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The major routes of hepatitis B virus (HBV) infection in Japan has been mother-to-child transmission
(MTCT) and blood transfusion. However, HBV cases transmitted through sexual contact are increasing,
especially among HIV-1-seropositive patients. To understand the molecular epidemiology of HBV in HBV/
HIV-1 coinfection, we analyzed HBV genotypes and HIV-1 subtypes in HBV/HIV-1-coinfected patients at
Nagoya Medical Center from 2003 to 2007. Among 394 HIV-1-infected Japanese men having sex with men
(MSM) who were newly diagnosed during the study period, 31 (7.9%) tested positive for the hepatitis B virus
surface antigen. HBV sequence analyses were successful in 26 cases, with 21 (80.7%) and 5 (19.3%) cases
determined as genotypes A and C, respectively. Our finding that HBV genotype A was dominant in HIV-1-
seropositive patients alerts clinicians to an alternative outbreak of HBV genotype A in the HIV-1-infected MSM
population and a shift in HBV genotype from C to A in Japan. The narrow genetic diversity in genotype A cases
suggests that genotype A has been recently introduced into the MSM population and that sexual contacts
among MSM were more active than speculated from HIV-1 tree analyses. In addition, we found a lamivudine
resistance mutation in one naive case, suggesting a risk of drug-resistant HBV transmission. As genotype A
infection has a higher risk than infection with other genotypes for individuals to become HBV carriers,

prevention programs are urgently needed for the target population.

The number of hepatitis B virus (HBV)-infected persons in
Japan is estimated to be 1 million, or 0.8% of the total popu-
lation (31). HBV is classified into eight genotypes, A to H, by
their differences in genome sequences (11, 12, 22). Circulating
genotypes in Japan differ according to geographical region,
with the prevalent genotypes in 2001 being C (84.7%) and B
(12.2%), while A (1.7%) and D (0.4%) were less frequent (17).
HBYV infection in Japan has been transmitted mainly by two
routes, mother-to-child transmission (MTCT) and blood trans-
fusion, which have been targeted by prevention programs still
being operated today (13, 15-17, 25).

Regarding MTCT, all pregnant women are screened for
HBYV antigen and antibody. Mothers who are HBV infected
are prohibited from breast-feeding, and their newborns are
vaccinated against HBV. Regarding infection by blood trans-
fusion, all donated blood is tested by anti-hepatitis B surface
antibody (HBsAD) testing and PCR to exclude HBV-contam-
inated blood from the supply. These prevention programs have
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been successful, and the risks of HBV infection by these two
routes have been reduced dramatically.

However, HBV infection by sexual contact has recently be-
come a prevailing alternative transmission route of HBV in
Japan (30, 36). In particular, coinfection with HBV and human
immunodeficiency virus type 1 (HIV-1), the causative agent of
AIDS, has been increasing among men who have sex with men
(MSM), and the incidence of HBV infection associated with
HIV-1-seropositive cases appeared to be 8.8%, which is higher
than that in the general population (5). Thus, the epidemiology
of HBV infection in Japan is quickly shifting. Here we report
the most recent molecular epidemiologic status of HBV/HIV-1
coinfection.

MATERIALS AND METHODS

Sample. HIV/AIDS patients newly diagnosed at Nagoya Medical Center from
2003 to 2007 were tested for hepatitis B surface antigen (HBsAg), and HBsAg-
positive patients were enrolled in the study. Clinical data (age, gender, suspected
route of HIV-1 infection, aspartate aminotransferase [AST] and alanine amino-
transferase [ALT] plasma levels, CD4-positive T cell count, and HIV viral load)
were obtained from medical records. Plasma HBV viral load was measured with
COBAS TagMan (Roche Diagnostics, Basel, Switzerland), and plasma HBc IgM
titer was measured with Lumipulse (Fujirebio, Tokyo, Japan). The time of HBV
infection was estimated by patient interview and HBc IgM titer results. This
study was conducted according to the principles expressed in the Declaration of
Helsinki. The study was approved by the Institutional Review Boards of the
National Institute of Infectious Diseases and Nagoya Medical Center. All pa-
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FIG. 1. Genetic regions of HBV and HIV-1 used for phylogenetic tree analyses. The whole HBV genome was amplified in two fragments, L
and S, and assembled. L and S fragments are indicated by single and double dashed lines, respectively.

tients provided written informed consent for collection of samples and subse-
quent analysis.

