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Abstract

H1N1 influenza tends to cause high morbidity but low mortality (1% to 4%) Based on its
wide spread, the World Health Organization (WHO) has declared the 2009 outbreak of the
novel HIN1 flu a global pandemic. On April 27, 2009, health services in India were put on
high alert to guard against the entry of the disease into India. Pathogenesis of an infection
and treatment is a challenge to infection management worldwide. The aim is to study the
pathogenesis of an infection and find out supplementary treatment. The study period was
15th August 2009 to 25th October 2009. In present study 30 positive cases of HIN1 influ-
enza was included. 30 normal healthy persons as per IFCC guidelines were included as
control subjects. In present study oxidative stress was assessed by estimating lipid peroxi-
dation product in the form of thiobarbituric acid reactive substances [TBARS], antioxi-
dants in the form of reduced glutathione and enzymatic antioxidants in the form of super-
oxide dismutase [SOD] and glutathione peroxidase [GPx] of plasma. All the data were ana-
lyzed by using the statistical package SPSS-10.0. Results are reported as mean plus/minus
standard deviation. The plasma TBARS were significantly high but glutathione levels and
SOD and GPx activity were significantly lowered in HIN1 influenza when compared with
control subjects. The study show that increased LPO levels and decreased levels of glu-
tathione and activity of antioxidant enzymes raise oxidative stress in HIN1 Influenza. Ele-
vated oxidative stress may be playing a role in natural killer (NK) cell loss and play a role
in pathogenesis of HIN1 influenza virus. The present study suggests that use of Tamiflu
(oseltamivir) or Relenza (zanamivir) with supplementation of antioxidants can recovers
H1N1 influenza earlier than only antiviral drugs therapy by increasing the levels of NK

cells and help to protect HLN1 viral infection
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Introduction

Novel HIN1 influenza is a highly contagious acute infec-
tion caused by the swine influenza A virus.[1] It is an
acute respiratory viral infection that continues to pose
endemic, zoonotic, and pandemic threats to human health,
with significant morbidity and mortality. HIN1 influenza
tends to cause high morbidity but low mortality (1% to
4%). It’s unusual for humans to catch swine flu, but occa-
sional cases occur, usually in people who have contact
with infected pigs.[2,3,4] Like other flu viruses, the swine
flu virus changes its RNA as it spreads, giving rise to a
number of sub types.[5,6]
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HINI1 can be sub divided according to the two proteins
found on the surface of the virus: H (hemagglutinin) and
N (neuraminidase). All the influenza strains contain these
two protein structure, however- they vary from strain to
strain in terms of the structure of the proteins. Each strain
is assigned H and N numbers based on how many protein

structures they contain. [4] The outbreak of what is popu-
larly called swine flu this involves in a new HINI type. A
influenza strain that’s a genetic combination of swine,
avian and human influenza viruses.[1,5,6] Based on its
wide spread, the World Health Organization (WHO) has
declared the 2009 outbreak of the novel HIN1 flu a
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global pandemic.[4] On April 27, 2009, health services in
India were put on high alert to guard against the entry of
the disease into India.[7] The HINI viral strain impli-
cated in 2009 flu pandemic among humans often is called
‘Swine flu’ because initial testing showed many of the
virus were similar to influenza viruses normally occurring
in North American swine.[8] But further research has
shown that the outbreak is due to a new strain of HINI
not previously reported in pigs.

The new swine flu strain has also been called by various
names: Swine origin influenza A, Swine influenza A
(HIN1), influenza A / California / HIN1, Swine origin
influenza virus, North American flu and influenza A
(HIN1).[4,5,6,9]

The 1918 flu pandemic in humans was associated with
HINI and influenza appearing in pigs, this may reflect a
zoonosis either from swine to humans or from humans to
swine. Although it is not certain in which direction the
virus was transferred, same evidence suggests that, in this
case, pigs caught the disease from humans.[10]

The main route of transmission is through direct contact
between infected animals. Influenza spreads between hu-
mans through coughing or sneezing and people touching
something with the virus on it and then touching their
own nose or mouth [11].

