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Association of demographics, HCV co-infection, HIV-1 subtypes
and genetic clustering with late HIV diagnosis: a retrospective
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Abstract

Introduction: Late diagnosis of the human immunodeficiency virus (HIV) is a major concern epidemiologically, socially
and for national healthcare systems. Although the association of certain demographics with late HIV diagnosis has been
reported in several studies, the association of other factors, including clinical and phylogenetic factors, remains unclear. In
the present study, we conducted a nationwide analysis to explore the association of demographics, clinical factors, HIV-1
subtypes/circulating recombinant form (CRFs) and genetic clustering with late HIV diagnosis in Japan, where new infections
mainly occur among young men who have sex with men (MSM) in urban areas.

Methods: Anonymized data on demographics, clinical factors and HIV genetic sequences from 39.8% of people newly diag-
nosed with HIV in Japan were collected by the Japanese Drug Resistance HIV-1 Surveillance Network from 2003 to 2019.
Factors associated with late HIV diagnosis (defined as HIV diagnosis with a CD4 count <350 cells/pl) were identified using
logistic regression. Clusters were identified by HIV-TRACE with a genetic distance threshold of 1.5%.

Results: Of the 9422 people newly diagnosed with HIV enrolled in the surveillance network between 2003 and 2019, 7752
individuals with available CD4 count at diagnosis were included. Late HIV diagnosis was observed in 5522 (71.2%) partici-
pants. The overall median CD4 count at diagnosis was 221 (IQR: 62-373) cells/pl. Variables independently associated with
late HIV diagnosis included age (adjusted odds ratio [aOR] 2.21, 95% Cl 1.88-2.59, >45 vs. <29 years), heterosexual trans-
mission (aOR 1.34, 95% Cl 1.11-1.62, vs. MSM), living outside of Tokyo (aOR 1.18, 95% CI 1.05-1.32), hepatitis C virus
(HCV) co-infection (aOR 1.42, 95% CI 1.01-1.98) and not belonging to a cluster (aOR 1.30, 95% Cl 1.12-1.51). CRFO7_BC
(aOR 0.34, 95% Cl 0.18-0.65, vs. subtype B) was negatively associated with late HIV diagnosis.

Conclusions: In addition to demographic factors, HCV co-infection, HIV-1 subtypes/CRFs and not belonging to a cluster were
independently associated with late HIV diagnosis in Japan. These results imply the need for public health programmes aimed
at the general population, including but not limited to key populations, to encourage HIV testing.

Keywords: CD4 counts; hepatitis C; HIV; Japan; late diagnosis; phylogenetic clustering
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1 | INTRODUCTION

The advent of antiretroviral therapy (ART) has dramatically
changed the prognosis of people living with human immun-
odeficiency virus (HIV). Early ART initiation allows a simi-
lar life expectancy to that of people living without HIV [1].
Early diagnosis and treatment, regardless of CD4 count, are
recommended to reduce HIV-associated morbidity and mor-
tality [2]. However, in many countries, a substantial propor-
tion of people living with HIV (PLWH) remain undiagnosed
(54.0% in the United States and Canada [3], 44% in the UK
[4] and 58.8% in China [5]), with diagnosis occurring when
their CD4 count decreases to <350 cells/ul. Late diagnosis
confers significant clinical consequences on long-term mor-
tality [6], increases the risk of onward transmission [7] and
higher healthcare costs [8]. Late HIV diagnosis is a major
concern epidemiologically, socially and for national healthcare
systems.

Japan has a low prevalence of HIV, with a cumulative total
of 31,385 PLWH at the end of 2019 [9, 10]. HIV prevalence
is less than 0.1% among adults aged 15-49 vyears [9, 10]. Men
who have sex with men (MSM) constitute more than 70% of
newly diagnosed PLWH, and those in urban areas are most at
risk for HIV infection [2, 10]. In Japan, voluntary counselling
and testing (VCT) services are available at public health cen-
tres, but only 32% of people newly diagnosed with HIV were
detected through VCT [10, 11]. In recent years, approximately
30% of new HIV diagnoses were identified following the onset
of acquired immune deficiency syndrome (AIDS)-defining ill-
nesses [9, 10]. According to previous studies, the proportion
of diagnosed PLWH was estimated to be 80-85% as of 2015-
2017, lower than the first 90 of the UNAIDS 90-920-90 goals
[12-14]. The national guidelines recommend early ART ini-
tiation regardless of CD4 count [15, 16]. Once PLWH are
retained in care, 99.1% experience viral suppression [12]. A
number of large trials have shown that widespread early test-
ing and early treatment reduce HIV transmission [17, 18].
These data suggest that enhancing earlier HIV diagnosis and
linkage to treatment should be the core strategy in control-
ling the HIV epidemic. Therefore, elucidating factors associ-
ated with late HIV diagnosis could facilitate effective HIV con-
trol in Japan.

Descriptive epidemiology of the national AIDS surveil-
lance (NAS) in Japan showed that compared to individuals
newly diagnosed with HIV without AIDS-defining illnesses,
those newly diagnosed with HIV and AIDS-defining illnesses
were more likely to be older, heterosexual and from non-
urban areas [10]. Besides demographics, hepatitis B or C co-
infections [19, 20], HIV-1 subtypes [21-23] and clustering
based on nucleotide sequences [24, 25] may be associated
with late diagnosis, but this information is not included in the
NAS. To our knowledge, no large-scale nationwide study has
revealed the association of the aforementioned factors with
late HIV diagnosis.

In the present study, we conducted a large-scale study
on late HIV diagnosis in Japan to explore the association of
demographics, clinical factors and viral genetic clustering with
late HIV diagnosis using data from transmitted drug resis-
tance surveillance of HIV-1.

2 | METHODS

21 |

The Japanese Drug Resistance HIV-1 Surveillance Network
has been collecting demographic, clinical and HIV-1 protease
and reverse transcriptase (PR-RT) sequencing data as part of
transmitted drug resistance surveillance [24-27]. Since 2003,
there have been more than 100 collaborating institutions,
which are widely distributed across Japan. Demographic, clin-
ical and viral sequencing data are collected anonymously from
PLWH receiving care at any of these institutions, who agree
to participate. Among all PLWH registered in the Japanese
Drug Resistance HIV-1 Surveillance Network, we enrolled
individuals who met the following inclusion criteria: newly
diagnosed with HIV between January 2003 and December
2019; available CD4 count before the end of the year follow-
ing HIV diagnosis; and ART-naive at the time of available CD4
count.