Amplification of HBV and HIV DNA fragments and determination of DNA
sequences. HBV nucleic acid was extracted from plasma using a MagNA Pure
Compact Nucleic Acid Isolation Kit I (Roche Diagnostics). As shown in Fig. 1,
the full-length HBV genome was amplified in two fragments, L (3,167 bases) and
S (624 bases). The primers used for amplifying HBV DNA were both newly
designed and have been published previously (27). Details of these primers are
summarized in Table 1. The DNA polymerases used for the first and nested

PCRs were LA Tag (Takara, Shiga, Japan) and Prime Star HS (Takara) poly-
merase, respectively. The HBV genotypes were also determined using a com-
mercial kit (Institute of Immunology, Tokyo, Japan) based on enzyme immuno-
assay to confirm that the results did not differ from those based on phylogenetic
tree analysis.

The HIV-1gag p17 (396 bp [bp 790 to 1185]), pol (1,117 bp [bp 2253 to 3369]),
and env C21/3 (222 bp [bp 6996 to 7217]) regions were amplified from extracted
plasma HIV-1 RNA by reverse transcription-PCR (RT-PCR) using the Super-
Script one-step RT-PCR system for long templates (Invitrogen, Carlsbad, CA)

TABLE 1. Primers for amplifying the HBV and HIV-1 genomes

Name Direction® Sequence (5" — 3') Region

P1 F TTTTCACCTCTGCCTAATCA First PCR, HBV L fragment

P2 R AAAAAGTTGCATGGTGCTGG First PCR, HBV L fragment
1605F F CGCATGGAGACCACCGTGAA First PCR, HBV S fragment
HBS8R R ATAGGGGCATTTGGTGGTCT First PCR, HBV S fragment
1857F F CTACTGTTCAAGCCTCCAAG Nested PCR, HBV L fragment
HB6R R AACAGACCAATTTATGCCTA Nested PCR, HBV L fragment
1645F R AGGTCTTGCATAAGAGGACT Nested PCR, HBV S fragment
2249R F CCAAAAGACACCAAATAYTC Nested PCR, HBV S fragment
172A F ATCTCTAGCAGTGGCGCCCGAACAG RT-PCR, HIV-1 gag fragment
173B R CTGATAATGCTGAAAACATGGGTAT RT-PCR, HIV-1 gag fragment
174A F CTCTCGACGCAGGACTCGGCTTGCT Nested PCR, HIV-1 gag fragment
175B R CCCATGCATTCAAAGTTCTAGGTGA Nested PCR, HIV-1 gag fragment
K1 F AAGGGCTGTTGGAAATGTGG RT-PCR, HIV-1 pol fragment
uU13 R CCCACTCAGGAATCCAGGT RT-PCR, HIV-1 pol fragment

K4 F GAAAGGAAGGACACCAAATGA nested PCR, HIV-1 pol fragment
U12 R CTCATTCTTGCATATTTTCCTGTT Nested PCR, HIV-1 pol fragment
106A F CATACATTATTGTGCCCCGGCTGG RT-PCR, HIV-1 env fragment
17B R AGAAAAATTCCCCTCTACAATTAA RT-PCR, HIV-1 env fragment
14A F AATGTCAGCTCAGTACAATGCACAC Nested PCR, HIV-1 env fragment
10B R ATTTCTGGGTCCCCTCCTGAGG Nested PCR, HIV-1 env fragment

“F, forward; R, reverse.
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TABLE 2. HBV genotype reference sequences collected from the
DNA Database of Japan (DDBJ) for tMRCA analysis

Genotype

A, FJ1692588, GQ325786, GQ477503, GQ477496,
GQ486599, EU414132

...FJ751547, GQ924611

.GQ924615, GQ486096, EU939589, GQ486684
...GQ486337, FJ349228, GQ924652, EU414124,
GQ922001, GQ486586
....GQA486756, GQ161830, FI349237
....GQ486537, GQ486515, GQ486570
....GQ486843
...GQ486592, AB266536

DDBJ accession no.

followed by a second PCR using LA Tag polymerase. The primers used for
HIV-1 sequencing are also summarized in Table 1. The amplicons were purified
using a MultiScreen PCR filter plate (Millipore, Billerica, MA), and the sequenc-
ing reaction was performed using the BigDye Terminator v3.1 cycle sequencing
kit (Applied Biosystems, Carlsbad, CA) and analyzed with the ABI PRISM 3130
(Applied Biosystems) autosequencer. Electropherograms were edited and veri-
fied by SeqScape v2.5 software (Applied Biosystems).

