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Abstract

AIM: To determine the genotypes and phylogeny of hepatitis
B viruses (HBVs) in asymptomatic HBV carriers, and the
prevalence of occult HBV infection in Long An County, Guangxi
Zhuang Autonomous Region, an area with a high incidence
of hepatocellular carcinoma.

METHODS: A nested polymerase chain reaction (nPCR)
was used for detection of HBV DNA in serum samples from
36 blood donors with asympmatic HBV infection, and in
serum samples from 52 HBsAg negative family members
of the children who did not receive hepatitis B vaccination
in Long An County. PCR products were sequenced, and
the genotype of each HBV sequence was determined by
comparison with sequences of known genotypes in the
GenBank and EMBL nucleotide databases using the BLAST
programme. Phylogenetic trees were constructed by the
quartet maximum likelihood analysis using the TreePuzzle
software.

RESULTS: Twenty (55.56%) of 36 HBV asymptomatic
carriers were positive for HBV DNA. They were all genotype
C by comparison with sequences of known genotypes in
the GenBank and EMBL nucleotide databases. The full-length
HBV DNA sequence isolated from the sample No. 624
contained 3 215 bases. No interesting mutations were
found in this isolate. The homology analysis showed that
this strain was closer to the Viethamese HBV genotype C
strain, with a homology of 97%, compared its relation to
the same genotype of HBV isolated in Shanghai. Six (11.5%)
of the 52 HBsAg negative family members were positive
for HBV DNA. A point mutation was found in the sample
No. 37, resulting in the substitution of amino acid glycine
to arginine in the “a” determinant. Other samples with
positive HBV DNA did not have any unusual amino acid
substitutions in or around the “a” determinant, and were
attributed to the wild-type HBV.

CONCLUSION: The HBVs isolated from asymptomatic

carriers of Long An County were all identified as genotype
C, and the prevalence of occult HBV infection in the
population of the county is as high as 11.5%. It is suggested
that genotype C and persistent occult HBV infection may
play an important role in the development of HCC in the
county.
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INTRODUCTION

Infection with hepatitis B virus (HBV) may lead to a wide
spectrum of liver diseases ranging from mild, self-limited to
fulminant hepatitisin acuteinfection, and from an asymptomatic
carier dateto severechronic hepatitis, cirrhosis, and hepatocdlular
carcinoma(HCC) in chronicinfection. Human HBV, aprototype
member of the family hepadnaviridae, is a circular, partially
double-stranded DNA virus of approximately 3200 ntfY.
Traditionally, HBV was classified into 4 subtypes or serotypes
(adr, adw, ayr, and ayw) based on antigenic determinants of
hepatitis B surface antigen (HBsAQ)[@. Epidemiological studies
found that the prevalence of these serotypes varied in different
parts of the world. In addition, antibody to the common
determinant “a’ confers protection against all serotypes.
Advancesin molecular biology techniques reveal ed significant
diversitiesin sequences of HBV isolates, accounting for alelic
differences among the 4 major HBV serotypes. Based on an
intergroup divergence of 8% or morein the complete nucleotide
sequence, HBV has been classified into eight genotypes,
designated as A to H®l. Recent reports suggested that
infections with HBV genotype C were associated with more
severe liver diseases, including HCC, than infections with
genotype B!®®, However, HBV genotype B was suggested to
be associated with the devel opment of HCC in Taiwanese below
the age of 50 years?.

Occult HBV infection is characterized by the presence of
HBYV infection with undetectable HBsAg. Undoubtedly, carriers
of occult HBV may transmit the virusthrough blood transfusion
or organ transpl antation. Epidemiologica and molecular studies
performed sincethe 1980sindi cate that persistent HBV infection
might play acritical role in the development of HCC and in
HBsAg-negative patients®,

The incidence rate of HCC in Long An County, southern
Guangxi, China, isabout 49.9/100 000, the highest in the world,
and over 90% of HCC casesin the county are individualswith
positive HBsAg in serum!*>¥3_ |n this study, HBV preC and
basic corepromoter from 36 HBV asymptomatic carriersinLong
An County were amplified and sequenced. The whole genome
of astrain from one of the carriers, and genotypes and phylogeny
of all the isolates were also analyzed to clarify the difference
among HBV strainsfrom different areas. In addition, 52 serum
samples from family members of children without hepatitis B
vaccination, with negative HBsAg, from the county were
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detected for HBV DNA to determine the prevalence of occult
HBYV infection in the population.

