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Researc
h Letter

AIDS 2015, 29:1717–1719
A cluster of rapid disease progressors upon primary
HIV-1 infection shared a novel variant with
mutations in the p6gag/pol and pol/vif genes

Haruyo Moria, Yoko Kojimaa, Takuya Kawahataa,
Motoo Matsuurab, Kenji Unoc, Mitsuru Konishic and
Jun Komanod

Few studies have described the etiologic factors

associated with rapid AIDS onset during primary

HIV-1 infection. Our molecular epidemiological

study identified a cluster of individuals infected

with HIV-1 variants characterized by novel muta-

tions in the p6gag/pol and pol/vif genes during 2011

and 2013 in Osaka, Japan. Individuals positive for

the novel HIV-1 variant showed rapid disease

progression, suggesting a role of viral mutations

in the fostering of the clinical course of HIV-1

infection.

HIV-1 infection usually progresses to AIDS. Some HIV-
1-infected individuals, known as long-term nonprogres-

sors, maintain a CD4þ T-cell count above 500 cells/ml
and do not develop AIDS for more than 10 years after the
primary HIV-1 infection (PHI) even without antire-
troviral treatment [1]. Some long-term nonprogressors
are categorized as elite controllers who can retain viral
loads to undetectable levels [2]. In contrast, a small
percentage of individuals develop AIDS within 2–3 years
after a PHI [3,4]. Many factors, both viral and host, have
been described as regulators of HIV-1 disease progression
[5–7]. However, factors that foster HIV-1 disease
progression remain to be clarified. Here, we describe a
local epidemic involving an HIV-1 variant carrying novel
mutations in p6gag/pol and pol/vif in individuals with PHI
and rapid disease progression.

Since 1992, we have maintained a centralized con-
firmatory examination system at Osaka Prefectural
Institute of Public Health for monitoring HIV-1
infection; this system involves a regional network of
public health centers and primary care clinics that treat
sexually transmitted infections. Serological and nucleic
acid-based tests are performed, and HIV-1-positive
specimens from the network are subjected to molecular
epidemiological analysis of HIV-1 in Osaka prefecture
based on HIV-1 C2V3 sequences of env [8].

In 2012, we encountered a case of a seronegative HIV-1
infection that refers to an individual negative for anti-
HIV-1 antibody for prolonged period of time, although
positive for p24 viral antigen and/or viral RNA; such
 Copyright © 2015 Wolters Kluwe

DOI:10.1097/QAD.0000000000000771

ISSN 0269-9370 Copyright Q 2015 Wolters Kl
cases have been rarely reported worldwide [9,10]. This
case visited a hospital in the southern part of Osaka
prefecture and was diagnosed with PHI via nucleic acid-
based tests. However, it required more than 8 months
until the results of western blot become fully positive for
anti-HIV-1 antibodies (Fig. 1a). The virus infecting this
individual clustered genetically with viruses isolated from
six other individuals with PHI; these seven cases were
mostly from the same district and were reported during
2011–2012. Those viruses were of subtype B with a
putative CCR5 tropism based on the geno2pheno
algorithm [11]. Interestingly, the clinical features of those
PHIs were similar in that they involved extremely high
plasma viral loads (>107 copies/ml) and low CD4þ T-cell
counts less than 200 cells/ml (range, 64–184). Of the
seven individuals, four initiated antiretroviral therapy
immediately after diagnosis of HIV-1 infection due to
severe clinical symptoms; two of these four cases
progressed to AIDS despite the early phase of HIV-
1 infection.

We investigated whether the viruses infecting these seven
individuals with PHI shared any genetic features.
Population sequencing of the HIV-1 gag-pol gene
(Methods, Supplemental Digital Content 1, http://
links.lww.com/QAD/A730), which is routinely used
for monitoring antiretroviral drug resistance, demon-
strated that these viruses shared the following genetic
signatures: a 15-nucleotide insertion into p6gag/pol, the gag-
pol transframe region, resulting in duplication of the N-
QSRPE-C pentapeptidic sequence in the p6gag open
reading frame and of N-EQTRA-C in the p6pol open
reading frame (Fig. 1b) and two substitution mutations in
the pol/vif overlapping region; one mutation changed the
pol stop codon into a Gln-coding codon (TAG to CAG),
whereas the second mutation, located 12 nucleotides
downstream of the other mutation, generated both an
aberrant stop codon in the pol gene (AAG to TAG) and a
Lys-to-Asn codon replacement (AAA to AAT) in the
22nd amino acid of the Vif protein (Fig. 1c). The
insertion mutation was located immediately upstream of
the p6Gag PTAP motif, which is known to support viral
budding [12,13]. The substitution mutations should result
in the addition of an aberrant tetrapeptide N-QNME-C
at the Pol carboxy terminus, namely integrase. The Vif
amino acid alteration was positioned near the interface
between Vif and core binding factor b; therefore, this
change might affect Vif-APOBEC3G interactions
[14,15]. Although insertional mutations in p6gag are
described frequently [16,17], the N-QSRPE-C dupli-
cation is very rare. Moreover, an HIV-1 variant carrying
both p6gag/pol and pol/vif mutations has not, to our
r Health, Inc. All rights reserved.
uwer Health, Inc. All rights reserved. 1717
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Fig. 1. Clinical and genetic features of the novel HIV-1 variants. (a) Serological examination data were available from five
patients infected with the novel HIV-1 variants; one case involved a seronegative infection (�), and two cases involved rapid onset
of AIDS (underlined). High plasma viral loads and low CD4 counts were observed before or at seroconversion. pVL, plasma viral
load; ART, antiretroviral therapy. Western blot status: �, negative; �, indeterminate; þ, positive; ND, not determined. (b and c)
Genetic signatures of the novel HIV-1 variants. HXB2 is a molecular clone representing the standard HIV-1 clade B. (b) A
duplication within p6gag/pol resulted in a 5-amino acid repeat (underlined), and (c) substitution mutations within pol/vif resulted in
the addition of four amino acids at the integrase C-terminus and an amino acid substitution in Vif (underlined).
knowledge, been previously reported. These HIV-1
variants were not predicted to have major mutations
conferring resistance to any of the antiretroviral drugs.