Phylogenetic tree analyses and genotype determination. HBV genotypes were
determined by phylogenetic tree analysis with reference sequences. HBV se-
quences were aligned with 23 reference sequences from the National Center for
Biotechnology Information (NCBI) database by using the CLUSTAL W pro-
gram and analyzed by Kimura two-parameter methods. Genetic distances were
calculated by the maximum composite likelihood, and phylogenetic trees were
constructed by the neighbor-joining method using MEGA version 4 software.
The reliabilities of branches were evaluated by bootstrap analysis with 1,000
replicates.

Phylogenetic trees of the HIV-1 gag, pol, and env regions were also constructed
with 62 HIV-1 reference sequences obtained from the HIV-1 sequence database
(Los Alamos National Laboratory).

Estimated tMRCAs. Evolutionary rates, chronological phylogenies, and other
evolutionary parameters of HBV genotypes were estimated from heterochro-
nous data for the HBV genomic sequences collected in our study, together with
reference sequences from public databases (Table 2), using the Bayesian Markov
chain Monte Carlo (MCMC) method. The nucleotide substitution model was
evaluated by the hierarchical likelihood ratio test using PAUP v4.0 (29) with
MrModeltest (14) and the general time-reversible (GTR) model with both in-
variant site (I) and gamma-distributed site (G) heterogeneity for four rate cat-
egories showing maximum likelihood. Bayesian MCMC analyses were performed
with BEAST v1.4.8 (4) using the substitution model of GTR + I + G, three
partitions into codon positions, and a relaxed molecular clock model (the un-
correlated log normal-distributed model) (3). Four different population dynamic
models (exponential growth, logistic growth, constant population, and Bayesian
skyline plot [BSP]) were tested in the analyses. According to BSP properties,
constant-growth models were adopted for the HBV genome sequences. Each
Bayesian MCMC analysis was run for 40 million states and sampled every 10,000
states. Posterior probabilities were calculated with a burn-in of 4 million states
and checked for convergence using Tracer v1.4 (21). The maximum clade cred-
ibility tree for analyzing the MCMC data set was annotated by TreeAnnotator in
the BEAST package. The posterior distribution of the substitution rate obtained
from the heterochronous sequences was subsequently incorporated as a prior
distribution for the mean evolutionary rate of the HBV genome, thereby adding
a time scale to the phylogenetic histories of the given viruses and enabling
estimation of the time of the most recent common ancestor (tMRCA) (19).

Determination of HBV drug resistance mutations. HBV cases resistant to
nucleoside analogue reverse transcriptase inhibitors (NRTI) were determined by
analyzing amino acid sequences of the RT region. The approved anti-HBV drugs
in Japan are lamivudine, adefovir, and entecavir. In cases of HBV/HIV-1 coin-
fection, tenofovir and emtricitabine are also used. We studied whether the
viruses have drug resistance mutations against these antiretroviral drugs with or
without a history of antiretroviral treatments and confirmed the following resis-
tance mutations: lamivudine/emtricitabine resistance mutations V173L, L180M,
and M2041/V; adefovir resistance mutations A181V, 1233V, and N236T; ente-
cavir resistance mutations 1169T, L180M, T184G, S2021, M2041/V, and M250V;
and tenofovir resistance mutation A194T (1, 2, 24, 32, 34, 35). Furthermore,
major drug resistance mutations in HIV-1 were defined according to the criteria
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of the International AIDS Society (IAS)-USA and Stanford HIV drug resistance
database (7, 23).

