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SUMMARY 



 Summary 
 

The present study, “Genotyping and phylogenetic analysis of hepatitis B virus and 

identification of its binding protein in serum,” was carried out in two parts:  

1. In the first part of the study, it was determined by sequence specific PCR that 

genotype D is the most prevalent (76.3%) genotype in our location. Besides 

genotype D, 16.4% of the patients were found infected with genotype A, whereas, 

7.3% were co-infected with both types A and D.   

2. The predominant genotype HBV/D was phylogenetically studied. Phylogenetic 

analysis showed all isolates closely matched with those reported from India, Iran, 

Egypt and Italy. 

3. Phylogenetic studies also revealed that the HBV sub-genotype D1 and D3, and 

subtype ayw2 dominate the Pakistani HBV infected patients.  

4. While studying association of genotypes with different rates of progression from 

acute to chronic HBV infection, genotypes A, D, and A/D combination were 

present in all categories of patients. Genotype D was again the dominant 

genotype, however, genotype A was found to be more strongly associated with 

severe liver disease and mixed genotype (A/D) did not significantly appear to 

influence the clinical outcome. 

5. The second part of the study, on the basis of evidence investigated and examined, 

elucidates that hepatitis B virus binds to albumin precursor. It appears that there is 

a strong association between HBV and albumin precursor and it would not be 

unreasonable to propose that pre S region of HBV might be the most likely 

domain involved. Yet many technical details remain to be explored regarding 

HBV binding and genomic and clinical research.  



 Summary 
 

 
This study has enhanced our knowledge about the HBV stains prevalent in Pakistan 

showing similarity with some studies and disparity with others especially regarding the 

clinical presentations of the prevalent genotypes. These findings will provide new 

information that could be valuable in the management of HBV and its associated 

complications.  
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1. Introduction 

Hepatitis B virus (HBV) infection is a global public health problem. It is estimated that  

more than 400 million people are HBV carriers and that 50 million people contact this 

disease each year, resulting in one to two million deaths (Lee, 1997). The spectrum of 

clinical manifestations of HBV infection varies in both acute and chronic disease. During 

the acute phase, manifestations range from subclinical hepatitis to anicteric hepatitis, 

icteric hepatitis and fulminant hepatitis. During the chronic phase, manifestations range 

from an asymptomatic carrier state to chronic hepatitis, cirrhosis and hepatocellular 

carcinoma. The clinical outcome of HBV infection depends upon the age at infection, the 

level of HBV replication and the immune status of the host (Kao, et al., 2000). 

Current treatment strategies target the HBV polymerase enzyme. However, reports 

indicate that response depends on genotype and subtype. Also the variation in genotype is 

known to affect viral replication and response to therapeutic agents. According to current 

classification the most common genotype in Pakistan is genotype D (Abbas et al 2006). 

The evolutionary development of  HBV into eight genotypes carry not only distinct 

geographical distribution but further their subgenotypes hold distinctive genomic markers 

at various parts of the HBV genome signifying different virologic mechanisms of 

hepatocarcinogenesis (Joseph et al 2008). Therefore, it has become important to have 

phylogenetic analysis of the virus and investigate the subgenotypes as well to understand 

the underlying mechanisms. 

Before the advent of PCR, the molecular characterization of HBV was a cumbersome 

process, as it was shown very early on that HBV would not grow in cell culture and was 
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highly species specific, only infecting humans and some other primates. HBV was the 

first member to be discovered of a family of viruses, later designated Hepadnaviridae. 

This family has since been divided into two groups, the orthohepadnaviruses and the 

avian hepadnaviruses. These are hepatotropic, partially double-stranded DNA viruses. 

Their replication strategy is unique for animal DNA viruses and only shared by 

cauliflower mosaic virus (also a DNA virus), in that they use a RNA intermediate and a 

reverse transcription step (Seeger, 1991). The circular genome is very compact, with four 

partially overlapping open reading frames (ORFs). There are no non-coding regions in 

the genome and all regulatory signals are also part of protein-encoding sequences.  HBV 

can encode approximately 50 % more protein than would be expected from its genome 

length (Ganem and Varmus, 1987).  

In terms of HBV evolution, this leads to two opposing tendencies: the use of reverse 

transcriptase with its lack of proof reading tends to maintain a relatively high mutational 

rate, whereas the extreme compactness of the genome will prevent a large degree of 

genetic variability from occurring (Kidd-Ljunggren, et al., 2002). 

1.1 Historical Background 

'Serum hepatitis' was distinguished clinically from 'infectious hepatitis' in the 1930's, 

indicating that at least two different infectious agents were responsible for hepatitis. 

Before the viruses causing hepatitis were isolated, transmission was differentiated on the 

basis of epidemiological observations. Type A hepatitis was considered predominantly 

transmitted via the fecal-oral route while type B hepatitis was believed to be primarily 

transmitted parenterally. Infection often results from inoculation with human serum - 
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blood transfusions, transplants or passive immunization (common among intravenous 

drug addicts). However, the virus is also transmitted sexually, by injection and from 

mother to child (transplacental) - accounting for familial clusters. The large reservoir of 

infected individuals has sustained a satellite virus known as the hepatitis D virus (HDV). 

HDV can only replicate in cells already infected with HBV since HDV uses hepatitis B 

surface proteins to package its own RNA (Kidd-Ljunggren, et al., 2002). 

In order to categorize infectious (epidemic) and serum hepatitis the terms, hepatitis A and 

hepatitis B, were introduced by MacCallum in 1947. These terms were eventually 

adopted by the World Health Organization Committee on viral hepatitis (World Health 

Organization, 1973). In rapid succession, discoveries around the world enhanced our 

knowledge of the complexity, molecular virology and pathogenesis of this unusual virus. 

It was discovered in Australia through the identification of Australian antigen, which is 

now known as hepatitis B surface antigen (HBsAg). In 1963, when searching for 

polymorphic serum proteins, Blumberg discovered a previously unknown protein in the 

blood of an Australian aborigine (Blumberg, et al., 1965 and 1997). An immunodiffusion 

precipitin line between the HBsAg present in the serum of an Australian Aborigine and 

the antibody to HBsAg in a patient with hemophilia who had received multiple 

transfusions provided a clue to this protein. The subsequent development of acute 

hepatitis in a laboratory technician provided the essential link to the clinical illness. This 

protein was denoted as the Australia (Au) antigen. It became apparent that this protein 

was related to type B hepatitis. For his achievements, Dr. Baruch Blumberg won Nobel 

Prize in Physiology in 1976. The work of other investigators, notably Prince, established 
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that the Au antigen (now known as the hepatitis B surface antigen) was only found in the 

serum of type B hepatitis infected patients (Prince, 1968).  

In 1970, Dane found 42nm virus-like particles, ‘Dane particles’ in the serum of patients 

suffering from type B hepatitis (Dane, et al., 1970). These particles were discovered 

when serum from Australia antigen-positive patients was studied by electron microscopy. 

A vast numbers of spheres and filaments of 22 nm in diameter were seen but also were 

present larger particles of 42 nm with a central nucleocapsid and an outer coat. These 

Dane particles were subsequently shown to constitute the complete virion whereas,  the 

smaller filaments and spheres were found to be excess Australia antigen or HBsAg. Non-

related hepatitis viruses were discovered later, but the hepatitis B virus retained its name. 

HBV was initially characterized into different antigenic subtypes and then later into 

nucleotide divergence-based genotypes. Kaplan confirmed the viral nature of these 

particles by detecting an endogenous DNA-dependent DNA polymerase within its core 

(Kaplan, et al., 1973). Discovery of this polymerase allowed Robinson to detect and 

characterize the HBV genome (Robinson, et al., 1974). The HBV genome is unique in the 

world of viruses due to its compact nature, use of overlapping reading frame and 

dependence on a reverse-transcriptional step, though the virion contains primarily DNA. 

In light of this, the human hepatitis B virus became the archetype of the hepadnavirus 

family, Hepadnaviridae. 

1.2 Non-human Hepadnaviruses  

The first suggestion of the existence of HBV-like viruses among other species came from 

the Philadelphia Zoo, where eastern woodchucks (Marmota monax) had an unusually 
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high occurrence of chronic liver disease and hepatocellular carcinoma (HCC). Virus-like 

particles that resembled HBV morphologically and had a weak cross-reactivity with 

HBsAg were found in the serum of these animals (Summers, et al., 1978). The 

woodchuck hepatitis virus (WHV) has since been characterized and its genome cloned 

and sequenced (Galibert, et al., 1982). There is 70% nucleotide identity between HBV 

and WHV and the organization of the WHV genome is almost identical to that of HBV 

(Tiollais, et al., 1985). A third mammalian hepadnavirus (GSHV) was found in California 

Beechey ground squirrels (Spermophilus beecheyi) (Marion, et al., 1980). Its genome is 

more related to WHV (82% genome nucleotide identity) than to HBV (55% homology) 

(Tiollais, et al., 1988 ). Furthermore, the death of a woolly monkey (Lagothrix 

lagotricha) from the Louisville Zoological Gardens from fulminant hepatitis led to the 

discovery of woolly monkey HBV (WMHBV). Among the orthohepadnaviruses, this 

virus is most closely related to HBV, the largest variability being seen between preS1 

regions (Lanford, et al., 1998). The first avian hepadnavirus to be identified was the duck 

HBV (DHBV), which infected Peking ducks (Anas platyrhynchus) in China (Zhou, 1980) 

and the USA (Mason, et al., 1980). This virus has a 40% nucleotide identity to HBV 

(Tiollais, et al., 1988). The HBV strain from a chimpanzee who was persistently infected 

in the London Zoo was characterized and shown to diverge by about 10% from  human 

HBV strains (Vaudin, et al., 1988). An extended study by Lanford and his colleagues in 

2000 (Lanford, et al., 2000) confirmed the existence of the gibbon HBV as a separate 

group within the human hepadnaviruses which have diverged recently from the human 

HBV strains. The major genomic structural differences between members of the 

hepadnavirus family that exist between mammalian and avian hepadnaviruses are: 
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• DHBV DNA is almost fully double-stranded, whereas the mammalian 

hepadnaviruses have only partially double-stranded DNA. 

• The mammalian have two presurface regions, preS1 and preS2, whereas the avian 

viruses only have one preS region.  

• No X-gene has been found in DHBV and HHBV. 

 
FIGURE 1  

 
Structure of the hepatitis B genome 

 

 

Structure of the Hepatitis B Genome, showing ORFs (Open Reading Frames), for genes 
S, P, C and X, and the enhancer and promoter regions.   
 



Chapter One: Genotyping & Phylogenetic Analysis of HBV Introduction 
 

7 
 

Electron microscopy gave the initial views of the hepatitis B genome, graphically 

represented in figure 1. In virions, the genome appears to be circular, yet only partially 

double-stranded (Robinson, et al., 1974).  The genome is approximately 3200 nucleotides 

in length, but does not abide by the usual classification criteria for viruses (Francki, et al., 

1991). Numbering of basepairs on the HBV genome is based on the cleavage site for the 

restriction enzyme EcoR1 or at homologous sites, if the EcoR1 site is absent. However, 

other methods of numbering are also used, based on the start codon of the core protein or 

on the first base of the RNA pregenome. There are at least seven major subtypes of HBV, 

distinguished by sequence differences in the surface antigen gene (Raney, et al., 1991). 

HBV is the prototype member of Hepadnaviridae family. Unlike others, HBV virions 

contain both DNA and RNA. Moreover, some regions of the packaged genome can be 

single stranded, double stranded or even triple stranded. The genomic arrangement of the 

hepatitis B virus family makes it unique among viruses. The unusual nature of the 

packaged genome gives an indication that the method of replication employed by HBV is 

not that of conserved DNA replication. These peculiar features are a direct result of the 

HBV genome replication mechanism. 

 

There are four defined overlapping open reading frames (ORFs) in the genome which 

result in the transcription and expression of the seven different hepatitis B proteins. Every 

base pair in the HBV genome is involved in encoding at least one of the HBV proteins. 

However, the genome also contains genetic elements which regulate levels of 

transcription, determine the site of polyadenylation and even mark a specific transcript 

for encapsidation into the nucleocapsid. 
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The four ORFs lead to the transcription and translation of seven different HBV proteins 

through use of varying in-frame start codons. 

• ORF S encodes the three surface proteins (Heermann, et al., 1984). The small 

hepatitis B surface protein is generated when a ribosome begins translation at the 

ATG at position 155 of the adw genome.  

• The middle hepatitis B surface protein is generated when a ribosome begins at an 

upstream ATG at position 3211, resulting in the addition of 55 amino acids onto 

the 5' end of the protein.  

• ORF P - The polymerase gene, occupies the majority of the genome and encodes 

for the hepatitis B polymerase protein. It overlaps the envelope gene and as a 

result, mutations in the P gene can affect the amino acid sequence of the envelope 

HBsAg protein. The polymerase gene codes for the replicative proteins. The 

enzymes fulfill several functions, such as reverse transcription, DNA polymerase 

activity, priming of DNA synthesis, RNAse-H activity and so on.  

• ORF C encodes both the hepatitis e and core protein (Ou, 1997). The core gene 

consists of 549 nucleotides and codes for 183 amino acids. It is preceded by a 

highly conserved pre-core region made up of 87 nucleotides encoding 29 amino 

acids, with properties of a signal sequence that codes for HBeAg, a cleavage 

product of HBcAg. The pre-core product of the core gene allows HBcAg to be 

targeted to the endoplasmic reticulum, where HBeAg is cleaved and secreted.  

• ORF X encodes the hepatitis B X protein (HBX) (Kwee, et al., 1992), consisting 

of 154 amino acid residues, with a molecular weight of 17 kd. This protein has 

broad transactivator properties in which it acts as a co-factor in 
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hepatocarcinogenesis by preventing DNA repair leading to mutant emergence 

(Hildt, et al., 1996; Becker, et al., 1998). The X gene seems to play a role in the 

neoplastic transformation of hepatocytes in HBV-infected liver (Su, et al., 1998). 

Mutants in this region have been found to be associated with a significant number 

of diseases. 

• The surface (S) gene codes for the envelope (HBsAg) of the virus. HBsAg 

appears as small spherical (22 nm) or filamentous noninfective particles in the 

serum. HBsAg carries a group-specific “a” determinant, which is common to all 

subtypes of the virus. It is this determinant that forms the basis for anti-HBs 

response during HBsAg immunization or HBV wild type virus infection. Several 

mutants from the S gene have been identified worldwide among vaccinated, 

patients receiving anti-HBs treatment, and also among naturally infected HBsAg 

carriers (Kidd-Ljunggren, et al., 2002). 

1.3 Promoters and Signal Regions 

The HBV genome contains many important promoter and signal regions necessary for 

viral replication to occur (figure 2). The four ORFs transcription are controlled by four 

promoter elements (preS1, preS2, core and X), and two enhancer elements (Enh I and 

Enh II). All HBV transcripts share a common adenylation signal located in the region 

spanning 1916-1921 in the genome. Resulting transcripts range from 3.5 nucleotides to 

0.9 nucleotides in length. Due to the location of the core/pregenomic promoter, the 

polyadenylation site is differentially utilized (Russnak, et al., 1990). The polyadenylation 

site is a hexanucleotide sequence (TATAAA) as opposed to the canonical eukaryotic 
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polyadenylation signal sequence (AATAAA). The TATAAA is known to work 

inefficiently (Sheets, et al., 1990) suitable for differential use by HBV. 

The core/pregenome promoter controls the transcription of multiple RNAs which have 5' 

heterogeneity. These include the core antigen, e antigen, polymerase, and pgRNA. 

Studies have also indicated that members of the nuclear receptor family may be involved 

in down regulation of the core/pregenome promoter (Raney, et al., 1997). The 

polymerase coding region does not appear to have a promoter element directly upstream. 

Its expression is believed to be the result of ribosome scanning of the pgRNA transcript. 

The ORF S contains three in-frame start sites which direct synthesis of the three distinct 

hepatitis B surface proteins (Heermann and Gerlich, 1991). There are two promoter 

regions which control the expression of these proteins, namely the preS1 promoter and 

preS2 promoter. The preS1 promoter controls transcription of a single 2.4kb RNA 

molecule which includes the entire ORF S region. However, the preS2 promoter controls 

transcription of a family of transcripts of 2.1kb in length. The preS2 promoters have been 

shown to be stronger than the preS1 promoter (Shaul, 1991). This results in more middle 

and small surface proteins being expressed as compared to the large surface protein. It 

has been shown that over expression of the large surface protein results in retention of 

surface proteins in the endoplasmic reticulum (Persing, et al., 1986).  

Even though significant progress has been made in term of molecular structure and 

genomic organization of HBV yet there are areas such as how it travels in the circulation, 

make an entry in the cell, how will different genotypes respond towards treatment, are the 

areas yet to be established.  
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1.4   Hepatitis B virus proteins 

1.4.1 Hepatitis B Surface Proteins 

Diagrammed below are the predicted folding patterns of the various hepatitis B virus 

(HBV) surface proteins (figure2).  

 

FIGURE 2 

Features of hepatitis B virus genes and proteins 

 
 

The figure shows the region encoding the HBV surface proteins in the HBV genome. 
Within the HBV genome, the region encoding the HBV surface proteins contains three 
in-frame start sites which share a common termination codon. Because of this, the 
various HBV surface proteins are all related to each other by a shared region known as 
the S-domain. 
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1.4.2 Small Hepatitis B Surface Antigen (HBsAg or SHBsAg) 

This protein is the smallest of the hepatitis B surface proteins, containing solely the S-

domain. Historically, it also has been referred to as the Australia antigen (Au antigen). It 

is highly hydrophobic, containing four-transmembrane spanning regions. The HBsAg 

contains a high number of cysteines, 14 altogether, each of which is cross-linked to one 

another. It also may be glycosylated at Asp146. The two forms of this protein are 

commonly seen on gels run on HBsAg particles purified from carrier serum. This protein 

is the prime constituent of all hepatitis B particle forms. As such, this protein appears to 

be manufactured by the virus in high quantities. It also contains a highly antigenic 

epitope. Analysis of this epitope allows for the subtyping of HBV carriers (Bruss and 

Ganem, 1991b).  

