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Introduction

The AIDS Clinical Center (ACC) was established at 
the National Center for Global Health and Medicine 
(NCGM) in April 1997 based on the out-of-court 
settlement among the HIV-1-infected Japanese 
hemophiliacs, the Japanese Government, and various 
pharmaceutical firms that supplied the HIV-1-
contaminated blood products imported from the United 
States of America. Therefore, the main mission for 
the newly established ACC was to treat and care for 
the infected hemophiliacs. Subsequently, the role of 
the ACC was expanded to include the same treatment 
and care for all HIV-1-infected patients without any 
reference to the route of infection. 
	 AIDS was first reported in homosexual men in 1981 
(1-5). In the next year, AIDS cases were also identified 
in hemophiliacs (6). Seroprevalence was surveyed 
in Japanese hemophiliacs in the early 1980s, which 
showed that 29% of the tested hemophiliacs were 
positive for HIV-1 antibody (7). Based on the study, 
the time of HIV-1 infection of Japanese hemophiliacs 
was estimated to be 1983. Approval for the use of heat-

treated blood products was granted in 1985, however, 
the use of contagious, untreated blood products was 
not prohibited before the end of 1986. Accordingly, 
Japanese hemophiliacs were thus exposed to HIV-1 and 
developed AIDS at that time. Based on the nationwide 
survey of coagulation disorders in HIV-1-infection, a 
total of 1,432 individuals had been infected with HIV-
1 through contaminated blood products (8). At the time 
of writing this review, 33 years has passed since these 
patients were infected with HIV-1. Among them, 722 
patients (50.4%) were still alive as of the end of 2017 
(8). Their prognosis changed considerably in 1997 
when the combination antiretroviral therapy (ART) 
was introduced in Japan. The causes of death were 
accordingly changed from AIDS-related before 1997 to 
other diseases thereafter. 
	 We review here the natural course and pathogenesis 
of HIV-1 infection in Japanese hemophiliacs before 
1997 and, then summarize the current and future 
clinical issues among these patients.

Differences between infected and uninfected 
hemophiliacs
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As described, nearly 30% of Japanese hemophiliacs 
were infected with HIV-1 (7). In other words, the 
other 70% were not infected although they must have 
been exposed repeatedly to HIV-1 before 1987. HIV-
1 can enter CD4+ T lymphocyte cells (CD4 cells) with 
second receptors of CCR5 and/or CXCR4 (9). Other 
studies confirmed that the delta-32 mutant of the CCR5 
allele plays an important role in HIV-1 transmission 
and disease progression (10). Persons homozygous 
for delta-32 are well known to be resistant to HIV-1 
infection. However, there are no Japanese homozygous 
for delta-32. In this regard, an international genome-
wide study of resistance to HIV-1 infection in highly 
exposed uninfected hemophiliacs could not find any 
specific nucleoside polymorphisms related to the 
resistance (11). We do not have an accurate answer so 
far as to why some hemophiliacs were infected with 
HIV-1 but others were not at the host genetic level.

Viral tropism, pathogenesis, and disease progression

HIV-1 exists in the host as quasispecies, i.e., wide-
range heterogeneity, in which the sequences of each 
virus have high similarities but are not identical to each 
other. HIV-1 quasispecies evolve over time throughout 
the clinical course. Isolation of HIV-1 with peripheral 
blood mononuclear cells revealed two distinct in vitro 
biological features of HIV-1; one isolate grows rapidly 
and yields high reverse transcriptase (RT) activity in 
the culture supernatant, and the other grows slowly 
with low RT activity (12). Accordingly, the rapid/
high virus was termed the syncytium-inducing (SI) 
phenotype/T-cell line tropic virus and the slow/low 
virus was termed the non-syncytium-inducing (NSI) 
phenotype/macrophage-tropic virus. NSI variants are 
widely distributed in the body and are the predominant 
population throughout the asymptomatic to advanced 
stages. In contrast, the SI variants are often isolated 
from at least some patients with advanced disease 
(13) but are usually not isolated from chronic slow 
progressors. When isolated in the presence of high 
CD4 count, the CD4 count subsequently falls rapidly, 
with accelerated disease progression. Therefore, the 
emergence of the SI variants was thought to be a sign of 
disease deterioration. However, there was still a heated 
debate on whether the emergence of the SI variants was 
the cause or result of immunodeficiency. In a series of 
molecular studies from our laboratories, we found that a 
naturally occurring single amino acid substitution in the 
envelope variable 3 (V3) region alters the phenotype 
from NSI to SI (14) and that the basic amino acid 
arginine substitution at position 11 of the V3 region 
confers the SI phenotype (15). Using this molecular 
information, we investigated four hemophiliac patients 
(the clinical courses of two shifted to rapid progression 
while the other two remained slow progressors) with 
evolutional sequence analysis. The SI genotypes were 