RESULTS

The major HBV genotype circulating among Japanese MSM
is genotype A. During the study period, 394 cases were newly
diagnosed as HIV/AIDS, and 31 cases were determined as
HBsAg positive. Thus, the average prevalence of HBV/HIV-1
coinfection in our study population was 7.9%. Analysis of the
coinfection prevalence in each year showed increases from 2.8
to 3.3% in 2003 to 2004 and from 7.4 to 13.2% in 2005 to 2007
(Fig. 2). As the suspected route of HIV-1 infections in all 31
cases was MSM, HBV appears to be quickly spreading among
the MSM population. Of these HBV/HIV-1-coinfected cases,
26 isolates were successfully sequenced for both HBV and
HIV-1, and their subtypes and genotypes were determined.
Regarding the five cases for which the HBV genome could not
be sequenced, plasma HBV DNA copies were undetectable in
four cases, and low (103~ copies/ml) in one case.

The median age of the patients was 34 years (interquartile
range [IQR], 29.5 to 37.0) (Table 3). The median plasma viral
loads of HBV and HIV-1 were 4.4 X 10°® (IQR, 4.9 X 10* ~
6.3 X 10%) and 6.4 X 10* (IQR, 2.0 X 10* 2.0 X 10°) copies/ml,
respectively. Hepatitis B core antigen (HBcAg) IgM was pos-
itive in nine patients, of which two were suspected to harbor
acute HBV infection according to their HBsAg positivity, AST
and ALT plasma levels, and patient interviews. The other 7
HBcAg-positive patients were categorized as having acute hep-
atitis or exacerbated chronic hepatitis, and 17 HBcAg-negative
patients were determined as being in the chronic hepatitis
stage.

According to phylogenetic tree analysis, 26 cases were clas-
sified into two genotypes, either A or C. As shown in Fig. 3, 21
and 5 cases were classified as genotypes A and C, respectively.
The subgenotypes of the 21 genotype A cases were all A2, the
predominant subgenotype in Europe and North America,
whereas the subgenotypes of the 5 genotype C cases were all
Cl1, the most prevalent subgenotype in eastern Asia, including
Japan, South Korea, and northern China. Genotype B, the

16.0
14.0 1
12.0 1

10.0 A

6.0

4.0 4

Prevalence of HBV coinfection (%)

0.0 T T T T T T T T T
2003 2004 2005 2006 2007
HIV () 60 71 64 91 108 394
HBV (+) 2 2 7 12 8 31

Total

FIG. 2. Transitions in HBV infection rates in HBV/HIV-1-coin-
fected patients. HBV infection rates are plotted versus year, with the
numbers of HIV-l-infected and HBV/HIV-1-coinfected patients
shown below the x axis.
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FIG. 4. Phylogenetic tree analyses of HIV-1 isolated from HBV/HIV-1-coinfected patients. Phylogenetic trees were constructed using the 25
HIV-1 sequences obtained in this study and 62 HIV-1 reference sequences from the Los Alamos National Laboratory database. The nucleotide
base sequences of gag pI7 (A), pol PR to RT (B), and env C2V3 (C) gene regions were analyzed. In all analyses, all the HIV-1-positive cases
detected in Nagoya (both solid and open circles) were distributed in the subtype B cluster. Cases of coinfection with genotype C HBV are shown

with open circles.

or no genetic distance between each other, indicating their
extremely close genetic relationships. In contrast, the five
group Cl1 cases did not form a single cluster and had longer
branches than those of group A2.

Patients with genotypes A and C also differed significantly in
age (Table 3). The median age of the genotype A patients was
33 years (IQR, 29 to 37), whereas that of the genotype C
patients was 56 (IQR, 46 to 57) (P < 0.01). Furthermore, all
nine HBcAg IgM-positive cases, including five suspected cases
of acute infection, were categorized in genotype A2, suggesting
ongoing active transmission of the virus among the Japanese
MSM population. Thus, the genotype A2 population appeared
to be younger, with more acute cases, and infected with an
almost genetically identical HBV strain. These two genotypes
did not differ significantly in regard other clinical data, such as
AST and ALT levels, CD4™ T cell count, and HBV and HIV-1
viral loads.