1.4.3 Middle Hepatitis B Surface Antigen (MHBsAg) 

This intermediate or middle-sized HBV surface protein contains an additional 55 amino-

acid domain known as preS2. This domain is hydrophilic and appears to reside 

extracellularly. The preS2 domain also contains an additional glycosylation site at Asp4. 

Detection of double mutation in the preS2 start codon shows that preS2 is not required 

for HBV infectivity or for viral particle morphogenesis. This likely excludes the middle 

HBsAg from being the HBV binding protein, though it may contribute to viral attachment 

as a secondary mechanism (Pollicino, et al., 1997). 

1.4.4 Large Hepatitis B Surface Antigen (LHBsAg) 

This protein is the largest of the HBV surface proteins, containing the preS1 domain as 

well as the preS2 and S-domains. The preS1 domain's sequence appears to be highly 
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variable among infected patients, suggesting that this may be the HBV protein involved 

in liver attachment. The preS1 domain contains no additional glycosylation sites, but 

contains a myristylation signal at its N-terminus, anchoring the N-terminus to the 

membrane (Cheng, et al., 1986; Xu, et al., 1997).  

This protein is believed by most to be the one responsible for mediating viral attachment 

onto its host cells. However, the receptor for HBV has not been isolated. 

1.4.5 Hepatitis B X Protein (HBx),  

ORF X, which encodes a 17-kDa protein known as the hepatitis B X Protein (HBx), has 

its own promoter controlling the transcription of a 0.9kb RNA. The promoter is believed 

to lay within the region spanning nucleotides 1230 to 1376 (Treinin and Laub, 1987). The 

enhancer I element spans a region from nucleotides 970 -1240 (Tognoni, et al., 1985).  

1.4.6 Epsilon -stem loop. (-stem loop) 

The last region is known as the epsilon-stem loop (-stem loop). The region spans 

nucleotides 1847 - 1907 in the HBV genome and plays a key role in HBV DNA 

encapsidation. The location of the stem-loop was determined by fusing heterologous 

genes to various regions of the HBV genome and by looking for  encapsidation of these 

foreign genes (Pollack and Ganem, 1993). Despite the terminal redundancy of the 

pgRNA, only the 5' -stem loop retains functionality (Hirsch, et al., 1991). Because of this, 

only pgRNAs are encapsulated despite the fact that all HBV transcripts have the -stem 

loop coding region at their 3' ends. Sequence analysis of the  -stem loop shows a series of 

inverted repeats that are predicted to fold into a three dimensional stem-loop structure. 

This -stem-loop is conserved among all hepadnaviruses despite differences in the primary 
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sequence (Junker-Niepmann, et al., 1990). It is believed that the polymerase protein 

recognizes and interacts directly with the stem-loop structure (Pollack and Ganem, 1994). 

Interaction of the hepatitis B polymerase and the -stem-loop initiates both encapsidation 

as well as reverse transcription of the HBV pgRNA. 

1.4.7 Subtypes 

Subtypes of SHBsAg were originally defined by antibody recognition. Antigenic 

domains present on all known HBs isolates were classified as determinant a. The 

four other major subtypes are d or y and w or r. These two sets are paired and the 

members of each pair are mutually exclusive. Determinant d  has a lysine at 

residue 122 while y has an arginine. Similarly, determinant w has a lysine at 

residue 160 while r has an arginine. The variability in HBV was first detected by 

Le Bouvier (Le Bouvier, 1972). Later Bancroft described additional determinants 

and characterized HBV strain as subtypes adw, adr, ayw or ayr (Bancroft, et al., 

1972) (Table 1). Recently, other determinants have been found which contain 

antigenic epitopes unrecognizable by antibodies against the above-mentioned 

subtypes. Because some antibodies are sub-type specific, it leads to the question, 

whether or not vaccination using HBs particles immunize a person against all 

HBV strains? The answer is "Yes", so far. However, in the more recent years, 

escape mutants have been found, showing a need for an improved vaccine or 

treatment (Kidd-Ljunggren, et al., 2002). 
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TABLE 1  

Relationship between the main antigenic subtypes of HBV and amino 
acids 

 
 

Table 1 shows direct relationship between the main antigenic subtypes of HBV and 
amino acid identity (Lys or Arg) at two positions (122 and 160) in the S protein (Kidd-
Ljunggren, et al., 2002). 

 

Subtyping of HBV strains was used for epidemiological purposes and, in some cases, to 

trace nosocomial chains of infection or to find correlations between disease and a 

particular subtype (Table 1). Over the last decade, however, subtype determination has 

gradually been replaced by genotyping. 

1.5 HBV Genotypes 

1.5.1 History and classification    

In 1988, Okamoto and colleagues were the first to suggest that the traditional subtypes 

could be complemented or replaced by a classification of different HBV strains into 

genetic subgroups. Comparing the full nucleotide sequences of 18 HBV strains, they 
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found that these clustered into four groups, A to D, with more than 8% divergence 

between the groups. This degree of divergence has since become the definition for HBV 

genotype. The correspondence between subtypes and genotypes is shown in Table 1. 

Since the first description of four genotypes (A-D) of HBV in 1988, four more have been 

identified, designated E and F (Norder, et al., 1994), G (Stuyver, et al., 2000) and H 

(Arauz-Ruiz, et al., 2002). Moreover, subgenotypes with distinctive sequence 

characteristics and a divergence in the complete genome of >4% have been found within 

genotypes A (Kimbi, et al., 2004), B (Sugauchi, et al., 2004), C (Huy, et al., 2004) and F 

(Norder, et al., 2003). Thus the classification of HBV into eight genotypes through 

phylogenetic analysis is defined by an inter-group divergence of >8% in the complete 

genome sequence and of >4% in the S gene (Norder, et al., 1992).   In a larger study, 

Norder et al. compared the S gene sequences from 122 strains and confirmed the 

existence of the two new groups, E and F (Norder, et al., 2004). A highly divergent 

(15%) strain from Brazil has been reported by Naumann (Naumann, et al., 1993) which 

expressed the adw4 phenotype and constitutes genotype F. It has often been used as an 

out-group in phylogenetic studies of HBV, as it is the most divergent human-derived 

genotype reported (Table 2). 

TABLE 2 
 Relationship between HBV genotypes and subtypes 

Genotype A B C D E F G 

Associated 
subtypes 

adw2 
(ayw1) 

adw2 
ayw1 

adr 
adrq– 

ayr 
adw 

ayw2 
ayw3 
ayw4 

ayw4 
(adw2) 

Adw4q– adw2 

The table shows relationship between HBV genotypes and subtypes. Those subtypes 
shown within parentheses are seldom seen in the genotype specified 
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1.5.2 Sub Genotypes  

After the molecular categorization of HBV and the classification of strains into 

nucleotide, divergence-based genotypes and subsequently subtype determination was 

gradually replaced by genotyping (Kidd-Ljunggren, et al., 2002). It has since proven to be 

an important tool in the understanding of HBV epidemiology and evolution. Furthermore, 

with the advent of phylogenetic tools, the presence of several sub-genotypes were 

demonstrated which extend widely within specific genotypes. Genotype A is further sub-

classified into A1 (Aa) predominant in Asia and Africa, A2 (Ae) Northern Europe and 

America. (Bowyer, et al., 1997; Kramvis, et al., 2002, Tanaka, et al., 2004; Sugauchi, et 

al., 2004; Kew, et al., 2005) and A3 (Ac) (Mulders, 2004; Kurbanov, et al., 2005) in 

Central Africa. Genotype B is sub-classified into subgenotypes B1 (Bj) dominating in 

Japan, B2 (Ba) in China and Vietnam (Sugauchi, et al., 2002;  2003 and 2004; Norder, et 

al., 2004). Sub-genotype of genotype C, C1 (Cs) is common in South-East Asia and 

Bangladesh, C2 (Ce) in Japan, Korea, and China (Chan, et al., 2005; Sugauchi, et al., 

2001), C3 in Oceania and C4 in Australia (Sugauchi, et al., 2001; Norder, et al., 2004). 

This geographical distribution pattern is less defined for subgenotypes of D designated as 

D1–D5 (Norder, et al., 2004; Banerjee, et al., 2005). With the help of phylogenetic 

methods the history and the origin of HBV could be elucidated. It has thus, become a 

reliable tool to study the divergence in the HBV genome scattered geographically around 

the world (Norder, et al., 1994). 
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1.5.3 Distribution of HBV Genotypes  

The geographical pattern seen in HBV subtype distribution is even more distinct when 

the corresponding genotype prevalence in different geographical regions of the world is 

studied (Figure 3). 

FIGURE 3 

Geographic distribution of HBV genotypes and sub genotypes 

 

1.5.4 Geographic Distribution of HBV Genotypes 

Genotype Country 
A Africa, India, Northern Europe, United States 
B Asia, United States 
C Asia, United States 
D India,  Pakistan, Afghanistan, Iran, Middle East, Southern Europe, United 

States 
E West and South Africa 
F Central and South America 
G Europe, United States 
H Central and South America, California in United States 
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The HBV genotype and subgenotype world wide distribution is given in figure 4. HBV 

genotype A is mainly found in Northwestern areas of Europe and North America 

(Norder, et al., 1994). Some genotype A strains have also been found in the Philippines 

(Norder, et al., 1993; Kidd-Ljunggren, et al., 1995), possibly reflecting the close contact 

with North America, especially over the last century. A similar epidemiological link 

would explain the genotype A strains isolated from patients in Hong Kong (Lok, et al., 

1994)  and South and Eastern Africa (Bowyer, et al., 1997). An analysis of the genotype 

A strains found in South Africa demonstrated that the majority clustered into a separate 

group within genotype A, called A'. The differences between A and A' seemed to lie 

mainly in the preS2 region (Bowyer, et al., 1997).  

Genotypes B and C is confined to populations with origin in Eastern Asia and the Far 

East (Okamoto, et al., 1988; Kidd-Ljunggren, et al., 1995). Their distribution is fairly 

intermixed, with a tendency toward more genotype C strains being found in the Northern 

mainland regions and in mainland Japan (Orito, et al., 2001a). However, genotype C 

especially is also found in the populations of the South Pacific islands, where the 

prevalence of HBV carriers is sometimes very high. Interestingly, it is possible to 

differentiate genotype C strains geographically by subtype. The genotype C strains 

isolated from the Pacific islands are more often of the adrq subtype, as compared to those 

strains from Southeast Asia (Norder, et al., 1993).  

Genotype D and E are genetically quite similar. Genotype E has been interpreted as a 

subset of genotype D when using the X gene for phylogenetic analysis (Kidd-Ljunggren, 

et al., 1995). Genotype D is the most widely distributed genotype and has been found 
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universally, with its highest prevalence in a belt stretching from Southern Europe and 

North Africa (Norder, et al., 1993; Borchani-Chabchoub, et al., 2000) to India and South 

Africa (Bowyer, et al., 1997), and among intravenous drug users on all continents 

(Flodgren, et al., 2000). Genotype E is found in West and South Africa and one of the 

main differences from genotype D is that it does not have the 33nt deletion at the 

beginning of the preS1 region which is common to all genotype D strains.  

Genotype F is the most divergent genotype and is found in South and Central America 

(Norder, et al., 1993; Arauz-Ruiz, et al., 1997). Although it shares some structural 

features with genotype A strains, it is believed to be the original genotype of the New 

World. It shows less homology than the other genotypes to the different primate strains 

that have been described. 

Genotype G has been found in France and the USA (Stuyver, et al., 2000) but not in 

Japan (Kato, et al., 2001).  

Genotype H has been encountered in Nicaragua, Mexico and California. Phylogenetic 

analysis of the complete genomes and subgenomes showed them clustering with 

genotype F but forming a separate branch supported by 100% bootstrap. Being most 

similar to genotype F, known to be an Amerindian genotype, genotype H has most likely 

split off from genotype F within the New World.  The presence of Lys122, Leu127 and 

Lys160 indicated that they encode subtype adw4. Two conserved amino acid residues, 

Val44 and Pro45, within this region were unique. Ten conserved positions were shared only 

with strains within genotype F, while Ile57 was shared with strains belonging to genotypes 

B and E (Arauz-Ruiz, et al., 1997).  
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In many countries where well-known waves of migration have occurred over time, the 

prevalence of different HBV genotypes reflects the origin of the immigrants and other 

patterns of migration. This is exemplified by South Africa, where the most prevalent 

genotypes, A and D (Bowyer, et al., 1997), correlate with migration from Northwestern 

Europe (UK and the Netherlands), Southern Europe and India. The same genotypes in 

Argentina, A and D (Mbayed, et al., 1998), reflect migratory waves from Northwestern 

Europe, Italy and Spain. In New Zealand and Australia, the same genotypes feature 

strongly, together with a number of genotype C strains contributed by immigrants from 

Southeast Asia and the Pacific Islands (Kidd-Ljunggren, et al., 1995; Sugauchi, et al., 

2001). In a study of Belgian children who had received interferon treatment for chronic 

HBV infection, a child originating from Haiti harboured a genotype E strain (Liu, et al., 

2001). As HBV genotype E strains are found exclusively in West and South Africa, this 

provides a parallel to the chain of events reported for the transmission of human 

immunodeficiency virus (HIV) to the New World. (Odemuyiwa, et al., 2001) 

Not only migration but also behavioral patterns may change the prevailing genotype in a 

given region. In a study by Koibuchi et al. (2001), Japanese homosexual men co-infected 

with HIV were unexpectedly found to harbor HBV genotype A instead of C or B, which 

are the prevailing genotypes in Japan.  
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1.6 Evolution Pattern of HBV Genotypes 

In 1993, Ogata et al., while studying the protein sequences of HBV strains, found a 

genotypic pattern. Phylogenetic analysis led to the classification of hepatitis B virus into 

eight genotypes, designated A to H. This degree of divergence has since become the 

definition for HBV genotype. The genotypes have differences in biological properties and 

show heterogeneity in their global distribution, in the clinical outcomes of HBV 

infections and the response to antiviral treatment.  

The first instance of genotype-related differences in the biological properties of HBV was 

the observation that the precore 1896 stop-codon mutant was commonly found in regions 

where genotype D prevailed and was absent in regions were genotype A occurred (Li,  et 

al., 1993). The reason for the association of the 1896 mutant with genotype D was that 

this mutation enhanced the stability of the encapsidation signal (ε) allowing replication, 

whereas in genotype A it would lead to its destabilization and therefore prevent 

replication.  

1.6.1 Relationship of Mutations to Genotypes 

The study of mutation rate of the hepadnaviruses could be of assistance in estimating how 

the different genotypes branched off from each other. The first examples of genotype-

related differences in the biological properties of HBV was the observation that the 

precore 1896 stop-codon mutant was found in genotype D regions and was absent in 

genotype A regions In genotype D this mutation enhanced the stability of the 

encapsidation signal (ε) allowing replication, whereas in genotype A it would lead to its 
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destabilization and therefore prevent replication. Seroconversion from HBeAg to anti-

HBe and from HBsAg to anti-HBs can lead to change of genotype in the infected patient. 

In a small group of chronic carrier children who remained HBV DNA-positive while they 

became serologically HBsAg-negative, three showed a change from subtype determinant 

d to y (Li, et al., 1993). In two other studies, children who seroconverted to anti-HBe 

changed their HBV genotype from A to D in seven cases and from D to A in three cases 

(Bahn, et al., 1997). Thus, it has become quite evident that the heterogeneity in the global 

distribution of HBV genotypes may account not only for differences in the prevalence of 

HBV mutations in the different populations but also be responsible for differences in the 

clinical outcomes of HBV infections and the response to antiviral treatment. 

1.6.2 HBeAg Related Mutations  

The HBeAG expression is affected by mutation at two positions:  

• 1896 G to A stop-codon mutation that prevents expression of HBeAg (Friedt, et 

al., 1999). 

• 1762 A to T transversion together with 1764 G to A transition results in reduced 

levels of precore mRNA and HBeAg expression. 

1896 Stop Codon Mutation  

• The precore-core region of the HBV C gene codes for the precore-core fusion 

protein that is post-translationally modified to give rise to hepatitis B e antigen 

(HBeAg) (Friedt, et al., 1999). 

HBeAg is generally a marker of active replication; its exact function is not known. 

However, a subgroup of patients with chronic hepatitis B exists who lack HBeAg and yet 
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have high levels of replication and infectivity (Schlicht, et al., 1987). The C gene can be 

transcribed starting at two different loci: when transcription starts at nucleotide 1901, the 

core protein is produced; when transcription starts at nucleotide 1814, HBeAg is 

produced. An important mutation can occur at nucleotide 1896 (in the precore region), 

converting guanine to adenine. This changes a TGG codon to TAG, stop-codon mutation; 

when TAG appears in the precore region, the virus is unable to produce HBeAg.  

C or T at position 1858 

The development of the 1896 mutation, discussed above, depends on the presence or 

absence of Cytosine (C) or Thymine (T) at position 1858. The 1896 mutation is restricted 

by the secondary structure of the encapsidation signal (ε) which is transcribed from the 

same region of the HBV genome coding for HBeAg (Figure 5). Destabilization of this 

structure by the disruption of the G-C base pair between positions 1858 and 1896 (that 

would result from a G-to-A mutation at 1896) would be detrimental to viral replication, 

as has been shown by transfection experiments (Figure 4). By analysing sequential 

samples, it has been shown that, in these cases, 1858C first changes to a U, followed by the 

1896G to A mutation, thus protecting the base-pairing of the stem (Figure 6) (Bläckberg 

and Kidd-Ljunggren, 2000a). Mutation at 1858 shows geographic variation that is related 

to the distribution of the various genotypes. 
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FIGURE 4 

Stop codon mutations in precore region of HBV genome 

 

 

 

• Genotypes B, D and E have T1858. 

• A and H have C1858.  

• Genotype C and F have either C1858 or T1858. 

• Genotype F (from Central America) has T1858 (Figure 5). 

• Genotype C (from Japan) has T1858 exclusively (Alestig, et al., 2001). 