MATERIALS AND METHODS

Serumsamples

A total of 36 sera were obtained from asymptomatic blood
donors who were infected persistently with HBV in Long An
County, southern Guangxi, China. Another 52 serum samples
were collected from family members of children failed to have
hepatitis B vaccination from the county. Sera were tested for
HBsA(g, anti-HBc, anti-HBs, HBeAg, and anti-HBe using HBV
Marker ELISA kits (produced by Xiamen Xinchuang Scientific
Technology Company, Limited, Fujian, China) (Tables1, 2).

Table 1 Serological markers of 20 asymptomatic carriers with
positive HBV DNA

No. Age (yr) Sex HBsAg Anti-HBs Anti-HBc HBeAg Anti-HBe
601 18 Male + - + +
602 18 Male + - + +
603 28 Female + - + +
604 20 Male + - + +
605 27 Male + - + +
606 18 Male + - + +
607 31 Female + - + +
609 22 Female + - + +
610 19 Male + - + +
615 38 Male + - + +
618 22 Male + - +

619 20 Male + - + +
621 24 Male + - + +
622 28 Male + - + +
623 30 Male + - + +
624 25 Male + - + +
629 28 Female + - + +
630 28 Female + - + +
633 18 Male + - + +
634 19 Male + - + +

Table 2 Serological markers of HBsAg-negative asymptom-
atic carriers with positive HBV DNA

Sample No. HBsAg Anti-HBs Anti-HBs HBeAg Anti-HBe Anti-HBc
Titre (mIU/mL)

1 + 51 - + +
14 + 108.0 - +

16 + 18.2 - + +
23 - + 13.9
25 - - - - + +
37 - - - - - +

PCR amplification and sequence analysis

DNA was extracted from 85 pL serum by phenol/chloroform
extraction following digestion by pronase. For preC and basic
core promoter amplification: thefirst round of PCR 35 cycles
was carried out using primers B935 (nt 1240-1260, 5’
GCGCTGCAGAAGGTTTGTGGCTCCTCTG-3')andMDC1
(nt2304-2324,5 -TTGATAAGA TAGGGGCATTTG-3'). For
each cycle, the sampleswasamplified at 94 °C for 30s,a 50 'C
for 30s,and at 72 °C for 90 sin a50 pL reaction. The second

round of 30 PCR cycles was carried out on 5 pL of the first
round product using primers CPRF1 (nt 1 678-1 695, 5’-
CAATGTCAACGACCGACC-3)and CPRR1 (nt 1928-1948,
5'-GAGTAACTCCACAGTAGCTCC-3') andthesamereaction
conditions of the first round.

For the surface gene amplification: the first round of 35
ycles PCR was carried out using primers MD14(5'-GCGCT
GCAGCTATGCCTCATCTTC-3', nt 418-433) and HCO2 (5'-
GCGAAGCTTGCTGTACAGACTTGG-3',nt 761-776). Foreach
cyclethe sampleswasamplifiedat 94 °C for s, at 45 C for 45,
andat 72 °C for 2minina50 pL reaction. The second round of
30 PCR cycleswascarried out on 5 L of thefirst round product
using primers ME15 (5’ -GCGCTGCAGCAAGGTATGTTG
CCCG-3, nt 455-470) and HDO3 (5 -GCGAAGCTTCATCAT
CCATATAGC-3', nt 734-748) and the same reaction conditions
of the first round. PCR products from the second round were
confirmed by 15 g/L agarose gels electrophoresis and then
purified using the Wizard (PCR Preps DNA purification system
(Promega, Madison, WI) according to the manufacturer’s
instructions. Cycle sequencing was carried out directly on 2
mL purified DNA using primers CPRF1 and 33P-dATP by the
thermo sequenase radiolabeled terminator cycle sequencing
kit (USB Corporation, Cleveland, OH) according to the
manufacturer’sinstructions.