To clarify the detailed epidemiological features of HBV/
HIV-1-coinfected patients, the HIV-1 subtypes and their ge-
netic distances were determined by phylogenetic analyses of
three genome regions, gag pl7, pol, and env C2V3. All 26
samples were determined as subtype B (Fig. 4A, B, and C), and

interestingly, branch patterns and relationships among cases
were different from those for HBV. There were six paired
cases, demonstrating a significantly close genetic relationship
(>50% bootstrap value) in more than two regions. These
paired cases were cases 1 and 5, 2 and 15, 6 and 20, 11 and 19,
16 and 25, and 22 and 29, and these connections were not
evident in the HBV phylogeny, suggesting different origins of
sexual partner between the two pathogens in each pair. An
alternative explanation could be that little genetic variation in
HBYV made it difficult to clarify the genetic relationships be-
tween cases. However, there was one discordant pair (cases
land 5); one case had HBV genotype A, and the other case
had HBV genotype C2. Furthermore, the other four HBV
genotype C2 cases (cases 9, 17, 20, and 33) were scattered
among HIV-1 phylogenies within genotype B HIV-1-infected
patients.

HBV strains detected in HIV-1-infected patients from
Nagoya are the same viruses found in other parts of Japan. To
clarify whether the dominance of genotype A HBV in HIV-1-
infected MSM is a regional issue in the Nagoya urban area or
a more nationwide epidemic, we reconstructed an HBV phy-
logenetic tree of 26 cases together with HBV sequences col-
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FIG. 5. Phylogenetic tree analysis of 35 HBV region S sequences,
22 from Nagoya (solid circles) and 13 from Tokyo (open circles). Three
genetically different groups are indicated by asterisks, pound signs, and
underlining.

lected at a different time and from a different area of Japan,
i.e., 12 genotype A sequences from HBV/HIV-1-coinfected
patients collected in Tokyo about 10 years before this study (8).
As no full genome sequences were available for the Tokyo
cases, only the S gene (681 bp [bp 155 to 835]) was analyzed.
From the phylogenetic tree pattern, genotype A was classified
into three groups (Fig. 5). The first is a group of 21 identical
sequences (underlined in Fig. 5). As this group had the largest
number of cases and included sequences from both Nagoya
and Tokyo, this strain appears to be prevailing nationwide. The
second group is a cluster of cases, i.e., cases 2, 3, 19, 24, 36, and
37. As all six cases were from Nagoya, this isolate still seems to
be in an endemic status. The third group comprises isolates
with longer branches (noted by asterisks), i.e., Tokyo-2, -4, and
-12 and Nagoya-1, -7, -8, and -28. These isolates appear to be
quite distinct from the others, suggesting that their origin may
not be sexual contact but another route, such as MTCT or
transfusions.

J. CLIN. MICROBIOL.

The prevailing HBV genotype A2 emerged more recently
than most other genotypes. To estimate the emergence time of
the prevailing genotype A2 strain, we estimated its mutation
rate per year and tMRCA. First, the median mutation rate per
year was calculated as 3.23 X 107° (5.62 X 1073 to 9.01 X
107°), which is close to those previously reported (10, 18).
Next, the median tMRCAs of all A strains, Al, A2, and C were
determined to be 370.8, 88.9, 184.3, and 494.9 years ago, re-
spectively (Table 4; Fig. 6). Thus, the A2 genotype is one of the
youngest HBV genotypes.

A lamivudine resistance amino acid HBV mutation detected
in an antiretroviral therapy-naive patient. We clarified not
only HBV genotypes but also the incidence of transmitted
drug-resistant HBV among the study patients. Analysis of the
amino acid sequence of the HBV RT region showed a com-
bined triple amino acid mutation, rtV173L + rtL180M +
rtM204V, which was a mutation causing resistance against
lamivudine and its 5-fluoro analogue (2',3'-dideoxy-3’-thia-5-
fluorocytidine), in two patients (patients 5 and 8). However,
one patient (patient 5) had been treated with stavudine-lami-
vudine-efavirenz at the time of sample collection, and thus only
one case (case 8) was suspected to be a transmitted HBV
drug-resistant case. No HIV-1 drug-resistant virus transmis-
sion was detected in the study sample.

DISCUSSION

This molecular epidemiological study of HBV infection in
HIV-1-seropositive patients revealed epidemiological charac-
teristics that were unique compared to those of the general
population in Japan. All HBV/HIV-1-coinfected patients were
MSM, they had a 10-fold-higher prevalence (7.9%) than that
of the general population, and genotype A was the predomi-
nant HBV genotype (31). This distinct HBV epidemic in MSM
was first reported in 2001 in other regions of the country (9,
36), a decade before our study. Furthermore, phylogenetic
analysis of sequences from the two studies, collected in differ-
ent regions and years, revealed that an identical genotype A
strain prevails among the MSM population nationwide.

