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Abstract

With the advent of antiretroviral therapy (ART), the prognosis of people infected with human immunodeficiency virus
(HIV) has improved, and the frequency of HIV-related central nervous system (CNS) diseases has decreased. Nevertheless,
mortality from HIV-related CNS diseases, including those associated with ART (e.g., immune reconstitution inflammatory
syndrome) remains significant. Magnetic resonance imaging (MRI) can improve the outlook for people with HIV through
early diagnosis and prompt treatment. For example, HIV encephalopathy shows a diffuse bilateral pattern, whereas progres-
sive multifocal leukoencephalopathy, HIV-related primary CNS lymphoma, and CNS toxoplasmosis show focal patterns on
MRI. Among the other diseases caused by opportunistic infections, CNS cryptococcosis and CNS tuberculosis have extremely
poor prognoses unless diagnosed early. Immune reconstitution inflammatory syndrome shows distinct MRI findings from
the offending opportunistic infections. Although distinguishing between HIV-related CNS diseases based on imaging alone
is difficult, in this review, we discuss how pattern recognition approaches can contribute to their early differentiation.

Keywords HIV - HIV-related central nervous system diseases - AIDS - MRI - Antiretroviral therapy

Introduction

In the early 1980, a positive diagnosis of the human immu-
nodeficiency virus (HIV) inevitably led to acquired immu-
nodeficiency syndrome (AIDS) and premature death. HIV
causes cellular immunodeficiency primarily by infecting and
killing CD4-positive T lymphocytes. The normal absolute
serum count for CD4-positive T lymphocytes in adolescents
and adults ranges from 500 to 1500 cells/mm?. In general,
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the cell count progressively decreases with the increasing
duration of HIV infection. At cell counts <200 cells/mm°,
patients are severely immunocompromised and classified as
having AIDS [1]. Patients may develop opportunistic infec-
tions (OIs) or other HIV-related disorders that can lead to
death within a few months without appropriate therapy [1].

Since the introduction of antiretroviral therapy (ART),
there has been a significant improvement in the prognosis of
HIV-infected patients. ART can reduce or entirely prevent
immunosuppression and even improve immune status by
suppressing HIV growth [2]. ART transforms HIV infec-
tion into a manageable chronic condition, potentially allow-
ing patients to have an almost average life expectancy [3].
However, although ART has notably reduced the prevalence



of HIV-related central nervous system (CNS) diseases, sec-
ondary to Ols [4, 5], the associated mortality remains high
[4]. Therefore, HIV-related CNS diseases are a major cause
of death in patients with HIV [6].

Furthermore, nearly 20% of HIV-infected people world-
wide are reportedly not diagnosed and treated with ART [7].
Thus, it is not unusual for incidental magnetic resonance
imaging (MRI) findings to lead to the suspicion of HIV-
related CNS diseases and the subsequent diagnosis of HIV
infection [9]. In addition, HIV-infected individuals, who
do not adhere to treatment may again become immunode-
ficient after a few months [8], thus increasing the risk of
HIV-related CNS diseases.

MRI, which is minimally invasive and highly reproduc-
ible, is one of the most powerful tools for diagnosing and
monitoring HIV-related CNS diseases. This article, reviews
MRI as a diagnostic tool, focusing on pattern recognition
approaches to diagnose HIV-related CNS diseases.

Clinical and laboratory findings
of HIV-related CNS diseases

Information of use in estimating the risk of HIV-related CNS
diseases is the serum CD4-positive T lymphocyte count. In
patients with counts of <200 cells/mm?, there is a higher risk
of HIV encephalopathy, OIs, and primary CNS lymphoma
(PCNSL) (Table 1) [10]. Antibody assays of blood serum or

Table 1 Correlation between serum CD4-positive T lymphocyte
counts and risk of HIV-related CNS diseases [1, 10]

CD4 count (cell/  Frequently occurring CNS diseases
3
mm-®)
>500 Same as in immunocompetent hosts
200-500 HIV-associated neurocognitive disorders (HAND)
<200 Toxoplasmosis, HIV encephalopathy, Cryptococ-

cosis, PML, PCNSL

HIV human immunodeficiency virus, PCNSL primary central nervous
system lymphoma, PML progressive multifocal leukoencephalopathy

cerebrospinal fluid (CSF), polymerase chain reaction assays
of CSF, and CSF or blood cultures are recommended for
diagnosing some CNS diseases. Some cases may require a
biopsy for confirmation and/or empirical treatment [11, 12].

Classification with MRI pattern recognition

HIV-related CNS diseases can be classified into three groups
based on their etiology (1) impairment directly caused by
HIV-related neurologic diseases HIV encephalopathy and
HIV vasculopathy, (2) Ols, secondary to HIV CNS toxoplas-
mosis (CNS-Toxo), progressive multifocal leukoencephalop-
athy (PML), CNS cryptococcosis (CNS-Crypt), CNS tuber-
culosis (CNS-TB), PCNSL, and (3) ART-related conditions:
immune reconstitution inflammatory syndrome (IRIS) and
brain damage caused by ART [1, 13, 14]. Furthermore, they
can be classified according to the patterns observed on MRI
(Table 2) (1) diffuse and bilateral, (2) focal, and (3) men-
ingitis/meningoencephalitis. HIV encephalopathy shows a
diffuse bilateral pattern, whereas PML, HIV-related PCNSL,
and CNS-Toxo show focal patterns. However, sometimes,
a single disease may have multiple imaging features. For
example, CNS-TB and CNS-Crypt, which show meningitis/
meningoencephalitis, can present as focal lesions and menin-
gitis. In addition, in some cases, no abnormality is detected
on imaging, but such an absence might be an important find-
ing in making a diagnosis. Here, we review MRI findings of
HIV-related CNS diseases employing pattern recognition,
along with a few exceptions mentioned earlier.

Diffuse and bilateral lesions
HIV encephalopathy
Epidemiology and clinical manifestations

HIV encephalopathy is a neurocognitive disorder primar-
ily caused by HIV. HIV enters the CNS within the first few

Table 2 The most common

. MRI pattern
HIV-related CNS diseases

CNS disease

classified by the MRI patterns Diffuse and bilateral

Focal brain lesions

Meningitis/meningoencephalitis

Others

HIV encephalopathy

CNS Toxoplasmosis (CNS-Toxo)

Primary central nervous system lymphoma (PCNSL)
Progressive multifocal leukoencephalopathy (PML)
CNS-Cryptococcosis (CNS-Crypt)

CNS-Tuberculosis (CNS-TB)

Immune reconstitution inflammatory syndrome (IRIS)
HIV-related cerebral infarction

CNS central nervous system, H/V human immunodeficiency virus, MRI magnetic resonance imaging



weeks post-infection and causes chronic inflammation [15].
Even on starting ART, many anti-HIV drugs do not cross the
blood-brain barrier, and HIV in the brain continues to repli-
cate [2, 3, 16]. In early stages of infection, patients manifest
no cognitive symptoms. In later stages, when patients have
severe immunodeficiency and manifest cognitive symptoms,
pathological findings show HIV leukoencephalopathy char-
acterized by diffuse myelin and axonal degeneration [4].
Since, in many cases, the symptoms improve with ART [3,
4], it is essential to recognize and diagnose the disease at
the earliest.

Approximately half of the HIV-infected individuals
develop cognitive impairment [15]. Although HIV enceph-
alopathy remains a major cause of cognitive impairment,
several comorbidities, such as alcohol and substance abuse;
nutritional and vitamin deficiencies, ischemic changes
caused by accelerated atherosclerosis due to HIV and ART,
and psychiatric illnesses, may also contribute to its devel-
opment [3]. OIs and PCNSLs may also affect cognition [3].
It has been suggested that chronic inflammation caused by
HIV may accelerate age-related changes, and ART may con-
tribute to the deposition of amyloid-f, a hallmark of Alzhei-
mer’s disease, although this theory remains controversial
[17]. HIV-associated neurocognitive disorders (HANDs),
which correspond to HIV encephalopathy, is a term that has
been proposed for medium to long-term cognitive impair-
ment in HIV-infected individuals [18]. It is seen in patients
with serum CD4-positive T lymphocyte count between
200 and 500 /mm? [1, 10, 12] (Table 1). The prevalence of
HANDs among HIV-infected individuals has been reported
to be around 25% [19-23]; the common risk factors are low
serum CD4-positive T lymphocytes at the baseline, age

of > 50 years, transient increase in viral load, or virological
failure [17, 20, 21, 24, 25].

Magnetic resonance findings (Fig. 1)

The diagnosis and evaluation of HIV encephalopathy com-
monly require neuropsychological testing but not MRI [18,
20, 26]. However, MRI is essential to rule out other causes
of cognitive impairment. Conventional MRI often shows no
abnormalities, such as mass effects or enhancement, espe-
cially in the early stages of the disease. Therefore, if either
of these findings is present, other diagnoses should be con-
sidered. HIV encephalopathy may be visible on T2-weighted
and fluid-attenuated inversion recovery (FLAIR) images,
where an increased signal may be seen in the bilateral deep
white matter, and rarely, within the subcortical structures
or the brain stem (Fig. 1a, b). On T1-weighted images, the
lesion shows an iso to slightly low signal (Fig. 1c), this find-
ing is usually apparent in the advanced stages of the disease
and is often followed by progressive central-dominant brain
atrophy (Fig. 1) [27].

The signal changes in HIV encephalopathy may improve
with ART, which may differentiate it from age-related and
ischemic changes, however, conventional MRI is not recom-
mended for assessing treatment effectiveness as the symp-
toms of HIV encephalopathy are not consistently depicted
on conventional MRI.

Instead, advanced neuroimaging modalities, such as MR
spectroscopy (MRS) [17], diffusion tensor imaging [17, 28],
and arterial spin labeling [29] reportedly can be used for
evaluating HIV encephalopathy, particularly for monitoring
early changes and therapeutic response.

Fig.1 HIV encephalopathy in a 35-year-old man with HIV infec-
tion and memory loss. Brain MRI was performed a few days before
the initiation of antiretroviral therapy and showed cerebral atrophy.

T2-weighted (a) and FLAIR images (b) showed a pale hyperintense
area in the periventricular white matter. The lesion shows an iso to
slightly low signal intensity on T1-weighted image (c, white arrows)



Focal brain lesions

Among HIV-related CNS diseases, the focal lesions are
most commonly found in patients with CNS-Toxo, PCNSL,
and PML [30]. PML is a demyelinating disease caused by
human polyomavirus 2 (commonly known as the JC virus)
infection, and imaging reveals no mass lesions or enhance-
ment. CNS-Toxo and PCNSL may form similar ring-
enhanced mass lesions, making the two disorders difficult
to differentiate. Since the prognoses of these entities are
poor, and they are fatal if left untreated, timely diagnosis is
crucial, and appropriate treatment can improve long-term
survival [31].

Using other technologies as adjuncts to MRI, such as
thallium-201 single-photon emission computed tomogra-
phy (SPECT) and fluorodeoxyglucose positron emission
tomography (FDG-PET), may improve diagnostic accuracy
[14, 27, 31-33] (Table 3). The detection of Epstein—Barr
virus DNA in the CSF [26, 34] and toxoplasmosis serology
can help differentiate CNS-Toxo from PCNSL [26]. How-
ever, histopathologic confirmation might still be needed for
a definitive diagnosis of PCNSL [14, 31, 34].

CNS toxoplasmosis
Epidemiology and clinical manifestations

Toxoplasma gondii is an intracellular parasite that has tra-
ditionally been the most common etiological agent of focal
CNS disease in patients with AIDS [35]. The relative inci-
dence of CNS-Toxo decreased with improvements in treat-
ment, from 72% in 1991 to 19% in 1996 [14].

The seroprevalence of antibodies against 7. gondii in
the general population varies substantially among different

geographic locales, with a prevalence of approximately 11%
in the United States and 50-80% in certain European, Latin
American, and African countries [11]. Humans may contract
the infection by consuming food or water contaminated with
oocysts or by eating undercooked meat (pork and lamb) con-
taining tissue cysts. In patients with AIDS, CNS-Toxo pri-
marily arises due to reactivation of latent infection, and the
most common clinical feature is focal encephalitis. Patients
may also present with nonfocal manifestations, including
nonspecific headaches and psychiatric symptoms [11]. Most
patients (> 80%) who develop CNS-Toxo have serum CD4-
positive T lymphocyte counts of < 100 cells/mm? [14].

A definitive diagnosis of CNS-Toxo requires a compat-
ible clinical syndrome, identification of one or more mass
lesions on computed tomography or MRI, and detection of
the parasite in clinical samples [11]. In patients with severe
immunosuppression, a negative result of anti 7. gondii anti-
bodies does not exclude the diagnosis of CNS-Toxo because
up to 20% of patients with AIDS may not have detectable
antibody titers [27].

In clinical practice, patients seropositive for 7. gondii and
CD4-positive T lymphocyte counts < 100 cells/mm’ may
receive prophylaxis against CNS-Toxo. One study reported
a clinical response to acute therapy with oral clindamycin
and pyrimethamine in 90% of the patients with CNS-Toxo
within 14 days [11, 36].