only detected in the two rapid progressors just before 
CD4 depletion and thereafter, while the NSI genotypes 
were found in all patients throughout the clinical course. 
Interestingly, using phylogenetic analysis, we also 
demonstrated in another study that the SI genotypes 
were under stronger elimination pressure, compared 
with the NSI genotypes (16). Another study from our 
group confirmed the slow turnover of NSI virus at cell 
levels (17). 
	 After identifying the second receptors (9), the SI 
genotype was found to be a CXCR-4 tropic virus (X4 
virus) while the NSI genotype was a CCR-5 tropic virus 
(R5 virus) (15). In order to determine the pathogenesis 
of X4 and R5 viruses, we applied the deep sequencing 
method to investigate five slow progressor hemophiliacs 
who were ART-naïve for over 20 years (18). Among 
the five patients, two exhibited rapid decline in CD4 
count during the clinical course and received ART, 
while the other three were untreated and remained 
ART naïve after completion of the study. Interestingly, 
in two patients with CD4 decline, X4 virus emerged 
before CD4 depletion. In the first case, the X4 virus 
was detected first in July 2006 when the CD4 count 
was 619/mm3 and plasma RNA viral load (pVL) was 
18,000/mL. The mean proportion of the X4 virus was 
only 0.9% at that time. However, in November 2007 (16 
months later), the CD4 count decreased to 88/mm3, pVL 
increased to 58,000/mL and the proportion of X4 virus 
increased to 17.4%. Then, ART was initiated in this 
patient. In the second case, the X4 virus was detected 
first (90.5%) in January 2009 when the CD4 count was 
221/mm3 and pVL was 530/mL. In November 2011, 
the CD4 count decreased to 44/mm3, pVL increased to 
11,000/mL, and the proportion of X4 virus decreased 
to 16%. Then, ART was initiated. Although the V3 
sequences of X4 virus in both cases were quite unique 
and similar to each other, phylogenetic tree analysis 
showed that each X4 virus evolved from R5 virus in 
each patient independently. Our results suggest that the 
emergence of X4 virus preceded disease progression.

Immune pressure, escape mutations and disease 
progression

The natural course of HIV-1 infection has been well 
described in large cohorts before the ART era (19). 
There is a consensus that the asymptomatic period 
usually lasts around 10 years before development of 
AIDS. However, disease progression varies widely 
among patients and depends on a variety of factors, 
such as the viral factors described above. Another 
important factor is human leukocyte antigen (HLA). 
There is strong evidence that HLA-B*57/5801 
and HLA-B*27 are associated with slow disease 
progression (20). However, both alleles are very 
rare in Japanese. After extensive studies on the 
association between HLA and disease progression 
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interferon-α (IFN-α) in 1987 in the early stage HIV-
1 infection. The trial involved treatment of HIV-1-
infected hemophiliacs with IFN-α at 3 × 106 units, three 
times a week. While side effects of IFN-α were limited, 
the treatment was unsuccessful (28,29). In contrast, 
daily treatment with IFN-α using a much higher dose of 
35 × 106 units of successfully controlled plasma HIV-1 
P24 (P24) antigen, in a randomized placebo-controlled 
trial in the United States (30), although severe side 
effects, such as high fever and general fatigue, were 
noted. At that time, no method was available to measure 
pVL and P24 antigen was the only virologic surrogate 
marker used to monitor clinical efficacy. Considered 
together, the high dose IFN-α was effective but toxic, 
whereas the low dose was ineffective. 
	 Subsequent research led to a complete shift in 
treatment from the use of IFN-α to anti-retroviral agents. 
As described, although 1,500 mg /day of AZT was 
effective, it was associated with substantial toxicity 
(27). Therefore, a lower dose of AZT (600 mg/day) was 
tried in a randomized clinical study in the United States 
and the results showed the same efficacy but with less 
toxicity (31). In Japan, we also conducted a randomized 
clinical trial using a lower dose (400 vs. 800 mg/day) of 
AZT and the results of 400 mg/day showed less toxicity 
and more beneficial effects (32). In that trial, 79% of 
the study participants were Japanese hemophiliacs. In 
late 1980s and early 1990s, several nucleoside reverse 
transcriptase inhibitors (NRTI) were developed (33-36) 
and used as monotherapies in the clinical management of 
hemophiliacs. The combination of two NRTIs was also 
used for some of them. However, the clinical efficacy of 
NRTIs was very limited unless they were administered 
for about one year. For this reason, most of the Japanese 
hemophiliacs underwent long-term mono- or dual-NRTIs 
and experienced treatment failures until 1997. 
	 The 3-drug combination treatment [HIV-1 protease 
inhibitor (PI) plus two NRTIs], which was coined 
highly active ART (HAART), was introduced in clinical 
practice in 1996 in the United States (37,38). This 
treatment markedly improved the prognosis of HIV-
1 infected patients (39-42). The clinical status of the 
Japanese hemophiliacs also improved significantly after 
the introduction of HAART in 1997 compared with 
that of before 1997 (43). Although the ACC elected to 
use PI-based ARTs for the treatment of HIV-1 patients 
during the 2000s, such treatment was associated with 
increased bleeding tendencies at unusual sites, such 
as intramuscular bleeding, in both hemophilia A and 
B (44). Luckily, the bleeding was controlled with the 
use of clotting factors. Subsequently, we started to add 
clotting factors to the PI-based ARTs for hemophiliacs. 
ACC adopted the use of integrase strand transfer 
inhibitors (INSTI) when they became available in 
2008 for the treatment of HIV-1-infected hemophiliacs 
(45), in part due to the safety issue of HAART-related 
bleeding site effects.