SampleNO. 624 was sel ected for whole genome sequencing.
ItsDNA wasextracted from 170 pL serum by phenol/chloroform
extraction following digestion by pronase. The whole HBV
genome was amplified in three fragments. Primersfor fragment
1 for thefirst and second round PCR were LSOB1, BPOLEO1
and LSBI1, and POLSEQ2. Primersfor fragment 2 for thefirst
and second round PCRwereMDN5, BPOLEO1, BPOLBO2 and
PSISEQ2. Primersfor fragment 3 for thefirst and second round
PCR were POLSEQ1, MDD2, POLSEQ6 and MDC1. The
conditions of 30 PCR cycleswereat 94 C for 30s, at 50 C for
30s,andat 72 °C for 90 sina50 pL reaction. PCR productsfrom
the second round PCR for each fragment were cloned into the
vector pCR2.1 (Invitrogen, Leek, The Netherlands) and mini
preparations of DNA made from 1.5 mL of 15 mL cultures of
individual colonies by phenol extraction and ethanol precipitation
of the cell pellet. Plasmids with inserts were identified by
digestion with EcoRI and remainder of the cultures used for
extraction of DNA using a QI Aprep spin kit (Qiagen, Crawley,
UK). The purified DNA was sequenced as above. Sequencing
primersfor fragment 1 were LSB1, PSISEQ2, ds2, ds, ADELN,
MD14, ADELP, POL SEQ8, POL SEQ9, POL SEQ6, POLSEQ?2.
Primers for fragment 2 were BPOLBO2, POL SEQ4, L SOB1,
POL SEQ5and PSISEQ2. Primersfor fragment 3were POL SEQS,
B935, BPOLEO1, MDN5, B936 and MDCL1 (Tables 3, 4).

Table 3 PCR Primers

Primers Sequence Position (nt)
LSOB1 5-GGCATTATTTGCATACCCTTTGG-3" 2739-2762
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
LSBI1 5-TTGTGGGTCACCATATTCTT-3’ 2809-2829
POLSEQ2 5'-AGCAAACACTTGGCATAGGC-3’ 1168-1188
MDN5 5-AGGAGGCTGTAGGCATAAAT-3’ 1774-1794
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
BPOLBO2 5 -TCTTGTCTTACTTTTGGAAGA-3’ 2216-2236

PSISEQ2 5-GCTGTTCCGGAATTGGAGCC-3’ 65-84
POLSEQ1 5’-ACCAAGCGTTGGGGCTACTC-3’ 847-866
MDD?2 5'-GAAGAATAAAGCCCAGTAAA-3’ 2481-2500
POLSEQ6 5-TTTCACTTTCTCGCCAACTTA-3’ 1089-1109
MDC1 5-TTGATAAGATAGGGGCATTTG-3’ 2304-2324
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Table 4 Sequencing primers