MRI findings (Fig. 2)

The characteristic MRI findings of CNS-Toxo are multiple
masses, representing 7. gondii abscesses of 2—-3 cm in diam-
eter, with ring contrast enhancement and edema (Table 3),
however, single lesions are seen in 15-20% of the cases [27].
The most common sites are the basal ganglia, thalamus,

Table 3 Radiological patterns

! Imaging technique Toxoplasmosis PCNSL PML
of HIV-related CNS diseases
with focal brain lesions [14, 27, MRI findings
31-33, 37,45, 54, 61] CE Yes Yes No
CE pattern Ring Homogenous orring ~ No
Edema Yes Yes No
Size <4 cm >4 cm N/A
Location Basal ganglia, thalamus, subcor-  Corpus callosum, Mainly subcortical

tical WM, cerebellum

Number of lesions

SPECT thallium-201  Cold
FDG-PET

Multiple (occasionally solitary)

Hypometabolic

periventricular WM WM, cerebellar

peduncle
Multiple or Solitary Multiple
(occasionally solitary)
Hot Cold

Hypermetabolic Hypometabolic

CE contrast enhancement, FDG fluorodeoxyglucose, HIV human immunodeficiency virus, MRI magnetic
resonance imaging, PCNSL primary CNS lymphoma, PET positron emission tomography, PML progres-
sive multifocal leukoencephalopathy, SPECT single-photon emission computed tomography, WM white

matter



Fig.2 Target sign on
T2-weighted image and eccen-
tric target sign on contrast-
enhanced T1-weighted image in
a patient with HIV-related CNS
toxoplasmosis. A mass lesion
with surrounding edema was
observed in the left lenticular
nucleus. On T2-weighted image
(a), the mass shows a concentric
hyper- and hypointense zones
with perilesional edema. On
contrast-enhanced T1-weighted
image (b), the mass shows a
ring-shaped zone of peripheral
contrast enhancement with a
small eccentric nodule along the
wall. Image b is reprinted from
[9] with permission

subcortical white matter, and cerebellum [27, 37]. Contrast
enhancement may not be seen if the serum CD4-positive T
lymphocyte count is < 50 cells/mm?. In rare cases, there is
extensive encephalitis without abscess formation [35].

The pathognomonic signs for CNS-Toxo are a target sign
on T2-weighted images and an eccentric target sign on con-
trast-enhanced T1-weighted images. The target sign is char-
acterized by concentric high and low signal areas (Fig. 2a),
and the number of concentric altered zones varies among
reports [38]. The eccentric target sign is characterized by
a ring-enhancing lesion with a contrast-enhanced eccen-
tric nodule (Fig. 2b) [39, 40]. The ring corresponds to an
inflammatory vascular zone at the edge of a necrotic lesion,
and the nodule corresponds to a cluster of thickened vessels
[39, 40]. Target sign on T2-weighted images and eccentric
target sign on contrast-enhanced T1-weighted image, how-
ever, have been observed in only one-third of the cases [31,
39, 40]. Different pathological findings associated with the
degree of progression of abscess formation can explain the
variety of CNS lesions [39].

Primary CNS lymphoma
Epidemiology and clinical manifestations

PCNSL accounts for up to 15% of non-Hodgkin lympho-
mas in HIV-infected individuals, and most cases are coin-
fected with the Epstein—Barr virus [34]. The incidence of
PCNSL in HIV-infected individuals is 2—6%, 1,000 times
higher than that in the general population [41]. Affected
patients typically have serum CD4-positive T lymphocyte
counts < 50 cells/mm? [42].

Although ART has decreased the incidence of HIV-
related PCNSL, it remains the most common HIV-associated

malignancy [42]. Unless treated, the median survival of
HIV-infected patients with PCNSL, after the onset of clini-
cal symptoms, is 1 month [41]. With chemotherapy, the
median survival increases to 1.5 years [34, 43]. Owing to the
rapid progression of the disease, a fast and reliable diagnosis
is essential. However, the patients can be asymptomatic or
have imperceptible neurologic symptoms [34]. Stereotactic
biopsy, CSF testing, cytology, or a combination of these
methods are used to diagnose HIV-related PCNSL [34, 44],
however, in patients who otherwise have typical clinical and
imaging findings, detection of Epstein—Barr virus DNA in
the CSF favors the diagnosis of PCNSL.

MRI findings (Fig. 3)

HIV-related PCNSL is characterized by lesions with a larger
diameter (>4 cm) than that of CNS-Toxo, with an almost
equal likelihood of multiple and solitary lesions [45], they
most commonly involve the basal ganglia and corpus cal-
losum [46].

PCNSLs exhibit variable imaging findings based on the
patients’ immune status [30]. HIV-related PCNSL is more
aggressive than that in immunocompetent patients, and more
frequently exhibits central necrosis and spontaneous hemor-
rhage [30]. When the lesions exhibit necrosis and/or hemor-
rhage, contrast enhancement is often irregular or peripheral,
forming a ring-like enhancement similar to that seen in CNS-
Toxo (Fig. 3). It is reported in up to 75% of cases [46], and
therefore, differentiating HIV-related PCNSL from CNS-
Toxo on conventional MRI can be a diagnostic challenge.

Some additional MR techniques, such as diffusion-
weighted imaging (DWI) [47], MRS [48], and perfusion
MR imaging [49, 50] are reportedly useful in differentiating
HIV-related PCNSL from CNS-Toxo, with a lower apparent



Fig.3 Ring-enhanced lesion in a patient with HIV-related primary
CNS lymphoma. Contrast-enhanced T1-weighted image (a) shows a
ring-enhanced lesion in the left frontal subcortical white matter. The

diffusion coefficient (ADC) value [47], higher choline/cre-
atinine ratio [48], and higher regional cerebral blood volume
(rCBV) in patients with HIV-related PCNSL [50].

However, these findings should be interpreted with cau-
tion; particularly, regarding tissue heterogeneity within the
lesion caused by necrosis and hemorrhage [49-52]. There is
a significant overlap, even in reports wherein DWI-derived
ADC values proved statistically useful for differentiation
[47, 51]. The authors speculated that necrotic lesions in
HIV-related PCNSL are less likely to show restricted dif-
fusion owing to their relative hypocellularity caused by
necrosis [51]. When a HIV-related PCNSL lesion is necrotic,
portions of the lesion that remain highly cellular may show
restricted diffusion, whereas the necrotic portions of the
lesion do not [51]. Overlapping MRS findings between HI'V-
related PCNSL and CNS-Toxo have also been reported [52].
The authors speculated that the primary reason for the over-
lap is that central necrosis in HIV-related PCNSL lesions
has a composition similar to that of a necrotic abscess in
CNS-Toxo [52]. Tissue inhomogeneity within lesions tends
to diminish the specificity of the spectrum [52]. In perfu-
sion MRI, the maximum rCBYV is more significant compared
with the mean rCBYV, which is more susceptible to internal
heterogeneity [50].

On thallium-201 SPECT, HIV-related PCNSL shows
higher thallium-201 uptake than that of CNS-Toxo [14].
In addition, FDG uptake in HIV-related PCNS is higher
than that in CNS-Toxo [31]. However, the accuracy of thal-
lium-201 SPECT and FDG-PET can be affected due to sev-
eral factors, including the size and location of the lesion and
the presence of necrotic and hemorrhagic areas within the
tumor [14, 31].

mass shows a heterogeneous signal on T2-weighted image (b) with
surrounding edema. On diffusion-weighted image (c), the lesion
shows peripheral hyperintensity

Although these advanced MR techniques and nuclear
medicine examinations can aid in diagnosis, a stereotactic
biopsy should be performed when the diagnosis is ambigu-
ous, despite with clinical and laboratory findings [53].

Progressive multifocal leukoencephalopathy
Epidemiology and clinical manifestations

PML is a subacute progressive demyelinating disease caused
by oligodendrocyte damage resulting from infection with
JC virus [54], which has a worldwide distribution and sero-
prevalence of 39-69% among adults in the general popula-
tion. Primary JC virus infection usually occurs asympto-
matically in childhood, resulting in a chronic asymptomatic
carrier state [55], however, it can reactivate in a state of
severe immunosuppression. In this setting, neurotropic vari-
ants that can replicate in the glial cells may form [56]. Then,
the virus spreads to the brain and induces a lytic infection
of oligodendrocytes, which are myelin-producing cells [56].

HIV infection is strongly associated with PML; during
the AIDS pandemic, it developed in 5% of HIV-infected
individuals. This association might, in part, be explained
by the synergistic effect of HIV and JC virus co-infection.
Outside the context of HIV infection, PML characteristically
manifests as a complication of other immunocompromising
conditions. In the past 4 decades in Western countries, HIV
infection accounted for approximately 80% of PML cases
[57], whereas in Japan, HIV infection accounted for one-
third of PML cases [58]. Based on postmortem data, the
prevalence of PML in patients with AIDS was between 2.4
and 5.3% [14].



No specific therapy exists for JC virus infection or HIV-
related PML. The primary therapeutic approach involves
ART to reverse immunosuppression that interferes with
the normal host response to JC virus [55]. Unless treated,
HIV-related PML results in death within approximately
2.5-4.0 months of disease onset [14]. With ART, survival
in patients with HIV-related PML has extended to years [54,
55, 57]. Among survivors of HIV-related PML, 44%—-83%
achieve clinical stabilization or some improvement if ART
was initiated early in the disease course. However, many
long-term survivors are left with substantial morbidity—
approximately 70% experience some residual neurological
disability, which is moderate to severe in 25-50% of cases.
Up to 44% of survivors experience seizures [57]. Thus, early
diagnosis and prompt initiation of ART are key factors for
preserving neurological function in patients with PML [54].

PML has an insidious onset and steady subacute pro-
gression and manifests as focal neurological deficits. Since
demyelinating lesions can involve any region in the brain,
neurological disabilities vary from patient to patient. How-
ever, a common finding is that the symptoms worsen daily
due to the progression and spread of demyelinating lesions
[55].

MRI findings (Figs. 4, 5)

MRI is a powerful tool for the diagnosis of PML. Diagnostic
criteria, based on clinical, MRI, and CSF findings, have been

broadly adopted, in addition to classical histopathological
criteria [57, 59].

MRI appears as distinct white matter lesions in areas of
the brain that correspond to neurological symptoms. Without
therapy, the lesions expand subacutely and are accompa-
nied by the worsening of clinical symptoms [54, 57]. The
diagnostic classification includes several levels of certainty
(Table 4) [59]. When typical clinical and MRI findings are
present, the diagnosis of PML can be based on the presence
of JC virus DNA in the CSF [57].

The characteristic MRI finding for PML is the presence
of asymmetrically located white matter lesions. The lesions
show a low signal on T1-weighted image and a high signal
on T2-weighted images [59]. Contrast enhancement is gen-
erally negative, but faint enhancement may be seen at lesion
margins [60]. It may be challenging to differentiate PML
from other diseases, such as gliomatosis or multiple sclerosis
with imaging findings alone. However, subacute lesion pro-
gression on repeat MRI accompanied by worsening clinical
symptoms and the uniquely uneven degree of demyelination
within the lesion is often shown in PML [54, 57].

Although demyelination by JC virus can occur anywhere
oligodendrocytes exist, the lesions often first appear in the
subcortical white matter of the cerebrum, including in the
short-range association fibers (also called U-fibers) [54]. The
lesions are often distributed asymmetrically, and even when
the distribution is bilateral and symmetrical, the degree of
demyelination is asymmetrical (Fig. 4) [54]. Demyelination
spreads outwards, from the lesion to the surrounding area.

Fig.4 Heterogeneous demyelination in a patient with HIV-related
progressive multifocal leukoencephalopathy. On T2-weighted image
(a), the older demyelinated lesion shows homogenous hyperintensity,
while its medial margin, frontline (white arrows), shows heteroge-
neous pale hyperintensity with numerous punctate hyperintensities
(milky way appearance). On diffusion-weighted image (b), the hyper-
intensity area (DW hyperintensity rim) corresponding to the milky

way appearing area is shown. On T1-weighted image (c), hyperinten-
sity is seen in the right head of the caudate nucleus, putamen, and
subcortical area. They are adjusted to a large confluent demyelinated
area showing homogenous hyperintensity on T2-weighted image (a)
and hypointensity on T1-weighted image (c). The image a and b were
reprinted from [9] with permission



Fig.5 Lesion progression in

a patient with HIV-related
progressive multifocal leukoen-
cephalopathy. T2-weighted (a,
b), T1-weighted (c, d), and con-
trast-enhanced T1-weighted (e,
f) images acquired 2 months (a,
¢, e) and 3 months (b, d, f) after
the initial symptom of facial
palsy. The first T2-weighted
image (a) shows numerous

dots with pale hyperintense
lesions (milky way appearance)
involving the bilateral frontal
white matter predominantly on
the right. The first T1-weighted
image (c) shows hypointense
lesions corresponding to
advanced demyelination in right
subcortical white matter. The
second images (b, d, f) show
more expansive lesions with
more advanced demyelination
than the first images (a, c, €).
Milky way appearance is more
prominent in the left frontal
white matter on the second
T2-weighted image (b) than on
the first T2-weighted image (a)




Table 4 Summary of the

diagnostic criteria for PML C.ertaint.y of PML Compatible clini- Compatible MRI CSF.PCR for Alterr}aFive diagnoses
57, 59] diagnosis cal features findings JC virus are clinically excluded
Definite + + + +
Probable + - + +
- + + +
Possible + + —/ND +
- - + +
Not PML - - - -
+ - - -
- + - -

+indicates present, —indicates absence

CSF cerebrospinal fluid, JCV JC virus, ND not done or equivocal result, PCR polymerase chain reaction,
PML progressive multifocal leukoencephalopathy

The newer, spreading demyelinating margin is called
the frontline, whereas older portions of the lesions show
advanced demyelination (Fig. 4a, b) [54]. The frontline
margins on T2-weighted images show a diffuse pale hyper-
intensity and/or numerous discrete hyperintense dots giv-
ing a milky way appearance [54]. This often corresponds
to the hyperintense rim on DWI (Fig. 4a, b) [27, 61]. In
many cases, the hyperintense rim on DWI is interrupted at
older demyelinated margins. With progression, the intensity
gradually increases on T2-weighted images and coalesces
to form a homogeneous advanced demyelinated lesion of
near-CSF intensity (Fig. 5) [65].