Careful re-evaluation of our regional molecular surveil-
lance data revealed that this novel HIV-1 variant was
present in another 10 specimens examined between 2011
and 2013; these variants genetically clustered with the
seven variants described above. Interestingly, HIV-1
variants bearing similar substitution mutations in the
 Copyright © 2015 Wolters Kluwer H
integrase were also detected in eight specimens collected
between 2009 and 2014. Of these eight variants, three
were non-B subtypes that were located separately in the
genetic phylogeny (Figure, Supplemental Digital Con-
tent 2, http://links.lww.com/QAD/A730). Most of the
novel HIV-1 variants and closely related variants were
detected in specimens collected from MSM and were
from the same geographical area in Osaka. The novel
HIV-1 variant described here was not captured
before 2011.
ealth, Inc. All rights reserved.
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Molecular epidemiology and clinical indicators of the
seven PHI cases, including the two AIDS cases, suggested
that these individuals might have been subject to rapid
HIV-1 disease progression due to the infection of HIV-1
variants bearing a unique set of mutations. To our
knowledge, this is the first study describing a link between
the rapidness of HIV-1 disease progression and the genetic
features of HIV-1 isolates from a local epidemic.
Molecular epidemiology indicated that each unique
genetic mutation in these novel HIV-1 variants probably
emerged independently in recent years and then
converged via recombination in the local community.
Clinical and virological details should provide insights
into the pathogenesis of HIV-1 infection. Previously, it
was noted that the seronegative HIV-1 infection could be
observed upon PHI in which a massive destruction of
host immunity took place quickly [9]. This pathophy-
siology is closely related to rapid disease progression.
Seronegative HIV-1 infection is problematic because
rapid HIV-antibody tests are still widely used as primary
screening tests at voluntary counseling and testing sites.
Consequently, we would like to call attention to these
novel HIV-1 variants.
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Supplemental Digital Content 

 

Methods. SDC 1. 

Serological and nucleic acid examination:  

Serum samples positive in HIV-screening tests were sent to Osaka Prefectural Institute 

of Public Health, and HIV-1 infection was confirmed via western blot (WB) assays 

using LAV BLOT 1 (Bio-Rad, Tokyo, Japan). Samples negative and/or indeterminate on 

WB assays were subjected to in-house real-time PCR assays using KK-TaqMan probes 

[S1] or to COBAS TaqMan assays at a commercial laboratory. 

Genetic analysis:  

Viral RNA was extracted from serum samples, and reverse transcription (RT) and 

nested PCR were performed as previously described [8]. The primer sequences were as 

follows: SK38 5’-ATA ATC CAC CTA TCC CAG TAG GAG AAA T-3’ and RT20 

5’-CTG CCA GTT CTA GCT CTG CTT C-3’ for RT and the initial PCR, PR05 5’-AGA 

CAG GYT AAT TTT TTA GGG A-3’ and RT4L 5’-TAC TTC TGT TAG TGC TTT 

GGT TCC-3’ for nested PCR amplification of the gag-RT region, IN-Fout 5’-CAG 

ACT CAC AAT ATG CAT TAG G-3’ and IN-Rout 5’-CCT GTA TGC AGA CCC CAA 

TAT G-3’ for RT and the initial PCR, and IN-Fin 5’-CTG GCA TGG GTA CCA GCA 

CAC AA-3’ and IN-Rin 5’-CCT AGT GGG ATG TGT ACT TCT GAA CTT A-3’ for 

nested PCR amplification of the integrase region. Nucleic acid sequencing was 

performed via the dideoxy method with BigDye terminator (Applied BioSystems, 

Tokyo, Japan). Nucleic acid sequences were determined with a ABI 3130 Genetic 
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 2 

Analyzer (Applied BioSystems) via direct sequencing. The nucleic acid and amino acid 

sequences were compared with those of the reference strain HXB2 (accession No. 

K03455). A phylogenetic tree was constructed using the neighbor-joining method in 

MEGA 5 software [S2]. 

