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Summary

Hepatitis B is a potentially life-threatening liver infection caused by a
specific type of virus called hepatitis B virus (HBV). Irag is among the
intermediate HBV endemic countries because the infected rate of HBV is
between (3%-4.5%) among the population and (2%-3%) among apparently
healthy blood donors; therefore, this study was designed. A total of 40
patients with infectious phases of hepatitis B (HBeAg positive) divided into
20 female and 20 male and 40 non-infectious phases of hepatitis B patients
(HBeAg negative) 18 female and 22 male and 40 healthy subjects 19 female
and 21 male were included in this study during the period from February to
September 2018. The study was carried out in the General Al-Ameria

Hospital/ Al-Anbar province.

Hepatitis B virus was identified as preliminary by Rapid immune
chromatographic assay. Fully automated chemistry analyzer TOSOH, AlA-
1800 ST, for the detection of HBsAg level was also done as a confirmatory
test. Further, assay procedure for biochemical tests including Alanine
aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline
phosphatase (ALP), Also total serum Bilirubin (TSB), Gamma-glutamyl
transferase (GGT) and Total protein Albumin and Globulin were done by
using automatic chemistry analyzer instrument (MNCHIP) for each serum
specimen from patients and healthy individuals. On the other hand,
measurement of non-enzymatic antioxidant which includes Vitamin C
(V.C), and enzymatic antioxidant which includes superoxide dismutase
(SOD). Further, the production of lipid peroxidation marker
malondialdehyde (MDA) in addition interlukin-1 alpha (IL-1a), and



interlukin-2 (IL-2) were also achieved by Enzyme- linked immunosorbent

assay technique.

Hepatitis B-DNA extraction was done by SaMag-12 automatic nucleic
acid extraction system. Quantitative HBV-DNA was amplified using Real-
Time PCR. A total of 80 patients were revealed to be positive for HBSAg .
Serum level of HBsAg was significantly increased in HBeAg positive
patients compared to HBeAg negative patients (7779.9 + 3898 vs. 3233.8 +
2474 1U/ml) respectively. The viral load of HBV-DNA was also
considerably increased in HBeAg positive patients compared to HBeAg
negative patients (35328825 +23101537 vs. 3115.1+1916.8 1U/ml).

The chromatographic immunoassay was performed for all HBsSAg
positive patients to investigate the following markers: HBsAg, HBSAD,
HBeAg, HBeADb, and HBcAb. In infectious form of hepatitis B, (those
patients who were positive for HBeAg), Anti-HBsAg was not detected in
any patients. Also, all patients (100%) were anti-HBs negative, in addition
to that Anti-HBeAg was detected in 2.5% of patients while 97.5% of them
were anti-HBeAg negative. Further, anti-HBc was detected in 67.5% of

study patients.

In biochemical and physiological aspect, the statistical analysis
revealed that there was a significant increase in the mean level of serum
AST, ALT, ALP in (HBeAg-positive) patients compared to (HBeAg
negative) patients group and healthy control (P = 0.001). Regarding GGT
levels increase in (HBeAg positive), and (HBeAg negative) patients group
compared to healthy control (P value=0.002). Also, the level of total serum

bilirubin, direct bilirubin, indirect bilirubin, total protein, aloumin, and

Vi



globulin showed no significant difference results in each HBeAg positive

and HBeAg negative patients and healthy control.

In oxidative stress markers; vitamin C levels in HBeAg-positive
patients were lower than those observed in HBeAg-negative patients or in
healthy volunteers (P value=0.001). However, SOD and MDA levels were
significantly lower in both HBeAg-positive and HBeAg-negative patients

than in the healthy volunteers.

In immunological part, IL-1a levels appeared similar in the three
groups of individuals. IL-2 levels were not significantly different between
HBeAg-positive and control individuals but HBeAg-negative individuals
demonstrated significantly higher levels than either HBeAg-positive
patients or the controls (both, P = 0.001).

The study concluded that gRT-PCR test have the superior clinical
advantage among other techniques in quantitation viral load through study
groups. Also, the biochemical parameters, especially ALT, AST, GGT, and
ALP, were elevated in HBV patients significantly. The activities of vitamin
C were significantly decreased in HBeAg positive patients while the
activities of superoxide dismutase was significantly reduced in each HBeAg
positive and HBeAg negative patients compared to healthy control. The
activity of malondialdehyde has been markedly reduced in HBV patients.
Further, Serum levels of IL-2 were decreased in HBeAg positive patients

group relative to HBeAg negative patients.
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Chapter One

Introduction and Literature Review

1.1 Introduction:

Viral hepatitis is a systemic disease, including the liver as the major
site for viral replication cycle ). Many viruses can cause hepatitis like
A, B, C, D, E ®. Hepatitis B may cause acute (AHB) or chronic hepatitis
(CHB) ® and those with CHB have elevated complications involving
cirrhoses and liver cells carcinoma . Hepatitis B virus is a causative
agent of significant infectivity and death around the world ©, at which
two billion of human beings have been infected with HBV and about 280
million suffering from CHB ©, while 600,000 patients pass through
AHB and CHB yearly ). According to global surveys, more populations
die in a day from CHB than AIDS in 1 year, and nearly 1 million of
peoples die from HBV related viral illnesses ©. Iraq is among the
intermediate HBV endemic countries because the infected rate of HBV
iIs between (3%-4.5%) among the population and (2%-3%) among
apparently healthy blood donors ©.

Chronic HBV infection is dangerous because there are often no
symptoms (even liver blood tests may be normal). As many as 2 out of 3
chronically infected persons are not aware they have been infected. For
this reason, the Hepatitis B virus is a silent killer . Detection of
serological markers is the mainstay of diagnosis of HBV infection and
the most reliable marker of HBV carriage is HBV surface antigen
(HBsAg) in serum “9. HB envelope antigen (HBeAg) is generally used
as a secondary marker to indicate infectivity of the virus. The minority of
chronic HBV carriers in whom HBeAg can be detected have a

particularly high risk of progressive liver disease and end-stage liver



failure ™. The monitoring of hepatitis B virus DNA in serum is as
crucial as serological markers in predicting the clinical outcome of
infection. More recently, molecular diagnostic methods have been used
to quantify the levels of HBV DNA in serum as a marker of viral
replicative activity. The detection and quantification of HBV DNA load
are reported to have prognostic value for the outcomes of acute and
chronic HBV infections 2. Quantification of HBV DNA may be a more
useful measure than HBeAg as genetic variants of HBV may continue to
replicate at a high level without secreting HBeAg. Quantification of
HBYV DNA can be helpful to assess the efficacy of antiviral therapy as a
more direct method of detecting viral replication than serologic markers
@3 More recently, most HBV DNA assays use real-time PCR
techniques. The development of real-time PCR methodology has further
improved the ease with which HBV DNA levels can be monitored and
has increased the range over which such levels can be accurately
quantified 9.

Oxidative stress (OS) is an imbalance between the free radicals
(FR) formation in cells and an antioxidant defense that includes
enzymatic and non-enzymatic antioxidant and some trace elements,
which are responsible for oxidative damage to proteins, lipids, and
nucleic acids, and modifies their structure as well as functioning ®.

Mitochondria contain their scavenging mechanisms for ROS which
are essential and needed for the survival of the cell, but when the
production of ROS in mitochondria become in high average more than
their capacity of scavenging. This leads to incomplete metabolism of 1-

3% of depreciated, and the results are free radicals (FR) ® such as
Superoxide (02'-), Hydrogen peroxide (H202) and Hydroxyl radical
(OH") &7,



Free radicals are produced continuously in all aerobic organisms by
the oxygen through intracellular metabolism as a response to an external
stimulus. ROS are provided in the cells in many organelles and
numerous enzymes, but the ROS more significant source is the electron
transport chain in the mitochondria ®®.

Lipid, when occur, will give the end products is called
malondialdehyde, which is most important lipid peroxidation metabolite
19 Malondialdehyde is not the toxic compound product that is found at
low physiological concentrations in its normal state, but high
concentration associated with the pathological condition and these will
result in damage of DNA @9,

Antioxidants are molecules which can safely interact with free
radicals and terminate the chain reaction before vital molecules are
damaged. Oxidative damage has been reported to be involved in several
hepatic diseases ®”. Antioxidant systems are neutralizing the harmful
effects of the endogenous Reactive Oxygen Species (ROS) products.
Under certain conditions, the oxidative or anti-oxidative balance shifts
towards the oxidative status as a result of the increase in ROS and/or
impairment in an antioxidant mechanism “?. The antioxidant action of
non-enzymatic antioxidants balanced the harmful effects of oxidative
damage in addition to antioxidant enzymes. In spite of the presence of
antioxidant defense system of the cells to counteract oxidative damage
from reactive oxygen free radical species, oxidative damage accumulates
during the life cycle and it is capable of direct oxidative damage to
macromolecules 2.

Cytokines represent a large family of molecules, including
chemokines, interleukins (ILs), interferons (IFNs) and members of the
tumor necrosis factors (TNF) family; all which play an essential role in

the initiation and regulation of immune response. Therefore, the main

3



biological mediators in the immune response are cytokines, which are
low molecular weight-peptides produced by a large variety of cells that
have a broad range of physiological functions, and accordingly, it has
been highlighted that cytokines might affect susceptibility to and/or
natural course of HBV infections %,

In Iraq, several studies on HBV prevalence and genotyping were
carried out. In Anbar Province, to our simple knowledge there is no
previous study dealing with molecular detection and characterization to
oxidative stress of HBV, and study the role of some interleukins and
their effects, therefore this study was conducted for molecular detection
of HBV and determination the oxidative stress and effect of some
interleukin and liver function test and hematological parameters among

our patients who were clinically suspected as having hepatitis.

1.2 Literature Review:
1.2.1 The Liver:

The liver is a vital organ and is the largest internal organ in the
body, constituting about 2.5% of an adult’s body weight. It has a wide
range of functions, including glycogen storage, protein synthesis,
detoxification, red cell destruction, hormone production, and bile
production for lipid emulsification . It is located in the right upper
quadrant of the abdomen below the right lower rib cage against the
diaphragm and extends variably to the left upper quadrant ®®. The liver's
highly specialized tissues regulate a wide variety of high-volume
biochemical reactions, including the synthesis and breakdown of small
and complex molecules, many of which are necessary for normal vital

functions @7,


http://en.wikipedia.org/wiki/Biological_tissue

1.2.2 Liver diseases:

Liver disease is defined as any change in the anatomy or function of
the liver. The liver is one of the principal organs of the body which has a
tremendous capacity to detoxify toxic principle and synthesize useful
principles. Thus, damage to the liver can affect our body tremendously
%) There are over 100 different forms of liver disease that affect men,
women, and children; they include Wilson’s disease, hepatocellular
carcinoma, liver cirrhosis, alcoholic liver disease, non-alcoholic fatty

liver disease, jaundice, and hepatitis .

1.2.2.1 Hepatitis:

Hepatitis is a general term that means inflammation of the liver.
Damaged hepatic cells are often repaired in 8 to 12 weeks, or may
develop to cirrhosis and fibrosis. There are many reasons for the liver to
be inflamed by viral, toxic, metabolic, pharmacologic, or immune-

mediated attack on the liver G0 GY,

1.2.2.1.1 Viral Hepatitis:

Viral hepatitis is an infectious disease that refers to the inflammation
of the liver that can evolve towards cirrhosis or liver cancer. It is a severe
health burden worldwide. To date, five viruses are known to cause
hepatitis: A, B, C, D (or delta), and E. These viruses can be
differentiated by many criteria, including mode of transmission,

incubation period, and potential for becoming chronic infections 2 @9,

Viral Hepatitis may occur with limited or no symptoms but often
leads to jaundice, anorexia (poor appetite) and malaise. Viral Hepatitis
can be divided into two subgroups according to its duration:

e Acute viral hepatitis — lasting less than six months
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e Chronic viral hepatitis — lasting longer than six months ®9 ¢2)

1.2.2.1.1.1 Hepatitis B Virus (HBV):

Hepatitis B is a potentially life-threatening liver infection caused by
a specific type of virus called hepatitis B virus (HBV) ©. It is estimated
that 40% of the world’s population has had contact with or are carriers of
the hepatitis B virus (HBV) @”. HBV infection is a major cause of
chronic liver diseases, such as liver fibrosis, cirrhosis, and even
hepatocellular carcinoma (HCC) ©. This corresponds to an estimated
350-400 million HBV carriers. Thus, HBV infection is one of the most
important infectious diseases worldwide ©. Around one million persons
die of HBV-related causes annually. There is a wide range of HBV
prevalence rates in different parts of the world ©®. HBV prevalence
varies from 0.1% up to 20%. Low prevalence areas (< 2%) represent
12% of the global population and include Western Europe, the United
States and Canada, Australia and New Zealand. Intermediate prevalence
(2-7%) with a lifetime risk of infection of 20-60% and includes the
Mediterranean countries, Japan, Central Asia, the Middle East, and Latin
and South America, representing about 43% of the global population.
High prevalence areas (>8%) include Southeast Asia, China, and sub-
Saharan Africa, where a lifetime likelihood of infection is greater than
60%. "9, Even though the availability of an effective anti-hepatitis B
vaccine and advanced therapy, infection of this virus is still a major
health challenge throughout the world ©”. Hepatitis B may acquire HBV
infection through horizontal transmission via minor breaks in the skin or
mucous membranes or close bodily contact ©®. Also, HBV can survive
outside the human body for a prolonged period; as a result, transmission
via contaminated household articles such as toothbrushes, razors, and

even toys ®9. Although HBV DNA detects in various bodily secretions
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of hepatitis B carriers, there is no firm evidence of HBV transmission via
body fluids other than blood “°.

1.2.2.1.1.2 Morphology of HBV:

The electron microscopic studies and the Immune Fluorescence
shows that HBV is a complex particle of 42-44 nm diameter covered
with double layer and inside it, there's a nucleocapsid which surrounds
the DNA 9 (Fig. 1-1).

The antigen in the virus core s referred to as the core antigen
(HBcAg) which only exists in the hepatocytes during the acute infection
of HBV. The antibodies against this antigen generated early during the
acute phase of the disease and shortly after the symptoms appearance of
hepatitis ©®, whereas the surface Antigen of the virus is called surface
antigen of hepatitis B virus (HBsAQ). This antigen has three phenotypes:

e The preS1 (or large): a Big spherical particle with 42 nm diameter

known as Dann's particle represents the virus itself and its

existence shows the infection with the virus.
e The preS2 (or middle): Roundy particle with 22 nm in diameter.

e The S (or small): a Tubular particle with 22 nm in diameter and
long 50-200 nm “Y.
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(reverse
transcriptase)
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Complete infectious virion

Figure 1-1: Diagram of hepatitis B virion “?.

1.2.2.1.1.3 Clinical types of HBV infection:

A- Silent Primary Infection

— Envelope

— Nucleocapsid
(viral capsid)

In healthy immune-competent individual HBV infection often run

as subclinical course and leads to immunity “®. Asymptomatic cases can

e identified by detecting biochemical or virus-specific serologic

alterations in their blood, and they may become silent carriers of the

virus and constitute for further transmission to others “¥.
B- Acute HBV Infection

The incubation period of acute hepatitis B (AHB) infection is

asymptomatic in about 90% of cases because the number of HBV-

infected hepatocytes is still small at the time when an efficient immune



defense s initiated, so the infection is self-limited and remains without
symptoms “*.

His spontaneously resolves maybe after 4-8 weeks of illness; most
patients recover without significant consequences and recurrence “®. In
patients with clinical disease, the onset is usually insidious with
tiredness, anorexia, vague, abdominal discomfort, nausea, and vomiting.
Sometime arthralgias and rash are often progressing to jaundice, and
fever may be absent or mild “® (9,

C- Chronic HBV Infection

Chronic hepatitis B CHB is a prolonged more than six months of
infection. Although most adult patients recover completely from an AHB
infection, in a significant proportion 5-10 %, the virus persists in the
body, but this figure is much higher in children and 70-90 % of infants
infected in their first few years of life become chronic carriers of HBV
“9) "and 40-70 % of HBV infections before the age of 3 years result in
CHB infection “®). The associated inflammatory liver disease is variable
in severity. It is always much milder than in AHB, but it can last for
decades and proceed to cirrhosis, and it's associated with a 100-fold
increase in the risk of developing an HCC “©. Three phases of viral
replication; high, low, and non-replicative, occur during CHB infection,
the risk of death from cirrhosis and HCC is 15-25 % “’. A CHB
infection is believed to be common in Irag as well as in many other
developing countries “9.

D- Fulminant HBV infection

Fulminant hepatitis B (FHB) is a rare condition that develops in
about 1% of Cases; it is caused by massive necrosis of liver substance
and is usually fatal “®. Genetic heterogeneity of HBV, co-infection or
superinfection with other viral hepatitis agents, or host immunological

factors may associate with the development of FHB “”. A rapid fall in
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Alanine transferase (ALT) and aspartate transferase (AST) in patients
with fulminant hepatic failure may be erroneously interpreted as
resolving the hepatic infection when infecting hepatocytes are being lost,
and the outcome is fatal. Survivors of FHB is rarely become infected
persistently, and HBsAg carriers frequently have no history of
recognized acute hepatitis “°).
E- Occult hepatitis B

Occult (Hidden) hepatitis B is defined by the presence of HBV-
DNA in serum or liver in the absence of HBsAg ©”. Serum HBV-DNA
level is usually less than 10* copies/ml. Occult HB has been found in
patients with HCC, past HBV infection, or chronic HCV, and individuals
without serological markers “”. The frequency of the diagnosis depends
on the relative sensitivity of HBV-DNA assays and the prevalence of
HBV infection in the population. Collectively, around 30- 35% of
HBsAg-negative subjects with CHB infection with or without HCC have
positive serum HBV-DNA range 5-55 % Y ©2_ The prevalence of HBV-
DNA is higher in anti-HBc-positive, but anti-HBs-negative patients,
ranging from 7 % to 60 % in populations highly exposed to HBV @,
The clinical significance of occult HBV infection remains unclear. Also,
occult HBV infection has been associated with cryptogenic CH and
HCC®?,

1.2.2.1.1.4 Laboratory diagnosis of hepatitis:

The detection of hepatitis B virus infection involves serum or blood
tests that detect either viral antigens (proteins produced by the virus) or
antibodies produced by the host. Interpretation of these assays is
included 9. The hepatitis B surface antigen (HBsAg) is most frequently

used to screen for the presence of this infection. Individuals who remain
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HBsAQg positive for at least six months are considered to be hepatitis B

carriers. Carriers of the virus may have chronic hepatitis B ©2.

1.2.2.1.1.5 Markers of Hepatitis B and its significance to

diagnostic criteria:
Serological testing to diagnose HBV infection involves the

measurement of a variety of distinct HBV specific antigens and
antibodies that the host reacts to these antigens after initial HBV

infection ©%.

A- Hepatitis B Surface Antigen (HBsAQ):

HBsAg is the first viral antigen to be detected appearing in plasma of
patients with acute HBV infection before symptoms appear ©¥. The
incubation of the Hepatitis B Virus (Hepatitis B) (time from the
acquisition of HBV to the onset of clinical symptoms) is typically
between 8 to 12 weeks ©¥.

The first serologic marker to appear is hepatitis B surface antigen
(HBsAg), which can initially be detected in serum from 1 to 12 weeks
(average, 30 to 60 days) after infection ®®. The HBsAg level increases
when symptoms appear and decrease after 2-3 months ©*. The presence
of HBsAg in plasma proves the presence of HBV DNA virus in
hepatocyte, and Testing HBsAg is an indicator of HBV infection, the
presence of HBsAg for more than six months generally indicates chronic
HBV infection ®®. HBsAg is not detectable in patients with resolved
HBV infection ©7.

A negative test for HBsAg in some acute HBV infectious patients
might suggest that the current assay does not detect a shallow level of
HBsAg or HBsAg is neutralized by anti-HBs antibodies ©°.
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B- Hepatitis B envelope Antigen (HBeAQ)

HBeAg develops one week after HBSAgQ is detectable; HBeAg
usually disappears about three weeks before HBsAg disappears ©2. The
presence of HBeAg in the serum of patients indicates a chronic HBV
infection ®¥. The presence of HBeAg generally correlates with a higher

degree of infectivity ©

. Therefore, HBeAg-positive patients are
potential HBV carriers to transmit the disease to others because the
presence of HBeAg means that HBV is replicating ©®. The risk of
perinatal transmission of HBV is about 85-90% if the mother is both
HBsAg-positive and HBeAg —positive ©7.

C- Hepatitis B Core Antigen (HBCAQ)

The HBCAg is an intracellular antigen synthesized within infected
hepatocytes. HBCAg is not detectable in plasma. Anti-HBc antibodies
can be detected in the sample of hepatocytes taken after a liver biopsy
due to immunization upon sampling ©*.

D- Total Hepatitis B Core Antibody (Total Anti-HBCc)
The first antibodies are classified as IgM and 1gG and generally

appear after the appearance of HBsAg ©®

. The primary detectable
antibodies to appear around eight weeks after infection with HBV are
antibodies to HBV core protein ®”. Anti-HBc IgM is present in the first
weeks of the disease indicating current HBV infection; Anti-HBc 1gG
appears later and persists longer ©”. Anti-HBc may continue months to
years in the convalescent period after acute HBV infections and persist
longer in chronic HBV infections ®®. Antibodies to HBcAg do not
neutralize the virus and anti-HBc is not protective against HBV re-
infection ©¥.
E- Hepatitis B envelope Antibody (Anti -HBe)

Anti-HBe is usually detectable between 12 and 16 weeks, when

HBeAg disappears ©®. Anti-HBe is not detectable until the immune
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system has cleared most of the HBe antigens from the blood. The
presence of anti-HBe generally indicates an excellent immune response
to HBV infection ©*,
F- Anti-HBs Ag

Anti-HBs antibodies appear after three-month of infection with
HBV and generally at that time HBsAg disappears ©°. Anti-HBs
neutralize the HBsAg and is protective for re-infection. IgM anti-HBs is
present in the acute period; IgG anti-HBs appears later and persists
longer . The presence of anti-HBs is an indicator of recovery. Anti-
HBs play an essential role to protect patients from HBV re-infection;
therefore, anti-HBs is a component to be used to produce HBV hyper-
immune plasma ©®.  When vaccinated with HBV vaccine, anti-HBs is

the only antibody present in the bloodstream ©%.

1.2.2.1.1.6 Hepatitis B DNA (HBV DNA):

HBV DNA can be detected very early after HBV infection and
generally indicates active viral replication ®®. The presence of HBV
DNA is direct evidence of HBV in the bloodstream. A quantitative test

of HBV DNA can be used as an indicator of disease progression ©® @,

1.2.2.1.1.6.1Quantitation Real-time PCR (QRT-PCR).

The real-time PCR technique is one of the emerging technologies
that, although only described for the first time about a decade ago, have
become the method of choice for quantification of DNA and RNA levels
in cells, tissues and tissue biopsies ®*?. Quantitation Real-time PCR this
method, the target amplification, and detection steps co-occur. These
methods require individual thermal cyclers that can monitor the
fluorescence emission from the sample. The computer software
supporting the thermal cycler monitors the data at every cycle and

generates an amplification plot for each reaction .
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This method identifies both the HBV genotype and the DNA level in
serum, which aids in the prediction of therapeutic outcome .by using
SYBR green | (a nucleic acid dye that binds to double-stranded DNA) or
fluorescent probes allows the detection and quantitation of HBV DNA
®D 1t is well known that melting curve analysis enables the
determination of genotypes. Melting temperature (Tm) value differs
between different genotypes depending on the complementarily between
probe and target and/ or GC content of the hybridization sequence ©2.
Unlike other methods for genotyping, real-time PCR does not allow for
cross-contamination, is time-saving, has a high throughput, and is highly
sensitive ®? ¥ The main disadvantage of this method is that it has a
lower ability to distinguish between genotypes with proximity between
their Tm values, such as A and C, and thus could not be applied in
countries such as North America, which include different genotypes ©
4 Real-time PCR is extremely useful for quantification of viruses and
bacteria, and to a lesser extent also for fungi, parasites, and protozoans.
Most of the assays described in literature allow an increased sensitivity
and enhanced speed of microbial detection as compared to the classically

used culture techniques ©%.

Finally, detection and quantitation of amplification products can be
carried out with molecular beacons. Real-time PCR decrease the time
required to perform nucleic acid assays because there are no post-PCR
processing steps. The main advantages of these methods are also the
decrease in contamination and the possibility for quantitative

applications ©?.