The cerebral cortex and deep-gray matter bordering
advanced demyelinated areas may show a high signal on
T1-weighted images (Fig. 4c) [54, 62]. Hypointense signals
may also be visualized on susceptibility-weighted imaging
for deep layers of the cerebral cortex bordering advanced
demyelinated areas [63, 64]. These findings on T1-weighted
and susceptibility-weighted images are not specific to PML
or directly due to JC virus infection, but they may be second-
ary to demyelination [64].

Meningitis/meningoencephalitis

A wide range of pathogens can cause meningitis/meningoen-
cephalitis in HIV-infected patients, but here, we will discuss
CNS-Crypt and CNS-TB, because of their impact on acute
mortality. Although the overall prognosis of HIV-related
CNS-Crypt and CNS-TB has improved since the introduc-
tion of ART, acute mortality has not changed significantly
over time, ranging 6—16% for CNS-Crypt [66—70] and at
30% for CNS-TB [71].

If HIV-infected patients have unexplained fever, espe-
cially those with severe immunosuppression, these dis-
orders should be actively suspected and investigated

immediately [71, 72]. Both CNS-Crypt and CNS-TB are
diagnosed by pathogen detection in the CSF. When men-
ingitis is suspected in HIV-infected patients, CSF should
be tested for antibodies against pathogens causing both
diseases [73]. Since both CNS-Crypt and CNS-TB usually
disseminate from lung lesions, chest computed tomography
and radiography may trigger the diagnosis [27, 72, 74-77].
Combining CSF pathogen testing with chest imaging may
confirm the suspicion and allow early treatment initiation
[74, 77].

CNS-Crypt
Epidemiology and clinical manifestations

HIV infection is the most common risk factor for crypto-
coccosis caused by Cryptococcus neoformans. Although
Cryptococcus gattii is the other primary cause of cryptococ-
cosis in humans, it is mainly reported in immunocompetent
individuals exposed to plant propagules found in tropical
and subtropical regions [77-81]. Cryptococcus spp. enters
the body by inhalation, and in most cases, is eliminated by
host defense mechanisms. However, in some cases, espe-
cially in HIV-infected immunocompromised individuals, it
may lead to pneumonia and subsequent CNS dissemination,
causing meningoencephalitis. Although HIV infection is the
major risk factor for CNS-Crypt, spread to the CNS is also
observed in immunocompromised HIV-negative and immu-
nocompetent individuals [77].

HIV-related CNS-Crypt occurs when the serum CD4-
positive T lymphocyte cell count drops below 50-100 cells/
mm?® [82]. HIV-related CNS-Crypt is characterized by a
low-grade inflammatory response [83]. Therefore, symp-
toms other than fever are often minimal and meningococcal
irritation is often absent [72, 83].



Fig.6 Dilated periventricular
space in a patient with HIV-
related CNS Cryptococcosis.
T2-weighted image (a) shows
clustered innumerable hyper-
intense cysts, characteristic of
cryptococcal gelatinous pseudo-
cysts, bilaterally in the lentiform
nuclei and head of the caudate
nucleus and thalamus. Some of
them show contrast enhance-
ment on contrast-enhanced
T1-weighted image (b, arrows)

MRI findings (Fig. 6)

The radiologic manifestations of CNS-Crypt vary and are
frequently minimal [27, 84]. MRI findings are nonspecific
or, most often, normal [85]. In HIV-infected patients with
fever, CNS-Crypt should be considered irrespective of posi-
tive or negative MRI findings [43].

The positive imaging findings in CNS-Crypt correspond
to three main forms meningitis/meningoencephalitis, gelati-
nous pseudocysts, and a granuloma called cryptococcoma.
Among them, meningitis/meningoencephalitis and gelati-
nous pseudocysts are seen in HIV-related CNS-Crypt. Mass
lesions called cryptococcoma due to C. neoformans are
rarely seen in patients who are not receiving ART [27, 86].

Meningitis/meningoencephalitis is the primary lesion of
CNS-Crypt and is pronounced at basal cisterns. If the menin-
geal infection spreads along the perivascular spaces, gelati-
nous mucoid-like cryptococcal capsular polysaccharides and
budding yeast accumulate within dilated perivascular spaces
and gives rise to small cysts called gelatinous pseudocysts.
These cysts exhibit a “soap bubble appearance” on MRI,
with a low to intermediate signal on T1-weighted images,
a high signal on T2-weighted images, and a low signal on
FLAIR images [87]. Gelatinous pseudocysts are often found
in the basal ganglia, thalamus, and midbrain. In patients with
severe immunosuppression, the only positive imaging find-
ings indicating CNS-Crypt are mild/non-enhancing cystic
lesions and meninges and bilateral symmetrical perivascular
space enlargement (Fig. 6) [43].

When there is some degree of the immune response, such
as when ART has already been administered, imaging may
show cryptococcoma and nodular meningeal enhancement
similar to that seen in granulomatous diseases (e.g., tuber-
culosis, syphilis, and sarcoidosis) and carcinomatous men-
ingitis [27, 86].

CNS tuberculosis

Epidemiology and clinical manifestations

CNS-TB is caused by Mycobacterium tuberculosis, dissemi-
nated through the bloodstream from the tuberculosis foci
in the lungs. Although the most common manifestations of
CNS-TB are meningitis, tuberculoma and abscess are not
unusual (occurring in approximately 25 and 20% of the
cases, respectively) and can be seen separately or simulta-
neously [27, 88]. HIV-infected individuals are up to 20 times
more likely to fall ill with TB. In 2017, 10 million people
developed TB globally, 9% of whom had HIV [89].

MRI findings (Figs. 7, 8)

In patients with CNS-TB with meningitis, classic neu-
roimaging findings include hydrocephalus (75%), basi-
lar exudates (38%), periventricular infarcts (15-30%),
and cerebral parenchymal tuberculomas (5-10%), which
might be seen separately or simultaneously [88, 90-92].
Although imaging findings in HIV and non-HIV-associated
CNS-TB are almost similar, meningitis is more frequent in
those infected with HIV. In a study of 2205 patients with
TB, 10% of the HIV-positive patients had TB meningitis,
compared with only 2% of the non-infected HIV patients
[93]. In contrast to CNS-Crypt, CNS-TB frequently shows
hydrocephalus (similar to non-HIV-related CNS-TB) [43]
and meningeal contrast enhancement, especially in the
basal cisterns (Fig. 7a) [27], their presence is strongly sug-
gestive of tuberculous meningitis [91, 92]. On contrast-
enhanced T1-weighted images, tuberculomas with case-
ous necrosis show a ring-shaped contrast enhancement,
whereas those without caseous necrosis show homogene-
ous contrast enhancement (Fig. 7b, c) [27].



Fig. 7 Basilar meningitis and tuberculoma in a patient with HIV-

related CNS tuberculosis. Contrast-enhanced T1-weighted image of

the basal cistern level (a) shows contrast enhancement along the mid-

Fig.8 Acute infarction caused
by tuberculosis meningitis in

a patient with HIV infection.
Hyperintensity on T2-weighted
image (a) is shown in the bilat-
eral basal ganglia with slight
swelling. The lesion shows
hyperintensity on diffusion-
weighted image corresponding
to acute infarction (b). Enlarge-
ment of the bilateral lateral
ventricle revealing hydrocepha-
lus was also noted

Inflammation can also involve blood vessels, and
impaired circulation and vasospasm may lead to infarction,
which is often bilateral in the basal ganglia (Fig. 8) [94].

Immune reconstitution inflammatory
syndrome

Iyndrome is a major complication related to ART and is
a consequence of excessive activation of the immune sys-
tem against persistent antigens (paradoxical IRIS), viable
pathogens (unmasking IRIS), or self-antigens [95, 96]. The
prevalence of IRIS ranges from 7.8 to 13% [86-88], and
onset occurs 1-1.5 months after ART initiation [96]. Clinical

brain, and medial temporal lobe representing meningitis. Peripherally
located contrast-enhanced nodules representing tuberculomas are also
shown (b, ¢, arrows)

factors associated with IRIS development are a serum CD4-
positive T lymphocyte count of <50 cells/mm?® and HIV-
RNA levels greater than 1.0 x 10° copies/mL (high viral
load) at the time of ART initiation [96].

CNS-IRIS
Epidemiology and Clinical Manifestations

CNS-IRIS has an acute onset and it rapidly progresses from
symptom onset to death [97]. The syndrome may be recog-
nized by the development of new or worsening of existing
clinical symptoms (e.g., OlIs) despite adequate treatment and
serological response. Specific abnormalities can be found on



Fig.9 Immune reconstitution
inflammatory syndrome (IRIS)
developed in a patient with
progressive multifocal leukoen-
cephalopathy. FLAIR image
(a) shows white matter lesions
due to PML. Contrast-enhanced
T1-weighted image (b) shows
parenchymal and perivascular
enhancement (b) compatible
with IRIS

MRI or computed tomography images [98]. Glucocorticos-
teroids may be used in patients with severe IRIS symptoms
[99]. Patients should also be monitored for other Ols that
may develop during therapy.

Among HIV-related CNS diseases, PML and CNS-Crypt
are the most frequently encountered diseases. IRIS devel-
ops in at least 18% of HIV-infected patients with PML after
starting ART [95]. As ART is the only effective therapy
for PML, dealing with IRIS is especially difficult in these
patients [95]. In patients with HIV-related CNS-Crypt, IRIS
is estimated to occur in 16.7% of patients after ART initia-
tion [99, 100]. Less frequently reported pathogens associated
with CNS-IRIS are varicella-zoster virus, cytomegalovirus,
Candida spp., Mycobacterium tuberculosis, and Toxoplasma
gondii [96, 101]. Although not in the brain, IRIS develops
in more than one-third of patients with retinitis caused by
cytomegalovirus [96].

MRI findings (Fig. 9)

On MRI, the presence of an enhanced area on contrast-
enhanced T1-weighted images, a transient increase in paren-
chymal abnormalities with a high signal on T2-weighted
or FLAIR images, mass effect, and peripherally restricted
diffusion on DWI can be valuable clues to diagnose CNS-
IRIS (Fig. 9) [95]. However, a negative MRI finding alone
should not exclude the diagnosis [95]. Although CNS-IRIS
is a diagnosis of exclusion, MRI can be pivotal for early
recognition and improved prognosis [95]. In addition, a
contrast-enhancing effect is not always associated with a
poor prognosis [102]. In some studies, contrast enhance-
ment was reported to be associated with a good prognosis
[103]. These findings might indicate immune recovery, and

careful monitoring of the clinical course along with imaging
findings is recommended.

Extra-CNS findings on brain MRI

During brain MRI reading, attention should also be paid to the
cranial bone and extracranial lesions, particularly those involv-
ing the bone marrow, parotid glands, lymphoid tissue, and skin.
HIV causes chronic inflammation and hyperplasia of the bone
marrow [104—-106], both of which could result in a decreased
signal on T1-weighted images, making the bone marrow
appear “gray” [107]. In addition, HIV and ART both increase
the risk of osteoporosis [108]. The frequency of parotid lesions
in HIV-infected patients is reported to be 1-10%, and in some
cases distinguishing them from other bilateral parotid tumors,
such as Warthin cysts, is difficult [109]. Kaposi’s sarcoma, a
vascular neoplasm caused by human herpesvirus type eight, is
the most common AIDS-related malignancy and is often found
in the head and neck area.

Conclusions

In summary, HIV encephalopathy shows a diffuse bilateral
pattern, whereas PML, PCNSL, and CNS-Toxo show focal
patterns on MRI. Among meningitis/meningoencephalitis,
that have extremely poor prognosis, CNS-Crypt commonly
shows no abnormalities on imaging, while in many cases,
CNS-TB shows findings suggestive of meningitis. CNS-IRIS
displays distinct MRI findings of the offending OIs. With
this knowledge, radiologists may play a pivotal role in the
early recognition of HIV-related CNS diseases and thus con-
tribute to a better prognosis for patients.



Funding The authors received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. World Health Organization. 2007 WHO case definitions of HIV
for surveillance and revised clinical staging and immunologi-
cal classification of HIV-related disease in adults and children.
https://www.who.int/hiv/pub/guidelines/HIVstaging150307.pdf.
Accessed on 15 May 2021.

2. Ellis R, Langford D, Masliah E. HIV and antiretroviral therapy
in the brain: neuronal injury and repair. Nat Rev Neurosci.
2007;8:33-44.

3. Saylor D, Dickens AM, Sacktor N, Haughey N, Slusher B,
Pletnikov M, et al. HIV-associated neurocognitive disorder—
pathogenesis and prospects for treatment. Nat Rev Neurol.
2016;12:234-48.

4. Nakagawa M. HIV infection and neurological complications.
Nippon Naika Gakkai Zasshi. 2008;97:1690-6.

5. Gray F, Chrétien F, Vallat-Decouvelaere AV, Scaravilli F. The
changing pattern of HIV neuropathology in the HAART era. J
Neuropathol Exp Neurol. 2003;62:429-40.

6. Garvey L, Winston A, Walsh J, Post F, Porter K, Gazzard B,
et al. HIV-associated central nervous system diseases in the
recent combination antiretroviral therapy era. Eur J Neurol.
2011;18:527-34.

7. UNAIDS. 2020 UNAIDS DATA 2020: Joint United Nations
Programme on HIV/AIDS, UNAIDS data 2020. Accessed on
28 April 2021.

8. lacob SA, Iacob DG, Jugulete G. Improving the adherence to
antiretroviral therapy, a difficult but essential task for a successful
hiv treatment-clinical points of view and practical considerations.
Front Pharmacol. 2017;8:831.

9. Sakai M. AIDS related brain diseases. In: Hosoya T, Korogi Y,
Miki Y, Yamada K, editors. MRI of the brain. Tokyo: Medical
Science International; 2015. p. 422-32.

