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Abstract
AIM: To molecularly characterize hepatitis B virus (HBV) 
isolates from Kerala and to relate them to the clinical 
manifestation of infection. 

METHODS: Sera and clinical data were collected from 
91 patients diagnosed with chronic HBV infection and 
HBV-related hepatocellular carcinoma (HCC). HBV from 
44 HCC, 22 cirrhotic and 25 chronic hepatitis patients 
were genotyped by sequencing of the complete S re-
gion or by restriction fragment length polymorphism 
assays. The basic core promoter/precore region was 
sequenced. The complete surface DNA sequences 
were assembled and aligned manually, and then com-
pared with the sequences of HBV of genotypes (A-J) 
from GenBank. The evolutionary history was inferred 
using the Neighbor-Joining method and the evolution-
ary distances computed using the Kimura 2-parameter 
method. Bootstrapping was performed using 1000 rep-
licates. The TaqMan BS-1 probe was used to quantify 
HBV DNA at a lower detection limit of approximately 
20 IU/mL. Continuous variables were compared using 
an independent Student’s t  test. The χ 2 test or Fisher’s 
exact test was used to compare categorical variables. 
The differences were considered statistically significant 
at P  < 0.05.

RESULTS: Irrespective of disease status, the pre-
dominant genotype was A (72%); 95% belonging to 
subgenotype A1, followed by genotypes D (27%) and 
C (1%). HCC patients infected with subgenotype A1 
were significantly younger than those infected with D. 
Mutation A1762T/G1764A was significantly associated 
with HCC in both genotypes A and D. Mutation G1862T 
was more frequent in subgenotype A1 (P  < 0.0001), 
and in combination with A1762T/G1764A, it was signifi-
cantly associated with HBV from HCC patients. Muta-
tion C1766T/T1768A was significantly associated with 
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genotype A (P  = 0.05) and HCC (P  = 0.03). The preS2 
start codon M1T/I mutation was unique to genotype A 
strains (15.6%) from all disease groups and occurred 
at a higher frequency in isolates from HCC patients (P  
= 0.076). A higher frequency of preS deletion mutants 
(33.3%) was observed in genotype A from HCC com-
pared with non-HCC patients, but did not reach statisti-
cal significance. The preS2:F22L mutation was found in 
genotypes A and D. 

CONCLUSION: Kerala is the first Indian state in which 
subgenotype A1 has been found to predominate in liver 
disease patients who developed HCC at a relatively 
young age. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This study shows the predominance of sub-
genotype A1 in liver disease patients in Kerala, and 
its high prevalence in hepatocellular carcinoma (HCC) 
patients. Subgenotype A1 could be more hepatocar-
cinogenic and HCC could develop at an earlier age, 
regardless of host ethnicity. The S open reading frame 
of subgenotype A1 isolates from Kerala clustered sepa-
rately within the ‘‘Asian’’ cluster and encoded distinct 
subgenotype A1 amino acids. A higher frequency of 
G1862T was detected compared with subgenotype A1 
isolates from other geographical regions. This is the 
first time that preS deletion mutants have been de-
scribed in Indian HCC patients.
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INTRODUCTION
Hepatitis B virus (HBV) is the prototype member of  the 
family Hepadnaviridae. HBV replicates by reverse tran-
scription using a polymerase that lacks proof  reading 
ability, and sequence heterogeneity is a feature of  this 
virus. Phylogenetic analysis of  HBV full-length genomes 
has led to the classification of  HBV into nine genotypes 
(A-I), defined by an intergroup divergence in the com-
plete HBV genome sequence of  7.5% or more. A tenth 
genotype J, which was found in a single individual, has 
been proposed[1]. Genotypes A, B, C, D, F and I are fur-
ther classified into subgenotypes. Most genotypes, and 
some subgenotypes, display distinct geographical distri-

butions. Moreover, HBV genotypes and, in some cases, 
subgenotypes, have been shown to play an important role 
in the clinical consequences of  the infection, as well as in 
the response to antiviral treatment.

HBV infection remains a significant global health 
problem, with an estimated two billion people infected 
and more than 240 million chronic carriers of  the virus, 
leading to 600000 deaths from the clinical consequences 
of  infection, including cirrhosis, liver failure and hepa-
tocellular carcinoma (HCC). With a population of  more 
than 1.2 billion people, India has the second largest glob-
al pool of  chronic HBV infection and HBV is the major 
cause of  liver disease in India[2]. 

Most studies have estimated the hepatitis B surface 
antigen (HBsAg) carrier rate to be between 2% and 8%, 
placing India within the zone of  intermediate endemicity. 
An HBsAg prevalence rate of  2.97% was found among 
the rural population[3], and a meta-analysis has reported 
the mean prevalence in the general population of  India 
as 3.3%[4]. However, these estimates have been questioned 
because, according to Phadke and Kale[5], the often quot-
ed estimate for India of  4.7% was obtained by incorrectly 
pooling results of  a set of  studies including unrepresenta-
tive high risk groups and also equating the single test HB-
sAg positivity rate with the carrier rate. By correcting for 
these errors, they estimated a carrier rate of  1.4%. 

The known HBV genotype distribution in India is 
summarized in Figure 1. Overall, at approximately 65%, 
genotype D predominates, being the dominant genotype 
in Delhi in the north, Pune in the west and the Nicobar 
Islands in the south. Genotype A has been found in ap-
proximately 30%, with the highest frequency found in 
northern India. At approximately 5%, genotype C is 
found in the minority, with the highest frequency in east-
ern and southern India. The subgenotypes that have been 
described in India include A1, A2, C1, C2, D1, D2, D3, 
D5 and D9[6-9]. 