1.3 Liver Function Tests as biochemical markers:
The assessment of the severity of liver disease should include
biochemical markers, such as aspartate aminotransferase (AST) and
14



ALT, gamma-glutamyl transpeptidase (GGT), alkaline phosphatase,
prothrombin time and serum albumin, blood counts, and hepatic
ultrasound. Usually, ALT levels are higher than AST. However, when
the disease progresses to cirrhosis, the ratio may be reversed “%. Once an
individual has been diagnosed with chronic HBV infection, follow-up
testing must be performed for alanine aminotransferase (ALT), a marker
of liver cell inflammation. Repeat periodic testing is indicated because
the ALT levels can fluctuate (e.g., from less than the upper limit of
normal to intermittently or consistently elevated). Sustained and
intermittent elevations in ALT beyond the upper limit of normal are
indicative of hepatic inflammation and correlate with an increased risk of
progressive liver disease “Y . A gradual decline in serum albumin
concentrations and prolongation of the prothrombin time, often
accompanied by a drop in platelet counts, are characteristically observed

once cirrhosis has developed ©2.

1.3.1 Tests for the liver's ability to transport:

The tests include serum bilirubin, bromsulphalein [BSP],
indocyanine green (ICG), serum bile acids, serum caffeine, serum
lidocaine metabolites, and breath tests. Each of these tests measures the
ability of the liver to clear endogenous or exogenous substances from the

circulation ©®,

1.3.1.1 Serum bilirubin:

Bilirubin is the orange-yellow pigment derived from senescent red
blood cells. It is extracted and biotransformed mainly in the liver, and
excreted in bile and urine. The overall chemical structure of bilirubin

establishes by X-ray crystallography @®.

15



Hyperbilirubinemia has seen in viral hepatitis, hepatocellular
damage, toxic or ischemic liver injury and which is directly proportional
to the degree of histological injury of hepatocytes ©® ©”_Total bilirubin

increase in hepatitis B and hepatitis C ©® ©9).

1.3.2 Tests to detect damage to hepatocytes:
These include the entire enzyme tests, of which the
aminotransferases and alkaline phosphatase are the most commonly

ordered and the most useful ©.

1.3.2.1 Alanine aminotransferase and aspartate aminotransferase
(ALT&AST):
Alanine transaminase or ALT is a transaminase enzyme (EC

2.6.1.2). It is also called serum Glutamic pyruvic transaminase (SGPT).

Alanine transaminase is found in serum and various bodily tissues but is
most commonly associated with the liver. It catalyzes the two parts of
the alanine cycle. It catalyzes the transfer of an amino group from
alanine to a-ketoglutarate, the products of this reversible transamination
reaction being pyruvate and glutamate. It is commonly measured
clinically as a part of a diagnostic evaluation of hepatocellular injury, to
determine liver health. When used in diagnostics, it is almost always
measured in international units/liter (U/L) 9. Significantly elevated
levels of ALT (SGPT) often suggest the existence of other medical
problems such as viral hepatitis V| diabetes, congestive heart failure,
liver damage, bile duct problems /% (',

Aspartate  transaminase  (AST), also called aspartate
aminotransferase or serum Glutamic oxaloacetic transaminase (SGOT) is
a pyridoxal phosphate (PLP)-dependent transaminase enzyme (EC

2.6.1.1). Aspartate transaminase catalyzes the reversible transfer of ao-
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amino group between aspartate and glutamate and, as such, is an
essential enzyme in amino acid metabolism. Aspartate transaminase is
found in the liver, heart, skeletal muscle, kidneys, brain, and red blood
cells, and it is commonly measured clinically as a marker for liver
health",

Aspartate transaminase catalyzes the interconversion of aspartate

and o-ketoglutarate to oxaloacetate and glutamate .

Aspartate
transaminase is similar to (ALT) in that both enzymes are associated
with liver parenchymal cells. The difference is that ALT is found
predominantly in the liver, with clinically negligible quantities found in
the kidneys, heart, and skeletal muscle, while AST is located in the liver,
heart (cardiac muscle), skeletal muscle, kidneys, brain, and red blood

cells

. As a result, ALT is a more specific indicator of liver
inflammation than AST, as AST may also be elevated in diseases
affecting other organs, such as myocardial infarction, acute pancreatitis,
acute hemolytic anemia, severe burns, acute renal disease,
musculoskeletal diseases, and trauma. Aspartate transaminase was
defined as a biochemical marker for the diagnosis of acute myocardial
infarction in 1954. However, the use of AST for such a determination is
now redundant and has been superseded by the cardiac troponins.
Aspartate transaminase is commonly measured clinically as a part of
diagnostic liver function tests, to determine liver health . Hepatic
diseases may lead to an increase in the serum concentration of
aminotransferases, (Both AST and ALT). So, any increase in activity of
ALT enzyme in the serum of patients is regarded as a specific marker for
liver damage .

In many cases of acute viral hepatitis, aminotransferase levels

(AST), usually reach the peak concentration before the appearance of

17


http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Heart

jaundice and then decrease gradually “” ®_ Increased liver enzymes
such as (GPT), (GOT) and (ALP) in both patients with hepatitis B ‘¥, B
and C (9,

1.3.2.2 Alkaline phosphatase (ALP, EC 3.1.3.1):

Alkaline phosphatase (ALP) is a hydrolase enzyme responsible for
removing phosphate groups from many types of molecules, including
nucleotides, proteins, and alkaloids. The process of removing the
phosphate group is called dephosphorylation . As the name suggests,
alkaline phosphatases are most effective in an alkaline environment. It is
sometimes used synonymously as an essential phosphatase. These
enzymes are widely distributed in the body, but the main sites of
production are the liver, gastrointestinal tract, bone, placenta, and kidney
80 Alkaline phosphatases are post-translationally modified, resulting in
the production of several different isoenzymes which differ in abundance
in different tissues. Alkaline phosphatase enzymes in the liver are
located in cell membranes of the hepatic sinusoids and the biliary
canaliculi. Accordingly, levels rise with intrahepatic and extrahepatic
biliary obstruction and with sinusoidal obstruction, as occurs in
infiltrative liver disease ©".

Moreover, any damage to hepatocytes may lead to the release of
large amounts of ALP into the serum of patients ®. Elevated levels of
ALP may be seen in cirrhosis, hepatitis and congestive cardiac failure

®2 Increased serum ALP in hepatitis B ™ (®,

1.3.2.3 y- glutamyl transferase (GGT, EC 2.3.2.2):
Gamma-glutamyltransferase is an enzyme that catalyzes the transfer
of a y -glutamyl group from glutathione (GSH) and other y-glutamyl

compounds to amino acids or dipeptides and water ®¥, this reaction
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produces cysteinyl-glycine moieties, which are always taken within the
intracellular milieu by the action of membrane di-peptidases as
precursors for glutathione resynthesize as shown in Scheme (1.2) ®¥.

It also catalyzes the hydrolysis of the c-glutamyl bond ®. It is
present in the cell membrane of nearly all human cells. It is most
abundant in the kidney, liver, pancreas, and intestine, but the majority of
the GGT detected in serum derives from the liver. GGT is the most
sensitive biomarker of hepatobiliary disease. GGT is indicated in the
following infection (e.g., viral hepatitis and other specific infections such
as amebiasis, tuberculosis, psittacosis, and similar infections) .

GGT activity is elevated in cholestatic liver disease, alcoholic, and
another fatty liver disease, and can be induced by many drugs, including
barbiturates and phenytoin ®”. High serum GGT levels may be
considered an indicator of an advanced stage of fibrosis in patients

diagnosed with chronic viral hepatitis B ©®.
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Figure 1.2 Schematic diagram of y-Glutamyl cycle 9.
1.3.3 Tests of the biosynthetic capacity of the liver:

These groups include serum albumin, Total serum protein,
ceruloplasmin, ferritin, ol-antitrypsin, lipid profile, and blood-clotting
factors. These substances are synthesized in the liver for transport into

the circulation ©®,
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1.3.3.1 Total protein:

Total Serum protein, also called total plasma protein or total
protein, is a biochemical test for measuring the total amount of protein in
blood plasma or serum. Protein in the plasma is made up of albumin and
globulin which are the main two groups of the protein. The globulin, in
turn, is made up of al, a2, B, and y globulins. These fractions can be
quantities using protein electrophoresis ©®. Proteins are substances
which consist of smaller building blocks called amino acids and are
essential components of all cells and tissues. Total protein is considered
as the most abundant compounds in serum. The proteins are involved in
enzymes, hormones, and antibodies as well as osmotic pressure balance.
The possible etiology of decreased serum total protein secondarily
decreased synthesis of protein by the liver ®. Total protein may increase
in hepatitis B and C 2.

1. 3.3.1.1 Albumin:

Albumin is the major protein that circulates in the blood and is
made by the liver. It can be used as a supplementary test for hepatic
biosynthetic functions. Increased albumin may be due to dehydration or
improper use of protein whereas decreased levels are common in
infections, liver diseases, ulcers and some kidney diseases ®. A low
serum albumin concentration refers to liver impairment. It is observed
that decreased level of albumin is not seen in the acute failure of the liver
because it takes several weeks of impaired albumin production until the
serum albumin level drops. The most important cause for low albumin
level is chronic liver failure caused by cirrhosis. The serum albumin
concentration is usually normal in chronic liver disease until cirrhosis,

and significant liver damage develops ©2.
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1. 3.3.1.2 Globulins:

Globulin is one type of protective antibody produced by immune
system that helps identify and fight infections. Increased globulin levels
may be due to chronic inflammation, kidney infection, stress, liver
diseases and parasite infestations whereas decreased globulin may be due
to anaemia, low hydrochloric acid and depressed immune systems ©".
The estimation of total proteins in the body is helpful in differentiating
between a normal and damaged liver function as the majority of plasma
proteins like albumins and globulins that are produced in the liver. Total
protein is often reduced slightly but the aloumin to globulin ratio shows

a sharp decline during hepatocellular injury ©2.

1.3.3.2 Prothrombin Time (PT)
The liver forms the blood substances used in coagulation,

substances formed in the liver that is used in the coagulation process.
These include fibrinogen, prothrombin, accelerator globulin, factor VII
and several other relevant factors. The metabolic processes of the liver
require vitamin K for the formation of several of these substances,
mainly prothrombin and factors VII, IX and X in the absence of vitamin
K the concentration of all these decreases markedly and these almost
prevents blood coagulation ®®. The liver is involved in clearing some of
the clotting factors from serum. The levels of components of the clotting
mechanism are frequently abnormal in the course of the hepatic disease.
These abnormalities can be assessed with tests in which one factor or the
interplay of many factors is measured. The one-stage prothrombin time
of quick is one of the most useful tests available. It is used to measure
the rate at which prothrombin is converted to thrombin. This occurs in
the presence of a tissue extract (thromboplastin), calcium ions, and a

series of activated coagulation factors (factors I, I, V, VII, and X), and
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is followed by the polymerization of fibrinogen to fibrin by thrombin ©%.

The prothrombin time is the time it takes plasma to clot after addition of
tissue factor (obtained from animals such as rabbits, or recombinant
tissue factor, or from brains of autopsy patients). This measures the
quality of the extrinsic pathway (as well as the common channel) of
coagulation. The speed of the extrinsic pathway is significantly affected
by levels of functional factor VII in the body. Also, poor factor VII
synthesis (due to liver disease) or increased consumption (in
disseminated intravascular coagulation) may prolong the PT. The
prothrombin test is not a sensitive index of chronic liver disease, and the
prothrombin test is particularly important in the treatment of patients
with liver disease. It allows assessment of the tendency to bleed before
any contemplated surgical or diagnostic procedure, such as a closed liver
biopsy ©°.
1.3.3.3 Fibrinogen

Fibrinogen, or factor I, is a blood plasma protein that’s made in the
liver. Fibrinogen is one of 13 coagulation factors responsible for normal
blood clotting . Fibrinogen is involved in both primary and secondary
hemostasis, playing an essential role in platelet aggregation and the
establishment of a fibrin network ®®. The liver plays a crucial role in
hemostasis regulation. The liver parenchymal cells produce most of the
factors and inhibitors in the clotting and fibrinolytic systems, and the
liver greatly aids in clearing activated clotting or fibrinolysis enzymes
from the circulation, which protect against both hemorrhage and
inappropriate activation of coagulation ©”.

Blood coagulation is a process in which several components of the
blood from a clot. When blood escapes from a rupture in a blood vessel,
coagulation is triggered. Several proteins, called coagulation factors, go

into action to produce thrombin. The thrombin then converts fibrinogen
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to fibrin. Fibrin produced from fibrinogen is the main protein in a blood
clot. It surrounds the cells in the blood and plasma and helps form the
clot. The resulting clot, which is stabilized by Factor XIII, remains intact
from 10 to 14 days, the time required for healing to take place. When
there is a problem with fibrinogen, i.e., either it is missing, or it does not
function properly, the clot has difficulty forming. This can result in
hemorrhaging or thrombosis ©®.

There is an alteration in the coagulation factors in hepatitis. The
degree of alteration indicates the severity of liver disease ®®. The study
suggested that low plasma fibrinogen may be a useful indicator for
predicting poor prognosis in Acute-on-Chronic Hepatitis B Liver

Failure®”.

1.4 Oxidative stress:

Oxidative stress is defined as an imbalance between the production
of free radical and oxidants or reactive oxygen species (ROS), and their
elimination by protective mechanisms referred to as antioxidants. This
Inequality leads to the damage of important biomolecules and cells “°.
The harmful effects of ROS are balanced by antioxidants, some of which
are enzymes present in the body. Despite the presence of the cell’s
antioxidant defense system to counteract oxidative damage from ROS,
oxidative damage accumulates during the life cycle leading to cause
diseases, aging and age-dependent diseases such as cancer,
neurodegenerative disorders, cardiovascular disease and other chronic
Conditions “°. Hepatitis B is associated with increased levels of
oxidative stress 1% 1% QOxidative stress plays a crucial role in several
disorders including aging, cancer, diabetes, Alzheimer’s, strokes, viral
infections, neurodegenerative processes (including cell death, motor

neuron diseases and axonal injuries and infraction, and brain edema .

23



1.5 Free radicals:

Free radicals are highly reactive atoms or molecules with one or
more unpaired electron(s) in their external shell and can be formed when
oxygen interacts with certain molecules. These radicals can be produced
in cells by losing or accepting a single electron, therefore, behaving as
oxidants or reductants #%%,

Free radical species are unstable and highly reactive. They become
stable by acquiring electrons from nucleic acids, lipids, proteins,
carbohydrates or any nearby molecule causing a cascade of chain
reactions resulting in cellular damage and disease *°®. These are formed
as natural by-products of oxygen metabolism and serve the purpose of
burning bacteria and refuse body matter but when out of control, they
become toxic and start damaging body tissues by a process called
oxidative stress . These are two major types of free radical species:
reactive oxygen species (ROS) and reactive nitrogen species (RNS) ¢,
As shown in the table (1-1).

Table 1-1 Reactive oxygen species and Reactive nitrogen species in the human body .

Type Radical Non Radical
Superoxide O2'— | Hydrogen peroxide ~ H,0O,
Reactive Oxygen | Hydroxyl ‘OH | Hypochlorous 'C')'OCI
Species (ROS) Peroxyl RO, | Qzone 1y
Alkoxyl RO | Singlet oxygen 0,
Hydroperoxyl HO, | Hypobromous HOBr
Nitrous acid HNO,
Nitrosyl cation NO*
Nitrosyl anion NO
Dinitrogen tetroxide N,O,
Reactive Nitrogen | Nitric oxide NO'" | Dinitrogen trioxide N,O;
Species (RNS) Nitrogen dioxide NO, | Peroxynitrite NO;
Nitronium cation "NO,
Nitryl chloride NO,CI
Alkyl peroxy nitrites
ROONO
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The reactive oxygen species (ROS) is a collective term which
includes both oxygen radical and specific nonradicals that are oxidizing

agents and/or quickly converted into radicals %

. Reactive nitrogen
species (RNS) consists of both nitrogens containing radicals and non-
radicals “*Y. Radicals are less stable than non-radical species, although
their reactivity is generally stronger %,

Reactive oxygen species cause damage to all major classes of
macromolecules in cells. The phospholipids of plasma and organelle
membranes are subject to lipid peroxidation, a free radical chain reaction
initiated by removal of hydrogen from a polyunsaturated fatty acid by
hydroxyl radical. The resulting lipid radicals then react with O, a
diradical to form lipid peroxy radicals and lipid peroxide along with
malondialdehyde, which is water soluble and can be detected in

blood™*?.
1.5.1 The source of reactive oxygen species (ROS):
1.5.1.1 Endogenous source of reactive oxygen species:

Free radicals (FR) are produced continuously in all aerobic
organisms by the oxygen through the intracellular metabolism as the
response to an external stimulus. ROS are provided in the cells in many
chambers and numerous enzymes, but the ROS greater source is electron
transport chain in the mitochondria 2.

Generally, reactive oxygen species that endogenously are generated
in the body via four different mechanisms as follow: first; by the normal
oxygen metabolism of nutrients. Second; using oxidants by white blood
cells to destroy parasites, bacteria, and viruses such as superoxide, nitric
oxide, and hydrogen peroxide. Third; others called peroxisomes which
are cellular components generate hydrogen peroxide through the
degradation of fatty acids and other molecules. Finally, cytochrome P450

Is an enzyme in the cells represents one of the primary defenses in the
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body against toxic chemicals ingested with food like drugs and
pesticides ¥,

1.5.1.2 Exogenous sources of reactive oxygen species:

A-Smoking of cigarette:

Cigarette smoking contains several reactive oxygen species, and
organic elements included nitric oxide and superoxide .also, cigarette
inhalation into lung can stimulate some endogenous mechanisms
included aggregation of neutrophils and macrophages which in the
further will elevate the oxidant damage ™.

B-Ozone exposure:

Ozone is typically found in the stratosphere zone of atmosphere and
Is toxic and unstable gas; Ozone layer absorbed ultraviolet radiation and
prevented from reaching to the surface of the earth. When ozone
depleted the ultraviolet radiation will arrive at earth, little amounts of
ultraviolet radiations are necessary for the generation of vitamin D but
the increased exposure will results in oxidative stress by producing free
radicals 1©).

C-Hypoxia:

The term hypoxia is precisely characterized as a state of
oxygenation that is below the norm for a particular tissue; this leads to
higher production of ROS **7),

De-ionizing radiation:

lonizing radiation with the oxygen can convert superoxide,
hydroxyl radicals, and organic radicals to hydrogen peroxide and the
hydroperoxide. Organic hydroperoxides and the hydroperoxide species
react with redox-active metal ions included Fe, Cu by Fenton reactions

and therefore produced oxidative stress '8,
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E-Heavy metal ions:

An ions of heavy metals include iron, arsenic, mercury, cadmium,
lead, nickel, and copper. They can consist of the production of ROS and
result in cellular injury by enzyme activates depletion during

lipoperoxidation and reaction with nuclear proteins 9.

1.6 Lipid peroxidation:

It is a complex phenomenon that found in both plant and animal
tissues which included the production of lipid radicals (LOO). This
mechanism involves consumptions of O2 and rearrangement the double
bonds of unsaturated lipids and the final damage of membrane lipids
with the liberation of different broken results such as. A ketone, alcohol,
aldehydes, alkanes, and others “?. Lipid peroxidation is chain reaction
begins with hydrogen removing or addition of oxygen radical and the
result is the oxidative injury of polyunsaturated fatty acids ?V. The
effects of this reaction are falling in membrane fluidity, and the
permeability functions of the cellular membrane as well as many
products of this reaction such as hydroperoxides and their aldehyde
derivatives depress protein synthesis and enzyme activities. In
pathological condition, these reactions occur at high rates result in free
reactive oxygen and nitrogen species at rates higher than of normal range
(122).

Lipid peroxidation can be enzymatically occurring by lipid
peroxidation enzymes such as lipoxygenases family and non
enzymatically occurring by reaction of an FR molecule with poly-
unsaturated fatty acids “?®. In the first, hydrogen atoms will remove
from methyl groups of these lipids producing a lipid radical. In the next,
a reaction with molecular oxygen occurs to result in a peroxyl radical.

The response of this radical with another poly-unsaturated fatty acid
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results in lipid peroxide and a new fundamental starting a chain reaction
(124 Lipid peroxidation, when occur, will give the end products they
called is malondialdehyde which is most important lipid peroxidation
metabolite “?®. Malondialdehyde is not toxic compound products are
found at low physiological concentrations in its normal state, but it's with

the pathological condition, and these will result in damage of DNA @,

1.6.1 Malondialdehyde (MDA):

It is the naturally occurring product of lipid peroxidation .
Malondialdehyde is one of most the marker most frequently used to
indicate the levels of lipid peroxidation, in the field of exercise, and has
been widely used as a biomarker of oxidative stress ‘%Y. Figure (1-3).
MDA, a normally can represent the end product of membrane lipid
peroxidation, which is one of the most biomarkers which used for free
radical mediated injury “?®, which can be defined as highly reactive
three carbon aldehyde compound produced from polyunsaturated fatty
acid peroxidation . Also, it can be released during arachidonic acid
metabolism during synthesis of prostaglandins which occur in platelets
by cyclooxygenase (COX) and even in the liver cells when prostaglandin
endoperoxide is breakdown ®?”. Malondialdehyde has the molecular
formula (C7H1604) and its molecular weight 72 Daltons, and the
boiling point is 183 C° and freezing point 130C°. It is found in plasma at
very low levels bound to protein in the normal state but increased in the
pathological cases. This compound is not toxic but combined to bases of
DNA leads to formation series of products as deoxyadenosine,
deoxycytidine, deoxyguanosine and also it targets of nucleotide enzymes
of excision repair which may be major endogenous DNA adduct which

contributes significantly in the tumor 9,
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Figure 1-3 Chemical structure of malondialdehyde “*®.

1.7 Antioxidants:
Antioxidants are found in the body and their function to neutralize
the toxic effects of free radicals ?® the antioxidants can be divided into

two groups as follow:

1.7.1 Enzymatic antioxidants:

Enzymes of antioxidants include superoxide dismutase (SOD),
glutathione reductase (GSR), glutathione peroxidase (GPX) and catalase
(CAT), which can cause reduction of H202 to water and alcohol “%. So
represent as endogenous source and are active on scavenging the toxic

effects of free radicals in mitochondrial membrane @,

1.7.1.1 Superoxide dismutase (SOD, E.C 1.15.1.1):

Superoxide dismutase is classes of closely related enzymes which are
present in almost all cells and the extracellular fluids “*. They catalyze
the breakdown of the superoxide anion (O%) into hydrogen peroxide
(H,0,) and oxygen (O,), and the latter is then mutated to water by
glutathione peroxidase and catalase scheme. (1-4). Superoxide dismutase
enzymes contain metal ion, cofactors which can be zinc, copper, iron, or
manganese depending on the concerned isoenzyme ®. Superoxide
dismutase has three forms: MnSOD located in mitochondria, copper-zinc
superoxide dismutase (Cu/ZnSOD) in the cytoplasm, and extracellular
superoxide dismutase (EC-SOD). In newborns, the last one is located

intracellularly in the cytoplasm, unlike in adults, where it is located
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extracellularly, as indicated by its name ™*"). Superoxide dismutase is an
enzyme that detoxifies superoxide anions and attenuates their toxicities
and synergistic detrimental effects on the cells ®*2. It is an essential
process because superoxide is a dangerous compound (a reactive form of
oxygen) %2 02.- leak from electron transport chain and damage the cell
through mutations in DNA, attack enzymes that make protein and other
essential molecules ™). The role of metal ions is that the active site for
these enzymes performs its function in shuffling reaction. Superoxide
dismutase floats inside cells to scavenge any superoxide, and its work is
promoting and accelerated the reduction of superoxide to form hydrogen

peroxide @9,

Superoxide dismutase
e Fe?* Fe*

U G/
02 @—’ 02' — H202 —_— OH —_— HQO

GSH

GSSG
Glutathione Catalase
peroxidase

2HQO HQO + OQ

Figure 1-4 Generations of reactive oxygen species 3%

1.7.2 Non-enzymatic antioxidants:

The non-enzymatic antioxidants are also divided into metabolic
antioxidants and nutrient antioxidants *°.