10. Jung AC, Paauw DS. Diagnosing HIV-related disease: using the
CD4 count as a guide. J Gen Intern Med. 1998;13:131-6.

11. 2017 Panel on opportunistic infections in adults and adoles-
cents with HIV. Guidelines for the prevention and treatment of

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

opportunistic infections in HIV-infected adults and adolescents:
Toxoplasma gondii Encephalitis. Accessed on 11 Mar 2021.
2020 Panel on opportunistic infections in adults and adolescents
with HIV. Guidelines for the prevention and treatment of oppor-
tunistic infections in adults and adolescents with HIV. Accessed
on 11 Mar 2021.

Masliah E, DeTeresa RM, Mallory ME, Hansen LA. Changes
in pathological findings at autopsy in AIDS cases for the last
15 years. AIDS. 2000;14:69-74.

Skiest DJ. Focal neurological disease in patients with acquired
immunodeficiency syndrome. Clin Infect Dis. 2002;34:103-15.
Abidin AZ, Dsouza AM, Nagarajan MB, Wang L, Qiu X, Schi-
fitto G, et al. Alteration of brain network topology in HIV-asso-
ciated neurocognitive disorder: a novel functional connectivity
perspective. Neuroimage Clin. 2017;17:768-77.

Langford TD, Letendre SL, Marcotte TD, Ellis RJ, McCutchan
JA, Grant I, et al. Severe, demyelinating leukoencephalopathy in
AIDS patients on antiretroviral therapy. AIDS. 2002;16:1019-29.
Clifford DB, Ances BM. HIV-associated neurocognitive disorder.
Lancet Infect Dis. 2013;13:976-86.

Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M,
et al. Updated research nosology for HIV-associated neurocogni-
tive disorders. Neurology. 2007;69:1789-99.

Ku NS, Lee Y, Ahn JY, Song JE, Kim MH, Kim SB, et al. HIV-
associated neurocognitive disorder in HIV-infected Koreans: the
Korean NeuroAIDS Project. HIV Med. 2014;15:470-7.

Kinai E, Komatsu K, Sakamoto M, Taniguchi T, Nakao A, Igari
H, et al. Association of age and time of disease with HIV-associ-
ated neurocognitive disorders: a Japanese nationwide multicenter
study. J Neurovirol. 2017;23:864-74.

Njamnshi AK, Bissek ACZ-K, Ongolo-Zogo P, Tabah EN, Lek-
oubou AZ, Yepnjio FN, et al. Risk factors for HIV-associated
neurocognitive disorders (HAND) in sub-Saharan Africa: the
case of Yaoundé-Cameroon. J Neurol Sci. 2009;285:149-53.
Bloch M, Kamminga J, Jayewardene A, Bailey M, Carberry A,
Vincent T, et al. A screening strategy for HIV-associated neuro-
cognitive disorders that accurately identifies patients requiring
neurological review. Clin Infect Dis. 2016;63:687-93.

Davies J, Everall IP, Weich S, McLaughlin J, Scaravilli F, Lantos
PL. HIV-associated brain pathology in the United Kingdom: an
epidemiological study. AIDS. 1997;11:1145-50.

Heaton RK, Clifford DB, Franklin DR Jr, Woods SP, Ake C,
Vaida F, et al. HIV-associated neurocognitive disorders persist in
the era of potent antiretroviral therapy: CHARTER Study. Neu-
rology. 2010;75:2087-96.

Ellis RJ, Badiee J, Vaida F, Letendre S, Heaton RK, Clifford D,
et al. CD4 nadir is a predictor of HIV neurocognitive impair-
ment in the era of combination antiretroviral therapy. AIDS.
2011;25:1747-51.

Antinori A, Ammassari A, De Luca A, Cingolani A, Murri R,
Scoppettuolo G, et al. Diagnosis of AIDS-related focal brain
lesions: a decision-making analysis based on clinical and neu-
roradiologic characteristics combined with polymerase chain
reaction assays in CSF. Neurology. 1997;48:687-94.

Smith AB, Smirniotopoulos JG, Rushing EJ. From the archives
of the AFIP: central nervous system infections associated with
human immunodeficiency virus infection: radiologic-pathologic
correlation. Radiographics. 2008;28:2033-58.

Wu Y, Storey P, Cohen BA, Epstein LG, Edelman RR, Ragin AB.
Diffusion alterations in corpus callosum of patients with HIV.
AJNR Am J Neuroradiol. 2006;27:656—60.

Ances BM, Sisti D, Vaida F, Liang CL, Leontiev O, Perthen JE,
et al. Resting cerebral blood flow: a potential biomarker of the
effects of HIV in the brain. Neurology. 2009;73:702-8.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Javadi S, Menias CO, Karbasian N, Shaaban A, Shah K, Osman
A, et al. HIV-related malignancies and mimics: imaging findings
and management. Radiographics. 2018;38:2051-68.

Marcus C, Feizi P, Hogg J, Summerfield H, Castellani R, Sri-
wastava S, et al. Imaging in differentiating cerebral toxoplasmo-
sis and primary CNS lymphoma with special focus on FDG PET/
CT. AJR Am J Roentgenol. 2020;216:157-64.

Ruiz A, Ganz WI, Post MJ, Camp A, Landy H, Mallin W, et al.
Use of thallium-201 brain SPECT to differentiate cerebral lym-
phoma from toxoplasma encephalitis in AIDS patients. AINR
Am J Neuroradiol. 1994;15:1885-94.

Antinori A, De Rossi G, Ammassari A, Cingolani A, Murri R, Di
Giuda D, et al. Value of combined approach with thallium-201
single-photon emission computed tomography and Epstein-Barr
virus DNA polymerase chain reaction in CSF for the diagno-
sis of AIDS-related primary CNS lymphoma. J Clin Oncol.
1999;17:554-60.

Brandsma D, Bromberg JEC. Primary CNS lymphoma in HIV
infection. Handb Clin Neurol. 2018;152:177-86.

Luft BJ, Remington JS. Toxoplasmic encephalitis in AIDS. Clin
Infect Dis. 1992;15:211-22.

Luft BJ, Hafner R, Korzun AH, Leport C, Antoniskis D, Bosler
EM, et al. Toxoplasmic encephalitis in patients with the acquired
immunodeficiency syndrome. Members of the ACTG 077p/
ANRS 009 Study Team. N Engl J Med. 1993;329:995-1000.
Miller RF, Hall-Craggs MA, Costa DC, Brink NS, Scaravilli
F, Lucas SB, et al. Magnetic resonance imaging, thallium-201
SPET scanning, and laboratory analyses for discrimination of
cerebral lymphoma and toxoplasmosis in AIDS. Sex Transm
Infect. 1998;74:258-64.

Mahadevan A, Ramalingaiah AH, Parthasarathy S, Nath A,
Ranga U, Krishna SS. Neuropathological correlate of the “con-
centric target sign” in MRI of HIV-associated cerebral toxoplas-
mosis. ] Magn Reson Imaging. 2013;38:488-95.

Masamed R, Meleis A, Lee EW, Hathout GM. Cerebral toxoplas-
mosis: case review and description of a new imaging sign. Clin
Radiol. 2009;64:560-3.

Kumar GGS, Mahadevan A, Guruprasad AS, Kovoor JME, Sat-
ishchandra P, Nath A, et al. Eccentric target sign in cerebral toxo-
plasmosis: neuropathological correlate to the imaging feature. J
Magn Reson Imaging. 2010;31:1469-72.

Young RJ, Ghesani MV, Kagetsu NJ, Derogatis AJ. Lesion size
determines accuracy of thallium-201 brain single-photon emis-
sion tomography in differentiating between intracranial malig-
nancy and infection in AIDS patients. AINR Am J Neuroradiol.
2005;26:1973-9.

Gupta NK, Nolan A, Omuro A, Reid EG, Wang CC, Mannis G,
et al. Long-term survival in AIDS-related primary central nerv-
ous system lymphoma. Neuro Oncol. 2017;19:99-108.

Terada H. HIV-related infectious diseases. nichidoku-iho.
2002;47:330-41.

Moulignier A, Lamirel C, Picard H, Lebrette MG, Amiel C,
Hamidi M, et al. Long-term AIDS-related PCNSL outcomes
with HD-MTX and combined antiretroviral therapy. Neurology.
2017;89:796-804.

Ciacci JD, Tellez C, VonRoenn J, Levy RM. Lymphoma of the
central nervous system in AIDS. Semin Neurol. 1999;19:213-21.
Haldorsen IS, Espeland A, Larsson EM. Central nervous system
lymphoma: characteristic findings on traditional and advanced
imaging. AINR Am J Neuroradiol. 2011;32:984-92.

Camacho DL, Smith JK, Castillo M. Differentiation of toxoplas-
mosis and lymphoma in AIDS patients by using apparent diffu-
sion coefficients. AJNR Am J Neuroradiol. 2003;24:633-7.
Chang L, Miller BL, McBride D, Cornford M, Oropilla G, Buch-
thal S, et al. Brain lesions in patients with AIDS: H-1 MR spec-
troscopy. Radiology. 1995;197:525-31.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Dibble EH, Boxerman JL, Baird GL, Donahue JE, Rogg JM.
Toxoplasmosis versus lymphoma: cerebral lesion charac-
terization using DSC-MRI revisited. Clin Neurol Neurosurg.
2017;152:84-9.

Ernst TM, Chang L, Witt MD, Aronow HA, Cornford ME,
Walot I, et al. Cerebral toxoplasmosis and lymphoma in AIDS:
perfusion MR imaging experience in 13 patients. Radiology.
1998;208:663-9.

Schroeder PC, Post MJ, Oschatz E, Stadler A, Bruce-Gregorios J,
Thurnher MM. Analysis of the utility of diffusion-weighted MRI
and apparent diffusion coefficient values in distinguishing central
nervous system toxoplasmosis from lymphoma. Neuroradiology.
2006;48:715-20.

Chinn RJ, Wilkinson ID, Hall-Craggs MA, Paley MN, Miller RF,
Kendall BE, et al. Toxoplasmosis and primary central nervous
system lymphoma in HIV infection: diagnosis with MR spectros-
copy. Radiology. 1995;197:649-54.

Gildenberg PL, Gathe JC Jr, Kim JH. Stereotactic biopsy of cer-
ebral lesions in AIDS. Clin Infect Dis. 2000;30:491-9.

Sakai M, Inoue Y, Aoki S, Sirasaka T, Uehira T, Takahama S,
et al. Follow-up magnetic resonance imaging findings in patients
with progressive multifocal leukoencephalopathy: evaluation of
long-term survivors under highly active antiretroviral therapy.
Jpn J Radiol. 2009;27:69-77.

2018 Panel on Opportunistic Infections in Adults and Adoles-
cents with HIV. Guidelines for the prevention and treatment of
opportunistic infections in HIV-infected adults and adolescents:
progressive multifocal leukoencephalopathy/JC virus infection:
recommendations from the centers for disease control and pre-
vention, the National Institutes of Health, and the HIV Medi-
cine Association of the Infectious Diseases Society of America.
Accessed on 11 Mar 2021.

Kartau M, Sipild JO, Auvinen E, Palomiki M, Verkkoniemi-
Ahola A. Progressive multifocal leukoencephalopathy: current
insights. Degener Neurol Neuromuscul Dis. 2019;9:109-21.
Cortese I, Reich DS, Nath A. Progressive multifocal leukoen-
cephalopathy and the spectrum of JC virus-related disease. Nat
Rev Neurol. 2021;17(1):37-51.

Nakamichi K, Mizusawa H, Yamada M, Kishida S, Miura Y,
Shimokawa T, et al. Characteristics of progressive multifocal
leukoencephalopathy clarified through internet-assisted labora-
tory surveillance in Japan. BMC Neurol. 2012;12:121.

Berger JR, Aksamit AJ, Clifford DB, Davis L, Koralnik 1J,
Sejvar JJ, et al. PML diagnostic criteria: consensus statement
from the AAN Neuroinfectious disease section. Neurology.
2013;80:1430-8.

Thurnher MM, Post MJ, Rieger A, Kleibl-Popov C, Loewe C,
Schindler E. Initial and follow-up MR imaging findings in AIDS-
related progressive multifocal leukoencephalopathy treated with
highly active antiretroviral therapy. AJNR Am J Neuroradiol.
2001;22:977-84.

Bergui M, Bradac GB, Oguz KK, Boghi A, Geda C, Gatti G,
et al. Progressive multifocal leukoencephalopathy: diffusion-
weighted imaging and pathological correlations. Neuroradiology.
2004;46:22-5.

Khoury MN, Alsop DC, Agnihotri SP, Pfannl R, Wuthrich C, Ho
ML, et al. Hyperintense cortical signal on magnetic resonance
imaging reflects focal leukocortical encephalitis and seizure risk
in progressive multifocal leukoencephalopathy. Ann Neurol.
2014;75:659-69.

Thurnher MM, Boban J, Rieger A, Gelpi E. Susceptibility-
weighted MR Imaging hypointense rim in progressive multifo-
cal leukoencephalopathy: the end point of neuroinflammation
and a potential outcome predictor. AJNR Am J Neuroradiol.
2019;40:994-1000.



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Umino M, Maeda M, Ii Y, Tomimoto H, Sakuma H. Low-signal-
intensity rim on susceptibility-weighted imaging is not a specific
finding to progressive multifocal leukoencephalopathy. J Neurol
Sci. 2016;362:155-9.

Ono D, Shishido-Hara Y, Mizutani S, Mori Y, Ichinose K, Wata-
nabe M, et al. Development of demyelinating lesions in progres-
sive multifocal leukoencephalopathy (PML): comparison of
magnetic resonance images and neuropathology of post-mortem
brain. Neuropathology. 2019;39:294-306.

Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP,
Chiller TM, et al. Global burden of disease of HIV-associated
cryptococcal meningitis: an updated analysis. Lancet Infect Dis.
2017;17:873-81.