• Genotype C (from South-east Asia) (Lindh, et al., 2000) has C1858 and is 

confined to carriers. 
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FIGURE 5 

Relationship of precore mutations to HBV genotype 
 

 

Precore mutations showing relationship to stem loop stability and TGG to TAG stop 
codon 
 

1.6.3.  Basic Core-Promoter Mutations 

T to A and G to A at positions 1762 and 1764 respectively 

The HBeAg production is affected by other mutations in the basal core promoter (BCP) 

at nt 1762 and nt 1764 resulting in diminished production of HBeAg and a resultant 

increased host immune response. An A to thymine T transversion at position 1762 

together with a G to A transition at 1764 in the basic core promoter (BCP) are equally 

distributed among the HBV genotypes (Jardi, et al., 2004).  

• Genotypes A and H with C1858, have more frequent  T1762A1764 mutations  

• Genotype C with C1858 have less frequent of these mutations (Sugauchi, et al., 

2003).                                                                                                                                                 
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These mutations are found to be significantly associated with more severe liver disease, 

i.e., liver cirrhosis with or without hepatocellular carcinoma (HCC) (Orito, et al., 2001a). 

PreS mutations 

The preS region has been the target of many studies for the detection of a number of 

mutations. These include point mutations, insertions and deletions (Gerken, et al., 1991). 

Deletions range from small deletions to very large deletions (Gerner, et al., 1998) and 

deletions that prevent the expression of the preS2 protein (Fernholz, et al., 1993).     

Deletion mutants are more frequently detected in isolates from patients with severe liver 

disease (liver cirrhosis and HCC) than other patients (Huy, et al.,  2003). These preS 

mutants also have genotypic relationship. They have been observed to occur more 

frequently in genotype C than in genotype B isolates and in adr (corresponding to 

genotype C) than in adw (corresponding to genotype B) isolates. Chronicity of infection 

in these patients is due to impaired viral clearance without HBV binding and subsequent 

penetration in the hepatocytes being affected (Tai, et al., 2002). 

1.6.4 Splice Variants of HBV 

Splice variants of the HBV pgRNA, detected in sera and in liver samples of infected 

patients as well as from transfected hepatoma cells arise from the encapsidation and 

reverse transcription of spliced pg RNA (Sommer, et al., 2000), indicating that there is 

yet not a recognized function of pgRNA splicing in HBV infection. In addition, it has 

been shown recently by RT–PCR analysis that preS/S mRNAs are spliced utilizing the 

5'splice site (5'ss) at position 458 and the 3'splice site (3'ss) at position 1305 (Hass, et al., 
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2005). These HBV variants, besides a variety of spliced genomes the major two splice 

products (SP) of the pgRNA are referred to as SP1 and SP2 (Heise, et al., 2006). 

• SP1 is generated by removing the intron flanked by the 5'ss at position 2448 and 

3'ss at position 489. 

• SP2 is generated by utilizing an alternative 5'ss at position 2067 but the same 3'ss 

at position 489.  

Using in vitro tranfection studies, there is no difference in the dominant splice variant 

produced by genotypes D, C and E, whereas the minor splice variants synthesized by 

isolates belonging to the different genotypes vary. Splicing in HBV may contribute to the 

pathogenicity and/or persistence of the virus. The variation in the presence and the 

development of mutations in the different genotypes of HBV may be a contributing factor 

to the influence of genotypes in disease progression. 

It is not clear how a complete genotypic change would occur in one patient, unless the 

patient had originally been infected with more than one genotypes and an immune 

selection occurred during seroconversion. It has been observed that preS mutations occur 

more frequently in genotypes B and C than in the other genotypes. These traits of the 

genotypes account not only for differences in the prevalence of hepatitis B virus mutants 

in various geographic regions, but may also be responsible for differences in the clinical 

outcome. 

1.7  The extra hepatic manifestations of hepatitis B virus 

Liver has been  the sole target for research on hepatitis B virus for the past 40 years. The 

intracellular mechanisms and the involvement of immune system need to be evaluated to 

discern the exact mechanism of these manifestations. The relationship between HBV and 
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other clinically significant disorders as well as serious autoimmune disorders among 

certain vaccine recipients also the variable factors that influence extra hepatic 

manifestation during HBV infection needs to be evaluated,  including possible synergy 

between hepatitis B virus and the immune system. (Chisari,et al., 1995, Abbas, 2004).  

1.7.1 Immune complexes 

Surface antigen-antibody complexes, created during hepatitis B infection, are found in 

the sera of all patients with fulminant hepatitis but are seen only in some patients during 

acute phase of the illness. These immune complexes have been detected by electron 

microscopy and have been identified in variable proportions of patients with virtually all 

the recognized chronic sequelae of acute hepatitis.The deposits of such immune 

complexes have been demonstrated in the cytoplasm and plasma membrane of 

hepatocytes and on or in the nuclei, whereas, a small proportion of patients with 

circulating complexes develop other conditions such as vasculitis or polyarteritis etc. 

Large complexes formed in great antibody excess are rapidly removed from the 

circulation by the mononuclear phagocyte system and are therefore relatively harmless. 

Once these complexes are deposited in the tissues, they initiate an acute inflammatory 

reaction. Two mechanisms are believed to cause inflammation at the site of deposition: 

(1) activation of the complement cascade, and (2) activation of neutrophils and 

macrophages through their Fc receptors. Complement activation promotes inflammation 

mainly by production of chemotactic factors, mainly C5a, which direct the migration of 

polymorphonuclear leukocytes and monocytes  and by release of anaphylatoxins (C3a 

and C5a), which increase vascular permeability. The leukocytes that are drawn in by the 
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chemotactic factors are activated by the engagement of their C3b and Fc receptors by the 

immune complexes. This results in the release or generation of a variety of pro-

inflammatory substances, including prostaglandins, vasodilator peptides, chemotactic 

substances, oxygen free radicals and several lysosomal enzymes. Immune complexes also 

cause aggregation of platelets and activation of Hageman factor. Both of these reactions 

augment the inflammatory process and initiate the formation of microthrombi. This 

results in vasculitis, glomerulonephritis and arthritis. (Abbas, 2004) 

1.7.2 Cell mediated Immunity Against HbsAg 

The vigor and kinetics of the cellular immune response to HBV, especially the cytotoxic 

T-lymphocyte (CTL) response, determines the outcome of HBV infection (Guidotti, et 

al., 1996). These HBV-specific CTLs can downregulate hepatocellular HBV gene 

expression and replication by a noncytopathic, cytokine-induced process that is mediated 

by inflammatory cytokines such as gamma interferon (IFN- ) and tumor necrosis factor 

alpha (TNF- ) secreted by the CTLs following antigen recognition in the liver (Chisari 

and Ferrari  1995). These cytokines downregulate HBV gene expression 

posttranscriptionally (Tsui , et al 1995).  Thus, evidence  suggests that the pathogenesis 

of liver damage in the course of hepatitis B infection is related to the immune response by 

the host. Cellular immune responses are known to be particularly important in 

determining the clinical features and course of viral infections. The occurrence of cell-

mediated immunity to hepatitis B antigens has been demonstrated in most patients during 

the acute phase of hepatitis B and in a significant proportion of patients with surface-

antigen-positive chronic active hepatitis, but not in asymptomatic persistent hepatitis B 
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carriers.  These observations suggest that cell-mediated immunity may be important in 

terminating the infection and, under certain circumstances, in promoting immune-

mediated liver damage and in the genesis of autoimmunity. Also, evidence suggests that 

progressive liver damage may result from an autoimmune reaction directed against 

hepatocyte membrane antigens, initiated in many cases by infection with hepatitis B virus 

(Baron, 1996). 

1.7.3 Genotype and subtype-related clinical differences  

There is remarkable evidence of clinical differences between subtypes and genotypes at 

various levels regarding extra hepatic expressions. Early studies demonstrating subtype-

related clinical differences include the association of Gianotti's disease with subtype ayw 

in Japan (Ishimaru, et al., 1976) and a higher frequency of liver dysfunction in adr-

infected patients compared to those infected with adw (Noguchi, et al., 1994). Taking 

into account that genotype C strains are most often of subtype adr, the latter results have 

been confirmed by several studies of Southeast Asian chronic carriers (Orito, et al 

2001a).  

1.7.4 Syndromes associated with acute hepatitis B 

The IgG concentration of immune complexes have been found greater in patients with 

acute hepatitis B compared to other conditions (Wand, et al 1975).More importantly, the 

presence, composition, and concentration of these circulating immune complexes 

correlates with the clinical findings of rash, arthritis, and angioedema, which strongly 

suggests an etiological relationship. First, complement components C3, C4, and C5 and 

IgA were detected only in cryoproteins isolated from patients with arthritis complicating 
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hepatitis, and the IgG subtypes in these immune complexes were predominantly the 

complement-fixing IgG1 and IgG3 (Natvig and Kunkel 1973).   

1.7.5 Transient serum sickness-like syndrome  

Symptoms usually precede the onset of jaundice by a few days to 4 weeks and subside 

after onset of jaundice and may persist throughout the course of the disease. Usually 

manifest with fever (<39°C), skin rash (erythematous, macular, maculopapular, urticarial, 

nodular, or petechial lesions), polyarthritis (acute articular symmetrical inflammation, 

painful, fusiform swelling of joints of hand and knee, morning stiffness. No recurrent or 

chronic arthritis occurs after recovery (Hollinger, 2001; Sultan Al-Khenaizan, 2001).  

1.7.6 HBV-associated Glomerulonephritis (GN): 

Brazosko et al in 1974, were the first to suggest that HBV might be involved in the 

pathogenesis of high percentage of GN and found the incidence 34.6% with various types 

of glomerular diseases. Subsequently incidences reported were by Nagy et al. (1979) as 

34.6%. Over the last few years, various morphologic patterns of HBV-related 

Glomerulonephritis have been reported, with membranous glomerulonephritis (MGN) 

being the most commonly described (Lai et al., 19991), occurs mainly in children and 

predominantly in males, in HBV endemic areas of the world. The three main GN 

associated with HBV infection are Membranous Glomerulonephritis (MGN), Membrano 

Prolipherative Glomerulonephritis (MPGN) and IgA Nephropathy (IgAN) (Barbiano et al 

2002). 
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1.7.7 Syndromes following hepatitis B vaccination 

HBV vaccination may induce hypersensitivity and autoimmune reactions in susceptible 

individuals and healthy Subjects (Geier and Geier, 2004). Vaccine Adverse Event 

Reporting System (VAERS) and PubMed (1966-2003) were searched for autoimmune 

conditions following hepatitis B vaccination (HBV) There were 415 arthritis, 166 

rheumatoid arthritis, 130 myelitis, 4 SLE, 100 optic neuritis, 101 GBS, 29 

glomerulonephritis, 283 pancytopenia / thrombocytopenia, and 183 MS events reported 

following HBV vaccination.  

HBV-related dermatological manifestations include various cutaneous disorders 

associated with hepatitis B virus infection, reported so far,  almost all had some peculiar 

eruptions or some disorders mainly based on immune complex reaction. Skin rashes in 

chronic HBV are more likely to have palpable purpura, which histologically is a 

neutrophilic necrotizing vasculitis involving small vessels ( Popp, et al., 1981).  
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2.  Materials and Methods  

2.1   Study Approval 

This study was approved by the Board of Advanced Study and Research and Ethical 

Review Committee of the Ziauddin University, Karachi.  

2.2   Selection of Subjects 

Patients attending the gastroenterology clinics at Ziauddin Medical University Hospital 

and Out Patient Department at Pakistan Medical Research Council (PMRC), diagnosed 

positive for HBV infection by HbsAg, irrespective of age and gender were included in 

this study. Diagnosis was done by the method of ELISA (MUREX kit by Abbott 

Laboratories). A written informed consent was taken from each subject; however, in case 

of patients who were under the age of 18 years, parental consent was obtained. To study 

the clinical relationship of genotypes, all cases selected were HBV positive, PMRC 

registered patients. Clinical data was retrieved from medical records and so were 

laboratory test results including hemograms, liver function tests, coagulation profiles and 

findings at abdominal ultrasonography, upper gastrointestinal endoscopy and liver 

biopsy. Liver cirrhosis and HCC were diagnosed either on histology, or on a combination 

of radiological, endoscopic and laboratory data. Serum samples were collected from the 

study patients when they came for follow-up. The following inclusion and exclusion 

criteria were applied while selecting patients for this study. 

2.3 Inclusion Criteria 

All HbsAg positive individuals, either healthy carriers or suffering from conditions such 

as acute hepatitis, chronic hepatitis and hepatocellular carcinoma, were included.  
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2.4 Exclusion Criteria 

Hepatitis B patients co-infected with other hepatic viral markers such as hepatitis A, C, D 

or E were excluded. 

2.5    Samples 

Five hundred samples were collected from selected patients. Blood samples, 10ml each, 

were collected and serum was separated. All sera were stored in aliquots of 200µl each at   

-70°C. All patients were HBsAg positive diagnosed by the method of ELISA.  

2.6 PCR method                       

The procedure selected for PCR and genotyping was a modified version of nested PCR 

developed by Naito et al. in 2001. The sequences of PCR primers are shown in Table 3.     

2.7 Primer Sequence and Detail 

TABLE 3: Primer sequences used for HBV genotyping by nested PCR 
showing position, specificity, and polarity (Naito et al. 2001) 

119bp
167bp
97bp

nt 2979-2996, type D specific, 
nt 2955-2978, type E specific, 
nt 3032-3051, type F specific 

5'-GCC AAC AAG GTA GGA GCT-3' 
5'-CAC CAG AAA TCC AGA TTG GGACCA-
3' 
5'-GYT ACG GTC CAG GGT TAC CA-3' 

BD1 sense
BE1 sense
BF1 sense

nt 3078-3097, types D to F 
specific, 

5'-GGA GGC GGA TYT GCT GGC AA-3' B2R antisenseMix B

68bp
122bp
281bp

nt 113-134, type A specific, 
nt 324-345, type B specific,  
nt 165-186, type C specific,  

5'-CTC GCG GAG ATT GAC GAG ATG T-3' 
5'-CAG GTT GGT GAG TGA CTG GAG A-3' 
5'-GGT CCT AGG AAT CCT GAT GTT G-3' 

BAIR antisense
BBIR antisense
BCIR antisense)

Mix A

nt 67-86, types A to E specific, 5'-GGC TCM AGT TCM GGA ACA GT-3'B2 senseStep-two 
PCR 

1065bpnt 2823-2845,
nt 685-704,

5'-TCA CCA TAT TCT TGG GAA CAA GA-3'
5'-CGA ACC ACT GAA CAA ATG GC-3'

P1b universal, sense)
S1-2 universal, 
antisense)

Step-one 
PCR 

ProductGene/CDSSequencePrimers

 
An "M" represents a nucleotide that could be either an A or a C; a "Y" represents a 
nucleotide that could be either a C or a T nucleotide.  
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 The first-round PCR primers (outer primer pairs) and second-round PCR primers (inner 

primer pairs) have been designed on the basis of the conserved nature of nucleotide 

sequences in regions of the pre-S1 through S genes, irrespective of the six HBV 

genotypes. P1 (sense) and S1-2 (antisense) were universal outer primers. B2 was used as 

the inner primer (sense) with a combination called mix A for genotypes A, B, and C. Mix 

A consisted of antisense primers BA1R (type A specific), BB1R (type B specific), and 

BC1R (type C specific). B2R was used as the inner primer (antisense) with a combination 

called mix B for genotypes D, E, and F. Mix B consisted of sense primers BD1 (type D 

specific), BE1 (type E specific) and BF1 (type F specific). These primer combinations for 

second-round  PCR were designed  on the basis of the  differences in the PCR product 

sizes (281bp to 68bp) of the genotype-specific bands. The type-specific primers were 

designed on the basis of the conserved nature of those sequences within a genotype and 

on the basis of their poor homology with the sequences derived from other HBV 

genotypes. The strategy for HBV genotyping used in this study is illustrated in Figure 6.  

                                                       FIGURE 6 

The PCR strategy for HBV genotyping 

 
Step one amplified a 1065bp product. Step two amplified genotypes A and D. 
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Solutions: 

TBE buffer (10x): 0.050 M Tris base, 0.050 M boric acid, 1 mM Na2EDTA, pH = 8.0. 
 
TE buffer (10x): 1.21 g Tris base,   0.37 g EDTA, 100ml distilled water, pH = 9.0   
 

2.8 DNA Extraction 

DNA extraction kit (QIA AMP DNA mini kit 250 reactions Cat #51306) was used as per 

manufacture’s instructions. The HBV genome was amplified by nested PCR using the 

universal primers (P1 and S1-2) for the outer primers, followed by two different mixtures 

containing type-specific inner primers as described above. 

2.9 Step One PCR: 

The first round of PCR (or the PCR with outer primers) was carried out in a tube, 

containing 50 µl of a reaction master mix made up of the following components: 50 ng of 

each outer primer, a 200 µM concentration of each of the four deoxynucleotides, 1 U of 

Taq DNA polymerase (Perkin-Elmer, Norwalk, Conn.), and 1×PCR buffer containing 

1.5 mM MgCl2. Before addition to the reaction mix, the extracted DNA was given an 

initial 10 min incubation at 95°C for a hot start reaction. After 10 min the PCR program 

was paused to dispense the master mix in all the tubes. The thermocycler (GeneAmp PCR 

system 2400, 9600, and 9700; Perkin-Elmer) was programmed to first incubate the 

samples for 10 min at 95°C, followed by 35 cycles consisting of 94°C for 2 min., 94°C 

for 20 s, 55°C for 20 s, and 72°C for 1 min. with a final extension of 5 min. at 72°C and 

incubation at 4°C.  
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2.10 Step Two PCR                                                                                                              

Two second-round PCRs were performed for each sample, with the common universal 

sense primer (B2) and mix A for types A through C and the common universal anti-sense 

primer (B2R) and mix B for types D through F. A 2.5µl aliquot of the first PCR product 

was added to two tubes containing the second sets of each of the inner primer pairs, each 

of the deoxynucleotides, AmpliTaq Gold DNA polymerase, and PCR buffer, as in the 

first reaction. These were amplified for 35 cycles with the following parameters: 

preheating at 94°C for 3 min., 15 cycles of amplification at 94°C for 20 s, 58°C for 30 s, 

and 72°C for 40 s, and an additional 20 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C 

for 45 s with an extension of 7 min. at 72°C and incubation at 4°C. Genotypes of HBV 

for each sample  

were determined by identifying the genotype-specific DNA bands. The two different 

second-round PCR products from one sample were separately electrophoresed on a 3% 

agarose gel (1% agarose plus 2% Nusieve Agarose) stained with ethidium bromide, and 

evaluated under UV light. The sizes of PCR products were estimated according to the 

migration pattern of a 50-bp DNA ladder (Pharmacia Biotech, Uppsala, Sweden).  