 

Nucleotide sequence accession numbers: 

The novel HIV-1 p6 and integrase sequences are available in GenBank under the 

following accession numbers: 

LC033998-LC034020; LC033853-LC033869; AB870487; AB870497; AB870499; 

AB870503; AB870516; AB870509; AB870512; AB870525 
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Figure. SDC 2. Phylogenetic analysis of the HIV-1 integrase sequences obtained 

during 2008 – 2014 in the regional surveillance in Osaka, Japan (n = 646). The 

novel HIV-1 variants form a distinct cluster in this phylogenetic tree (■). HIV-1 isolates 

carrying an integrase mutation identical to that in the novel HIV-1 variants are indicated 

by red (●). Three red isolates, which are separate (lower left) from the major cluster, are 

of non-B subtypes. Asterisks (*) indicate HIV-1 detected in patients with primary 

HIV-1 infection defined as negative or indeterminate on WB, but positive for HIV-1 

RNA. 
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VIROLOGY

ldentification of Novel Recombinant Forms of Hepatitis B
Virus Generated from Genotypes Ae and G in HIV-1-Positive

Japanese Men Who Have Sex with Men

Yoko Kojimal takuya Kawahata] Haruyo Vori] Keiicfri Furubayashi,2 Yasushi Taniguchi,3
lchiro ltodaa and Jun Komanol'5

Abstract

The rare hepatitis B virus (HBV) genotype G (HBV/G) coinfects HlV-l-positive individuals along with HBV/A
and generates recombinants. However, the circulation of HBV A/G recombinants remains poorly understood.
This molecular epidemiologic study examined HBV A/G recombinants in Japanese HlV-l-positive men who
have sex with men (MSM). Initially, blood specimens submitted for confirmatory tests of HIV infection in
Osaka and Tokyo, Japan, from 2006 to 2013 were examined for HIV-I, and HlV-l-positive specimens were
screened for HBV. Among 817 specimens from HlV-l-positive individuals, HBsAg was detected in 59

specimens; of these, HBV/Ae (alternatively AZ), a subgenotype of HBV/A prevalent in Europe and North
America, was identified in 70.27o, HBV/C in 17 .5Vo, and HBV/G in I0.5Vo, and HBV/E in I.8Vo according to
the core gene sequence. The full-length genome analysis of HBV was performed on HBV/G-positive specimens
because some HBV A,/G recombinants were historically overlooked by genotyping based on a partial genome

analysis. It revealed that five of the specimens contained novel Ae/G recombinants, the core gene of which had

a high sequence similarity to HBV/G. Detailed analyses showed that novel recombinants were coinfected with
HBV/Ae in a recombinant-dominant fashion. No major drug-resistant mutations were found in the newly
identified HBV Ae/G recombinants. Some of the individuals asymptomatically coinfected with HIV/HBV
suffered mild liver injury. This study demonstrated that novel Ae/G HBV recombinants were identified in
Japanese HlV-l-positive MSM. The pathogenicity of novel HBV Ae/G recombinants should be examined in a
future longitudinal study. Surveillance of such viruses in HlV-1-positive individuals should be emphasized.

lntroduction

ff rr.rnns B vrnus (HBV) is a member of the hepadna-
ll virus family, which is associated with acute and chronic
hepatitis and hepatocellular carcinoma. These conditions
cause considerable morbidity and mortality.l According to
the World Health Organization, over 350 million people
worldwide are chronically infected with HBV (WHO;
www.who.int/mediacentre/factsheets/fs204lenl). HBV has a
partially double-stranded DNA genome, which is approxi-
mately 3.2kbp in size and encodes four overlapping open
reading frames: P, pre-S/S, pre-C/C, and X.2 HBV is highly
diverse, with a mutation rate estimated at 1-5 x 10-5 nucle-
otide substitutions per site per yeur.3'4 This rate is interme-
diate between that of DNA and RNA viruses because the

HBV genome replicates through an RNA intermediate using
a virus-encoded reverse transcriptase that lacks a proof-
reading function.a

HBV is classified into 10 genetic groups, termed HBV/A to
J, based on an intergroup divergence of > 8Vo.3-e Each ge-

notype was divided into subgenotypes. The genotypes oI
HBV show a distinct geographic distribution'u'" and are

associated with different clinical outcomes, responses to
treatment with interferon or nucleotide analogues, and rates
of fulminant hepatitis. I 2-2r

Historically, 96.9Vo of HBV isolates from Japanese indi-
viduals with chronic hepatitis B belong to genofypes B or Cla;
however, since 2000, HBV@ !1s spread in urban areas through
homosexual intercourse.l8'21-23 The positiviqt rate for HBV
infection in Japanese HIV-l-infected individuals is 8.9Vo, and

:灘蠅網轟毅蛾鷺IIX∬1鷲llWNa"甲.
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NOVEL Ae/G RECOMBINANTS OF HBV

half of HBV-infected individuals harbor the genotype A vi-
rus.24 A previous report showed that up to 907a of HBY lsolates
obtained from HlV-l-infected individuals were genotype A.25

Our previous surveillance study focusing on high-risk popu-
lations that attended primary sexually transmitted infection
clinics in Osaka revealed that 60Vo of the HBV genotypes
infecting HlV-l-positive individuals were Ae (alternatively,
A2), a distinct genetic cluster within HBV genorype A that was
distributed in Europe and North America.zo'" In that study, we
noticed that three HIV-1-positive individuals were coinfected
with HBV/G, a rarely identified genotype of HBV.

