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Role of steroids in modulating levels of cytokines in
patients of dengue fever and warning signs

Abstract

Aim of Study: To define the role of corticosteroids on the levels of cytokines and immuno

pathological basis for their use in dengue fever.

Materials And Methods: An open label, investigator initiated, randomized interventional
study was conducted that included 29 dengue patients (all positive for either NS1 antigen or
IgM ELISA). Patients were randomised to receive a single dose of 1 gm methyl prednisolone
or 100 ml normal saline alone. Serum cytokine levels (IL-6, TNF—o and sTNFR1) were

measured on days 0, 3 and 7 of presentation.

Results: All the three cytokines showed decline in values over the 7 day in both test as
well as control groups (p— value of <0.001). IL-6 and TNF-a levels decreased more
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precipitously in test group as compared to control group though the difference didn’t reach

statistical significance.

Conclusion: The single dose of methyl prednisolone didn’t have any significant effect on
the cytokine levels, but it did cause more rapid decline in levels of IL—-6 and TNF—o.

Introduction

Dengue fever (DF), also known as break—bone fever, is a tropical
infectious disease caused by the dengue virus. Dengue virus is amember
of Flaviviridae family in the genus Flavivirus.'? The dengue virus
complex comprises of four antigenic ally related viruses designated
dengue virus serotypes 1 through 4. Although DF is a self-limited
febrile illness, it can progress to dengue hemorrhagic fever (DHF) in
a number of patients. DHF is characterized by thrombocytopenia and
increased vascular permeability leading to prominent hemorrhagic
manifestations and a increased mortality.’ Analysis of serum from
patients infected with dengue virus indicates that concentrations of
IL-10,* TNF-o0,’ IL-8,° IL-12,” IFN-Y* IFN—0.” And soluble TNF
and IL-2 receptors are increased during DF and DHF. Cell cultures
infected with the dengue virus release increased concentrations of
inflammatory cytokines and other mediators. Prior studies have also
correlated increased levels of several cytokines with disease severity
and may have prognostic value.'®'> In addition, these studies show
that levels of cytokines adversely affecting the coagulation cascade
tend to be higher in DHF versus DF.!* !¢ Given the critical role of
cytokines in the inflammatory process and Coagulopathy, there have
been numerous attempts to suppress their levels in an attempt to
control various diseases.!”"” Glucocorticoids have an inhibitory effect
on a broad range of immune responses mediated by T cells and B
cells, as well as potent suppressive effect on the effector functions of
phagocytes. They inhibit the synthesis of almost all known cytokines
L 1,2, 3, 4,5, 6, 8, 10, 13, GM—CSF, TNF—-a and IFN-Y'). Since
inflammatory cytokines have been proposed to play an important
role in pathogenesis of dengue fever and its various complications
there has been considerable interest in studying the potential role of
corticosteroids as a potential therapy for DF and DHF. We conducted
a study to see the effect of corticosteroids on the levels of cytokines in
dengue patients and hence provide an immuno pathological basis for
the use of corticosteroids in DF, a highly debated practice with many
studies giving conflicting results.

Materials and methods

The study was conducted in the medical emergency of a tertiary
care hospital in northern India from July 2012 — November 2012.
Patients (more than 12 years of age) with a presumptive diagnosis

of DF based on fever for more than 2 days, accompanied by two or
more of the following: retro—orbital pain, myalgia, arthralgia, rash,
leucopenia and thrombocytopenia.! Serum was collected and dengue
infection was confirmed by detection of either NS1 antigen or dengue
IgM antibodies (p capture) and only antigenic ally or serologically
proven patients were taken up for analysis. Testing for DF was part
of standard clinical protocol in our hospital given the epidemiology
of the disease and the clinical presentation. A total of 29 patients
who tested positive for DF and provided—informed consent were
included in the study. Of the 29 patients, 17 were randomly allocated
into the test group and 12 into the control group. The patients in the
test group received a single dose of 1 gm methyl prednisolone in 100
ml normal saline, while the control group received placebo, 100 ml
normal saline on the day of randomization. Both the patient and the
drug administrator were blinded with regards to the treatment being
administered. Serum cytokine levels (IL-6, TNF—a and sTNFR1)
were measured on days 0, 3 and 7 of presentation via commercially
available ELISA kits and their levels were compared amongst two
groups using random measures ANOVA.

Results

Baseline characteristics were measured for the two groups. Mean
age of group 1 (cases) was 27.94 + 7.215, while the mean age of group
2 (controls) was 35.33 + 10.633, difference being non significant (p
value— 0.064). Sex ratio between the two groups was also comparable
(p value— 0.895) with 82.35% males in the case group (14/17) and
83.33% males in the control group (10/12). Serum concentrations of
IL—6, TNF—a and TNFsR1 were measured on day 0, day 3 and day 7 of
presentation and intra—group and intra—group analysis was performed.
There was no significant difference at baseline in the test and control
group for IL-6 (p value— 0.093), TNF-a (p value— 0.797) and
TNFsR1 (p value— 0.587). All the three cytokines showed significant
decline in values over the seven day study period with a p— value of
<0.001 in both test as well as control groups (Table 1) and (Figures
1- 3). Looking at the percentage decline over the first three days, it
was found that IL—6 and TNF-a levels decreased more precipitously
in test group as compared to control group as can be accessed from the
slopes of figures land 2, though the difference didn’t reach statistical
significance (Table 2). The single dose of methyl prednisolone didn’t
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have any statistically significant effect on the cytokine levels, but it

did cause more rapid decline in levels of IL-6 and TNF—a.