In Japan, all new HIV diagnoses are mandatorily notified
to the public health centre by physicians under the Infectious
Diseases Control Law and compiled in the NAS report [, 10].
However, the NAS did not collect CD4 counts until 2019, nor
does it collect data on hepatitis B or C co-infection or HIV-1
sequences. Therefore, we used data from the Japanese Drug
Resistance HIV-1 Surveillance Network. Data from the NAS
report were used to assess the coverage and representative-
ness of the study participants.

Study setting and participants

22 |

Late diagnosis and late diagnosis with advanced HIV infec-
tion were defined as HIV diagnosis at a CD4 count <350 and
<200 cells/pl, respectively [26].

Definition of late diagnosis

23 |

Demographic variables of interest were: year of diagnosis, sex,
age at diagnosis, transmission risk, country of origin and geo-
graphic location. Clinical variables of interest included hepati-
tis B surface (HBs) antigen and hepatitis C virus (HCV) anti-
body positivity. Phylogenetic variables of interest were HIV-
1 subtype/circulating recombinant form (CRF) and belong-
ing to a cluster. To assess whether the period of diagno-
sis was associated with late diagnosis, the 17-year study
period was grouped into subperiods of 2003-2008, 2009-
2014 and 2015-2019 to ensure an adequate sample size in
each group for statistical analysis. If more than one transmis-
sion risk factor was reported, risk categories were ranked as
follows: people who inject drugs > MSM > heterosexuals. Age
at diagnosis was stratified into three groups based on the
interquartile range (IQR) of 25% and 75%: <29, 30-44 and
>45 years.

Variables of interest

24 |

Logistic regression was performed to identify factors asso-
ciated with late diagnosis. Odds ratios (OR) and 95% confi-
dence intervals (Cl) were calculated. The Wald test was per-
formed, and the corresponding p-values were calculated. In

Logistic regression
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Figure 1. The number of new HIV diagnoses in Japan and the coverage of the Japanese Drug Resistance HIV-1 Surveillance Network

from 2003 to 2019.

(a) The number of new HIV diagnoses in the National AIDS surveillance (NAS) reported from 2003 to 2019. (b) The number of new
HIV diagnoses reported to the Japanese Drug Resistance HIV-1 Surveillance Network from 2003 to 2019. (c) The number of new HIV
diagnoses reported to the Japanese Drug Resistance HIV-1 Surveillance Network with CD4 counts measured within the year following
diagnosis. (d) The coverage of the Japanese Drug Resistance HIV-1 Surveillance Network from 2003 to 2019. The number of new HIV
diagnoses reported to the Network (b) was divided by the number of new HIV diagnoses reported to the NAS (a). (e) CD4 count data
coverage of the Japanese Drug Resistance HIV-1 Surveillance Network from 2003 to 2019. The number of new HIV diagnoses reported
to the Network with CD4 count data measured within the year following diagnosis (c) was divided by the number of new HIV diagnoses

reported to the NAS (a).

the univariable analysis, crude ORs were calculated indepen-
dently. Variables with p<0.10 were included in the multivari-
able analysis along with factors associated with late diagno-
sis: sex [5, 22], age at diagnosis [19, 27], transmission risk
[5, 27] and country of origin [22, 28]. A two-tailed p-value of
<0.05 was considered statistically significant. Statistical analy-
ses were performed using JMP Pro version 15.0.0 (SAS Insti-
tute Inc., Cary, NC, USA).

25 |

Nucleotide sequences from PR-RT regions (HXB2: 2253-
3269) were used for HIV-1 subtyping and identifying clusters.
HIV-1 subtype/CRF was determined using the jumping profile
Hidden Markov Model [29]. All subtypes and CRFs with more
than 30 sequences were categorized individually, whereas less
prevalent subtypes and CRFs were grouped under “Other.” To
identify clusters, HIV-TRACE was employed with a 0.015 sub-
stitutions/site genetic distance threshold and a 0.05 ambiguity
fraction [30]. All available sequences (regardless of CD4 data
availability) from individuals newly diagnosed from January
2003 to December 2019 (8815 sequences) were included in
the cluster analysis. Clusters were defined as containing at
least three individuals, while two individuals with similar PR-
RT sequences were defined as a pair. An individual outside of
these two categories was defined as a singleton.

HIV-1 subtyping and cluster designation
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This study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the Medical
Research Ethics Committee of the National Institute of Infec-
tious Diseases (approval no. 1098). All participants provided
written informed consent for data collection and subsequent
analyses unless the requirement for written informed consent
for study participation was waived by an institutional review
board. Data collection was anonymized.

Ethics

3 | RESULTS

3.1 |

From January 2003 to December 2019, our network regis-
tered 9422 newly diagnosed ART-naive PLWH, representing
39.8% of all newly diagnosed PLWH in Japan (N = 23,689)
for the same period (Figure 1). The CD4 counts were unavail-
able for 1670 individuals (17.7%), resulting in 7752 partic-
ipants being included in the analysis (Figure 2). We evalu-
ated the representativeness of the study participants by com-
paring their socio-demographic data with data from the NAS
from 2003 to 2019 (n = 23,689) (Table S1). The character-
istics of the 7752 participants were broadly similar to those
of the 23,689 individuals notified to the NAS. To evaluate
the potential biases caused by the unavailability of CD4 data,

Participant characteristics



1,670 individuals (17.7%) were without CD4 count
before the end of the year following diagnosis

9,422 newly diagnosed ART-naive PLWH
from 2003 January to 2019 December

7,752 were included in the analysis
on late diagnosis

5,522 (71.2%) were diagnosed
with CD4<350 cells/uL

Figure 2. Flowchart of individuals included in the analysis and the prevalence of late HIV diagnosis.
Between 2003 and 2019, 9422 newly diagnosed ART-naive PLWH were registered in the Japanese Drug Resistance HIV-1 Surveillance
Network. A total of 7752 individuals were included in the analysis, and 71.2% had a CD4 count <350 cells/pl at diagnosis (defined as