Lortholary O, Poizat G, Zeller V, Neuville S, Boibieux A, Alva-
rez M, et al. Long-term outcome of AIDS-associated crypto-
coccosis in the era of combination antiretroviral therapy. AIDS.
2006;20:2183-91.

Brouwer AE, Rajanuwong A, Chierakul W, Griffin GE, Larsen
RA, White NJ, et al. Combination antifungal therapies for HIV-
associated cryptococcal meningitis: a randomised trial. Lancet.
2004;363:1764-7.

Robinson PA, Bauer M, Leal MA, Evans SG, Holtom PD,
Diamond DA, et al. Early mycological treatment failure in
AIDS-associated cryptococcal meningitis. Clin Infect Dis.
1999;28:82-92.

Bratton EW, El Husseini N, Chastain CA, Lee MS, Poole C,
Stiirmer T, et al. Comparison and temporal trends of three groups
with cryptococcosis: HIV-infected, solid organ transplant, and
HIV-negative/non-transplant. PLoS ONE. 2012. https://doi.org/
10.1371/annotation/a94bc542-6682-4579-a315-57019cef7ele.

Soria J, Metcalf T, Mori N, Newby RE, Montano SM, Huaroto
L, et al. Mortality in hospitalized patients with tuberculous men-
ingitis. BMC Infect Dis. 2019;19(1):9.

Kakeya H, Kohno S. Cryptococcosis. Med Mycol J.
2011;52:183-91.

Marais S, Thwaites G, Schoeman JF, Torok ME, Misra UK,
Prasad K, et al. Tuberculous meningitis: a uniform case definition
for use in clinical research. Lancet Infect Dis. 2010;10:803—12.

Rock RB, Olin M, Baker CA, Molitor TW, Peterson PK. Central
nervous system tuberculosis: pathogenesis and clinical aspects.
Clin Microbiol Rev. 2008;21:243-61.

Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL,
Desmond E, et al. Official American Thoracic Society/Infectious
Diseases Society of America/centers for disease control and pre-
vention clinical practice guidelines: diagnosis of tuberculosis in
adults and children. Clin Infect Dis. 2017;64:111-5.

Uniyal R, Garg RK, Malhotra HS, Kumar N, Jain A, Kohli N,
et al. Computed tomography thorax abnormalities in immuno-
competent patients with tuberculous meningitis: An observa-
tional study. J Neurol Sci. 2019;397:11-5.

Miyazato A. Mechanism of cryptococcus meningoencephalitis
[in Japanese]. Med Mycol J. 2016;57:J27-32.

Mukhopadhyay SL, Kumar M, Chickabasaviah YT, Bahubali
VKH, Raj PAR, Bharath RD, et al. Cerebellar cryptococcoma
due to cryptococcus gattii VGI; a rare and first report from India.
JMM Case Reports. 2015. https://doi.org/10.1099/jmmcr.0.
000052.

Velamakanni SS, Bahr NC, Musubire AK, Boulware DR, Rhein
J, Nabeta HW. Central nervous system cryptococcoma in a Ugan-
dan patient with human immunodeficiency virus. Med Mycol
Case Rep. 2014;6:10-3.

Ulett KB, Cockburn JW, Jeftree R, Woods ML. Cerebral crypto-
coccoma mimicking glioblastoma. BMJ Case Rep. 2017. https://
doi.org/10.1136/bcr-2016-218824.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Troncoso A, Fumagalli J, Shinzato R, Gulotta H, Toller M, Bava
J. CNS cryptococcoma in an HIV-positive patient. J Int Assoc
Physicians AIDS Care (Chic). 2002;1:131-3.

Dzoyem JP, Kechia FA, Ngaba GP, Lunga PK, Lohoue PJ.
Prevalence of cryptococcosis among HIV-infected patients in
Yaounde. Cameroon Afr Health Sci. 2012;12:129-33.
Jongwutiwes U, Sungkanuparph S, Kiertiburanakul S. Compari-
son of clinical features and survival between cryptococcosis in
human immunodeficiency virus (HIV)-positive and HIV-negative
patients. Jpn J Infect Dis. 2008;61:111-5.

Miszkiel KA, Hall-Craggs MA, Miller RF, Kendall BE, Wilkin-
son ID, Paley MN, et al. The spectrum of MRI findings in CNS
cryptococcosis in AIDS. Clin Radiol. 1996;51:842-50.
Senocak E, Oguz KK, Ozgen B, Kurne A, Ozkaya G, Unal S,
et al. Imaging features of CNS involvement in AIDS. Diagn
Interv Radiol. 2010;16:193-200.

Sanchez-Portocarrero J, Pérez-Cecilia E. Intracerebral mass
lesions in patients with human immunodeficiency virus infec-
tion and cryptococcal meningitis. Diagn Microbiol Infect Dis.
1997;29:193-8.

Zhang P, Lian L, Wang F. Magnetic resonance imaging features
of gelatinous pseudocysts in cryptococcal meningoencephalitis.
Acta Neurol Belg. 2019;119:265-7.

Hasuo K, Takahashi N, Futoshi M, Yoshiura T, Nishimiya
M, Nonoshita T, et al. Radiological diagnosis of tuberculous,
fungal, and parasitic infections in the central nervous system.
Nichidoku-Tho. 2002;47:285-97.

2021 UNAIDS: United Nations Programme on HIV/AIDS.
Tuberculosis and HIV, 2020. https://www.unaids.org/sites/
default/files/media_asset/tb-and-hiv_en.pdf. Accessed on 28
April 2021.

Bourgi K, Fiske C, Sterling TR. Tuberculosis meningitis. Curr
Infect Dis Rep. 2017;19:39.

Bhargava S, Gupta AK, Tandon PN. Tuberculous meningitis—a
CT study. Br J Radiol. 1982;55:189-96.

Ozates M, Kemaloglu S, Giirkan F, Ozkan U, Hosoglu S, Simsek
MM. CT of the brain in tuberculous meningitis. a review of 289
patients. Acta Radiol. 2000;41:13-7.

Berenguer J, Moreno S, Laguna F, Vicente T, Adrados M,
Ortega A, et al. Tuberculous meningitis in patients infected
with the human immunodeficiency virus. N Engl J Med.
1992;326:668-72.

Wasay M, Khan M, Farooq S, Khowaja ZA, Bawa ZA, Man-
soor Ali S, et al. Frequency and impact of cerebral infarctions in
patients with tuberculous meningitis. Stroke. 2018;49:2288-93.
Miiller M, Wandel S, Colebunders R, Attia S, Furrer H, Egger
M. Immune reconstitution inflammatory syndrome in patients
starting antiretroviral therapy for HIV infection: a systematic
review and meta-analysis. Lancet Infect Dis. 2010;10:251-61.
Murdoch DM, Venter WD, Feldman C, Van Rie A. Incidence
and risk factors for the immune reconstitution inflammatory
syndrome in HIV patients in South Africa: a prospective study.
AIDS. 2008;22:601-10.

Lodi S, del Amo J, Moreno S, Bucher HC, Furrer H, Logan
R, et al. Opportunistic infections and AIDS malignancies early
after initiating combination antiretroviral therapy in high-income
countries. AIDS. 2014;28:2461-73.

Post MJ, Thurnher MM, Clifford DB, Nath A, Gonzalez RG,
Gupta RK, et al. CNS-immune reconstitution inflammatory syn-
drome in the setting of HIV infection, part 1: overview and dis-
cussion of progressive multifocal leukoencephalopathy-immune
reconstitution inflammatory syndrome and cryptococcal-immune
reconstitution inflammatory syndrome. AJNR Am J Neuroradiol.
2013;34:1297-307.

2016 Panel on Opportunistic Infections in Adults and Adoles-
cents with HIV. Guidelines for the prevention and treatment of



100.

101.

102.

103.

104.

opportunistic infections in HIV-infected adults and adolescents;
Cryptococcosis. Accessed on 8 Mar 2021.

Shelburne SA, Visnegarwala F, Darcourt J, Graviss EA,
Giordano TP, White AC Jr, et al. Incidence and risk factors for
immune reconstitution inflammatory syndrome during highly
active antiretroviral therapy. AIDS. 2005;19:399-406.

Post MJ, Thurnher MM, Clifford DB, Nath A, Gonzalez RG,
Gupta RK, et al. CNS-immune reconstitution inflammatory syn-
drome in the setting of HIV infection, part 2: discussion of neuro-
immune reconstitution inflammatory syndrome with and without
other pathogens. AJNR Am J Neuroradiol. 2013;34:1308-18.
Focosi D. Does contrast enhancement predict survival in
progressive multifocal leukoencephalopathy? J Infect Dis.
2009;199:1410-1.

Berger JR, Levy RM, Flomenhoft D, Dobbs M. Predictive factors
for prolonged survival in acquired immunodeficiency syndrome-
associated progressive multifocal leukoencephalopathy. Ann
Neurol. 1998;44:341-9.

Leiderman IZ, Greenberg ML, Adelsberg BR, Siegal FP. A gly-
coprotein inhibitor of in vitro granulopoiesis associated with
AIDS. Blood. 1987;70:1267-72.

105.

106.

107.

108.

109.

Grunfeld C, Saag M, Cofrancesco J Jr, Lewis CE, Kronmal
R, Heymsfield S, et al. Regional adipose tissue measured by
MRI over 5 years in HIV-infected and control participants
indicates persistence of HIV-associated lipoatrophy. AIDS.
2010;24:1717-26.

Garcia Al, Milinkovic A, Tomas X, Rios J, Pérez I, Vidal-Sicart
S, et al. MRI signal changes of the bone marrow in HIV-infected
patients with lipodystrophy: correlation with clinical parameters.
Skeletal Radiol. 2011;40:1295-301.

Hanrahan CJ, Shah LM. MRI of spinal bone marrow: part 2,
T1-weighted imaging-based differential diagnosis. AJR Am J
Roentgenol. 2011;197:1309-21.

Brown TT, McComsey GA. Osteopenia and osteoporosis in
patients with HIV: a review of current concepts. Curr Infect Dis
Rep. 2006;8:162-70.

Tomemori T, Watanabe R, Hiruma K, Mitsuhashi T. A case of
facial paralysis in a HIV-infected patient who underwent nerve
decompression. Otol Jpn. 2013;23:40-5.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



L@l Journal of Epidemiology

Statistical Data

J Epidemiol 2023

Trends in CD4+4 Cell Counts, Viral Load, Treatment, Testing History,
and Sociodemographic Characteristics of Newly Diagnosed HIV
Patients in Osaka, Japan, From 2003 through 2017:

A Descriptive Study

Fumiko Kagiura'>*, Ryota Matsuyama'*, Dai Watanabe®, Yuuki Tsuchihashi*, Kazuhiko Kanou*,
Takuri Takahashi*, Yusuke Matsui®, Masayuki Kakehashi', Tomimasa Sunagawa4, and Takuma Shirasaka’

IGraduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan

2Faculty of Nursing, Hiroshima International University, Hiroshima, Japan

3AIDS Medical Center, National Hospital Organization Osaka National Hospital, Osaka, Japan
“Infectious Disease Surveillance Center, National Institute of Infectious Diseases, Tokyo, Japan

Received December 7, 2020; accepted August 24, 2021; released online September 11, 2021

ABSTRACT

Background: The CD4 cell count of patients during diagnosis and distribution of CD4 cell counts in the patient population are
important to understand infection-diagnosis interval and incidence rate of human immunodeficiency virus (HIV) infection,
respectively. However, this information has not been published in Japan. This study aimed to describe the change in CD4 cell
count trends and clarify the change in patients’ characteristics in association with the CD4 cell count information.

Methods: A descriptive study was conducted to analyze the medical records of patients with HIV who visited one of the largest
acquired immunodeficiency syndrome (AIDS) core hospitals in western Japan. The basic characteristics, CD4 cell counts, viral
loads, and diagnosis-treatment intervals between the first (2003—2010) and second (2011-2017) halves of the study duration

were compared.

Results: The distribution of CD4 cell counts significantly changed between 2003-2010 and 2011-2017 (32 = 20.42, P < 0.001).
The proportion of CD4 cell count <200 cells/mm? increased (38.8% in 2003 to 45.9% in 2017), whereas CD4 cell count
>500 cells/mm? decreased (19.4% in 2003 to 12.2% in 2017). Moreover, the distributions of age groups, history of HIV
screening test, patient outcomes, HIV viral load, and diagnosis-treatment interval also significantly changed (y?=25.55,
P <0.001; y*> =837, P=0.015; y* = 6.07, P = 0.014; y* = 13.36, P = 0.020; 4> = 173.76, P < 0.001, respectively).

Conclusion: This study demonstrated the fundamental trends of the HIV epidemic in Osaka, Japan between 2003-2010 and
2011-2017 and indicated that the incidence rate of HIV was decreasing in Japan.

Key words: HIV; CD4; epidemiology; sociodemographic characteristics; descriptive study
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INTRODUCTION

The reported number of new cases of human immunodeficiency
virus (HIV) infection in Japan reached its peak in 2013 and then
has been decreasing gradually,' suggesting a decrease in the
incidence rate of recent HIV infection. However, the diagnosis of
HIV infection gets delayed largely because of its clinical and
epidemiological features, such as: (i) mild/nonspecific symptoms
(eg, fever, rash, lymphadenopathy, etc) or even no symptom
during the acute stage among patients,” (ii) asymptomatic HIV
infection until clear symptoms are developed at the acquired
immunodeficiency syndrome (AIDS) stage,® and (iii) less number
of patients with HIV who get the serological tests done in its latent
period.* Therefore, this delay in diagnosis should be considered to
accurately understand the epidemic trend of HIV infections.