Natural killer (NK) cells develop in the bone marrow
from the common lymphoid progenitor’s cell and circu-
late in the blood. NK cells are key effector cells in innate
immunity and play a critical role in the first line of host
defence against acute viral infections by directly destroy-
ing infected cells without the need for prior antigen stimu-
lation. NK cells can recognize and kill influenza virus-
infected cells. Two mechanisms are involved in the pro-
tective effects of NK cells against viral infections; cyto-
kine production and cytotoxic activity.[12] NK cells are
to defend the body against infection with viruses and
other pathogens. The role of NK cells in influenza A virus
infection is poorly understood.[5,6,9,11] Pathogenesis of
HINI infection and its treatment is a challenge to infec-
tion management worldwide.

This study was undertaken in a 740 bedded teaching hos-
pital located at Belgaum, Karnataka (India) to find out the
role of oxidative stress and antioxidants in pathogenesis
of HIN1 influenza.

Subjects and Methods

Study design

The study was conducted in the department of Biochemis-
try at Belgaum Institute of Medical Sciences, Belgaum.
The study period was 15th August 2009 to 25th October
2009. The ethical committee of the institute permitted to
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collect the blood samples of HIN1 influenza patients for
this study. In present study 30 positive cases of HINI
influenza was included who were admitted in HIN1 ward
(swine flu ward) of District Hospital, Belgaum.

All these cases were in between the age group of 5- 55
years. Consent was obtained from all enrolled patients as
well as controls. 30 normal healthy persons as per IFCC
(International Federation of Clinical Chemistry) guide-
lines were included by excluding history of alcohol,
smoking and any infection as control subjects.

Sample collection

The diagnosis of HIN1 influenza cases were done by De-
partment of Neurovirology, National Institute of Mental
Health and Neurosciences (NIMHANS) Bangalore. After
confirmation of diagnosis, blood samples were collected
from HIN1 influenza patients under sterile condition. Just
before starting any treatment 5 ml blood was taken in
plain bulb. Plasma was separated and used for the estima-
tion of TBARS (Thiobarbituric acid reactive substances)
and reduced glutathione. Erythrocytes were washed 4
times with 0.9% NaCl solution and used for estimation of
SOD and GPx.

Analytical Methods

As described by Burge JA, TBARS were estimated in
plasma employing MDA as a reference standard.[13] Re-
duced glutathione estimation was done by end point reac-
tion method.[14] SOD was estimated in RBC according to
RANSOD method by RANDOX laboratories Ltd.[15]
GPx were assessed in RBC by UV method based on that
of Paglia and Valentine.[16] All these investigations were
carried out on semiautoanalyzer (Erba) and spectropho-
tometer (Erba).

Limitations of the study

In swine flue ward 30 HINI positive patients within age
5-55 years were admitted. Hence this study was subjected
to 30 cases. The laboratory is equipped with semiautoana-
lyzer; hence all investigations were carried out on semi-
autoanalyzer. The methods used in this study were stan-
dardised in our laboratory, hence investigations were
done by these methods.

Statistical Analysis

All the measurements were carried out by using Microsoft
office ‘Excel’ with windows 2003 operating system and
all the data were analyzed by using the statistical package
for social sciences (SPSS) versionl10.0. Results are re-
ported as mean plus/minus standard deviation.

Results

Table 1 shows in HINT influenza there was significantly
increase in the plasma levels of TBARS on comparison
with controls. Where as activity of erythrocyte SOD and
GPx were significantly reduced, and levels of plasma re-
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duced glutathione were significantly lowered in HINI1
influenza.

Table 1. Levels of lipid peroxidation, glutathione, and activity of antioxidant enzymes in HLN1 Influenza.

SL. NO. Parameters Control Subjects H1N1 Influenza (Swine flu)
(n=30) (n=30)
mean + SD mean £ SD
1. LPO (MDA) n moles/ml. 2.25+0.645 6.72 £ 0.780%*
2. Reduced GSH 7.20 +0.32 4.50 £ 1.02*
p mol/gm Hb.
3. SOD U/gm Hb. 1555 +98.20 789 £ 112%*
4. GPx Units/ gm Hb. 52.25+4.27 26.30 £ 3.83*

n = number of observations. * indicates P < 0.001 compared with control subjects.