Genotype G is an unusual variant of HBV and little is known
about its epidemiology, natural history, and clinical data.28 In
2000, a unique HBV isolate harboring a 36-base pair insertion
in the core region was identified in France; this was the first
isolate of genotype G.6 The S gene of HBV/G is highly ho-
mologous (94.6-97.5Vo) with that of HBV/A at the nucleotide
(nt) level.2e Subsequently, HBV/G was identified in the United
States,30'31 Mexico,32 Germany,33 Canada,28 and Brazil.3a A
previous study estimated the prevalence of HBV/G in these
areas to be I-5To.HBY lG infection occurred predominantly in
males (92Vo) and was primarily associated with homosexu-
als.28 Indeed, HBV/G-positive individuals were coinfected
with HBV/A or a recombinant genotype A/G virus,28 which is
consistent with other reports, including ou. o*n.t'''u

Recently, a number of reports documented homologous
recombination between different HBV genotypes.t A con-
cern is how frequently such recombinations occur, and
whether the pathogenicity of recombinant HBVs differs from
that of other HBV genotypes. Because HBV/G coinfects with
HBV/A, genetic recombination between these genotypes is
possible. Indeed, five A/G recombinants have been identified
to date: two in the United States (A805651630'35 and
JQ7074263\,two in Canada (EU83389 andEU83390281, and
one in Brazil (EF46409935.

Until now, genotyping of HBV has been based on only a
part of the viral genome. Importantly, analysis of the com-
plete genome sequences of HBV isolates revealed that a viral
clone previously classified as genotype G was actually an
A/G recombinant.3o'3s In our previous study, our classification
of the HBV genot)?e was not based on the full viral genome
sequence, raising concems that some A./G recombinant forms
might have been overlooked. Thus, we revisited the clinical
specimens to ascertain whether any A/G recombinant forms
of HBV were detectable upon full genome analysis.

Materials and Methods

Specimens and serological diagnosis

Specimens found to be HIV-I positive in the confirmatory
tests were subjected to screening for the HBs antigen (Ag). A
total of 8 17 specimens, 8 13 from Osaka and four from Tokyo,
collected either at health care centers or medical institutions
between 2006 and2013, werc analyzed.

An HIV serodiagnostic screen was performed using the
Genedia HIV-I/2 mix particle agglutination (PA) anti-HIV
assay method (Fujirebio, Inc., Tokyo, Japan). Conflrmatory
tests for HIV-I infection were performed using LAV BLOT 1

(Fujirebio). Serological tests for HBV were performed using
the Espline HBsAg kit and the SERODIA-anti-HBs PA or
Espline HBsAb-N kits, which detect anti-FlBs antibodies (Ab)
(Fujirebio). Serological tests for HBV were also performed

761

using the Mycell anti-rHBc diagnostic reagent, which de-
tects anti-HBcAb (Institute of Immunology Co. Ltd., Tokyo,
Japan). Serodiagnosis of Treponema pallidum (TP) infection
was performed using the Serodia TP-PA test (Fujirebio).

Biochemistry

Plasma levels of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase (ALP),
lactale dehydrogenase (LDH), and gamma-glutamyl trans-
peptidase (I-GTP) were measured. All specimens were di-
luted 2- to 20-fold in phosphate-buffered saline (PBS) prior to
measurement.

Viral load tests

The HIV-I viral load was measured using AmpliPrep/
Cobas TaqMan HIV-I v2.0 (Roche Diagnostics, Manheim,
Germany) or by real-time polymerase chain reaction (PCR)
according to the method described by Kondo et a1.37 The
HBV viral load was measured using the COBAS AmpliPrep/
Cobas TaqMan HBV Test v2.0 (Roche).

Analysis of the HIV-I genome

The HIV-1 genome was analyzed as described previously.3s
Briefly, the env C2-Y3 and pol regions of the HIV-I genome
were analyzed and the HIV-1 subtype was deterrnined by
phylogenetic analysis using GENETYX-MAC Ver. 14
(GENETYX, Tokyo, Japan). HIV drug resistance was deter-
mined using the HIVdb Program in the HIV drug resistance
database (http: I / sierr a2. stanford.edu/sierra,/servlet/JSierra).

Analysis of the HBV genome

DNA was extracted from HBsAg-positive sera using a
QIAamp lllfaSens Virus Kit (QIAGEN, Dusseldod Germany),
and the HBV DNA was PCR amplified. The primers were
WA-L, WA-R, HBVnext, and AS2330 (WA-L, WA-R, and
AS2330 have been described previously) lTable 1;.3e'a0 PCR
products were electrophoresed rn 1,Vo agarose gels. The DNA
bands were extracted and sequenced using the BigDye Ter-
minator kit (Applied Biosystems, Foster, CA) and the fol-
lowing primers: WA-L, WA-R, HBVnext, AS2330, FAI-L,
FAz-L, FA3-L, FA4-L, FA1-R, FA2-R, FA3-R, FA4-R, and
1868 (Table l).t''oo Nucleic acid sequencing was performed
in a ABI3130 automated sequencer (Applied Biosystems).
Nucleic acid sequence analysis was performed using BLAST,
CLUSTAL W (DDBJ: DNA Data Bank of Japan), GENE-
TYX-MAC Yer. 14 (GENETYX, Tokyo, Japan), Molecular
Evolutionary Genetics Analysis (MEGA) 5.2.2 andthe Oxford
HBV Automated Subtyping Tool (http://jose.med.kuleuven
.be/genotypetool/htmVindexhbv.html), and the method de-
veloped by de Oliveir a et al.at Neighbor-joining and Kimura
two-parameter models were employedto analyze with MEGA
software. A gene-by-gene analysis was performed using
MEGA and Clustal W software.