“late diagnosis”).
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Figure 3. CD4 count at HIV diagnosis of 7752 individuals from 2003 to 2019: Japanese Drug Resistance HIV-1 Surveillance Network.
Percentages of CD4 count at HIV diagnosis: <50 cells/pul (blue), 50-199 cells/ul (orange), 200-349 cells/ul (grey), 350-499 cells/pl (yel-

low) and >500 cells/ul (sky blue) are shown by year of diagnosis.

the characteristics of the study participants were also com-
pared with demographic, clinical and phylogenetic data from
individuals who did not have available CD4 count data (n =
1670) (Table S1). Among those with no available CD4 data,
the percentages without data on HBV and HCV co-infections
were higher. Another difference that should be noted was the
higher frequency of missing CD4 data from 2009 to 2014
compared with those from the other two periods.

Among the study participants, 5522 (71.2%) and 3569
(46.0%) had CD4 counts <350 and <200 cells/pl, respectively,
at diagnosis. The median interval from HIV diagnosis to CD4
measurement was 12 (IQR 3-28) days. The characteristics of
the 7752 participants are summarized based on late diagnosis
CD4 categories (Table 1). The overall median CD4 count at
diagnosis was 221 (IQR: 62-373) cells/ul. Most participants
were male (95.1%) and Japanese (90.9%). The median age
at HIV diagnosis was 36 (IQR: 30-45) years. The predomi-

nant transmission risk was MSM (76.8%), followed by hetero-
sexual (16.7%) and injecting drug use (0.8%). The prevalence
of HCV antibody seropositivity was 3.3% (256/7752 partic-
ipants) at HIV diagnosis. Among 256 individuals with HCV
co-infection, 182 (71.1%) were MSM, 33 (12.9%) were het-
erosexuals, 25 (9.8%) were other/unreported and 16 (6.3%)
were people who inject drugs. Among 60 people who inject
drugs, 16 (26.6%) were HCV seropositive, which is higher
than the HCV antibody seropositivity of the overall partici-
pants (256/7752; 3.3%).

32 |

Figure 3 shows the annual CD4 distributions grouped into
the following five CD4 count categories: <50, 50-199, 200-
349, 350-499 and >500 cells/pl. The distribution of CD4
counts <350 and <200 cells/ul at HIV diagnosis according to

Late diagnosis trends over time



Table 1. Characteristics of the study participants according to the CD4 count (cells/pl) at HIV diagnosis in Japan, 2003-2019.

Characteristics

n (%)

Median CD4 count
at diagnosis [IQR]

CD4 count (cells/pl) at diagnosis

<350 n (%)

<200 n (%)

All
Period of diagnosis
2003-2008
2009-2014
2015-2019
Sex
Male
Female
Unknown
Age (years)
<29
30-44
>45
Unknown
Transmission risk
MSM
Heterosexual?
Male
Female
PWID
Other/unreported
Country of origin
Japan
Other
Unknown
Geographical area
Tokyo
Other areas
HBs antigen
Positive
Negative
Unknown
HCV antibody
Positive
Negative
Unknown
HIV-1 subtype/CRF
B
CRFO1_AE
C
CRFO2_AG or G
CRFO7_BC
A
Other
Unavailable
Cluster category
Clustered
Pair
Singleton
Unavailable

7752 (100.0%)

2221 (28.7%)
2998 (38.7%)
2533 (32.7%)

7375 (95.1%)
370 (4.8%)
7 (0.1%)

1972 (25.4%)
3789 (48.9%)
1928 (24.9%)
3 (0.8%)

5956 (76.8%)

1297 (16.7%)

971 (12.5%)
324 (4.2%)
60 (0.8%)
439 (5.7%)

7045 (90.9%)
683 (8.8%)
24 (0.3%)
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Abbreviations: IQR, interquartile range; MSM, men who have sex with men; PWID, people who inject drugs.
aThere were two individuals of unspecified sex.



Table 2. Factors associated with late HIV diagnosis (CD4 <350 cells/ul) in Japan, 2003-2019.

Univariable analysis

Multivariable analysis

Variables Crude OR 95% CI p-value? aORP 95% CI p-value?
Period of diagnosis 2015-2019 ref ref

2009-2014 1.16 1.03-1.31 0.01 1.10 0.97-1.25 0.14

2003-2008 101 0.89-1.14 0.88 0.99 0.86-1.14 0.92
Sex Male ref ref

Female 0.97 0.77-1.21 0.77 0.83 0.60-1.16 0.28
Age group (years) <29 ref ref

30-44 1.57 1.40-1.77 <0.0001 1.49 1.31-1.69 <0.0001

>45 2.54 2.20-2.94 <0.0001 221 1.88-2.59 <0.0001
Transmission risk MSM ref ref

Heterosexual 146 1.27-1.67 <0.0001 1.34 1.11-1.62 0.002

PWID 1.12 0.64-1.97 0.69 1.34 0.65-2.78 042

Other/unreported 1.99 1.55-2.55 <0.0001 2.07 1.53-2.81 <0.0001
Country of origin Japan ref ref

Other 0.96 0.80-1.14 0.61 0.97 0.78-1.21 0.79
Geographical area Tokyo ref ref

Other areas 1.26 1.14-1.39 <0.0001 1.18 1.05-1.32 0.006
HBs antigen Negative ref ref

Positive 1.19 0.98-1.45 0.08 1.20 0.97-1.49 0.09
HCV antibody Negative ref ref

Positive 1.59 1.17-2.16 0.003 1.42 1.01-1.98 0.04
HIV-1 subtype/CRF B ref ref

CRFO1_AE 1.17 0.96-1.43 0.11 1.00 0.79-1.27 0.99

C 1.19 0.75-1.88 0.46 0.99 0.58-1.68 0.97

CRFO2_AG or G 1.22 0.76-1.96 0.40 0.93 0.53-1.62 0.80

CRFO7_BC 0.27 0.15-0.50 <0.0001 0.34 0.18-0.65 0.001

A 0.99 0.47-2.07 0.98 0.80 0.32-2.01 0.64

Other 0.58 0.36-0.93 0.02 0.54 0.32-0.91 0.02
Cluster category Clustered ref ref

Pair 0.94 0.76-1.16 0.55 1.04 0.82-1.31 0.78

Singleton 1.34 1.18-1.52 <0.0001 1.30 1.12-1.51 0.001

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; MSM, men who have sex with men; OR, odds ratio; PWID, people who inject

drugs.

ap-values were calculated using the Wald test. A two-tailed p<0.05 was considered statistically significant.

bStatistically significant adjusted odds ratios are shown in bold.

the year of diagnosis was approximately 70% and 40-50%,
respectively, with minor fluctuations over the 17-year period.
During 2003-2008, 70.2% of new HIV diagnoses were late
diagnoses, and the proportion increased to 73.0% in 2009-
2014 before decreasing to 70.0% in 2015-2019 (Table 1).