Primers Sequence Position (nt)
LSB1 5-TTGTGGGTCACCATATTCTT-3’ 2809-2829
PSISEQ2 5-GCTGTTCCGGAATTGGAGCC-3’ 65-84
ds2 5-AGTCCGGTACGTCACCTTG-3 3198-1
ds 5’-TACCGAAAATGGAGAACACA-3 147-166
ADELN 5’-TAGTCCAGAAGAACCAACAAG-3’ 432-453
MD14 5'-GCGCTGCAGCTATGCCTCATCTTC-3'  418-433
ADELP 5-CCTGTATTCCCATCCCATCATC-3’ 597-618
POLSEQ8 5-TGTTTTCGAAAACTTCCTGT-3’ 943-962
POLSEQY9 5-ACAGGAAGTTTTCGAAAACA-3 943-962
POLSEQ6 5-TTTCACTTTCTCGCCAACTTA-3’ 1089-1109
POLSEQ2 5’-AGCAAACACTTGGCATAGGC-3’ 1168-1188
BPOLBO2 5 -TCTTGTCTTACTTTTGGAAGA-3’ 2216-2236
POLSEQ4 5-AAATGCCCCTATCTTATCAA-3’ 2305-2323
LSOB1 5-GGCATTATTTGCATACCCTTTGG-3"  2739-2762
POLSEQ5 5-GGGTCCTTGTTGGGGTTGAAG-3’ 2979-2999
B935 5'-GAAGGTTTGTGGCTCCTCTG-3’ 1240-1260
BPOLEO1 5-CTGAGAGTCCAAGAGTCCTCT-3’ 1657-1677
MDN5 5'-AGGAGGCTGTAGGCATAAAT-3’ 1774-1794
B936 5-TGGAGGCTTGAACAGTAGGACAT-3’" 1851-1874
MDC1 5-TTGATAAGATAGGGGCATTTG-3’ 2304-2324
Database sequences

The following complete genomes (represented by their
accession number) were used in phylogenetic tree analyses:
genotype A: AJ344115; genotype B: AF282917, D00331,
genotype C: AY 040627, AF461357, M38454, AY 057948,
AF241410, AF241411, AF330110, AB048705, AB026812,
D00329, AB014398, X75665, X14193, X52939, X59795;
genotype D: AF280817, AJ344116; genotype E: X75664;
genotype F: AB036908; genotype G: AF405706.

Genotype and phylogeny analysis

The genotype of each HBV sequence was determined by
comparison with sequences of known genotypesinthe GenBank
and EMBL nucleotide databases using the programme
BLAST™. Phylogenetic trees were constructed by maximum
likelihood analysisby quartet puzzling*®. TreePuzzleisavailable
at http://www.tree-puzzle.de.

RESULTS

HBV genotypes

Compared with sequences of known genotypesin the GenBank
and EMBL nucleotide databases using the programme BLAST, all
genotypesof each HBV sequence from the 20 asymptomatic HBV
carriersin Long An County were found to be genotype C viruses.

Characterization of HBV genome structure

Thefull-lengthHBV-DNA sequenceof HBV isolated fromsample
No. 624 was determined by direct sequencing. This strain
contained 3 215 bases. Its serotypeis adw. There were 40 point
mutations in polymerase gene resulting in changes of 11 amino
acids. Therewere 11, 2, 3 point mutationsin PreS1, PreS2 and S
genes, leading to 3, 1, 1 amino acids changed in the respective
regions. The amino acid mutation in PreS1 was TPP—~PHQ at
codes 68-70. Six point mutationsincluding the double mutations
were found in X gene causing changes of 4 amino acids. There
were also 13 point mutationsin C gene, leading to 2 amino acids
changed. No mutation wasfound in“a’ determinant and Pre C.

Phylogeny analysis
Thehomology with 23 HBV strainsin GenBank was determined

by using the programme TreePuzzle. The HBV strain isolated
from sample No. 624 in Long An County was closer to the
Vietnamese HBV of genotype C, with 97% homology between
them, as compared to the isolates of the same genotype from
Shanghai, Beijing and Tibet in evolution (Figure 1).

AF241411
AF241410
624
AY057948
— D00331
—— D00329
|~ poosso
AF282917
AB048705
AJ344115
X14193
AB036908
AF405706
. - AR461357
AB026812
M38454
— X52939
—— AB014398
L X59795
—— X75664
| [~ Ar280817
AJ344116
—— X75665

{ AY040627
AF330110

Figure 1 Phylogenetic trees based on comparison of the whole
genome. The trees were created by maximum likelihood analy-
sis using the TreePuzzle software with AF241411 as outgroup.

