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ABSTRACT
Background and Aim: Infectious agents are triggers of oxidative stress and inflammation. 
This work was designed to determine evidence of systemic responses to viral pathogens 
using malondialdehyde, tumor necrosis factor alpha and superoxide dismutase. Methods: 
The subjects recruited for this study include 23 HCV mono-infected volunteers (aged 24-67 
years; Male-10; Female-13), 30 HBV mono-infected volunteers (aged 24-67 years; Male-15;  
Female-15), 18 HIV mono-infected volunteers (aged 24-67 years; Male-8; Female-10),  
23 Viral (HCV, HIV, HBV) Co-infected volunteers (aged 24-67 years; Male-10; Female-13)  
and 50 age matched control volunteers who were not infected with HCV, HIV or HBV  
(Female-25; Male-25). Subjects tested negative to Acid Fast Bacilli (AFB) and Plasmodium 
tests were recruited. Test subjects who have not initiated antiviral therapy were recruited for 
the study. Five milliliters of venous blood was obtained from each of the subjects into lithium  
heparinized bottles for the assay of HCV, HIV, HBV, TNFα by ELISA, SOD, MDA by Colorimetry,  
Giemsa thick blood film staining for plasmodium while sputum samples were obtained from 
each of the subjects for Ziehl Neelsen staining for Acid Fast Bacilli(AFB). Results: There was 
a significant increase in plasma MDA and TNF α in patients with viral co-infection compared 
with control and patients with mono-infections of HCV, HBV and HIV (p<0.05). There was a 
significant decrease in plasma SOD in patients with viral co-infection compared with control 
and patients with mono-infection of HBV (p<0.05; Table 1, 2; Figure 1, 2). The result also 
showed a significantly lower plasma SOD in patients with viral co-infection, mono-infection 
of HIV, HCV and HBV than the results obtained in the control subjects (p<0.05). There was a 
significant increase in plasma TNF-α in patients with viral co-infection compared with control 
and patients with mono-infections of HCV, HIV and HBV (p<0.05). The result also showed a 
significantly higher plasma TNF-α in patients with viral co-infection, mono-infection of HIV, 
HCV and HBV than the results obtained in the control subjects (p<0.05). Conclusion: The 
work revealed a significant evidence of systemic responses to viral pathogens as indicated 
by increased plasma malondialdehyde, tumor necrosis factor alpha and decreased plasma 
superoxide dismutase in viral mono and coinfections.
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INTRODUCTION
The immune system makes use of the germicidal  
properties of oxidants by producing oxidizing species  
to kill infectious pathogens. This mechanism involves 
the activation of phagocytes to produce reactive 
oxygen species (ROS) and reactive nitrogen species 
which include superoxide (•O−2), nitric oxide (•NO) 
and their particularly reactive product, peroxynitrite 
(ONOO-).[1] Malondialdehyde occurs naturally and 
is a marker for oxidative stress.[2] Oxidative stress is 
an imbalance between the systemic manifestation 
of reactive oxygen species and a biological system’s 
ability to readily detoxify the reactive intermediates 
or to repair the resulting damage.[3,4] Disturbances in  
the normal redox state of cells can bring about toxic  

effects through the production of peroxides and 
free radicals that can damage all components of the 
cell, such as proteins, lipids including pathogens.[3] 
Superoxide dismutase is an enzyme that alternately 
catalyzes the dismutation (or partitioning) of the  
superoxide (O2−) radical into either ordinary  
molecular oxygen (O2) or hydrogen peroxide (H2O2) 
to prevent cellular damage. Superoxide is produced 
as a by-product of oxygen metabolism that can cause 
many types of cell damage.[4]

Tumor necrosis factor alpha or TNFα is a pro- 
inflammatory or inflammatory cytokine in systemic 
inflammation that regulates the immune cells and 
one of the cytokines of acute phase reaction. It is  
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produced by activated macrophages, CD4+ lymphocytes, NK cells,  
neutrophils, mast cells, eosinophils and neurons.[5] It induces fever, 
apoptotic cell death, cachexia, inflammation and inhibits tumorigenesis 
and viral replication.[6-8]