HBV genotype-specific PCR and cloning
of PCR products

Nested PCR was performed to clarify coinfection by dis-
tinct HBV genotypes. Briefly, the initial PCR was performed
using the HBVALL9/HBVALLI2 primer set to generate
products of 1,615 and 1,651 bp, representing genotypes Ae
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Ta.erp 1. Pnrlrnns Uspl rN Tnrs Srurv

Nα777ι Nucleotide sequence (5' -3' ) Position" Orientation Product s.ize (bp) Reference

WA―L      ACTGTTCAAGCCTCCAAGCTGTGC
/ヽA―R     AGCAAAAAGTTGCATGGTGCTGGT
HBVnevt    TCATCTCCCGGACCGTGTGCACTT
AS 2330    GTGTTGATAAGATAGGGGCATTT

GGTGG
HBVALLF9  GTTTACTAGTGCCATTTGTTCAG
HBVALLR10 AAGTCAGAAGGCAAAAACGAGAG
HBVAEFl   GGATCATATTGTACAAAAGATC
HBVGF2   AGノ もへCACATCACACAGAAAATT
HBVAER3   GAGTCCCAAGCGGCCCCGA
HBVGR4    GAGCCCCん もへCGGCCCCGG
HBVALLF9  GTTTACTAGTGCCATTTGTTCAG
HBVALLR12 GGAGGAGTGCGAATCCACACTCC
HBVAEF5   GCATGGAGACCACCGTGAACGCCCA
HBVAER7  TAGGAGATCTCTGACGGAAGGノ ももへG
HBVGF6    ACATGGAAACCGCCATGAACACCTC
HBVGR8   GAGノ 嘔へGATCACGノ嘔へCAGACGGGAAA
HBVAEF14  GTCAATCTCCGCGAGGACTG
HBVAER3   GAGTCCCAAGCGGCCCCGA
Sequenclng pHrncrs
FAl―L    TTTCACCTCTGCCTAATCATCTC
FA2-L    GCGTCGCAGAAGATCTCAAT
FA3-L    CTGCTGGTGGCTCCAGTT
FA4-L    GTATTGGGGGCCAAGTCTGT
FAl―R    TCTTGTTCCCAAGAATATGGTG
FA2-R    TTGACAGAAGTCCACCACGAG
FA3-R    GCCTTGTAAGTTGGCGAGAA
FA4-R    蝸 AヽAGTTGCATGGTGCTG
1868     GCCTCCAAGCTGTGCCTTGGGTGG

1859-1882
1828-1805

1563-1586
2327-2300

675-697
1968-1946

915-936
915-936
1482-1464
1482-1464

675-697
2289-2267

1606-1630
1992-1968

1606-1630
1992-1968

118-137
1482-1464

1823-1845
2419-2438
57-74
751-770
2845-2824
273-253
1115-1096
1825-1807
1868-1891

Sense
Antisense

Sense
Antisense

Sense
Antisense

Sense
Sense
Antisense
Antisense

Sense
Antisense

Sense
Antisense

Sense
Antisense

Sense
Antisense

Sense
Sense
Sense
Sense
Antisense
Antisense
Antisense
Antisense
Sense

Zhans et al.3e
Zhani et al.3e

This studv
vitale etLl.ao

This study
This study

This study
This study
This study
This study

This study
This study

This study
This study

This study
This study

This study
This study

Zhans et al.3e
Zhanl et al.3e
Zhani et al.3e
Zhanl er al.3e
Zhan? et al.3e
Zhan1 et al.3e
Zhani et al.3e
Zhani et al.3e
Yitali et al.ao

3,191

765

1,294(Ac)or l,330(G)

568(Ac,G,Ac/G)

1,615(Ac)or l,651(G)

387(Ac)

423(G)

1,365

uAccording to the .48014370 coordinate.

and G, respectively (Table 1). The second PCR was per-
formed using the HBVAEF5/HBVAERT or HBVGF6/
HBVGRS primer sets, yielding products of 387 bp or 423bp
corresponding to HBV genotypes Ae or G, respectively
(Table 1). The PCR products were confirmed by sequencing.
Additionally, nested PCR primers were designed to amplify
genomic DNA specific for HBV/Ae, HBV/G, and Ae/G re-
combinants (see Table l).

The initial PCR was performed using the HBVALL9/
HBVALLI0 primer set, which amplifies all HBV genotypes.
The second PCR was performed using the HBVAEFI/
HBVAER3, HBVGF2/HBVGR4, or HBVAEFI/HBVGR4
primer sets, which yielded amplicons only when the template
contained the Ae, G, or AelG genotypes, respectively. To
determine the ratio of coinfecting HBV genotypes, the PCR
products primed by HBVALL9/HBVALLI0 were cloned
into the pTAC-l vector and sequenced (BioDynamics La-
boratory, Inc., Tokyo, Japan). The amplicon was scored HBV
genotype G-derived when it contained the 36-bp signature
sequence unique to HBV genotype G. To analyze the genome
sequence of HBV/Ae that was coinfected with the HBV Ae/G
recombinant, the PCR products primed by AEF14/AER3
were sequenced.