3.3 | HIV-1 subtyping and cluster category

Subtype B accounted for 82.8%, followed by CRFO1_AE
(7.2%). Other subtypes or CRFs comprising more than 30
sequences included subtype C, CRFO2_AG or subtype G,
CRFO7_BC, and subtype A. Two hundred and eighty-four clus-
ters and 273 pairs were identified. The median number of
individuals in a cluster was 5 (range, 3-2533). Among the indi-
viduals with an available CD4 count, 5174 (67%) were in clus-
ters, 439 (5.7%) were in pairs and 1709 (22.0%) were sin-
gletons. The median CD4 counts [IQR] (cells/ul) for clusters,

pairs and singletons were 229 [69-376], 236 [85-378] and
182 [41-339], respectively.

3.4 | Factors associated with late diagnosis

The results of the logistic regression analysis are shown in
Table 2. In a univariable model, the late diagnosis was asso-
ciated with the period of diagnosis (2009-2014 vs. 2015-
2019), higher age (>45 and 30-44 vs. <29 years), transmis-
sion risk (heterosexual vs. MSM), location (other vs. Tokyo),
HCV antibody seropositivity and singleton (vs. clustered). HIV
CRFO7_BC and other subtypes were inversely associated with
late diagnosis (vs. subtype B). A potential association between
late HIV diagnosis and HBs antigen positivity (p<0.10) was
identified. All variables of interest were included in the mul-
tivariable model, and factors associated with late diagnosis
were higher age (>45: 2.21 [1.88-2.59] and 30-44: 1.49



[1.31-1.69] vs. <29 vyears), transmission risk (heterosexual:
1.34 [1.11-1.62] vs. MSM), location (other: 1.18 [1.05-1.32]
vs. Tokyo), HCV antibody positivity (1.42 [1.01-1.98] vs. neg-
ative) and singleton (1.30 [1.12-1.51] vs. clustered). HIV-1
CRFO7_BC (0.34 [0.18-0.65]) and other (0.54 [0.32-0.91] vs.
subtype B) were associated with a lower risk of late diagnosis.
The results were similar for late diagnosis with advanced HIV
infection (Table S2).

4 | DISCUSSION

This is the first nationwide study of late HIV diagnosis in
Japan. A strength of our study is the large number of individ-
uals recruited from the national surveillance network over the
17-year study period, which facilitated the analysis of the dis-
tribution of CD4 counts at the time of diagnosis. The major-
ity (71.2%) of PLWH were diagnosed with a CD4 count <350
cells/ul, and approximately half (46.0%) were diagnosed with
a CD4 count <200 cells/pl, which is much higher than pre-
viously reported for the UK, Australia, North America and
China (44% and 23% [4], 39% and 20% [31], 54% and unavail-
able [3], and 59% and 35% [5], respectively). The analysis by
risk group showed the same trend: 69.3% of MSM had a CD4
count <350 cells/pl at HIV diagnosis, which was much higher
than that reported in a previous study among Chinese MSM
(43.9%) [5]. An increasing trend towards early diagnosis was
reported in studies from the United States and Canada [3],
the Netherlands [27], Europe [32] and China [5]. We inves-
tigated whether late diagnosis in Japan decreased during the
17-year period. Although the proportion of late HIV diagnoses
showed a slight decrease from 73% in 2009-2014 to 70% in
2015-2019, proportions remained high throughout the study
period compared with those in other countries. Thus, there is
an urgent need for public health measures to diagnose HIV
infection earlier.

Our analysis showed that older age and identifying as het-
erosexual were independent risk factors for late diagnosis,
which is consistent with the results of studies in other coun-
tries [5, 22]. Individuals older than 50 years and heterosexuals
tend to believe that they are not at risk for HIV infection [33].
The results suggest that HIV testing focusing only on key pop-
ulations is insufficient to reduce the high proportion of late
diagnoses.

Regarding the regional effect on HIV diagnosis, a remark-
able difference in the risk of late diagnosis between Tokyo
and other areas was identified. Tokyo is the largest city in
Japan, and 37.3% of all new HIV diagnoses in Japan between
2003 and 2019 were reported in Tokyo [10]. A similar trend
for rural residents to be diagnosed later than that observed
in individuals residing in large cities has been reported [28].
The difference between Tokyo and other areas was possibly
caused by several factors, including HIV-related stigma and
discrimination, insufficient HIV awareness and lack of access
to facilities with HIV-related expertise [34]. Although our anal-
ysis showed a regional difference within Japan, the propor-
tion of late diagnoses even in Tokyo was 68.2%, which was
higher than the aforementioned studies from other countries
in which study populations were not limited to urban areas.
This study suggests that late diagnosis is a national problem.