 

2.11 Optimization of PCR 

PCR was optimized by running different gradients: 

1. MgCl2 gradient: to optimize MgCl2 (1.5mM/ul) concentration in the master mix, 

accordingly, PCR with different concentrations of MgCl2 (1µl, 2µl, 3µl, 4µl) was 

run to find out the best possible amplification.  
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2. Primer gradient: to optimize primer concentration in the master mix, accordingly, 

PCR with different concentrations of primers (0.5µl, 1µl, 1.5µl, 2µl, 2.5µl and 3µl) 

was run to find out the best possible amplification. 

3. Temperature gradient: In order to optimize annealing temperature in the master 

mix ,  PCR with different annealing temperatures (50°C, 51°C, 52°C, 53°C, 54°C, 

55°C, 56°C, 60°C) was performed to find out the best possible amplification in 

the first step. 

Electrophoresis 

For visualization of PCR product 2.5% agarose was prepared in 1x TBE buffer. The gel 

was run in 1x TBE buffer at a voltage of 90V. The amplified bands were visualized on 

Gel Doc system Quantity One (BioRad company, USA) with a medium or long 

wavelength (e.g. 300nm) UV light and recorded in a TIFF file.   

2.12 Sequencing 

A low melting temperature agarose, Nusieve (3%), was used for the separation of the 

product. The bands were visualized with a medium or long wavelength (e.g. 300nm) UV 

light and were excised quickly to minimize exposure of the DNA to UV light. The bands 

were isolated in approximately 300 µl (300 mg) or less of agarose. The 300 µl (300 mg) 

of Agarose slices were transferred to a 1.5 µl centrifuge tube and incubated at 70°C until 

the agarose completely melted. One ml of resin was added to the melted agarose slice and 

mixed thoroughly for 20 seconds.  
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Purification of DNA Amplified Product 

PCR Prep DNA Purification Resin (Promega Purification preps) was thoroughly mixed 

before removing an aliquot. If crystals or aggregates were present, they were dissolved by 

warming the resin to 25-37 C for 10 minutes. The resin itself being insoluble was cooled 

to 30°C before use. 

Materials used 

• 80% isopropanol (2-propanol, reagent grade). 

• Deionized water or TE buffer. 

• Disposable 3ml Luer-Lok syringes. 

One disposable 3ml Luer-Lok syringe is required for each PCR Prep (e.g., Becton 

Dickinson & Co., Cat. #9585). 

1. For each PCR product and gel sample, one Wizard mini-column was prepared. 

The plunger was removed and set aside from a 3ml disposable syringe. The 

syringe barrel was attached to the Luer-Lok extension of each mini-column. 

2. The resin and DNA mix was pipetted into the syringe barrel. The syringe plunger 

was inserted slowly, and gently the slurry was pushed into the mini-column with 

the syringe plunger. 

3. The syringe was detached from the mini-column, and the plunger removed from 

the syringe. Reattaching the Syringe Barrel to the minicolumn, 2 ml of 80% 

isopropanol was pipetted into the syringe to wash the column. The syringe 

plunger was inserted into the syringe, and isopropanol was gently pushed through 

the minicolumn. 
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4. The minicolumn was transferred to a 1.5 ml micro centrifuge tube. To dry the 

resin minicolumn was centrifuged for 2 min. at 10,000 x g. 

5. The minicolumn was transferred to a new micro centrifuge tube. Water, 50 µl was 

added to the minicolumn and left for 1 min. (the DNA remains intact on the 

minicolumn for up to 30 minutes). The DNA was eluted by a final centrifuge at 

10,000 x g for 20 seconds. 

6. The minicolumn was removed and discarded.  
7. The purified DNA was used for sequencing. 

2.13 Sequencing of HBV/D Isolates 

DNA isolated from 37 HBV/D samples was used for sequencing the amplified product. 

Each isolate was used as a source to amplify DNA fragments of 1065bp by PCR, with 

universal primers P1 and S1-2 (Table 3). Amplification was performed in a 96-well 

cycler (GeneAMP9600, Perkin-Elmer Cetus, Norwalk, Calif.), and the PCR products 

were analyzed by electrophoresis in 1.0% (wt/vol) agarose gel, stained with ethidium 

bromide, and observed under the UV light. Standard precautions were taken for avoiding 

contamination during PCR. After purification on Wizard PCR Preps DNA purification 

resin (Promega), PCR products were bidirectionally sequenced using the PCR primers. 

The amplified PCR products of step one were about 1065bp. The PCR fragments were 

sequenced using ABI's BigDye terminator cycle sequencing kit and 310 automated 

fluorescent genetic analyzer.  Sequencing was done as follows:  

• Seven samples were sequenced on the sequencer in the Molecular Biology 

Facility at Juma building, Aga Khan University. 
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• Sequencing of 30 samples was performed on an automated DNA sequencer by 

Gene Link USA.  

2.14 Phylogenetic Data Analysis 

Twenty eight nucleotides sequences were finally selected for phylogenetic evaluation 

after closely studying the chromatograms for any polymorphisms, overlapping, insertion 

or deletion. These sequences were studied as two groups according to their size, namely 

the 362bp and 967bp. 

• There were 13 sequences of 362bp. These sequences corresponded to that of 

preS2 region matching up nucleotide 2887-3181 to 1-66. 

• There were 15 sequences of 967bp. These sequences corresponded to that of large 

S-gene region matching from nucleotide 2875-3181 to 1-660 nucleotides.  

Data analysis of 362bp sequence  

Chromatograms of all 13 sequences were studied closely for any polymorphism and a 

362bp sequence was finalized for study. Each sample was further analyzed by comparing 

the nucleotide sequence with reference HBV strains obtained from GenBank through 

BLAST analysis. All sequences files were merged to compile into one big file and 

alignment analysis was performed by using CLUSTAL_W software program.  The 

nucleotide sequences of the 13 isolates in this study were compared with those of the 32 

reference HBV strains obtained from GenBank, representing each of the eight genotypes 

A to H. Phylogenetic trees were constructed. Thirty two sequences of the same DNA 

region matching with the ones in this study were finalized by random selection from 150 

sequences, originating in various countries (Iran, Italy, Japan, Egypt, USA, Latvia, 
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Germany, India, Brazil, S. Africa, Philippines, Bolivia, etc.), retrieved from the 

international DNA database (DDBJ/EMBL/GenBank). These 13 sequences were then 

matched with selected sequences of HBV/D isolates from around the world and aligned 

with the CLUSTAL_W software program (Thompson, et al., 1994). The alignment was 

confirmed by visual inspection. Genetic distances were estimated by the six-parameter 

method.   Phylogenetic trees were constructed   by the neighbor-joining   method in the 

PHYLIP package (Daitou and Nei, 1987). To confirm the reliability of the phylogenetic 

tree, bootstrap resampling and reconstruction were carried out for 1,000 replicas. In this 

procedure of resampling the sites, the subsequent tree reconstruction is repeated several 

hundred times, and the percentage of times each interior branch is given a value of 1 

which is known as the bootstrap value. As a general rule, if the bootstrap value for a 

given interior branch is 95% or higher, then the topology at that branch is considered 

"correct" (Nei and Kumar, 2000).     

Phylogenetic relationships between HBV A to H genotypes 

To visualize phylogenetic relationships in different HBV genotypes, a number of 

phylogenetic trees were constructed generated by sets of overlapping fragments across 

the genome. Sequence fragments of 362 bases, incrementing in 10-base steps were used. 

Boot-strapped phylogenetic trees were constructed using the programs the PHYLIP 

version 3.62 package (Felsenstein, 1993).     

Nucleotide sequence accession numbers 

The nucleotide sequence data reported here has been submitted to the 

DDBJ/EMBL/GenBank databases and these sequences can be retrieved under accession 

number EF432765 through EF432777 (Table 4). 
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TABLE 4   

The BLAST sample identification and accession number for thirteen 
362bp sequences.  

 

 
The sample identification number and accession number for 362bp. as released on 
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi, EMBL in Europe and the DNA Data Bank 
of Japan. 
 

Data analysis of 967bp sequence  

The nucleotide sequences of 15 isolates of 967bp representing large S gene were finally 

selected after a close study of the chromatograms for any polymorphism.  

Following files were prepared by using programs available on various websites, including 

the international DNA database (DDBJ/EMBL/GenBank). 

1. The protein sequence for sero-subtype 
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2. The D sub-genotype (D1 to D5), to find out sub genotype in our samples. 

3. Separate files of sequences from different countries (Iran, India, and Egypt), to 

locate the evolutionary pattern of our strain. 

Phylogenetic analysis 

Chromatograms of 15 sequences were studied closely for any polymorphism and a 967bp 

sequence was finalized for study. These 15 sequences were matched with 38 genotype D 

sequences selected from around the world and aligned with the CLUSTAL_W software 

program (Thompson, et al., 1994). The alignment was confirmed by visual inspection. 

Phylogenetic analysis of 967bp was carried out as per procedure described in detail for 

the 362bp sequences.  

The 15 nucleotide sequences representing partial S protein have been submitted to the 

DDBJ/EMBL/GenBank databases and can be retrieved under accession no. EF584640-

EF584654 (Table 5). 
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TABLE 5   

The BLAST sample identification and accession number for fifteen 
967bp sequences. 

 

 
The sample identification number and accession number for 967bp, as released on  
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi, EMBL in Europe and the  DNA Data Bank 
of Japan. 
 

Protein sequence alignment for sero-subtype 

ExPASy Translate tool, which can be retrieved at http://us.expasy.org/, was used to 

translate the obtained nucleotide (DNA) sequences of the S gene into amino acid 

sequences. The amino acid sequences were tabulated in two different figures, one for 

362bp sequences and the other for 967bp sequences. 
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Subtype ayw2 HBV Genotype D 

Deduced amino acid sequence of the partial S gene of  HBV samples were compared 

with the pHBV3200 strain within genotype A (Valenzuela, et al., 1980). The  amino acid 

difference  with the pHBV3200 strain were highlighted  to show the divergence in strains 

for a, y and w determinants.   

The sequences for D sub genotype (D1 to D5) 

To find out the sub genotype, sixteen sequences from D1 to D5 were retrieved from the 

GenBank and a tree was constructed.  
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3.     Results  
 
3.1    Prevalence of HBV/ D as the Most Common Genotype 
 

A total of 409 serum samples were found positive for genotyping with repeating samples 

twice and sometimes thrice for confirmation. Out of 409 samples, 315 (77%) were males 

and 94 (23%) were females. Genotype D with 312 (76.3%) patients was found to be the 

most prevalent. The rest of the genotypes A and A/D were distributed as 16.4%, and 

7.3% respectively (Table 6). 

 

TABLE 6 
 

 Genotype distribution in population studied 
 

MALE 
N=315(77%) 

Female 
N=94(23%) 

Total 
N=409 

 
 

P-value 

 

 
Genot
ype 

Sample 
size 

Percentage 
(%) 

Sample 
size 

Percentage 
(%) 

Sample 
size 

Percentage 
(%) 

Male  
Vs 

Female 
A 49 15.6 18 19.1 67 16.4 0.40 

AD 21 6.7 9 9.6 30 7.3 0.34 

D 245 77.8 67 71.3 312 76.3 0.19 

 
 

 
           

3.2      Genotypes in Various Hepatic Complications 
 
Genotype variations in various hepatic conditions were studied in 295 (out of 409) 

patients, who were selected from PMRC (Pakistan Medical Research Council) OPD. 
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They were all HBsAg positive patients, registered at PMRC. Of them, 226 (76.6%) were 

males and 69 (23.4%) females, reflecting a M to F ratio of 3.3:1 (Table 7). Out of 295 

patients, 156 (53%) had Acute (CAH), 71 (24%) were HBV Carriers, 54 (18.3%) had 

Chronic Liver Disease (CLD), while 14 (4.7%) were Hepatitis, Cirrhosis and HCC 

patients.  

 

TABLE 7 

Diagnosis according to gender in different categories of patients 
 

Male  
(n=226) 

Female 
(n=69) 

Total 
(n=295) 

P- value  
 
 

Diagnosis 
 

Number 
 

Percent 
 

Number 
 

Percent 
 

Number 
 

Percent 
Male vs 
female 

Acute (CAH) 124 54.9 32 46.4 156 52.9 0.216 

Chronic (CLD) 43 19.0 11 16.0 54 18.3 0.562 

Carrier 48 21.2 23 33.3 71 24.1 0.039 

Cirrhosis/ HCC 11 4.9 3  4.3 14   4.7 - 

 
 

 
In general, genotype D was the most prevalent genotype in all categories of HBV patients 

(Table 8). The ratio of HBV/D positive was found as 69.2% in acute, 72.2%, chronic, 

74.7% carriers and 62.2% cirrhosis/HCC patients. Genotype A was the second most 

prevalent with 28 (13%) acute cases, 12 (22.2%) chronics, 14 (19.7%) carriers and 5 

(37.7.8%) cirrhosis/HCC patients. Mixed genotype A+D was found in 20 (12.8%) of 

acute patients, 3 (5.6%) chronics and 4 (5.6%) carriers. 
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TABLE 8  

Genotype distribution according to disease and gender 
 
 

Diagnosis/ 
Genotype 

Male 
n=226(76.6%) 

Female 
N=69(23.4%) 

Total 
(n=295) 

P- Value 
Male vs female

Acute (CAH) 124 32 156(52.9%)  

D 88 (71.0%) 20 (62.5%) 108 (69.2%) 0.355 

A 23 (18.5%) 5 (15.6%) 28 (18.0%) 0.701 

Genotype 

AD 13 (10.5%) 7 (21.9%) 20 (12.8%) 0.155 

Chronic (CLD) 43 11 54(18.3%) - 
D 30 (69.8%) 9 (81.8%) 39 (72.2%) 0.675 

A 10 (23.3%) 2 (18.2%) 12 (22.2%) - 

Genotype 

AD 3   (6.9%) - 3   (5.6%) - 

Carrier 
(asymptomatic) 

48 23 71(24%)  

D 38  (79.2%) 15 (65.2%) 53 (74.7%) 0.206 

A 6   (12.5%) 8 (34.8%) 14 (19.7%) 0.058 

Genotype 

AD 4     (8.3%) - 4  (5.6%) - 
Cirrhosis/ HCC 11 3 14(4.7%) - 

D 7 (63.6%) 1(33.3%) 8 (57.14%) - 

A 4(36.3%) 2 (66.6%) 6 (43.8%) - 

Genotype 

AD - - - - 
 

 
 

Genotype D was the most prevalent genotype in all categories of HBV patients, followed 

by genotype A and a small number of patients (10%) exhibited mixed genotypes as they 

were found to be positive for both A and D on gel electrophoresis (Figure 7.). 
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FIGURE 7 

Gel electrophoresis of genotype A (68bp) and D (119bp).  
 

1                     2                      3                  4                      5                     6           

Lane 1 & 2 showing genotype A, 3 marker and 4, 5 & 6 genotype D 

 
  

3.3 Genetic Relatedness of Genotypes 
 

A number of trees were constructed to study the genetic relatedness between genotypes 

prevalent in Pakistan and others around the world. Around 150 sequences of all 

genotypes belonging to different regions of the world were retrieved from the 

international DNA database (DDBJ/EMBL/GenBank).  

3.4 Data Analysis of 13 Sequences of 362bp  

In order to compare the genetic relatedness of genotype D prevalent here with other 

genotypes, a phylogenetic tree was constructed by comparing thirteen sequences with 

other genotypes retrieved from Gene Bank.  
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All samples clustered with D sequences reported from different countries. Two of them  

(579HBV3 and 603HBV8) clustered with D3 of India. 

Boot-strapped phylogenetic trees constructed from Sequence fragments of 362 bases, 

incrementing in 10-base steps using the programs BOOTSTRAP, MAXIMUM 

PARSIMONY in the PHYLIP version 3.62 package (Felsenstein, 1993) (Figure 8,9 and 

10). 
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FIGURE 8 

Genetic relatedness of genotype D to other genotypes 

   
 

Phylogenetic tree comparing thirteen sequences with other HBV genotypes (A,B,C,E,F,G 
and H) retrieved from Gene Bank. 



Chapter One: Genotyping & Phylogenetic Analysis of HBV Results 
 

54 
 

 
FIGURE 9 

Comparison of the nucleotide sequences of the samples with those of 

reference D1 and D3 sequences 
 

 
The nucleotide sequences of the samples compared to those of reference D1 sequences 
AY741798 from Iran, AY161159 from India, AY796032 from Turkey and reference D3 
sequences AY373430 from India, EI00615 from Eastern India, X85254 from Italy, 
V01460 from France.    
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FIGURE 10 

Genetic relatedness of genotype D of different countries 
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3.4.1 Close association with genotype D of neighboring countries  

Percent Identity  Matrix  (created by ClustalX, 1.83), which was used to get the mean 

plus standard deviation of each country, demonstrated a close association of nucleotides 

especially with our neighboring countries. The results of India, Iran and Egypt were the 

closest with mean ± SD as 98.7±0.7 , 99±0.6 and 98.8±0.6 respectively.  This data was 

entered into SPSS program (Table 9) and  an  Error Bar  graph was  plotted  (Figure  11).  

