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Identification of new circulating recombinant form of HIV-1
CRF139_02B in Japan, and search for the origin
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Abstract: Many circulating recombinant forms (CRFs) of HIV-1 have been reported, resulting in complex molecular
epidemiology of HIV-1 infection. In this study, we newly identified CRF139 02B in Japan from 4 cases of anti-
retroviral therapy naive people living with HIV. Near full-length genome sequences of CRF139 02B were determined
using Illumina MiSeq. Basic Local Alignment Search Tool (BLAST) revealed that there were several sequences
having the same breakpoints as CRF139 02B in the UK and Nepal, though its full-length genome sequences were
not available. Maximum clade credibility tree analysis using the region of protease and reverse transcriptase of HIV-
1 estimated that the time to the most recent common ancestor of CRF139 02B variants found in Japan was 2017.6
(95% highest posterior density interval: 2015.9-2019.3), and that among the UK, Nepal, and Japan was 2010.4 (2007.8-
2012.5). These results suggested that CRF139 02B circulated in Japan recently and domestically. Furthermore, the
origin of CRF139 02B could be in the UK. Because there is a possibility that further international circulation of
CRF139 02B may be observed in the near future, continuous monitoring of HIV-1 molecular epidemiology will be
needed.
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Introduction

Development of antiretroviral therapy (ART) averted
approximately 20.8 million AIDS-related deaths in the
past three decades (/). However, the AIDS epidemic
is still a public health threat and should be ended (2).
In 2022, people living with HIV (PLWH) were 39
million, people acquiring HIV were 1.3 million, and
people dying from HIV-related causes were 630,000
(3). HIV-1 group M is the majority of the global
epidemic of HIV infections (4) and has diverged into 10
subtypes (A-D, F-H, J-L) (5). Furthermore, many inter-
subtype recombinants of HIV-1 have been identified
(4). Typically, recombinants found in 3 or more
epidemiologically unrelated PLWH were distinguished
as circulating recombinant forms (CRFs) and were
numbered sequentially. In May 2024, over 150 CRFs
were reported to the HIV Sequence Database of Los
Alamos National Laboratory (https://www.hiv.lanl.
gov/content/index). Recombination of HIV-1 makes
viruses diversified (6,7) and molecular epidemiology
complicated (8,9).

In Japan, newly diagnosed cases of HIV-1 infection
were 884 in 2022, which was the lowest number in the
past 20 years (/0). On the other hand, the percentage

of people who were diagnosed with HIV infection per
PLWH was estimated at 85% (//,12) and was below
the 95% targeted by WHO (/3). The dominant strain of
HIV-1 was subtype B (82.8%), followed by CRF 01 _
AE (7.2%), among people newly diagnosed with HIV
in Japan from 2003 to 2019 (/4). Two CRFs have been
identified in Japan and were composed of subtype B
and CRFO1_AE (/5,16). Recently, we found a candidate
for a new CRF in PLWH visiting our outpatient clinic.
The objective of this study was to determine whether
these HIV-1 strains were new CRFs and to explore their
molecular epidemiology.

Materials and Methods
Participants and sample collection

In AIDS Clinical Center, National Center for Global
Health and Medicine (NCGM), pre-treatment HIV-1 drug
resistance testing was performed before the introduction
of ART by determining protease and reverse transcriptase
sequences in 2,482 ART-naive PLWH from January 2003
to June 2022. During the analysis of these sequences, we
noticed that 4 cases had a similar unique recombination
pattern in protease and reverse transcriptase of HIV-1
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composed of subtype B and CRF02_AG. Their stocked
plasma or serum samples and clinical information
at (or nearby) the first visit were used for analysis
anonymously. The study was approved by the Human
Ethics Committee of NCGM (#NCGM-A-000172-01),
and each participant also signed informed consent in
accordance with the Declaration of Helsinki.