Viral pathogen is an infectious agent that can produce viral disease.  
Viruses are particles with very small size of between 20 and 300 nano-
meters in length containing RNA or DNA. Viruses only replicate in a 
host cell. Some of the diseases that are caused by viral pathogens include  
smallpox, influenza, mumps, measles, chickenpox, ebola, HIV and  
rubella. Presence of viral pathogens in the body can stimulate protective  
immune response.[9] Viral pathogens are mainly from the following 
families: Adenoviridae, Picornaviridae, Herpesviridae, Hepadnaviridae,  
Flaviviridae, Retroviridae, Orthomyxoviridae, Paramyxoviridae,  
Papovaviridae, Polyomavirus, Rhabdoviridae and Togaviridae.[9]

This work was designed to determine evidence of protective responses 
against viral pathogens using Malondialdehyde (MDA), tumor necrosis 
factor alpha (TNF-α) and superoxide dismutase (SOD) to provide useful 
information in the investigation of viral pathogenic infections.

MATERIALS AND METHODS
Study Area
This work was carried out in in Owo a local government headquarters 
located in Owo/Ose Federal constituency in Ondo State South-Western  
part of Nigeria. The proposal of this work was reviewed and approved  
by the Research and Ethical Committee of Federal Medical Centre,  
Owo – Nigeria

Study population
The subjects recruited from Owo for this study include 23 HCV mono-
infected volunteers (aged 24-67 years; Male-10; Female-13), 30 HBV  
mono-infected volunteers (aged 24-67 years; Male-15; Female-15),  
18 HIV mono-infected volunteers (aged 24- 67 years; Male-8; Female-10),  
23 Viral (HCV, HIV, HBV) co-infected volunteers (aged 24-67 years; 
Male-10; Female-13) and 50 age matched control volunteers who were 
not infected with HCV, HIV or HBV (Female-25; Male-25). Subjects  
tested negative to AFB and Plasmodium tests were recruited. Test  
subjects who have not initiated antiviral therapy were recruited for the 
study. 

Biological Specimen
Five milliliters of venous blood was obtained from each of the subjects 
into lithium heparinized bottles for the assay of HCV, HIV, HBV, TNFα 
by ELISA, SOD, MDA by colorimetry, Giemsa thick blood film staining 
for plasmodium while sputum samples were obtained from each of the 
subjects for Ziehl Neelsen staining for Acid Fast Bacilli (AFB).

Biological Assays
TNF alpha ELISA
Plasma TNF alpha was determined in the subjects by ELISA using  
Abcam’s kit. 

Laboratory Identification of Acid Fast Bacilli and 
Plasmodium spp.,
Laboratory diagnosis of malaria was carried out by Microscopy using  
Ziehl Neelsen and Geimsha-Thick film methods as described by  
Cheesbrough.[10] 

Anti-HCV ELISA assay 
This was assayed using Anti-Hepatitis C Virus Core Antigen antibody 
Abcam kit. 

HIV ELISA Test
HIV test was carried out using Genscreen™ ULTRA HIV Ag-Ab Biorad Kit.
The Genscreen™ ULTRA HIV Ag-Ab is an enzyme immunoassay based  
on the principle of the sandwich technique for the detection of HIV  
antigen and of the various antibodies associated with HIV-1 and/or 
HIV-2 virus in human serum or plasma. 

HBsAg ELISA Test
This was assayed using Diagnostic automation/ Cortez Diagnostics,  
INC kit by ELISA method

Superoxide Dismutase (SOD) Activity
This was analysed using Randox Superoxide Dismutase (Ransod) kit by 
Colorimetric method

Malondialdehyde (MDA) Assay Kit 
This was assayed using Abcam MDA/ Lipid Peroxidation Assay Kit is 
designed for the rapid detection and quantitation of Malondialdehyde 
(MDA).