Kerala is the most densely populated state of  India, 
with a population of  33 million. HBsAg prevalence of  
0.5% in the normal population has been reported in 
northern Kerala[10] and an HBsAg prevalence of  1.5% 
was detected among voluntary blood donors from 
Trivandrum, South Kerala[11]. There is a paucity of  in-
formation on the prevalence of  HBV genotypes and 
the respective subgenotypes in Kerala, as well as their 
association, if  any, with different clinical manifestations 
following infection with HBV. We investigated the distri-
bution of  HBV genotypes/subgenotypes among patients 
with different clinical manifestations of  HBV infection 
and characterized the viral isolates molecularly.

MATERIALS AND METHODS
Patients 
The cross-sectional study was conducted from January 
2005 to December 2009 during which sera and clini-
cal data were collected from 91 patients diagnosed with 
chronic HBV infection and HBV-related HCC from 
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Medical College Trivandrum, Kerala, India. The serum 
samples were stored at -80 ℃ until use. A serum alanine 
transaminase (ALT) level of  < 10 times the upper limit 
of  normal (ULN), a serum bilirubin level of  less than 2.5 
times the ULN and detectable HBsAg for ≥ 6 mo were 
used as inclusion criteria. The presence of  the hepatitis B 
e antigen (HBeAg) was examined at the time of  screen-
ing. All patients were negative for antibodies to hepatitis 
C virus, hepatitis D virus and human immunodeficiency 
virus. The study protocol conformed to the 1975 Decla-
ration of  Helsinki. The ethics committees of  the Medical 
College Trivandrum, India and the University of  the Wit-
watersrand, South Africa approved the study. 

The diagnosis of  HBV-related liver disease was 
based on clinical data, laboratory tests, liver biopsy and 
imaging studies. The patients were classified into three 
groups: group-Ⅰ (HCC): the 44 patients with HCC 
were diagnosed by ultrasound scan and elevated serum 
α-fetoprotein levels (≥ 400 ng/mL) and the presence of  
a lesion of  ≥ 5 cm; group-Ⅱ (CR-Cirrhosis): 22 patients, 
with necro-inflammatory damage, fibrosis with nodule 
formation confirmed by liver biopsy, and with ultraso-
nographical evidence of  portal hypertension; group-Ⅲ 

(CH-Chronic Hepatitis): 25 patients, with HBsAg positive 
status for ≥ 6 mo with normal or intermittently elevated 
ALT (1.5 times the ULN). Patients in this group were 
considered for liver biopsy on the basis of  elevated ALT 
levels and HBeAg-status, and diagnosed with cirrhosis us-
ing histological activity index (HAI) and Fibrosis scores.

Serological assays
All serum samples were screened for HBsAg and HBeAg 
using enzyme linked immunsorbent assay kits (DiaSorin 
S.P.A, Italy), according to the manufacturer’s instruc-
tions. Laboratory evaluation included routine liver bio-
chemistry (ALT and aspartate transaminase levels), total 
bilirubin, albumin, alkaline phosphatase, total protein and 
prothrombin time. Liver function tests were performed 
to find necro-inflammatory activity using a Hitachi 902 
Fully Automated Chemistry Analyzer (Hitachi High-
Technologies Corporation, Tokyo, Japan). The ULN of  
ALT (40 IU/L) was used for diagnosis. 

Real-time polymerase chain reaction quantification of 
HBV DNA
Polymerase chain reaction (PCR) primers, HBV-Taq1 
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95%

Nicobar Islands (n  = 65)

Figure 1  Prevalence of genotypes in different geographical areas of India compiled from previous reports. Northern[22,23,28,41,42]; Western[18,43]; Eastern[8,24,32,43-46]; 
Southern[6,47]; Nicobar Islands[48]. No hepatitis B virus genotyping data was available for Kerala before this study.
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Phylogenetic analysis
The complete surface DNA sequences were assembled 
and aligned manually using MEGA 5 (http://www.
megasoftware.net/mega.php). The sequences were com-
pared with the sequences of  HBV of  genotypes (A-J) 
from GenBank. The evolutionary history was inferred 
using the neighbor-joining method and the evolutionary 
distances computed using the Kimura 2-parameter meth-
od. Bootstrapping was performed using 1000 replicates 
to determine the support for the specific nodes. The 
accession numbers of  HBV isolates sequenced in this 
study have been deposited in GenBank as KC752137-
KC752206.

Statistical analysis
Data were represented as mean ± SD. Continuous vari-
ables were compared using an independent Student’s t 
test. The χ 2 test or Fisher’s exact test was used to com-
pare categorical variables. Odds ratio was calculated to 
assess the risk of  HCC. All P values were two sided, and 
the difference was considered statistically significant for P 
< 0.05. The analysis was performed using Statistical pack-
age for Social Sciences (SPSS 15) program (SPSS Inc., 
Chicago, IL, United States).

RESULTS
Genotyping and phylogenetic analyses of HBV isolated 
from liver disease patients 
Of  the 91 HBsAg-positive sera, 86 were successfully 
genotyped using either RFLP or phylogenetic analysis 
of  the S region (Table 1). Using the Lindh RFLP assay[14] 
for 36 HBV isolates, 30 belonged to genotype A and six 
to genotype D. Of  the 30 genotype A isolates, 28 were 
subgenotype A1 and two were subgenotype A2, as deter-
mined by an alternative RFLP[15]. 

Following phylogenetic analysis of  the complete S 
ORF of  50 isolates, 32 belonged to genotype A (sub-
genotype A1:A2, 31:1) (Figure 2A), 17 to genotype D 
(subgenotypes D1:D2:D3, 4:12:1) (Figure 2B) and one to 
genotype C (subgenotype C1) (Figure 2A). The genotype 
A strains belonged to serotype adw2 (84.4%) and ayw1 
(15.6%). The genotype D strains were of  serotype ayw3 
(58.8%), ayw2 (35.3%) and adw3 (5.9%). The single sub-
genotype C1 strain was adr.