It is important to assess the CD4+ T-cell count (CD4 cell count)
of patients with HIV/AIDS because of their close association with
disease progression.” In the natural history of HIV infection, the
HIV targets immune system cells, mainly CD4 cells, and induces
their apoptosis.> Gradually, it impairs the host immune system,
causing immunodeficiency,® which eventually leads to opportun-
istic diseases.” When a patient with HIV infection develops one of
the 23 specified opportunistic diseases, he/she is classified as a
patient with AIDS in Japan.® The average period between the infec-
tion and development of AIDS has been reported to be 8 years.”!”
Moreover, the mean time from symptom onset to death was found
to be 2 years.'! Thus, the degree of decrease in CD4 cell count
reflects the periods of occurrence of these events. Hence, in theory,
knowledge on the rate of decrease in CD4 cells and its distribution
would help in drawing inference about the time of infection onset.'
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Nevertheless, the national HIV surveillance in Japan did not
include individual CD4 cell counts until 2019," although those
have been regularly tested in some hospitals.'* Therefore, the trend
in HIV infection cannot be appropriately interpreted from Japan’s
surveillance data due to the lack of comprehensive time-series
information on the CD4 cell counts. However, such information is
available at the hospital level. Hence, it is worth investigating the
hospital-level CD4 cell count data, especially from hospitals that
stock long-term series data covering a large group of patients with
HIV/AIDS. In Japan, regional AIDS core hospitals are designated
by the Ministry of Health, Labour and Welfare to provide effective
HIV/AIDS care. The CD4 cell count data from those hospitals
may shed light on the hidden trend of HIV infection when
interpreted together with patients’ information.

The present study collected and summarized data from an
AIDS core hospital in Japan, aiming to (i) describe the trend of
CD4 cell count groups and (ii) clarify the epidemiological change
in patients’ characteristics for the interpretation of the HIV
infection trend in Japan in association with the CD4 information.
There are few studies summarizing characteristics of CD4 cell
count among newly diagnosed patients with HIV in Japan. This is
the first large-scale population-based epidemiological study using
CD4 cell count data and could aid in understanding the HIV/
AIDS epidemic in Japan.

METHODS

Design and data source

This was a descriptive study of CD4 cell count data among
patients with HIV at one of the largest AIDS core hospitals in
western Japan. A part of the medical records data of patients who
were diagnosed as HIV carriers during 2003-2017 was used. The
data contained sociodemographic characteristics and blood test
results at the first visit, as well as patient outcomes and day of
antiretroviral therapy (ART) initiation. The patient outcomes
and the day of ART initiation were assessed in 2018. The
sociodemographic characteristics data contained the following
information: the year of their first visit, age at that time, sex,
nationality, risk groups of HIV infection (eg, men who have sex
with men [MSM], heterosexuals, injecting drug users), clinical
stage of HIV infection (asymptomatic carrier [AC], recent HIV
infection, acute HIV infection, and AIDS, as described later), and
history of HIV screening. The blood test results contained the
CD4 cell count and HIV viral load. The patient outcomes were
classified into two categories (ie, continuously taking treatment in
the hospital or deceased). The day of initiation of ART was only
available since 2006. Patients who had already undergone ART in
any other medical service were excluded from the study.

The clinical stage of HIV infection was classified into four
stages: acute HIV infection, recent HIV infection, AC stage,
and AIDS. Acute HIV infection was defined as the state with
symptoms, such as high fever, rash, and lymphadenopathy, with a
negative or intermediate reaction in Western blotting but a
positive result in polymerase chain reaction during the HIV-1
infection diagnosis. Recent HIV infection was defined as being
infected with HIV in the past 6 months with a <6-month interval
from the last negative HIV test until the first positive HIV test.
The AC stage was defined as the state wherein no symptoms and
had a >6-month interval from the last negative HIV test until the
first positive HIV test. Lastly, AIDS was defined as an HIV
infection with at least 1 of the 23 opportunistic diseases.®

Statistical analysis

We summarized all data descriptively and calculated the
proportions of the components in each category for each year.
To clarify the change in trend of the yearly proportions, we
divided the observed time periods into two parts: the first period,
from 2003 through 2010, and the second period, from 2011
through 2017. This dichotomization was based on the change in
the number of new HIV cases in the observed data (see Results
section). The data of 2003 and 2004 for the variable “day of
initiation of ART” were excluded from the analysis because the
data were not available. To statistically determine whether a
significant difference existed between the two periods, chi-square
or Fisher’s exact test (when including a small sample category)
was employed. A P value <0.05 was considered statistically
significant. The statistical software R version 3.5.1 (R Foundation
for Statistical Computing, Vienna, Austria)'> and its package
stats and ggplot2'® were used for data analysis and graphical
presentations.

Ethical consideration

The opt-out method was employed to inform and receive consent
from the participants, assuring that their data were anonymous
and unidentified. The information on the participation for this
research was presented on the websites of the National Institute
of Infectious Diseases and the National Hospital Organization
Osaka National Hospital. For patient anonymity, the data had no
individual identifiable information (eg, personal name, medical
ID) and no link to original medical records. The Ethical
Committee for Epidemiology approved the study at all
participating sites (National Institute of Infectious Diseases,
No. 1160; Hiroshima University, No. E-2199; National Hospital
Organization Osaka National Hospital, No 18099).

RESULTS

Sociodemographic characteristics of newly diag-
nosed HIV patients

The data contained medical records of 2,250 patients from 2003
to 2017 (2,189 men and 61 women). Table I shows the
characteristics of the patients. Figure 1 shows that the largest

Table 1. The characteristics of the patients
N %
Sex Man Japanese 2,111 93.8
Non-Japanese 78 3.5
Woman  Japanese 51 23
Non-Japanese 10 04
Age at the first visit, years 15-19 15 07
20-29 581 258
30-39 819 364
40-49 491 21.8
50 and older 344 153
HIV risk groups Men who have sex with men 1,845 82.0
Heterosexuals 328 14.6
Injecting drug users 5 0.2
Other 72 32
Stage of HIV infection Acute HIV infection 185 8.2
Recent HIV infection 188 8.4
AC stage 1,342 59.6
AIDS 533 237
Missing value 2 01

AC, asymptomatic carrier; AIDS, acquired immunodeficiency syndrome;
HIV, human immunodeficiency virus.
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number of newly reported HIV infections was in 2010 (N =211)
and the second largest was in 2012 (N =195). From 2003
through 2010, the number of cases increased, and after 2010, it
decreased. Therefore, we dichotomized the data before and after
2010 to clarify the change of the trend.

The result of the chi-square test showed that the distribution of
the age was significantly different between the first and second
periods (y? =25.55, P < 0.001). The proportion of cases in the
30-39-year age group reached its peak in 2006 (47.0%) and then
gradually decreased (33.7% in 2017, Figure 2A). In contrast, the
proportion of cases in the 40-49-year age group increased from
17.3% in 2003 to 26.5% in 2017. Detailed data in this regard are
provided in eTable 1.

Figure 2B shows temporal change of the nationality and sex
among the new patients. The distributions of nationality and sex
did not significantly change between the first and second periods
(Fisher’s exact test; P =0.201). Most of the new patients were
Japanese men (87.3-95.9%) throughout the study period.
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Figure 2. Temporal change in the demographics of new patients in 2003—2017: (A) Age, (B) nationality and sex, (C) HIV risk, (D)
HIV stage, (E) previous HIV screening test, and (F) patient outcomes (continuation: continuously taking treatment in

the hospital, death: dead)
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The distribution of the HIV risk groups did not change
between the first and second terms (Fisher’s exact test; P =
0.281). The largest group in each year was consistently MSM
(68.6-89.9%, Figure 2C). The proportion of injection drug users
was consistently small (range, 0.0-1.0%).

The proportion of the HIV stage did not change significantly
in the first and second periods (y? =2.61, P = 0.456). The AC
stage, which ranged from 54.8% in 2009 to 70.4% of cases in
2003 (Figure 2D), was consistently the most common. Acute
HIV infection and recent HIV infection ranged from 3.1% in 2003
to 13.3% in 2009 and 5.3% in 2015 to 14.7% in 2004.

Figure 2E shows the proportion of patients who had a history
of HIV testing, which significantly changed between the first and
second periods (y? = 8.37, P = 0.015). The proportion of patients
who never had a HIV screening test previously but was detected
as HIV positive in subsequent visits decreased from 78.6% in
2003 to 50.0% in 2017 (Figure 2E).

Lastly, Figure 2F shows the patient outcomes of newly
diagnosed HIV patients who visited the hospital, the proportions
of which was significantly different between the first and second
periods (y* = 6.07, P = 0.014). The proportion of cases resulting
in death decreased from 8.2% in 2003 to 0.0% in 2017.

Trends of CD4 cell count and viral load in newly
diagnosed HIV patients

The CD4 cell count was classified into four categories in
accordance with the treatment guidelines for HIV infections,!” as
this style of classification is accepted globally.'® The grouping

was performed using the number of CD4+ T-cells in 1 mm? of

patient’s blood, and the four categories were as follows: <200,
200-349, 350499, and >500 cells/mm?>. The proportion of the
groups had significantly changed between the first and second
periods (y?=20.42, P <0.001). The proportion of CD4 cell
count >500cells/mm?® group, which is the group with the best
immunological condition, had decreased from 19.4% in 2003 to
12.2% in 2017 (Figure 3). The proportion of CD4 cell count
350-499 cells/mm?, the second-best immunological condition
group, had also decreased from the first to the second period. The
proportion of the CD4 cell count <200 cells/mm> group had
increased from 38.8% in 2003 to 45.9% in 2017 and was the most
frequently encountered group.

The amount of HIV-RNA (viral load) in newly diagnosed
HIV patients changed between the first and second periods
(x*=13.36, P = 0.020). The proportion of three low viral load
groups (ie, <1 x 10°copies/mL) slightly decreased, whereas
the proportion of the viral load group between 1 x 10° and
1 X 107 copies/mL had an increasing trend, ranging from 24.3%
in 2004 to 46.8% in 2012 (Figure 3). The most common group
regarding the viral load was consistently between 1 x 10 and
1 x 10° copies/mL, except in 2009 and 2012.

Days between the first visit and starting ART of
newly diagnosed HIV patients

The proportion of patients who started ART within 2 months after
the first visit had increased from 34.7% in 2006 to 85.6% in 2017
(Figure 4) and was significantly different between the first and
second periods (32 = 173.76, P < 0.001).



DISCUSSION

This study described the trend of HIV infection in Japan using the
medical records data from one of the largest AIDS core hospitals
in western Japan. The proportions of basic characteristics in the
present data and the national surveillance data were similar.
Therefore, it was considered that the data used in this study
reflected the trend of HIV infections in Japan. The analysis
clarified that, during the second period, the proportion of CD4
cell count >500cells/mm?> category decreased and that of the
CD4 cell count <200cells/mm® category increased when
compared to that in the first period. Moreover, there were
significant differences in age, history of HIV screening test,
patient outcomes, HIV viral load, and the initiation of ART
between the two periods. These results indicate that the incidence
rate of HIV is decreasing in Japan.

Although the data were collected only from one AIDS core
hospital, its share in the reported number of patients in the
national HIV surveillance' during 2003-2017 was large (10.5%
on average). In addition, the distribution of age and its trend in
time-dependent change were also very similar to those observed
in the national HIV surveillance data.! Moreover, the distribu-
tions of nationality and risk groups were similar to those in the
national data.! While there was a comparatively higher proportion
of Japanese males (93.6% on average) in the nationality data of
the present study than that in national HIV surveillance (85.4% on
average) was observed, the domination of Japanese males and the
subsequent order of other categories showed a large similarity.
Even though the proportions of MSM in the risk group has been
reported to be about 70% in Japan’s national surveillance data,’ it
has been pointed out that those were underestimated values due to
the hesitancy in the response of MSM.!” Hence, we believe the
results of the present study largely reflect the nationwide trend of
HIV infection in Japan.

The results suggest that the significant decrease in the
proportion of patients with the CD4 cell count >500 cells/mm?
and simultaneous increase in the proportion of patients with CD4
cell count <200 cells/mm® were more likely caused by the
decrease in HIV incidence rate than by the delay in diagnosis of
HIV infection. It is supported by several pieces of evidence. First,
decreasing incidence may be due to the shortening of time
between the diagnosis and the start of ART (Figure 4). ART
is known not only to stop the progression of the disease’® but
also cut the risk of transmission.?! Second, the decline in the
proportion of patients with CD4 cell count >500 cells/mm?, and a
gradational decline of the proportions of patients in the middle
stages (CD4 cell count 350-499 and 200-349 cells/mm?) suggest
that the stage of the entire HIV carrier population to some extent
shifted to a more progressed stage. The proportion of CD4 count
<200 cells/mm? was consequently increased. Third, the propor-
tion of those who had more than one HIV screening test increased
among newly diagnosed HIV patients (Figure 2E). Similarly, a
significant increase in the rate of voluntary HIV testing in Osaka
Prefecture’->> was observed between 2003 and 2017 (Jonckheere-
Terpstra test, P =0.040). Frequent conduct of HIV screening
tests and increased testing of newly infected patients have been
reported to impact the decrease in the incidence rate of HIV
infection.'?*> Fourth, the rate of acute and recent HIV infections
among those who voluntarily got tested using blood samples have
been reported to have decreased in Osaka,”* indicating a decrease
in the incidence rate as well. The above evidence strengthens the

possibility that the incidence rate of HIV infection has been
decreasing in Japan.

The significant differences in age distribution and in HIV viral
load distribution between the two periods are probably associated
with the observed differences in the CD4 cell count distribution.
Low CD#4 cell count has been reported to be associated with older
age.”?° In addition, CD4 cell count has been known to be
inversely correlated to HIV viral load.?” Therefore, the increase in
age and in HIV viral load of the present study may reflect the
increased trend of the proportion of patients with <200 cells/mm?>
CD#4 cell counts.