Metabolic antioxidants, belonging to endogenous antioxidants, are
produced by metabolism in the body, such as lipoic acid, glutathione, L-
arginine, coenzyme Q10, melatonin, uric acid, bilirubin, metal-chelating
proteins, transferrin, etc. *®. They are the scavengers of ROS and RNS;
glutathione inhibits oxidation of membrane lipid, uric acid is the
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scavenger of peroxynitrite in plasma, while albumin, bilirubin, melatonin
are directly reacted with ROS and form disulfides *32.

Nutrient Antioxidants, belonging to exogenous antioxidants, are
compounds which cannot be produced in the body and must be provided
through foods or supplements, such as vitamin E, vitamin C, carotenoids,

(133)  Nutrient

trace metals (selenium, manganese, and zinc), etc.
antioxidants are involved in detoxification of the reactive oxygen species
(ROS) and play an essential role in helping endogenous antioxidants for

the neutralization of oxidative stress 3%,

1.7.2.1 Vitamin C:

Vitamin C or L-ascorbic acid, or simply ascorbate, is an essential
nutrient for humans and certain other animal species, vitamin C is a
cofactor in at least eight enzymatic reactions including several collagen
synthesis reactions that, when dysfunctional, cause the most severe
symptoms of scurvy ¢ @39 vitamin C was found in vegetables, fruits
(citrus), and pharmaceutical supplements. Vitamin C is a critical factor in
human health. This vitamin cannot be created via humans, so, it has been
extracted from our diet **”. (Figure 1-5) Vitamin C is an excellent serum
antioxidant because it dissolves in water and vitamin E dissolves in
lipids. Both of them are naturally occurring free radical scavengers ©*.
The biological role of ascorbate is to act as a reducing agent, donating
electrons to various enzymatic and a few non-enzymatic reactions, the
one- and two-electron oxidized forms of vitamin C, semidehydroascorbic
acid, and dehydroascorbic acid, respectively, can be reduced by the body

by glutathione and NADPH-dependent enzymatic mechanisms ¢,
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HO OH

Figure 1-5 Chemical Structure Of Vitamin C ®39,

Vitamin C is the most important antioxidants. Vitamin C protection
water-soluble substances in the body from damage by free radicals. Free
radicals are molecules with an unpaired electron—they are hungry for
another electron. Free radicals are unstable and react quickly with other
compounds. Usually, free radicals attack the nearest stable molecule,
“stealing" its electron @47,

This attack is known as oxidative stress. When the "attacked"
molecule-deficient with its electron, it can become a free radical itself,
beginning a chain reaction that can continue. If this chain reaction
proceeds, it can disrupt a living cell. Free radicals usually occur during
metabolism. Also, the body's immune system purposefully creates them
to neutralize viruses and bacteria. Other sources of free radicals and
other oxidative stresses include environmental factors such as pollution,
hard radiation, cigarette smoke, and certain pesticides ®*®. Vitamin C is
exhibited in that it can neutralize a free radical without becoming a free
radical itself. Vitamin C can donate one or two hydrogen atoms to
neutralize a free radical. The electrons from the hydrogen atoms which
neutralize the free radicals to prevent a free radical chain reaction. After
giving two hydrogen atoms with their electrons, vitamin C can generally
be reactivated with the addition of two hydrogen atoms @Y. Vitamin C
with its two hydrogen atoms is named ascorbic acid and is in a state of
readiness to perform antioxidant actions. Vitamin C is also called

dehydroascorbic acid when it has lost its two hydrogen atoms. Vitamin
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C is stable both with and without its extra hydrogen atoms ®*?. It is not
yet sure whether vitamin C and antioxidants can prevent oxidative stress-
related diseases and promote health, clinical studies regarding the effects
of vitamin C supplementation on lipoproteins and cholesterol have found
that vitamin C supplementation does not improve specific disease
markers in the blood ®*¥. Vitamin C may contribute to decreasing risk of
cardiovascular disease and strokes through a small reduction in systolic
blood pressure. Also, and it was also found to both increase ascorbic acid

levels and reduce levels of resistin serum ¢4,

1.8 Immune system:

The immune system is a system of biological structures and processes
within an organism that protects against disease or other potentially
damaging foreign bodies **®.To function correctly, an immune system
must detect a wide variety of agents, from viruses to parasitic worms,
and distinguish them from the organism's own healthy tissue, pathogens
can rapidly evolve and adapt, and thereby avoid detection and
neutralization by the immune system, however, multiple defense
mechanisms have also developed to recognize and neutralize pathogens.
Even simple unicellular organisms such as bacteria possess a
rudimentary immune system, in the form of enzymes that protect against
bacteriophage infections “*®. Other basic immune mechanisms evolved
in ancient eukaryotes and remained in their modern descendants, such as
plants and insects. These mechanisms include phagocytosis,
antimicrobial peptides called defensins, and the complement system.
Jawed vertebrates, including humans, have even more sophisticated
defense mechanisms ™", including the ability to adapt over time to
recognize specific pathogens more efficiently. Adaptive (or acquired)

immunity creates immunological memory after an initial response to a
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particular pathogen, leading to an enhanced response to subsequent
encounters with that same pathogen. This process of acquired immunity
Is the basis of vaccination. Disorders of the immune system can result in

autoimmune diseases, inflammatory diseases, and cancer 48 22,

1.9 Inflammation:

Inflammation is a defense strategy against invading agents and
harmful molecules that is activated immediately following a stimulus,
and involves the release of cytokines and chemokines, which activate the
innate immune response 9. Inflammation is characterized by redness,
swelling, heat, and pain, and loss of tissue function, which result from
local immune, vascular and inflammatory cell responses to infection or
injury. Inflammation is produced by eicosanoids and cytokines, which
are released by injured or infected cells. Eicosanoids include
prostaglandins that produce fever and the dilation of blood vessels
associated with inflammation and leukotrienes that attract specific white
blood cells (leukocytes) “*®. Common cytokines include interleukins
that are responsible for communication between white blood cells;
chemokines that promote chemotaxis; and interferons that have anti-viral
effects, such as shutting down protein synthesis in the host cell ®*%.
Growth factors and cytotoxic factors may also be released. These
cytokines and other chemicals recruit immune cells to the site of
infection and promote healing of any damaged tissue following the

removal of pathogens 2,

1.10 Cytokines:

Cytokines are small molecular weight proteins or peptides
messengers between tissues and the immune system and participate in
many physiological processes *® Their principal function is to regulate

iImmune response and initiate autoimmunity. Moreover, they affect the
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function of other cells, hematopoiesis, mediate inflammation, wound
healing. Cytokines initiate an inflammatory response, by stimulating T
and B cells **». They are active at deficient concentrations, produced
transiently, act locally in the tissue where they are created, focusing on
the receptors over the nearby cells ™. They are released by various
types of cells including immune cells like macrophage, T, and B
lymphocytes, monocyte, dendritic cells, neutrophils, as well as
endothelial cells, fibroblasts, and various stromal cells. Cytokines are the
mean of communication between immune and non-immune cells ®°"
Cytokines act as specific messengers that enable interactions between
cells in both physiological and pathological conditions. Through specific
cellular receptors, they regulate the intensity and duration of every stage
of the immune response; particularly by modulating the balance between
humoral and cell-mediated responses because of their prominent role in
immune processes they are often called "hormones of the immune

system" or "hormone-like proteins" "

A balance between pro-inflammatory and anti-inflammatory
cytokines is essential for the development of a well-regulated effector
immune response. The overproduction of pro-inflammatory cytokines
and/or the deficiency of anti-inflammatory cytokines may lead to
immune pathology. They serve as the mediators of cellular
differentiation, inflammation, immune pathology, and regulating of
immune response as well as apoptosis of the multiple cell types **2.
1.10.1 Types of cytokines:

1- lymphokines: Cytokines made by lymphocytes.

2- Monokines: Cytokines mad by monocytes.

3- Chemokines: Cytokines with chemotactic activities.
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4- Interleukins: Cytokines made by one leukocyte and acts on other
leukocytes ¢,

The liver is a major organ in the production of cytokines. Cytokines
are involved in physiologic and pathologic processes occurring in the
liver. They play an essential role in liver growth and regeneration, as
well as in inflammatory processes including viral liver disease, liver
fibrosis and cirrhosis “°. Cytokines are often produced in a cascade, as
one cytokine stimulates its target cells to make additional cytokines,
cytokines can also act synergistically (two-or-more cytokines working
together) or antagonistically (cytokines causing opposing activities) °%.
Cytokines are key modulators of inflammation, participating in acute and
chronic inflammation via a complex and sometimes seemingly
contradictory network of interactions. Better understanding of how these
pathways are regulated helps facilitate more accurate identification of
agents mediating inflammation and the treatment of inflammatory

diseases 1¢?.

1.10.1.1 Interleukin 1 (IL-1):

The IL-1 system is a family of polypeptides composed of two
agonists (IL-1a and IL-1B), one inhibitor designated IL-1 receptor
antagonist (IL-1ra), and two receptors known as IL-1 receptor type I (IL-
1Rtl) and type Il (IL-1Rtll) “®¥ |L-1a and IL-1p are proinflammatory
cytokines produced by monocytes and macrophages. IL-1 production
may be induced by the presence of microbial pathogens, bacterial
lipopolysaccharides, or other cytokines ©?. Activity of IL-1a and IL-10
is tightly controlled because of its potent and pleiotropic effects on
inflammation, and both are expressed at low levels under normal
conditions. Transcription, translation, processing, and secretion of IL-1a

and IL-1B are all highly regulated processes *®¥. However, IL-1a
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remains intracellular within monocytes and macrophages and is rarely
found outside these cells. IL-1a can be released after cell death and can
help attract inflammatory cells to areas where cells and tissues are being
killed or damaged ©?.

IL-1 is essential in inflammatory reactions and regulates the production
of Th1l/Th2 cytokines. Thus, the invasion, implantation and trophoblasts
growth would be affected by this interleukin “®¥. The result suggests that
IL-1receptor antagonist was associated with the development of liver
inflammation, which is reduced in patients with hepatitis B-related

acute-on-chronic liver failure %,
1.10.1.2 Interleukin-2 (1L-2):

Interleukin-2 was discovered in 1975 as a growth-promoting activity
for bone marrow-derived T lymphocytes, and it is coded by a gene
located on human chromosome 4 % Structurally, I1L-2 is a protein
consisting of 133 amino acids and has a molecular weight of 15400
Daltons. It is synthesized and released from activated T cells and has a
crucial role in cell-mediated immune response, and it was found that IL-
2 increases lymphokine release from T, B, and NK cells and has many
immunological effects “°”. Additionally, it is a potent T cell growth
factor that is assumed to amplify lymphocyte responses in vivo “%®. It is
synthesized and released from activated CD4+ T cells, although
expression by naive CD8+ T cells, dendritic cells, and thymic cells can
also occur 9. Also, it promotes the production of NK-derived
cytokines such as tumor necrosis factor alpha (TNF-a), IFN-y and
granulocyte monocyte-colony stimulating factor (GM-CSF), and can act
synergistically with IL-12 to enhance NK cytotoxic activity “°®. Several
forms of 1L-2 receptors differ in their affinities for IL-2: a low-affinity

receptor consisting of an a chain, an intermediate affinity receptor
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comprising of B and y chains, and a high-affinity receptor consist of all
three chains o, B, and y “°®. The study demonstrated that IL-2 complex
therapy could be useful to boost protection against cutaneous virus
infection ", Elevated levels of interleukin-2 have been shown in the
blood of patients with Hepatitis B Virus infection during acute and
convalescent phases *"V. Evaluation of serum levels of interleukin-2 in

patients with chronic hepatitis **%.

1.11 Role of Cytokines in Viral Hepatitis:

Cytokines play a critical role in the defense against viral infections,
both directly, by the inhibition of viral replication, and indirectly,
through determination of the common Th1/Th2 pattern of host immune
response. However, in the same context of an inflammatory response
against a virus, cytokines may also cause liver damage “’®. In acute
hepatitis B virus infection, a powerful polyclonal cellular immune
response is critical; thus Thl cytokine release is vital to onset an
effective immune response “’®. The cytokines produced by CD4+ and
CD8+ cells also play an essential role in down-regulation of HBV
replication, demonstrating that it is possible to control a viral infection
without the death of infected cells ™. HBV may have specific
mechanisms to suppress cytokine production, highlighting the crucial
role of these molecules in recovery from infection ‘™. On the other
hand, there are some of the immune evasion methods adopted by HBV
include the antagonism of immune Function through the use of
symmetrical of cytokine receptors, expression of viral proteins which
react with cytokine signal transduction and expression of cytokine and
host proteins that influence the Th1 and/or Th2 cytokine responses™.
These immunomodulatory strategies can protect the host from the deadly

inflammatory effects as well as inhibit the local inflammatory response
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elicited to kill the HBV. The circulating cytokine profile in chronic
hepatitis B was related to the replication level of the virus and the
activity of liver disease “’®. In this respect, cytokine-based therapies
could provide interesting approaches to achieve a functional cure or even
the eradication of virus infection if the side effects can be managed ¢'".
However, both HBV and HCV often manage to escape the immune
response. To this end, they interfere with various immune mechanisms

including cytokine activity modulation ®°®).

1.12 Treatment and Vaccination of hepatitis B Virus:

The goal of therapeutics is to reduce a patient risk of death due to
liver disease ideally to that of a person who has never been infected with
HBV, or perhaps more realistically, to that of one with a resolved
infection "®. Currently, there are seven medications for the treatment of
hepatitis B infection. These include antiviral drugs lamivudine (Epivir),
adefovir (Hepsera), tenofovir (Viread), telbivudine (Tyzeka) and
entecavir (Baraclude) and the two immune system modulators interferon
alpha-2a and PEGylated interferon alpha-2a (Pegasys) *°.

HBYV infection can be prevented by immunization, intramuscular
administration of HBsAg leading to a protective anti-HBs response. The
first vaccine (so-called plasma-derived vaccine) is produced by purifying
HBsAg from the plasma of hepatitis B carriers. The second-generation
vaccines contain HBsAg produced from yeast or (less commonly)
mammalian cells by recombinant DNA technology ™. The Hepatitis-B
vaccine appears to be efficient in controlling HBV infection in children
and adults. It was noticed that the HBsAD level is decreased by age, with
increasing liability to get a disease, and that those with undetectable
HBsAb also have a higher rate of infection *’®. Complete vaccination

against hepatitis B is achieved by administration of a three-dose regimen,
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with the second and third doses being given one and six months after the
initial treatment. A test for anti-HBs should be carried out 6-8 weeks
following the final dose of the primary course of vaccination 9.
Antibody levels of over 100 I.U/mL indicate an excellent response to
vaccination. Antibody levels between 10 and 100 I.U/mL indicate an
inadequate response and a booster dose should be given immediately to
improve response. A blood test should be carried out 6-8 weeks after the

booster dose to check answer ¢,

All infants born to HBsAg-positive women should receive single-
antigen hepatitis B vaccine and hepatitis B immune globulin (HBIG) (0.5
mL) <12 hours of birth, administered at different injection sites. The
vaccine series should be completed according to a recommended
schedule for infants born to infected mothers. The final dose in the
vaccine series should not be administered before age 24 weeks (164
days) 9.
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1.13 Aims of the Study:

Our study aims to detect the following markers:-

1. Serological markers (HBSAg, HBSAb, HBeAg, HBeAb, and
HBCADb) were performed using Chromatographic immunoassay.

2. Quantitative detection of HBV DNA copies using real-time PCR in
hepatitis B infection using commercially accredited kit utilizing
TagMan probe chemistry.

3. The comparison of plasma HBV DNA viral load in different states of
hepatitis B infection.

4. Biochemical markers as an indication to predict of risk and
progression of hepatitis B virus disease.

5. Oxidative stress markers (Malondialdehyde and superoxide dismutase
and vitamin C) to investigate the changes in the oxidative stress in
those patients and healthy control and studying the correlation
between the Oxidative stress levels and another parameter.

6. Measuring the level of some cytokines including (IL-1a and IL-2) in
patients and healthy control and investigating the correlation between
the cytokines levels and another parameter.

7. Study the physiological effects of viral hepatitis B infections on
different hematological parameters in patients and healthy subjects.

8. Estimate the association, if any, between the study parameters and
viral hepatitis B infections to properly manage the treatment and

disease progression.
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Chapter two

Materials and Methods

2.1-Materials:

2.1.1- Chemicals and instruments

The specific chemicals and instruments used in this study are listed in

tables (2.1) and (2.2) respectively with its companies produced.

No

10
11

12
13

Table 2-1: Chemicals and their sources.

Chemicals & Their Sources

Biochemical kits-liver function test
Chronometric determination of Fibrinogen kit

ELISA kit for quantitative determination of
Human Interleukin-1a

ELISA kit for quantitative determination of
Human Interleukin-2

ELISA kit for quantitative determination of
Human MDA level in serum

ELISA kit for quantitative determination of
Human SOD level in serum

ELISA kit for quantitative determination of
Human Vitamin C level in serum

HBV quantification kit: HBV Real-TM Quant:

Real-Time kit for the quantitative detection of
hepatitis B virus in human plasma
Hematolog kits-complete blood count

Prothrombin Time kit

Rapid immunochromatographic assay HBV 5
Rapid Test
SaMag Viral Nucleic Acid Extraction Kit

TOSO kit for detection of hepatitis B antibody
in human serum

Company
MNCHIP,China
Biolabo, France

demeditec, Germany

demeditec, Germany
Shanghai, China
Shanghai, China
Shanghai, China

Sacace biotechnologies, Italy

SFRI, France
Biolabo, France
CTK, Biotech

Sacace —Italy

Human, Germany.



Table 2-2: Instruments and their manufacture company

N Instruments Company
1 | Automated chemistry analyzer TOSOH, AlA- Japan
1800 ST
2 | Celercare® M1 Automatic Chemistry Analyzer MNCHIP, China
3 | Centrifuge Sigma, Germany
4 | Centrifuge 3100 rpm for smart tubes Cepheid, USA
5 | Dry bath incubator Major science, Taiwan
7 | ELISA system (Reader, Washer, printer) Awareness, USA
8 | Eppendorf micropipettes with different sizes Eppendorf, Germany
9 | Freezer (-20 °C) Denka, Korea
10 | Genru: CA54 China
11 | Hood (Fume cabinet) Lab tech, USA
12 | Incubator Gallen Kamp, UK
13 | Micropipettes 5-50, 0,5-10, 100-1000 p Eppendorf, Germany
14 | Mini spin plus centrifuge Eppendorf, Germany
15 Real-time PCR Smart Cylilse;Cepheld,
16 | Refrigerator Samsung, Korea
17 | SaMag-12/24 Automatic Nucleic Acids Extraction Sacace Biotechnologies,
System Italy
18 | SFRI Blood cell counter France
19 | Vortex Stuart SA7, England
20 | Vortex shaker Vortex- Genie, USA
21 | Water Bath Clifton, England
22 | Water distillatory Daihan, Turkey

2.2 Subjects:

A total of 80 patients infected with hepatitis B were included in this
study. The duration of this study was from February to September 2018.
After ethical clearance, the study was carried out in the General Al-Ameria
Hospital/ Al-Anbar province. The study patients were divided into the
following:

Group I: consists of 40 patients (20 males and 20 females) with the
infective stage of hepatitis B (HBV) HBeAg positive, their age ranged
between (3-67) years, with mean: (22.55 £16.16) years.



Group I1: consists of 40 patients (22males and 18 females) with Non-
infectious phase of hepatitis B (HBV) HBeAg negative, their age ranged
between (11-72) years, with mean: (31.45 +£13.08) years.

Forty healthy subjects were included as normal controls (healthy
individuals) for the study (21 males and 19 females). Their age ranged
between (3-60) years, with mean (29.57 £16.30) years. These healthy
volunteers with no clinical or laboratory evidence of liver disease. From all
studied groups, a detailed history had been taken as shown in the
Questionnaire (Appendix 1). A group with disease other than hepatitis B was

excluded.

2.3 Specimens Collection:

About Ten ml of fresh blood were taken from each patient and healthy
human by vein puncture. Serum was pooled from 6 ml of fresh blood in the
sterile plastic tube and immediately stored at -20°C until use for serological
investigations; biochemical tests including liver function tests, vitamins C,
SOD, MDA, IL-1a and IL-2 were also included. Two ml were collected in
sterile EDTA tube for complete blood count and then centrifuged within 3
hrs. at 2000 rpm for 20 minutes. Plasma was separated and transferred to
sterile Eppendorf tubes and immediately stored at -20 °C will be used for
molecular investigations. 1.8 ml from whole blood was adding to 0.2 mi
(200 pb) 1.9 % trisodium citrate in the test tube and separated by
centrifugation at 704 xg for 10 minutes to obtain plasma for Prothrombin

Time test (PT) test, and fibrinogen test.
2.4 Methods:

2.4.1 Serological investigation:
2.4.1.1 Preliminary screening for HBsAg patients:

HBsAg level was determined according to the manufacturing instruction
which laid down by fully automated chemistry analyzer TOSOH, AlA-1800



ST, Japan. The result is interpreted as appositive when the level is equal or

more than 50 1U/ml and negative if the value is less than 50 1U/ml @2,

2.4.1.2 Hepatitis B profile:

Eighty plasma samples of patients and forty plasma samples of Control
group or healthy subject was tested for the presence of HBsAg, HBsAD,
HBeAg, HBeAb, and HBcAb using HBV combo test device @2,

1. Principle:

Immunoassays for the detection of hepatitis B serological markers
(Hepatitis B profile) have been done in plasma. The membrane is pre-coated
with anti-HBsAg or anti-HBeAg antibodies on the test line region of the
strip. During testing, the plasma specimen reacts with the particle coated
with anti- HBsAg or anti-HBeAg antibodies. The mixture migrates upward
on the membrane chromatographically by capillary action to react with anti-
HBsAg or anti-HBeAg antibodies on the membrane and generate a colored
line. The presence of this colored line in the test line region indicates a
positive result, while the absence of it indicates a negative result.

Hepatitis B surface antibody (HBsAD) is also known as anti-Hepatitis B
Surface antigen (anti-HBs). This test is a qualitative, lateral flow
immunoassay for the detection of HBsAD in plasma. The membrane is pre-
coated with HBsAg on the test line region of the strip. During testing, the
plasma specimen reacts with the particle coated with HBsAg. The mixture
migrates upward on the membrane chromatographically by capillary action
to react with HBsAg on the membrane and generate a colored line. The
presence of this colored line in the test line region indicates a positive result.
The disappearance of red color line indicates a negative result.

Hepatitis B envelope Antibody (HBeAb) is also known as anti-Hepatitis
B envelope Antigen (anti-HBe). Hepatitis B core antibody (HBcAD) is also
known as anti-Hepatitis B core antigen (anti-HBc). These tests are



immunoassays based on the principle of competitive binding. During testing,
the mixture migrates upward on the membrane. Chromatographically by
capillary action, the membrane is pre-coated with HBeAg or HBCAg on the
test line region of the strip. During testing, the presence of anti- HBe
antibody or anti-HBc antibody in the specimen will compete with particle
coated anti-HBe antibody or anti-HBc antibody for a limited amount of
HBeAg or HBcAg of the membrane, and no line will form in the test line
region, indicating a positive result. A visible colored line will form in the
test line region if there is no anti-HBe antibody or anti-HBc antibody in the
specimen because of all the antibody. Coated particles will be captured by
the antigen coated in the test line region. To act as a procedural control, a
colored line will always appear in the control line region indicating that
proper volume of specimen has been added and membrane wicking has
occurred.

2. Procedures:

1. The pouch was brought to the room temperature before opening it. The
test device was removed from the sealed pouch.

2. The test device was placed on the clean and level surface. The dropper
holds vertically, and three full drops of plasma (approx. 75 ul)
transferred to each specimen well(s) of the test device respectively,
and then the timer started.

3. | read the results at 15 minutes after, the red line (s) appeared.

3. Interpretation of the Results:
a. HBsAg, HBsAb, HBeAg:

Two red lines have appeared, one for control line region (C) and another
line for test line region (T), indicating positive results of HBSAg, HBsAD, or
HBeAg. The intensity of the red color in the test line region (T) was
proportional to the concentration of HBsAg, HBsAb, and HBeAg in the
specimen. The appearance of one red line for the control line region (C) and



no red or pink line for another test line region (T) indicated Negative results
of HBSAg, HBsADb, HBeAg. Failure to appear for control line region (C)
because of insufficient specimen volume or incorrect procedural techniques
meant Invalidity.

b. HBeAb and HBcAD:

The appearance of one red line in the control line region (C) without the
red or pink line in the test line region (T) indicated positive results for
HBeAb and HBcAb. The appearance of two red lines in the control line
region (C) and in the test line region indicated Negative results. Failure to
appear for control line region (C) because of insufficient specimen volume
or incorrect procedural techniques indicated Invalidity.