The subgenotype A1 isolates split into an “African” 
and an “Asian” cluster[16](Figure 2A). The 31 subgenotype 
A1 isolates from Kerala clustered within the Asian clade 
as a separate monophyletic clade and encoded the distinct 
subgenotype A1 amino acids, preS1:Q54, preS1:V74, 
preS1:A86, and preS1:V91 in the preS1 region and preS2:
L32 in the preS2 region[17]. The majority of  the isolates 
in the “Asian” cluster, including the Kerala isolates, had 
preS1:S5, preS1:S6, preS1:F25. The isolates in the African 
cluster displayed greater variation, with preS1:S5, preS1:
S6; preS1:S5, preS1:A6 or preS1:5L, preS1:6P. There 
were, however, a number of  amino acids in the preS1 
and preS2 regions that differentiated the Kerala clade 

and HBV-Taq2, covering a region of  the S gene (321 to 
401 from the EcoRI site) with a FAM/TAMRA labeled 
TaqMan BS-1 probe were used to quantify HBV DNA 
in an ABI 7500 Real Time PCR System (Applied Biosys-
tems, Foster City, CA, United States). The second WHO 
International Standard for HBV Nucleic Acid Amplifi-
cation Techniques (product code 97/750 National In-
stitute for Biological Standards and Control; Hertford-
shire, United Kingdom), which has a final concentration 
of  106 IU/mL, was used as the internal standard. The 
lower detection limit of  our assay was approximately 20 
IU/mL. The conversion formula of  IU = copies/4.7 
was used[12]. 

PCR and restriction fragment length polymorphism 
assay for genotyping and molecular characterization
Total HBV DNA was extracted from serum using a 
QIAamp DNA Blood Mini kit (QIAGEN GmbH, 
Hilden, Germany), according to the manufacturer’s in-
structions. The complete S open reading frame (ORF) 
was amplified using nested PCR. 

Primers S1F 5’-CAATCGCCGCGTCGCAGAA-
GATCTCAATC-3’ (2410-2439 from the EcoRI site) 
and S1R 5’-TCCAGACCXGCTGCGAGCAAAACA-3’ 
(1314-1291 from the EcoRI site) were used for the first 
round and S2F 5’-AATGTTAGTATTCCTTGGACT-
CATAAGGTGGG-3’ (2451-2482 from the EcoRI site) 
and S2R 5’-AGTTCCGCAGTATGGATCGGCAGAG-
GA-3’ (1280-1254 from the EcoRI site) were used for 
the second round PCR using previously reported reac-
tion conditions[13]. The samples that did not amplify in 
the full S region were genotyped using restriction frag-
ment length polymorphism (RFLP)[14]. Subgenotypes 
of  A were also determined using a previously described 
RFLP assay, which uses the StuI recognition site, 5’
AGG↓CCT3’ at position 967-972 from the EcoRI site, 
found only in subgenotype A2 and genotype D, but 
not in subgenotype A1[15]. Thus, subgenotypes A1 and 
A2 could be differentiated. The basal core promoter 
(BCP)/Pre C region of  HBV isolates was amplified us-
ing nested PCR. 

Primers BCP1F 5’-GCATGGAGACCACCGT-
GAAC-3’ (1606-1625 from the EcoRI site) and BCP1R 5’- 
GGAAAGAAGTCCGAGGGCAA-3’ (1974-1955 from 
the EcoRI site), were used for the first round and BCP2F 
5’-CATAAGAGGACTCTTGGACT-3’ (1653-1672 from 
the EcoRI site) and BCP2R 5’-GGCAAAAAACAGAG-
TAACTC-3’ (1959-1940 from the EcoRI site) were used 
for the second round, using previously reported reaction 
conditions.

Sequencing
The amplicons were prepared for direct sequencing us-
ing the BigDye Terminator v3.0 Cycle Sequencing Ready 
Reaction Kit and sequencing was performed with the 
ABI 3130XL Genetic analyzer (Applied Biosystems). 
The complete S ORF was analyzed as three overlapping 
fragments[13]. 
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from other Asian strains. The majority of  Kerala strains 
(22/31; 71%), had preS1:V48 in the preS1, whereas V/I/
N/T was found in the other clades. In the preS2, 28/31 
(90%), had preS2:T7, whereas the other Asian strains 
had either preS2:T7 or preS2:A7. In contrast to the other 
Asian strains that had preS2:T37, the Kerala strains had 
preS2:N37, as did the strains in the African clade. PreS2:
P54 in the preS2 was found in 90% of  the Kerala strains, 
whereas the other clades had a higher diversity of  amino 
acids at this position (Figure 2). A cut off  of  60% amino 
acid sequence identity was used to define the consensus 
sequence within the clades.

The Keralite genotype D isolates had the charac-
teristic 33-nucleotide deletion in the preS1 region and 
had a relatively well-conserved polymerase overlapping 
preS1/preS2/S region when compared to subgenotype 
A1 sequences. The preS2 signature amino acids, preS2:
I42, preS2:S43 and preS2:L54, were found in the Keralite 
strains belonging to subgenotype D1[7]; however, they dif-
fered by having preS2:39V instead of  preS2:39A. 