Eth ical considerations

This study was approved by the Ethical Review Board of
Osaka Prefectural Institute of Public Health (approval num-
bers 0703-06, 0810-4, and 0810-5-2).

Results

lnitial screening of HIV-I -positive individuals
for HBV genotype G

We examined 817 blood samples collected from HIV-I-
positive individuals from 2006 to 2013. The primary screen
employing an immunochromatographic test for HBs Ag
identified 59 positive specimens. HBV DNA was success-
fully amplified from 57 of these specimens by PCR targeting
the core region of the viral genome. Sequencing analysis
revealed that the most common HBV genotype was Ae (40/
57 specimens, 10.2Vo), followed by C (10157 specimens,
11.5Vo), G (6/57 specimens, 10.57o), andE (l/57 specimens,
1.8Vo).We focused our attention on six specimens that were
positive for HBV genotype G, since this genotype is rarely
detected worldwide. PCR successfully amplifled the com-
plete HBV genome from five of the specimens. These were
named Os/JP/2008, TWJP|2009, Os/JP/2010, OslJPl2}Il,
and Os/JP/2013. A1l five individuals infected with HBV/G
were men who have sex with men (MSM).

ldentification of novel Ae/G recombinants of HBV

Phylogenetic analysis of the full length viral genome se-

quences revealed that OsiJP/2011 and Os/JP/2013 formed a
distinct cluster under the genotype A group, and Os/JP/2008,
TWJP/2009, and Os/JP/2010 formed a distinct cluster under
the genotype G group (Fig. 1). However, we noticed that
previously isolated Ae/G recombinants positioned in the
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FIG. 1. Phylogenetic analysis of novel hepatitis B virus
(HBV) A/G recombinants and comparison with representative
strains from each HBV genogroup. Genetic distances were
estimated using the full length genome sequences of HBV
strains and the Kimura two-parameter matrix method. Phylo-
genetic trees were drawn using the neighbor-joining method.
Accession numbers and clone names are shown on each
branch. Bootsffap values are shown along with each main
branch. A scale bar indicates the degree of nucleotide diver-
gence. The novel Ae/G recombinants isolated in this study are
boxed. Ykal sfrains marked with an asterisk are reference
sffains representing genotypes Ae and G (Fig. 2).

neighboring branches. Genetic structure analysis and gene-by-
gene analysis revealed that all the viruses initially judged as

genotype G according to C gene sequences were A/G recom-
binants (Fig. 2 and Supplementary Figs S1-S4; Supplementary
Data are available online at www.lieberQub.com/aid).

Phylogenetic analyses of P and S (nt 2848-3215, l-835)
genes reveale d that O s I IP I 2008, Tk/JP/2009, and Os/JP/20 1 0
were positioned close to HBV/G strains, but Os/JPl2011 and
OsIJP/2}I3 were clustered close to HBV/A strains (Supple-
mentary Data S1 and S2). In contrast, all five were clustered
with HBV/A or HBV/G strains when phylogenetic analyses
were performed on S (nt 1-835) or C (nt 1814-2491) andX
(ntI37ll835) genes (Supplementary Data S3). Os/JP/2008,
TWIP|2009, and OsiJP/2010 were positioned close to previ-
ously identified Ae/G recombinants and showed similar
patterns of recombination, i.e., the recombination points oc-
curred at nt 950-1 100 and nt 3100-3200, spanning the 3'end
and the middle section of the S gene, respectively. The
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FIG. 2. Genetic structures of the novel HBV Ae/G re-
combinants isolated in this study. The genomes of HBViAe
and HBV/G are shown in dark gray and gray, respectively.
Bootscan analysis was performed with a window size of 400
and a step size of 50. The representative strains of Ae and G
are .4.8697507 and A8375170, respectively (asterisks in
Fig. 1). The approximate locations of the recombination
breakpoints are shown. Al1 five previously isolated A/G
recombinants are shown for reference. P, polymerase gene;
S, surface gene; C, core gene; X, the X gene.

crossover pattems of Os/JP/2011 and Os/JP/2013 were dis-
tinct from those of Os/JP/2008, Tk/JP12009, and Os/JP/2010
in that the recombination points lie at nt 1450-1500 and nt
2350-2400 at the 5' end ofthe X gene and at the 3'end ofthe
C gene, respectively (Fig. 2).

Among the five novel recombinants, Os/JP/2008, Tk/JP/
2009, and Os/JP/2010 shared > 99.9Eo seqnence similarities at
the nucleotide level, and showed similar recombination
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pattems. In conffast, Os/JP/2011 and Os/JP/2013 shared a high
sequence similarity (>99.IVo), although their pattems of re-
combination were different from those of Os/JPi2008, Tk/IPl
2009, and Os/JP/2010. The env nucleotide sequence similarity
of HfV that was coinfected with OsiJPi2008 was 93.87o of that
with Os/JP/2010. However, the env gene of HfV-1 that was
coinfected with Tk/JP/2009 had 8l.4%o and 82.27o sequence
similarities with those with Os/JP/2008 and Os/JP/2010, re-
spectively. Furthermore, the sequence similarity of HN-I env
between OslIPl2}Il and OsiJP/2013 was 83.8Vo.