2.4.2 Molecular part of the study:
2.4.2.1 Automated Nucleic acids (HBV-DNA) extraction:-
SaMag Viral Nucleic Acids Extraction Kit )Sacace —Italy):

SaMag Viral Nucleic Acids Extraction Kit was designed to be used with
SaMag-12 automatic DNA and RNA extraction system for the extraction of
Viral DNA (HBYV virus-DNA) from human biological specimens (plasma).
The process of extraction consists of steps of lysis, binding, washing, and
elution.

Specimen collection and conservation:

The purification procedure was optimized for use with 150 ul plasma.
The frozen sample was thawed at room temperature (15-25°C), and the
samples were processed immediately when they have equilibrated to room
temperature. The supernatants were transferred to fresh tubes without
disturbing the pellets, and the purification procedure had been started
immediately.

Protocol
The extraction was performed starting with the SaMag-12 instrument, as

follow:



Cartridges and reaction chambers were inserted. The tip holders, piercing
pins, small tip, and filtered tips were inserted. Sample tubes in the sample
rack were also entered, and 1.5 ml Elute tubes were embedded in the sample
rack. Under a safe biological cabinet, samples were loaded in sample tubes.
After that, the healthy internal subjects were added, and the sample rack was
transferred into SaMag instrument. Then SaMag-12 door was closed, and the
barcode was used to select Viral Nucleic Acids Extraction kit protocol HBV-
DNA virus @9,
2.4.2.2 DNA concentration and purity:

The extracted genomic DNA from blood samples were checked by
using Nanodrop Software (Bioneer /Korea). Moreover, the measurement of
the purity of DNA through reading the absorbance in at (260 /280 nm) as the
following steps:

1- The Nanodrop instrument was opened and selected the nucleic acid
application, DNA.

2- An aliquot of (1 ul) of nuclease-free water was dispensed to lower
optical surface lever arm.

3- Then, closed and the application software was selected for measuring on
260/280 nm wavelength.

4- The nucleic acid concentration was measured in the sample.

5- Nucleic acid concentration and purity ratios were automatically
calculated by the software that was exhibited on the Personal Computer
screen that is connected with Nanodrop “®2). If the outcome was 1.7-1.9,
the sample was considered free of contamination and having a sufficient
amount of DNA for further analysis.

2.4.2.3 gRT- PCR Quantification of HBV DNA Using Smart Cycler II:

HBYV DNA extraction and real-time PCR amplification Qualitative and
quantitative detection of plasma HBV DNA in all patients were performed



by Smart Cycler Il real-time PCR (Cepheid, USA) using fluorescent reporter
dye probes specific for HBV and HBV IC. Internal Control (IC) serves as an
amplification control for each individually processed specimen and to
identify possible inhibition. IC is detected in a channel other than the HBV
DNA. Monitoring the fluorescence intensities during Real-Time allows the
detection and quantification of the accumulating product without reopening
the reaction tube after the amplification. The utilized kits for HBV DNA
extraction and real-time PCR were done according to the procedures given
in the kit protocols (Sacace Biotechnologies Italy). The sensitivity of the
assay is 20 1U per ml blood sample. Specificity of the assay is about 99%
(183).

Internal Control (I1C):-

The internal Control HBV IC is quantitative Internal Control and
represents recombinant DNA-containing-structure which carried through all
steps of analysis from nucleic acid extraction to PCR amplification-
detection. The presence of quantitative HBV IC allows not only to monitor
the extraction procedure and to check possible PCR inhibition but also to
verify possible losses of the DNA during extraction procedure and thus to
enable the precise calculation of HBV viral load (according to Sacace
company protocol).
2.4.2.3.1 Reagent Preparation for Amplification:

1. One set of reagents tubes thawed, vortex and centrifuged briefly.
Reaction tubes or PCR plates were prepared.

2. Reaction Mix was prepared by adding of 200ul of PCR-mix-2-TM and
20ul of Hot Start DNA Polymerase into the tube with PCR-mix-1-
TM. This mix was stable for one month at -20°C.

3. Vortex thoroughly and centrifuged briefly.

4. 12,5ul Reaction Mix was added into each tube.

5. 12,5ul of the extracted DNA sample was added to the appropriate tube



with Reaction Mix and mixed by pipetting.
6. Two Positive Controls and one negative control were prepared for each
run:

- Addition of 12,5ul Control pos.1 into the tube labeled Pos.1 and

mixed by pipetting.

- Addition of 12,5ul Control pos.2 into tube marked Pos.2. and mixed

by pipetting.

- Addition of 12,5ul Control neg. into the tube labeled Neg. Control.

7. Three HBV Standard were Prepared for each set of reagents as follows:

- Addition of 12,5ul QS1 HBV into tube marked QS1 STD.

- Acquisition of 12,5ul QS2 HBV into tube labeled QS2 STD.

- Acquisition of 12,5ul QS3 HBV into tube labeled QS3 STD.

8. Three IC Standard were Prepared for each set of reagents as follow:

- Addition of 12,5ul QS1 IC into tube marked IC1 STD.

- Addition of 12,5ul QS2 IC into tube labeled 1C2 STD.

- Addition of 12,5ul QS3 IC into tube labeled IC3 STD.

9. The tubes were closed and transferred into the thermal cycler.

The PCR was then performed on a Smart Cycler Il instrument
(Cepheid) using primers and probes which were described previously. The
PCR was run in a total volume of 25ul containing 12.5ul of the template,
12.5ul Reaction Mix. The amplification was performed as follows: An initial
hot start denaturation at 95°C for 15min, and supported by 42 cycles of
denaturation at 95°C for 20sec, annealing, and extension at 60°C for 40sec.
Real-time monitoring was achieved by measuring the fluorescence at the end
of the extension phase for each cycle. The quantitative analyses were
conducted by using Smart Cycler 1l analysis software version 2.0. Following
the manufacturer's instructions (Smart cycler: Cepheid, USA).
2.4.2.3.2 Program of Smart Cycler Il Instrument:

The program used for amplification of HBV-DNA as follow 15 min



initial denaturation at 95 ° C, followed by 42 cycles each of 20-second
denaturation at 95 ° C and 40-second annealing and extension at 60 ° C as

revealed in the following (Table 2-3).
Table 2-3 Program of RT- PCR for HBV Using Smart Cycler Instrument

Protocol Name
Sacace HBV Real-TM Quant

1- Stage 1 Hold 95 °C —900 sec

2- Stage 2 Hold 95 °C — 20 sec
60 °C — 40 sec

3- Stage 3 2- Temperature Cycle Repeat — 42 times

The concentrations of the Quantitative Standards in the columns Fam
Standard and Cy3 Standard to generate the Standard Curve (Table 2.4).

Table 2-4 Concentrations of the Quantitative Standards HBV and IC.

Quantitation _ Quantitation _
standard Copies/Sample standard 1C Copies/Sample
HBV
QS1 HBV 317600 QSs1IC 6810
QS2 HBV 2610 QS21C 7260
QS3 HBV 25 QS3IC 690

Fluorescence is observed in Real Time on the Cy3 channel for HBV DNA
and FAM channel for Internal Control *%°).
2.4.2.3.3 Results Analysis:

In the menu, under analysis setting, the value 10 was selected for both of
channels Fam and CY3. Ct (Threshold cycle) on the Fam channel (IC)
should be < 30 for the clinical samples. If the Ct value of the specimen is
higher than 30, a retesting of the sample is required.
2.4.2.3.4 Results Interpretation:

For each control and patient specimen, the concentration of HBV DNA
was calculated using the following formula:

HBV DNA / IC DNA X coefficient* = copies HBV/ml @,

(Copies/specimen) (Copies/specimen)



*coefficient is specific for each lot and reported in the HBV TM Quant Data
Card provided in the kit. (Coefficient for this kit = 4.5 x 10 5).
2.4.3 Biochemical Investigations (Liver Function Test):-

The Celercare® M1 Chemistry Analyzer was used for detection of :
Alanine aminotransferase (ALT), Aspartate aminotransferase (AST),
Alkaline phosphatase (ALP), Total serum Bilirubin (TSB), Gamma-
Glutamyltransferase (GGT) and Total protein (Albumin & Globulins) by
using the liver function panel lyophilized kit (MNCHIP) @9,

Automatic Chemistry Analyzer:

1-The disc pouch was operated at the notch on the top right edge of the
package, removed the reagent disc out and put on the table in a flat
position.

2-One hundred pl volume pipettes were used to dispense approximately 100
ul of sample into the sample chamber via the sample port. After that, the
sample chamber was filling.

3-The pipette tip was discarded into a biohazard container.

4-The reagent disc was cleaned. A lint-free tissue was used to eradicate
sample spilled on the outlines of the disc.

5-After that, 500 ul volume pipette had been taken to dispense
approximately 500 ul of sterile water for injection into the diluent
chamber via the diluent port with the same procedure of —Filling the
sample chamber.

6-The analyzer was turned on by pressing the Power button on the front of
the analyzer. After passing the self-test and reaching operating
temperature.

7. Analyze was pressed and then the patient was selected, then the screen for
choosing sample type was displayed:

8. Analyze was pressed and then the patient was selected, the screen for

getting ready to scan QR code had been shown.



9. Before opening the disc foil pouch, the QR code was examined on the
label of it to input the disc identification code, lot number, expiration date,
and calibration data for the specific chemistries in the disc into the
Analyzer, the screen for scanning QR code was displayed.

2.4.4 Oxidative Stress markers:-

2.4.4.1 Assay Procedure for Human Vitamin C (VC):-

The human vitamin C was purchased from (Shanghai, China) ELISA Kit
with Cat.No : YHB3202Hu.

Principle

This kit uses enzyme-linked immune sorbent assay (ELISA) based on

biotin double antibody sandwich technology to assay Human Vitamin C

(VC). Add Vitamin C (VC) to wells that are pre-coated with Vitamin C

(VC) monoclonal antibody and then incubate. After incubation, add anti-VC

antibodies labeled with biotin to unite with streptavidin-HRP, which forms

the immune complex. Remove unbound enzymes after incubation and
washing, and then add substrate A and B. The solution will turn blue and
change to yellow with the effect of acid. The shades of the solution and the

concentration of Human Vitamin C (VC) are positively correlated *27.

Assay procedure:

a) Dilution of standard solutions: (This kit provides one standard original

concentration.

160ng/ml | Standard No.5 120ul Original Standard + 120ul Standard diluents

80ng/mi Standard No.4 120ul Standard Number 5 + 120ul Standard diluents

40ng/ml Standard No.3 120ul Standard Number 4 + 120ul Standard diluents

20ng/mi Standard No.2 120ul Standard Number 3 + 120ul Standard diluents

10ng/ml Standard No.1 120ul Standard Number 2 + 120ul Standard diluents

b) The number of stripes needed was determined by that of samples to be
tested added by the standards.
c) Sample injection:



1- Blank well: The sample was not added, an anti-VC antibody labeled
with biotin and streptavidin-HRP; chromogen reagent A & B were
added, and the solution was stopped, each other step operation is the
same.

2- Standard solution well: 50ul standard were added and streptomycin-
HRP 50ul (biotin antibodies have united in advance in the standard, so
no biotin antibodies are added).

3- The sample well to be tested: the 40ul sample was added and then 10ul
VC antibodies, 50ul streptavidin-HRP. Then it was covered with a seal
plate membrane. It was shaking gently to mix and incubated at 37°C for
60 minutes.

d) Preparation of washing solution: The washing concentration (30X) was
diluted with distilled water for later use.

e) Washing: The seal plate membrane was carefully removed, the liquid was
drained, and the remainder was shaken off. Each was filled well with
washing solution, and let stand for 30 seconds, then was removed. This
procedure was repeated five times then blots the plate.

f) Color development: Firstly, 50ul chromogen reagent A was added to each
well, and then 50ul chromogen reagent B was added to each well. Gently
shake to mix and incubated for 10 minutes at 37°C away from light for
color development.

g) Stop: 50ul Stop Solution was added to each well to stop the reaction
(color changes from blue to yellow immediately at that moment).

h) Assay: Blank was taken as well as zero; the absorbance (OD) of each well
one was measured by one under 450 nm wavelengths, which should be
conducted within10 minutes after having added stop solution.

1) According to standards concentrations and corresponding OD values, the
linear regression equation of the standard curve was calculated. Then

according to the OD value of the samples, the concentration of the



corresponding sample was calculated. The statistical software could also
be employed.
Calculation
The concentration of standards was made in the abscissa and OD value
the ordinate. The standard curve was drawn on the graph paper. According
to the OD value of the sample, its similar concentration (which is the
concentration of the sample) was located; or the linear regression equation of
the standard curve was calculated according to the standard concentration
and the OD value (Appendix 2). Then substituted with the OD value of the

sample to estimate its concentration.
Assay range: 1ng/ml—300ng/ml.

Sensitivity: 0.52ng/mll.
2.4.4.2 Assay Procedure for Human Super Oxidase Dismutase (SOD):-
The human superoxide dismutase was purchased from (Shanghai, China)

ELISA Kit with Cat.No: YHB2870Hu.

Principle:

This kit uses enzyme-linked immune sorbent assay (ELISA) based on
biotin double antibody sandwich technology to assay Human Super Oxidase
Dismutase (SOD). Add Super Oxidase Dismutase (SOD) to wells that are
pre-coated with Super Oxidase Dismutase (SOD) monoclonal antibody and
then incubate. After incubation, add anti SOD antibodies labeled with biotin
to unite with streptavidin-HRP, which forms the immune complex. Remove
unbound enzymes after incubation and washing, and then add substrate A
and B. The solution will turn blue and change to yellow with the effect of
acid. The shades of the solution and the concentration of human super
oxidase dismutase (SOD) are positively correlated 2.

Assay procedure

a) Dilution of standard solutions: (This kit provides one standard original



concentration.

480U/L Standard No.5 | 120ul Original Standard + 120ul Standard diluents

240U/L | Standard No.4 | 120ul Standard No.5 + 120ul Standard diluents

120U/L Standard No.3 | 120ul Standard No.4 + 120ul Standard diluents

60U/L Standard No.2 | 120ul Standard No.3 + 120ul Standard diluents

30U/L Standard No.1 | 120ul Standard No.2 + 120ul Standard diluents

b) The number of stripes needed is determined by that of samples to be
tested added by the standards. It is recommended that each standard
solution and each blank well be arranged with multiple wells as much as
possible.

c) Sample injection: 1) Blank well: Do not add sample, anti SOD antibody
labeled with biotin and streptavidin-HRP; add chromogen reagent A & B
and stop solution, each other step operation is the same. 2) Standard
solution well: Add 50ul standard and streptomycin-HRP 50ul (biotin
antibodies have united in advance in the standard, so no biotin antibodies
are added). 3) The sample well to be tested: Add 40ul sample and then
10ul SOD antibodies, 50ul streptavidin-HRP. Then cover it with a seal
plate membrane. Shake gently to mix. Incubate at 37°C for 60 minutes.

d) Preparation of washing solution: Dilute the washing concentration (30X)
with distilled water for later use.

e) Washing: carefully remove the seal plate membrane, drain liquid and
shake off the remainder. Fill each well with washing solution, let stand for
30 seconds, then drain. Repeat this procedure five times then blot the
plate.

f) Color development: First add 50ul chromogen reagent A to each well, and
then add 50ul chromogen reagent B to each well. Shake gently to mix.
Incubate for 10 minutes at 37°C away from light for color development.

g) Stop: Add 50ul Stop Solution to each well to stop the reaction (color
changes from blue to yellow immediately at that moment).



h) Assay: Take blank well as zero, measure the absorbance (OD) of each
well one by one under 450 nm wavelength, which should be conducted
within10 minutes after having added stop solution.

1) According to standards concentrations and corresponding OD values,
calculate the linear regression equation of the standard curve. Then
according to the OD value of samples, calculate the concentration of the
corresponding sample. Statistical software could also be employed.

Calculation:

Make concentration of standards the abscissa and OD value the ordinate.
the standard curve on the graph paper. According to the OD value of the sa
locate its corresponding concentration (which is the concentration of the sam
or calculate the linear regression equation of the standard curve according t
standard concentration and the OD value (Appendix 3). Then substitute wit

OD value of the sample to estimate its concentration.

Assay range: 3U/L—900U/L.

Sensitivity: 1.52U/L.

2.4.4.3 Assay Procedure for Human Malondialdehyde (MDA):-

The human malondialdehyde was purchased from (Shanghai, China)
ELISA Kit with Cat.No: YHB1955Hu.

Principle:

This kit uses enzyme-linked immune sorbent assay (ELISA) based on
biotin double antibody sandwich technology to assay Human
Malondialdehyde (MDA). Add Malondialdehyde (MDA) to wells that are
pre-coated with Malondialchehyche (MDA) monoclonal antibody and then
incubate. After incubation, add anti-MDA antibodies labeled with biotin to
unite with streptavidin-HRP, which forms the immune complex. Remove

unbound enzymes after incubation and washing, and then add substrate A



and B. The solution will turn blue and change to yellow with the effect of
acid. The shades of the solution and the concentration of Human @,

Assay procedure:

a) Dilution of standard solutions: (This kit provides one standard original

concentration.

32nmol/ml | Standard No.5 | 120ul Original Standard + 120ul Standard diluents

16nmol/ml | Standard No.4 | 120ul Standard No.5 + 120ul Standard diluents

8nmol/ml Standard No.3 | 120ul Standard No.4 + 120ul Standard diluents

4nmol/ml Standard No.2 | 120ul Standard No.3 + 120ul Standard diluents

2nmol/ml Standard No.1 | 120ul Standard No.2 + 120ul Standard diluents

b) The number of stripes needed is determined by that of samples to be
tested added by the standards. It is recommended that each standard
solution and each blank well be arranged with multiple wells as much as
possible.

c) Sample injection: 1) Blank well: Do not add sample, anti-MDA antibody
labeled with biotin and streptavidin-HRP; add chromogen reagent A & B
and stop solution, each other step operation is the same. 2) Standard
solution well: Add 50ul standard and streptomycin-HRP 50ul (biotin
antibodies have united in advance in the standard, so no biotin antibodies
are added). 3) The sample well to be tested: Add 40ul sample and then
10ul MDA antibodies, 50ul streptavidin-HRP. Then cover it with a seal
plate membrane. Shake gently to mix. Incubate at 37°C for 60 minutes.

d) Preparation of washing solution: Dilute the washing concentration (30X)
with distilled water for later use.

e) Washing: carefully remove the seal plate membrane, drain liquid and
shake off the remainder. Fill each well with washing solution, let stand for
30 seconds, then drain. Repeat this procedure five times then blot the
plate.

f) Color development: First add 50ul chromogen reagent A to each well, and



then add 50ul chromogen reagent B to each well. Shake gently to mix.
Incubate for 10 minutes at 37°C away from light for color development.

g) Stop: Add 50ul Stop Solution to each well to stop the reaction (color
changes from blue to yellow immediately at that moment).

h) Assay: Take blank well as zero, measure the absorbance (OD) of each
well one by one under 450 nm wavelength, which should be conducted
within10 minutes after having added stop solution.

1) According to standards concentrations and corresponding OD values,
calculate the linear regression equation of the standard curve. Then
according to the OD value of samples, calculate the concentration of the
corresponding sample. Statistical software could also be employed
Malondialdehyde (MDA) are positively correlated.

Calculation:

Make concentration of standards the abscissa and OD value the
ordinate. Draw the standard curve on the graph paper. According to the OD
value of the sample, locate its corresponding concentration (which is the
concentration of the sample); or calculate the linear regression equation of
the standard curve according to the standard concentration and the OD value
(Appendix 4). Then substitute with the OD value of the sample to estimate

its concentration.

Assay range: 0.2nmol/ml—60nmol/ml.

Sensitivity: 0.14nmol/ml.

2.4.5 Cytokines Parameters:-
2.4.5.1 Assay Procedure for Human Interleukin-1a (IL-1a):

The human Interleukin-1a was purchased from (Demeditec, Germany)

ELISA Kit with Cat.No: DE2432.



Principle:

An anti-human IL-1 alpha coating antibody was adsorbed onto
microwells. Human IL-1 alpha present in the sample or standard binds to
antibodies adsorbed to the microwells. A biotin-conjugated anti-human IL-1
alpha antibody was added and binds to human IL-1 alpha captured by the
first antibody. Following incubation unbound biotin-conjugated anti-human
IL-1 alpha antibody was removed during a wash step. Streptavidin-HRP was
added and binds to the biotin-conjugated anti-human IL-1 alpha antibody.
Following incubation, unbound Streptavidin-HRP was removed during a
wash step, and substrate solution reactive with HRP was added to the wells.
A colored product was formed in proportion to the amount of human IL-1
alpha present in the sample or standard. The reaction was terminated by
addition of acid and absorbance was measured at 450 nm. A standard curve
was prepared from 7 human IL-1 alpha standard dilutions and human IL-1
alpha sample concentration determined .

Assay procedure:

a. Determined the number of microwell strips required to test the desired
number of samples plus an appropriate number of wells needed for
running blanks and standards. Each sample, standard, blank and optional
control sample should be assayed in duplicate. Remove extra microwell
strips from holder and store in a foil bag with the desiccant provided at 2°-
8°C sealed tightly.

b. Washed the microwell strips twice with approximately 400 pl. Wash
Buffer per well with the thorough aspiration of microwell contents
between washes. Allow the Wash Buffer to sit in the wells for about 10 —
15 seconds before aspiration. Take care not to scratch the surface of the
microwells. After the last wash step, empty wells and tap microwell strips
on an absorbent pad or paper towel to remove excess Wash Buffer. Use

the microwell strips immediately after washing. Alternatively, Microwell



strips can be placed upside down on a wet absorbent paper for not longer
than 15 minutes. Do not allow wells to dry.

c. Standard dilution on the microwell plate (Alternatively the standard
dilution can be prepared in tubes): Added 100 pl of Sample Diluent in
duplicate to all standard wells. Pipette 100 ul of prepared standard in
duplicate into well A1 and A2. Mix the contents of wells Al and A2 by
repeated aspiration and ejection (concentration of standard 1, S1 = 100
pg/ml), and transfer 100 pl to wells B1 and B2, respectively. Take care
not to scratch the inner surface of the microwells. Continue this procedure
five times, creating two rows of human IL-1 alpha standard dilutions
ranging from 100.0 to 1.6 pg /ml. Discard 100 ul of the contents from the
last microwells (G1, G2) used.

d.100 pl of Sample Diluent in duplicate was added to the blank wells.

e. 50 ul of Sample Diluent was added to the sample wells.

f. 50 ul of each sample in duplicate was added to the sample wells.

g. Prepared Biotin-Conjugate.

h. Added 50 pl of Biotin-Conjugate to all wells.

I. Covered with an adhesive film and incubated at room temperature (18 to
25°C) for 2 hours, if available on a microplate shaker set at 400 rpm.

J. Prepared Streptavidin-HRP.

k. Removed adhesive film and empty wells. Washed microwell strips four
times according to point b. Of the test protocol. Proceed immediately to
the next step.

|. Added 100 pl of diluted Streptavidin-HRP to all wells, including the blank
wells.

m. Covered with an adhesive film and incubated at room temperature (18° to
25°C) for 1 hour, if available on a microplate shaker set at 200 rpm.

n. Removed adhesive film and empty wells. Washed microwell strips four

times according to point b. Of the test protocol. Proceed immediately to



the next step.

0. Pipette 100 pl of TMB Substrate Solution to all wells.

p. Incubated the microwell strips at room temperature (18° to 25°C) for

about 10 min. Avoided direct exposure to intense light. The color
development on the plate should be monitored and the substrate reaction
stopped (see next point of this protocol) before positive wells are no
longer appropriately recordable. Determination of the ideal period for
color development has to be done individually for each assay.

It is recommended to add the stop solution when the highest standard has

developed a dark blue color. Alternatively, color development can be

monitored by the ELISA reader at 620 nm. The substrate reaction should be

stopped as soon as Standard 1 has reached an OD of 0.9-0.95.

g.

Stopped the enzyme reaction by quickly pipetting 100 pl of Stop Solution
into each well. It was essential that the Stop Solution was spread rapidly
and uniformly throughout the microwells to inactivate the enzyme
completely. Results must be read immediately after the Stop Solution was
added or within one hour if the microwell strips were stored at 2 - 8°C in
the dark.