After adjusting for other factors, HCV, but not HBV, was
significantly associated with late HIV diagnosis, as previously
reported [19, 20]. Injecting drug use is a major risk fac-
tor for HCV infection [35]. Despite the high prevalence of
HCV antibody, injecting drug use was not associated with
late diagnosis, whereas HCV positivity and late HIV diagno-
sis remained significantly associated after adjusting for trans-
mission risk. While HCV is believed to be transmitted by
unprotected anal intercourse among MSM [36], HCV infec-
tion is rare in HIV-negative MSM [37]. There are two pos-
sible reasons: HIV infection biologically increases the risk
of HCV infection [38], and HIV is more easily transmitted
by sexual contact than HCV [39]. Furthermore, HIV infec-
tion often precedes HCV infection in MSM [39, 40]. There-
fore, many HCV antibody-positive participants at the time of
HIV diagnosis likely acquired HCV following HIV infection
and before HIV diagnosis, possibly related to a long period
of high-risk behaviour, that increases the risk of HCV infec-
tion. This assumption partly explains the association between
HCV antibody positivity and late HIV diagnosis. Another pos-
sible explanation is that HCV co-infection may affect the
CD4 count, which decreases after HCV seroconversion in
PLWH compared with PLWH only [40]. However, the effect
of HCV co-infection on reduced CD4 count is transient [36],
and HCV serostatus does not affect HIV disease progression
[41]. Taken together, multiple factors, such as the temporal
sequence of HIV and HCV acquisition, time to HCV acqui-
sition and impact of HCV on CD4 count, could have con-
tributed to the association between HCV and late HIV diag-
nosis. One important caveat is that the association between
HCV and late HIV diagnosis was evaluated using HCV anti-
body positivity, which indicates a history of infection but does
not necessarily indicate current infection.

CRFO7_BC showed a negative association with late diag-
nosis. CRFO7_BC was first reported in 1997 in China [42].
CRFO7_BC infection was first identified in Japan in 2006,
with only two individuals being reported until 2012. How-
ever, the number of reports increased to 41 between 2013
and 2019. The negative association suggests that late diag-
nosis is less common in subtypes recently introduced than
in those prevalent in Japan for longer. HIV-1 CRFO7_BC has
been associated with slower immunological progression com-
pared to HIV-1 subtype B in previous studies, which may be
due to the 7-amino acid deletion in p6é of CRFO7_BC [43, 44].
Given this, the possibility that virological differences between
subtypes might have contributed to the result of this study
cannot be excluded.

The sequence analysis showed that singletons were signif-
icantly associated with late HIV diagnosis. This may be due
to the virus evolving within the individual beyond the thresh-
old of genetic distance over a long period of time [45], or the
virus may have been transmitted from undiagnosed individu-
als [46]. We employed a 1.5% threshold, which corresponds
to a maximum of approximately 7-8 years of viral evolution
[47], to minimize the influence of intra-patient viral evolution
on clustering. One hypothesis for the association between sin-
gletons and late diagnosis is that individuals with a partner or
partners with HIV could have high-risk perception and actively
seek HIV testing, as seen in previous epidemiological studies
[48, 49]. In this study, a similar effect was observed. Given



that singletons would be missed by partner services or pro-
grammes based on clusters [50], different approaches may be
needed to address late diagnosis.

Our study found that older age, heterosexual transmission,
attending medical institutions outside of Tokyo, HCV positiv-
ity and not being in a viral PR-RT sequence cluster are associ-
ated with late HIV diagnosis. Individuals who are older, het-
erosexual and attend medical institutions outside of Tokyo
have different characteristics from key populations in Japan
and are usually excluded from priority programmes focusing
on key populations. Thus, there is a further need to expand
HIV programmes that currently focus on key populations for
a broader population. In Japan, there is low awareness of free
anonymous VCT services conducted by local governments [51,
52], and in some areas outside of large cities, VCT services
are infrequent [53]. Additionally, HIV self-testing has not been
officially approved in Japan [11]. Strategies that focus on key
populations remain very important for early HIV diagnosis,
but facilitating access to testing, including VCT services and
self-testing, for a broader population is critical to reducing the
high occurrence of late diagnoses and achieving 95-95-95 tar-
gets in Japan.

Several limitations of this study should be considered. First,
the study group covered only 39.8% of individuals who were
diagnosed with HIV between 2003 and 2019 in Japan, of
whom 82% had available data on CD4 count at diagnosis.
While there were no major differences in socio-demographic
characteristics between the study participants and all individ-
uals newly diagnosed with HIV notified to the NAS, the per-
centage of MSM was higher among the study participants.
This might be due to differences in the place, timing and
method of collecting information; while NAS is based on data
collected at the time of diagnosis from where individuals are
diagnosed, our network collects data from medical institu-
tions where individuals are followed after diagnosis. This dif-
ference might have contributed to the higher percentage of
MSM and the lower percentage of individuals in the oth-
ers/unreported risk category among the study participants.
Therefore, we hypothesize that this difference might reflect
our data on transmission risk being more detailed than the
NAS and should not significantly impact the study results.
Also, possible biases resulting from the unavailability of CD4
data should be considered. The higher percentages of missing
data on HBV and HCV co-infections in individuals without an
available CD4 count could have influenced the impact of hep-
atitis co-infections on late HIV diagnosis. A higher frequency
of missing CD4 data for the 2009-2014 period may also
have contributed to the slightly higher proportion of late HIV
diagnoses in 2009-2014. Second, we used the available CD4
count within the year following HIV diagnosis rather than the
CD4 count at diagnosis because only the year of diagnosis
was available for some individuals. Therefore, the proportion
of late diagnoses might have been overestimated. However,
the percentage of individuals with a CD4 count <350 cells/pl
at diagnosis was similar to data collected by the NAS in 2019.
In 2019, the percentage was 68.1% in our study compared
to 70.9% reported by the NAS. These data suggest that pos-
sible biases in the study population and the timing of CD4
count measurement did not significantly affect the results of
this study. Third, clusters identified in this study may not nec-

essarily represent the actual transmission network. A cluster
may be a proxy for engagement with HIV testing services
and/or healthcare in general, and there may be other larger
or unidentified networks that might have been missed due to
incomplete sampling.

