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Abstract Dengue is an arthropod-borne threat among
tropical countries. Currently no effective means to treat the
virus or to predict which patient will develop the severe
form of the disease. Recently the relationship between
oxidative/antioxidative response and dengue pathogenesis
was suggested. Based on this the present study has anal-
ysed the expression of endogenous antioxidant genes:
Catalase (CAT), Superoxide dismutase (MnSOD) and
Glutathione peroxidase in patients with dengue compared
to other febrile illness (OFI) and healthy controls. The
study enrolled 88 dengue confirmed patients comprising 56
were patients with non-severe dengue, and 32 were severe
dengue cases, 31 were patients with OFI, and 63 healthy
controls were also involved. Peripheral blood mononuclear
cells isolated from patients and controls during the day of
admission and from the available cases on the day of
defervescence were used to estimate the transcript levels by
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quantitative PCR. The expression levels of all the three
genes were found to be down-regulated throughout the
course of dengue infection (p < 0.05) and OFI cases
compared to healthy controls. Within dengue group, no
significant difference was observed in any of the parame-
ters between severe and non-severe cases. Interestingly, a
significant down-regulation of MnSOD expression was
recorded in secondary dengue infection compared to pri-
mary during admission (p < 0.05). It was found that all the
down-regulated study genes have positively correlated in
all dengue cases during the day of admission (p < 0.01).
But during defervescence, the same was found only
between CAT and MnSOD. Down-regulated endogenous
antioxidant enzymes during dengue infection could be the
possible rationale of oxidative stress reported in dengue
disease earlier. The present study markers could not dis-
tinguish dengue from OFI cases and severe from non-
severe dengue cases. Mechanism of down-regulation has to
be explored further which will pave the way for the ther-
apeutic target in dengue disease.
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Introduction

Dengue is a mosquito-borne acute viral disease affecting
two-thirds of the world’s population predominantly in
tropical and sub-tropical areas of the world [1]. Approxi-
mately 3.6 billion people are living in areas of risk, over
two million cases of severe disease, and 21,000 deaths
[1, 2]. Dengue virus infestation extends from self-limiting
mild acute febrile illness, dengue fever (DF) to severe, life-
threatening disease, dengue hemorrhagic fever (DHF) [3].
The mechanisms behind the pathogenesis of dengue remain
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elusive. The possible mechanisms attributed to the patho-
genesis are antibody-dependent enhancement (widely
accepted), virus virulence, DENV tropism, activation of the
complement system, transient- autoimmunity, host genetic
factors, cross-reactive T cell response, soluble factors,
altered Thl to Th2 response, high viral load, high numbers
of non-protective T cells and the resulted inflammatory
cytokine tsunami [4—6]. The role of the oxidative stress
response realised in the pathogenesis of viral disease
including HIV and hepatitis [7, 8]. We recently docu-
mented the involvement of oxidative stress in the regula-
tion of immune response during dengue viral infection [9].
In the view of increasing evidence of oxidative stress
during dengue infection speculate possible etiology of
dengue pathogenesis [10]. The febrile period of dengue
infection lasts for 4 or 5 days and is followed by defer-
vescence. At defervescence, the disease will reveal it is
severe or relatively benign in nature. During the acute
febrile phase of infection, DF and DHF patients show
similar clinical signatures. Therefore, a brisk differential
DF/DHF diagnosis is essential for medical intervention to
reduce the dengue mortality [11-13].

We have earlier reported that increased blood levels of
potential oxidant-antioxidant markers in the circulation of
dengue infected patients. Higher levels of protein car-
bonylations (PCOs), PCOs to PBSH (protein-bound sul-
phydryls) group ratio and decreased sialic acid and
sulphydryl group levels were found to predict the severe
dengue disease. An increased levels of lipid peroxidation
observed in severe forms of dengue which speculate
oxidative stress may be associated with thrombocytopenia
[14-16].

