowing for PCR
data normalization.?’

Standard curves were generated by 10-fold serial dilutions
of transcribed RNAs ranging from 107 to 10° copies/uL and
used in a one-step quantitative real-time PCR (qRT-PCR).*
Quantitation was performed using the StepOnePlus System"
(Applied Biosystems, Foster City, CA) and SuperScript™ I1T
Platinum® One-Step qRT-PCR System (Invitrogen, Carlsbad,
CA). qRT-PCR amplifications were performed using 5 pL of
RNA, 0.5 pL of SuperScript III RT/Platinum Taq Mix, 2x
reaction mix buffer, 0.4 pM of primers to DENV, 0.2 pM of
primers to RNase P, 0.2 pM of TagMan probe to DENYV,
0.1 uM of TagMan probe to RNase P (Applied Biosystems),
0.25 pL of ROX Reference Dye, 0.5 uL of RNaseOUT"™
(Invitrogen), and DEPC-treated water to 25 pL final volume.
The cycling program consisted of a reverse transcription step
at 50°C for 30 minutes and initial denaturation at 95°C for
2 minutes, followed by 40 cycles at 95°C for 15 seconds and
60°C for 1 minute. The detection limit of the assay was verified
from successive dilutions of the standards until detection was
impossible or inaccurate. Each reaction set was checked for
contamination using negative controls (all reagents included
and water instead of RNA). In addition to this negative con-
trol, RNA extracted from sera of healthy individuals and
DENV-negative samples were included in the assay. All reac-
tions were performed in duplicate. Thus, for each sample, the
mean value determined for DENV was normalized by the
average quantified value for the internal control (RNase P) as
follows: (Meanpgenv/MeangNase p) < 10°, where “10°” corre-
sponds to the expected amount of RNase P to the quantity of
sample used in the qRT-PCR. Therefore, smaller or larger
quantities of RNase P detected were normalized to 10°,
allowing the proportional correction of detected viral load.

Cytokine measurement. 25 pL of undiluted human serum
from both DENV-positive and control subjects was used for
the determination of the inflammatory cytokines IL-6 and IL-
8, together with the anti-inflammatory cytokine, IL-10, using
the BD Cytometric Bead Array (CBA) Human Inflammatory
Cytokines Kit (BD Biosciences, San Jose, CA) according to
the manufacturer’s recommendations. In brief, this method
uses beads coated with an anticytokine capture antibody,
which are then developed with an anticytokine fluorochrome-
conjugated antibody. After incubation, the samples are read
on a flow cytometer (FACScanto II; BD Biosciences). Stan-
dard curves where generated using known quantities of each
cytokine for calculation of cytokine concentrations in the sera
samples. Importantly, all standard curves returned an R? of
> 0.99. Greater than 90% of 181 DENV-positive samples
showed detectable levels of 11-6, IL-8, and IL-10, and all 181
samples where included in the final analysis.

Statistical analysis. Individuals infected and not infected
with DENV were compared using the two-tailed Student’s
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TaBLE 1
Study group characteristics

Age (years)* Male Female Total
DENV-1 325 +16.7 44 47 91
DENV-2 333+ 168 25 36 61
DENV-3 372 +16.2 13 16 29
All DENV-positive samples  33.5 + 16.7 82 99 181
Negative controls 313 £ 128 6 25 31

All samples 334+ 158 88 124 212

DENV = Dengue virus.
*Age is shown as mean + standard deviation.

t test. Three or more groups were compared using two-tailed
analysis of variance with corrections for multiple comparisons
(Tukey). The correlation analyses were performed using
Pearson’s correlation and were represented with correspond-
ing values of P and R’ Differences were considered signifi-
cant at P < 0.05 and were indicated by the same letters. The
statistical package, Prism v. 6 (GraphPad, San Diego, CA)
was used for the analysis.

RESULTS

Of the total samples used in this study, 181 were positive
for DENV and 31 were negative controls (Table 1). One-step
qRT-PCR was used to quantify the viral load in positive sam-
ples in both HM and NHM groups. To assess whether viral
infection leads to distinct cytokine profiles, the sera levels of
IL-6, IL-8, and IL-10 in DENV-positive and negative sam-
ples were measured by CBA, stratifying by viral serotype
and severity of symptoms as classified by HM versus NHM.