5 | CONCLUSIONS

In addition to demographic factors, HCV co-infection, HIV-
1 subtypes/CRFs and not belonging to a cluster were inde-
pendently associated with late HIV diagnosis in Japan. These
results imply the need for public health programmes aimed at
the general population, regardless of risk group, to encourage
HIV testing.
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HIVEHE OFHIIRE QY L7z, BN T TICHHIVEEE (antiretroviral therapy @ ART) 12
I BAEVIBEFIRIIR L BEERRESE SN TWS., ZOTHROYHEIZIE, HARBEYGEDSB o 1,
HIVZ IS 5 EBARTI O BAERPTHIVIEE T A4 K54~ Ok, WBEOE/RPBHICE T 514
WRIER ST ST LERVIEMLTE 2. 51, B TREROFE CHHHIVED B,
PR A M LS| 20TlER L, FILOBELEHREOY 7Y a e b/zb Lz, AX7RART % #
e UL FFHIV-1-RNA R 258 R ARG O REBIIL, W Z2 M L T/8— M —ICHIVEZ RS g v
LSS 927 o 72, 2 MiFUndetectable=Untransmittable (U=U) &I:EN, TN F TOHZ R
HTbAyE—VThsb T/ 2HEERHAIEREFHE VoI LWEERELES L. 2ok
I I HEDH ST, HIVIREEDZW A SARTORY, ARTHRO T S5A4A <V 7ETOTRTA
T THFEB LT EDIF TR, KBFHTIE, ARTIZOWTRFOMA LB F 200, HIVEH#E
DOBLIRE HHHIZOWTHEST 5.

F—7— K : JPLHIVH#E, Undetectable=Untransmittable, 2 A3, Fraht:iEa5#]

Abstract

The prognosis for persons living with HIV has improved significantly. Antiretroviral therapy (ART) has
previously been used successfully in Japan, with excellent treatment success rates and retention rates.
Several factors have contributed to these improved prognoses, including improved management of opportu-
nistic infections, establishment of health systems for HIV care, publication of the ART guidelines, provision
of training, and dissemination of HIV care information. Furthermore, the emergence of new, effective, and
safe anti-HIV drugs has not only improved treatment success rates, but has also resulted in the introduc-
tion of novel concepts and treatment options. It has been proven that patients on effective ART who have
undetectable blood levels of HIV-1-RNA do not transmit HIV to their partners through sexual intercourse.
This is known as Undetectable = Untransmittable (U=U), a concept that challenges commonly held beliefs
about HIV infection. There has also been an emergence of innovative therapies, such as two-drug therapy
and long-acting injectable regimens. However, not all steps from HIV infection diagnosis to primary care
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after ART introduction have been successful. This review summarizes the current status and challenges of

HIV therapy in Japan, taking into account the latest findings on ART.

keywords: antiretroviral therapy, Undetectable=Untransmittable, two-drug regimens, long-acting injectable

regimen

I. 3U&IC

HIVEEREOTFRIIARELEHFE LA HATIETTIC
PUHIVH# % (antiretroviral therapy : ART) 12X % & Wik
DI LR REIR LN TWAE,. ZOTFHROUWE
21, HAULEGSEOF o I, HIVEHICHET 5 E
AR DA RLPHIVIERE A A ¥ 54 ~ OE, B4
DEMRLZHICHT 2R L LS EFSELERIRT
KL CT&7 5612, Wl TERENOREWHBPHIVE
DOBWE, HEREE A LS 2T TR, Fil
WS EEROT T a vED S L Witha u JK
RIZBWTDH, DT & Mk Z SV IEREIIER R D 51

5. AREHTIE, ARTIZOVWTERFOAR LT 2 oD

HIVEZ#OBIR & EIZOWTHEH T 5.
II. HIV BREAE DK E BN AE S &

1. HIVEREDZE
EINTIZHIVIEGH 1T S F S F ik, ERICL-T
HIVIEYE L ZW ST b, EHERETHHIVREDS
EINTBY, HYKEAAIDSRHIVIEGHE 2 5> TR
H2ITI BETM &, EIEE O MR A 0%, T
W, FMRIORE R ESEREFEELEORAL LT
HIFoh s, EEOIA XZHERRFEBEIIST L CTHEML
7220154F- % 5 201 74F- D Fr#l s Wi B34 35291 D 5 W D 224
BT 2T, 31% 25 EEMAE (FTBURt), 50%
DEFBEBIC BT 22 H oA, 13% D3RRI
BUFAZWAEHWNE LWV —F v TERI N 2MET
BRIIN TV, EFERETE L oBTEREsZIHsn T
WBH, EEEEomEI o TciEhvy. LT ME
W BERDSENHT — ¥ X— 2 (National Database of
Health Insurance Claims and Specific Health Checkups of
Japan : NDB) % HI\72WF%8 Ci, HIVES2SHHT %
BICHERE & BT S 72100610 5 5 HIVIRA D FEiE S h
DD THI7% TH - 72[2]. HIVEREDO R FE RO
72O21E, ITEREZHESI TS L DI, RERIC
BUIRELHEESE T DLEDND 5.

2. ZEEROE

HIVIRGeF 3P bE B 2 i 02 %25 L 720, HIVIEYYE
DOF & LCCDARSIETY 738k (CD4%Y) & I FHIV-
I-RNAE 2SI SN 5, SERRICH Y T 5CDAIC &
D, HHMREGEDORKEL T Tbhs. Tz, &
YeSE DA IE, FEARL BB IE % & 7B A ¥ F A

(accepted for publication, March 20, 2023)

VADRMDFERE NS, HIVIEGH ORI 7% % LK
T5IRATEELLOD 1 DA AFRLIEYHEDHEBETH
5. EEO I A XHHBEIFHE B TI9954E 2 52017
EIZAIDS % FE L 727215602 B3 2 Ak Asis s
72[3]. 19954E TIZAIDSHEF DL T HRIF2B% UL L Th - 72
S, AR & FETTERIZE T L20164E & 20174E135% Al Td -
7. Z0XHIZ, AIDSEEDAEFERIINESSLHEL.
LA L, AIDSOZBWOBENSTRHRICERET S 2 Lid45k
THY, ZOHEZBWTHLRPZWPEETH 5.

III. ART

1. ARTEHA RS0

ARTIE, HIVOEH 2z B O JTHIVEE THIH 3 5 2 &
W20, CDARMETY sk M2, REEDHE
HBELHTIETHL. ZOE—0 B, MPHIV-
I-RNAR 2 B R R IR T 5 2 & ThH . BN
TRPHIVIEIE T A4 F 5 4 Y [4A1RHIVIRGSE [EEOT
Fl& | BIEBERET SN TEY, EHRRITEREIRT
W5, FE72, KREWG,71RHKIMN[BIDARTICEIT A 54 KT
A DOV THHEBEOSE L > Tn5.