During oxidative stress, the antioxidant defensive sys-
tem tries to nullify ROS-mediated redox imbalance.
Antioxidant enzymes like superoxide dismutase, catalase,
and glutathione peroxidase come into the action synergis-
tically to eradicate the free radicals [17, 18]. Earlier studies
reported a lower level of antioxidant markers such as CAT,
SOD, GPx, reduced glutathione (GSH) and paraoxonase in
the peripheral circulation of dengue study subjects [19, 20].

Elevated enzyme levels of SOD and reduced GPx levels
has also been reported in the circulation of paediatric dengue
patients compared to control group [21]. However, to the
best of our knowledge, no studies are available pertaining
the gene expression profile of antioxidant enzymes in den-
gue patients. In the context of the pro-oxidant state in den-
gue infection, it is of considerable interest to examine
whether the changes in antioxidant gene transcriptional
levels may exist under the various clinical spectrum of
dengue as well as to distinguish severe cases from non-
severe at the earlier stage of infection are of prime impor-
tance. Therefore, we studied gene expression of CAT,
MnSOD, and GPx in PBMC:s isolated from dengue patients
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compared to OFI and control study subjects during the
febrile period and around at the time of defervescence.
These three genes chosen for the study considering their
prime importance as effective endogenous enzymatic
antioxidants [22]. Exogenous introduction of these antioxi-
dant enzymes were reported to prevent RSV-induced ROS
formation and activates NFkB which regulates the expres-
sion of pro-inflammatory genes [23]. Based on this the
present study is designed to understand the expression pat-
tern of these three transcripts during dengue viral infection.
Oxidative stress is an established phenomenon in dengue,
but the molecular mechanism behind the oxidative stress in
dengue patients are unknown. The present work is the first
step to unveil the same. The study found that the expression
levels of all the three genes studied genes were down-reg-
ulated during admission and defervescence in dengue and
OFI cases compared to healthy controls. However, none of
the transcript levels were found to be significantly different
between severe and non severe form of dengue, also
between dengue and OFI group.

Methods
Patient Recruitment and Sample Collection

The study subjects were recruited from Jawaharlal Institute
of Post Graduate Medical Education and Research (JIP-
MER) Hospital, Puducherry, India. The prospective cohort
study consist of 88 dengue patients, 31 other febrile illness
(OFI) subjects and 63 controls (20 non-febrile illness
subjects (NFI) and 43 healthy volunteers). Out of all 88
dengue cases 38 dengue cases who reported till deferves-
cence stage were involved in the study. Remaining 50
cases were not willing to participate in the study or dis-
charged against medical advice. Similarly, 13 OFI cases
who shown up till defervescence were involved. The sub-
jects recruited for the study were categorised into three
groups. Group I included 88 dengue infected cases (59
adults and 29 children, with ages varying from 1 to
72 years) whose infection was confirmed by NS1 antigen
detection by dengue early ELISA kit or dengue IgM
Capture ELISA Kit, (Pan Bio, Inverness Medical Innova-
tions, Australia). To classify the patients into primary and
secondary infection dengue IgG capture ELISA kit was
used (Pan Bio, Inverness Medical Innovations, Australia).
A dengue virus infection has been defined as primary if the
capture IgM/IgG ratio is greater than 1.2, or as secondary,
if the ratio is less than 1.2 [24]. The samples were collected
from the patients from the regions of Puducherry and
Tamilnadu, India during the dengue fever outbreak in the
year of 2012-2014. The World Health Organization grad-
ing system was used to classify dengue patients like our
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previous studies [25, 26]. Dengue fever divided into
‘dengue without warning sign, dengue with the warning
sign and severe dengue’. Dengue without warning sign
consists of fever with two of the following criteria: ‘nausea,
vomiting, rash, aches and pains, leukopenia and Positive
tourniquet test.” In addition to the above dengue with
warning sign includes any of the following clinical con-
dition: ‘abdominal pain, persistent vomiting, clinical fluid
accumulation, mucosal bleeding, lethargy, restlessness,
liver enlargement >2 cm, increase in hematocrit concur-
rent with rapid decrease in platelet count’. The classifica-
tion of SD was considered for cases with any of the
following criteria: ‘severe plasma leakage leading to shock
or fluid accumulation with respiratory distress, severe
bleeding evaluated by clinician and severe organ involve-
ment such as Liver (AST or ALT > 1000), CNS (impaired
consciousness), failure of heart and other organs’. In the
present study patients classified as dengue with or without
warning signs, were considered as a single group, non-
severe dengue (NSD).