This study has a few limitations. First, all the records created
were based solely on the answers of the patients. Thus, it might not
reflect true information. Some of the information (eg, the testing
experience) could contain recall bias. Second, the data were
collected from only one regional AIDS core hospital. Therefore,
the results might not be accurately generalizable to the whole
Japanese population. Third, the change of proportions in patient
outcomes was affected not only by the reduction in mortality due
to the spread of ART,**? but also probably by the censoring.
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¥ €l 400mg/Y) P+ E L 100mg % 1 H 2 6 TH
I L, HIV-RNA it : 20 copies/mL Fiili & o7z, F
7=, 2009 4E1ZiF SCr : 338mg/dL Tdh -7, 2010 4,

!

WEFEH  (TH40-0006) APAFAEH P o EME 2T H
1-14
[ 7. 955 s A A B e 2 7 — A
Wi e
E-mail : kushidahiroyukigw®@mail.hosp.go.jp

FUHIV 35450 2 7 BH O —2 L E 2 55 Tk
W IR B ASSEH L2, KEEERE » 7 — )5
e 2y, SRk G LA U A Y BRI
T B 72D F I F N 600mg, V) FFE N 100mg,
FNFLIENA0meg & 1 H2ENZEE L, ZEEHE
& HIV-RNA 13 20copies/mL il % fk#E L Ty 7z
FOHLEREEOKT 229, 2012 113 KM H A
4> (ESRD) & 7% b, HD QM ADHF & hual 3 [
MitaZblhal 201541 AlzmEmEiE®iT-
fo& 25 HBs fiLLIZFEYE T - 7. [W4E 7 A48
Wi |2 AR o Me AR SR 4 (AST © 97U/L, ALT : 177
U/L, ChE :167U/L, vGTP :57U/L) %563 L,
FEOFER, HBs AR & e, B BAENT
FLPpiish, BREMIZABRE Lo

W s v—iHEE 7ot F, LKEFO
FyryFhUTA RITLVYY, VT T—
L, gy ra) s, KRPOALEF A,
HEREELS TV AL L.
HEAVIEATEE - MEROPEMIUEE @ AERIC A L
AERFBUE © 58 © 1657cm, {KIE : 57.0kg, BMI :
208kg/m*, ik 36.4°C, T 173/58mmHg, NRk$A 67/
g, N - MK OFTRIER 6 d o7
Abethfil  BRAMNETH 2205 BlTH 2
Zk, EBIEMTH A L RUEEIZ AST, ALT @
PEAbE iz, EfboitE2EE L, 2o
W7 ook s BRAKFEEREZTY Z LIS
otz AB#2HHELD TDF 300mg/Za bY
¥y (FTC) 200mg BE & Al O3S % Mis L7z Bl
HIVGEMENT 4 F5 4 #2815 HIV/HBV $hi i b
AT A HESRERC I T AR R TR S LA
2% TDF & FTC 2542 2 & & L7 EATH



Fig. 1 Course of TFV plasma concentration
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28135 FTC o3t 5 H 1k 4 BB & 12 200mg
Lo TWEN, TReT Ty AMTED 2 TDE/
FTC M 1 [0 0B #& T oS 21T - 7o, EHTH
DFEFAY x4t (DW) 1 548kg & L7z bl
ORI N E o o e 13 3.8% (1.3~4.8) THh - 7z
EHEIZOlkgoMTDWRERLCH Y, /22
O IR OFT RIE R & b o 2. AR Wk
efiiiz AST @ 498U/L, ALT :731U/L, ChE : 191U/
L, ¥GTP : 100U/L, SCr : 6.71mg/dL, CCr(Cockeroft
& Gault &) : 7mL/min, CD4 : 348/uL, HIV-RNA
fit : 20copies/mL # i T & - 7z, F 72, HBs-Ag:
24724 1U / mL, HBV-DNA @ 6.2log copies/ mL,
HBVgenotype : B Tdh -7z Abeth, 14 HEd AST !
449U/L, ALT :769U/L, 16 H H %% AST : 310U/L,
ALT : 574U/L, 27 H B 1% AST : 24U/L, ALT : 54
U/L &b, [l Ho HBV-DNA 4itit 37log copies/mL
FTHHL, 30 B HIZEPLGREEE % 572, TDEF/FTC
B4 3 4 H %12 HBV-DNA Ik 2llog copies/mL #
jilf, HBs-Ag:000IU/mL AST :14U/L, ALT :5U/
L &7eofz, JEHIMONHE, MOSONEGN A & o B SEhEIR
KRR A RO o s, FBEELD A HED
CD4 : 435/pL, HIV-RNA fit : 20copies/mL & iilj T
Holz.
2. EYEEORET

1) Wik
TDE/FTCH# A, H1MHE & %M3MH o i
TEV e 2R c 8 L7, RilF A >~ iz Eh
ZhoM 3 a7 3RS HD EMERE S L E 4
s Lzs, 45 1M H I TDF/FTC 45 22, 26, 44
48, 164, 168 Wi #%, %% 3 M H A% TDF/FTC #5-#%
43, 47, 117, 121, 164, 168 Bifj# Td - 7=, TFV

43 117

164 (hr)

e v e R0 2 U AR PR AT IR B S G = A A il
FAAbRFge 908 [H HIV 38 o S5 4 Wh i 12 W3 2 5 AT
e 12k ) HPLCEIZTHEM L 227, &3, TFV I
FR I S 1 R PR e > & — OB I £ A
HEMEREEREORRBEH- GRRES
13058). FTC (ZWFFEHE T ) & 5 $ 443655 T = 72
7o, MBI ToTWiad-7z HD I, #ilk (QJ) ¢
500mL/min, I % At (Qu) ¢ 200mL/min T 4 & fiff
fTofz, Fl HohZfRry, HDIZX 23D
e dit W& (Elimination rate : ER) # 3 L 7=, ER
BT LS 2Lz,

ER (%) =AX/Xe= (Co~Ci) * Vdu/Cs Vdx100

3T Cy t EBATET TRV IMREE, Ca & TRV
M EE, Vde : MIRAMEERL Vd @ S ER, X=
HD BiERE O3, AX=(kNEHELRTH 5.

F/=, TDRIZHIT A TFV o MEx R L,
A O BTN 2B 72 B Z L MO UTORT
AR A B L A0

Tix (hr)=0.693" (tr=ts)/In (Co/Ch).

T T 20, G SR SENNE TO
R, € 5% 6EN % T TOMBRMTSH
5.

2) fGH

TEV i EE o HER % Fig 12, AREH & FHME
DBEITREDIEWWIE ST A — ¥ % Table LIZRT. 4
138 H o TDF/FTC PR 22 B[ 00 HD 9256 i Al &
#3 H o TDF/FTC MR 43 I [ # o HD & i o
TEV R =R =h 944, 1094 (ng/ml) THh-=7s.
HD #, TEV 28N T L, ER 240HT 5 & dk
filiix 27.8% (25.2~282) TdH -7 T 1MW o0&
izt aEhiiz 1 AB E3HE EhE612% &
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Table 1 Pharmacokinetic parameters of tenofovir in a hemodialysis patient with HIV-1

our HD patient

HD patients reported

Reference values in
patients with normal
renal function

Reference values
in Japanese HD
patients™

Reference values in

from overseas'"

Tz (hr) 1.83 (1.78-2.26) 1.9 = 161 (23"
Crough (ng/mL) 54 (1st administration) - 1905 (183-199) 868 (157)*"
45 (3rd administration)

Membrane APS-15UA - polysulfone F60 - polysulfone = =
surface area (m?) 15 16

dialysate [low rate (mL/min) 500 500 - )

blood flow rate (mL/min) 200 250 = =

*: Mean (SD) Median (range)

623% Tdh - 7=, WK Vd : 054L/kg", Vds @ 0.2
L/kg"® L7z, HD# 7T # & &Il o HD % i i 1 o
TEV il 2 b+ 5 &, HD 925k gt oo i BE 121 &
e bREEOL 20, W1ME, 930E 0k
O HD # T (F 7 7 iZEh+h 54, 45 (ng/mL)
Thote. BFPOFWME M 5 & dhdfii 1.83hr
(1.78~2.26) ThH -7z

3) E4%

TF B8 HE AT 1L o0 HIV-1 &3 i 7 12 TDF300mg %
LHLEE #L+ ¥ (DRV) 300mg, Y b+ E N
(RTV) 100mg #&h-&h 1 B 2 @l Hixs L7z
TEV F 5 7O FHIE 86.8=15.7ng/mL & D}t
HERENTWDE?, 4, £Hod®, HA2M@a0 TDF
5Tk TFV ~ 7 7B IE 742ng/mL & BT
Y, 1 EESAEE) LW LT, AR
Tk, THoHOMELERELMEEED Lo/l
6, TFV F 7 7MED S R FEPISHT 5 TDF
D 1 EE5 OF LA HEET & 7=

PO E, H AR A ORER A TDF i [ 4% 4% 5
L7zKg, %524 R $ T TRV @ R b kS0
TFV #% 5 it (1356mg) @ 179% (241mg) T %
EWELTWA, F72 A4 2B AR IHE 2
L7z B wW T, TRV irgEasbFhTh b,
TEV Rt 2 PR THh b L ShTwa,
AMmiHcBVT, 3O HDIZ L Y EHEY RO
60% PAEMRERE SR TE Y, TFV I TH 15mg b
FERDLZEMHB AN ZRIEHTE O O
WA TEV RSt 02 { & 5Tl b, 30
DO HD AWM ERBLTW L SR —
B2, HD @ Q,OINIC X 0 /g D B ae s ks
HI b, WEMzrARE{THI LI D ERDEL
BMinEesZ LARESRTVS 20, HD O404
WCEBZ VTS ¥ A% ER OBV T 5408
5.

TS & R A REFIC B WT b, HD#RTH#IC
TEV IEM LT 5037 » FEHBIHR S h i,
D3y FHSOREIE, Mk 6 05 % LU

HThsrdhTwad, TFVOVdIZKEL, By
B BHEICB VT TDF 2 HEHRROHRS L2Ro
TEFV @ 66% L. E2HEEIT T 2 L otk shT
B0, ERIFCBOTHYRSE) AT Y FLTWES
SEMEN SR 0, A BV TREEZES HD
DEHOMANZE Y )3y FTaRAREL L SR
TWA D", IEMZA HD #0340 Bk 2 083 2 7
DITIIREREN R M PREDE=2) ¥ TR ETH D
tEzbhz,

FAEFITIE, TDF#S5-MiG#H, 5% TETo
530 H M A PR 42 (MR TH 72 L L,
EHBEZB T AIEENH TFV @ AUCoan i, IE
HHEEHREBRTEOLO LTS E 156 MV &
PHEENRTWAZ Lo (FFREGE IR 5 : 3,020
hr - ng/mL, #ATREH © 47,248hr - ng/mL) ", EHF
HA & 1AMO TFV BRER G IERR L ) bl
THIENFHEENE, Folw, BERSoBicid
R LUAO T ERROBBIC L EERT L LE
horEZLNL Tl BMIBWTHER TFV #
HossR EN 797243 F (TAF) (&, BHE
FlC 1 B 1 BodbasREshTns EFE I
TAF % &M #H4%5) . TAF 28 2 ENiEH O
EHH @ TFV @ AUC 12 8720hr * ng/mL & #i 45 &
NTHED'", TDFEHHEE D & TFV R R AYE ]
HEMED S Z L b, SHRIZEARNIIBITS TAFIZ
B HIEYWEOFMARETHL LEZ LR

FAMIICBWT, FTC IR S ATV AR HIE
FE{ RS, WHREATVASEDIIE Y )L
hHI ENTFHERA L L, FTC i Q, : 400mL/
min, Q. : 600mL/min, 3 KO &N O &4 T T 30%
M s d L oW sd 5299, KB OB &4k
R H-OFEMWMEIZEDH LTV A THEEREL R
fo. AMFCHBVTERDE - FHFRIIOVTERR
(ST az LT, MK RS ETETEIENT
2t MR BT R A A B A IS IR 2
FHGHBEE B EER bR

AAEGI OMRS R A 6, B AN HIV-1 J e i 51



1233 % HD Koo 1 |81 TDF $e5-13, A s fE
DEFEOMWEP L BYRTH D Z LR TEL /2,
TDF/FTC 5, M ofFRisE#Es LT L, HBV-
DNA fit i3 M R A0 CHERF S h, Har g (8%
eggdsobntal LirL, TFVOAUC
it, WEWRObOL<THL, /-, HDKOS
Rz 2 VT 52 2R ER B BT 5 2 LA T
fHlahsd, Folw, HDEMIZHWT TDE #§%4
THERIZIE, HIV-1 AYE, B BT 920608 & FESEIZAT
Gz IR E R A L, RS ER
WY ) T HLENRHLEELLN.
W RRRCOERIICH D, THBVAEWAER
PREEREE ~ 7 —FFIRPIF SR ISR L
E

FIREMB A T © FBCERE X MSD Bl tt,
VTR -y v ARAEH, T4 —T~VATT
A L R A 2TV A, AEKEE Y 3y
sikt&, Y2V A3AZ T4 sHRERLD
WF7ERE 2TV 5.
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Changes in the Plasma Concentrations of Tenofovir in a Hemodialysis Patient with HIV-1 and HBV
Co-infection : A Case Report

Hiroyuki KUSHIDA", Takao NAKAUCHI", Hiroki YAGURA", Dai WATANABE?,
Tomoko UEHIRA* & Takuma SHIRASAKA®
YDepartment of Pharmacy and *Department of Infectious
Diseases, National Hospital Organization Osaka National Hospital

Tenofovir disoproxil fumarate (TDF) is a prodrug of tenofovir (TFV), used in the treatment of hepati-
tis B (HBV) and HIV-1. TFV is a renally excreted drug : a weekly dose of 300mg is recommended for pa-
tients suffering from HIV/HBV co-infection and undergoing hemodialysis (HD) for renal failure. The pharma-
cokinetics of TFV in Japanese patients undergoing HD has not vet been thoroughly explored. Herein, we re-
port a case of HD in which the plasma concentrations of TFV were measured serially after the start of
treatment with TDF. An 80-year-old Japanese man with HIV-1 was undergoing HD thrice weekly for end-
stage renal failure. Concomitantly, the patient was receiving treatment with darunavir ethanolate, ritonavir,
and raltegravir potassium for HIV-1 infection. With the treatment, the blood HIV-RNA levels had decreased
to below 20 copies/mL. However, the patient developed acute HBV while under follow-up as an outpatient.
He was started on treatment with TDF/emtricitabine, administered once weekly after HD, as treatment for
HBV. The 7-day TFV trough concentrations measured in two consecutive weeks were 54 and 45ng/mlL.
The values were comparable with those in the general Japanese population (non-HD subjects) and to other
previous reports. The treatment resulted in suppression of both HIV-1 and HBV. However, based on the
combination of drugs and HD conditions, the dialysis clearance and removal rates vary. In conclusion, meas-
urement of the plasma drug concentrations is useful for appropriate and definitive treatment of HIV-1 and
HBYV in patients undergoing HD.