This statistical  analysis revealed that all 13  strains,  selected  for  study,   were closely  

related  to  each  other, with  98.1–99 % identity between the sequences. The  Error  Bar  

(Figure  11)  illustrated  a  close relationship  between  our  samples  and  isolates  

reported  from  India,  Iran and  Egypt. When sequences were matched individually with 

those of different countries, 573HBV7PK (EF432771) was found 100% matching with 8 

out of 14  Iranian selected sequences.  (Mean +SD 99.4+0.7)  (data not shown)  
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TABLE 9 

 
Mean calculated by values given by Percent Identity Matrix - created by 

ClustalX (1.83) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID 

This 

study 

(Pak) Italy 

 

India  

Germany Japan Brazil Egypt Iran S.Africa 

HBV1 99 99 98 97 98 97 99 99 97 

HBV2 99 99 99 98 97 98 99 99 97 

HBV3 98 98 99 98 97 98 98 98 98 

HBV4 99 99 99 97 97 98 99 98 96 

HBV5 99 99 99 97 97 97 99 99 97 

HBV6 99 99 97 97 98 98 99 99 97 

HBV7 99 99 99 97 98 98 99 99 97 

HBV8 98 97 99 98 97 98 98 100 98 

HBV9 99 99 99 97 98 97 100 98 97 

HBV10 99 99 99 98 98 97 99 99 97 

HBV11 99 99 99 97 97 97 99 99 96 

HBV12 99 99 99 98 98 98 99 99 97 

HBV13 99 99 99 98 98 98 100 99 97 

Mean±SD 98.8±0.4 98.7±0.7 98.7±0.6 97.4±0.5 97.5±0.5 97.6±0.5 99.0±0.6 98.8±0.6 97±0.6 
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FIGURE 11 

The relationship of HBV genotype D with different countries 

 
 
 
 

3.5 Data analysis of 15 sequences of 967bp  
 
The partial S gene sequences were compared with the similar sequences reported from 

other parts of the world. Sequences of all isolates were that of partial S gene. The gene of 

967 nucleotides is from 2911 to 3216 … 1 to 662 of all isolates, having a part of preS1 

region, preS2 and S gene. All isolates were found to have variable nucleotides at different 

positions showing various transitions and transversions in the S gene. Most of the 

variations observed were in preS1 and preS2 regions. 

All fifteen isolates had A instead of C at position 114 of S protein which leads to the 

substitution of amino acid H instead of P. Other substitution in S gene region included C 

instead of T at 109n in 4, 5 and 8, at 116n T/A in 4 samples at 132n G/C in 2, 140n T/G 

in 12. Both the EF584643PAK and EF584644PAK isolates had some unique amino acid 
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substitution. In preS1 region of isolate 5EF584644PAK, I72M, N103D and in preS2 

F21L are present. Other changes in the gene of these two isolate include T/A at 2040n, 

T/C at 3121, C/T at 3139n, G/T at 3196, C/T at 56n, T/G at 194n, C/T at 497n, C/T at 

623n etc. All the substitution in these isolates matched with an isolate from Brazil 

(HBU55226), sequence retrieved from GenBank.  

3.6 Phylogenetic Tree 

The phylogenetic trees were constructed by comparing fifteen sequences with other 

genotypes retrieved from Gene Bank.  

Determination of sub genotypes (D1, D2, D3, D4 and D5) 

The UPGMA dendrogram and a  neighbour joining dendrogram were constructed in 

order to compare the genetic relatedness of genotype D prevalent here with other 

genotypes by comparing the 15 sequences obtained with 38 sequences selected from 

Gene Bank (Figures 12 and 13). Thirteen, (87%) of the samples clustered with 

subgenotype D1 sequences, though they intermixed with strains from other countries. 

The remaining two strains clustered on a branch within the D3 samples and were more 

similar to each other than to the other D3 strains.  
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FIGURE 12 
 

Phylogenetic tree obtained by the neighbor-joining method based on 495 nucleotides 
of the S gene of 53 genotype D strains 
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FIGURE 13 
 

The UPGMA tree showing comparison with D1 to D5  subgenotypes of D strains 
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Determination of Serotype 

 The amino acid sequence of 13 isolates of small S gene  and 15 isolates of large S gene 

were  deduced and organized in Figures 14 and 15 respectively. Fifteen isolates of large S 

protein were compared with a consensus sequence and arranged in stature. When the 

deduced amino acids sequences of the sequenced S genes were compared, twelve of the 

strains had identical S gene amino acid sequences, and all expressed the genotype D 

specific residues T45, T46 and Y134. All strains had specific amino acid substitution F at 

161 and A at 168 in antigenic determinant of surface gene as well as R and P at 122 and 

127 specific for a determinant. The amino acid residues P and K specifying y and w were 

present at positions 122 and 160 and were thus specifying ayw.  Residue 127 important 

for the sub determinants of w was P in all samples, thus specifying ayw2 (Okamoto, et al., 

1988)  (Figure 15).  
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FIGURE 14 
 

Amino acid sequence of small S (362bp) gene 
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FIGURE 15 
 

Amino acid sequence of the partial S genes of the HBV strains 
 

Subtype ayw2 HBV GENOTYPE D 
 

CONSENSUS        1                                                    21                                                 41                                                 61                                                   81 
EF584640PAK       MENITSGFLG  PLIVLOAGFF LLTRILTIPOS  LDSWWTSLN FLGGSPVCLG QNSQSPTSNH SPTSCPPICP  GYRWMCLRRF  IIFL   

 
EF584640PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584641PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCPGYRWMCMRRF IIFL  
EF584642PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL   
EF584643PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL   
EF584644PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL   
EF584645PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584646PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584647PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584648PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLK FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584649PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584650PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584651PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584652PAK       MENITSGFLG PLLALQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584653PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  
EF584654PAK       MENITSGFLG PLLVLQAGFF LLTRILTIPQS LDSWWTSLN FLGGTTVCLG QNSQSPTSNH SPTSCPPTCP GYRWMCLRRF IIFL  

 
CONSENSUS       85                                    101                                              121                                                 141                                                 161          
EF584640PAK     FILLLC LIFLLVLLDY QGMLPVCPLI PGSTTTSTGP CKTCTTPAQG NSMFPSCCCT KPTDGNCTCI PIPSSWAFAK YLWEWASV  
 
EF584640PAK     FILLLC LIFLLVLLDY QGMLPVCPLI  PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584641PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA  
EF584642PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584643PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA          
EF584644PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA   
EF584645PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584646PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584647PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584648PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584649PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584650PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584651PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584652PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584653PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 
EF584654PAK     FILLLC LIFLLVLLDY QGM LPVCPLI PGSSTTSTGP CRTCTTPAQG TSMYPSCCCT KPSDGNCTCI PIPSSWAFGK FLWEWASA 

 
 

Deduced amino acid sequence of the S genes of human HBV strains according to 
genotype and subgenotypes as compared with the strain pHBV3200 within genotype A 
(Valenzuela et al 1980). A highlight denotes amino acid difference with the amino acids 
of the strain pHBV3200. The amino acid residues specifying y and w were present at 
positions 122 and 160. 
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4.0   Discussion 

Genotype D was found to be the most prevalent amongst the patients (76.3%) in this 

study. This particular genotype happens to be the most widely distributed genotype and 

has been found universally, with its highest prevalence in a belt stretching from Southern 

Europe and North Africa to India, and in West and South Africa. Most affected 

population within these countries is the intravenous drug users (Borchani, et al., 2000; 

Flodgren, et al., 2000; Bläckberg, et al., 2000b). Regarding the prevalence of HBV 

infection in Pakistan, multiple studies based on various population groups have been 

conducted (Abbas, et al., 2006; Alam, et al., 2007; Shah and Shabbir, 2002). All such 

studies present a varying rate of infection based on the study design, population selected, 

diagnostic assays and demographical and epidemiological variation. According to these 

study groups, the HBV prevalence rate has been reported as 2–10% among healthy blood 

donors; 5–9% among health care personnel, 3.6–18.66% among the general population, 

3.16% among the pregnant women, 10–20% in patients with provisional diagnosis of 

hepatitis and 3.16–10.4% among professional blood donors (Shah and Shabbir, 2002). 

These reports highlight the lack of a country-wide epidemiological studies that can 

present the overall disease status in the whole country. Pakistan has been reported as 

among the many regions with high HBV sero-prevalence, having D as the most prevalent 

genotype (Abbas, et al., 2006), but currently no data is available on the phylogenetic 

relatedness with other countries. The phylogenetic analysis of HBV has become a reliable 

tool to study the divergence in the HBV genome scattered geographically around the 

world. We therefore, aimed to study on the basis of geographical distribution, how HBV 

prevalence in Pakistan is connected to its neighboring countries. 
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Genotype D being the most prevalent amongst our patients appears to be in contrast to 

reports published at the time when this research was started in 2004. Idrees et al. (2004), 

reported prevalence of four genotypes A, B, C and D with varying degrees of 

predominance of different genotypes in different provinces of Pakistan. They reported 

genotype A (68%) as predominant type in Sindh, genotype C most predominant in North 

West Frontier Province (N.W.F.P.) (69%), whereas genotypes B and C were shown with 

more or less even dominance in Punjab (40% and 26% respectively). The basic reason for 

this contradiction can be explained on the grounds that the methodology they employed 

was not that of type specific PCR. In Asia, since initial research on genotyping was 

conducted extensively in Japan and China, therefore, B and C the genotypes of these 

countries were considered as the most prevalent genotypes of Asia. Later on, it was found 

that all the seven HBV genotypes can be found in Asia, (Toan, et al., 2006) with 

predominance of D in South East Asia. For instance, the predominant genotypes in India 

now to be found are genotype D and A (Thakur, et al., 2002). The predominant HBV 

genotype of Afghanistan is also genotype D (Amini, et al., 2006). Similarly, Iranian HBV 

isolates sequences have also been classified into genotype D (Amini, et al., 2005a and b). 

Thus, pattern of genotype prevalence in Pakistan is in accordance with studies from 

South East Asia, especially countries sharing borders with Pakistan such as Afghanistan, 

Iran and India having dominance of genotype D. 

This study not only highlighted the genotypic link between the neighbouring countries 

but also provided an opportunity to study the distribution of HBV genotypes among the 

various ethnic groups prevalent here. The major part of the study was conducted in JPMC 

Karachi, which is a tertiary care hospital and caters, besides Karachi, the entire province 
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of Sindh. Secondly, Karachi itself with a population of 16 million is known as mini 

Pakistan. It portrays not only ethnically and linguistically diverse population of the four 

provinces but also is the best representative of the several waves of migration to Pakistan. 

The first wave of migration after partition in 1947 was from India which is represented 

by a large majority in Karachi. The rest of population constitutes settlers from Punjab, 

Sindh, NWFP and Baluchistan in a decreasing order. Secondly, the squatter settlements 

of Afghanis all around the city, also constitute a bulk of population. Non-governmental 

and international sources estimate Karachi's current population at about 20 million 

(Karachi Demographics, 2007). 

Studies from India have generally reported predominance of genotype D coexisting with 

A and AD in lesser percentage. This raises the same possibility for the Pakistanis as that 

of the Indian population who originally had genotype D, which has been replaced by 

Genotype A due to human migration from Europe over the time (Chowdhury, et al., 

2005). The prevalence of chronic HBV infection in Afghanistan has been reported as 

6.7% in 2003. The prevalence of HBsAg among Afghan refugees residing in camps in 

Balochistan, Pakistan was reported to be 8.3% in 2003 (WHO- UNICEF 2005). The 

predominant HBV genotype in Afghanistan was found to be genotype D (Amini, et al., 

2006).   

Thousands of Pakistanis are residing in the Middle East for employment reason and every 

year hundreds of thousands visit Holy places as religious pilgrims. The major traveling is 

towards Saudi Arabia, Iran, Dubai, Iraq etc.  Studies from Iran, another border sharing 

neighbor, show predominance of genotype D (Amini, et al., 2005b). Similarly, in the 
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Middle Eastern countries, HBV gene sequences analysis findings showed that HBV 

genotype D subtype ayw2 is the most dominant (Amini, et al., 2005a). China is another 

neighbor sharing trade ventures through the Khunjarab pass amidst the gigantic 

Himalayas. The most common genotype of Northern China is C, Southern provinces is B 

(Zeng, et al., 2005), whereas, in western China which is adjacent to Pakistan, D is also 

found. In fact two types of HBV recombinant viruses have been identified which are C/D 

recombinant hybrids (Wang, et al., 2007).  

Besides genotype D (76.3%), being the most prevalent, 16.4% of the patients were found 

infected with genotype A, whereas 7.3% were co-infected with both type A and D. 

Combination of genotype A and D is a common event in countries where different 

genotypes are prevalent. These co-circulating genotypes provide a mechanism of 

variation within individuals and in the population in general (Okamoto, et al., 1988). 

Genotype A and D recombinants have been reported from Africa (Ruiz, et al., 2007), B/C 

recombinants from Asia (Morozov, et al., 2005) and C/D recombinants from Tibet (Cui, 

et al., 2002). In the present study, however, no evidence of recombination was found in 

the samples which were sequenced. The sequencing of the samples having both A and D 

was not done because of very low HBV titer. Moreover, genotype A and D are confined 

to both overlapping and non-overlapping regions of the P/S open reading frames, fewer 

recombinants are found between these genotypes (Owiredu, et al., 2001).  

Indian studies, (Gandhe, et al., 2003, Kumar, et al., 2005) also show a similar mixed 

pattern of genotypes D and A, describing genotype D to be the predominant genotype, 

with genotype A accounting for only 5-8% of patients. In addition to D and A, genotype 
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C (18.7%) has also been detected in India, in areas which are adjacent to Bangladesh 

where HBV genotype C is common (Banerjee, et al., 2005, Mahtab, et al., 2006). Co- 

infection with two different HBV genotypes has been described by several reports from 

all parts of the world. Researchers used different methods for genotyping to show the 

rates of co-infection of the HBV genotypes prevalent in that region. Ding, et al.(2003) 

report the prevalence of mixed HBV genotype (B and C) infection in China as 4.4% 

where as Zeng et al. (2004) report (B and C) as 1.6%. Even triple infections with HBV of 

genotype A, B and C have been described in 0.9% of HBV infected intravenous drug 

users (Chen, et al., 2004). In this regard our results are in contrast to other Asian patients, 

where the predominant genotype mixtures include A/C and C/D, and are in accordance 

with the A/D combination in  Indian and African patients. Yang, et al. (2006), in a study 

on HBV hybrids, revealed that A/D hybrids from Italy belonged to genotype D and C/D 

hybrids from north-west China and Tibet, where genotype D is rare, belonged to genotype 

C in the whole genome. This explains the role of most prevalent genotype as the 

dominant, demonstrating region priority.  

 However, this observation needs to be assessed in light of some additional observations 

like the one from Gerner (Gerner, et al., 1998), who observed that patients who were 

infected with HBV genotype A, after treatment with interferon and a relapse, had a 

switch of the genotype from HBV genotype A to genotype D. The mechanism for this 

recombination remains enigmatic. However, emergence of quasi-species of HBV among 

chronic infected patients is now well documented and subject of study in many 

laboratories around the globe. Co-infection with different HBV genotypes in one patient 

may lead to an exchange of genetic material between the two strains. However, with 
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current knowledge of HBV replication, the mechanism through which hepadnaviral 

genomes would allow an exchange of genetic material between two viruses at the level of 

transcription cannot be envisioned. Nevertheless, numerous authors described changes in 

the genome of HBV that appear to be the consequences of a recombinatorial event 

(Schaefer, 2007). 

Phylogenetic Analysis 

Analysis of pre S2 362bp nucleotide Sequence 

The 13 samples of 362bp, when compared phylogenetically with 32 retrieved from the 

international DNA database (DDBJ/EMBL/GenBank), were closely related to each other 

with 98.1–99 % identity between the sequences. This close relationship is evident in the 

phylogenetic tree comprising sequences of our HBV samples and other HBV genome 

sequences that were retrieved from NCBI gene bank. The HBV samples of our study 

clustered near each other showing a consistent circulation of closely related viruses 

within this relatively multidimensional population (Figure 9 and 10).  

Phylogenetic tree with all genotypes shows all 13 samples clustered within the D 

sequences compared to 32 different genotype sequences reported from different countries 

(Figure9). The  nucleotide  sequences  of  the  samples  with  genotype  D  were  

compared  to  those  of reference  D1  sequences  AY741798  from  Iran,  AY161159  

from  India,  AY796032  from Turkey  and  reference  D3  sequences  AY373430  from  

India,  EI00615  from  Eastern  India, X85254 from Italy and V01460 from France.  In 

the 11 samples of genotype D, mutations were detected at 27 different sites and insertion 
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of nucleotide C was noted after nt 2893 in sample 562HBV2  (Figure 9). Amino acid  

sequences  of  part  of  the  pre S  protein  (14–135)  for  the HBV  isolates from  the 

study samples with genotype D were compared with the amino acid  sequences of the 

same reference sequences (Figure 14).  Comparison of only genotype D sequences in 

figure 10  revealed eleven of these sequences clustered with subgenotype D1, two of 

them (579HBV3 and 603HBV8) between HBV/ D3 of India.  

The statistical assessment on SPSS analysis of Percentage Divergence from Clustal X 

between our HBV samples and 15 Iranian sequences (Table 9 and Figure 11)  showed 

close matching , giving on the whole Mean +SD of 98.8±0.6. When sequences were 

matched with individual sequences from different countries,  HBV 7 was found matching 

100% with 8 out of  14 Iranian sequences (Mean +SD 99.4±0.7). (Data not shown) 

Similar to our results, the Iranian study also revealed that HBV genotype D, sub-

genotype D1, subtype ayw2 dominates in the Iranian infected patients. Iranian HBV 

isolates were found to be closely related with Turkish HBV strains (Amini, et al., 2005b).  