Group II included 31 age and sex-matched patients with
other febrile illness (OFI). OFIs would be defined as those
patients with short febrile illness (<2 weeks) who are
negative for dengue NSI antigen, anti-IgM/IgG dengue
antibodies, and no obvious bacterial, rickettsial or proto-
zoan etiology [27]. Group I is control group further
divided into two groups. First is non-febrile illness (NFI)
which is defined as patients belongs to pediatric age group
(1-12 years) with illness other than febrile illness who
come to JIPMER for minor surgical, skin or eye problem
without systemic disease [28]. This group served as con-
trols for comparison of pediatric cases. The second one is
healthy adult Volunteers of age > 13 years. Subjects
excluded from the study groups are patients with the his-
tory of smoking, alcohol intake, malignancy, inflammatory
disorders, on steroids therapy and antioxidant supplemen-
tation since the above conditions can affect the level of
study parameters.

Ethical Approval

The study permitted by the institutional ethics committee
(Human studies) meeting of the year 2012 held on 03/11/
2012 (Ref No.IEC/SC/2012/4/101). After taking written
informed consent, 3 ml of blood sample collected within
24 h of admission (Febrile period), and another sample
during the follow-up coinciding with the day of deferves-
cence; the day which fever is subsiding indicated by a
decline in body temperature which commences nearly 3rd
or 4th day of admission and at the same time points for OFI
patients. Clinical, haematological and biochemical param-
eters recorded for all patients recruited in the study.

PBMC Isolation, RNA Extraction and cDNA
Synthesis

PBMCs were separated by using HiSep LSM 1077 (Hi-
media, Mumbai, India), washed twice with PBS, stored in
1 ml RNAiso Plus reagent (Takara Bio Inc., Shiga, Japan)
and kept at —80°. Total RNA was extracted using RNA
easy minikit (Qiagen, GmbH, Hilden, Germany) based on
the manufacturer’s protocol. The purity and concentration
of RNA were assessed using a NanoDrop spectropho-
tometer (ThermoScientific, Waltman, MA, USA). The
complementary DNA (cDNA) was synthesized from 1 pg
of RNA using high capacity cDNA reverse transcription
Kit with RNase inhibitor (Applied Biosystems, Foster City,
CA, USA). The cDNAs thus obtained were tested for
integrity by amplification of P-actin transcripts in a
40-cycle PCR. Standard curves were constructed using the
mean cycle threshold (Ct) value.

Analysis of CAT MnSOD and GPx Gene Expression
Using qPCR

The primers used for the study (Table 1) were designed
using oligo analyzer software from IDT (Coral ville, IA). A
total of 20 pl of the reaction sample consisted of 2 pl
cDNA (1:30 dilutions), 10 pl of SYBR Premix Ex Taqll
(Takara Bio Inc., Shiga, Japan), 0.4 pl of each primers at
0.2 uM (VBC-Biotech Service GmbH, Vienna, Austria),
and 7.2 pl of nucleic acid free water (Sigma- Aldrich St.
Louis, MO, United States). Amplification were monitored
using CFX96 Real-Time PCR Detection System (Bio- Rad
Laboratories, USA). Reaction conditions for catalase,
MnSOD were 95 °C for 30 s, followed by 40 cycles of
95 °C for 5 s, 60 °C for 30 s. Reaction condition for GPx
was 95 °C for 30 s, followed by 40 cycles of 95 °C for 5 s,
55 °C for 30 s. The melting curve analysis was used to
determine the specificity of each primer set. Specific PCR
products confirmed by melting curve analsis. PCRs were