Genetic traits of the Ae/G recombinants

The genetic features of HBV/G are as follows: the presence

of stop codons at codons 2 (TAA instead of CAA) and 28
(TAG instead of TGG) in the precore region; a 36-bp in-
sertion in the core gene; mutations in the core promoter
(A1762T,Gl'764A); and a 3-bp deletion in the pre-Sl region.
All the five Ae/G recombinants identified herein shared the
above genetic features. In contrast, the characteristic feature
of HBV/Ae, namely a 6-bp insertion at the 3' end of the core
gene, was present only in OsIJP/2011 and Os/JP/2013.

The "Ae genotype regions" (nt 173-926) within OsiJP/
2008, Tk/JP/2009, and Os/JP/2010 were genetically similar
to that of an isolate identified in the United States in 1998

[accession number JQ707544]. The same genetic region
within Os/JP/20I1 and Os/JPl2}I3 was similar to that of an
HBV/Ae isolate identifled in Japan in 1993 [accession
number KC8368771. Interestingly, the nucleotide sequences
of HBV/Ae strains that coinfected with TWJP|2009, Os/JP/
2010, Os/JP/2011, and OslIPl2}l3 were highly similar to
KC836877 (99.9-l00%o). We were not able to carry out the
analysis on OsiJP/2008 due to a lack of sample.

Coinfection status of the Ae/G recombinant
with HBV/Ae and /G

A previous study has shown that HBV A/G recombinants
often coinfect with HBV/A and HBV/G.28 Thus, we next
examined whether HBV/A and HBV/G were present in
specimens that were positive for Ae/G recombinants. To do
this, we developed a PCR system that distinguished genotypes
Ae, G, andAe/G. As expected, all five specimens gave positive
results in the Ae/G-specific PCR. Similarly, all five were pos-
itive in the Ae-specific PCR. However, the G-specific PCR
failed to amplify any of the specimens, although the limit of
detection remained to be determined. On the other hand, an-
other PCR designed to amplif, the ' ' G genotype region' ' of Ae/
G recombinants was positive for all five specimens that targeted
the 36-bp insertion of the core gene. The specificity of PCR was
verified by sequencing the amplicons. This suggests that HBV
recombinant genotype Ae/G coexisted with Ae, whereas the
level of genotype G was below the limit of detection.

To estimate the Ae to Ae/G recombinant ratio, we cloned
and sequenced the PCR products amplified using primer set

HBVALL9/HBVALL1O, which amplifles both genotypes.
The number ofindependent clones tested for Os/JP/2008, Tk/
JP12009, OsiJP/2010, Os/JP/2O11, and Os/JP/2013 was 13,2,
2I,27, and 11, respectively. All the cloned amplicons were
derived from Ae/G recombinants, and no amplicons encod-
ing HBV/Ae were found. These data suggest that Ae/G re-
combinants are circulating dominantly in the infected
individuals.

KOJIMA ET AL.

Pathophysiology of Ae/G recombinant HBV infection

We next examined the pathophysiological characteristics
of individuals harboring Ae/G recombinants lTable 2). As
described above, all five AelG recombinant-positive in-
dividuals were Japanese MSM who were coinfected with
HIV-I. They were aged 2441 yea.rs at the time of serodiag-
nosis and showed no apparent clinical signs, suggesting that
all were in the asymptomatic phase of HfV/HBV coinfection.

Virological analysis revealed that all were infected with
HIV-1 subtype B, a common subtype in Europe, the United
States. and Japan. The HIV-1 viral load in the plasma ranged
from 3.3 x 103 to 7 "7 xl}a per ml, which is not very high;
however, the HIV-1 infection was not controlled as none of
the subjects was taking antiretroviral drugs. The following
mutations were identified in the HIV genome: T69N in re-
verse transcriptase and Ll0V in the viral protease. These
mutations represent common polymorphisms within the
HIV-I genome, although they confer only weak resistance to
reverse transcriptase or protease inhibitors.

All specimens were positive for HBsAg and HBcAb, but
negative for HBsAb, suggesting that all subjects had an active
HBV infection. The HBV viral load in the plasma ranged
from 3.59 x 107 to 2.27 xl01o copies per ml, indicating high
levels of HBV replication. No mutations conferring resis-
tance to the nucleoside analogues lamivudine, entecavir, or
tenofovir were detected, consistent with the fact that all
subjects were treatment naive.

Plasma samples were tested for parameters related to liver
function, including AST, ALT, ALP, LDH, and y-GTP. Most
were within the normal range, suggesting that none of the five
subjects suffered severe liver dysfunction at the time of di-
agnosis, although mildly increased AST orAST, ALP, and 7-
GTP levels were observed in the subjects infected with Os/JP/
2013 orTklJPl2009.