Comparison of viral load in DENV-1, -2, and -3 positive
samples. The viral load in positive samples for DENV-1, -2,
and -3 was quantified by one-step qRT-PCR and compared.
DENV-2 positive samples showed lower levels of viremia
(P < 0.05) than DENV-1. However, DENV-3 positive was in
an intermediate position, not statistically different from any
of the other two groups (Figure 1).
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FiGUure 1. One-step quantitative real-time polymerase chain reac-
tion (QRT-PCR) analysis of Dengue virus load in sera grouped by viral
serotype. The data are shown as box plots with the box extending from
the 25th to the 75th percentiles, the line in the middle the median, and
the + the mean. The whiskers represent the max/min values. Differ-
ences were considered significant at P < 0.05 using the two-tailed analy-
sis of variance with corrections for multiple comparisons (Tukey) and
were indicated by the same letters.
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FIGURE 2. One-step quantitative real-time polymerase chain reac-
tion(qQRT-PCR) analysis of viral RNA to assess viral load in the
groups with hemorrhagic manifestations (HM) and with no hemor-
rhagic manifestations (NHM). The data were analyzed using the
two-tailed Student’s ¢ test and were considered significant at P < 0.05.
The averages of each group are shown in bars and standard error
of the mean is shown in the error bars. The same letter indicates sig-
nificant differences.

Comparison of viral load between HM and NHM patients.
We compared the viral loads between HM and NHM groups
to identify correlations between the intensity of viremia,
HM, and levels of cytokines. Data from one-step qRT-PCR
showed higher viral load in HM than in NHM (Figure 2).

Comparison of cytokine profiles between control and
DENV-1, -2, and -3 positive samples. The levels of cytokines
IL-6, IL-8, and IL-10 were measured in sera samples and
compared between DENV-negative and DENV-positive sera.
Given that cytokine levels of healthy sera were not signifi-
cantly different from DENV- negative sera, Figures 3 and 4
show the average of the 31 negative samples analyzed
together (15 samples from negative DENV isolation/PCR
results, and 16 samples from healthy individuals).

As can be seen in Figure 3, DENV-positive samples for all
three serotypes showed serum levels of IL-6, IL-8, and IL-10
higher (P < 0.05) than the controls. However, no significant
differences were observed for IL-6 and IL-8 cytokines
between the serotypes. The serotype 3 group showed higher
levels of IL-10 as compared with serotypes 1 and 2, as well
as the control group (P < 0.05).

Comparison of serotype distribution between HM and
NHM patients. There was no significant difference in the dis-
tribution of the serotypes amongst the HM and NHM
patients. The percentage of HM individuals infected with
DENV-1 was 43%, 27% with DENV-2 and 21% with
DENV-3. However, this distribution was not significantly dif-
ferent from the distribution of DENV-1, -2, and -3 amongst
the NHM patients. (P = 0.08 using the contingency table
2 x 3 and Fisher’s exact test).

Comparison of cytokine profiles between HM and NHM
patients. Clinical samples of patients were separated
according to the symptoms described in the epidemiological
SINAN forms at the time of sample collection during the
first 1-4 days after the onset of symptoms, and classified into
HM or NHM. All cytokines tested were higher in both HM
and NHM groups as compared with the control group. When
comparing cytokine levels between HM and NHM groups,
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Ficure 3. Cytokine comparisons between patients positive for Dengue virus (DENV) serotypes 1, 2, and 3 and control individuals. The data
are shown as box plots with the box extending from the 25th to the 75th percentiles, the line in the middle the median, and the + the mean.
The whiskers represent the max/min values. Differences were considered significant at P < 0.05 using the two-tailed analysis of variance with cor-
rections for multiple comparisons (Tukey) and were indicated by the same letters.
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Figure 4. Cytokine level comparison between patients with hemorrhagic manifestations (HM) and with no hemorrhagic manifestations
(NHM). The data are shown as box plots with the box extending from the 25th to the 75th percentiles, the line in the middle the median, and
the + the mean. The whiskers represent the max/min values. Differences were considered significant at P < 0.05 using the two-tailed analysis of
variance with corrections for multiple comparisons (Tukey) and were indicated by the same letters.
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FiGURE 5. Patients with hemorrhagic manifestations (HM) lost the coregulated expression of anti-inflammatory (interleukin-10 [IL-10]) and
inflammatory (IL-6 or IL-8) cytokines. Correlations between IL-6, IL-8, and IL-10 cytokines in the groups of patients with hemorrhagic manifes-
tations (HM—right column) and with no hemorrhagic manifestations (NHM—Left column) were performed. Each point represents the measure-
ments for the two indicated cytokines for a given individual. The data was analyzed using Spearman’s correlation coefficient with statistical