Statistical Analysis of Data
The result of this work was subjected to statistical analysis to determine 
student t-test and probability value at 0.05 level of significance.

RESULTS
The results obtained showed no significant difference in the plasma  
values of MDA, SOD and TNF-α in the results obtained in patients with  
viral mono-infections (p>0.05; Table 1, 2; Figure 1,2). There was a  
significant increase in plasma MDA in patients with viral co-infection 
compared with control and patients with mono-infections of HCV and 
HBV (p<0.05; Table 1, 2; Figure 1,2). There was also a significant increase 
in plasma MDA in patients with viral co-infection, mono-infection of  
HIV, HCV and HBV compared with the control subjects (p<0.05;  
Table 1, 2; Figure 1,2).
There was a significant decrease in plasma SOD in patients with viral 
co-infection compared with control and patients with mono-infection of  
HBV (p<0.05; Table 1, 2; Figure 1,2). The result also showed a significantly  
lower plasma SOD in patients with viral co-infection, mono-infection 
of HIV, HCV and HBV than the results obtained in the control subjects  
(p<0.05; Table1, 2; Figure 1,2). There was a significant increase in plasma  
TNF-α in patients with viral co-infection compared with control  
and patients with mono-infections of HCV, HIV and HBV (p<0.05;  
Table 1, 2; Figure 1,2). The result also showed a significantly higher  
plasma TNF-α in patients with viral co-infection, mono-infection of 
HIV, HCV and HBV than the results obtained in the control subjects 
(p<0.05; Table 1, 2; Figure 1,2).

Table 1: Mean and Standard deviation of plasma MDA, SOD and TNF-α 
obtained in the subjects.

HCV 
Patients

HBV
Patients

HIV
Patients

Patients 
with viral 

coinfection
Control

MDA(μmol/L) 0.9 ± 0.1 0.86 ± 0.1 1.1 ± 0.2 1.7 ± 0.2 0.38±0.2
SOD (U/mL) 75.0± 2.0 77.0± 1.0 70.0± 2.0 66 ± 3.0 99.0±5.0

TNF-α (pg/ml) 4.0 ± 0.2 3.9 ± 0.2 4.1 ± 0.1 4.7 ± 0.1 2.6 ± 0.2
AFB Z/N test Negative Negative Negative Negative Negative

Plasmodium test Negative Negative Negative Negative Negative

MDA: Malondialdehyde; TNF- α: Tumor necrosis factor alpha; SOD: Superoxide 
dismutase; AFB: Acid Fast Bacilli; HCV: Hepatitis C virus; HBV: Hepatitis B virus; 
HIV: Human immuno deficiency virus
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DISCUSSION
Our present findings suggest a significant rise in plasma Malondialdehyde 
(MDA) in patients with viral co-infection compared with control and  
patients with mono-infections of HCV, HIV and HBV. MDA is an  
indirect indicator of oxidative stress In humans, oxidative stress is 
thought to be involved in infection, possibly through the use of reactive  
oxygen species by the immune system as a way to attack and kill  