. Read the absorbance of each microwell on a spectrophotometer using 450

nm as the primary wavelength (optionally 620 nm as the reference
wavelength; 610 nm to 650 nm is acceptable). Blank the plate reader
according to the manufacturer's instructions by using the blank wells.
Determine the absorbance of both the samples and the standards.

Note: In the case of incubation without shaking the obtained O.D.

values may be lower than Indicated below. Nevertheless, the results are still

valid.

Calculation of results:

1. Calculated the average absorbance values for each set of duplicate

standards and samples. Duplicates should be within 20 percent of the



mean value.

2. Created a standard curve by plotting the mean absorbance for each
standard concentration on the ordinate against the human IL-1 alpha
concentration on the abscissa. Draw the best fit curve through the points
of the graph (a 5-parameter curve fit is recommended).

3. To determine the concentration of circulating human IL-1 alpha for each
sample, first find the mean absorbance value on the ordinate and extend
a horizontal line to the standard curve (Appendix 5). At the point of
intersection, extend a vertical line to the abscissa and read the
corresponding human IL-1alpha concentration.

4. If instructions in this protocol have been followed, samples have been
diluted 1:2 (50 pul sample + 50 pl Sample Diluent) and the concentration
read from the standard curve must be multiplied by the dilution factor (x
2).

5. Calculation of samples with a concentration exceeding standard one will
result in incorrect, low human IL-1 alpha levels (Hook Effect). Such
samples require further external predilution according to expected
human IL-1 alpha values with Sample Diluent to precisely quantitate the
actual human IL-1 alpha level.

6. It was suggested that each testing facility establishes a control sample of
known human IL-1 alpha concentration and runs this additional control
with each assay. If the values obtained were not within the expected
range of the control, the assay results may be invalid.

7. Each laboratory must prepare a standard curve for each group of
microwell strips assayed.

2.4.5.2 Assay Procedure for Human Interleukin-2 (IL-2):

The human Interleukin-2 was purchased from (Demeditec, Germany)

ELISA Kit with Cat.No: DE221



Principle:

An anti-human IL-2 coating antibody was adsorbed onto microwells.
Human IL-2 presented in the sample or standard binds to antibodies
adsorbed to the microwells. A biotin-conjugated anti-human IL-2 antibody
was added and binds to human IL-2 captured by the first antibody.

Following incubation unbound biotin-conjugated anti-human IL-2
antibody was removed during a wash step. Streptavidin-HRP was added and
binds to the biotin-conjugated anti-human IL-2 antibody. Following
incubation, unbound Streptavidin-HRP was removed during a wash step, and
substrate solution reactive with HRP was added to the wells.

A colored product was formed in proportion to the amount of human IL-
2 present in the sample or standard. The reaction was terminated by addition
of acid and absorbance was measured at 450 nm. A standard curve was
prepared from 7 human IL-2 standard dilutions, and human IL-2 sample
Concentration determined ¢,

Assay procedure:

a. 2 x 50 pl sample was needed for duplicate measurement. Serum or plasma
samples, as well as reconstituted controls, were applied without
predilution. Human IL-2 levels in cell culture supernatants may vary
considerably. Optimal dilution has to be determined for each sample. For
unknown cell culture samples, it was useful to analyze undiluted as well
as prediluted samples (e.g., 1:20 - 1:50) in parallel, thereby covering a
broader range in one assay. Cell culture supernatants with very high
concentrations of human IL-2 require high dilutions (e.g., up t01:2000) to
be measured correctly. Such samples must be prediluted in the respective
cell culture medium.

b. Determined the number of microwell strips required to test the desired
amount of samples plus an appropriate number of wells needed for

running blanks and standards. Each sample, standard, blank and optional



control sample should be assayed in duplicate. Remove extra microwell
strips. From holder and store in a foil bag with the desiccant provided at
2°-8°C sealed tightly.

c. Biotin-Conjugate was prepared.

d. Washed the microwell strips twice with approximately 400 pl Wash
Buffer per well with the thorough aspiration of microwell contents
between washes. Allow the Wash Buffer to sit in the wells for about 10 —
15 seconds before aspiration. Take care not to scratch the surface of the
microwells. After the last wash step, empty wells and tap microwell strips
on an absorbent pad or paper towel to remove excess Wash Buffer. Use
the microwell strips immediately after washing. Alternatively, microwell
strips can be placed upside down on a wet absorbent paper for not longer
than 15 minutes. Do not allow wells to dry.

e. Standard dilution on the microwell plate (Alternatively the standard
dilution can be prepared in tubes): Added 100 pl of Sample Diluent in
duplicate to all standard wells. Pipette 100 pl of adjusted standard
(concentration = 2400.0 pg/ml) in copy into well Al and A2. Mix the
contents of wells Al and A2 by repeated aspiration and ejection
(concentration of standard 1, S1 = 1200.0 pg/ml), and transfer 100 pl to
wells B1 and B2, respectively .Take care not to scratch the inner surface
of the microwells. Continue this procedure five times, creating two rows
of human IL-2 standard dilutions ranging from 1200.0 to 18.8 pg/ml.
Discard 100 pul of the contents from the last microwells (G1, G2) used.

f. 100 pul of Sample Diluent in duplicate was added to the blank wells.

g. Added 50 pl of Sample Diluent to all sample wells.

h. 50 pl of each sample in duplicate was added to the sample wells.

i. Added 50 pul of Biotin-Conjugate to all wells.

J. Covered with an adhesive film and incubated at room temperature (18 to
25°C) for 2 hours, if available on a microplate shaker set at 400 rpm.



k. Streptavidin-HRP was prepared.

|. Removed adhesive film and empty wells. Washed microwell strips six
times according to point d. of the test protocol. Proceed immediately to
the next step.

m. 100 ul of diluted Streptavidin-HRP was added to all wells, including the
blank wells.

n. Covered with an adhesive film and incubated at room temperature (18 to
25°C) for 1 hour, if available on a microplate shaker set at 400 rpm.

0. Removed adhesive film and empty wells. Washed microwell strips six
times according to the point of the test protocol. Proceed immediately to
the next step.

p. Pipette 100 pl of TMB Substrate Solution to all wells.

g. The microwell strips were incubated at room temperature (18° to 25°C)
for about 30 min. Avoided direct exposure to intense light. The color
development on the plate should be monitored, and the substrate reaction
Stopped before positive wells are no longer appropriately recordable.
Determination of the ideal period for color development has to be done
individually for each assay. It was recommended to add the stop solution
when the highest standard has developed a dark blue color. Alternatively,
color development can be monitored by the ELISA reader at 620 nm. The
substrate reaction should be stopped as soon as Standard 1 has reached an
OD of 0.9 - 0.95.

r. Stopped the enzyme reaction by quickly pipetting 100 ul of Stop Solution
into each well. It was essential that the Stop Solution was spread rapidly
and uniformly throughout the microwells to inactivate the enzyme
completely. Results must be read immediately after the Stop Solution was
added or within one hour if the microwell strips were stored at 2 - 8°C in
the dark.

s. The absorbance of each microwell on a spectrophotometer was read using



450 nm as the primary wavelength (optionally 620 nm as the reference
wavelength; 610 nm to 650 nm is acceptable). Blank the plate reader
according to the manufacturer's instructions by using the blank wells.
Determine the absorbance of both the samples and the standards.
Note: In the case of incubation without shaking the obtained O.D.
values may be lower than indicated below. Nevertheless, the results are still
valid.

Calculation of results:

1. Calculated the average absorbance values for each set of duplicate
standards and samples. Duplicates should be within 20 percent of the
mean value.

2. Created a standard curve by plotting the mean absorbance for each
standard concentration on the ordinate against the human IL-2
concentration on the abscissa. Draw the best fit curve through the points
of the graph (a 5-parameter curve fit is recommended).

3. To determine the concentration of circulating human IL-2 for each
sample, first find the mean absorbance value on the ordinate and extend
a horizontal line to the standard curve (Appendix 6). At the point of
intersection, extend a vertical line to the abscissa and read the
corresponding human IL-2 concentration.

4. Serum, plasma, and control samples have been diluted 1:2 (50 ul sample +
50 pl Sample Diluent (1x)) and the concentration read from the standard
curve must be multiplied by the dilution factor (x 2).

5. If cell culture supernatants have been measured, the concentration read
from the standard curve must be multiplied by the individual predilution
factor (y) and dilution factor (2) of the assay (x 2y).

6. Calculation of samples with a concentration exceeding standard one may
result in incorrect, low human IL-2 levels (Hook Effect). Such samples
require further external predilution according to expected human IL-2
values with Sample Diluent to precisely quantitate the actual human IL-2
level.

7. It is suggested that each testing facility establishes a control sample of
known human IL-2 concentration and runs this additional control with
each assay. If the values obtained are not within the expected range of
the control, the assay results may be invalid.



8. A representative standard curve cannot be used to derive test results. Each
laboratory must prepare a standard curve for each group of microwell
strips assayed.

2.4.6 Hematological tests:-
2.4.6.1 Complete Blood Count (CBC):

Complete blood counts (CBC) and differential were performed on the
blood sample using Hematology analyzer (Blood Cell Counter), SFRI,
France an automated 3-part differential hematology analyzer. The machine
automatically dilutes whole-blood sample of 50 ml in the CBC/Differential
mode, lyses and enumerates white blood cells (WBC), red blood cells
(RBC), hemoglobin concentration (Hb), Packed Cells Volume (PCV),
platelets, lymphocytes, neutrophils and the red cells indices (Mean Cell
Volume, Mean Corpuscular Hemoglobin & Mean Corpuscular Hemoglobin
Concentration) .
2.4.6.1.1 Sample: Fresh blood was drawn in anticoagulant tubes (contain

EDTA or citrate).
2.4.6.2 Determination of Prothrombin Time (PT):

The BIOLAB SAS, Les Hautes Rives 02160 kit (Maizy, France)
provide reagents for the determination of the prothrombin time (INR) in
human plasma.

Principle:

The principle of the test consists of the clotting time is measured at 37 °C
in the presence of tissular thromboplastin and calcium. The PT (in sec.) so
measured is converted into PT (%) or INR ©9,

Procedure:

The instructions of the instrument were followed, when measured PT,
using Stago device, firstly calibration the equipment and add 50pl of plasma
in cuvette then 50ul PT reagent were added and finally read directly in the

device.



In case of testing by the manual method, first bring the Reagent 1 (i.e., the
reconstituted thromboplastin reagent) to 37°C+ 0.5; the steps were

summarized as in the table below:

In a glass test tube or cuvette at 37 ‘C add:

Plasma (standard, patients or control) 0.1ml
Incubate at 37°C 2 min
Starting a stopwatch, add Reagent 1 0.2ml

Mix. Note the clotting time (seconds)

2.4.6.3 Determination of Fibrinogen:

The BIOLAB SAS, Les Hautes Rives 02160 kit (Maizy, France)
provide reagents for the determination of the fibrinogen in human plasma.
Principle:

A method based on Von Clauss and al studies, validated by Destaing F
and al. When an excess of thrombin is present, the pre-diluted plasma
clotting time is in reverse order proportional to the fibrinogen's concentration
in the specimen ©°,

Procedure

Dilute plasmas 1/10 in dilution buffer. This dilution corresponds to a
fibrinogen concentration in the test tubes between 200 to 400 mg/dl which is
the optimal range for measurements.

In case of testing by the manual method, first, pre-incubate the thrombin

in a water bath at 37°C, then dispense in test tubes as follow. Homogenise

regularly the reagent during use:

In a glass test tube or cuvette at 37 'C add:

Diluted Plasma (standard, patients or control) 0.2 ml
Incubate at 37°C 2 min
Add Thrombin 0.2 mil

Mix. Simultaneously start a timer and record the clotting time
(seconds)




2.5 Statistical Analysis:

The data were analyzed using Excel (Microsoft, Redmond, WA, USA),
Minitab (ver. 17, Minitab, State College, PA, USA), and SPSS (ver. 24,
IBM, Armonk, NY, USA). The results are expressed as means + standard
deviations. A chi-squared test for goodness of fit, Student’s paired t-test,
Student’s independent t-test, and one-way analysis of variance analyses were
used to examine statistical significance, as appropriate “*?. In addition,
Pearson’s correlation analysis was carried out to determine the relationships
between all study variables in this work. Probability values < 0.05 were

considered significantly different.
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Chapter Three

Results and Discussion
3.1 Demographic Presentation of Study Sample:

3.1.1 Gender:

Patients and controls were presented in terms of gender and age
groups. For gender, hepatitis B envelope antigen positive patients
(HBeAg +ve) were distributed as 20 males and 20 females with a ratio
(1:1), while such frequencies among hepatitis B envelope antigen
negative patients (HBeAg -ve) were 22 and 18, respectively with a ratio
(1.2:1). In controls, males represented 21; while the female was 19 with
a ratio (1.11:1) table (3-1). In this study, infected males were higher than

females, but this difference was not significant by application of the chi-

square test (p<0.05).
Table 3-1 Distribution of patients and controls according to gender.
(HBeAg positive) | (HBeAg negative) Healthy
Patients patients Control |
Gender (N:40) (N:40) (N:40) P- Value
N % N % N %
Male 20 50.0 22 55.0 12 52.5 0.953"°
Female 20 50.0 18 45.0 19 | 475 | 0.949M°
P- Value 1.00M® 0.527 " 0.752N°
M/F ratio (1:1) (1.2:1) (1.11:1)

3.1.2 Age:

The distribution of patients' infected and non-infected with hepatitis
B virus and healthy control were divided into six age groups according
to age (< 21, 21-30, 31-40, 41-50, 51-60 years and > 60 years). The age
group < 21 years was more frequent in HBeAg positive patients (50.0%)
and the age group > 60 years constitutes the least percentages of 5.0% in

the first group. It was observed that the age range 21-30 year more




frequent in HBeAg negative patients (35%) and the age group > 60 years
constitutes the least percentages, 2.5% in the second group as shown in
(Table 3-2).

Table 3-2 Distribution of patients and controls according to age.

Age (HBeAg positive) | (HBeAg negative) Healthy
I I
(years) N Y N Y N Yo

<21 20 50.0 7 17.5 12 30.0
21-30 11 27.5 14 35.0 11 27.5
31-40 4 10.0 10 25.0 9 22.5
41-50 3 7.5 6 15.0 3 7.5
51-60 0 0.0 2 5.0 5 125

> 60 2 5.0 1 2.5 0 0.0

Mean+SD 22.55+16.16 31.45+13.08 29.57 £16.30

Range 3-67 11-72 3-60

These results have coincided partially with other studies carried out
in Iraq such as Kadham who reported that the most common age group
for hepatitis B (HBeAg positive, and HBeAg negative) was 20-29 years
(third decade). The least age group affected in HBV patients were (> 61)
which was the same as among HBeAg (+ve) patients and HBeAg (-ve)
patients “®. In a study done by Thageel, the researcher reported that
most of HBV patients were located within 20-39 years group with a
percentage of 47.7% and within the 40-59 years group with a percentage
of 38.5%; whereas 8.5% and 5.3% were located within 60 years or more
and less than 20 years groups, respectively ‘Y. The study of Al-Suraifi
reported that patients ranged from 1-95 years with a mean of 40.5 years.
Most of these patients were within the age group 41-50 years and 21-30
years with a percentage of 25.71% and 24.76%, respectively, followed
by the age group 31-40 (20%), whereas the age group >80 years were

constituted the least percentages (0.95%) %?. Al-Kenzawi documented



that The hepatitis B virus infection was more frequent in the age group
31-40 (23.6%) with ratio 3:1 female to male (75 male and 25 female)
followed by both the age group 21-30 and 41-50 which exhibit
approximately the same frequency of infection (19.2%) and (18.4%)
respectively. The age group 51-60 (17.6%); while the age group more
than 60 years old (12%), and the age group which is less than twenty
years old (9.2%) represents the less frequently age group infected with
HBV #? |ssa et al, revealed that in their study in Basra that the most
infected age groups were 31-40 years with a percentage of 25.44% %9,
Al-Saffar distributed Hepatitis B patients into two age groups (<40 years
and > 40 years), the age group> 40 years are more frequent than the age
group <40 years “®®_ Al-Hamdani et al, reported that a high prevalence
of HBV was in age groups <lyear and >40 years ®.

Al-Qaysi was found that the more significant group of the infected
persons with HBV were in the middle age (25-34 and 35-44) years old,
while the lowest rate of infected persons was in the age group (1-14)
years old ®. Al-Hilli and Ghadhban reported that the most common age
group for hepatitis B was the fourth decade ™**. Al-Waysi found that 45
year was the mean age for CHB patients “*?, and Al-Azzawi who found
that the most common age group affected was the third and fourth
decade . Several studies in the world also were agreed with this study
as Sanchez-Tapias reported that the most common age group was the
thirties “*". Wasley et al, showed the higher prevalence of HBV marker
was in age >50 years %),

HBYV infection in Iraq was contracted mostly in children and young
adult, but perinatal transmission plays only a minor role in disease. The
risk of hepatitis B infection may differ depending on gender, age,
epidemiological information, and different cultural characteristics of the

population %), An essential determinant of the epidemiology of HBV is



the age of acquisition of the virus. In areas with high endemicity, most
infections occur in children (4-8 years), and an area with intermediate
endemicity, the disease occurs in adolescents and adults, while in areas
with low endemicity, most infections occur in adolescents and young
adults (15-29 years) 92,

3.2 Virological Markers:

All patients were tested, using chromatographic immunoassays, to
investigate the levels of HBsAg, HBsAb, HBeAg, HBeADb, and HBCAD.
The results for patients with infectious HBV (those who were positive
for HBeAg) and those who were HBeAg-negative are shown in (Table 3-
3). Similar testing showed that the healthy participants were negative for
the presence of HBsAg, HBeAg, HBeAbs, and HBcAbs; 10 (25.0%)

were positive for HBsAbs (due to previous vaccinations).

Table 3-3 Incidence of hepatitis B serological markers in patients positive and

negative results for hepatitis B envelop antigens and in healthy control.

HBeAg positive patients | HBeAg negative patients | Healthy
Marker (n = 40) (n = 40) controls

Positive Negative Positive Negative Negative
no. (%) no. (%) no. (%) no. (%) no. (%)

HBsAg 40.0 (100) | 0.0(0.0) | 40.0(100) | 0.0(0.0) | 0.0(0.0)

Anti-HBsAg
antibodies 0.0 (0.0) 40.0 (100) 1.0 (2.5) 39.0(97.5) | 10.0(25)
Anti-HBeAg
antibodies 1.0 (2.5) 39.0(97.5) | 29.0(72.5) | 11.0(27.5) | 0.0(0.0)
Anti-HBc
antibodies 27 (67.5) | 13.0(32.5) | 39.0(97.5) 1.0 (2.5) 0.0 (0.0)

3.2.1 Total Patients:
All study samples (from patients and controls) were investigated
using both a serological method for detecting HBsAg levels and a

molecular method for determining the HBV viral load. The first one is




the determination of Hepatitis B surface antigen (HBSAg level) by fully
automated chemistry analyzer TOSOH, AlIA-1880, and the second is the
determination of HBV-DNA by (Real-Time PCR) for quantifying the
viral load using fluorescent reporter dye probes (TagMan probes)
specific for HBV and HBV IC using the Smart Cycler Il software
protocol.

Out of the two virological markers (HBSAg level and HBV-DNA),
the results showed high significant variations. Serum level of HBSAg
was significantly increased in HBeAg positive patients compared to
HBeAg negative patients (7779.9 + 3898 vs. 3233.8 £ 2474 IU/mL).
HBV-DNA level was also significantly increased in HBeAg positive
patients compared to HBeAg negative patients (35328825 + 23101537
vs. 3115.1+ 1916.8 IU/mL), as shown in table (3-4).

Table 3-4 Hepatitis B virus surface antigen (HBsAg) levels and viral load (HBV-

DNA copies) in hepatitis B virus envelope antigen-positive and -negative

patients.
Virological Study Groups .
Markers HBeAg positive HBeAg -Value
patients negative
HBSAg level —
(| U/ml) 7779.9 + 3898 3233.8 + 2474 0.000
HBVONA | wzss | giiuies | oo

Data presented as Mean + SD, * significant differences (p<0.05), (**) highly significant differences
(p<0.01).

Hepatitis B surface antigen is the universal marker used as a screen
test in the diagnosis of HBV infection in suspected infected individuals.
It was introduced over than twenty years ago as a qualitative marker for
detecting HBV ®?. HBsAg is an important marker that not only

indicates active HBV infection but can also predict clinical and treatment

outcomes “%. This antigen is considered as the key of HBV serological



markers in the diagnosis of the infection. It can be detected during three
to four weeks after the first time of infection and might be reached to
five months in acute infection. When it continues greater than six
months, this indicates chronic hepatitis B infection “®2. The detection of
HBsAg was considered to be a milestone in the history of HBV research
and has been used for more than 40 years to confirm HBV infections.
With the second generation of standard HBsAg samples, introduced by
the World Health Organization, quantitative HBsAg tests have become
possible “Y. Thus, in this study, we investigate the use of quantitative
measurements of HBsAg levels in patient plasma samples (TOSOH,
AlA-1880) as indicators of HBV infections. Our results clearly
demonstrated that serum HBsAg levels were significantly increased in
HBeAg-positive patients, compared with HBeAg-negative patients, in
agreement with most other studies. However, Zhang et al, reported that
on the role of immune status and concluded that serum HBsAg levels
varied significantly among HBeAg-positive patients, depending on their
immune status ®°?. Their findings may have important implications for
our understanding of HBV clearance in HBeAg-positive patients with
CHB infections.

Occult HBV infections are recognized by the absence of circulating
HBsAg in individuals positive for plasma or tissue HBV DNA,
irrespective of other HBV serological markers . These results are
generally consistent with studies conducted in Irag. Who reported on the
distribution of HBV serological markers among patients with infectious
(HBeAg-positive) and non-infectious (HBeAg-negative) forms of CHB
infections “°). Thus, the detection and quantification of HBV DNA plays
an essential role in diagnosing and monitoring HBV infections as well as
for assessing therapeutic responses ™?: our study provides another step

in this direction.



In the present study, the viral load (HBV-DNA copies) is
significantly higher in HBeAg-positive patients than in HBeAg-negative
patients, in agreement with other published studies “®. Mendy et al,
12 also quantified HBV-DNA copies in both HBeAg-positive and -
negative patients and showed that 108 (34%) of 318 HBsAg-positive
carriers had detectable HBeAg and all HBeAg-positive carriers tested
positive for HBV-DNA compared with 164 (78%) of the HBeAg-
negative carriers. The same researchers also showed that the geometric
mean HBV-DNA concentration in HBeAg-positive carriers was higher
than in HBeAg-negative carriers (8.7 logy, copies/mL vs. 4.1 logig
copies/mL, p < 0.0001). gRT-PCR measures the actual amount of HBV
in a blood sample, helping to determine if the HBV is reproducing in the
liver. In a person with a HBeAg-negative CHB infection, a viral load of
>2000 IU/mL indicates the presence of a viral infection with the
potential to cause liver damage ©®. Further, in a person with detectable
HBeAg levels, a viral load of >20,000 IU/mL indicates that the virus is
active and has the most significant potential to cause liver damage .
Thus, one of the conclusions of the present study is that gRT-PCR which
Is a sensitive, specific, and reproducible approach for detecting and
quantifying HBV-DNA in clinical serum samples; it can also serve as an
essential supplementary tool in clinical settings, especially for
establishing viremia levels in HBeAg-positive or -negative patients with
CHB infections.

In this study, quantitative measurement of HBV load in 80 HBV
infected patients and 40 healthy controls is performed by Smart Cycler
Il real-time PCR (Cepheid, USA) using fluorescent reporter dye probes
specific for HBV and HBV IC Internal Control (IC). A total of 80

HBsAg positive samples who screened by TOSOH analyzer, also



positive for qRT-PCR. Further 40 healthy controls showed negative
result for HBsAg and gRT-PCR.