2. RBkE

ARTIZBI LT, WORBEZHIGET 54, TLTLEDH
HEHCTHBET L0, BEORETH 7. vwD
RIREBGT 522V TIE, CDABASHRIE L 2o T W
72. 20064F L 1ZCDA%L A3200/u LA A2, AIDS % F83E L 72
FBRICHEBREHER STz, LaLl, 8F8FEL
TV ADQERE & DI, HHBGIIE L 2 2 CDAIL
ELEL Y, BHAETIICDARICE D S FHEBEI RS
NBL5 T %o7. 20, HIVERGIEIZEBBHREOK
X & % o 72, HPTNOSGZ2EAER ITHIVEEPEE & HIVEEH:#
oy FTNVIT63M e R & L lRRETH 59,100 §
CIWZARTZ RG-S AL, CDAEA250/uLE TR T $ 5
I AIDSTRAE P /B % 8 9E L 7212 \CART % BA#G 3 % BE 12 4
fEBIZH Yo, 2L T, RIICARTZBHMET 5
Z L2 X DHIVEE M BV B i A% %0 B4 70 M T Jk e
JEE W o FZIRIRIY A X MWL T U722 & 2% &
niz. ZORPARTOAMMEE, ZO%OKBEERR
ER[11,121 CCDABAB00/uL Ul Lo BETH RS, 4
HBEOLEF v AL E N7z,

3. Same-day ART &rapid ART
AL CIIHIVIEEGSE O Z W H b L <1332 B IR #



i3 IN

% B3 % same-day ARTHY A B LTV %, Same-day

ARTIZZ Rt R R WG IO 2S5 T HEMEA D 5.
L2 L, EWN Csame-day ART% E i3 % = & 138 L.

ARTZBIIAT 1213V 29 D5MrH 5. T3 IZHIV
Btk & B B AW GRSt OUEICSML, BHD
FETIREZBGT A2 L, KICHMAEIYEZ AP L
TV A AR REFMEEER SRR I NS YA1E,
MABPRED BB AT DL &, RBICERED
I D B EFRIC X o T, ARTOBGHEZET 5
ZETHBHMAL ZORT, EHEEBEH P )same-day

ARTZEET 57200\ Tl o TV B HENN S 5.

SE O SRR S E Lz#ATid, AIDSH LI
CDAEAT200/u LA DIE B D36 % A3 Wi %> 5 ART D B4k
FTOYMA 6B LETH - 72[13]. EANTIZEH» 5
ARTRIE F CTOMB A K <, rapid ART% EfET 5729
DXRIRD BN 5.

4. TasP&U=U

L OHPTNOS2§ABR TliE, FIWARTIZHIVEGE O F
BEYE S 2T TIEARL, = M=~ OHIVES
%93% HALTF X87:[9,10]. €51, ARTICE > Tw A
WV AMHIDE S NTIERI NS DEFIZ0 THo72. 2
DIERENSFB & L THDIEHE (Treatment as Prevention;
TasP) &\ ) BE &AL L, Scienceiit ®Breakthrough
of the yearlZ b @I X7z, 72721, ZoOBIKRREBRTIX
HIVIEEGF 0720122 ¥ F— 20 AR ST
7. 22 TaAY F—ALADWRHEIT - 72 DART
DT BN % WA T 5 WK R B2 0E S L7z, PART-
NER1/2: B#[14] £ Opposites AttractzR BR[15] Wi i Bk ©

1831 D13 B D 2 » F— 2 L ZADVEAZ I Th 7=,

HIVEEHE S— b F =25 BH S — b F—~DFh v T IV
BRIZ0THoT. YA NVAEHITHNIE, T3 F—

AVATHo72E LTHHIVIIIESE L 20 oD TH 5.

U=U (Undetectable=Untransmittable) 1%, Z DOFI2=)
MAZDHPYRTLIERDE Ay =V THY, HIVEY
HOEFEOE O LR - AR ORI D 7235 T HE
W2H 5. U=sURHAZA ZFE&Z2FOHEDONAH N
5 R HRD b O FARI I N

5. HEEDLEE

19904E DB IR RS E RER A EH] 2 & & F —
FI v 71 HZ2MAE DS 3FIREIFEL ST
%, ARTO#ERIIHE T L. BERRBREL IR L
L 721140 [ R GBR O i6 78 L2 58 & BT L 72 2E[16] T
1, 19954F 1213 HE €43 % T - 72 EBRIIZE DT, 20104E 12
3EET8% T TLEA L. Zow#icid, BBREEE
BEEEHTHLTF 7 AELVY Y FOF VIV T IV
¥ (tenofovir disoproxil fumarate : TDF) & ¥ — FJ v
JIEIND A 775 —EMlEH (integrase strand
transfer inhibitor : INSTI) ASBg45- L7z &Ml S sz, #
DOBOBERIZHM L 72HHFD T/ FEVT 57 253

F (tenofovir alafenamide : TAF) & %5 2 {:fRINSTIT &
5. INOLOHEHPELETHILICLY, BAEDEHRER
BRO BRI HIE T THEL . R1LICHAD
PHIVIRIE T A F 54 Y IZBT 2RO EVHTFTY —1
METHHBEL I AV OEEBZRT4]. O FMI
HRL VA VIIKRELLEDY, BRFOFTAFS5L T
1%, TAF& %6 2 HACINSTIZSH.O & > 72, NDB% Hw
72098 Tld, TAF L INSTIO20194E DML T E &3 Fh 2
N70% L90% %2 TEY, ZhoOFEHPERKOE
BEREFITH - 72[17].