Comparison on percentage divergence of our isolates showed 99% (99.0±0.57) homology 

with 8 Egyptian samples (data not shown). This Egyptian study (Saudy, et al., 2003) 

reports nucleotide homology ranging from 96-98% with the HBV isolates from Western 

and Mediterranean countries. In all of their 15 samples, they observed the common 33 

nucleotides (11 amino acids) deletions in the preS1 region specific for HBV genotype D, 

which could not be observed in our samples because that part of the gene was not 

sequenced.   
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The data of Indian samples used for phylogenetic comparison in our study, determined 

genotype D (ayw-serotype) isolates closely related with D3 subgenotype. The five of 

genotype D (ayw2, ayw3 serotype) isolates were highly divergent; one was related to 

subgenotype D1, two to subgenotype D3, and the remaining two clustered with a single 

genotype D isolate from Japan belonging to an unclassified subgenotype. Together, these 

two isolates differed from HBV D1-D4 subgenotypes by nucleotide differences ranging 

from 5.0 to 5.49%, indicating a new subgenotype, which was designated as D5 (Banerjee, 

et al., 2007). Among our samples, 579HBV3 and 603HBV8 clustered around sub 

genotype D3 of India (AY373430), signifying their sub genotype as D3.  Besides D1 and 

D3,  none of the other sub genotypes were detected in our isolates. 

Analysis of S gene 967bp nucleotide sequence 

The phylogenetic tree obtained by the neighbor-joining method was based on 967 

nucleotides of the S gene. Thirteen of the samples (87 %) clustered on one branch with 

subgenotype D1 sequences from China, Mongolia, India and Italy. The D1 strains from 

Pakistan differed with 0 – 14 nucleotides from each other, mean 6 nucleotides difference.  

It seems that our HBV isolates demonstrate considerable genotypic heterogeneity as that 

of the Indian genotype D, and intermix with strains from India, Middle East and Europe 

(Banerjee, et al., 2006). Strains specifying ayw2 are found in D1, D3 and D4. The ayw2 

strains belonging to subgenotype D3, have so far only been identified from South Africa, 

Alaska, Brazil, Italy and Yugoslavia (Norder, et al., 2004). Two of the strains, EF584653 

and EF584650, were identical. They derived from a common ancestor. The ayw3 

specifying strains within this subgenotype D3 have so far been reported from IDUs in 
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Europe and the USA (Norder, et al., 2004). These two D3 strains clustered on a branch 

within the D3 samples and were more similar to each other than to the other D3 strains. 

They differed with 7 nucleotides from each other and derived from a phylogenetically 

related common ancestor. More studies are needed to investigate if the D3 strains have 

had fewer introductions into Pakistan as compared to the D1 strains. Strain EF584642 

was the most divergent strain with 4 – 13 nucleotides difference from the other D1 strains 

from Pakistan.  

Overall, in the first 13 isolates studied 15% were D3 and 85%D1 and later 15 sequences 

of large s gene revealed 13% as D3 and 86% as D1. The D1 strains intermixed with 

strains from other countries, indicating several introductions of this strain into Pakistan, 

and that this strain has prevailed in the country probably for a rather long time. The D3 

strains studied later were phylogenetically related with a common ancestor. More studies 

are needed to investigate if the D3 strains have had fewer introductions into Pakistan as 

compared to the D1 strains.  

Serotyping   

The clustering of HBV DNA sequences into genotype groups corresponded to their 

respective subtype, that is, adw2 in genotype B, adrq in genotype C and ayw in genotype 

D. The a determinant is common for all serotypes (Okamoto, et al., 1998). Mutations in 

the  a determinant are the one which lead to difference in genotype and serotype (Ruiz, et 

al., 2007). Serotypes of genotype D are ayw2, ayw3, ayw4 depending on the amino acids 

arrangement on the s gene. When the deduced amino acids sequences of the sequenced S 

genes were compared, all strains  had specific amino acid substitution Y at codon 134,  F 
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at 161 and A at 168 in antigenic determinant of surface gene  as well as R and  P at 122  

and 127 specific for a determinant. The amino acid residues P and K specifying y and w 

were present at positions 122 and 160 and  thus specifying ayw. Residue 127 important 

for the sub determinants of w was P in all samples, thus specifying ayw2 (Okamoto, et al., 

1988).  Twelve of the strains had identical S gene amino acid sequences, and all 

expressed the genotype D specific residues T45, T46 and Y134 (Figure 15). The residue 127 

specifying ayw2, important for the sub determinants of w, is P was present in all samples. 

Twelve of the strains had specific residues T45, T46 & Y134 and all expressed the genotype 

D.  It again signifies genotypic heterogeneity of our HBV isolates as that of the Indian 

genotype D (Banerjee, et al., 2006). Strains specifying ayw2 are found in D1, D3, and 

D4. Two of our samples with subgenotype D3 belonging to ayw2 strains  match with the 

strains of subgenotype D3 reported so far only from South Africa, Alaska, Brazil , Italy 

and Yugoslavia (Norder, et al., 2004). 

 

Clinical Spectrum of HBV in Pakistan 

HBV is a classical virus that has amazed the researchers and clinicians around the world, 

firstly with geographic relationship of its genotypes, secondly with its association of 

different genotypes with a wide spectrum of clinical manifestations. In the recent years, 

there has been an explosion of knowledge regarding clinical significance of HBV 

genotypes in terms of clinical outcomes and therapeutic response to antiviral therapy in 

patients with HBV related severe liver conditions. Thus, HBV genotyping is a research 

tool that can be utilized in the clinical evaluation of Hepatitis B patients.  This study was 

therefore, designed to find out the relationship of the clinical phenotypes, with HBV 
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genotype most prevalent here. Since the most prevalent HBV genotype in Pakistan is D, 

which has been considered less virulent by earlier studies from South East Asian 

countries, therefore, a study on correlation between HBV genotypes and risk of 

progression to further complex hepatic infection was required. In this study 295 HBsAg 

positive PMRC registered patients, 226 (77%) males, and 69 (23%) females (M to F ratio 

3.3:1) suffering from various liver conditions were found to have genotype A and D and 

AD present in all categories except cirrhosis and HCC (Table 8). Genotype D was the 

most prevalent genotype in all categories of HBV patients. Acute (108), chronic (39), 

carrier (53), cirrhosis/HCC (8) were HBV/D positive. Genotype A was the second 

prevalent with 28 (18%) acute, 12 (22.2%) chronics, 14 (19.7%) carriers and 6 (43.8%) 

Cirrhosis/HCC patients. Mixed genotype was found in 20 (12.8%) of acute patients, 3 

(5.6%) of chronic and 4 (5.6%) of carriers. This finding is in accordance with study of 

Chattopadhyay, et al. (2006), who reported from India that genotypes D and A were 

present in all chronic liver debilitating disease patient categories and genotype D was 

dominant. All these conditions can be discussed by addressing the developmental stages 

of HBV infection one by one. When an individual develops hepatitis B infection that is 

acute, he/she either achieves complete immune clearance of virus yielding lifelong 

immunity or develops chronic hepatitis B. This leads to three stages of HBV infection 

based on viral-host interaction, namely, the immune tolerant phase, the immune clearance 

phase, and the inactive carrier phase with or without reactivation (Calvin, et al., 2005). 

After acute infection of HBV, some patients may have as the immune tolerance phase 

with HBeAg positive, high levels of serum HBV DNA, little or no symptoms and normal 

ALT levels (Calvin, et al., 2005). This phase is typical of infection in children and young 
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adults. It usually lasts for 2-4 weeks, but can last for years in those who acquired the 

infection during the perinatal period (Merican, et al., 2000). Individuals in this group are 

highly contagious and can transmit HBV easily. When the tolerogenic effect is lost 

during the immune tolerant phase, immune-mediated lysis of infected hepatocytes 

become active and patients enter the second stage defined as immune clearance phase, 

when the HBV DNA level decreases and ALT level increases. The duration of clearance 

phase lasts from months to years.  This is followed by the carrier stage, in which 

seroconversion of HBeAg to HBeAb occurs, non-detectable or low HBV level with 

normal ALT, reflect very mild or no hepatic injury.  The inactive carrier stage may last 

for years or even lifetime. Patients in this stage can have spontaneous resolution of 

hepatitis B and develop HBsAb, but some may undergo spontaneous or 

immunosuppression-induced reactivation of chronic hepatitis, featuring elevated ALT, 

high level of DNA, moderate to severe liver histological activity; with or without HBeAg 

seroreversion (Calvin, et al., 2005). 

 

Primary infection, subclinical infection and acute hepatitis B infection 

The clinical significance of different HBV genotypes has become increasingly recognized 

in patients with acute and chronic infection (Kar, 2005). In this study genotyping of 156 

acute patients was done. Highest prevalence was that of genotype D, 108 (69.2%) 

patients, whereas, genotype A was found in 28 (18%) and A/D in 20 (12.8%) of the 

patients. There is paucity of information on the correlation between HBV genotypes and 

outcome of acute HBV infection. In Europe, most patients with genotype D are reported 

to have acute hepatitis B, while most patients with genotype A have chronic hepatitis B 



Chapter One: Genotyping & Phylogenetic Analysis of HBV Discussion 
 

77 
 

(Mayerat, et al., 1999). In Turkey acute HBV infection constitutes a significant health 

problem and genotype D is predominant in patients suffering from acute HBV infection 

(Leblebicioglu, and Eroglu, 2004). This leads us to believe that different genotypes may 

be associated with different rates of progression from acute to chronic HBV infection. 

The recent reports are conflicting because acute HBV infection in Europe in earlier 

studies was found to be associated with genotype D,(Mayerat, et al., 1999, Leblebicioglu 

and Eroglu, 2004) but recently it has been demonstrated that A is the most prevalent 

amongst the patients with acute Hepatitis B, (Lyra, et al., 2005). Similarly, a study from 

Japan demonstrates HBV genotype A in patients with acute hepatitis B, whereas, the 

most prevalent genotype B and C lead to chronic infection (Suzuki, et al., 2005). If we 

conclude that these reports are possibly not reflecting the most virulent but instead are 

showing the most prevalent genotype as the most virulent, as in the case of Europe, then 

the question arises why the genotype A is more common in Japanese patients with acute 

infection, when it should have been B or C. 

 

Chronic hepatitis B: HBeAg positive/ HBeAg negative 

Levels of viremia in chronic infection are generally significantly lower than during 

primary infection. The strong determinant of chronicity is age at the time of infection. 

Long-term prognosis is poorer among HBeAg-negative individuals compared to their 

counterparts who are HBeAg-positive. In this study 54 (18.4%) patients had Chronic 

(CLD) Hepatitis. Out of these 43 (19.1%) were males and 11 (16.2%) females. In patients 

with chronic liver disease (CLD) 72.2% had genotype D, 22.2% had A and 5.6% had 

A/D. This is in contrast to a study by Mayerat, et al. (1999), which suggested that the 
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chronic infection by HBV could be more frequently associated with genotype A than 

genotype D. Whereas, genotype D was more prevalent among patients with resolving 

acute HBV infection, suggesting that HBV genotype D was associated with a lower rate 

of chronic HBV infection, however, Thakur, et al. (2002), concluded that genotype D was 

associated with more severe liver disease and may predict the occurrence of 

hepatocellular carcinoma in young Indian patients. Erhardt, et al., (2000) reported that the 

rate of interferon-induced HBeAg seroconversion was lower among patients with 

genotype D than among those with genotype A (6% vs. 37%) and the relationship 

between HBV genotypes and the outcome of acute HBV infection was inconclusive 

because only genotype D was detected.  

HBV genotype D has also been described as the genotype of intravenous illicit drug users 

(Van, et al., 1993). In a Pakistani study on IDU by Alam, et al. (2007), the genotype 

distribution was found to be quite similar to one in our study; genotype D was 62.5%; 

genotype A, 8.92% while 28.57% individuals were found to be infected with a mixture of 

genotype A and D. The A and D combination in our patients was 7.3% compared to 

28.57% reported in Pakistani IUDs. The 4 times high percentage explains the cross 

contamination due to sharing of the used syringes. 

  

Inactive HBsAg carrier state 

Inactive HBsAg carrier state is diagnosed by HBeAg negativity with anti-HBe positivity, 

low HBV DNA level and repeatedly normal ALT. In this study the highest prevalence of 

genotype D was found in HBV asymptomatic carriers (74.7%). Borchani, et al. (2000) 

also reports the genotype D as the most prevalent amongst  asymptomatic carrier patients 
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(67.2%). A study in Italy has found that carriers of HBsAg who are symptom-free and 

whose liver function tests are normal, have an excellent prognosis and the risk of 

hepatocellular carcinoma was found low over the mean follow-up period of about 30 

years (Manno, et al., 2004). The prognosis of the inactive carrier is generally good and 

well supported by long-term follow-up studies (Bellentani, et al., 2002., Hsu, et al., 2000; 

De Franchis, et al., 1993). An estimated 20-30% of HBsAg carriers may develop 

reactivation of hepatitis B with elevation of biochemical levels, high serum DNA level 

with or without sero-reversion to HBeAg. Recurrent episodes of reactivation or sustained 

reactivation can occur and contribute to progressive liver disease and decompensation. 

Frequently, HBV reactivation is asymptomatic, but it may mimic acute viral hepatitis.  

However, these flares in the immunosuppressed individuals rarely result in significant 

hepatic decompensation.  

Long-term sequelae of chronic hepatitis B  

Cirrhosis /HCC 

Cirrhosis and hepatocellular carcinoma (HCC) are two major long-term complications of 

chronic HBV infection that significantly increase morbidity and mortality. Among the 14 

patients who developed serious condition, 11 were males and 3 females. Five had 

developed cirrhosis and 9 hepatocellular carcinoma. Among the HCC patients, 7 were 

males and 2 females. HCC incidence is three to six times higher in males than in females, 

suggesting a tumorigenic effect of androgens (McMahon. et al., 1990). The 5 patients 

who developed cirrhosis  from  chronic condition  comprised one  female  and 4 males, 

showing again the predominance of male gender. Chronically infected subjects have a 

100 times increased risk of hepatocellular carcinoma compared to non-carriers.  HBsAg 
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positivity  increases risk of developing HCC by 10 folds and with HBeAg positivity, it is 

significantly increased by 60 folds, whereas, a detectable HBV DNA level yields a 4 fold 

increased risk of HCC (Yang, et al., 2002). Regarding the genotype distribution, in this 

study, HBV genotype D was most prevalent among the HCC patients and genotype A in 

cirrhosis patients. None of the patients had combination of A/D. Gerner et al.(1998) 

observed that patients who were infected with HBV genotype A, after treatment with 

interferon and a relapse, had a switch of the genotype from HBV genotype A to D, 

whereas, Chen, et al.(2004) observed that the dominant-genotype C changed to genotype 

Ba after anti-HBV e antigen (anti-HBe) seroconversion. Originally HBV/Ba (B2) co-

existed as a minor population with HBV/C during the early course of acute HBV infection 

and then emerged and gradually became the dominant genotype (Chen, et al., 2006).  The 

mechanism for this recombination remains enigmatic but this could be a possibility that 

long term sequelae could lead to reorganization of nucleotides. 

Several studies have indicated that older age (>45 years) is an important determinant of 

HCC. Having a first degree relative with HCC, the presence of cirrhosis, and reversion 

activity are all thought to contribute to HCC development (Benvegnue, et al., 1994; Tsai, 

et al., 1997). In this study, all patients with HCC were above 50 years of age but among 

the 5 patients who developed cirrhosis, the age ranged from 22 to 60 years. Thus it is 

better advised that all HBV infected patients, regardless of status, should get screened  

every 6 months with alpha-fetoprotein (AFP) and liver sonogram.  

Male to female ratio 

In this study it was observed that overall male to female ratio was approximately 3.3:1. 

Clinical observations and death statistics support the view that chronic hepatitis B appear 
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to progress more rapidly in males than in females (McMahon, et al., 1990), and that 

cirrhosis is largely a disease of men and postmenopausal women, with the exception of 

autoimmune liver diseases, such as primary biliary cirrhosis and chronic autoimmune 

hepatitis (Shimizu, et al., 2003 , 2007a and b). A better understanding of the biological 

mechanisms underlying the gender-associated differences observed in chronic HBV 

infection may provide valuable information on more effective treatment modalities in 

liver disease in both males and females (Shimizu, et al., 2007b). It is not clear whether 

between males and females, the susceptibility to the integration of viral DNA inducing 

malignant transformation of hepatocytes is different or not. The risk factors for males 

with hepatic fibrosis include sex and age >50 years as important for HCC (Tanaka, et al., 

2006). Conversely, premenopausal women, without the risk factors of male sex and older 

age, are least vulnerable to HCC. In a Japanese study (Villa, et al., 1995) male-to-female 

ratio was examined in patients with HBV associated HCC. When the subjects were 

divided into different age groups, as younger or older than the menopausal age of 50 

years, the younger group had only 10.5% females compared to 32.8%, in the older group. 

Moreover, variant Estrogen Receptors were expressed more in male patients than in 

female HCC patients (Villa, et al., 1995). This leads to loss of estrogen responsiveness. 

Experimentally induced carcinomas using carcinogens, as well as spontaneous 

neoplasms, occur at a higher rate in male rats and mice. Another study in rats 

demonstrated the suppressive effect of estradiol on chemical hepatocarcinogenesis 

induced by dimethylnitrosamine (DEN)-2-acetylaminofluorene (AAF)-partial 

hepatectomy (PH) (Shimizu, et al., 1998). This evidence suggests that both the status of 

estradiol and the Estrogen Receptors play a critical role in the biological defense against 



Chapter One: Genotyping & Phylogenetic Analysis of HBV Discussion 
 

82 
 

hepatocarcinogenesis. Estradiol attenuates the production of collagen type 1, α-SMA 

expression and cell proliferation in cultured rat HSCs (Honda, et al., 2001; Yasuda, et al., 

1999; Shimizu, et al., 1999). A recent report indicates that estradiol inhibits ROS 

generation and antioxidant enzyme loss via the suppression of NADH/NADPH oxidase 

activity and blocks hydrogen peroxide-induced TGF-β expression, activation of AP-1 and 

NF-κB, and proliferation and transformation of cultured rat HSCs (Itagaki, et al., 2005). 