Table 1 Primers for CAT, MnSOD, GPx & -actin

Gene primers Sequence

5'-CTCCACTGTTGCTGGAGAAT-3’
CAT revere primer 5'-CGAGATCCCAGTTACCATCTTC-3’

MnSOD-forward 5-GGAGATGTTACAGCCCAGATAG-
primer 3

5'GTTAGGGCTGAGGTTTGT-3'
5'-GCTGTGGAAGTGGATGAAGAT-3'
5'-"TCGATGAGGAACTGTGGAGA-3'
5'-ATCTGGCACCAACACTTCTACA-3'
5'-GTTTCGTGGATGCCACA-3'

CAT forward primer

MnSOD-reverse primer
GPx forward primer
GPx reverse primer
B-actin—forward primer

B-actin-reverse primer
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performed in triplicate, and the reproducibility of the
SYBR Green real-time PCR was assessed by running
control samples independently on different days. The rel-
ative expression level of CAT, MnSOD and GPx were
determined using the comparative Ct method, also known
as 272 method [29]. Quantitative PCR method enables
to analyze the expression of genes relative to the expres-
sion of the housekeeping gene PB-actin. The relative copy
number (RCN) of the target gene allows direct comparison
of mRNA expression across individuals, time points, and
groups standardized against constitutively expressed
housekeeping genes.

Statistical Analysis

Variables analysed by descriptive statistics to evaluate
the clinical characteristics of the cases. Normality
assessed with the Shapiro—Wilk test. Results of study
parameters presented either mean (SD) or median with
interquartile range. Kruskal-Wallis test or Oneway
analysis of variance was used to estimate the presence
of any statistical differences between the study vari-
ables. Wilcoxon signed rank test used for comparing
febrile and following defervescence day of gene
expression analysis. Pearson’s coefficient correlation
analysis was carried out for gene expression analysis of
dengue cases between the study variables during the
day of admission and day of defervescence. All statis-
tical analysis were performed using SPSS 21 (SPSS,
Chicago, IL).

Results

Clinical, Haematological and Biochemical
Characteristics

Out of 182 study subjects, the average age of controls,
dengue infected patients, and OFI cases were 20.87 + 26,
24.13 + 15.90 and 23.65 + 15.66 respectively (Table 2).
Age of all the study group was comparable (p = 0.91). All
dengue infected cases were classified based on the WHO
20009 criteria in which 56 patients were categorised as non-
severe dengue and 32 under severe dengue. Clinical char-
acteristics such as abdominal pain, hepatosplenomegaly,
third space collection, were considerably varied between
the study groups as shown in Table 2. Haematological
parameters like haematocrit, platelet count, total leucocyte
count, % of neutrophil, lymphocyte, and biochemical
parameter AST significantly differed between the study
groups (Table 2).
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Gene Expression of Study Variables in Dengue
Cases and OFI

Expression levels of antioxidant genes were down-regu-
lated generally in all the dengue groups including OFI
cases during the day of admission as well as the day of
defervescence as shown in Fig. 1. Decreased expression of
catalase, MnSOD and GPx found in all dengue study
groups significantly (p < 0.05) compared to controls.
There was no significant difference found among various
dengue groups and OFI between the day of admission
(DOA) and day of defervescence (DOD) (Fig. 2).

Pattern of Gene Expression Between SD and NSD
Cases

There were no statistically significant variation of study
parameters observed between SD and NSD cases during
the study period (Figs. 1, 2).

Gene Expression in Primary and Secondary Dengue
Cases

During the day of admission, MnSOD expression was
down regulated significantly compared to primary dengue
cases (p < 0.05 and Fig. 1). But this dynamic change was
lost during defervescence (Fig. 1). There was no significant
change of genes expression found between primary and
secondary dengue between the day of admission (DOA)
and day of defervescence (DOD) (Fig. 2).

Correlation Analysis of Gene Expression Between
the Study Variables During the Day of Admission
and Day of Defervescence

It was found that all the down-regulated study genes have
positively correlated in all dengue cases during the day of
admission as shown in Table 3 (p < 0.01). But during
defervescence, the same was found only between CAT and
MnSOD.