Demographic, clinical and virological characteristics
In all three disease groups, the frequency of  males was 
significantly higher (Table 1). Patients with HCC were 
significantly older than CH patients (P = 0.0001). Twenty 
seven percent of  the whole cohort was HBeAg-positive, 
with no significant difference in the frequency between 
the three disease groups. HBeAg-positive individuals were 
significantly younger than HBeAg-negative (32.1 ± 17.9 
years vs 39.6 ± 11.1 years, P = 0.032) and had higher viral 
loads (5.4 ± 1.8 log10 IU/mL vs 3.6 ± 1.6 log10 IU/mL, P 
= 0.016). The ALT levels differed significantly between 
HBeAg-positive and negative patients (52.3 IU/L vs 37.4 
IU/L, P = 0.012, equal variances not assumed). HCC 
patients had higher viral load defined by HBV DNA 
level ≥ 4.7 × 104 IU/mL compared with the non-HCC 

patients (18/29(62.1%) vs 10/33 (30.3%), respectively, P 
= 0.012, OR = 3.76, 95%CI: 1.16-12.52). The mean ALT 
values did not vary significantly between the three disease 
groups. 

The majority of  patients (72%) were infected with 
HBV genotype A, 27% with genotype D and one patient 
was infected with genotype C. The majority of  genotype 
A strains (95%) belonged to subgenotype A1, and three 
to A2. Compared with the other disease groups, HCC pa-
tients were predominantly infected with subgenotype A1 
(P < 0.05). Subgenotypes D1, D2 and D3 were found, 
with D2 (70.6%) predominating followed by D1 (23.5%) 
and a single strain of  D3. Age, HBV viral load, the fre-
quency of  HBeAg-positivity and ALT levels, did not 
differ between those patients infected with genotype A 
and D in all the three groups. However, HBeAg-negative 
HCC patients, infected with genotype A, were signifi-
cantly younger (44.1 ± 8.0 years) than those infected with 
genotype D (53.0 ± 8.8 years) (P = 0.02). There was no 
significant difference in the mean HAI (5.8 ± 2.8 vs 4.6 ± 
3.1) and fibrosis scores (1.0 ± 1.8 vs 2.0 ± 2.0) between 
those with genotypes A and D. Genotype A was seen in 
70% of  the patients with HAI ≥ 4. 

Detection of  mutations in the BCP/Pre C region was 
performed for 63 HBV isolates (Table 2). BCP and/or 
Pre C mutants were detected in 63% of  the isolates, with 
different mutational patterns found in genotypes A and 
D (Figure 3). Mutation 1773T was characteristic of  geno-
type A and 1773C of  genotype D, with no significant 
difference in the frequency of  the mutation in the disease 
groups. Mutation G1896A occurred only in genotype D, 
whereas C1766T and G1862T occurred more frequently 
in genotype A (Figure 3). The double mutation A1762T/
G1764A was found in 26 (41.2%) isolates, with the single 
mutation, G1764A, occurring in 12 (19%) isolates. Both 
the single and double BCP mutations were significantly 

Characteristic Group Ⅰ HCC (n  = 44) Group Ⅱ CR (n  = 22) Group Ⅲ CH (n  = 25) Total (n  = 91)

  Demographic and 
  clinical data 

Gender (M/F) 33/11 18/4 18/7 69/22
Age (yr) (mean ± SD)    48.70 ± 10.94a 40.68 ± 11.52 26.28 ± 11.10 40.87 ± 14.66

ALT, IU/L 73.50 ± 11.65 70.50 ± 41.09 56.32 ± 30.01 67.45 ± 37.74
HBeAg positive1       7 (24.14) 4 (14.3)      9 (37.5)      20 (26.67)

  Virological 
  characteristics 

HBV DNA log10 copies/mL1  4.79 ± 1.41a 3.38 ± 1.69 3.27 ± 2.12 4.03 ± 1.83
Number genotyped by direct 

sequencing/RFLP
21/19 9/12 19/6 86

Genotype A 33 (82.5)a 14 (66.6) 15 (60)    62 (72.1)
Subgenotype A1  30 14 15 59 (95)
Subgenotype A2 3 - - 3 (5)

Genotype C - 1 (4.8) -    1 (1.2)
Genotype D    7 (17.5)   6 (28.6) 10 (40)    23 (26.7)

Subgenotype D12 - 1 3
Subgenotype D2 4 2 6
Subgenotype D3 1 - -

Table 1  Demographic, clinical and virological characteristics of hepatitis B surface antigen-positive patients with different disease 
profiles

aP < 0.05 vs chronic hepatitis. 1Depletion of serum allowed the viral loads to be determined for only 28, and hepatitis B e antigen for 29 HCC sera; 
2Subgenotyping of genotype D was performed by direct sequencing. CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; CR: Cirrhosis; SD: Standard 
deviation; ALT: Alanine aminotransferase; RFLP: Restriction fragment length polymorphism; HBeAg: Hepatitis B e antigen.
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AY 161161 D India
 AY 233291 D South Africa
             AB 205192 E Ghana
           DO 060823 Angola 
             AY 935700 E Belgium
       DQ 207798 G Germany
      Af160501 G Belgium
       AB 056515 G USA
             AB 241117 B Philippines
             D 00331 B Indonesia
  FJ 023672 I China
JF 899338 I China
              AY 934763 A2 Cameroon
          AB 014370 A2 Japan
             AJ 309371 A2 France
               INT 10 A2 Kerala
              Z35717 A2 Poland
                 AJ 627228 A2 Spain
               AB 194950 A3 Cameroon
                AB 194949 A3 Cameroon
              AM 180624 A3 Cameroon
             AM 184125 A3/A5 Gabon
              AM 184126 A3/A5 Gabon
                AY 233284 A1 South Africa
                AY 233274 A1 South Africa
               HM 535215 A1 Zimbabwe
             AY 934766 A1 Somalia
                  DQ 020002 A1 Congo
                    FM 199974 A1 Rwanda
                  AY233288 A1 South Africa
                    AB 076678 A1 Malawi
                   AY 934773 A1 Tanzania
                  AM 494718 A1 Central African Republic
                         AB 076679 A1 malawi
                              AY 934772 A1 Uganda
                             AY 233279 A1 South Africa
                               AF 297621 A1 South Africa
                               AY 233290 A1 South Africa
  DQ 020003 A1 United Arab Emirates
     AB 453987 A1 Japan
      AY 934771 A1 Somalia
       EF 103278 A1 India
  AB 116084 A1 Bangladesh
   AB 116083 A1 Bangladesh
      AY 161140 India
        AY 161141 A1 India
   AB 116087 A1 India
  AB 116082 A1 Bangladesh
           AY 373432 A1 India
     AB116085 A1 Bangladesh
         AB116089 A1 Nepal
            AB453986 A1 Japan
           AB 116088 A1 Nepal
       AB 246335 A1 India
                AB 116094 A1 Philippines
        M57663 A1 Philippines
   AY 903452 A1 South Africa
          AB116094 A1 Philippines
       AB116091 A1 Philippines
                  INCHB 197 Kerala
              AB 453989 A1 Japan
                 INCHB 400 Kerala
              AB 116093 A1 Philippines
                 INCR 144 Kerala
                 INCHB 166 Kerala
                    INHCC 16 Kerala
                  INHCC 14 Kerala
                       INH 1 Kerala
                 INHCC 8 Kerala
                 INCR 282 Kerala
                 INHCC 22 Kerala
                 INHCC 12 Kerala
                 INHCC 42 Kerala
                 INCHB 177 Kerala
                 INCHB 85 Kerala
                 INHCC 37 Kerala
                 INHCC 29 Kerala
                 INHCCT 1 Kerala
                 INHCCT 3 Kerala
                 INHCCT 6 Kerala
                 INHCC 30 Kerala
              INHCC 39 Kerala
              INCHB 153 Kerala
              INCR 138 Kerala
              INHCC 19 Kerala
              INHCC 25 Kerala
              INHCC 4 Kerala