in Japanese hemophiliacs, Takiguchi and coworkers 
(21) concluded that HLA-B*5101 was a protective 
allele. They showed that HIV-1-specific cytotoxic T 
cells (CTL) restricted by HLA-B*5101 can strongly 
suppress HIV-1 replication in vitro and concluded that 
the presence of HLA-B*5101 allele in hemophiliac 
patients was significantly associated with slow disease 
progression. However, they also found that HLA-
B*5101-restricted immunodominant CTL epitope 
Pol283 selected mutations at position 8 (position 135 
of reverse transcriptase). Four amino acid mutations 
at position 135 (I135R, I135T, I135L, and I135V) 
were identified. Among them, the virus with I135V 
had a high fitness cost, but the others had the same 
replication capacity compared with the wild type virus. 
A proportion of slow progressors among the Japanese 
hemophiliacs had I135V virus and their pVL was 
extremely low probably due to the slow replicative 
capacity of the virus (21,22). In contrast, when the 
I135X (T, R, or L) emerged in patients carrying 
HLA-B*5101 and was then transmitted to their partners 
who did not carry HLA-B*5101, it existed in the new 
host in the absence of HLA-B*5101 selective pressure. 
This means accumulation of the mutant I135X in the 
peripheral circulation of HIV-1 in Japan (22). Actually, 
a significantly rapid disease progression was recorded 
in 59 acutely infected patients (infected with HIV-1 
after 1997), relative to that of hemophiliacs (infected 
with HIV-1 before 1986) (23), probably due to lack 
of protection offered by HLA-B*5101 against disease 
progression in the recently infected Japanese (22). In 
this regard, adaptation of HIV-1 to escape HLA class I 
has deteriorated over time worldwide (22). If the highly 
active ART had not been established, the natural course 
of the disease could have probably accelerated, and 
some patients would have developed AIDS faster than 
before (23).

Anti-retroviral therapy before and after 1997

HIV-1 was first isolated by Barré-Sinoussi in 1983 (24) 
and the strong in vitro inhibitory effect of the first anti-
retroviral agent, azidothymidine (AZT), against HIV-1 
was demonstrated by Mitsuya in 1985 (25). A double-
blind, placebo-controlled trial of 1,500 mg/day of AZT 
was conducted in the United States and the successful 
results of the 8-24 week treatment was published in July 
1987 (26). In Japan, AZT was immediately approved 
without any local clinical trials and was made available 
for clinical use under the Japanese National Health 
Insurance at the end of 1987. However, the use of 
AZT at the recommended dose of 1,500 mg/day by our 
Japanese hemophiliacs was associated with severe bone 
marrow suppression. Similarly, the same severe side 
effect was also reported in some patients in a clinical 
trial in the United States (27). Prior to the availability 
of AZT in Japan, we conducted a small pilot trial of 
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Mortality of HIV-1-infected hemophiliacs