Discussion

Influenza A virus is the major pathogen of humans caus-
ing annual winter epidemics in the United States and has
the potential to cause worldwide pandemics.[17]

MDA indicator of lipid peroxidation was significantly
raised (6.72+0.780 MDA n moles/ml) in HIN1 influenza
when compared with control subjects (2.25 + 0.645 MDA
n moles/ml).

The results of our study were similar to the study by Choi
AM. Et al. They observed that increased lipid peroxida-
tion in H1Nlinfluenza and this is responsible for raised
oxidative stress. Enhanced lipid peroxidation may occur
as a result of the fact that naturally occurring scavenging
mechanisms are suppressed and free radical generation
processes are enhanced [18]

Natural killer (NK) cells are important effector cells in the
innate immune response against infection and protect us
from viruses during new infection. NK cells will encoun-
ter influenza viruses and are important for host immunity
during influenza infection. These cells can recognize and
kill influenza virus-infected cells.[4,3,2,19] In HIN1 in-
fection the increased free radicals may attack on the Natu-
ral killer cells and decreases the mechanism of cytokine
production and cytotoxic activity. This may induce
marked apoptosis of NK cells. This is supported by the
findings of Huawei Mao et. al., they states that influenza
virus infection induced a marked apoptosis of NK cells
which contributed to reduced NK cell cytotoxicity.[20]
Thus oxidative stress may be responsible for contribution
to HIN1 pathogenesis. This hypothesis is supported by
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Choi A.M. et al; he states that pathogenesis of influenza
A virus of the lung is in part mediated by oxidative stress

[21]

In HINI Influenza reduced glutathione levels were sig-
nificantly lowered (4.50 = 1.02 p mol/gm Hb) when com-
pared with control subjects (7.20 + 0.32 p mol/gm Hb). In
HINI infection there may be inhibition of either alpha
glutamylcystine synthase or glutathione synthase. Thus
rate of synthesis of glutathione might be decreased; this
decreased synthesis may be responsible for the lowered
levels of glutathione and increased utilization of glu-
tathione to detoxify the free radicals, can be responsible
for the lowered levels of reduced glutathione.

Enzymatic antioxidant status was studied by estimating
the erythrocyte SOD, and GPx activity. Erythrocyte SOD
and Gpx activities were significantly lowered (789 £+ 112
U/gm Hb and 26.30 + 3.83 U/gm Hb) in the HIN1 Influ-
enza on comparison with control subjects (1555 + 98.20
U/gm Hb and 52.25 +4.27 U/gm Hb).

SOD is an important antioxidant enzyme having scaveng-
ing effect against superoxide anion. Lowered activity of
SOD may be due to increased utilization of SOD to de-
toxify the superoxide radicals in HIN1 Influenza.

The lowered levels of reduced glutathione in HIN1 Influ-
enza may be responsible for decreased activity of glu-
tathione peroxidase. Due to reduced levels of SOD, GPx,
and reduced glutathione there was increased oxidative
stress. Due to the raised oxidative stress and lowered an-
tioxidants, free radicals may attack on NK cells. Thus
decreased activity of SOD, GPx, and levels of reduced
glutathione may be involved in NK cells death.

The study indicates that, oxidative stress and antioxidants
play an important role in HIN1 influenza. Elevated oxida-
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tive stress decreased activity of antioxidants may be indi-
rectly responsible for NK cells loss and probably plays a
role in pathogenesis of HIN1 influenza virus. The article
published 2001, stated that support of prophylactic use of
a carefully designed nutritional supplement formulation
with glutathione may antagonize the major pathogenic
processes of H5N1, influenza in humans.[22]

Conclusion

The study show that increased LPO levels and decreased
levels of glutathione and activity of antioxidant enzymes
raised oxidative stress in HIN1 Influenza. The study con-
clude that elevated oxidative stress may be playing a role
in natural killer (NK) cell loss and may play a role in
pathogenesis of HIN1 influenza virus. The present study
suggests that use of Tamiflu (oseltamivir) or Relenza
(zanamivir) with supplementation of antioxidants can re-
covers HIN1 influenza earlier than only antiviral drugs
therapy by increasing the levels of NK cells and help to
protect HIN1 viral infection
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