£1 2014FE3 BH» 520224 3 B COHHIVAEH 1
KZA4 D ADHEREICE T2 HERENEE (B
EwhFdy—)

2014 2016 2018 20202022
—— TDF/FTC O O O O
RUE  TAF/FTC O00000
SERREA Ancis1e O O

ABC/3TC* O O O O O O O O O

sa WA v 000000
wEx T ATV OO
p DRV 0000000
SEIER  RAL  OO0000O00
7/ INSTI EVG OO0 0000
2k DIG 000000000
INSTI BIC 0000
2T H DTG/3TC O

* DTGRUAN R LimSR, ™ DTGEHALBE

NNRTI: non-nucleoside reverse transcriptase inhibitor (3E#%
BRPEEEREEH]), Pl protease inhibitor (FO7 77—+
=#I), ATV: atazanavir (747 E)L)

6. TAF: HiLWF/RELOTORS v T

TAF%E 35 D O BIHIVIE#E A 4 5 4 > T, TDF/
I A MY T ¥ VEY (emtricitabine : FTC) 257 /3% ¥ v
(abacavir : ABC) /9 3 7 ¥ ~ (lamivudine : 3TC) X
DY ENHBNERETH 72, L L, BUEBEERE
i, AEZ ECTREBEREORIMEH D72 ICTDFO#
LW EETH -7z, TDFIZABCX W b BEHEDO HL T
H HHEERERAMW B Z KT S5 2 L1810 S,
HIVIE B3 12 BT 2 B B o & WA R E[19] 53 & 1H
ENTW 20164EICT VR EVDFLWTO R v ¥
THLTAFDBY L, ZORMIEEE L7z TAFIXIm b
THRETH Y, FOFEGHIREEMIHBNICRITT
5. Z0O72%, TAFO#5-#IZTDFOMI/I0LLTF T, 7
J RE VO PEEDHI0CTESbNhD. Z0kH %
HWTROEND S, Py 4 NV ARIHRIITKE ZEV I
ZVbO0, BBIOEHEEOBEHIZAE B
[20,21]. FGE D nwizd, L0/ 1 H1E 1§
(single-tablet regimen : STR) AT HEICZ D, Wik
7 ReT7 Iy AMEICLES L

7. % 2 HINSTI
b9 120042 i RINSTIO B3 T d 5.
1 WACDINSTITH 5 5 V5 2 5 ¥ (raltegravir :
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RAL) T WVEF 275U (elvitegravir : EVG) 1%, 1l
D7 5 AOPHIVEE & Wi L TR 222 1l HHIV-1-RNA
BE2ET ¢, BugetzRLsz LaL, 1H 2H®
Pk, SEWBIREEN T — 2 ¥ — OLEN, ABRONIRZE
EFEHRICOWTIRRIBEYED - 72, 5121, i
D7 IR R, BB R S RSO Y 2
IWHotz. INLOBEE R Lz0%, 21
RDOINSTITH %5 Fv7 7 5 ¥V (dolutegravir : DTG)
LY 2 5775 (bictegravir : BIC) T& 5. DTG
1 H1mE, AFCHERECHRTE, BEE.ImmE bt
HIVEOH TR/ ZMIEOSR TH L. $72, EiE)
BENT — 27 —DBAEDZD, EHHMEERL V%
V. IR AR ICB VT, DTG =7 7L vy
(efavirenz :EFV, li5er 1) 4 )V F )L (darunavir :
DRV) &) bENLERKIELRL72[22,23]. Wit
N7 bR, BEREERE SR E U KBTI R
PR THRI200080 ASDTGHEZ ) D fH1F S 7278, ik
R EA 2 R L -0 b T 1 floAT
H o 72[22-25]. BAETIIMEAER 2T Tld % L, HEE
WMDY H v 854 v, SHIEME, e s s
TR CHER IS,

H 9 120 2 #AINSTIZBICTH 5. DTGE 872
XD, BRI SEM L T 5. BIC/TAF/
FTCO&GHI TORFEHAMEETH D, TAFL 42 AL
INSTI% & & ME— DSTREAITH H 5. HEERE, T4
VAR DO XA v I, i, HIVHBVE &G
Z EEBOBRRBA T b, ZFOERMEIRE SN2,
DTG & FFRICTRBE AR E 25t 4 & L COIH R
BRC, WEERI R ST % A5 L 72 RE SNSRI T
HY, BOMPE N 7 2R L2[24,25]. BERHBS, T
P U R—=VFEELR EOLE TV 220V TIEA T4
TH5.

IV. 3L VEERS

1. 23EE

ARTIZ 3 #IHEH:, 2 F ), HIVICWH T 597 4 IV X
WL ET 2R E 3 OMHT AEBEVIERTH -
2. LA»L, MEANY 7OEF—FI v 7ORYE &
DI, 2 HIE R T BAERAHIIN L 2. 2 FeEIC
¥ —FF v 71 H L EERRIRE R R I EA 1A % fF

My ahGs, ¥F—F Iy 7 2R%2HT 25605 5.

COETEF—FI v 7 1H BRIV E R REE
HI1ANC & 5 2 PRI W TR T 5.

3 APEX 19964 1S FEFR S NZIAS-USAD A K5 4
VIO TEYELRZ26]. SOFA4 K54 TiE, 22
ORI ERREERN OB Lz HERT L LD
2, Fhsicsuar 7 —YHERZBINT 5 3 HEED
et E R L7z, F LT 197T4EDH A 54 VT, F—
Fov 7 (Fur7—EHERDS L IFIERERR ST
ERFMAEAH) L2 o0OBBRSEIEREMERIC X
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% 3FIFEEDHERRIE & L TR THESL S L 72[27]. 3HIH%
PEAERER W & oo 2 RIS, BERRBICBIT L8
NrESEZ R LD ITFONE. £ Y IFEL
(indinavir :IDV, l5eH1E) +3 F 7Y~ (zidovudine :
ZDV) +3TCO 3 HIRFE DA MM %, IDVEAHESL
X OZDV+3TCD 2 Fl#: & ik U 72 B R AR BR[28] T U,
IDVHELKIHEIERZDV + 3TCTIE, b T2 %iEf T LABL
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Hl D 3HPEDLErDO 5 THoT e EZ SN
SHBEDIER & % 5 720, NN 7oy
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Cahnb1id, @ ¥+ ¥/ b+ E L E3TC, DRV/Y +F
YL L3TCO 2 AL, WBHRRRERE 10 LT 3 #
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OB DPYHEEN, HIVERE OEBEA Y 4 VITKEL
AT B LTSNS,
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