A total of 249 patients (including 245 HIV-1-infected 
Japanese hemophiliacs and 4 patients with von 
Willebrand disease) were registered at the Department 
of Infectious Diseases, the Institute of Medical Science, 
University of Tokyo from April 1986 through March 
1997 and at ACC, NCGM from April 1997 and 
thereafter. Among them, 90 patients died as of August 
2019. Thus, the mortality rate in this group is 36.1%, 
which is far better than that of the entire population 
of Japanese hemophiliacs (8). The survival curves 
are shown in Figure 1. As described above, ART was 
introduced in Japan in early 1997. According to the 
Kaplan-Meier curve, the mortality rate improved after 

2002 (Figure 1A), although the year 1997 saw a sharp 
fall in the number of AIDS-related deaths (Figure 1B). 
However, the number of HCV-related deaths has been 
gradually increasing since 2000 (Figure 1C). 

Causes of death 

Figure 2A provides details about the causes of death in 
our 90 patients. During the last three decades, the two 
major causes of death were AIDS (43.3%) and HCV 
(24.4%). However, the trend changed dramatically 
when the observation period was divided into before 
and after 1997. Before 1997 (Figure 2B), the majority 
of deaths (83%) were AIDS-related, whereas after 1997 
(Figure 2C), these were largely (40.8%) HCV-related 
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Figure 1. Kaplan-Meier survival curves. (A), Deaths from all causes (the dotted line is the approximate survival curve before 
2002, the vertical line represents 2002); (B), AIDS-related deaths; (C), HCV-related deaths.

Figure 2. Causes of death in HIV-1-infected hemophiliacs. (A), Total number of deaths = 90; (B), Causes of pre-1997 deaths (n 
= 41); (C), Causes of post-1997 deaths (n = 49); (D), Number and causes of death by every 5-year (Ordinate: number of deaths, 
abscissa: calendar years). Bleeding, intracranial bleeding; NADM, non-AIDS defining malignancies. CKD; chronic kidney diseases.
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deaths. The second cause of death was intracranial 
bleeding (18.4%), which might be related to the 
increased bleeding tendency associated with the use 
of PI-based regimens. To further dissect the causes of 
deaths, we analyzed the number and causes of deaths 
using 5-year bins (Figure 2D). The results showed 
bleeding-related deaths were the main cause between 
1996 and 2000 when the first-generation PI-based 
regimen was mainly selected during that time period 
since no other options of effective HAART existed. 
Direct active antiviral (DAA) drugs against HCV were 
introduced in 2016 and almost all hemophiliacs with 
HCV infection achieved complete cure thereafter. The 
rate of HCV-related deaths gradually decreased after 
2016, although some were still encountered probably 
because HCV hepatitis had already advanced to 
cirrhosis, at least in some patients. After 2001, although 
the number of deaths decreased (Figure 2D); suicide 
(6.1%) was the main cause in relation to poor mental 
health, followed by aging-related problems of non-
AIDS defining malignancies (NADM) (4.1%) and 
chronic kidney diseases (CKD) (6.1%) (Figure 2C). 

Impact of HCV co-infection

Almost all Japanese hemophiliacs were infected with 
HCV (46). It is well known that HIV-1/HCV co-
infection accelerates HCV disease progression (47). 
Therefore, hepatitis C progressed to cirrhosis in some 
HIV-1-infected patients before they reached 40 years 
of age, which is otherwise unusual in the general 
population (47). Some of these HIV-1/HCV co-infected 
hemophiliacs who had already advanced to late-stage 
cirrhosis underwent living donor liver transplantation 
between 2001 and 2004 and the majority of the donors 
were their mothers less than 60 years old (48). 
	 In the Japanese HCV-infected general population, 
HCV 1b is the main genotype followed by HCV 2a (49). 
However, in the Japanese hemophiliacs, the genotype 
pattern varied and corresponded to that described 
for the US, and included HCV 3, 4, and 6 (personal 
information). Therefore, for treatment of hepatitis C 
with genotype specific DAA, we faced difficulties 
related to the combination of these agents (50). 
However, we managed to achieve HCV cure in almost 
all HIV-1-infected hemophiliacs. As described above, 
the main cause of death was HCV-related after 1997 in 
the hemophiliacs. However, since almost all co-infected 
hemophiliacs had already been cured of HCV infection 
with DAA, HCV-related deaths have been decreasing 
in recent years (Figure 2D)