(J.J.A. Inf. D. 95 : 319~323, 2021]
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TIAXZETOY JRAREICH T HIVEOLFERBE

KE WY, WE WY, R

KA Y, W R, AR,

BUEs A,

A, BA AT, b R, mdh AT, W B R,

ZI T, R EE, B AT, N BRY, BE O
MR BT, G FEEY, WE O RES, MERERT, el WY,

XA OTHEY, SR %R, WROBESCY, bR TR M BV,

Wi EsEY, HWE Y, N Y, BEE REATY
RN ESRVATH 757 3 IN UV S S Sl S VA SV R S
¥ ENLIE BB A R B v & — AR, Y ELNLR BRI B v 5 — SR,
¥ bR B AES, ¢ R BRI, 7 BT BB A R & —FEH

O NS A e e, ALBREE IR S BRI eS8, BT K B o s A W B S 5

N T AN YT 7S Sl TN 7 S S R T T 7 S
OBNIEERFR AR BEHEAES, 08 5 797 5 H e 0 3,
O LA BRI R PR v & — AN, 7 L BB A R R v 8 — BRRRTTE 5 —

BEY : YRR OENE S, RIRIZBIT S HIVEROE TALDRLEZHS 2T 52 %2 H
e LT, T4 XBHETTy 7 PEIREICEBT 5 HIV EYYERBRE OB 21T - 720

FiE o Tuy sk B L O E N EBREETTE - v & — b T 2015 4E A 5 2019 LE D KA
HIV BEYE O F) Il iE#E % BdG L 72 EBIOPT HIV SEQ LT8R 2 & NCEA AT A K94 Ok
VA VBRRRIZOWTHIEER T o720 T2, FECZZ LIENOL D Xy OEE & BEBER O
HEEL DXV RIREIZOWTH R 21T o 726

R AEOWEREBREGIZB VT, Es LI A VIETRTHAL FIA4 VHERL I X Th
D, SREBID WL LEE 5D, AIEFOHEIEL T A L BINEKIL 97.8% 55 99.1% THER L7, #E
FBEREBITIZ 2015 4E D AL 10 LY A ¥ TT79.6%, 2019 4E121389.3% 12 B4 L, HERRL ¥ 2 VIR

RIIBHRBBN 0D 533 79.9% 00 5 92.5% THER L 720
EEE 70y ZILEIRBEIC BT B BWEH OB S O HIV 2O TALDIRWI A S &

&Of:o

F—T—F D HUHIVE, WTEN, TAL Tay s bRk

HAZL £ X445k 23 : 150-156, 2021

&

il

t MEIEA 4 4 )V A (Human immunodeficiency virus ;
HIV) JRGSRE TR IE 1990 UL ITHE. S h, RIZRED
FERESE 7 S DN RIIN 20 7 A4 v ZHIHIDSTTRE & 72 o 7270

FAETIE, RO BHRE ST 5 2 & CTIRIEGHE L
EOTHIEONS SR TEL?Y, BEUKG12X 5
AR 12 5 ICRHIRET Fe 7 7 v 20#F% H
oL, FfEske LFRINT VD, FHEOFERI N
EHNOTEELRTA NI 4 0 ThbH, EAFEHTEH AT A
B ST A AR RBORWI RS HIV EG9EB L O
ZOEPHEDRE Z TR A eI OPL HIV SEBHE T A
KI4 Y (A4 KT4 V) THIESNS, FIREHEITER

LG AW (T540-0006 KB A IR X I3 2-1-14
MNTAT B N BRI & — A1)
2021 4E 3 H 31 HAt : 2021 4F 6 H 4 HZ#

TRELV YA VLPHBIIUFT SR TWEY,

ARIFIT BT B HIV IEGSEZ L, PRI SR B O
b L, ENTEBSERNTEE v 8 — A XiEEE - Dgei
& — (ACC), 7u vy Z#rbe, TR sERE, W
WWEECA SN TBY, FHBIIBWTACCH LLIET
Oy 7 PRIREEASHEO LA IS TV,

BUHIVIEZENBERZ RS 2 & GRERE SRS 72
B, RBFEHRTOHERANIHTE2T7—F7 IR TV 5,
F72, HIVIEGHERZIZIREL TS0, Mgz Ly &
BHPKRELL B D2 T, WHBEHA BB L 5T
BRDWREENEZ NS,

AWE OB, HIV 3o Migo bR %S 2 8- T
W57y 7SR B B HIV ERYE B HEE O L
AR Z ATV, EWHEROBIED S, RIIBIT S HIV
RO TALDRREH ST THT L TH S,
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1. WRBIMES

ARWFSE 1 E T ERRE S IE L v & — kel L O A X%
7 a7 PWrimbt 14 fidk GUIERFRAREE, ks
RFIBE, ALBRBERL KM RRBE, IR BE R AL 75 B
oy —, BRI, R RE AR AR, PR
(YA 1 D] el | [ VA SRS ] e e VA ] it 3 i
Rt v 7 —, BRI RIRER > 5 —, JRET
I s R AT =] N = N 22 ] A R VA T Y
WRMEREL > & —) OFF 15 MifkTHML 72

2. BAEHE

2015 4FE 5 2019 4E D 1 A 1 H2*5 12 A 31 H oI,
WEFES IR CTHi 72 2P0 HIV 3B 2 IR L 729Ef o bt L
ka7 £ )V X (Anti-retroviral Therapy ; ART) L' X »
(FIEEHREL Y X V) O CIZKEDND L0 1LHD2S 12
BLHIZMLG ENZZART LY A Y (HEBEBIL Y A ») 12
DV, WIS A B L, HYHICnE%E
TRFEL 726

MIAARREL Y A V220 TIE, FEICRIRINAZL Y X
VHEBWNT, HA FIA VICHIRER L L ORISR &b
HIVEOMA G bED [HER SN M AEDLE] 7213 TR
BoMatrbe] L LTRBESN TV LI Xy OFERE

(EFRL VA VBIRK) [ZOonTREZIT-72 (E1).
F72, HEBHERIL Y A 2oV TlE, ZIEDOL VX U
HUNMNC 1 H 1 188 (Single Tablet Regimen ; STR) ]
WMFHRIZONWT HHEZIT o720 51T, BHHIBL L Mkt
SEBIDHEIE L ¥ A VBIRKOREIZOWTHE 2179 2 &
HWE LT, WHESIi % 2015 4 0L ) 1 Eh & 50
SEBI A (5 hER%), 50 4B L L 250 fE Bk (6 fik),
250 EBI LA E (4 Jifk) @ 321240, HESEL ¥ 2 VIR
FIZOWTHBKE 217> 720

ARF DML DX v OGN EHEIZOVTE, H1 T
4 Y ORIRTIE, BEHOARIHIRETH - 72HED, A
B DMMAGDLEDREH L TVAEEIIHIEL YAV L)
7Y L7 F2, HEIEL DX VGRINEKICE S B MEHICD
WTIE, A4 FIA4 Y ORAPBEIATHLZ Lhb,
WEREFEL ¥ A VT ATV TIL, AR o4
S LLIZZFOHIEICRTI SN A I 4 AR INT
WA HLAA DY, HEBERNC DWW TR R 0I5 T
SNT=AHA B4 VRSN T llAaGbE gL
VA E LT

7 7 REN (TFV) BHNZOWTIE, TRV VY 7aF
V7<)V (TDF) & TFV 797 =7 3 N7 < Vg
(TAF) HHFAET %A, STR A LA OV TIF T
TFVELTHT > L7

£ 1 ARFICBIDLRIEDH A FF 4 VifEEL Y 2~

2015 4¢

2016 4F

2017 4¢ 2018 4F 2019 4§

TFV +FTC+ EFV

TFV +FTC+RPV

TFV +FTC + DRV +RTV or cobi
TFV +FTC + ATV +RTV
TFV+FTC+LPV/r
TFV+FTC+RAL

TFV +FTC+DTG

ABC +3TC+EFV

ABC +3TC+RPV

ABC +3TC + DRV +RTV or cobi
ABC +3TC + ATV +RTV
ABC+3TC+LPV/r
ABC+3TC+RAL

ABC+3TC+ DTG
TFV/FTC/EVG/cobi
TAF/FTC/BIC

AR BT AHEIEL VAL, TRV: ¥ /KL, FIC: ZTA MY ¥ Y Y, EFV: Z77EL Y, RPV: YL EE Y o,

DRV : # )+ ¥, RTV: Y FF ¥, cobi:

IV TYAZ v b, ATV: TZHFFEN, LPV: OE¥F N, RAL: VT F I,

DTIG: KVTF 27 )N, ABC: TNA KN, 3TC: 937V, EVGG: ZIVET I, TAF: 7 /FELVT I 72+ 3K, BIC:

Y 777N,




i, AWFZEIEENLEEEREE KRR £ & — OB
HETHA T 2 2t F AR R 20K OREFE T+ 20068)
T ZI RIS, MRS T HWRERO KR Z 21572
TRICHEB L 720 F72, KRBFFEIE, A0 2 4R B2E A7 8147 B
HEE AR B) & (= A4 2O SRBORIFZEFSE) [HIV
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Research on Prescription Trends of Anti-Retroviral
Agents in Regional AIDS Centers in Japan

Hiroki YAGURAY , Junichi Masupa? , Atsushi Hirano® , Yuki Onisr” , Yuki Tazawa” , Soichiro Isun® ,

Kensuke ABE7), Ayaka NaRITAY , Yusuke KuniMoto® , Akira Tovama'® , Kazuyuki TANAKAu), Yuji Nisui'? ,

Junko YASUIB), Masatomo INOUEM), Naoyuki TaGawa™ , Takao NAKAUCHID, Koji NAGASHIMAZ),

Rie MATSUOKAS), Yoshihisa GOHARA4), Kenji FUJII6), Satomi KAMIO”, Akiko YASUDAg),

Ryosuke MATAMURAQ), Hiroki SUZUKIw), Takafumi SUGAWARAm, Chizuru INOUElz), Yudai SATOB),
Hiroyuki KusHipa , Munehiro YOSHINOm), Kazutaka Yamaucur” and Yoshiyuki Yokomaku'”

v Department of Pharmacy, National Hospital Organization Osaka National Hospital,
2 Department of Pharmacy, National Center for Global Health and Medicine,
¥ Department of Pharmacy, National Hospital Organization Nagoya Medical Center,
Y Department of Pharmacy, National Hospital Organization Kyushu Medical Center,
® Department of Pharmacy, Hokkaido University Hospital,
® Department of Pharmacy, Hiroshima University Hospital,
K Department of Pharmacy, National Hospital Organization Sendai Medical Center,
® Department of Pharmacy, Ishikawa Prefectural Central Hospital,
¢ Department of Pharmacy, Sapporo Medical University Hospital,
¥ Division of Pharmacy, Niigata University Medical and Dental Hospital,
w Department of Pharmacy, Hiroshima City Hiroshima Citizens Hospital,
12 Department of Pharmacy, Hiroshima Prefectural Hospital,
1) Department of Pharmacy, Niigata City General Hospital,
W Department of Hospital Pharmacy and Pharmacology, Asahikawa Medical University,
1 Department of Pharmacy, Niigata Prefectural Shibata Hospital,
Department of Pharmacy, National Hospital Organization Osaka Minami Medical Center,
' Clinical Research Center, National Hospital Organization Nagoya Medical Center

16)

Objectives : We surveyed the trends in antiretroviral prescriptions at regional AIDS centers in
Japan to clarify the status of the equalization of HIV care in Japan.

Methods : The subjects were patients who started initial treatment for HIV infection between
2015 and 2019 at AIDS medical treatment block core hospitals and the National Centre for
Global Health and Medicine Hospital. We investigated prescribing trends for anti-retroviral
therapy and recommended regimen selection rates in the domestic guidelines. We also examined
the percentage of continuous regimens for patients who visited the hospital each year during the
same period and the recommended regimen selection rate by the amount of medical care.

Results : For the initial treatments in each year, the top five regimens were all guideline
recommended regimens, accounting for more than 90% of all cases. The recommended regimen
selection rate of all cases increased from 97.8 to 99.1%. For continuing cases, it increased from
79.6% for the top 10 regimens in 2015 to 89.3% in 2019. The average selection rate of recom-
mended regimen changed from 79.9 to 92.5% regardless of the scale of medical care.

Conclusions : The situation regarding the equalization of HIV medical treatment from the
viewpoint of drug treatment in block core hospitals was clarified.

Key words : anti-retroviral agents, prescription trends, equalization, block core hospital
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