These findings suggest that, by suppressing NADH/NADPH oxidase activity, estradiol 

prevents the autocrine loop of ROS and TGF-β by HSCs as well as HSC activation and 

has a cytoprotective effect against hepatocyte injury. 
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2.1 Introduction 

The infectious role of HBV begins as the virus after entering the blood, attaches to its 

chaperone via its envelope proteins and most importantly gets attached onto a cell 

capable of supporting its replication. The liver has the most favorable cell type for the 

replication of HBV. Other extra hepatic sites have also been found capable of supporting 

replication, though to a lesser degree. The virus, after entering the cell through the 

receptor, releases the viral genome into the cell. The HBV DNA is brought into the 

nucleus where it gets converted into the covalently closed-circular form (cccDNA) by the 

action of the viral polymerase. This DNA (cccDNA) directs the synthesis of viral mRNA 

that encodes all the viral proteins and through the reverse transcription of pre-genomic 

RNA into a complementary strand of DNA (Birnbaum and Nassal, 1990; Ueda, et al., 

1991). HBV surface proteins are synthesized and polymerized and HBV virion is 

assembled and then secreted out of the host cell to finish the life cycle (Huovila, et al., 

1992). 

The molecular cloning conducted on duck hepatitis B virus (DHBV) with primary duck 

hepatocytes has been the basis for the current understanding on the infectivity of HBV. 

The surface proteins of HBV and DHBV are considerably different, both in composition 

as well as sequence. Therefore, the degree to which this information from DHBV is 

correlated to human HBV attachment and entry is inconsequential (Lu and Block, 2004). 

The replication of HBV and the synthesis of viral protein in the infected cells are well 

documented. However, the attachment and penetration of hepatitis B virus and release of 

its genome into host cells is uncertain.  
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Broadly, the life cycle of HBV infection can be divided into three stages:  

• Attachment of the virus with a plasma protein 

• Attachment and fusion of virus protein complex to a receptor on the hepatocytes. 

• Entry of the virus into the cell. 

 

• Attachment of the virus with a plasma protein 

Although, the precise role for each HBV glycoprotein in the entry and egress of the virus 

is controversial, yet it is generally agreed that the surface proteins of HBV do mediate 

early steps in the virus life cycle. Infected cells produce surface protein (HBsAg) having 

three carboxyl-co-terminal HBsAg proteins. These proteins are identified as large 

(LHBs), middle (MHBs) and small (SHBs) protein (Stibbe and Gerlich, 1983; Heermann 

and Gerlich, 1991). The highly hydrophobic, repetitive, membrane-spanning S domain is 

shared by LHBs and MHBs. Additionally, LHBs has a 109-120 amino acid region called 

preS1 and MHBs has a 55 amino acid region called preS2. 

Large hepatitis B antigen. Neurath, et al. (1986a) were the first to report preS1 as 

important for attachment of HBV whereas, Pontisso, et al. (1989a) confirmed this role of 

LHBs.  In 2001, the attachment site was narrowed down to the amino acids 21–47 of 

preS1 region. Paran and his colleagues (2001), by mutagenesis studies and single cell 

attachment analysis, found a sequence of amino acids QLDPAF within this preS1 region 

vital for cell attachment. They were able to further support this hypothesis by showing 

the role of this sequence in other viruses and bacteria where it functions as an adhesion or 



Chapter Two: Identification of Hepatitis B Virus Binding Protein in Serum Introduction 
 

85 
 

attachment determinant (Paran, et al., 2001). These researchers totally missed one 

extremely important point and that is the role of usherer proteins in the blood. 

Middle hepatitis B antigen. Although the role of middle hepatitis B antigens in 

generation of HBV in the transfected cells has been described extensively, yet reports 

regarding its part in mediating HBV infection vary (Bruss and Ganem, 1991b). Lu, et al., 

(2001a) demonstrated interference of MHBs with the assembly of HBV virions in the 

persistently producing virus HepG2.215 cell line. The involvement of MHBs in viral 

entry was further proved in studies by Pontisso, et al., (1989b) Ryu, et al., (1997) and 

Neurath, et al., (1986b). They showed that anti-preS2 antibody that recognizes MHBs, 

blocks HBV infection of primary human liver cell in vitro and chimpanzee liver cells in 

vivo, indicating its role in attachment of the virus. 

Small Hepatitis B antigen has been researched extensively to discover its role in virus 

binding and secretion of HBV (Bruss and Ganem, 1991a). Binding studies by Leenders, 

et al. (1990) suggest that SHBs bind specifically to human hepatocytes, fibroblasts and 

blood mononuclear cells but not to the rat hepatocytes. Bruin, et al. (1995) further 

supported the observation of binding of SHBs with human hepatocytes by showing that 

the particles composed only by SHBs could bind the human hepatocyte plasma 

membrane and this binding resulted in the internalization of the gold labeled sub viral 

particles (Peeples, et al., 1987). Thus, small hepatitis B antigen, being the most abundant 

viral glycoprotein, cannot be ignored for its role in binding of the virus. Other 

experiments, involving scanning and transmission electron microscopy show the 

possibility of HBV uptake involving multiple attachment sites (Cooper, et al., 2003a). 
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A number of proteins that bind HBV MHBs or SHBs have been reported by several 

groups using HepG2 cells, hepatoma cell line or the membrane of human liver cells (De 

Falco, et al., 2001; Treichel, et al., 1997; Peeples, et al., 1987) but none has been further 

investigated or confirmed. Despite repeated verification of the binding domains as the 

attachment site of HBV to human liver cells, the cellular protein that is responsible for 

this binding has not been identified yet. 

• Attachment and fusion of HBV-protein complex to a receptor 

The knowledge of HBV fusion and proteolysis, its attachment via surface protein to the 

host cell, the fusion of viral protein and the release of the viral genome into cytosol is 

mostly theoretical. Of all the entry systems, the fusion entry of an enveloped virus into 

the host is considered the simplest membrane fusion reaction because it does not involve 

mixing of lipid bilayers between distinct subcellular compartments. The study of HBV 

attachment and infection is hampered by the fact that the established human hepatocyte 

cell lines that retain the hepatocyte markers, such as HepG2 and Huh-7, are refractory to 

HBV infection and thus attachment and entry are believed to become the restrictive steps. 

The attachment is receptor mediated and therefore is highly cell specific. The viral fusion 

is dependent on “fusion motif,” a specific domain composed of a series of hydrophobic 

amino acids (Gerlich, et al., 1993; Hughson, 1995). An area of 13 hydrophobic amino 

acids in HBV was reported. by Gerlich et al.,(1993) as conservative region in the N-

terminus of S domain. Other human viruses such as paramyxoviruses and retroviruses 

including HIV, RSV and influenza virus (Lu, et. al., 1996) also have this characteristics 

area called as fusion motif. The core hydrophobic sequence of this region: FLG-LL-AG, 
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is supposed to trigger the viral–cell fusion (White, 1992; Rodriguez, et al., 1999). 

Remarkably, this sequence is conserved in all the hepadnavirus (Lu, et al., 1996; 2001b). 

Rodriguez et al., (1999) reported that the transmembrane domain of viral fusion proteins 

is potentially important in the final step of the fusion process. They confirmed the 

fusogenesis of this sequence by using the synthesized peptides containing this region of 

HBV and woodchuck hepatitis virus (WHV). Further, it was confirmed that these 

peptides can induce the fusion of bio-membranes, liposome leakage and hemolytic 

activity in vitro (White, 1992; Rodriguez, et al., 1999).  

• Entry of the virus into the cell. 

The entry path for HBV is still uncertain because the preceding steps of HBV attachment 

via surface protein to the host cell, the fusion of viral protein and the release of the viral 

genome into cytosol have not been established. It has already been discussed that 

attachment, usually, is receptor mediated and therefore is highly cell specific. The studies 

on the uptake of DHBV by duck primary hepatocytes (PDH) had been the source of 

information about hepadnavirus internalization and transport to the nucleus. Two possible 

ways used by viruses for their entry have been explored. One is via direct fusion with the 

host cell membrane like HIV (Dimitrov, et al., 2001) and the other through endocytic 

pathway like Semliki forest virus and Influenza virus (Formanowski, et al., 1990; Lobigs 

and Garoff, 1990).  DHBV, most probably, uses endocytic pathway for its entry because 

a conformational change was observed of the large surface protein of DHBV at low pH 

condition (Guo and Pugh, 1997). This was further confirmed by studies performed by 

Qiao and his colleagues in 1999, through their kinetic study on the uptake of DHBV by 
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duck primary hepatocytes. Whereas, the study by Gripon, et al., {1988) of HBV infection 

to human primary hepatocytes was in contrast to that. This proves that the data available 

about HBV internalization and transport to the nucleus is deficient.  

Since, the biological significance of all these proteins has been described as putative, and 

the receptors for HBV have not yet been confirmed, there was a need to identify a novel 

HBV-interacting protein responsible for its transport in blood, attachment to hepatocytes, 

fusion and entry into the cells. 
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2.2 Materials and Methods 

 Samples 

Hepatitis B binding protein studies were carried out using serum samples collected and 

stored as mentioned in section 2.5. Patients’ samples stored at -70ºC were thawed at room 

temperature. The use of serum samples conformed to the ZU ethical review committee.   

2.2.1 Fractionation of Plasma Proteins by Salts 

Two hundred micro liters of HBV positive serum was diluted 1:1 in distilled water in a 

1.5 ml tube. To make up a 50% fraction, 400 µl of ammonium sulfate (100%) was added 

and the tube was kept on the shaker on ice for half an hour. Similarly other fractions were 

prepared following the flow chart given in Figure 16. A nomogram was used to calculate 

the amount of salt required in each step. Information about protein solubility in 

ammonium sulfate is given in Table 10 (Spadaro, et al., 2003).   

TABLE 10 

Solubility of plasma proteins in ammonium sulfate solutions 

Saturation by  
Ammonium sulfate 

(%) 
Protein fraction precipitated Salt required  

(g/100 ml) 

0–20  Fibrinogen  11   

20–50  Globulins  19   

50–100  Albumins  38   
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FIGURE 16 

Flow chart for fractionation of plasma proteins by precipitation with 
ammonium sulfate.  

 

 
 

 
Each fraction was washed at least once with salt solution of the same concentration. All 
fractions (1- 4) were dialyzed against phosphate-buffered saline to eliminate excess of 
salt (Spadaro, et al., 2003). 

 
 

Fractions 1- 4 were further processed  

The final fractions 1 - 4 were prepared for further analysis to identify the protein fraction 

with HBV activity. 

200µlSerum+200µl H2O

Added 400µl amm. Sulfate 
(100% saturation) 30 min. on a 
shaker at 40C 

Centrifuged at 14000rpm
for 10 min.
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Added 0.16 g solid 
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50% saturation  
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½ hr. on a shaker at 40C

+200 µl H2O to 
constitute100% 
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2.2.2   Protein Estimation 

The protein yield in each fraction was estimated. A standard curve was built for this 

purpose, using solutions of bovine serum albumin, according to the Bradford method 

(1976). This method was also used to determine the amount of protein  in each fraction. 

Bovine serum albumin (2 mg / ml) was used as standard. Absorbance was recorded at 

630 nm. 

 

2.2.3   SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

Protein fractions 1 to 4 were analyzed by SDS PAGE on 10% gel, according to the 

procedure of Laemmli (1970), to confirm the protein size of each fraction.  

Procedure 

Electrophoresis was carried out on 10% separating gels (3.99 ml lower buffer, 0.19 ml 

10% SDS, 8.33 ml distilled water, 6.66 ml monomer solution, 0.79 ml APS, 5.99 µl 

TEMED) and 4% stacking gels (0.75 ml upper buffer, 0.06 ml 10% SDS, 4.35 ml 

distilled water, 0.83 ml monomer solution, 0.25 ml APS, 2.5 µl TEMED). The samples 

were dissolved in sample diluting buffer in the ratio of 1:1 by boiling in a water bath for 3 

minutes. Electrophoresis was performed using tris-glyine buffer at constant voltage of 

90V/plate for approximately 1hr; at that time the dye had migrated 95% of the gel length. 

The gels were stained with Coomassie brilliant blue and destained with glacial acetic acid 

(10%) to visualize the protein components. The bands were analyzed using Quantity One 

software. 



Chapter Two: Identification of Hepatitis B Virus Binding Protein in Serum Materials & Methods 
 

92 
 

2.2.4   DNA Extraction 

DNA was extracted from fractions 1, 2, 3 and 4 by DNA extraction kit (QIA AMP DNA 

mini kit 250 reactions Cat #51306). . PCR was performed by using universal primers 

(P7F and P7R) for core protein (Table 11). The following protocol was optimized:                                           

PCR PROTOCOL: 10x buffer 5 µl, MgCl2 3µl, dNTPs 1.0 µl, P7F 1.0 µl, P7R 1.0 µl, 

H2O 28.7 µl, Taq 0.3 µl, DNA 10 µl.                                                                    

CYCLING PROTOCOL: 940C  -  2 min. 940C  -  30 sec. 550C  -  30 sec. 35 cycles, 

720C  -  1 min. 720C  -  7 min. 40C   -   ∞  

Primers 

The primers, HBV P7F/R were used to amplify 140bp fragment from the HBV DNA 

extracted from the fractions 1- 4. (Table 11). 

Distribution of bases in HBV clone 

The HBV clone was used as the template positive control. The lyophilized unit of clone 

comprised 160 bp sequence, obtained from Gene Link USA, dissolved in 500 µl of sterile 

water and 1µl was used as template for PCR positive control. 
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TABLE 11 

Sequence of Primers and Clone 

Identity  Sequence Product   
(bp) 

Gene/CDS 

 
 

Primers 
 

 
HBV-P7F 

 
HBV-P7R 

 

 
5'- gaccaccaaatgcccctatcttat-3’ 

 
3’-tggagattgagatcttctgcgacg-5’ 

 

 
 

140 

PreC/C/2298.. 
2321 

P/ 2436 ..2413 

 
 
 
 
 
 
 
 
 

Clone 

 
 
 
 
 
 

(reference 
strain; 

AF460235) 
Used as 
positive 
control 

5'-CCAGCTTATAGACCACCAAATGCCCCTATC 
TTATCAACACTTCCGGAGAATACTGTTGTTAG 
ACGAAGAGGCAGGTCCCCTAGAAGAAGAACT 
CCCTCGCCTCGCCGACGAAGATCTCAATCGCC 
GCGTCGCAGAAGATCTCAATCTCCAGCTTCCC 
AATGTTAGTATTCCTTGGACTCACAAGGTGGG 
AAATTTTACGGGGCTTTACTCTTCTACTATAC 
CTGTCTTTAATCCTAACTGGAAAACTCCATCT 
TTTCCTGATATTCATTTGCACCAGGACATTAT 
TAACAAATGTGAACAATTTGTAGGTCCTCTA 
ACAGTAAATGAAAAACGAAGATTAAACTTA 
GTCATGCCTGCTAGATTTTTTCCCATCTCTA 
CAAAATATTTGCCCCTAGAGAAAGGTATAA 
AACCTTATTATCCAGAGAATGTAGTTAATC 
ATTACTTCCAAACCAGACACTATTTACATA 
CCCTATGGAAGGCGGGCATCTTATATAAAA 

GAGAAACTACACGTAGCGCCTCATTTTGTGG 
GTCACCTTATTCTTGGGAACAAGAGCTACATC 
ATGGGGCTTTCTTGGACGGTCCCTCTCGAATG 

GGGGAAGAATCATTCCACCACCAATCCT-3' 
 

  
 
 
 

P/ 620 
gi|27450209| 

gb|AF460235.1| 
Hepatitis B 
virus isolate 

20 polymerase 
(P) gene, 

partial cds; 
620bp 

 
 
 
 
 

 

 

2.2.5   Immunoelectrophoresis 

This technique was used to detect the antigens present in the samples. It was performed in 

two steps: 

Step One: The final fractions, 1 to 4 were prepared for further analysis of antigen present 

in the fraction with HBV activity. Antigen solution was placed in a well, cut in an 

agarose gel prepared on a glass slide and the components were separated 

electrophoretically. 
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Step Two: A trough was then cut in the middle of the gel, parallel to the direction of 

separation and filled with antibody solution. The antigen and the antibodies were allowed 

to diffuse towards each other to form arc-like immunoprecipitate. For the reaction to 

occur, slides were kept overnight in a humidity chamber. When the arcs were visible, 

slides were pressed and then dried in an oven at 600C and 0.9% NaCl was used to desalt 

for half an hour over a shaker.  Stained with Coomassie  Brilliant Blue for 5 minutes and 

de-stained with 10% acetic acid, the slides were photographed for record. 

2.2.6   Mass Spectrometery 

Protein bands were excised manually from Coomassie Blue stained SDS PAGE gels and 

in-gel digested with trypsin using a Mass PREP robotic protein-handling system 

(Micromass). The samples were loaded onto the ZipTip by pipetting 20 times and washed 

using 10 µl 0.1% TFA twice. The tryptic fragments were eluted with 60% acetonitrile / 

1% acetic acid.   The tryptic fragments  were  mass  analyzed by  matrix-assisted   laser 

desorption ionization (MALDI) mass spectrometry (Voyager DE-PRO; Applied 

Biosystems) and Q-TOF Ultima API (Micromass) was employed for sequence 

information. For LC-MS the material obtained after in-gel digestion was directly applied 

on a Q-TOF Ultima API (Micromass) instrument coupled with on-line CapLC (Waters). 

A column from Genetec, PepMap C18 3 µm, 100°A, 75µm x 150mm was employed for 

separation of peptides prior to entry into mass spectrometer. For peptides separation, 

samples were applied on the column in buffer A containing 5% acetonitrile in water and 

0.1 % formic acid, eluted with buffer B, containing 95% acetonitrile in water and 0.1% 

formic acid. The (M+H)+ values for the peptide fragments produced by trypsin digestion 
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were used for protein identification with MS-FIT program. Protein Prospector MS-Fit is a 

peptide mass fingerprinting tool from the UCSF Mass Spectrometry Facility that tries to 

fit a user's mass spectrometry data to a protein sequence in an existing database and thus 

suggest the identity of the user's protein. The MS input data was generated by analyzing 

the peptides produced by the enzymatic digestion of the protein excised from SDS 

PAGE.  Proteins were identified from peptide mass data by using BLAST search at 

http://www.ncbi.nlm.nih.gov/blast/blast.cgi 

2.2.7   Western Blotting  

The protein fractions were solubilized in Laemmli sample buffer (Laemmli, 1970) and 

resolved on 10% SDS PAGE. Subsequently, the protein fractions were blotted on to a 

nitrocellulose  (HybondTM ECL,GE Healthcare Life Science). 