Discussion

HIV-I was shown to spread in a specific community with
high-risk behaviors, including MSM. Such individuals have
high probabilities of being coinfected with HIV-1 and HBV
based on the similarity of their infection route. In fact, the
seropre-valence of HBV among HlV-positive individuals was
63.2Vo.26 The coinfection risk of multiple HBV genotypes is

also high. In Canada, 6'1Vo of HBV/G-positive individuals
were male homosexuals and were coinfected with an HBViA
or A/G recombinant.'8 In Japun, the coinfection of HBV/G
and /A has also been reported.2a In individuals coinfected
with distinct HBV genotypes, a recombinant HBV may be
generated. HBV recombinants originating from HBV geno-

types A and D or B and C have been already reported. An
intergenotype HBV recombinant made from genotypes A, C,
and G is now categorized as a distinct genotype I. The
crossover patterns of recombinant viruses vary'; however,
some regions of the HBV genome appear to favor inter-
genotype or intragenotype recombination.

In line with previous reports, the crossover points of the
five novel Ae/G recombinants described herein were posi-
tioned at or close to genetic regions in which recombinations
occur frequently,*' According to the recombination patterns,
it seems likely that Os/JP/2008, TkIIP/2009, and Os/JP/2010
originated from the same ancestor and the ancestor of Os/JP/
20ll and Os/JP12073 was different from that of the other
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Patienl

Virus nomenclature
Geographic origin
Gender
Age
Risk factor
HBV

Serology
HBsAg
HBcAb
HBsAb

Viral load (copies/ml)
Drug resistance, 3TC,ETV,TFV
Coinfection with

HIV
Subtype
Viral load (copies/ml)
Drug resistance

RT
Protease

TPAb"
Risk factor

BB
ND 7.7 xl}a

Os/JP/2008
Osaka

M
39

MSM

+
+

2.3 x 10ro

;

B
4.Ixl}a

TWIPt2009
Tokyo

M
32

MSM

+
+

3.6x107

;

B
4.2xI03

十

MSM

Os/JP/2010
0saka
M
41
MSM

Os/JP/2011
0saka
M
34
MSM

十

十

7.2× 109

十

Os/JP/2013
0saka
M
24
MSM

十

十

90× 109

+

B
3.3× 103

＋

十

一
Ｎ Ｄ

一

＋

Blochemical data

―         ―         ―        T69N      V179A
L10V,L63A  L63T,V771,193L  L10V,L63A  K43R,L63A,164V  L63T,193L

MSM
+
MSM

66
34
228
124
26

０

０

０

０

０

６

２

４

６

２

MSM

ND
llD
ND
ND
ND

MSM

40
20
200
80
20

u Anti-Tre pon e m a pa I lidum antibody.
olU. intemational unil. Normal range is shown.
M, man; 3TC, lamir,rrdine; ETV, intecavir; TFV, tenofovir; RT, reverse transcriptase; MSM, men who have sex with men; AST,

aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; 1-GTP, gamma-
glutamyl transferase; ND, no date.
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JPl20l3 viruses may be generated independently in the do-
mestic MSM population, which was then spread along with
the parental domestic strain of HBV/Ae.

The PCR experiments showed that HBV Ae/G recombi-
nants were present dominantly over the HBV/Ae, and the
levels of HBV/G were under the limit of detection in a1l five
cases, although these data had some limitations involving the
number of examined amplicons as well as intrinsic problems
in PCR. However, the dominance of the Ae/G recombinant
was probably due to its replicative capacity and/or selective
advantage invivo.It was likely that host immunity provided a
primary selection pressure. A similar phenomenon was re-
ported previously wherein a selection pressure may be partly
ittriUutid to antiviral agents.36 The finding that HBV/Ae was
present, albeit at a much lower frequency, suggests that AelG
recombinants still require HBV/Ae for efficient replication,
as does HBV/G.

Novel HBV recombinants were found in the specimens

collected for the anonymous HIV-1 testing. Thus, we have
limited clinical information about the examinees. Knowing
these limitations, biochemical findings indicated that coin-
fection of the HBV Ae/G recombinant and HIV-I did not
always result in a rapid progress of disease in a short period of
time. Some HBV genotypes show a severe clinical course.tu
Here, we were unable to determine whether these novel Ae/G
HBV recombinants are more pathogenic than other HBV
genotypes. This is primarily because the specimens were
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collected during the asymptomatic phase of HIV/HBV in-
fection and the clinical course ofthe infected individuals was
not monitored after virus detection. This will be addressed in
a future study.

A previous report from Brazil identified HBV/G harboring
mutations conferring lamivudine resistance (L180M and
M204V). It is notable that two of the three reported cases

were HIV positive.3a It is a concem that the potential spread
of novel Ae/G recombinants among Japanese HlV-positive
MSM may result in them acquiring drug-resistant mutations
that limit treatment options; however, we found no major
drug-resistant mutations in any of the five novel Ae/G re-
combinants identified herein. Taken together, the results of
the present study suggest that the molecular epidemiology of
HBV should be studied in more detail, especially in HIV-1-
positive individuals.

Sequence Data

GenBank accession numbers for the full genome
sequences obtained in this study are as follows: A8933279-
A8933283. GenBank accession numbers for the Ae sequences

obtained in this study are LC029424-LC02942'7 .
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