significance at P < 0.05. Significant results are in bold.

only IL-6 showed a higher mean IL-6 concentration in HM
than NHM group (Figure 4).

To further study the immunoregulatory mechanisms that
operate in HM and NHM patients, correlations were per-
formed between inflammatory and anti-inflammatory cyto-
kines within each clinical group. The two inflammatory
cytokines, IL-6 and IL-8 demonstrated a positive correlation
in the NHM group (R*> = 0.27, P = 0.01) and a similar correla-
tion in the HM group, but with a P value that did not reach
our cutoff for significance of 0.05 (R?> = 027, P = 0.06)
(Figure 5, top row). Interestingly, the NHM group showed a
significant correlation for the production of the inflammatory

cytokines IL-6 (R = 0.31, P = 0.004) and IL-8 (R* = 0.37, P =
0.0003) when compared with the anti-inflammatory cytokine
IL-10 (Figure 5, left column), whereas the HM group did not
show this positive correlation between the inflammatory cyto-
kines (IL-6 and IL-8) and anti-inflammatory cytokine, IL-10
(Figure 5, right column).

DISCUSSION

This study integrated the profile of serum levels of cyto-
kines from individuals with acute DENV infection with viral
load, serotype, and dengue hemorrhagic manifestation
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parameters in an attempt to better understand the immuno-
regulatory events associated with less and more severe forms
of early DENV infection. Moreover, it is hoped that this
study can contribute to the discovery of possible biomarkers
of disease severity.

Several studies have been conducted to identify clinical
patterns and laboratory predictors of dengue severity corre-
lating them with the viral load.*!* We observed a significant
increase in viral RNA quantified in HM group as compared
with the NHM group. These data are consistent with litera-
ture data,**'*? that showed a higher viral load in individuals
with DHF when compared with patients with DF, suggesting
a correlation between high viral load and the occurrence of
HM. The viral load range quantified in our study were also
compatible with the data observed by other authors.>’-*
Interestingly, our studies were performed in the very early
stages of disease (days 1-4 after the onset of symptoms) and
the groups were defined by the presence of HM rather than
DHEF versus DF. This indicates that even amongst individuals
with early HM, there is a bias toward higher viral loads.

To investigate whether a particular serotype was corre-
lated with distinct viral load and disease progression, we
compared the viral load and HM of different serotypes. The
DENV-1 had higher viral load than DENV-2, and there was
no difference in relation to DENV-3. These data are insuffi-
cient to confirm a direct influence of the serotypes on viral
load. However, 43% of individuals infected with DENV-1
had HM, whereas only 27% of individuals infected with
serotype DENV-2 or DENV-3 had HM (P = 0.08, comparing
DENV-1 to DENV-2, or DENV-1 to DENV-3). The data
imply that the differences between serotypes and viral load
can contribute to determine disease progression.**3*

In our study, we examined the levels of immunoregulatory
cytokines IL-6, IL-8, and IL-10 to gain greater insights into pos-
sible roles for these cytokines in the earliest phases of disease
development, between days 1 and 4 of the onset of symptoms.