Discussion

The mechanism that triggers dengue severity is currently
not understood completely. A study documented the
involvement of oxidative stress in regulating antiviral
properties during dengue viral infection [30] and the
involvement of oxidative or nitrosative strain in dengue
infection has reviewed recently [10]. Microarray-based
transcriptional studies have resulted in the differential
expression of immune responsive genes, oxidative and
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Table 2 Clinical, Hematological and Biochemical characteristics of the study groups

Characteristics OFI (n = 31) ADC (n = 88) NSD (n = 56) SD (n = 32)
Gender
Male N (%) 13 (58.06) 51 (57.95) 29 (51.79) 22 (68.75)
Female N (%) 18 (41.94) 37 (42.05) 27 (48.21) 10 (31.25)

Age in years mean (SD)

Pulse rate mean (SD)

Systolic BP mean (SD) mmHg

Diastolic BP mean (SD) mmHg
Positivity for dengue

NS1 Ag N (%)

Anti-dengue IgM antibody N (%)

Anti-dengue IgG antibody N (%)
Clinical characteristics

Third space collection (%)

Abdominal pain N (%)

Myalgia N (%)

Headache N (%)

Retro-orbital pain N (%)

Arthralgia N (%)

Maculopapular rash N (%)

Gingival bleeding N (%)

Vomiting N (%)

Hepato-spleno-megaly N (%)
Haematological parameters

Total count mean (SD) cells/mm?

Neutrophils mean (SD) %

Lymbhocytes mean (SD) %

Hct mean (SD)

Platelet count mean (SD) cells/mm?>

Biochemical parameters
Albumin mean (SD) g/dl
Total protein mean (SD) g/dl
ALT mean (SD) IU/ml
AST mean (SD) IU/ml

24.13 (15.90)
101.6 (19.77)

110 (20.92)
69.76 (12.29)

2 (6.45)
9 (29.03)
16 (51.61)
13 (41.94)
5(16.13)
2 (6.45)
1 (3.23)
3 (9.68)
17 (54.84)
6 (19.35)

7234.07 (3207.20)

63.84 (14.62)
31.64 (13.57)
36.10 (5.62)

139,576.92 (84,038.64)

3.26 (0.49)

6.34 (0.95)
67 (41.94)
91.13 (88.13)

23.65 (15.66)
90.98 (19.38)
105.02 (14.19)
70.44 (11.07)

45 (51.14)
85 (96.59)
66 (75.00)

18 (20.45)
40 (45.45)
38 (43.18)
36 (40.90)
16 (18.18)
13 (14.77)
14 (15.90)
12 (13.64)
43 (48.86)

4 (4.54)%

5137.19 (2508.31)*
47.40 (13.33)%5*
47.56 (12.82)%%*

42.09 (7.57)*

67,906.25 (62,866.63)%**

3.46 (0.56)
6.376 (1.10)
92.02 (67.90)

25.43 (15.07)
88.82 (18.77)
105.42 (12.97)
70.83 (11.39)

32 (57.14)
54 (96.43)
38 (67.86)

0
16 (28.57)
27 (48221)
23 (41.07)
11 (19.64)
11 (19.64)
7 (12.5)
4 (7.14)
26 (46.43)
2 (3.57)

4976.84 (2443.95)

47.34 (11.30)
47.95 (10.66)
40.85 (5.36)

82,923.08 (67,858.36)

3.56 (0.44)
6.58 (0.84)
91.78 (63.32)

154.87 (98.97y%* 158.14 (105.96)

20.69 (16.39)
93.35 (20.24)
104.57 (15.78)

70 (10.95)

13 (40.63)
31 (96.88)
28 (87.50)

18 (56.25)"
24 (75.00)"*
11 (34.38)

13 (40.63)

5 (15.63)

2 (6.25)

7 (21.88)

8 (25.00)
17 (53.13)

2 (6.25)

5371.53 (2630.37)
47.48 (16.19)
46.96 (15.77)
44.05 (9.96)

44,480 (46,320.54)"