Prevalence of occult HBV infection

After nested PCR amplification, six samples of 52 family
membersof childrenwithout immunization of HBV vaccinewere
positivefor HBV DNA, counting for 11.5% (6/52) (Table 2). The
region of surface ORF of the sampleswith positive HBV DNA
positive, including the “a’ determinant of HBsAg, was
sequenced. A point mutation from guanosine to adenosine at
nucleotide position 587 resulted in an amino acid substitution
from glycineto argininein the highly antigenic“a’ determinant
of HbsAg, which was found in sample No. 37 only and was
negative for both HBsAg and anti-HBs. The other sampleswith
positiveHBV DNA did not have unusual amino acid subgtitutions
in or around the “a’ determinant, and were attributed to the
wild-type HBV of genotype C.

DISCUSSION

In 1988, Okamoto et al.™® established amethod to classify HBV,
and analyzed the complete HBV nucleotide sequences and
classified them into four different HBV genotypes designated
from A to D, according to an intergroup divergence of >8%,
and an intragroup divergence of <5.6%. Today, HBV has been
classified into eight different genotypes designated from A to
H#51617 gand HBV genotypes have a pattern of geographical
distribution®®*. Genotype A is prevalent in Northern and
Central Europe, but isaso common in North Americaand sub-
Saharan Africa. Genotypes B and C are confined to Asia,
genotype D iswidespread but is the predominant genotype in
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the Mediterranean region, while genotype E isfound mainly in
West Africa. Genotype F shows the highest divergence among
the genotypes and is indigenous to aboriginal populations of
the Americad®®. Genotype G was found in USA and France?,
genotype H in the Central America®, and genotypes A, B, C
and D in China. The predominant genotypein Chinais genotypes
B and C'2122,

Theincidenceof HCCinLong An County isabout 49.9/100 000
and the prevalence of HBsAg in the county is 16%**% and
more than 90% of hepatocellular carcinoma (HCC) cases are
individuals positive for HBsAg in serum™. In Japan, HBV
genotype C was found to be closely associated with severe
liver diseases and the devel opment of HCC!"4, athough young
HCC patientswere found to be HBV genotype C in Taiwan(?,

HBYV infection is usually diagnosed when the circulating
HBsAg is detected. However, advances in molecular biology
techniques revealed that alow level of HBV DNA could be
detected in serum and liver tissue in some individuals who
were negative for HBsAg#27. Although there are some studies
on occult HBV infection, the precise prevalence of thisclinical
entity is still unknown. Luo et al.'® found that the prevalence
rate of occult HBV infection in Guangdong and Hainan
Provinceswas2.0% (6/294) and 3.4% (68/1 995), respectively in
thegeneral population. Bower et al . reported that the prevalence
was 4.3% (11/258) in subjects without liver diseasein USA. In
this study, wefound that the prevalence of occult HBV infection
in Long An County was higher (11.5%, 6/52). The mechanisms
that HBV carriershavealow, but stableleve of viral replication
remain to be defined. HBV strains might have mutationsin S
region resulting in occult HBV infection3. This kind of
mutations was found in one of our samples. In addition, this
type of carriers should be added to the typical HBsAg-positive
carriers constituting about 16% of the general population, to
estimate more precisely the propotion of asymptomatic HBV
carriersin Long An County. It is clear that the prevalence of
HBYV infection in Long An County is in correspondence with
its high incidence of HCC.

To extend the knowledge of molecular features of natural
HBYV isolates, sample No. 624 in this study was selected for
whole genome sequencing. This strain contained 3 215 bases.
HBsAQ region segquence showed that it belonged to serotype
adw. No special mutation which could change the expression
function of viral proteins was found in the sequence of this
isolate. By homology andysiswith 23 HBV strainsin GenBank,
this isolate was found to be closer to the Vietnamese HBV
genotype C straint®¥ than to the genotype C isolates from
Shanghai inevol ution™, with 97% homol ogy with the Vietnamese
isolate. At present, the only explanation about thisisthat Long
An County is geographically closeto Vietham.

In summary, HBV infections in Long An County are
atributableto HBV genotypes C. The prevalence of occult HBV
infection in Long An County is higher.
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