The standard curve was generated by using the Smart Cycler 1l
software and serial dilution of known DNA concentration for HBV DNA
and HBV Internal Control (IC) using fluorescent reporter dye probes
specific for HBV and HBV IC, to quantitatively measure the number of
viral DNA copy number/ml of the patients' blood. In high template
concentration, amplification of specific DNA was observed during initial
heating cycles. An increased fluorescence activity due to the cleaved
probe leads to an increase in the reporter signal over time and the amount
of reporter signal increase was proportional to the amount of product
being produced for a given sample. The sequence detection instrument
captured this increase and displayed by the software (Figure 3.1), (Figure
3.2).
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Figure 3.1 the amplification curve of HBV-DNA genome in RED Fluorescent
channel detected by Real Time Polymerase Chain Reaction
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Figure 3.2 the amplification curve of HBV-DNA genome in FAM Fluorescent
channel detected by Real Time Polymerase Chain Reaction

However, when subset analysis focused on such individuals, a
relatively large proportion was found to have HBV-DNA levels > 2,000
copies/ml. This threshold was used since the effect of treatment in this
population is unknown, making it impossible to distinguish those
patients in whom low HBV-DNA levels are a result of therapy and
seroconversion from those patients in whom the disease is inactive. By
excluding those individuals with low viral load levels from this
analysis“®.

In conclusion, serology will undoubtedly continue to be widely
used in the diagnosis of HBV infection. However, significant advances
have been made in the diagnosis and treatment of chronic HBV
infection, and the HBV DNA amplification assays serve as valuable
tools to monitor all these modalities. From this study, we conclude that
real-time PCR is a sensitive, specific, and a reproducible approach for
the detection and quantitation of HBV DNA in clinical serum samples. It
can serve as an essential supplementary tool in a number of clinical
settings, especially in detecting low levels of viremia in nonreplicative
HBYV disease and also in patients with past HBV infection. It is also

useful for monitoring the efficacy of antiviral treatment. Further works



with detailed clinical and histological studies in the discordant cases are
needed. 2.
3.2.2 Patients Distribution by Gender:

The patients were distributed into males and females revealed some
significant differences in the serum level of HBSAg. Females HBSAg
level showed a significant increase compared to male patients (HBeAg
positive) (8799 + 4184 vs. 6760+ 3390 IU/mL). Male HBV patients
(HBeAg negative) also showed a significant decrease of HBSAg level
(2519+ 1896 1U/mL) compared to female (4107 £ 2853 1U/mL). While
HBV-DNA showed no significant difference results between males and
females in each (HBeAg positive) and (HBeAg negative) patients as
shown in table (3-5).

Table 3-5 Hepatitis B virus surface antigen (HBsAg) levels and viral load (HBV-

DNA copies) in hepatitis B virus envelope antigen-positive and -negative
patients distributed by gender.

Study Groups
Virological = : : :
g (HBeAg positive) patients (HBeAg negative) patients
Markers
Male Female Male Female
Aty B 6760 + 3390 b 8799 + 4184 a 2519 + 1896 b 4107 + 2853 a
(1U/ml)
HBV-DNA
(1U/mi) 29863029 ; 17308677 | 40794621 z 27073337 | ocor ey p079a | 2614+ 16148

Data presented as Mean + SD, TMeans that do not share a letter (Horizontally) within each group are
significantly different (according to Independent T-test).

Both sexes can be affected by HBV. When the results distributed
according to sex the data showed that females are more affected By
HBsAg level than males. The difference is in the exposure rate to HBV
infection between both sexes may be attributed to occupational factors
and other risk factors associated with the exposure of females like

physiological and hormonal differences between males and females. Our




results disagree with Khan et al *®® and Al-Qaysi “® who concluded that
the higher rates of HBV infections is observed in male more than in
female. In our study, the results of T-test showed no significant
difference between HBV-DNA results and sex. This is in agreement with
what was observed by (Nita et al.) @, Also, this agrees with the study
results done by (Al-Qaysi) 2.

3.2.3 Patients Distribution by Age Groups:

The distribution of patients into six age groups (< 21, 21-30, 31-40,
41-50, 51-60 years and > 60 years) revealed no significant differences in
the serum level of HBSAg in each (HBeAg positive) and (HBeAg
negative) patients, also HBV-DNA copies showed no significant
differences result between different age groups in each (HBeAg positive)
and(HBeAg negative) patients as shown in table (3-6), (Figure 3-3),
(Figure 3-4).

Our results disagree with (Al-khozai) “°® who reported that most
cases of HBsAg positive patients were the most significant ratio between
the age of (21-51) years old, which is nearly similar to the results
obtained by (Al-Qaysi) ™. This may be attributed to that the sample size
might account for such difference, and certainly, more diagnosed

patients may give a better picture regarding the age and viral hepatitis.



Table 3-6 Hepatitis B virus surface antigen (HBsAgQ) levels and viral load (HBV-DNA copies) in hepatitis B virus envelope antigen-

positive and -negative patients distributed by age groups.

) : Age (HBeAg positive patients) (HBeAg negative patients)
Virological mean
Markers SJ_IrD <21 21-30 31-40 41-50 51-60 >61 <21 | 21-30 | 31-40 | 41-50 | 51-60 | >60
HBsAg level Mean 7784 a® 6494 a 7511 a 11820 a - 9285 a 4629a | 3132a | 3199a | 2227a | 2892a | 1973a
1U/ml SD 3769 3170 3198 7349 - 3415 2158 2767 2734 | 2017 1417 0
HBV-DNA Mean | 42505352a | 36097185a | 12372001a | 28912886 a - 6375142a | 1318a | 3200a | 3632a | 3293a | 5000a | 4496a
1U/mi Sb 18979801 29609030 7916237 17493677 - 979638 439 1654 1764 | 2558 0 0

®Means that do not share a letter are significantly different horizontally within each group with (P<0.05), according to the least significant difference (LSD)
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3.3 Biochemical Investigations (Liver function test):
3.3.1 Total Patients:

The statistical analysis (Table 3-7) shows the distribution of
biochemical tests of (HBeAg positive) and (HBeAg negative) patients
and healthy control, and the comparison between them. It was found that
the level of AST among (HBeAg positive) patients group was higher
than the (HBeAg negative) patients group and healthy control with the
mean for the first was (34.01 £ 23.63 IU/L), (21.18 = 10.3 IU/L) and
(16.71% 3.5 IU/L) respectively and the difference was (P = 0.001). The
level of ALT among (HBeAg positive) patients group was higher than
the (HBeAg negative) patients group and healthy control with the mean
for the first was (33.32 + 24.55 1U/L), (22.24 £ 9.4 IU/L) and (18.39 +
4.3 IU/L) respectively and the difference was (P = 0.001).

Regarding GGT levels it was found that it's mean level among
(HBeAg positive) patients group (19.66+ 12.20 IU/L) and (HBeAg
negative) patients group (21.56x 10.4 1U/L) which were higher than the
mean level of the healthy control (14.27 = 3.5 IU/L) and the difference
was (P = 0.002). ALP mean level was (98.86 £ 50.0 IU/L) in the first
group which was higher than that of the second group and third group
with the mean of (67.92 £ 36.9 IU/L), (58.02 £ 18.5 IU/L) respectively
and the difference was (P = 0.001). The level of TSB, Direct Bilirubin,
In Direct Bilirubin, TP, ALB, and Globulin showed no significant
difference results in each (HBeAg positive) and (HBeAg negative)
patients and healthy control.
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Table 3-7 Serum biochemical investigations in both of two study groups (HBeAg
positive and negative) Patients and healthy subjects

Chemical (HI_?)(_aAg (H BeAg_negative) Hea_lthy P-Value
Parameters positive) patients Subjects
AST (1.U/L) 34.01+ 2363 a 21.18+103 b 16.71+35 b | 0.001”
ALT (1.U/L) 33.32+ 2455 a 2224+94 b 18.39+43 b | 0.001”
GGT (1.U/L) 19.66+ 1220 a 2156 +104 a 1427+35 b | 0.002°
ALP(1.U/L) 98.86+50.0 a 67.92+36.9 b 58.02+185 b | 0.001”
TSB (mg/dl) 077+05 a 07001 a 069+0.1 a | 0430M°
Direct Bilirubin 0.192+0.22 a 0.184+0.07 a 0.191+0.08 a | 0.963M°
(mg/dl)
Indirect Bilirubin | 0575+0.25 a 0515+0.12 a 0.501+0.13 a | 0.141 NS
(mg/dl)
Total protein 6.223+054 a 6.200+0.48 a 6.200+0.48 a | 0.973"N°
(/dl)
Albumin (g/dl) 360+0.26 a 371+030 a 3.74+0.31 a | 0.080N°
Globulin (g/dl) 263+033 a 2.49 +0.27 249+029 a | 0.071N°
Albumin/Globulin | 1.38+0.13 b 150+0.16 a 151+0.16 a | 0.001"

Data presented as Mean + SD, * significant differences (p<0.05), (**) highly significant
differences (p<0.01). TMeans that do not share a letter (Horizontally) are significantly different
according to Least Significant differences Test (LSD).

ALT is found in kidney, heart, muscle and greater concentration in the

liver compared with other tissues of the body. ALT is purely cytoplasmic

catalyzing the transamination

reaction AST catalyze transamination

reaction. AST exist two different isoenzyme forms which are genetically

distinct, the mitochondrial and cytoplasm form “®°”. The increase of both

aminotransferases enzymes strongly suggest hepatocellular injury, AST

released from the damaged muscle tissues, red blood cells, and other

location in addition to hepatocyte ©®®. ALT, an enzyme released by

hepatocytes during liver injury, usually reflects the degree of liver damage.

ALT level is commonly used to assess the activity of the liver disease and
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to identify patients who require treatment. However, ALT may be
influenced by various factors, making it an imperfect surrogate marker °.

In our study, the results of the AST, ALT level among (HBeAg
positive) patients group is higher than the (HBeAg negative) patients
group and healthy control. The result was in agreement with another
study laid down by (Ahmed) ©®. He was demonstrated that the level of
AST, ALT among HBeAg positive CHB patients group which was
higher than the mean level of the HBeAg negative CHB patients group
among Iragi chronic hepatitis B patient's an inactive HBV carrier ©2.
Increase in enzyme activity may be a result of the destruction of liver
cells and the release of enzymes and an increase in their serum
concentration. High levels of ALT are the most specific indicator of liver
damage ©. In hepatitis, ALT and AST become elevated with the
progression of liver disease, likely as a result of direct hepatocellular
damage and membrane leakage .

ALT and AST are used as the determinants for liver diseases,
especially ALT which is the most reliable biochemical value to reveal
the injury of hepatocytes. In the low level of damage to hepatocytes, the
levels of ALT, which are dense in the liver cell cytosol, increases more
than AST. If the injury of the hepatocytes is serious and there is necrosis,
AST level is more than ALT @9 AST elevations are often
predominating in patients with cirrhosis and even in liver diseases that
typically have an increased ALT ©°7,

Gamma-glutamyl transferase is the most sensitive biomarker of
hepatobiliary disease. It is present in the cell membrane of nearly all
human cells. GGT is most abundant in the kidney, liver, pancreas, and
intestine, but the majority of GGT detected in serum derives from the
liver ®®_ In our study, the result of the GGT level was significantly

increased in HBV (HBeAg positive), (HBeAg negative) patients. The
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result was in agreement with another study laid down by (Bijedic et al)
189 They demonstrated that the level of GGT in the hepatitis B patient's
sera was also significantly increased in patients with chronic hepatitis
compared to the levels in the control group “®%. High serum GGT levels
may be considered an indicator of an advanced stage of fibrosis in
patients diagnosed with chronic viral hepatitis B ®®. GGT has been
known as one of the markers of oxidative stress because it is an enzyme
playing an essential role in the extracellular catabolism of GSH as an
indicator of intracellular antioxidant .

The higher levels of ALP activity may be involved in many
parenchymal disorders of the liver, such as hepatitis ©. In our study, the
result of the ALP level is significantly increased in HBV patients. The
result was in agreement with another study laid down by (Bijedic et al.)
(189 They demonstrated that the level of ALP in the hepatitis B patient's
sera was also significantly increased in patients with chronic hepatitis
compared to the levels in the control group “®%. ALP is the collective
name given to several different enzymes that are capable of hydrolyzing
phosphate esters at alkaline pH. These enzymes are widely distributed in
the body, but the main sites of production are the liver, gastrointestinal
tract, bone, placenta, and kidney. ALP in the liver is located in cell
membranes of the hepatic sinusoids and the biliary canaliculi.
Accordingly, levels rise with intrahepatic and extra hepatic biliary
obstruction and with sinusoidal obstruction, as occurs in infiltrative liver
disease ®". Because these enzymes are found in liver cells (hepatocytes)
which have lots of contact with blood supply, it can "leak" into the blood
if the hepatocytes are damaged. Blood tests can determine the level of
these enzymes in the blood, and doctors can use this information to form
a diagnosis. Abnormally high levels of both liver enzymes show that

liver cells have been damaged ©9.
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3.3.2 Patients Distribution by Gender:

The patients were distributed into males and females revealed some
significant differences in the serum of total protein and globulin to
(HBeAg positive) patients. Total protein level for females patients
showed a significant increase compared to male patient in (HBeAg
positive) (6.40 £ 0.58 vs. 6.05+ 0.43 g/dl). Globulin level for females
patients showed a significant increase compared to male patients in
(HBeAg positive) (2.75 £ 0.34 vs. 2.49 + 0.27 g/dl),while Male in
(HBeAg negative) patients showed a significant increase of AST, ALT,
GGT, TSB, and D.Bilirubin compared to females patients in (HBeAg

negative) as shown in table (3-8).

Table 3-8 Serum biochemical investigations in both of two study groups (HBeAg
positive and negative) Patients distributed by gender.

(HBeAg positive) patients (HBeAg negative) patients
Chemical
FEEMEET Male Female Male Female
AST (1.U/L) 2760 + 216 a| 4040%274 a 2464 £12.35 a 16.95 + 4.39 b
ALT (1.U/L) 27:50 ; 19.30 39.20 282 a 26.07+ 1093 a 1754+ 3.78 b
GGT (L.U/L) 21.19 j 15.63 25.25 +9.61 a 26.18+11.75 a 1591+ 429 b
ALP(L.U/L) 1028 2930 1 9490+ 478 a | 6416 %3454 a | 7252 £4006a
TSB (mg/dl) 0.706 = 0.10 0.83 + 063 a 0.744+ 017 a 0.64 + 0.08 b

a

Direct Bilirubin 0146 + 007 | (150 +004 a | 0206 + 008 a | 0158 + 004 b

(mg/dl) a
Indirect Bilirubin | o . 549 4| 06014034 a | 054 015 a 0.486 +0.08 a
(mg/dl)
TOt"’EL%‘)’te'” 605 + 043 b | 640 + 058 a | 621 + 047 a 6.189 + 050 a
Albumin (g/dl) | 355 £ 021 a| 365+ 030 a 377 031 a 363 + 028 a
Globulin(g/dl) | 249 + 027 b| 275+034 a | 244+ 025 a 255 +0.30 a
Albumin/Globulin | 143+ 0.12 a 133 £ 013 b 155+ 0.16 a 143 £ 015 b
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Data presented as Mean =+ SD, TMeans that do not share the same letter (Horizontally) within study
groups are significantly different (according to independent T-test)

3.3.3 Patients Distribution by Age Groups:

The distribution patients into six age groups (< 21, 21-30, 31-40,
41-50, 51-60 years and > 60 years) revealed some significant differences
between variables in (HBeAg positive) and (HBeAg negative) patients.
In HBV (HBeAg positive) patients serum GGT It was found a higher
level in the age ranged > 60 years with a mean of (44.8+26.87 IU/L), and
the least level in the age ranged < 21 years with a mean of (15.05£5.74
IU/L ). ALP it was found the higher level in the age ranged < 21 years
with a mean of (129.65+£36.36 IU/L), and the least level in the age
ranged > 60 years with a mean of (46.60+7.78 IU/L).TSB it was found
the higher level in the age ranged 41-50 year with a mean of (1.67£1.59
mg/dl), and the least level in the age ranged 31-40 year with a mean of
(0.61£0.01 mg/dl). Direct Bilirubin was found the higher level in the age
ranged 41-50 year with a mean of (0.62+0.76 mg/dl) and the least level
in the age ranged > 60 years with a mean of (0.13+£0.01 mg/dl). Indirect
Bilirubin was found the higher level in the age ranged 41-50 year with a
mean of (1.04+0.83 mg/dl) and the least level in the age ranged 31-40
year with a mean of (0.44+0.05 mg/dl). AST, ALT, TP, Albumin, and
Globulin showed no significant differences between different age
groups. In HBV (HBeAg negative) patients serum AST was found the
higher level in the age ranged 51-60 year with a mean of (42.70£27.44
IU/L), and the least level in the age ranged 31-40 year with a mean of
(14.92+2.19 IU/L). GGT was found the higher level in the age ranged
51-60 year with a mean of (39.80+£14.28 IU/L), and the least level in the
age ranged < 21 years with a mean of (15.83+£3.04 IU/L). ALP was
found the higher level in the age ranged < 21 years with a mean of
(121.09£59.64 1U/L), and the least level in the age ranged > 60 years
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with a mean of (44.20+0.00 IU/L). Direct Bilirubin was found the higher
level in the age ranged 51-60 year with a mean of (0.33+£0.18 mg/dl) and

the least level in the age ranged < 21 years with a mean of (0.14+0.02
mg/dl) Table (3-9).
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Table 3-9 Serum biochemical investigations in both of two study groups (HBeAg positive and negative) Patients distributed by age groups.

) Age (HBeAg positive)patients (HBeAg negative)patients
Chemical mean
Parameters SiD <21 21-30 | 31-40 | 41-50 51-60 > 60 <21 21-30 | 31-40 | 41-50 | 51-60 > 60
Mean 3864a | 2401 a | 2468 a| 20.13a - 41.20 a | 20.21bc | 20.00bc | 14.92c | 28.03ab | 42.70a | 22.90abc
AST LU/L SD 26.98 8.25 5.70 1.59 - 2.97 5.29 7.87 2.19 12.00 27.44 0.00
Mean | 37.09 a | 2325 a | 2368 a | 30.37a - 30.75 a| 228la | 21.77a | 17.42a | 2627a | 36.00a | 21.10a
ALT LUIL SD 26.82 5.86 7.06 2.83 - 0.07 4.30 10.20 4.23 12.09 20.08 0.00
Mean 15.05c | 15.28c | 28.85b | 30.87ab - 4480 a | 15.83b | 1859b | 21.47b | 27.70ab | 39.80a | 30.80ab
GGT LUL SD 5.74 5.30 5.47 13.05 - 26.87 3.04 8.25 11.45 10.99 14.28 0.00
Mean | 129.65a | 56.36c | 68.65bc | 124.5ab - 46.60c | 121.09a| 57.05b | 55.03b | 58.98b | 61.05b | 44.20b
ALPI. UL SD 36.36 13.32 7.66 100.95 - 7.78 59.64 16.45 17.67 10.59 23.55 0.00
Mean 0.74b 0.65b 0.61b 1.67 a - 0.66 b 0.69 a 0.69 a 0.70 a 0.64 a 0.96 a 0.70 a
TSB mg/d| SD 0.08 0.09 0.01 1.59 - 0.09 0.05 0.19 0.11 0.04 0.06 0.00
Direct Bilirubin Mean 0.15b 0.17b 0.17b 0.62 a - 0.13b 0.14 b 0.18b 0.18b | 0.20ab | 0.33a | 0.19ab
mg/dl SD 0.04 0.09 0.04 0.76 - 0.01 0.02 0.05 0.08 0.06 0.18 0.00
Indirect Bilirubin | Mean 0.59b 0.48b 0.44 b 1.04 a - 0.53b 0.55a 0.51a 0.52a 0.44 a 0.64 a 0.51a
mg/dl SD 0.08 0.09 0.05 0.83 - 0.10 0.06 0.18 0.07 0.08 0.12 0.00
) Mean 6.25 a 609a | 603a | 693a - 6.00 a 6.44 a 6.09 a 6.33 a 6.00 a 6.45 a 5.40 a
Total protein g/dl SD 0.54 0.21 0.87 0.67 - 0.42 0.30 0.48 0.55 0.40 0.07 0.00
. Mean 362a | 359a | 348a | 383a - 3.35a 3.80a 359a 3.82a 3.65a 3.99a 3.40a
Albumin g/d| SD 0.26 0.19 0.28 0.40 - 0.21 0.12 0.33 0.35 0.26 0.16 0.00
. Mean 264 a 250 a 2.55a 3.10 a - 2.65a 2.64a 251a 251a 2.35a 2.46 a 2.00a
Globulin g/dl SD 0.30 0.13 0.60 0.46 - 0.21 0.32 0.27 0.24 0.24 0.23 0.00
Albumin/Globulin| Mean 1.37 a 1.44 a | 140 a 1.25 a - 127 a 1.45a 1.44 a 1.52a 156 a 164 a 1.70 a

® Means that do not share a letter are significantly different horizontally within each group with (P<0.05), according to the least
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3.4 Oxidative Stress Parameters
3.4.1 Total patients
Table (3-10) shows the distribution of oxidative stress tests of HBV

(HBeAg positive) and HBV (HBeAg negative) patients and healthy
control, and the comparison between them. It was found that the level of
V.C among (HBeAg positive) patients group was less than the (HBeAg
negative) patients group and healthy control with the mean for the first
was (1.79 = 0.39 ng/ml) and (6.31 + 2.0 ng/ml) and (6.29 = 3.5 ng/ml)
respectively and the difference was (P = 0.001). The level of SOD
among (HBeAg positive) patients group and (HBeAg negative) patients
group were less than healthy control with the mean for the first was (7.47
+ 1.1 U/L), (12.67 £ 3.7 U/L) and (95.06 + 30.6 U/L) respectively and
the difference was (P = 0.000).

Regarding MDA levels it was found that it's mean level among
(HBeAg positive) patients group (2.19+1.3 nmol/ml) and (HBeAg
negative) patients group (3.93x 2.7 nmol/ml) which were less than the
mean level of the healthy control (16.99 = 13.1 nmol/ml) and the
difference was (P = 0.000).

Table 3-10 Serum levels of vitamin C, superoxide dismutase, and
malondialdehyde healthy individuals and in patients with and without hepatitis
B envelop antigen.

Oxidative Stress HBeAg positive HBeAg negative Healthy
: . - P-Value
Parameters patients patients Individuals
V.C (ng/ml) 1.79+039 b 6.31+20 a 629+ 35 a 0.001™
SOD (U/L) 747 £11 b 1267+37 b | 95.06+306 a 0.000”
MDA (n mol/ml) 219 +13 b 393+ 27 b | 1699+ 131 a| 0.000"

Data presented as Mean + SD, * significant differences (p<0.05), ), (**)highly
tMeans that do not share a letter (Horizontally) are
significantly different according to Least Significant differencesTest (LSD).

significant differences (p<0.01).
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In the present study, HBeAg-positive patients demonstrate the
presence of significantly reduced serum vitamin C levels than were
present in the HBeAg-negative patients and healthy volunteers.
Significant reductions in serum vitamin levels, including vitamin C, are
well-documented in patients with chronic viral hepatitis but the
mechanisms through which these reductions are mediated have not been
elucidated ?*?. The same research has also documented that compounds
exerting immune-stimulatory and antioxidant properties, like vitamin C,
might be effective in reducing liver damage. Several vitamins have an
essential role in neutralizing the activity of ROS and in regulating both
innate and adaptive immune responses. Thus, patients with vitamin
deficiencies, such as observed in the current study, are associated with
increased susceptibilities to infections. This is especially true of HBeAg-
positive patients with CHB infections **?,

Vitamin C plays a vital role in immune functioning and in different
oxidative/inflammatory processes, such as reactive oxygen and nitrogen
species scavenging, preventing the initiation of reactions that lead to
protein glycation, and protecting against lipid peroxidation “®. The
oxidized products of vitamin C, ascorbyl radical and dehydroascorbic
acid are easily regenerated to ascorbic acid by glutathione, NADH, or
NADPH. Ascorbate can also recycle vitamin E and glutathione back
from their oxidized forms “*?. For this reason, there has been interest in
determining whether vitamin C can be used to combat the oxidative
stress and subsequent inflammation associated with HBV infections.

In both HBeAg-positive and -negative patients, SOD levels were
significantly lower than in healthy volunteers, as previously observed
(188). (219 Moulas et al. also observed significant reductions in serum
erythrocyte SOD levels and in the total antioxidant status of patients

chronically infected with HBV or HCV. Interestingly, these findings
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were independent of the virological, biochemical, and clinical status of
the patients. Hence, similar reductions were detected in patients with
chronic but inactive HBV infections ®**.