Near full-length genome sequencing of HIV-

Near full-length genome (NFLG) sequencing of HIV-
1 (HXB2 position: 706-9531) was performed using
the previously published method (/7,78) with little
modification. Briefly, viral RNA was extracted from
plasma or serum samples using QlAamp Viral RNA Mini
Kit (Qiagen., Venro, Nederland). Reverse-transcription
followed by polymerase chain reaction (PCR) and nested
PCR was performed to amplify two (or four) segments
of NFLG of HIV-1 using PrimeScript II High Fidelity
One Step RT-PCR Kit and PrimeSTAR GXL DNA
Polymerase (Takara Bio Inc., Shiga, Japan) (/9,20).
Nextera XT DNA Library Preparation Kit and MiSeq
(Illumina, San Diego, CA, USA) were used for library
preparation and next generation sequencing (NGS).
Vicuna was used for the de novo assembly of short read
NGS data (27). Short read NGS data were mapped into a
tentative NFLG sequence made by Vicuna using BWA-
MEM (22). Mapped NFLG sequence data was visualized
using IGV (23) and polished to get final consensus
sequence. Anti-HIV drug resistant mutation was checked
by HIV DRUG RESISTANCE DATABASE of Stanford
University (https://hivdb.stanford.edu). Viral tropism
of coreceptor usage was checked with geno2pheno
[coreceptor] (https://coreceptor.geno2pheno.org).

Analysis of breakpoints and phylogenetic tree

Breakpoints of recombination were estimated using
jpHMM (24) and RIP (25). Reference sequences for
phylogenetic tree analysis were obtained from the
Nucleotide Basic Local Alignment Search Tool (BLAST)
(https://blast.ncbi.nlm.nih.gov/Blast.cgi), and from
the HIV Sequence Database of Los Alamos National
Laboratory. Phylogenetic tree analysis was conducted by
MEGA7 using the neighbor-joining method with Kimura
two-parameter model and 1,000 bootstrap replications
(26). Time to the most recent common ancestor (tMRCA)

was estimated by maximum clade credibility (MCC) tree
analysis using the Bayesian Markov chain Monte Carlo
method. The analysis was conducted by BEAST v2.4.6
with 100,000,000 states using GTR +G +1, relaxed clock
log normal, and Coalescent Bayesian Skyline model (27).

Results and Discussion

The clinical information of the 4 participants is shown
in Table 1. They were all men who have sex with men.
Two of them were Japanese, and the remaining 2 cases
were non-Japanese. A certain epidemiological link was
not observed among them. We succeeded in NFLG
sequencing of HIV-1 in all participants. No sign of
dual infection was found in the result of the de novo
assembly made by Vicuna and in the mapping images
depicted by IGV. We registered 4 NFLG sequences of
HIV-1 to DDBJ. Accession numbers are as follows:
ACCRFI1, LC762505; ACCRF2, LC762506; ACCRF3,
LC762507; and ACCRF4, LC762508. Next, we analyzed
the recombination pattern of these sequences. First,
jpHMM analysis suggested that these 4 sequences had
the same recombination pattern composed of subtype
A, B, G, and CRF01_AE (Figure 1A). Second, RIP
analysis suggested that these 4 sequences were more
likely composed of subtype B and CRF02_AG, rather
than subtype A, G, and CRFO1_AE (Figure 1B). To
confirm the recombination pattern suggested by RIP, we
conducted phylogenetic tree analysis in 3 regions; region
I (HXB2 position:706-3141), region II (3142-4855), and
region III (4856-9531) (Figure 1C). It revealed that these
4 sequences made significant clusters (bootstrap score
99) and belonged to CRF02_AG in region I (Figure 1D),
to subtype B in region II (Figure 1E), and to CRF02_AG
in region III (Figure 1F).