IL-6 and IL-8 are significantly involved in the inflamma-
tory response to infection. IL-6 is an intercellular signaling
molecule, traditionally associated with the control and coor-
dination of the immune response, and secreted primarily by
macrophages and lymphocytes in response to injury or infec-
tion.>>*° IL-8 has important effector functions such as the
ability of activation and recruitment of neutrophils,37 attrac-
tion of natural killer cells, basophilic T cells, and some types
of eosinophils to sites of infection.*® High levels of IL-8 have
been linked to pleural spill during different infectious pro-
cesses.!® IL-10 is an anti-inflammatory cytokine involved in
the regulation of various inflammatory processes.>

The immunological profile showed a significant increase in
the levels of IL-6, IL-8, and IL-10 in the DENV-positive
group (P < 0.05), in agreement with previous studies.>>>
All serotypes showed increased plasma levels of IL-6, IL-8,
and IL-10. Patients with severe forms of dengue present high
levels of circulating pro-inflammatory cytokines leading to
endothelial activation and vascular leak with hemorrhage
and shock. The levels of IL-6 are significantly higher in
severe forms of dengue.®2!

Higher levels of IL-10 were found in samples positive for
DENV-3 than for DENV-1 and DENV-2. These differences
suggest that viral serotypes may have distinct host-pathogen
interactions, which could imply changes in disease progres-
sion. This adds to the concept that different serotypes can

induce distinct inflammatory responses due to their unique
antigenic variation.**°

The imbalanced and deregulated cell-mediated immunity
is a pivotal component in DENV infection.*! Activation of T
lymphocytes leads to the production of pro-inflammatory
cytokines (i.e., TNF-a, IFN-v) that may be pathogenic in the
context of excessive T-cell activation, which is commonly
observed in severe dengue.6 However, in our studies, we
examined a window in time only 1-4 days after the onset of
symptoms, when the innate response might play a more
crucial role in generating the immune cytokine profile.

Cytokine analysis showed higher serum levels of IL-6
(P < 0.05) in the HM group. IL-8 and IL-10 showed different
levels only when comparing infected and control groups, but
not among those infected (HM and NHM). Therefore, it is
suggested that, unlike IL-8 and IL-10, IL-6 cytokine may be
related to the most serious clinical stage of this disease, which
was also evidenced by Levy and others® and may be a good
biomarker candidate of dengue severity. Additional studies are
needed to confirm whether high serum levels of IL-6 can be
used as a biomarker to predict the evolution to severe dengue.

The balance between inflammation and anti-inflammation
is critical for infection control.?? It has been increasingly rec-
ognized that the inflammatory response and the production
of regulatory cytokines play key roles in the development of
severe clinical manifestations, for which the rapid increase in
cytokine levels seems to be a predominant factor in disease
severity.*** Inflammatory cytokines help fight the virus and
anti-inflammatory cytokines such as IL-10 can avoid exces-
sive inflammation (usually damaging the host organism).*®
Increased levels of serum IL-10 may be a useful prognostic
hallmark in DHF/DSS patients. Aberrant IL-10 expression
may also be involved in DENV pathogenesis, particularly
for DENV infection/replication under antibody-dependent
enhancement as demonstrated in vitro.>* Correlation analy-
ses were performed between inflammatory (IL-6 and IL-8)
and anti-inflammatory (IL-10) cytokines in both groups (HM
and NHM) to identify the response profile of HM and NHM
groups. Interestingly, the NHM group demonstrated a signifi-
cant correlation with the production of both inflammatory cyto-
kines, and also with the production of the regulatory cytokine
IL-10, which was not observed with the HM group. These data
suggest that the intensification of the disease (with the appear-
ance of HM) may be due to the loss of the fine balance required
between pro- and anti-inflammatory immune responses.

In conclusion, the imbalance in the serum levels of IL-6,
IL-8, and IL-10 observed in the HM group, may have added to
the high levels of IL-6 and viral load, which in turn could
explain, in part, the cellular and molecular mechanisms of dis-
ease progression toward HM. Furthermore, the imbalance can
be seen as an alert to the risk of disease progression toward
HM. The identification of altered levels of cytokines in DENV
infection correlated with clinical characteristics of patients
presented herein reveal a potential prognostic marker of clinical
disease, and can help to identify key targets for immunotherapy.
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