Enzymatic antioxidants, such as SOD, are among the first and most
important lines of defense, and they act by scavenging potentially
damaging free radicals. These types of antioxidants stop the release of
hydroxyl radicals and prevent oxidative injury of cellular components.
This is particularly important since free radicals are the primary agents
causing vital organ (e.g., liver, kidney, and nervous system) toxicity.
Because enzymes, like SOD, play essential roles in the protection of
cells against oxygen toxicity ), there has been interested in
determining whether SOD levels are indicators of HBV-associated
oxidative stress.

Similar to the SOD results, the MDA levels in the HBeAg-positive
and -negative patients, in the current study, were significantly lower than
in the healthy volunteers. However, these results are unlike those
observed in other studies “®. Previous studies have demonstrated that
urine MDA levels and activity are increased in patients with HBV
infections, compared with healthy study participants “*®. The reduced
levels of MDA in our study may be explained by our hypothesis that
when patients are immunocompetent, hydroxyl radicals (like MDA) are
consumed (e.g., by hydroxylation), initiating free-radical chain reactions
that subsequently decrease the MDA concentration. Nonetheless, MDA
is the best indicator of lipid peroxidation and overall oxidative stress.
MDA levels are particularly good indicators of oxidative stress in
degenerative diseases, like hepatitis B. This is because, although the
pathogenesis of chronic hepatitis is not fully known, HBV has been

suggested to cause oxidative stress in infected cells. Further, lipid
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peroxidation is one cause of hepatocyte damage and increased MDA
levels in patients with hepatitis “*°.

There is an abundance of evidence indicating that extensive
oxidative stress occurs in patients with hepatitis B. This oxidative stress
occurs on multiple levels, including lipid peroxidation, DNA oxidation,
protein oxidation, and reactive oxygen and nitrogen species production.
However, there are conflicting results concerning the value of
antioxidant therapy in these patients, some of which may be explained
by the concept of "compensatory gaps.” Nevertheless, further studies are
needed to better understand the potential benefits of antioxidant therapy
in patients with HBV infections 2.

3.4.2 Patients Distribution by Gender:

The patients were distributed into males and females revealed no
significant differences in the serum of V.C and SOD, and MDA in each
(HBeAg positive) and (HBeAg negative) patients as shown in table (3-
11).

Table 3-11 Serum levels of vitamin C, superoxide dismutase, and

malondialdehyde in patients with and without hepatitis B envelop antigen

distributed by gender.

e S (HBeAg positive) patients (HBeAg negative) patients
Parameters
Male Female Male Female
V.C (ng/ml) 1.61 £ 0765 a | 197+ 109 a | 617 +223 a | 649 + 164 a
SOD (U/L) 592+ 473 a 9.04 + 736 a | 822+ 721 a | 14.80 % 1315 a
MAD (nmol/ml) 204 £129 a | 234+ 128 a | 4505 £295 a | 3219 +224 a

Data presented as Mean =+ SD, TMeans that do not share a letter (Horizontally) within the group are
significantly different (according to independent t-test)
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3.4.3 Patients Distribution by Age Groups:

Table (3-12) and (Figures 3-5, 3-6, and 3-7) shows the distribution
of (HBeAg positive) and (HBeAg negative) patients and the comparison
between them according to the age. Distribution patients into six age
groups (< 21, 21-30, 31-40, 41-50, 51-60 years and > 60 years) revealed
some significant differences between variables. In (HBeAg positive)
patients serum V.C It was found higher level in the age ranged 31-40
year with a mean of (5.15 + 3.35), and the least level in the age ranged >
60 years with a mean of (0.05 + 0.04), while V.C in (HBeAg negative)
patients showed no significant differences between different age groups.
SOD and MDA showed no significant differences result between
different age groups in each (HBeAg positive) and (HBeAg negative)
patients. This may be attributed to that the sample size might account for
such difference, and certainly, more diagnosed patients may give a better

picture regarding the age and viral hepatitis.
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Table 3-12 Serum levels of vitamin C, superoxide dismutase, and malondialdehyde in patients with and without hepatitis B

envelop antigen distributed by age groups.

) . Age Mean . . . .
Oxidative + (HBeAg positive) patients (HBeAg negative) patients
Stress SD
parameters <21 21-30 31-40 41-50 | 51-60 > 60 <21 21-30 | 31-40 | 41-50 51-60 > 60
V.C Mean 15?:5 248 b 5.15 a 0.90 bc - 0.05 ¢ 412 a 6.87 a 7.15 a 8.68 a 0.67a 2.70 a
(ng/ml) SD 0.72 1.08 3.35 0.73 - 0.04 4 9.25 16.95 | 11.87 0.04 0
Mean 797 a 9.38 a 6.01 a 3.37 a - 1.18 a 11.19 a| 14.18a 1391a| 13.68 a 411 a 11.80 a
SOD (U/L)
SD 4.93 8.73 5.04 1.71 - 0.11 10.25 9.28 7.21 11.66 2.31 0.00
MAD Mean 1.67 a 272 a 301 a 3.36 a - 1.06 a 254 a 3.87a 3.64 a 4.2 a 7.57 a 8.41 a
(nmol/ml) SD 0.92 0.96 0.95 3.00 ; 0.58 0.7 2.78 2.82 2.84 2.72 0

Data presented as Mean + SD, $Means that do not share a letter (Horizontally) within the group are significantly different
according to independent t-test

96




V.C (ng/ml)
O B N W S U O N OV

SOD (U/L)

MAD (nmol/ml)
S B N W A U OO N 0 WO

[N
ol

[EEN
o

(8]

E<21 B21-30 @31-40 41-50 @E51-60 E>60

8.68
5.15
2.48 2=
1.05 9 06
| 0 0.05
HBV (HbeAg + ve) HBV (HBeAg - ve)

Study Groups

Figure 3-5 Vitamin C in the patient's groups.
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Figure 3-6 Superoxide dismutase in the patient's groups.
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Figure 3-7 Malondialdehyde in the patient's groups.
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3.5 Cytokines Parameters:

3.5.1 Total patients:

One of the two investigated cytokines (IL-1a and IL-2), IL-1a levels
were similar in each of the 3 groups of individuals. IL-2 levels were not
significantly different between the HBeAg-positive and healthy
individuals, but the HBeAg-negative patients demonstrated significantly
higher levels than either the HBeAg-positive patients or the healthy
individuals (both, P =0.001) (Table 3-13).

Table 3-13 Interleukin -1a and interleukin -2 levels in patients positive and

negative for hepatitis B envelope antigens and in healthy individuals.

Healthy
Cytokines (HBeAg positive) | (HBeAg negative) Individuals P-Value
Parameters patients Patients
IL-1a (pg/ml) 271 £ 1.1 a 312 £ 1.4 a 293 + 08 a | 0255MN8
IL-2 (pg/ml) 4851 +293 b 78.42+521 a 62.57 +11.6 b 0.001™

Data presented as Mean + SD, * significant differences (p<0.05), (**) highly significant
differences (p<0.01). fMeans that do not share a letter (Horizontally) are
significantly different according to Least Significant differenceTest (LSD).

HBV causes a hepatic inflammatory illness characterized by
mononuclear and polymorphonuclear cellular infiltrates and evidence of
hepatic macrophage activation ¢, These inflammatory cells produce
several cytokines, including tumor necrosis factor, interferon, IL-1, and
IL-6 (49

successful virus clearance, and help avoid infection progression and viral

which mediate inflammatory processes, contribute to
persistence ™. IL-2 exerts a broad spectrum of effects on the immune
system. In our study, IL-2 levels are significantly increased in HBV
patients, in agreement with a study by Castillo et al. ®™. They
demonstrated that IL-2 levels in the sera from patients with HBV

infections (acute and convalescent phases) were significantly higher than
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in the control group. IL-2 levels are well-documented to increase during
the acute phase of HBV infections and that this increase is necessary to
stimulate NK cell and CD8 lymphocyte activities and achieve remission
@D Further, no significant IL-lo level differences were observed
between patients with HBV and healthy volunteers. This result was
unexpected as a prior study that showed significant increases in IL-1a
levels in patients with CHB infections *%9),

Lai et al. ™ suggested that immune-regulatory cytokines (i.e., IL-1
and IL-2) play essential roles in the host immune response to HBV
infections and are critical for determining the outcome of HBV
infections. When people are infected with HBV, immune cells secrete
large amounts of cytokines that may result in viral clearance, persistent
infection, or even liver damage ®*". Sustained increases in IL-2 levels
during the convalescent phase suggest that, despite the resolution of the
infection (as indicated by a return of liver function indicators to normal
values and the presence of HBsAbs), increased hepatic damage would
not be expected due to the high cytokine concentrations *™V. In addition,
HBsAb mask tissue surface antigens, forming immune complexes that
induce a transmembrane signal that suppresses the synthesis of

intracellular viral antigens “®

. This, then, precludes the cytotoxic
actions of CD8 lymphocytes.

Immediately following viral infection, a strong host response is
initiated that includes activation of pre-existing anti-viral defense
mechanisms that contribute to cellular apoptosis and the production of
specific cytokines. These events lead to reduced viral replication and

limit the spread of the virus ¢,
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3.5.2 Patients Distribution by Gender:

The patients were distributed into males and females revealed some
significant differences in the serum of IL-2 to (HBeAg negative)
patients. IL-2 level in females with (HBeAg negative) patients showed a
significant decrease compared to male with (HBeAg negative) patients
(57.00% 40.59 vs. 95.9+ 54.7 pg/ml), but male and female with (HBeAg
positive) patients showed no significant difference between them, while
IL-1ac showed no significant difference results between males and
females in each (HBeAg positive) and (HBeAg negative) patients as
shown in table (3-14).

Table 3-14 Interleukin -1a and interleukin -2 levels in patients positive and

negative for hepatitis B envelope antigens distributed by gender

Cytokines (HBeAg positive) patients (HBeAg negative) patients
FEIEITSIER Male Female Male Female
IL-1a (pg/ml) 279089 a 264+£122 a 3.00+£147 a 328+£129 a
IL-2 (pg/ml) 47.17+24.45 a 49.86 £ 34.08 a 95.9+547 a 57.00+£40.59 b

Data presented as Mean + SD, tMeans that do not share a letter (Horizontally) within
a group are significantly different (according to independent t-test)

The results of cytokine serum levels distributed according to gender
demonstrated that [1-2 revealed significant variations among the
investigated groups, while no significant difference was observed in the
level of IL-1a. Our results disagree with AL-Saffar as they find no
significant difference between male and female for serum IL-2 in HBV
patients *®®. Previous studies have demonstrated a correlation between
cytokine serum levels and gender, and this may have been influenced by
various factors, and among them is the hormonal status “%. In this
regard, immune defense capacity has shown differences between human

males and females. In addition, males are found to be more prone to
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infections, while females are at higher risk to develop autoimmune
diseases “Y. These findings were correlated with humoral responses to
the foreign antigenic challenge, and the suggestion was that sex
hormones might influence immune functions 2. Concerning cytokines,
Elahe et al, reported that inflammatory cytokines were differentially
regulated in response to hepatic infection in male and female mice ©*.
In addition, Klingstrom et al, revealed that the cytokine responses in
females and males are not similar during acute viral infection; implying
that the subsequent activation and function of immune responses might
differ between female and male patients upon infection ®*¥. These
findings may explain part of the observed sex differences in
susceptibility to infectious diseases and mortality following viral

infections.

3.5.3 Patients Distribution by Age Groups:

The distribution of patients into six age groups (< 21, 21-30, 31-40,
41-50, 51-60 years and > 60 years) revealed no significant differences in
the serum level of IL-1a in each (HBeAg positive) and (HBeAg
negative) patients, also IL-2 showed no considerable differences result
between different age groups in each (HBeAg positive) and (HBeAg
negative) patients as shown in table (3-15), (Figure 3-8), (Figure 3-9).
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Table 3-15 Interleukin -1a and Interleukin -2 levels in patients positive and negative for hepatitis B envelope antigens distributed

by age groups.
) Mean HBV (HBe + ve HBV (HBe - ve

Cytokines + ( ) 560 ( ) 51 > 60
Parameters Sb <21 21-30 31-40 41-50 51-60 <21 |21-30| 31-40| 41-50| oy

Mean 2.61 a 246 a 3.46 a 3.26 a 2.85 a 3.24 a 357a | 2.85 a| 2.86 a| 246 a| 192a

IL1alpha pg/ml

sSD 0.96 0.87 2.03 0.65 1.21 1.36 1.80 1.12 0.80 0.80 0.00

Mean 39 a 55a 47 a 68 a 78 a 42 a 70 a 99 a 8l a 131 a 105 a
IL2 pg/ml

SD 14.97 39.61 34.57 41.37 36.42 18.31 | 54.37 | 54.34 | 59.85 | 2.12 0.00

Data presented as Mean =+ SD, tMeans that do not share a letter (Horizontally) within the group are significantly different according to
independent t-test.

E<2l m21-30 @31-40 [41-50 @51-60 [>60

RE

w
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o
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Figure 3-8 Interleukin -1 a in the patient's groups.
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Figure 3-9 Interleukin -2 in the patient’s groups.
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Such results may suggest that the age is not critical factor that
affects the serum level of the two investigated cytokines; however,
caution must be considered in interpreting these results because the
sample size in patients and controls may not permit a firm conclusion.
Also, age can be regarded as an affected factor when we have subjects at
age more than 60 years because it is often that a dysregulation in the
immune functions and a decline in health and increased sensitivity to
various diseases are associated with advanced ages #*. In addition to
that, cytokines are central to immune cell communications, age-
associated changes in cytokine production may contribute to these
alterations @®,

Unfortunately, the number of patients and controls of the present
study at ages more significant than 60 years could not permit a careful
statistical analysis, and therefore they were distributed into six age
groups (< 21, 21-30, 31-40, 41-50, 51-60 years and > 61 years).
However, in agreement with the present findings, AL-Saffar found that
IL-2, IL-4, IL-10 showed no significant differences between both age

groups (< 40 and > 40 years) in HBV patients ®°®.

3.6 Hematological Parameters:
3.6.1 Total patients:

The statistical analysis (Table 3-16) shows the distribution of
hematological tests of HBV (HBeAg positive) and HBV (HBeAg
negative) patients and healthy control, and the comparison between
them. It was found that the level of Prothrombin time among (HBeAg
positive) patients and (HBeAg negative) patients groups were higher
than the healthy control group with the mean for the first was (15.24 +
2.0 sec), (15.73 £ 2.4 sec) and (13.65 = 0.5sec) respectively and the
difference was (P = 0.001) and the level of INR among (HBeAg
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positive) patients group and (HBeAg negative) patients group were
higher than the healthy control group with the mean for the first was
(1.31 £0.3), (1.40 £ 0.4) and (1.06 £ 0.1) respectively and the difference
was (P = 0.001). Regarding Monocytes % it was found that it's mean
level among (HBeAg positive) Patients group (8.92 £ 2.5 %), and
(HBeAg negative) patients group (7.81 + 2.9 %) which were less than
the mean level of the healthy control (11.18 £+ 2.9 %) and the difference
was (P = 0.000). Granulocytes % mean level was (62.12+ 9.4l %) in
second group (HBeAg negative) patients who were higher than that of
the third group healthy control and with the mean of (55.31+ 9.4 %), and
the difference was (P = 0.015). RBC mean level was (4.97+ 0.5) in
second group (HBeAg negative) patients who were higher than that of
the third group healthy control and with the mean of (4.59 £ 0.4), and the
difference was (P = 0.002).

HCT (PCV) % was found that it's mean level among (HBeAg
positive) patients group (41.49 = 5.0 %) and (HBeAg negative) patients
group (43.24 £ 5.0 %) which were higher than the mean level of the
healthy control (39.12 £ 3.7 %) and the difference was (P = 0.001).
MCHC it was found that it's mean level among (HBeAg positive)
patients group (31.54 £ 1.10 g/dl) and (HBeAg negative) patients group
(31.33 = 1.37 g/dl) which were less than the mean level of the healthy
control (33.02 + 0.74 g/dl) and the difference was (P = 0.000). And the
level of Platelets among (HBeAg positive) patients group was higher
than (HBeAg negative) patients group, and healthy control group with
the mean for the first was (302.63 + 91.8), (236.8 £ 72.3) and (258.4 +
81.8) respectively and the difference was (P = 0.002), while the level of
Fibrinogen, WBC, Lymphocyte %, HB, MCV, and MCH showed no
significant difference results in each HBV (HBeAg positive) and
HBV(HBeAg negative) patients and healthy control.
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Table 3-16 Hematological investigations in both of two study groups (HBeAg

positive and negative) Patients and healthy subjects

Hematological | (H BeAg_ positive) | (H BeAg_negative) guet?jlécr:]t)g P-Value
Parameters patients Patients
F'(br;g}g?)en 27630 +754 a | 263474813 a | 242.76 +26.0 a | 0.074NS
P:?r;r;r(osr:f)m 1524 +20 a | 1573+24 a | 1365+ 05 b | 000"
INR 1.31 + 0.3 a 140 + 04 a 1.06 £+ 0.1 b | 0.001”
WBC *10"3 833 + 25 a 742 £19 a 749 £ 1.3 a | 0.076"°
Lymphocyte % | 32.81 + 108 a 30.07+82 a 3351 + 80 a | 0.207"°
Monocytes % 89225 b 78129 b 1118 + 29 a | 0.000**
Granulocytes % | 58.20 +12.0 ab 6212 + 94 a 5531 £ 94 b | 0.015
RBC *10°6 479 + 05 ba 497 £ 05 a 459 + 04 b | 0.002"
Her?golgllc)’b'n 13.08 + 16 a 1360 + 1.9 a 1292 + 1.3 a | 0.154M°
HCT (PCV)% | 4149 +50 a 4324 +50 a 39.12 + 3.7 b | 0.0017
MCV (fl) 86.60 + 62 a 8724 +71 a 85.48 + 56 a | 0.454NS
MCH (pg) 2733 +218 a | 27.36 +2.82 a 28.23+1.97 a | 0.154"°
MCHC (g/dl) | 3154 +110 b | 3133 +137 b | 3302+ 074 a | 0.000"
Platelets *10”3 | 302.63+ 91.8 a 236.8 +72.3b 258.4+81.8 b | 0.002"

Data presented as Mean + SD, * significant differences (p<0.05), (**) highly significant
differences (p<0.01). TMeans that do not share a letter (Horizontally) are significantly different
according to Least Significant differenceTest (LSD).

Hematological parameters provide information regarding the
status of bone marrow activity and hemolysis ??®. The liver plays a vital
role in hemostasis as most of the coagulation factors, anticoagulant
proteins, and components of the fibrinolytic system are synthesized by
the hepatic parenchymal cells ©°).

This study has demonstrated the effect of HBV on some
hematological parameters among hepatitis B envelop antigen-positive
negative chronic hepatitis B patients and controls. Fibrinogen is a
glycopeptide that facilitates the formation of blood clots. It is
synthesized in hepatocytes and plays a central role in hemostasis #?”. In

our study, the result of the fibrinogen level has no significant difference
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results in each (HBeAg positive) and (HBeAg negative) patients and
healthy control. The result was not compatible with another study led by
(Leticia et al.) ©?.They demonstrated that the level of fibrinogen in the
hepatitis B patient's sera was significantly increased compared to the
levels in the control group ©®. The extent of coagulation abnormalities
depends on the severity of liver dysfunction, and the clinical
manifestations of the liver disease depend on the severity of hemostatic
impairment @7,

The prothrombin time (PT), is a clot-based test of the extrinsic and
common coagulation pathways ®®. In our study, the result of the PT
level was significantly increased in HBV (HBeAg positive), (HBeAg
negative) patients. The result was in agreement with another study led by
(Leticia et al.) ®@.They demonstrated that the level of PT in the hepatitis
B patient's sera was significantly increased compared to the levels in the
control group ®®. These changes can, therefore, be explained based on
the state of the diseased liver which is saddled with the responsibility of
clotting factors synthesis #%.

International normalized ratio (INR) or standardized prothrombin
time, as the name suggest needs a detailed clarification of PT
(prothrombin time) . In our study, the result of the INR level is
significantly increased in HBV (HBeAg positive), (HBeAg negative)
patients. The result was in agreement with another study led by (Balkan
et al.) “*Y They demonstrated that the level of INR was significantly
lower in inactive carriers compared with CHB patients “*V. The best
application of INR to a patient with liver disease is to monitor the degree
of impairment of synthetic function or to predict mortality. In patients
with abnormal coagulation testing results in the setting of liver disease,
INR and PT may be best used to provide the practitioner with
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information about the synthetic function of the liver but not to assess
hemorrhagic risk ¢2.

WBC is usually raised due to infectious disease (viral and
bacterial infection) and cause inflammation in infected via infiltrating of
inflammatory cells to the site of inflammation ®*¥. In our study, the
result of the WBC level has no significant difference results in each of
HBeAg positive and negative patients and healthy control. The result
was not compatible with another study led by (Ifeanyi et al.) “** . They
demonstrated that the result equally showed a significant difference
(P<0.05) in WBC of HBV subjects compared to the controls 3%,
Abnormalities in hematological allusion into so much come across in
cirrhosis. Several reasons contribute to the incidence of hematological
abnormalities according to new studies that the existence of
hematological cytopenias is linked to poor prognosis in cirrhosis %*.

Clinical experience suggests that platelet parameters may be
useful in the assessment of liver inflammation and fibrosis, and platelet
parameters are commonly evaluated during routine blood tests ®9. In
our study, the result of the PLT level is increased significantly in
(HBeAg positive) patients compared with (HBeAg negative) patients
and healthy control. The result was not compatible with another study
led by (ALKINANI) @ which demonstrated that no significant
difference between HBV patients and control in the level of PLT ®37,
Although the results of PLT in the current study is upper in (HBeAg
positive) patients than those in healthy group and(HBeAg negative)
patients , statistical analysis revealed that there was no significant
difference between (HBeAg negative) patients and healthy group, and
this may be due to the difference in virulence strain of the virus @".

HBYV virus could affect bone marrow megakaryocytes and cause

thrombocytopenia. In addition, liver fibrosis affects the production of
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thrombopoietin, but studies have found no significant relationships
between platelet count and thrombopoietin concentrations %%,
Measuring hematological parameter in patients with hepatitis B is an
essential step in the knowledge of the affected state of the immune. The
clinical application of these leukocyte morphologic parameters offers
many advantages. These parameters are generated during automated
differential analysis without additional specimen requirements @,
Various kinds of hematological abnormalities have been known to occur
in liver diseases, in viral hepatitis, bone marrow hypoplasia and
pancytopenia had developed. In acute viral hepatitis, some abnormalities
were observed such as anemia, thrombocytopenia, leucopenia, Aplastic
anemia, and decrease in Haematocrit during the first three weeks of
iliness. This could be attributed to a temporary bone marrow suppression
and autoimmune hemolytic anemia, which may accompany viral
hepatitis . In chronic liver disease, significant causes of anemia are
hemorrhage due to impaired blood coagulation caused by blood
coagulation factors deficiency and/ or thrombocytopenia “".

3.6.2 Patients Distribution by Gender:

The patients were distributed into males and females revealed some
significant differences in the level of RBC, HB, and HCT to HBV
(HBeAg positive) patients. RBC level to females patients with (HBeAg
positive) showed a significant decrease compared to male patients with
(HBeAg positive) (4.60 £ 0.32 vs. 4.98 £ 0.50). HB level to females
patients with (HBeAg positive) showed a significant decrease compared
to male patients with (HBeAg positive) patients (12.45 + 1.31 g/dl vs.
13.71 £ 1.72 g/dl). HCT level to females patients with (HBeAg positive)
showed a significant decrease compared to male patients with (HBeAg
positive) patients (39.68 £ 3.63 % vs. 43.29 £ 5.54%). In HBV (HBeAg

negative) female patients showed a significant increase of fibrinogen and
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PLT compared to males patients HBV (HBeAg negative), while level of
RBC, HB, HCT, MCH, and MCHC showed a significant decrease in
female HBV (HBeAg negative) patients compared to male HBV

(HBeAg negative) patients as shown in table (3-17).

Table 3-17 Hematological investigations in hepatitis B patients according to gender.