Nucleotide BLAST with our NFLG sequences
revealed that even the most similar sequence to ACCRF1
had only 91.11% identity, suggesting that no sequence
was close to ACCRF1. We also checked known CRFs
composed of subtype B and CRF02_AG in the HIV
DATABASE of Los Alamos National Laboratory. Three
CRFs (CRF56_cpx, CRF94 cpx, and CRF95 02B)
were found, though their recombination patterns were
different from our 4 sequences. Thus, we contacted HIV
DATABASE to resister our new CRF. After that, HIV
DATABASE assigned the following code to the new
CRF: CRF139 02B. This was the third CRF of HIV-

Table 1. Information of study participants at (or nearby) first visit

ID Sex Transmission route Age Nationality Last HIV negative Sampling ~ CD4 (/uL) Viral load (/mL)
ACCRF1 Male MSM 20s China 2020/6 2020/9 326 789,000
ACCRF2 Male MSM 30s Japan NA 2020/10 322 22,800
ACCRF3 Male MSM 30s Mexico 2019 2021/10 263 140,000
ACCRF4 Male MSM 20s Japan 2021/8 2022/1 430 405,000

MSM: men who have sex with men; NA: not available.
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Figure 1. Analysis of recombination in CRF139_02B. (A) Recombination pattern of ACCRF1 analyzed by jpHMM; (B)
Recombination pattern of ACCRF1 analyzed by RIP; (C) Recombination pattern of ACCRF1 depicted by Recombinant HIV-

1 Drawing Tool; (D) Phylogenetic tree analysis of region I (HXB2

11 (3142-4855); (F) Phylogenetic tree analysis of region III (4856-

number of nearby nodes showed a bootstrap score > 90.

1 identified in Japan, to our knowledge. Previously
identified 2 CRFs of HIV-1 in Japan (CRF69 01B
(15) and CRF76_01B (16)) were composed of 2 major
subtypes in Japan (B and CRF01_AE) (/4). While,
CRF139 02B was composed of subtype B and CRF02
AQG, the latter was a minor subtype (1.2%) in Japan
(/4). All variants of CRF139 02B did not have any
anti-HIV drug resistant mutation in Protease, Reverse
transcriptase, Integrase, and Capsid region. Additionally,
these viral tropism of coreceptor usage were CCRS.

To search for a similar sequence to CRF139 02B, we
used Nucleotide BLAST with 2 regions; region IV was
protease and reverse transcriptase (HXB2 position: 2253-
3509) and region V was integrase (4230-5093) (Figure
2A). There were 3 reasons why we chose these regions.
First, a part of CRF139 02B genome might have a
similar sequence, though we could not find any similar
sequence to NFLG of CRF139 02B. Second, substantial
reference sequence data were available because drug
resistance testing of HIV-1 had been conducted in all over
the world. Third, these regions contained the breakpoint
of recombination in CRF139_02B. The top 15 sequences
of max score in BLAST were added to phylogenetic tree
analysis in each region. In region IV, 9 sequences from
the UK (28,29) and 1 sequence from Nepal (30) were
found near CRF139_02B sequences with 100 bootstrap

position: 706-3141); (E) Phylogenetic tree analysis of region
9531). The closed circle showed CRF139 02B in Japan. The

score (Figure 2B). In region V, 7 sequences from the
UK (28) were found near CRF139 02B sequences with
100 bootstrap score (Figure 2C). It turned out that some
sequences in region IV and region V were obtained
from the same PLWH (e.g. MT571106 and MT570777)
(28). Thus, we united paired sequences and analyzed
recombination patterns with RIP (Figure 3). It turned
out that 6 cases (MT570597, MT571106, MT571148,
MT571077, MT571085, and MT571086) had the
2 same breakpoints as CRF139 02B. Additionally,
2 cases (MZ538466 and MT570773) had the same
breakpoint as CRF139 02B, though only one region
sequence data was available in each case. It suggested
that these 8 cases can be CRF139 02B, though their
NFLG sequences were not available. The other 3 cases
(MT571265, MF109637, and MT571025) also had the
same breakpoint as CRF139 02B in protease and reverse
transcriptase region, at the same time, however, they
had subtype F recombination. Thus, these 3 sequences
were not CRF139 02B, but were a related recombinant
to CRF139 02B. According to Yebra G, ef al., a part
of the MF109637 genome derived from subtype F was
close to the pure subtype F sequence observed in the UK,
suggesting that MF109637 was generated in the UK (29).