95

93
100

89

87

95

86

91

100

AY 090457 H Nicaragua H

X 69798 F Brazil

A2

A1

African
   preS1:(S5, S6)/(L5,
   P6), F25, V/I/N/T48
   preS2:A7, N37, P/L/
   W/A/S54
   sp: I9, L10

A1

Asian
   preS1:(S5, S6), F25,
   V/I/N48
   preS2:A/T7, T37,
   P/T/S54
   sp: I9, L10

A1

Kerala
   preS1:(S5, S6), 
   F25,V48
   preS2:T7, N37,
   P54
   sp: I9, L10

Genotype AA
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              AB 453988 A1 Japan
          AB 116086 India
            INCHB 137 Kerala
               AB 241115 A1 Philippines
            INCHB 149 A1 Kerala
               INCHB 152 A1 Kerala
            INCR 411 A1 Kerala
                        AB 048704 C4 Japan
                  X75665 C3
                    X75656 C3
               AB 205124 C2 Japan
                        AB 205123 C2 China
                      AB 288026 C2 Japan
               INCRH6 Kerala
                        DQ 478901 C1 China
                   AB 074756 C1 Thailand
                      AF 223954 C1 East Asia
              AF 241441 C5 Vietnam

76
83

97

C1

     AF 160501 G Belgium
X75657 E Sweden
    AB 106564 E Ghana
AB 205192 E Ghana
DQ 060823 E Angola
AY 935700 E Belgium
AJ 627219  D4 Spain
AB 033559 D4 Papua New Guinea
AB 048703  D4 Australia
            AB 048701  D4 Australia
    AB 048702  D4 Australia
       AM 494716 D4 Central African Republic
   GQ 205380 D5 Easten India
         AB 033558 D5 Japan
  DQ 315779 D5 Easten India
           GQ 205384 D5 Eastern India
   GQ 205388 D5 Eastern India
   AB 188245 D3 Japan
             X85254 D3 Italy
  AY 233291 D3 South Africa
INHCC 34 SG Kerala
    AY 233295 D3 South Africa
   AY 233296 D3 South Africa
  DQ 315776 D3 India
             DQ 464170 D3 Italy
         DQ 464169 D3 Italy
    AJ 344117 D3 France
            AY 902777 D3 USA
       X65257 D3 Italy
         EF 103285 D3 Northern India
            AY 373430 D3 India
               EF 103276 D2 Northern India
   INCHB 151 SG Kerala
          AB 205128 D2 Japan
     AB 090270 D2 Japan
           Z 35716 D2 Poland
          AB 090268 D2 India
              INCHB 410 SG Kerala
          INCHB 170 SG Kerala
              INCHB 416 SG Kerala
              INHCC 33 SG Kerala
              INCR 300 SG Kerala
              INHCC 32 SG Kerala
              INCHB 48 SG Kerala
        AB 119252 D2 Japan
                    AY 090453 D2 Sweden
          AB 110075 D2 Japan
                   INHCC 23 SG Kelara
                   INCHB 187 SG Kerala
                AB 267090 D2 Japan
                    AB 078032 D2 Japan
                          INHCC 13 SG Kelara
                              INCRH 14 SG Kelara
                           AJ 627215 D2 Spain
             X 72702 D2 Germany
                           AF 418679 D1 India
                       INCHB 401 SG Kerala
         AB 104712 D1 Egypt
        AY 721612 D1 Turkey
                EF 103277 D1 Northern India
          AY 741797 DI Iran
              AY 741795 DI Iran
             AF 121239 D1 Sweden
       AF 121240 D1 Sweden
         EF 103279 D1 Northern India
                         EF 103280 D1 Northern India
            AY 945307 D1 Northern India
             EF 103281 D1 Northern India

59

100

84

47

82

99

AY 090457 H Nicaragua

X 69798 F Brazil

100

D1

D4

D5

D3

D2

Genotype DB

preS1:A28,S85
preS2:V39, 
H41,I42, S43, 
L54

preS1:A28,S85
preS2:A39, I42, 
S43, L/R/T54

preS1:A28,S85
preS2:A39, I42, 
S43, L54
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HCC Non HCC (CR/CH) OR (95%CI) P  value
Gen A (n  = 20) Gen D (n  = 6) Gen A (n  = 26) Gen D (n  = 11)