Hematological

(HBeAg positve +ve) patients

(HBeAg negative) patients

Parameters Male Female Male Female
Fibrinogen 2946850 a 258.2+61.2 a 2348 + 66.6 b | 2985+856 a
(mg/dl) 6+ 85. 2+61. 8 + 66. 5+ 85,
Prothrombin 14.86+1.11 a 15.62+255 a 16.29+ 2.94 a 1505+ 1.17 a
time (sec.) o Tt U U
INR 1.24 +0.16 a 1.37+038 a 149+ 045 a 129+ 025 a
WBC *10"3 8.82 + 264 a 785+£234 a 713+£206 a 7.78+170 a
Lymphocyte % | 33.32+11.92a 32.30£9.80 a 30.47 + 6.99 a 29.57+£9.75 a
Monocytes % | 9.19 +2.32 a 8.78+270 a 7.19+£3272 a 8.572£2.357 a
Granulocytes % | 57.49 £ 13.08 a 58.91+11.04a 62.34+811 a 61.86 +11.03 a
RBC *10"6 498+050 a 460+£032 b 5.212+0.543 a 4.67+0.37 b
Hemaoglobin
(g/dI) 13.71+1.72 a 1245+1.31 b 14.741+1310 a | 1221+163 b
HCT (PCV) % | 43.29+554 a 39.68+ 3.63 b 4578+38 a 40.13+445 b
MCV (fl) 86.91+ 6.36 a 86.285+2.34 a | 88.25+6.36 a 86.00 + 7.88 a
MCH (pg) 27.56+ 2.03 a 27.09+235 a 2836 + 229 a |2614+298 b
MCHC (g/dl) | 31.72+0.98 a 3136+1.21 a 3215+0.76 a 30.33+1.31 b
Platelets *10"3 | 319.1+103.4a 286.1£77.7 a 2141+681 b 264.7+69.0 a

Data presented as Mean * SD, * significant differences (p<0.05), (**) highly significant
differences (p<0.01). tMeans that do not share a letter (Horizontally) within the group are
significantly different (according to Independent t-Test).

Both sexes can be affected by HBV at which the distribution

results of study groups according to sex, the results showed that females

are more affected by hematological parameters than males. The

difference in exposure rate to HBV infection between both sexes may be
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attributed to occupational factors and other risk factors associated with
the exposure of females like physiological and hormonal differences

between males and females.

3.6.3 Patients Distribution by Age Groups:

Table (3-18) shows the distribution of HBV (HBeAg positive) and
HBV (HBeAg negative) patients and the comparison between them
according to the age. Distribution patients into six age groups (< 21, 21-
30, 31-40, 41-50, 51-60 years and > 60 years) revealed some significant
differences between variables. In HBV (HBeAg positive) patients,
lymphocyte % it was found the higher level in the age ranged < 21 years
with a mean of (36.80£11.65), and the least level in the age ranged > 60
years with a mean of (17.15+1.63). Monocytes % it was found the higher
level in the age ranged < 21 years with a mean of (10.12+1.90), and the
least level in the age ranged 31-40 year with a mean of
(6.80£1.91).Granulocytes % it was found the higher level in the age
ranged > 60 years with a mean of (75.40£2.26), and the least level in the
age ranged< 21 years with a mean of (53.07£12.55). MCV (fl) it was
found the higher level in the age ranged > 60 years with a mean of
(97.95+2.76), and the least level in the age ranged < 21 years with a
mean of (83.72+3.64). MCH (pg) it was found the higher level in the age
ranged > 60 years with a mean of (30.40+1.13) and the least level in the
age ranged 31-40 year with a mean of (25.23+£4.51). MCHC (g/dI) it was
found the higher level in the age ranged < 21 years with a mean of
(31.88+0.95) and the least level in the age ranged 31-40 year with a
mean of (30.05+1.82). While fibrinogen, Prothrombin time, INR, WBC,
RBC, HB, HCT, MCH, and Platelets showed no significant differences

between different age groups.
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In HBV (HBeAg negative) patients level of PT, It was found the
higher level in the age ranged > 60 years with a mean of (25.4+0.00),
and the least level in the age ranged 31-40 year with a mean of
(14.85+1.4). INR It was found the higher level in the age ranged > 60
years with a mean of (2.70£0.00), and the least level in the age ranged
31-40 year with a mean of (1.27+0.29). While fibrinogen, WBC,
Lymphocyte %, Monocytes %, Granulocytes %, RBC, HB, HCT, MCV,
MCH, MCHC, and Platelets showed no significant differences between

different age groups.
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Table 3-18 Hematological investigations in hepatitis B patients according to age groups.

Hematological Age Teaﬂ (HBeAg positive ) patients (HBeAg negative ) patients
parameters SD <21 21-30 31-40 41-50 51-60 > 60 <21 21-30 | 31-40 | 41-50 | 51-60 | >60
Fibrinogen Mean 263.70a | 291.66a | 313.18a | 217.23a - 334.45a| 288a 244a | 274a 265 a 221a 330 a
(mg/dl) SD 71.03 65.22 126.74 12.65 - 79.55 76.3 64.3 114.4 79.1 35.1 0.0
Prothrombin Mean 15.16 a | 15.08 a | 14.15 a 17.93 a - 15.05 a | 15.16c | 15.47c | 14.88c| 15.60c | 19.35b | 25.40a
time (sec.) SD 1.20 1.83 1.17 5.39 - 1.48 1.34 1.58 1.40 2.15 2.47 0.00
Mean 1.30 a 1.28 a 1.20 a 1.65 a - 1.26 a 1.29b 1.39b | 1.27b | 1.35b | 2.00a | 270a
INIR SD 0.20 0.30 0.27 0.74 - 0.23 0.20 0.32 0.29 0.34 0.28 0.00
WBC *1073 Mean 8.73 a 7.66 a 7.88 a 7.30 a - 1060 a | 834a | 7.19a | 757a | 7.38a | 6.40a | 5.00a
SD 2.77 1.10 3.06 2.76 - 4.67 2.12 1.30 1.26 3.19 3.68 0.00
LR Mean 36.80a | 28.43bc | 30.4abc 36.00 ab - 17.15¢ | 35.09a | 27.27a| 29.18a| 29.85a | 28.20a | 48.00a
SD 11.65 8.21 5.74 7.11 - 1.63 5.22 8.58 8.77 6.29 4.24 0.00
T Mean 10.12a | 8.12ab 6.80b 8.50 ab - 745ab | 9.46a | 7.75a | 76la | 7.58a | 5.00a | 6.20a
SD 1.90 2.48 1.91 4.64 - 0.64 1.87 3.68 2.55 2.53 3.54 0.00
Granulocytes Mean 53.07b | 63.46a | 62.85ab | 55.50ba - 75.40a | 55.46a | 64.98a | 63.21a| 62.57a | 66.80a | 45.80a
% SD 12.55 8.37 7.11 10.14 - 2.26 6.51 9.75 10.15 6.70 7.78 0.00
RBC *1076 Mean 4.70 a 482a 512 a 4.86 a - 480 a 515a | 496a | 479a | 524a | 483a | 425a
SD 0.44 0.33 0.71 0.80 - 0.02 0.72 0.53 0.52 0.27 0.49 0.00
Hemoglobin Mean 12.50a | 13.66 a | 13.08 a 13.77 a - 14.60 a | 13.21a | 136la| 1294a| 15.27a| 14.20a | 11.70a
(g/dl) SD 1.13 1.26 3.66 1.86 - 0.57 1.48 2.22 2.07 0.58 0.85 0.00
Mean 39.31 a | 4327 a | 43.08 a 43.67 a - 47.00a | 42.66a | 43.36a | 41.55a| 47.38a | 44.00a | 36.10a
ST SD 3.71 3.49 10.07 5.35 - 1.56 3.09 5.77 5.44 1.80 1.98 0.00
fl Mean 83.72¢ 89.86b | 83.45c 90.47 ab - 97.95a | 83.66a | 87.46a | 86.73a| 90.65a | 91.50a | 85.10a
() SD 3.64 3.78 11.00 6.96 - 2.76 8.38 8.02 6.67 3.62 5.37 0.00
Mean 26.69bc | 28.38ab | 25.23¢ 28.47 ab - 30.40a | 25.86a | 27.37a| 2692a| 29.13a | 29.40a | 27.50a
MChi(pg) SD 1.48 1.38 4.51 0.93 - 1.13 2.85 3.23 2.81 1.26 1.27 0.00
Mean 31.88a | 31.57ab | 30.05b 31.53a - 31.00ab | 3091 a | 31.24a| 30.98a| 32.15a | 32.20a | 32.40a
GG (el SD 0.95 0.69 1.82 1.36 - 0.28 1.38 1.71 1.27 0.24 0.42 0.00
Platelets *10°3 Mean 319.85a | 258.64a | 307.00a 327.00 a - 3270 a| 262.0 a| 2205a | 260.6a| 228.6 a| 1995a | 177.0a
SD 94.21 53.80 48.42 152.50 - 217.79 73.83 70.72 75.50 54.42 | 139.30 0.00

® Means that do not share a letter are significantly different horizontally within each group with (P<0.05), according to the least significant difference (LSD)

112




These results have coincided partially with other studies carried out
in Irag such as (AL-Khilkhali) ®®, who reported that the subjects of this
study are investigated the importance of measuring the blood parameters
in hepatitis B patients, and detection of the patient's immune response
against viral infection. The obtained results showed that 50 were
seropositive hepatitis B in ELISA technique. The age groups (32-41) and
(42-51) years showed a highly significant (P<0.05) elevation in patients
than other patients. In contrast white blood cell count indicate that the
age groups (12-21) and (42-51) years recorded high significant
difference (p<0.05) compared with healthy groups and other patients
while Lymphocyte and monocyte percentage increase in more groups of
patients suffering from hepatitis B compared with healthy control group-
specific in age groups (42-51) and (52-61) years in comparison to other
patients. On the other hand, the result of granulocytes, the basophile
showing high significant (p<0.05) increase in patients group as
compared to the healthy control group and other granulocytes. The other
study carried out in Nigeria whose results revealed that there was a
significant difference between the hemoglobin concentration, monocytes
and packed cell volume of hepatitis B infected subjects of different age
group (P<0.05) ®9,

Several studies have focused on the relationship between viral
hepatitis and hematological parameter, which has been required for viral
clearance, is produced in response to viral infection 39 @9 Thjs
variation in the results may be due to the following factors: the first
patients in our study are of different age than those in the other research.
Secondly, the geographic variation in HBV genotypes in the study

population would influence the prevalence of hepatitis B. Third factor
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was that the cause might also be nutritional or infectious. Finally, the

difference is in sample size.

3.7 Correlation of biomarkers:

3.7.1 Correlation among biomarkers in HBV (HBeAg positive) and
HBV (HBeAg negative) Patients:

Pearson correlation applying on blood biomarkers in HBV (HBeAg
positive) patients, demonstrated in the table (3-19), found a significant
negative relationship between RT-PCR level and each of HB, HCT, and
MCV levels (r=-0.33,r=-0.37,r=-0.35) respectively and negative
correlation between V.C level and the level of IL-2(r=-0.31).
Additionally, there is a strong negative correlation between SOD level
and IL-1 alpha level (r=-0.41). On the other hand, there is a significant
negative correlation between MDA level and each of ALP, Monocytes
%, and Platelets levels (r=-0.36, r=-0.32, r=-0.35) respectively, and
strong negative relationship between MDA level and the level of
WBC(r=-0.38) while there is a significant positive correlation between
IL-2 level and the level of WBC (r=0.34) and strong negative correlation
between IL-2 and Monocytes %(r=-058).

Pearson correlation applying on blood biomarkers in HBV (HBeAg
negative) patients, explained in table (3-20), observed that there is
significant strong negative correlation between HBS Ag level and MDA
level (r=-0.47), while there is significant negative correlation with V.C
level (r= -0.33) and IL-2 level (r= -0.33)and INR level(r= -0.31).
Additionally, there is a strong positive correlation between HBS Ag level
and fibrinogen levels (r=0.38), and there is a significant positive
correlation between HBS Ag level and each of WBC and Monocytes %

levels (r=0.31, r=0.34) respectively.
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Furthermore, the current result reveals that RT-PCR level which was
positively correlated with each of Albumin and Albumin/Globulin (r=
031, r= 0.38) respectively and significant strong negative correlation
with Monocytes % levels (r=-0.47) while there is a negative correlation
between RT-PCR level and fibrinogen (r=-0.35).

On the other hand, this study records a significant strong negative
correlation between V.C level and each of IL-2, TP, Albumin, and
Globulin levels (r=-0.38, r=-0.47, r=-0.40, r=-0.38) respectively. While
there is a strong positive correlation between V.C level and each of
SOD, MDA, and Indirect Bilirubin levels (r=0.44, r=0.71, r=42)
respectively.

Regarding the SOD serum level, there is a significant positive
correlation with MDA level (r=0.34).

Additionally, there is a strong positive correlation between MDA
level and each of TSB and Indirect Bilirubin levels (r=0.56, r= 0.46)
respectively.

On the other hand, this study records a significantly strong negative
correlation between IL-1 alpha level and Albumin/Globulin level (r= -
0.39).

Remarkably, IL-2 correlate strong significantly with each of Direct
Bilirubin, Total protein, INR, and MCHC(r=0.49, r=0.45, r=0.41,
r=0.39) respectively. And correlate significantly with each of ALT(r= -
0.32), GGT (r= -0.35), and Prothrombin time (r= 0.32). While there is
significant strong negative correlation with Fibrinogen level (r= -0.43)
and Monocytes % level (r=-0.63).
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Table 3-19 Correlation of study biomarkers in HBV (HBeAg positive) patients

HBS Ag level (IU/ml) | HBV-DNA (IU/ml) | V.C (ng/ml) | SOD (U/L) | MDA (n mol/ml) | IL-1alpha (pg/ml) | IL-2 (pg/ml)
HBV-DNA 1U/ml 0.10
V.C ng/ml -0.15 -0.22
SOD U/L -0.03 0.00 -0.11
MDA n.mol/ml -0.05 -0.21 0.28 0.08
IL-1 alpha pg/ml 0.12 -0.12 0.16 -0.41** 0.06
IL-2 pg/ml 0.15 0.29 -0.31* 0.10 0.15 -0.01
AST IL.U/L 0.14 -0.07 0.01 -0.15 -0.14 0.20 -0.13
ALT LU/L 0.12 -0.10 0.00 -0.16 -0.13 0.19 -0.11
GGT L.U/L 0.17 -0.24 -0.01 -0.22 0.01 0.22 0.04
ALP 1L.U/L 0.05 0.21 -0.19 -0.18 -0.36* 0.14 -0.27
T.S.B mg/di 0.15 -0.13 -0.05 -0.14 -0.15 0.18 -0.13
Direct Bilirubin mg/dl 0.11 -0.12 -0.03 -0.10 -0.07 0.21 0.01
Indirect Bilirubin mg/dl 0.17 -0.13 -0.07 -0.16 -0.21 0.14 -0.24
Total protein g/dl 0.28 0.16 -0.03 -0.20 0.17 0.28 0.01
Albumin g/dI 0.20 0.23 0.02 -0.19 0.28 0.28 0.07
Globulin g/dI 0.30 0.08 -0.06 -0.18 0.05 0.24 -0.04
Albumin/Globulin -0.24 0.01 0.12 0.06 0.17 -0.03 0.11
Fibrinogen mg/dI -0.02 0.06 0.15 -0.22 -0.11 -0.03 0.12
Prothrombin Time (sec) 0.10 0.25 0.00 -0.16 -0.13 0.18 0.07
INR 0.06 0.29 0.04 -0.18 -0.12 0.19 0.09
WBC *1073 0.09 0.23 -0.24 -0.06 -0.38** -0.04 0.34*
Lymphocyte % -0.01 0.15 0.12 0.15 -0.01 -0.16 -0.02
Monocytes % -0.18 0.07 0.12 0.07 -0.32* -0.08 -0.58**
Granulocytes % 0.05 -0.15 -0.14 -0.15 0.08 0.16 0.14
RBC *10"6 -0.15 -0.19 0.13 -0.07 0.13 0.30 0.15
Hemoglobin g/dl -0.20 -0.33* 0.02 -0.02 0.27 0.24 0.24
HCT (pcv) % -0.18 -0.37* 0.09 -0.06 0.25 0.26 0.17
MCV fl -0.12 -0.35* -0.06 0.00 0.23 0.05 0.10
MCH pg -0.16 -0.27 -0.15 0.06 0.26 0.01 0.19
MCHC g/dI -0.11 0.11 -0.26 0.13 0.11 -0.07 0.27
Platelets *10/°3 0.10 0.25 0.08 -0.20 -0.35* -0.02 0.06

* Significant (P < 0.05)

** Significant (P < 0.01)
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Table 3-20: Correlation of study biomarkers in HBV (HBeAg negative) patients

HBS Ag level 1U/ ml | HBV-DNA U/ ml V.C ng/ ml SOD U/L MDA n. mol/ ml IL-1 alpha pg/ ml IL-2 pg/ml
HBV-DNA 1U/ml -0.07
V.C ng/mli -0.33* -0.17
SOD U/L -0.25 -0.11 0.44**
MDA n.mol/ml -0.47** -0.12 0.71** 0.34*
IL-1 alpha pg/ml -0.04 -0.2 -0.07 0.05 0
IL-2 pg/ml -0.33* 0.14 -0.38** -0.13 -0.02 -0.07
AST L.U/L 0.07 0.08 -0.26 -0.14 0.04 -0.16 0.22
ALT LU/L -0.04 0.19 -0.29 -0.13 -0.03 -0.16 0.32*
GGT 1.U/L -0.10 0.15 -0.20 -0.22 0.21 -0.19 0.35*
ALP L.U/L 0.1 -0.16 -0.04 0.07 -0.13 -0.03 -0.21
T.S.B mg/dl -0.29 0.09 0.3 0.06 0.56** -0.12 0.28
Direct Bilirubin mg/dI -0.27 0.07 -0.15 0.04 0.29 -0.1 0.49**
Indirect Bilirubin mg/dI -0.17 0.06 0.42** 0.04 0.46** -0.07 0.02
Total protein g/dl -0.05 0.12 -0.47** -0.04 -0.26 -0.02 0.45**
Albumin g/dI -0.14 0.31* -0.40** -0.03 -0.14 -0.23 0.6
Globulin g/dl 0.06 -0.12 -0.38** -0.04 -0.3 0.22 0.11
Albumin/Globulin -0.16 0.38* 0.12 0.06 0.22 -0.39** 0.28
Fibrinogen mg/dl 0.38** -0.35* 0.22 0.28 0.07 -0.03 -0.43**
Prothrombin Time (sec) -0.22 0.03 -0.17 -0.06 0.28 -0.17 0.32*
INR -0.31* 0.06 -0.17 -0.07 0.28 -0.21 0.41**
WBC *1073 0.31* 0.14 -0.01 -0.09 -0.22 -0.05 -0.05
Lymphocyte % 0.1 -0.15 -0.24 -0.1 -0.06 -0.06 0.14
Monocytes % 0.34* -0.47** 0.24 0.14 0 0.02 -0.63**
Granulocytes % -0.2 0.28 0.13 0.04 0.06 0.04 0.08
RBC *1076 -0.11 0.02 0.18 -0.11 0.06 0.01 -0.2
Hemoglobin g/dI -0.15 0.18 0.18 -0.19 0.16 0.06 -0.02
HCT (pcv) % -0.1 0.11 0.22 -0.19 0.15 0.13 -0.17
MCV fl 0.05 0.10 0.05 -0.13 0.12 0.15 0.02
MCH pg -0.06 0.20 0.04 -0.15 0.15 0.05 0.17
MCHC g/dl -0.22 0.30 0.00 -0.13 0.13 -0.14 0.39**
Platelets *1013 -0.08 0.01 0.10 0.10 -0.08 -0.16 -0.23

* Significant (P < 0.05)

** Significant (P < 0.01)
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CONCLUSIONS:

The study concludes the following:

1- gRT-PCR test have the superior clinical advantage among other
techniques, and it is highly recommended for practical application
for the diagnosis and follow up of HBV-DNA infection through
detection the exact number of viral DNA copies.

2-The biochemical parameters, especially (ALT, AST, GGT, and ALP),
were elevated in HBV patients significantly, where the result showed
both (AST, ALT, and ALP) of HBeAg positive patients significantly
increased compared to HBeAg negative patients and healthy control,
while the GGT showed a significant increase in each HBeAg positive
and HBeAg negative patients compared to healthy control. This
gives us an indication of the weakness performance of the liver of
patients with hepatitis B.

3-The activities of the non-enzymatic anti-oxidant system, including
vitamin C, were significantly decreased in HBeAg positive patients
in comparison with HBeAg negative patients and healthy control,
Also, enzymatic anti-oxidants system, including superoxide
dismutase, was significantly reduced in each HBeAg positive and
HBeAg negative patients compared to healthy control.

4-The production of lipid peroxidation marker malondialdehyde has
been markedly reduced in HBV patients.

5-There was no significant difference between serum levels of (IL-1
alpha) in patients and controls, while serum levels of (IL-2) was
decreased in HBeAg positive patients group relative to HBeAg
negative patients.

6-The hematological parameters (PT, INR, PCV, and PLT) for hepatitis
B patients showed a significant increase, while a significant decrease
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was found in (Monocytes %, Granulocytes %, RBC, and MCHC)
parameters in hepatitis B patients.

7-The results suggest a highly significant negative correlation between
superoxide dismutase and IL-1 alpha concentration in HBeAg
positive patients and the negative relationship between vitamin C and

IL-2 concentration in HBeAg positive patients.

8-Serum vitamin C levels showed a highly positive correlation with
superoxide dismutase, malondialdehyde, and highly negative
correlation with IL-2. Also, superoxide dismutase showed a positive
correlation with malondialdehyde; on the other hand, IL-2 showed a
positive correlation with ALT, TP, and negative correlation with

Fibrinogen in HBeAg negative patients.
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Conclusions
and
Recommendation



RECOMMENDATIONS:

1- The need for further studies, comprising a larger sample to asses
possible association between the presence of histopathological status,
viral genotypes, and even in patients without evidence of circulating
antibodies.

2-Cytokine gene polymorphisms are fruitful area of research that can aid
in a further understanding of hepatitis immunogenetic predisposition,
and other cytokines, which are not investigated in the present study;
for instance IL-17 family, IL-18, IL-31, and IL-33 represent a good
target for research in hepatitis in terms of their serum levels and
genotypes.

3-Conduct an epidemiological study to shed more light on the sources of
the HBV infection in Anbar Province and follow the suitable
strategies for the prevention of the infection and apply effective
treatment regimens.

4- More studies should be conducted to compare between intracellular
and extracellular antioxidant by isolation of RBCs from different
types of HBV in addition to study the relationship between age, BMI,
and the levels of other antioxidant parameters such as GPX, CAT,
vitamin A, and E and selenium.

5- Studying the effect of the antioxidant supplement on HBS Ag levels
in experimental animals.

6- Use of cytokine antibody array to identify and describe the
relationships between the other varieties of human cytokines and
signaling pathways.

7- Using other parameters with different samples (such as a serum,

saliva, and urine) to evaluate the progressing of hepatitis B virus, like



adiponectin and different inflammatory cytokines (IL-6, and TNF-a)
and study the correlation between these parameters.

8- It is essential to correlate the viral burden with the immune
activity such as INF alpha and beta, and counting of T-cells spreading
(CD4+ and CD8+).
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Appendix-1
Questionnaire sheet

INFORMATION

DETAILS

Case No.

Date

Name

Age

Gender

Female Male

Address

Clinical Status

Drug history

Other notes

Immunodipstik assay

TOSOH Analyzer

RT-PCR

ELISA

Liver function tests

ALT(----), AST(----), ALK(---), TSB(---), TP(----)

Oxidative stress Vitamin C
parameters SOD
MDA
Cytokines parameters :téalpha

Hematological tests

WBC(---), RBC(---),Hb(---),PLT(---)




Appendix-2/ standard curve of vitamin C (ng/ml).

2.24945

0,000 -
o.oo0 ; e o S8l
Calculation mode:  Linear regrassion

Program: . WC ' | Pt s 2

Appendix-3/ standard curve of Superoxide dismutase (SOD) UII.

0. 000

0. o000 240.00 (UA) ~ 480.00
Calculation mode:  Linear regressian &
Program: . SO0 | pame }| ExiE T

Appendix-4/ standard curve of Malondialdehyde (MDA)
nmol/ml.

16.000 (nmolfmil)
Calculation mode Linear regression :

Program: MDA




Appendix-5/ standard curve of Interlukin-1 alpha (pg/ml).




Appendix-6/ Standard curve of Interlukin-2 (pg/ml).




Celercare® M1 Automatic Chemistry Analyzer used in this study

iSacace

SR NS LA

SaMag-12/24 Automatic Nucleic Acids Extraction System used in
this study.



Automated chemistry analyzer TOSOH, AIA-1800 ST used in this study.
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