Nitrocellulose membrane was pre-wet with distilled water and then soaked in transfer 

buffer. The cassette was opened into a tray filled with transfer buffer. A foam sponge was 

placed on the open submersed cassette and pressed gently to expel any air bubble. Four 

sheets of blotting paper were placed on the sponge and the membrane was placed on the 

blotting paper. The gel was then placed on the membrane. All air bubbles were removed 

by gently rolling a glass pipette over the gel. The gel was then covered with four sheets of 

blotting paper and a sponge (6mm).  The  cassette  was  then  closed  and  inserted  into  

the  transfer unit containing  transfer buffer. A cooling system was connected to the heat 

exchanger outlet of the tank and water was circulated at 10°C.   A magnetic stirrer was 

placed in the buffer tank. Transfer was allowed at 250mA for 4 hr.  
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Incubation of the nitrocellulose membrane with antibody: The albumin precursor 

protein was detected with primary monoclonal antibody (Sigma-Aldrich, Saint Louis 

Missouri, USA), that is, anti-albumin precursor antibody (1:500) in conjunction with the 

horse radish peroxidase conjugated secondary antibody (1:10,000) and visualized using 

ECL detection kit (GE Healthcare) according to the manufacturers’ instructions. 
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Results 

Protein Fractionation 

The first two fractions revealed precipitation of a group of proteins through a given salt 

concentration of 50% and 75%, illustrated later on SDS PAGE. The 100% fraction 

showed a low protein level and finally the last fraction almost was non protein.  

 PCR Amplification 

Amplified band of 140bp was found more prominent in fraction obtained on 100% 

saturation of HBV signifying HBV activity. The positive control HBV clone used as the 

template amplified a 140bp fragment insert (Figure 17).  

                   
 

FIGURE 17 
 

 Amplified band of 140 bp observed in fraction obtained on 100% salt 
saturation and HBV Clone (positive control) 
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SDS Polyacrylamide Gel Electrophoresis 

SDS-PAGE revealed the major protein fractions globulins and albumins in first two 

fractions 1 and 2 (50% and 75%) respectively of HBV positive serum (Figure18). The 3rd 

fraction (100%) presented a single band at 69-kDa position. The 69-kDa band was 

extracted from an SDS-PAGE gel and digested with trypsin. The peptide thus obtained 

was examined by mass spectrometry.  
 

FIGURE 18 

Polyacralamide gel picture of globulins, albumins and albumin 

precursor precipitated out at 50%, 75% and 100 % salt saturation 

respectively 

Marker     50%     75%      100%

kDa

66

45

29

14

kDa   
69

 
lane 1: marker, lane 2: globulins precipitated out with 50% salt, lane 3: albumins 

precipitated out with 75% salt, lane 4: albumin precursor precipitated out with 100 % salt 
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FIGURE 19 
 

Immunoelectrophoresis and Precipitation 
C=Control (serum), F1=50%, F2=75% and F3=100% 

 

 
                                 Globulins             albumins            immunoglobulin 
 
Immunoelectrophoresis and precipitation of 50%(F1), 75%(F2) and 100% (F3) serum 
fractions , showing globulins, albumins and immunoglobulin, respectively. 
 

Immunoelectrophoresis and Precipitation 
 

Immunoelectrophoresis and precipitation of 50%, 75% and 100% serum fractions showed 

immunoprecipitate arcs for globulins, albumins and immunoglobulin bands, respectively 

(Figure 19). 

Western blotting 

Analysis shows a high expression of albumin precursor protein at position which 

coincides with the band of 3rd fraction (100%) on SDS PAGE, showing a protein-primary 

antibody-secondary  antibody-enzyme complex,  proving the  presence of albumin 

(Figure 20). 
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Figure 20 
Western analysis of albumin precursor 

 
 
 

 
 
 
 
                            
                             1                    2                                             3                       4 
 
Protein samples lane 1 (50%), lane 2 (75%), lane 3 (100%) were compared. Band for 
Albumin Precursor can be observed in 100% fraction. 
 

Mass Spectrometry 

Tryptic digest of the protein bands excised from gels were analyzed by MALDI. The 

results based on amplification and mass detection by MALDI-TOF MS of band of 100% 

fraction, showed mass values from 705 to 3722 (Figure 21). After following database 

searches using peptide masses and amino acid sequence from each spectrum, the 69 kDa 

protein band was identified as human albumin precursor with sequence of a peptide from 

residues 73 – 84. 
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FIGURE 21 

Mass spectrometry showing mass values from 
 705 to 3722 (Accession# P02768) 

 

 
 

 
Mass spectrometry of the trypsinized 69kDa species revealed peptide sequences (bold). 
These Proteins were identified through peptide mass data by using BLAST search at 
http://www.ncbi.nlm.nih.gov/blast/blast.cgi 
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MS-Fit Search Result : the results given in table 12 show 54% amino acid sequence 

matching with the Serum Albumin Precursor, with MW of 69367kDa, pI of 5.9/, % Cov 

of 47.0 and %TIC of 54.5. The details are as follows:  

 

Parameters: Database searched: SwissProt.2006.10.17 

Digest used: Trypsin 

Max. # Missed Cleavages: 1 

Cysteine Modification: carbamidomethylation 

Instrument name: MALDI-TOF 

Sample ID (comment): Magic Bullet digest, minimum matches: 4 

Sort type: Score Sort 

Considered modifications:| Peptide N-terminal Gln to pyroGlu | Oxidation of M | 

Protein N-terminus Acetylated | 

Min Parent ion matches: 1 

MOWSE On: 1 

MOWSE P Factor: 0.4 

 

Pre Search Results 

Number of entries in the database: 235673 

Molecular weight search (1000-50000 Da) selects 235274 entries 

Full pI range: 235673 entries 

Combined molecular weight and pI searches select 235274 entries 

Pre searches select 235274 entries 

 

Data Set 1 Result 

 MS-Fit search selects 10840 entries (results displayed for top 5 matches). 



 
 

 
 

TABLE 12 
MS-FIT Search Results Summary 

 

 

 
Peptide sequences from Mass spectrometry covered 54% of the Serum Albumin Precursor amino acid sequence, with MW of 

69367kDa, pI of 5.9/, % Cov of 47.0 and %TIC of 54.5. 

 MOWSE 
Score 

#/44(%) 
Masses 

Matched 

% 
Cov 

% 
TIC 

Mean 
Err 
Da 

Data 
Tol 
Da 

MS- 
Digest 
Index # 

Protein/MW 
(Da/pI) 

Accession 
# 

Species Protein Name 

1 
 
2 
 
 
 
 
3 
 
4 
 
5 

1.71e+11 
 

426070 
 
 
 
 

206714 
 

205219 
 

157638 

24 (54) 
 

11 (25) 
 
 
 
 

15 (34) 
 

13 (29) 
 

18 (40) 

47.0 
 

4.3 
 
 
 
 

5.6 
 

4.2 
 

6.9 

54.5 
 

25.0 
 
 
 
 

34.1 
 

29.5 
 

40.9 

-0.0105 
 

0.00896 
 
 
 
 

-0.0196 
 

0.0142 
 

0.00934 

0.0461 
 

0.0795 
 
 
 
 

0.120 
 

0.0836 
 

0.112 

5385 
 

23933 
 
 
 
 

130724 
 

97552 
 

43042 

69367/5.9 
 

359358/6.2 
 
 
 
 

390267/6.7 
 

428605/6.0 
 

426695/5.6 
 

P02768 
 

O88278 
 
 
 
 

Q83034 
 

Q9TTK4 
 

P11532 

HUMAN 
 

RAT 
 
 
 
 

RTSVA
 

BOVIN 
 

HUMAN 

Serum albumin precursor.  
 

Cadherin EGF LAG seven-pass G-
type receptor 3 precursor (Multiple 

epidermal growth factor-like 
domains 2). 

 
Genome polyprotein. 

 
Lysosomal-trafficking regulator. 

 
Dystrophin. 

5385 . x x x x x x x . . x . . . x . x . x x . . x x . . . x . x x . x . . . x x x . x . x x 

23933 x x . . x x x x . . . x x . . . . x . . . . . . . . . . . . . . . . . . x . . . . . . x 

130724 . . x x . . x . . . x x x . . . x . . . . . . x . x . x x x . . . x . x . . . . x . . . 

97552 x x x x x . . x . . x . . . . X . x . x . . . x x . . x . . . . . . . . . . . . . . . . 

43042 . . . . x x x x . . . x . x x . x x x x . . . x . . x . x . x . x . x . . . x . . . . . 
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Discussion  
 

This study demonstrates that HBV binds to albumin precursor of 69 kDa. Convincing 

evidence to this effect comes from the observation that the albumin precursor precipitated 

along with the third fraction (100% saturation) of serum as was confirmed by analysis of 

this fraction by mass spectrometry and western blotting. The evidence for the attachment 

of HBV-DNA to this particular fraction came from the amplification studies.  PCR of all 

fractions resulted in amplification in this fraction which strongly suggests that there exists 

strong affinity between HBV and the precipitated protein in this fraction. 

Many previous studies have identified HBV envelope binding proteins with a proposed 

role as mediators in HBV attachment to the hepatocyte (Pontisso et al., 2004). At the 

same time, many theories have been proposed regarding HBV attachment and entry into 

hepatocytes but none of these theories or binding proteins have been thoroughly 

investigated or proved.  Closest to our finding appears to be studies that have shown 

association between HBV and albumin ( Pontisso, et. al.,1983, Machida, et. al., 1983, 

Krone, et al., 1990; Lu, et al., 1988.), but these investigators have used various modified 

forms of albumin such as polymerized and glutaraldehyde derivatives. ( Trevisan, et al., 

1982; Wright, et al., 1987). Repeatedly conflicting views have been published describing 

cooperation of so-called polymerized albumin (pHSA) with HBV. It has been 

demonstrated that pHSA binds to HBsAg particles (Pontisso, et al., 1983) within the 

preS2 amino acid sequence (Machida, et al., 1984). Pontisso and his colleagues, (1989a) 

using the membranes of surgically obtained human liver as a target, described the role of 

HBV preS2 region as a specific site that binds the poly-human albumin in vitro. They 

showed that pHSA is necessary and sufficient for the attachment of preS2-containing  
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M-rHBsAg particles to human liver plasma membranes. They also showed that pHSA 

enhances the L-rHBsAg particle binding to these membranes. Some other investigators 

also reported similar findings with poly-human albumin in vitro (Machida, et al., 1983) 

and the monomeric human albumin in vivo (Krone, et al., 1990; Lu, et al., 1988), but it 

was further neither investigated nor confirmed.  Hence, presence of pHSA in vivo has not 

been established. Naturally occurring processes like aging, change of temperature and 

accidental exposure to cross-linking agent such as carbodiimide, are incapable of 

generating pHSA which would bind efficiently to HBsAg (Mehdi, et al., 1994),  it is 

therefore, not clear whether pHSA  play a role in HBV infection or not.   

It is well established that human albumin is initially synthesized in a precursor form and 

is subsequently transformed into serum albumin (Weigand and Alpert, 1981). Albumin is 

a stable, acidic, 67 kD, globular protein composed of three structurally similar helical 

domains, encoded by a single gene of 15 exons on chromosome 4q11-22 and is suggested 

to have evolved by the triplication of a primordial single domain molecule. The 

proalbumin differs from circulating serum albumin only in containing a basic 

hexapeptide, Arg-Gly-Val-Phe-Arg-Arg  at its NH2 terminus (Peters, 1996).  

Preceding research did not report expression of albumin or albumin precursor as binding 

protein of Hepatitis B Virus. However, a number of proteins have been recognized as 

HBV envelope binding proteins with a proposed role as mediators in HBV attachment to 

the hepatocytes, including, apolipoprotein H (Mehdi, et al., 1994), a human soluble serum 

factor (Budkowska, et al., 1999) , Annexin V (Hertogs, et al., 1993; Gong, et al., 1999) 

which binds to HBsAg lipids (Neurath and Strick, 1994), a 44-kDa protein (HBV-BP), 

corresponding to the human squamous cell carcinoma antigen 1 (SCCA1) (De Falco, et 
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al., 2001), etc. These proteins, first of all, do not mention the role of the most important 

preS1 domain of the L glycoprotein of the HBV which has long been implicated in 

receptor binding and host range (Ryu, et al., 1997 ;  Seyec, et al., 1999),  and secondly, 

these proteins show no association with myristate which is required for infectivity (Bruss, 

et. al., 1996). This L protein is modified at the amino-terminal glycine of the preS1 

domain with a myristate (Persing, et al., 1986) known to be essential for infectivity. 

Recent x-ray diffraction studies reveal that human serum albumin has five binding sites 

for myristate (Eckenhoff, et al., 2000). 

The binding of HBV with albumin precursor apparently shows an evidence of a cargo 

carrier role for albumin precursor in the delivery of Hepatitis B virus to the hepatic cells.  

The cargo chaperone function of albumin is to facilitate the delivery across the vessel 

wall barrier. However, it is not clear whether it only transports hydrophobic cargo 

molecules to specific binding proteins on the endothelial cell surface or it serves as an all 

purpose transporter (Van der Vusse, et al., 2002). As far as microorganisms are 

concerned albumin has long been realized as their ligand, especially for bacteria. Certain 

Gram-positive bacteria bind tightly to albumins and IgG of various species, is known 

since 1979, albumin provides transport and possibly nutrients to the invaders and 

increases their virulence (Peters, 1995). Recently, the crystal structure of the HSA 

complex with Finegoldia magna has been reported at 2.7Å, the bacterium binds at helices 

2, 3, 7, and 8 of domain II of the albumin molecule (Lejon, et al., 2004). 

So far, there is hardly any documented evidence that could show involvement of HBV 

with albumin precursor. Binding of HBV may be achieved through myristate to albumin 

precursor, because myristate has five binding sites on human serum albumin (Eckenhoff, 



Chapter Two: Identification of Hepatitis B Virus Binding Protein in Serum Discussion 
 

 

107 
 

et al., 2000) which then binds to receptor on the hepatocytes. The small HbsAg protein of 

HBV also has two attachment sites (Cooper, et al., 2003a and b) which highlights the 

multivalent and cooperative mechanism of hepatitis B virus attachment to the cell surface, 

as occurs for many other viruses.   

Another factor that facilitates HBV binding to proteins is the presence of amino acids 

QLDPAF sequence within pre-S1 region, the adhesion determinant found in the other 

viruses and bacteria (Paran, et al., 2001). This can be seen in all HBV samples sequenced 

in this study (Figure 15). Thus, it appears that possibly, HBV entry involves multiple 

attachment sites. Since, the entry is highly cell specific, the attachment usually is receptor 

mediated. The viral fusion is dependent on a specific domain within the viral surface 

protein, known as the “fusion motif,” which is normally composed of a series of 

hydrophobic amino acids (Gerlich, et al., 1993; Hughson, 1995). It can be proposed that   

in vivo , HBV binds to the albumin precursor and other elements in the blood ( e.g. 

myristate) utilizing its multiple binding sites to make a fusion motif  to invade 

hepatocytes. HBV might thus enter into the cells via the albumin receptor (Figure 22). 
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FIGURE 22 

 Binding of HBV to albumin precursor 

 

 
A proposed model for in vivo binding of the Albumin precursor and myristate to HBV 
during the infection of hepatocytes, showing involvement of multiple site on HBV. HBV 
might thus enter into the cells via the albumin receptor. 
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The first part of the study revealed that the Hepatitis B Virus genotype D, sub-genotype 

D1, subtype ayw2 dominates the Pakistani infected patients .The pattern of genotype 

prevalence in Pakistan is in accordance with studies from South East Asia, especially 

countries sharing borders with Pakistan such as Afghanistan, Iran and India having 

dominance of genotype D. Phylogenetic analysis of all our isolates showed a close 

matching with those reported from India, Iran and Egypt. Pakistani patients with hepatitis 

B infection show very little genotypic heterogeneity. Besides genotype D, Pakistani 

population is also infected with Genotype A and a combination of A and D.  

The two subgenotypes of D found in the isolates we studied are D1 and D3. The 

subgenotype D1, that most of our samples belong to is the subgenotype found among 

ayw2 strains from India, South Europe, North Africa and Middle East. Two of our 

samples were of subgenotype D3 strains which is reported as the subgenotype of 

International Drug Users (IDUs) in Europe and the USA. 

There is growing evidence that HBV genotypes may influence clinical outcome and it 

can be used to predict the risk of fulminant disease, cirrhosis or HCC and can thus 

influence decision-making in managing these conditions. Among different categories of 

Hepatitis B patients, genotypes A, D and A/D combination were present in all categories 

with genotype D being the dominant genotype. However, genotype A was found to be 

more strongly associated with severe liver disease. Mixed genotype (A/D) did not appear 

to influence the clinical outcome. 

The second part of this study, on the basis of evidence investigated and examined, 

elucidates that Hepatitis B Virus binds to albumin precursor in serum. Their appears to be 

a strong association between HBV and albumin precursor and it would not be 
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unreasonable to propose that pre S region of HBV might be the most likely domain 

involved.  

Many technical details remain to be explored regarding HBV binding and genomic and 

clinical research. Basically, differences in host and environmental factors make it 

difficult to extrapolate findings from one geographical region to another. Therefore, 

larger, in-depth longitudinal prospective studies are necessary in various regions of the 

world that could provide more information on the relationship of HBV genotypes to the 

severity of liver disease, and thereby, provide more technical evidence of its binding to 

albumin precursor. The recent discoveries in HBV infection with insights into the 

existence of genotype subgroups, mutant variants, knowledge regarding host, viral and 

environmental factors on the disease course, as well as advances in new treatment 

modalities has been encouraging to witness. However, despite this much progress, we 

still have a long way to go before we can conquer hepatitis B infection. Hence, further 

research and understanding in this sector may bring exciting new information and better 

understanding of the natural history of HBV and supplement our existing armamentarium 

to combat this persistent worldwide prevalent disease.  
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