  Basic core promoter/
  pre core region

A1762T/G1764A + 
G1764A only

16 (80)         5 (83) 14 (54)    3 (27) 20.2 (6.3-65)a   0.008a

NSd

C1766T/T1768A   9 (45)       1 (5)   5 (25)              0   25 (7.3-86)a

  14.3 (1.7–119)d
0.03a

0.05d

1773T (genotype A) 19 (95) - 25 -
1773C (genotype D) - 4 -              7 - NSa

G1862T 18 (90)         2 (33) 21 (81) 1(9)     30.33 (5.62-192.6)d NSa

    0.0001d

G1896A 0         4 (67)              0    2 (18) - NSa

    0.0002c

A1762T/G1764A + 
G1862T

13 (65)        1 (2) 13 (50)              0   4.81 (0.6-39.4)b NSa

    0.0004b

  Complete S region Pre-S deletions       5 (33.3)e 0      3 (17.6)  1 (9)     1.89 (0.54-6.60)b NSb

NSd
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associated with HCC in both genotypes A and D (P = 
0.03). Mutation C1766T/T1768A was significantly as-
sociated with HCC and found predominantly in sub-
genotype A1 (P = 0.05) (Table 2). Although G1862T was 
significantly associated with subgenotype A1, occurring 
in 85%, there was no significant difference between its 
presence in HCC and non-HCC patients (Table 2) and 
between isolates from HBeAg-positive and -negative pa-
tients (38.5% vs 61.5%, respectively; P = 0.08). However, 
in combination with A1762T/G1764A, G1862T was sig-
nificantly associated with HCC in patients infected with 
subgenotype A1 (P = 0.0004). There was no correlation 
between the presence of  BCP/Pre C mutations with ei-
ther the age, gender, or the viral loads.

PreS deletion mutants, whose patterns are depicted in 
Table 3, were detected in nine isolates from five HCC and 
four CH, but in none of  the CR patients. Overall, seven 
different types of  preS mutations were detected (Table 
3). The mean age of  the patients, with and without preS 
deletions, did not differ significantly (35.4 ± 11.5 years 
vs 37.0 ± 15.8 years, P = 0.78), nor did the HBV DNA 
(3.8 ± 2.0 vs 4.2 ± 1.7, P = 0.62) and mean ALT levels 
(58.2 ± 20.8 vs 60.0 ± 28.2, P = 0.88). A higher frequency 
of  preS deletion mutants was observed in HCC patients 
infected with genotype A, although this did not reach 
statistical significance (Table 2). The preS2 start codon 
M1T/I mutation, was unique to genotype A strains, oc-
curring in 5/32 (15.6%) isolates from all disease groups 

          AY 161150 D1 Northern India
INCR 10 SG Kerala
   AF 280817 D1 China
 EU 414135 D1 Belarus
  INCHB 174 SG Kerala
                 INCHB 175 SG Kelara
                         D 23678 B Japan
                M 54923 B Indonesia
                   AY 800392 B China
               AF 068756 C Thailand
           AB 205124 C Japan
                    AB 288026 C Japan
           FJ 023672 I China
         JF 899338 I China
                   AP 007263 A Japan
                         AY 373432 Northern India
                                      AY 233281 Southern Africa
           AY 233279 Southern Africa
               AF 297621 A Southern Africa
       AF 090842 A Belgium
                      AY 161140 A India
             EU 410082 A Phillipines
            DQ 020003 A United Arab Emirates

100

100

100

100

75

99

91

Figure 2  Phylogenetic relationships among complete preS1/pre S2/S sequences (nt 2854-835 numbering according to GenBank accession AY233274). A: 
Subgenotype A1 from hepatitis B virus (HBV) positive patients from Kerala (marked in bold) compared with sequences obtained from GenBank established using the 
neighbor joining method; B: Genotype D isolates from HBV positive patients from Kerala (marked in bold) compared with HBV isolates obtained from GenBank estab-
lished using the neighbor joining method. Bootstrap statistical analysis was performed using 1000 replicates. Each sequence obtained from GenBank is designated 
by its accession number and its country of origin. The characteristic amino acids in the preS1 and polymerase spacer regions are indicated next to the sequences or 
relevant clades.

Table 2  Multiple logistic regression analysis of basal core promoter/precore region in different disease groups

aComparison between hepatocellular carcinoma (HCC) and non-HCC, all genotypes; bComparison between HCC and non-HCC, restricted to genotype A 
isolates; cComparison between HCC and non-HCC, restricted to genotype D isolates; dComparison between genotype A and D isolates; ePercentage out of 
15 genotype A HCC isolates that were sequenced in the S region. CR: Cirrhosis; CH: Chronic hepatitis.
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and occurred at a higher frequency in isolates from HCC 
patients (P = 0.076). The preS2: F22L/I mutation was 
detected in 13 isolates (genotype A-9/32, 28%; genotype 
D4/17, 23%). The F22 mutation was significantly associ-
ated with HCC (10/13, 77%) compared with CR (2/13, 
15%) and CH (1/13, 8%), respectively (P = 0.0065). This 
significance remained when comparing genotype D iso-
lates only, but not genotype A isolates alone. 

DISCUSSION
The present study demonstrated that genotype A was 
the most prevalent HBV genotype infecting liver disease 
patients in Kerala. This prevalence differed from other 
geographical regions of  India, where genotype D pre-
dominates or occurs at an equal prevalence with geno-

type A (Figure 1). Ninety five percent of  the genotype 
A isolates belonged to subgenotype A1, which has also 
been found to be the predominant subgenotype of  A in 
India[18]. 