Considering the status of HBV epidemiology in the general
population of Japan, genotypes C and B must have an equal or
greater chance to disseminate among the HIV-1-seropositive

TABLE 4. Estimated times of the most recent ancestor (tMRCAs)
for HBV genotypes

Mean tMRCA 95% HPD*
Genotype (yr before)
Mean Median L H
A 1,294.2 370.8 27.1 4,046.4
Al 306.6 88.9 12.4 976.4
A2 597.4 184.3 18.8 1,886.2
B 345.8 88.5 4.2 1,069.3
C 1,655.3 494.9 36.6 5,124.7
C2 1,062.4 308.6 20.8 3,296.6
D 827.2 226.6 11.2 2,469.4
E 163.7 38.9 4.5 539.7
F 1,060.8 308.2 13.7 3,277.4
H 433.8 110.1 5.6 1,303.0

“ HPD, highest posterior density.
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summarized in Table 2.

MSM population. In fact, we found five genotype C patients in
our study sample, and all five patients were MSM. However,
because these five genotype C patients were older and their
isolates had longer branches in phylogenetic analysis than the
prevailing genotype A isolates, they appear to have been inde-
pendently infected through either MTCT or blood transfusion
events rather than sexual contact. Furthermore, as all five cases
were singletons without any genetically close isolates among
the samples analyzed, this genotype appeared to be less effi-
ciently transmitted by sexual contact.

Interestingly, predominant genotype A HBV coinfection
in HIV-seropositive MSM populations has also been re-
ported in European and South American countries (20, 26,
33), suggesting that the prevailing genotype A in HIV-sero-
positive MSM has become a worldwide HBV epidemic. Re-
garding HBV genotypes in the HIV-negative population in
Japan, genotype A has been increasing, but the major HBV

genotype is still C, with genotype A remaining at 3.5%
nationwide and 2.1% in the Tokai area, which includes
Nagoya city (9). Therefore, the prevalence of genotype A
HBYV in the MSM population is significantly higher than in
the rest of the population.

Thus, it is interesting to discuss the virological advantages
disposing this genotype A isolate to become the major player
in HBV/HIV-1 coinfection among MSM. One such advantage
might be the higher progression rate (16 to 23%) to chronicity
of genotype A than of genotype C (28, 30), enhancing its
capacity to serve as a source of new infections. As 9 of 26
genotype A-infected patients (35%) were HBcAg IgM positive
and 2 had acute hepatitis, it is obvious that genotype A infec-
tions are actively ongoing among the MSM population.
Though further studies are needed, considering the tMRCA of
the prevailing strain A2, the younger age of patients infected
with this strain than of those infected with other genotypes,
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and its high prevalence among MSM, this strain may have
acquired higher infectivity and efficient transmission through
sexual contact.

Another issue we wanted to clarify in this study was the
transmission of antiviral drug resistance. We found no antiret-
roviral resistance in the 26 sequenced cases. On the other
hand, we detected two cases with a mutation combination of
rtV173L + rtL180M + rtM204V in HBV reverse transcriptase,
demonstrating resistance against lamivudine-emtricitabine.
One patient was antiretroviral therapy naive; thus, transmis-
sion of drug-resistant HBV is strongly suspected. It is peculiar
that the isolate harboring the drug-resistant mutations in HBV
was a singleton, considering that genetically identical isolates
were prevailing, that there were very low mutation rates that
suggest few chances of reverting to wild type, and that there
were actively ongoing de novo infections. This finding might be
due to resistant viruses being masked by wild-type viruses un-
der untreated conditions, as reported in the case of HIV-1
drug resistance (6). The possibility of minority resistance pop-
ulations of HBV could be verified by detection with a highly
sensitive method.

In conclusion, we clarified the molecular epidemiology of
HBV/HIV-1 coinfection in Japan. Our data suggest that on-
going HBV infections lie outside prevention programs target-
ing the MTCT and blood transfusion infection routes, and they
suggest the urgent need for new prevention strategies focusing
on the high-risk group of the HIV-1-seropositive MSM popu-
lation.
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