Non-AIDS defining malignancies (NADM) in the 
patients

Along with the ART-induced improvement prognosis 
of patients with HIV-1 infection and cure of HCV 

with DAA in the hemophiliacs, there has been a shift 
in the cause of death in recent years (Figure 2D). 
When we examined the causes of death in the past 
three years among our HIV-1-infected patients, one 
of the most important causes was non-AIDS defining 
malignancies (NADM) (Figure 3). The number of 
NADM has been increasing recently in our cohort (51). 
Although the precise reason for the steady increase 
in NADM is unknown, despite the decrease in other 
opportunistic infections, it can be speculated that 
recovery of immunosuppression is still incomplete 
(52,53). The importance of NADM was also confirmed 
in another large cohort study (54). Then, we conducted 
a double-cancer screening clinical trial between 2017 
through 2019 in 69 Japanese hemophiliacs using 
18F-fluorodeoxyglucose-positron emission tomography 
(FDG-PET), chest CT, gastric endoscopy, occult stool 
blood and cancer biomarkers (55). In the first screening, 
we found 4 cases of malignancies (3 cases of thyroid 
cancer and one neuroendocrine tumor in the pancreas) 
with a mean age of 48.9 years. Thus, the prevalence 
of NADM was 5.8%. In the second screening, we 
identified two more new cases (one each of pancreatic 
cancer and hepatocellular carcinoma) within 1.2 
years (68.2 person-years). Thus, the overall estimated 
incidence of NADM in the hemophiliacs was 2.99/100 
person-years (55). Both the prevalence and incidence 
were unexpectedly high. In Japan, the number of 
hemophiliacs living with HIV-1 in 2017 is 718 (8). 
Therefore, we can predict that the annual number of 
new cases with undiagnosed cancer is 40 and that 20 
new hemophiliacs per year will develop cancer. These 
results highlight the importance of cancer screening of 
HIV-1-infected hemophiliacs across Japan.

Neurocognitive impairment

The report of the CHARTER study of stable well 
controlled HIV-1 infected patients, concluded that HIV-
1-associated neurocognitive disorders (HAND) have a 
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Figure 3. Causes of death in HIV-1-infected patients 
between 2016 through 2018. The data include all HIV-1-
infected patients rather than hemophiliacs only. NADM, non-
AIDS defining malignancies; CVD, cardiovascular diseases.
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strong and negative impact on prognosis (56). The same 
study found high prevalence of HAND (47%) among 
patients confirmed with a neuropsychological (NP) test 
battery. We also conducted a nationwide surveillance 
of HAND in Japanese patients (J-HAND study) and 
found a prevalence of 25.3% (57). Detailed analysis of 
the results showed a specific decrease in neurocognitive 
domains during the aging process (58). However, 
the J-HAND study did not include any hemophiliac 
patients as they were excluded by the study design. 
In another study, we co-screened neurocognitive 
impairments including psychiatric dementia using 
FDG-PET (together with the study of cancer screening 
(55)), brain magnetic resonance imaging (MRI), and 
the NP test battery that was also used in the J-HAND 
study. Based on the J-HAND study criteria, the 
prevalence of neurocognitive impairment was 44.3%, 
which was nearly twice as high as that in HIV-1-
infected patients (57). However, the impairment was 
significantly associated with MRI findings of scars of 
faint intracranial bleedings during their childhood (χ2 
analysis; p < 0.05) (Table 1). These results suggested 
that the prevalence was influenced by the combination 
of HAND and sequelae of intracranial bleeding. 
Interestingly, the FDG-PET findings did not correlate 
with neurocognitive impairment in this study.

Stigma and future clinical issues

More than three decades have passed since our Japanese 
hemophiliacs were infected with HIV-1. Their mean 
age is approaching 50 years. Life-style related or age-
related co-morbidities, such as chronic kidney diseases, 
hypertension, and diabetes mellitus, are the main clinical 
issues, rather than HIV-1 infection, in our hemophiliac 
patients, similar to other patients infected with HIV-
1 (59). Recent years have witnessed improvement in 
anti-coagulation therapy and lessening of bleedings in 

hemophiliac patients. In contrast, cardiovascular diseases 
such as myocardial infarction have also increased 
recently. Furthermore, these patients have suffered 
stigma and discrimination against not only HIV-1 but 
also hemophilia itself over a long period of time and 
this will continue in the future. Persistent psychiatric 
pressures over many years have induced mental health 
problems. We must pay attention to the relatively high 
suicide rate of 6.1% recorded after 1997 (Figure 2C). 
Comprehensive treatment including mental support 
is especially important and indispensable for HIV-1-
infected hemophiliacs for better quality of life. More 
importantly, we have to achieve zero stigma in our 
society for people living with HIV-1.
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