Table | Mean level of cytokines (values in pg/ml)

Group IL-6 TNF-o TNFsRI
Day 0  149.520 + 120.19 473.088 + 220.91 935.56 + 114.44
Test Day 3 73539 +£74.63 293.088 + [07.25 883.81 + 154.48
Day 7 32755 +42.02 215441 +84.02 821.94 + 197.85
Day 0 115361 +34.01 422.083 +231.27 93051 + 126.85
Control Day3 64.111+36.13 299.167 + 101.38 853.15 +203.68
Day 7 30.639 +27.42  229.583 +46.10 745.86 +210.33

Table 2 Percentage decline in cytokine levels over first three days

Study Group N Mean (% age) Std.Deviation P value
L6 Control Group 12 45.5508 20.9132 0.696
Test Group 17 49.094 27.37663
Control Group 12 22.6407 21.2121
TNF- 0.228
* Test Group 17 322764 19.77428
Control Group 12 9.47 15.37287
TNFsRI 0.48
S* Test Group 17 56369 12.1551
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Figure | IL-6 Levels: Levels decrease over 7 day study period in both the
study groups with levels being maximum at presentation and minimum at day
7.This intra—group difference is statistically significant with p—value <0.001.
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Figure 2 TNFa Levels: Levels decrease over 7 day study period in both the
study groups with levels being maximum at presentation and minimum at day
7.This intra—group difference is statistically significant with p—value <0.001.

Discussion

Deregulation of the immune system has been well established in
the pathogenesis of DF and hence corticosteroids are often used for
treatment of severe cases of DF or DHF. Although there is no data
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about their efficacy from prospective studies but there are several case
reports that recount anecdotal experiences of clinical benefit derived
from steroids in severe cases of DF. Recently Premaratna et al.*®
described a case of a 14—year—old boy with dengue who developed
three episodes of severe hemodynamic compromise while having
high fever, myocarditis, third space fluid accumulation, progressive
reduction in urine output, and altered mutation, who made a dramatic
recovery following a single dose of intravenous methyl prednisolone.?
With this study, we aimed to provide an immuno pathological basis
for the use of corticosteroids in DF.
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Figure 3 TNFsRI Levels: Levels decrease over 7 day study period in both the
study groups with levels being maximum at presentation and minimum at day
7.This intra—group difference is statistically significant with p—value <0.001.

Numerous cytokines have been shown to play an important role in
the pathogenesis of DF. We studied the levels of three different cytokines
shown in different studies to be increased in DF patients as compared
to healthy controls, namely IL-6, TNF—a and soluble TNF Receptor
1 (TNFsR1). In a study to understand the pathogenesis of the disease,
an in vitro model utilizing peripheral blood mononuclear leukocytes
were infected with the dengue virus and levels of cytokines studied.
The study showed increased levels of TNF—a, IL-6, IL-10 and [FN—a.
in the supernatant of infected cells. Furthermore, treatment of cell
cultures with dexamethasone led to a significant decrease in levels of
TNF-0, IL-10 and IFN—o when compared to untreated cultures. IL-6
levels in supernatants from dexamethasone—treated cell cultures were
not statistically different from infected control cultures.?’ In contrast,
a recently published study showed that the levels of 11 cytokines and
chemokine did not show a difference in levels between 3 treatment
groups— receiving high—dose corticosteroids (defined as 2mg/kg oral
prednisolone), low—dose corticosteroids (defined as 0.5mg/kg oral
prednisolone) or identical placebo— 2 days after starting therapy.?
Our study showed that levels of all the three cytokines progressively
decreased over the period of 7 days, as the dengue patients recovered,
implying an increased production of these cytokines early in the
course of the disease. Role of corticosteroids in reducing the levels
of these cytokines was evaluated and we found that levels of all
the three cytokines were not significantly different amongst the two
groups the levels at all time points. Further evaluation revealed
that the fall in the levels of IL-6 and TNF—a over first three days
was more precipitous in test—group patients as compared to control
patients, but the difference didn’t reach statistical significance. Our
results are important for several reasons. The use of corticosteroids
for potentially reverses the pro—inflammatory state in DF and/or DHF
is highly debated and there is no strong clinical evidence either way.
We show that use of high—dose prednisolone did not appreciably
impact the rate of change in three pro—inflammatory cytokines that
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have been previously implicated in pathogenesis of DF. Our findings
could explain the lack of clinical benefit with steroids in this disease
setting. However we collected only 29 patients in this study and other
cytokines which have also been implicated in DF pathogenesis were
not evaluated. Further exploration of the impact of steroids on the
clinical and immunologic parameters in DF is required.
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