The Keralite subgenotype A1 strains clustered with 
the Asian subgenotype strains but differed from them 
in some molecular characteristics in the preS2 region, 
which they shared with African strains. A minority of  
genotype A strains belonged to subgenotype A2, which 
was previously described to be restricted to the peripheral 
blood lymphocytes of  eastern Indian blood donors[19]. 
Subgenotype A1 of  HBV was the first subgenotype to be 
recognized and is the dominant genotype A strain in Af-
rica, with unique molecular characteristics that differenti-
ate it from A2, the genotype A strain prevailing outside 
Africa. Subgenotype A1 has its origin in Africa and its 
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Figure 3  Comparison of the distribution of mutations in the basic core promoter/precore region (1742-1901 from the Eco R1 site) in genotypes A (62 iso-
lates) and D (23 isolates). Graphs showing the percentage of mutant residues relative to the reference motif found at the 15 loci of interest (1753, 1762, 1764, 1766, 
1773, 1809-1812, 1814, 1858, 1862, 1888, 1896 and 1899). The study sequence files were submitted to the Mutation Reporter Tool[49] to produce the graphs. The ref-
erence motifs used were TAGCTGCACACGGGG (genotype A) and TAGCTGCACATGGGG (genotype D) for comparison. This is also shown by the letter preceding 
each locus on the X-axis. To facilitate direct comparisons between the graphs, conserved loci were not suppressed and the Y-axis was scaled to 100% by selecting 
the appropriate controls on the input page of the Mutation Reporter Tool. Nucleotides: A (green), C (dark blue), G (black), T (red). aSignificantly associated with the 
respective genotype. 

  Isolate Age/sex Clinical Subgenotype PreS1 PreS2 Functions
status Start codon Nucleotide from the Amino acids from preS2  affected

EcoRI start start codon
Start codon Deletion size Position Deletion size Position

  CHB42 40/M CH A1 ATG ACG - - - - A
  HCC12 60/M HCC A1 ATG ACG - - - - A
  HCC25 50/M HCC A1 ATG ACG - - - - A
  CHB137 16/F CH A1 Deletion ATG 18 2854-2871   6 1-6 I
  CHB170 29/F CH D2 ATG ATG 21 35-55   7 16-22 T, B, P
  CHB202 33/M CH A1 ATG ATG 24 28-51   8 13-21 T, B, P
  CHB413 35/M CH A1 ATG ATG   6 49-54   2 21-22 B, P
  HCC29 50/F HCC A1 ATG ATA 33 22-54 11 11-22 A, T, B, P
  HCC30 32/M HCC A1 ATG ATG 24 30-53   8 13-21 T, B, P
  HCC37 30/F HCC A1 ATG ATG 33 24-56 11 11-22 T, B, P
  HCC39 55/M HCC A1 ATG ATG 33 24-56 11 11-22 T, B, P
  HCCT3 38/M HCC A1 ATG ATA 54   1-54 18   4-22 A, T, B, P, M

Table 3  Summary of the pre-S mutations prevalent among the three clinical groups and genotypes

A: PreS2 initiation codon abolished; M1T, M1I; I: PreS1 initiation start codon abolished; M: Morphogenesis domain ps1:103-119 and ps2: 1-4; T: T cell 
epitope ps1: 109-119/ps2: 1-13; B: B cell epitope, amino acids 14-26; P: Putative neutralizing anti-preS2 antibody, amino acids 1-26; HCC: Hepatocellular 
carcinoma; CHB: Chronic hepatitis B.
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global dispersal coincides with historical events, including 
the slave trade and colonization[20]. Calicut and Cochin on 
the west coast of  Kerala were major sea ports frequented 
by both the Dutch East India Company and Portuguese 
colonists[21]. 

The patients infected with genotype A and D did not 
differ from each other in terms of  age, HBV viral loads, 
the frequency of  HBeAg-positivity and ALT levels (Table 
1). However, compared to cirrhotic and chronic hepatitis 
patients, a significantly higher proportion of  HCC pa-
tients were infected with subgenotype A1, and HBeAg-
negative HCC patients infected with subgenotype A1 
were significantly younger than HCC patients infected 
with genotype D. Although the number of  HCC patients 
in the present study is relatively low, the results concur 
with a South African study that showed that patients in-
fected with subgenotype A1 had a 4.5 fold increased risk 
of  developing HCC compared with those infected with 
non-A genotypes and they developed the cancer 6.5 years 
earlier[15], thus intimating a higher hepatocarcinogenic 
potential of  subgenotype A1, regardless of  host ethnicity. 
However, studies with a larger number of  HCC patients 
would be required to confirm this. These findings differ 
from a New Delhi study, which found a comparable dis-
tribution of  genotype A and D between disease groups 
and that genotype D, and not genotype A, was associated 
with HCC and were of  younger age[22]. Other studies 
from New Delhi[23] and Western India[24] found no asso-
ciation between genotype A, D and disease progression. 
The subgenotypes of  A were not differentiated in any of  
these three studies. 

Irrespective of  the genotype, the frequency of  the 
A1762T/G1764A and 1764A mutations was significantly 
higher in HCC patients compared with non-HCC pa-
tients. The majority of  HCC patients were infected with 
subgenotype A1. Similarly, the BCP double mutation oc-
curred at a higher frequency in HCC patients compared 
with asymptomatic carriers in southern Africa, where 
subgenotype A1 predominates[25]. This was not the case 
in Western India where genotype D is prevalent[26]. Al-
though the BCP mutants have been reported to contrib-
ute to the HBeAg-negative phenotype by downregulating 
precore mRNA transcription[27], in the present study, and 
in agreement with others[28], there was no correlation be-
tween the presence of  the A1762T/G1764A mutation 
and HBeAg-negativity.