To search for the origin of CRF139 02B, MCC
tree analysis was performed. To eliminate the effect of
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Figure 2. Search for similar sequences to CRF139_02B. (A) Two regions were used for BLAST; (B) Phylogenetic tree analysis
of region IV (HXB2 position: 2253-3509); (C) Phylogenetic tree analysis of region V (4230-5093). The closed circle showed
CRF139 02B in Japan. The number of nearby nodes showed a bootstrap score > 90.
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Figure 3. Recombination pattern of similar sequences to CRF139_02B. Each recombination pattern was analyzed by RIP and
depicted by Recombinant HIV-1 Drawing Tool. LC762505 (at the top) was ACCRFI.
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Figure 4. Search for the origin of CRF139_02B. (A) Two regions were used for maximum clade credibility (MCC) tree
analysis; (B) MCC tree analysis of region VI (HXB2 position: 2253-3141); (C) MCC tree analysis of region VII (4230-4855).
The closed circle showed CRF139 02B in Japan. The open circle showed CRF139 02B in the UK or Nepal. The dotted circle
showed a node of the common ancestor. The number near the dotted circle showed posterior probability.

recombination, we used regions composed of a single
subtype or CRF; region VI (HXB2 position: 2253-
3141), and region VII (4230-4855) (Figure 4A). MCC
tree analysis was performed with only CRF02 AG
or CRF139 02B sequences in region VI (Figure 4B).
Four sequences of CRF139 02B in Japan formed a
cluster, and tMRCA was 2017.6 (95% highest posterior
density (95% HPD) interval: 2015.9-2019.3). At the
upstream, CRF139 02B sequences in the UK and Nepal
were located and made a cluster with CRF139 02B
sequences in Japan, and tMRCA was 2010.4 (2007.8-
2012.5). Further upstream, pure CRF02_AG sequences
in the UK were located. These results revealed that
CRF139 02B in Japan, the UK and Nepal had the
same origin. Furthermore, the origin of CRF139 02B
could be in the UK. In Japan, CRF139 02B seemed
to be circulating recently and domestically, rather than
migrating independently from elsewhere to Japan. This
suggestion did not conflict with the clinical information
of the participants at (or nearby) the first visit; their CD4
counts were maintained, and 3 of 4 participants had an
HIV negative history recently (Table 1). In the same way,
MCC tree analysis was performed with only subtype B or
CRF139 02B sequences in region VII (Figure 4C). Four
sequences of CRF139 02B in Japan formed a cluster,
and tMRCA was 2017.2 (2014.2-2019.7). Upstream,

CRF139 02B sequences in the UK were located and
made clusters with CRF139 02B sequences in Japan,
and tMRCA was 2001.7 (1992.3-2009.7). However, no
close sequence was found further upstream. These results
revealed that CRF139 02B in Japan and the UK had the
same origin, though no information was found about the
parental subtype B strain of CRF139 02B. That may be
the reason why tMRCA of CRF139 02B in region VII
had a longer 95% HPD interval than that in region VI.

Our study has 4 limitations to be mentioned. First,
this study was conducted in a single center. We had
no more information about current circulation of
CRF139 02B in Japan. Second, the number of study
participants was small. The clinical or virological feature
of CRF139 02B was unclear. Third, no epidemiological
link among the participants was observed. We could
not confirm epidemiological migration or circulation
of CRF139 02B in Japan. Fourth, the putative parental
subtype B of CRF139 02B was unknown, which
weakens our hypothesis that CRF139 02B originated in
the UK.

In conclusion, we newly identified HIV-1
CRF139 02B from 4 PLWH in Japan. It turned out that
CRF139 02B has existed in at least 8§ PLWH outside
of Japan. Furthermore, the origin of CRF139 02B
could be in the UK. Because there is a possibility that
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further international circulation of CRF139 02B may
be observed in the near future, continuous monitoring of
HIV-1 molecular epidemiology will be needed.
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