3.23 (0.71)
5.92 (1.47)
92.53 (78.90)
147.94 (84.85)

* p < 0.05; ** p <0.01; *** p < 0.001 when compared OFI
#p < 0.05; ## p < 0.01 when compared to NSD

OF1 other febrile illness, ADC all dengue cases, NSD non-severe dengue, SD severe dengue, Hct hametocrit, ALT alanine amino transferase, AST

aspartate amino transferase

anti-oxidative responsive genes among severe and non-
severe dengue cases compared to healthy controls [31, 32].
To further understand the anti-oxidant response during
dengue viral infection, in the present study we validated the
gene expression level of three selected antioxidant tran-
scripts in dengue cases compared to other febrile illness
and controls (healthy volunteers/NFI). The results are dis-
cussed on three bases: All dengue versus other febrile
controls; severe versus non-severe and finally between
primary and secondary cases.

Firstly the expression levels were found to be down-
regulated for all three genes studied in all study both
dengue as well as OFI compared to healthy controls
(Fig. 1). Reduced expression of antioxidant enzymes may
be the cause of redox imbalance in dengue disease as well
as the same reigning in OFI also. Earlier we have reported
a positive correlation existing between pro-inflammatory
cytokine and oxidative stress [9]. So the down-regulation
of antioxidant genes could able to exacerbate oxidative
stress mediated cytokine injury. The mechanism
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Fig. 1 Gene expression of CAT, MnSOD and GPx in all the study
groups at the day of admission and day of defervescence. The amount
of mRNA of each tested gene was measured by qPCR assay and
expressed as relative copy number (RCN) with median and
interquartile range. ***p < 0.001, **p < 0.01, *p <0.05 when
compared to controls. DOA day of admission; DOD day of
defervescence, CTRL controls, OFI other febrile illness, ADC all

underlying the down-regulation of antioxidant enzymes has
to be explored which will help to discover therapeutic
interventions, diagnostic and prognostic markers for den-
gue disease.

Secondly, within dengue cases, the study did not find any
significant variation between severe and non-severe cases.
Our earlier studies on oxidative parameters like MDA, protein
carbonylation, protein carbonylations (PCOs), PCOs to PBSH
(protein-bound sulphydryls) group ratio, sialic acid and
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(n=63), OFI (n=31), ADC (n=88), NSD (n=56), SD
(n = 32), PDC (n =29), SDC (n =59). DOD: CTRL (n = 63),
OFI (n = 13), NSD (n = 22), SD (n = 16), ADC (n = 38), PDC
(n =9), SDC (n = 29). Statstics : Kruskal-Wallis test

sulphydryl groups residues have clearly distinguished severe
dengue cases during the febrile period of infection [14, 15].
But the current study of gene expression transcript neither able
to differentiate between severe and non-severe dengue cases
speculate the role of viral hijacking on the regulation of host
genes. It has been reportedly hijacks Nrf2 dependent pathway
by Marburgvirus [33]. But further studies have required to
explore this phenomenon in dengue infection. Kalessan et al.
reported that persisting levels of MDA levels up to 7 days of
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Fig. 2 Comparison of gene
expression levels of CAT,
MnSOD and GPx in various
study groups between the day of
admission (DOA) and the day of
defervescence (DOD). DOA day
of admission, DOD day of
defervescence, OF1I other febrile
illness, ADC all dengue cases,
NSD non-severe dengue, SD
severe dengue, PDC primary
dengue cases, SDC secondary
dengue cases. OFI (n = 13),
NSD (n = 22), SD (n = 16),
ADC (n = 38), PDC (n = 9),
SDC (n = 29). Statistics:
Wilcoxon signed rank test

Table 3 Correlation analysis of
gene expression in dengue cases
between the study variables
during the day of admission and
day of defervescence

dengue infection [28] and this may partly explain our findings
of undistinguishable gene expression during the day of
defervescence among dengue cases. Despite a longer follow-
up study is required further to get more knowledge about the
transformation of the observed trend.
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Correlation coefficient (p)  p value Correlation coefficient (p)  p value
CAT versus MnSOD  0.593 <0.001 0.756 <0.001
MnSOD versus GPx 0.334 0.002 —0.066 0.709
GPx versus CAT 0.591 <0.001 0.001 0.996