The double mutation C1766T/T1768A was signifi-
cantly associated with HCC and subgenotype A1 (Table 
2). The T1768A mutation results in F132Y in HBx and 
may play a synergetic role with K130M and V131I, intro-
duced by A1762T/G1764A, leading to carcinogenesis[29]. 
Moreover, mutation C1766T/T1768A has been reported 
as an independent predictor of  cirrhosis in HBeAg-nega-
tive patients and is associated with higher viral replication 
by increasing the encapsidation of  pg RNA[30]. 

Mutation G1862T was found in 85% of  subgenotype 
A1 isolates (Table 2). Previously, G1862T was detected 
in 79% of  global subgenotype A1 isolates, but in none 

of  the subgenotype A2 isolates, and has been shown to 
be a characteristic of  subgenotype A1[31]. This high fre-
quency of  G1862T in the Keralite strains is much higher 
than that reported in either Eastern Indian and Southern 
African studies (60%[32] and 25%[33], respectively). In the 
present study, the combination of  A1762T/G1764A 
and G1862T was significantly associated with HCC in 
patients infected with subgenotype A1. A previous study 
showed that G1862T was significantly associated with 
HBeAg-negativity in South African HCC patients[34], 
but not in asymptomatic carriers[33]. Moreover, mutation 
A1762T/G1764A is found frequently in South African 
HCC patients, but not in asymptomatic carriers[25], and 
the majority of  South African HCC patients are infected 
with subgenotype A1[15]. 

The present study showed a significant association 
of  the preS2:F22L mutation with the development of  
HCC, particularly in genotype D. Recent studies identi-
fied the F22L mutation in the preS2 region as a risk fac-
tor for HCC among patients infected with genotype C[35], 
and showed significant association of  this mutation with 
liver cirrhosis in Eastern India[36]. Our study supports the 
possibility that F22L may be associated with severe liver 
disease progression.

The preS deletion and initiation codon mutations were 
prevalent in strains isolated from all clinical groups (Table 
3). This is the first study to describe the preS mutants from 
Indian HCC patients infected with subgenotype A1. A 
strong correlation between preS mutants and the develop-
ment of  HCC has been shown in patients infected with 
genotypes B or C[37,38]. In studies carried out in isolates be-
longing to genotypes B and C, mutated envelope proteins 
were shown to accumulate within the hepatocyte endo-
plasmic reticulum (ER) and result in a characteristic his-
topathological hallmark of  HCC, known as ground glass 
hepatocytes[39]. HBV induced ER stress has been shown to 
dysregulated several cell cycle regulatory pathways, which 
may contribute to hepatocarcinogenesis[40]. 

In conclusion, genotypes A and D were isolated 
from liver disease patients in Kerala, Southern India, 
with subgenotype A1 predominating. The relatively high 
prevalence of  subgenotype A1 in HCC patients supports 
previous studies in Africa, which showed an association 
of  subgenotype A1 with HCC and its development at a 
younger age[15]. This association appears not to depend 
on host ethnicity. The combination of  BCP and/or preC 
mutations, as well as the described preS mutations, could 
lead to the accumulation of  replicative intermediates and 
viral proteins, contributing to viral integration and cellular 
stress or damage. These combined characteristics could 
induce severe liver disease, including HCC, and should be 
explored further.
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COMMENTS
Background
Genotype D, followed by genotype A, has been reported to predominate in 
India. Hepatitis B virus (HBV) isolates with the A1762T/G1764A variations are 
prevalent in hepatocellular carcinoma (HCC) patients. In addition, variation 
G1862T has been reported to be a characteristic of subgenotype A1. Subgeno-
type A1 has been reported to be more hepatocarcinogenic in southern Africans, 
who develop HCC at a younger age than those infected with other genotypes.
Research frontiers
The hepatocarcinogenic potential of subgenotype A1 of HBV has been linked 
to disease progression in regions outside India. Subgenotype A1 has its origin 
in Africa and its global dispersal coincides with historical events, including the 
slave trade and colonization. 
Innovations and breakthroughs
This is the first study to report the predominance of subgenotype A1 in liver 
disease patients in India and its high prevalence in HCC patients. The relatively 
high prevalence of subgenotype A1 in HCC patients supports previous stud-
ies in Africa that showed an association of subgenotype A1 with HCC and its 
development at a younger age. The S open reading frame of subgenotype A1 
isolates from Kerala clustered within the Asian clade as a separate clade and 
encoded distinct subgenotype A1 amino acids. The subgenotype A1 isolates 
from Kerala had a higher frequency of G1862T compared to subgenotype A1 
isolates from other geographical regions. This is the first time that preS deletion 
mutants have been described in Indian HCC patients. Pre-S2: F22L was found 
in genotypes A and D.
Applications 
The prevalence of different mutations in the various genotypes of HBV may 
serve as biomarkers for disease risk and development of HCC. The differences 
in the geographical distribution of genotypes and subgenotypes of HBV may 
require different treatment algorithms. Knowledge of HBV genotypes and/or 
mutations may facilitate personalized treatment.
Terminology
A genotype is generally defined as the genetic constitution of an organism. 
In the case of viruses, the term genotype applies to the forms into which the 
genomic sequence has stabilized after a prolonged period of time and that are 
replication competent. The genotypes of HBV are defined by an intergroup 
divergence of more than 7.5%-8% in the complete genome sequence and by 
more than 4% at the level of the S gene. The term subgenotype is used to 
identify subgroups of HBV genotypes with an intergroup nucleotide difference 
between 4% and 8% across the complete genome.
Peer review
The study contributes to the understanding of the relationship between HBV 
variability and clinical outcomes in different populations worldwide. The relation-
ship between the preS deletion and HCC in this study is a critical and hot point.
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