pathogens.[11] In a previous report oxidative stress was linked with the 
pathogenesis of HCV infection.[12] Our finding matches with previous 
work. Previously Levent et al. have analyzed RBC MDA and SOD in 
HCV patients[13] while we have estimated the same in serum. Moreover 
we have also analyzed SOD and TNF α in serum. Similarly in previous  
studies, De Maria et al. and Levent et al. had[13,14] analyzed only HCV 
infection while we have also done the analysis in HIV and HBV patients 
and in patients with viral co-infection which was not done before.
There was a significant decrease in plasma superoxide dismutase (SOD) 
in patients with viral co-infection compared with control and patients  
with mono-infection of HBV, HIV and HCV compared to control  
subjects. This result can be associated with the fact that SO) is a potent  
antioxidant whose plasma level decreases in oxidative stress.[15] Super-
oxide Dismutase (SOD) is an enzyme that catalyses the dismutation of 
superoxide into oxygen and hydrogen peroxide, consequently providing 
protection against superoxide which is one of the most common free  
radicals in the body in oxidative stress.[15] Superoxide is a reactive  
oxygen species generated by the immune system to kill invading  
microorganisms. In phagocytes, it is produced in large quantities by the  
enzyme NADPH oxidase for use in oxygen-dependent killing mechanisms  
of invading pathogens.[15] Decreased SOD in viral infections in this work 
might be caused by increase in the production of reactive oxygen species. 
Furthermore, it has also been reported that viral infection like hepatitis 
C virus (HCV) may cause oxidative stress in infected cells.[16]

There was a significant increase in plasma TNF-α in patients with viral 
co-infection compared with control and patients with mono-infections 
of HCV, HIV and HBV. These findings is consistent with the fact that 
TNF-α is a proinflammatory cytokine whose level increases in inflam-
mation such as in viral hepatitis. Its level increases in viral infections 
too to inhibit viral replication and bring about inflammatory process. 
It has been reported that viral hepatitis such as hepatitis C virus (HCV) 
may generate oxidative stress in infected cells as patients with chronic 
hepatitis C can express increased production of tumor necrosis factor-α 
(TNFα), a cytokine that can produce oxidative stress by stimulating the 
generation of reactive oxygen species (ROS).[16]

The findings of this work indicated that the significant changes in oxidative  
stress and inflammatory biomarkers were more in viral coinfection. This 
is consistent with the report that HIV/HCV coinfection is associated  
with increased oxidative stress and decreased plasma antioxidant co 
ncentrations compared with HIV monoinfection.[17] 

Table 2: Comparative analysis of plasma MDA, SOD and TNF-α obtained in the subjects.

HCV 
Patients

Vs 
HBV

Patients

HCV 
Patients

Vs 
HIV

Patients

HCV 
Patients

Vs Patients 
with Viral 

Coinfection

HCV 
Patients

Vs 
Control

HBV
Patients 
Vs HIV

Patients

HBV
Patients 

Vs Patients 
with Viral 

Coinfection

HBV
Patients 

Vs 
Control

HIV
Patients

Vs Patients 
With Viral 

Coinfection

HIV
Patients

Vs 
Control

Patients With 
Viral Coinfection 

Vs
Control

MDA (μmol/L) ‘t’ 0.398 -0.89 -3.58. 5.10. -1.20 -4.20 21.47 -2.12 3.58 6.57

‘p’ 0.37 0.23 0 .04* 0.02* 0.18 0.03* 0.001* 0.08 0.04* 0.01*

SOD (U/mL) ‘t’ -0.56 1.72 2.83 -4.2 3.14 3.48 -4.32 1.11 -5.39 -5.66

‘p’ 0..32 0.11 0.05 0.03* 0.05 0.04* 0.03* 0.19 0.02* 0.02*.

TNF-α (pg/ml) ‘t’ 0.36 -0.45 -3.13 4.98 -0.89 -3.58 4.6 -4.25 6.71 9.39

‘p’ 0.38 0.35 0.04* 0.02* 0.23 0.04* 0.02* 0.03* 0.01* 0.01*

P<0.05 is considered to be statistically significant
MDA: Malondialdehyde; TNF-α: Tumor necrosis factor alpha; SOD: Superoxide dismutase; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HIV: Human immuno 
deficiency virus

Figure 1: Comparative description of plasma MDA, and TNF-α obtained in 
the subjects

Figure 2: Comparative description of plasma SOD obtained in the subjects
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CONCLUSION
The work revealed a significant evidence of systemic responses to viral  
pathogens as indicated by increased plasma malondialdehyde, tumor  
necrosis factor alpha and decreased plasma superoxide dismutase in  
viral mono and coinfections.
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