DOA ADC (n = 88), DOD ADC (n = 38)
Statistics: Pearson’s coefficient correlation analysis

Finally, Secondary dengue infection by a different
DENYV serotype has established as a risk factor for severe
dengue disease [4]. During DOA, we found that MnSOD
expression significantly downregulated in secondary den-
gue compared to primary dengue infection (Fig. 2). There

@ Springer



444

Ind J Clin Biochem (Oct-Dec 2017) 32(4):437-445

is no study reported about the alteration of oxidative stress
or apoptosis response in the presence or absence of cross-
reactive non-neutralising antibody. So the factor underly-
ing the MnSOD gene expression pattern in primary/sec-
ondary infection during DOA remains unknown. However,
the changes in antioxidant gene expression in secondary
cases would be considered important since secondary cases
are highly prone to get into severity than primary infection.

Komaravelli et al. reported down-regulation of antioxi-
dant enzymes in Respiratory syncytial virus infection due to
virus-induced deacetylation, ubiquitination, and degradation
of Nrf2 (NF-E2-related factor 2) a transcription factor which
induces the expression of antioxidant enzymes [34]. Monica
et al. reported that during Hepatitis C virus infection delo-
calization of SMAF proteins caused the formation of Nrf-2-
SMAF complex which in turn blocked Nrf2 translocation and
ultimately caused transcriptional inactivation of detoxifying
enzymes [35]. It has been reported that SOD and catalase
expression were negatively regulated in the presence of
cytokines such as TNF-a, and IFN-y which elevated during
dengue infection [36]. All these virological factors may
contribute the down-regulation of antioxidant enzymes in
dengue infection, and OFI cases ultimately lead to oxidative-
mediated pathogenesis. Involvement of regulatory molecule
like nuclear factor erythroid 2-related factor 2 (Nrf2), that
regulates multiple antioxidant genes during redox imbal-
ance, may be a possible cause of positively correlated down-
regulation of study gene transcripts during the day of
admission and defervescence seen in the current study [37].
Even though the same observation was lost during the day of
defervescence except between CAT vs. MnSOD. Al-Alimi
et al. [38] reported that deficiency of glucose 6 phosphate
dehydrogenase enzyme which required for maintaining
glutathione in the reduced state leads to the production of
nitric oxide, superoxide radicles and viral persistence in
DENV-2 infected monocytes. Our study results were in
agreement with observation on earlier reports on antioxi-
dants levels which were diminished in dengue study subjects
[19, 20]. The study subjects belong to Puducherry and
Tamilnadu region which were reported for the prevalence of
all four dengue serotypes earlier [39]. But the study did not
investigate the levels of gene expression based on the dengue
serotype. Besides the study undergoes some of the limita-
tions like a discrete data analysis was not performed for
juvenile or adult cohort because of the limited number of
pediatric dengue cases. Because of the limited sample vol-
ume, we could not able to study the levels of protein in the
circulation, even though the study corroborates the earlier
reports of disrupted antioxidant defence in dengue patients
[19, 20].

In summary, expression levels of all study genes were
down-regulated throughout the course of dengue infection
and OFI cases compared to healthy controls. Within

@ Springer

dengue group, no significant difference was observed in
any of the parameters between severe and non-severe
cases. Interestingly, a significant down-regulation of
MnSOD expression was recorded in secondary dengue
infection compared to primary during admission. Down-
regulated endogenous antioxidant enzymes during dengue
infection could be the possible rationale of oxidative stress
reported in dengue disease earlier. Mechanism of down-
regulation has to be explored further which will pave the
way for the therapeutic target in dengue disease. Therefore,
further prospective studies with various viral serotypes
from endemic countries may be warranted to validate the
role of oxidative stress-mediated pathogenesis in the course
of dengue disease.
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