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Serum (1-3) 8-D-Glucan

as a Noninvasive Adjunct
Marker for the Diagnosis
and Follow-Up

of Pneumocystis jiroveci
Pneumonia in Patients
with HIV Infection

To THE EpiToR—We read with great in-
terest the Brief Report by Watanabe et al
[1] about the value of the (1-3) 5-p-glu-
can (BG) assay as an adjunct for the di-
agnosis of Preumocystis jiroveci pneumo-
nia (PJP) in patients with AIDS. We
congratulate the authors because their re-
port has a large study population (111 pa-
tients with PJP and a control group with
425 patients). However, we would appre-
ciate your taking into account the follow-
ing observations.

First, we wonder whether the report is
of a prospective study or a retrospective
analysis of test performance in those pa-
tients with confirmed PJP.

Second, when using a control group, it
is important to define accurately the risk
factors of the matched control group, be-
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Figure 1.

Kinetics of (1—3) B-p-glucan levels in a patient with Pneumocystis jiroveci pneumania

and human immunodeficiency virus infection (white barsj and in a renal transplant recipient with
P, jiroveci pneumonia (gray bars). Both patients responded to the treatment and survived the infection.

cause the possible development of PJP is
dependant on the host risk(s) for disease.
From our point of view, in this setting,
the control group should include human
immunodeficiency virus (HIV)—positive
patients with CD4" cell counts <200 cells/
mm® or a CD4" cell percentage <14%
with a clinical respiratory infection. These
characteristics are not described by the au-
thors in their control group.

Third, we would like to remark that the
accuracy of a diagnostic test is defined by
calculating the cutoff value, the sensitivity,
the specificity, and the positive and neg-
ative predictive values. In their study, Wa-
tanabe et al [1] only report the sensitivity
and specificity. In the clinical settings in
which BG is used, negative predictive
value is high, and it is consequently im-
portant to rule out the diagnosis of PJP
and other invasive fungal diseases.

Fourth, bacterial pneumonia is a com-
mon respiratory infection in this subpop-
ulation, with a 20% rate of positive blood
culture results. Both gram-positive and
gram-negative bacteremias have been re-
ported to be the source of false-positive
BG results [2]. The administration of
some antibiotics may also be a cause of
BG reactivity [3]. We miss these pertinent
data in the cohort assessed by Watanabe
et al [1], because both are possible con-
founding factors.

Fifth, Watanabe et al [1] state that se-
rum BG levels are not suitable for mon-
itoring the response to treatment and that
they do not always return to normal levels
during treatment. We agree that BG does
not return to normal levels during the
course of treatment, because 3 weeks is
not enough time to achieve a serological
cure, which usually requires several weeks
after the end of treatment [4]. Our group
[4] and others {5, 6] have reported that
the kinetics of measured BG (Fungitell;
Associates of Cape Cod) suggest that de-
creasing levels of BG correspond to a fa-
vorable response to treatment (Figure 1),
whereas increasing levels are associated
with treatment failure [4].

Therefore, we believe that prospective
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studies are needed to further evaluate the
accuracy of serum BG assay for the di-
agnosis and follow-up of PJP in HIV-pos-
itive patients.

Acknowledgments

We thank Dr. Malcolm A. Finkelman for his
critical reading of this letter.

Financial support. Tondo de Investigacion
Sanitaria, [nstituto de Salud Carlos Iil, PI070107
(to A.d.P), PI07134 (1o M.S.C.), and PI070376 (to
J.P.); Department of Education, Universities and
Research Basque Government, IT-264-07 (to J.E.);
Rio Hortega Research Educational Contract from
the Instituto de Salud Carlos HI (to .L.G); and
Pfizer Spain (educational grant to A.d.P.).

Potential conflicts of interest. Al authors: no
conflicts.

Amalia del Palacio,' Jara Llenas-Garcia,®
Maria Soledad Cuétara® Federico Pulido?
Rafael Rubio,? José Pontdn,*

and Angel del Palacio-Pérez-Medel®

'Servicios de Microbiologia and *Unidad VIH,
Departamento de Medicina interna del Hospital
Universitario 12 de Octubre, and *Servicio

de Microbiologia del Hospital Severo Ochoa,
Leganés, Madrid, and “Departamento de
Inmunologia, Microbiologia y Parasitologia, Facultad
de Medicina y Odontologia, Universidad del Pais
Vasco, Bilbaa, Vizcaya, Spain

References

1. Watanabe T, Yasuoka A, Tanuma J, et al. Serum
(1-3) B-p-glucan as a noninvasive adjunct
matker for the diagnosis of Phetsocystis pneu-
monia in patients with AIDS. Clin Infect Dis
2009;49:1128~1131.

2. Mennik-Kersten MASH, Ruegenbrink D, Ver-
weig PE. Pseudomonas aeruginosa as a cause of
1,3-B-p-glucan assay reactivity. Clin Infect Dis
2008;46:1930-1931.

3. Mennik-Kersten MASH, Verweig PE. Non-cul-
ture based diagnostics of opportunistic fungi.
Infect Dis Clin North Am 2006;20:711-717.

4. Cuétara MS, Alhambra A, Chaves F, Moragues
MD, Pontén j, del Palacio A. Use of a serum
(1-3) B-p-glucan assay for diagnosis and fol-
low-up of Pueumocystis jiroveci pneumonia.
Clin Infect Dis 2008;47:1364-1366.

5. Marty FM, Koo S, Bryar J, Baden LR. (13}
B-p-glucan assay positivity in patients with
Preumacystis (carinii) jiroveci pneumonia. Ann
Intern Med 2007; 147:70-72.

6. Marty FM, Koo S, Bryar ], Baden LR. (1-3)
B-p-glucan assay positivity in oncologic pa-
tients with Premocystis jiroveci pneumonia
(PCP). [abstract M-1606]. In: Program and ab-
stracts of the 46™ Interscience Conference on
Antimicrobial Agents and Chemotherapy {San
Francisco}. Washington, DC: American Society
for Microbiology, 2006:425.

Reprints or correspondence: Dr Amalia del Palacio, Dept of
Microbioiogy, Hospital Universitario 12 de Octubre, Madrid,
Spain {apalacioh hdoc@salud.madrid.org).

Clinical Infectious Diseases 2010;50:451-2

© 2010 by the Infectious Diseases Society of America. All
rights reserved. 1058-4838/2010/5003-0024$15.00

0O0I: 10.1086/649888

Reply to del Palacio et al

To THE EpITOR—We thank Palacio et al
[1] for their interest in our study [2]. We
would like to reply to their 5 comments.

First, our study [2] was performed ret-
rospectively and analyzed >100 confirmed
cases of Pneumocystis pneumonia (PCP).

Second, patients who had human im-
munodeficiency virus infection but did
not have PCP were used as a control
group, regardless of their CD4" cell counts
in our original study, Among the 425 con-
trol patients, 273 had CD4" cell counts
that were <200 cells/pL. If we analyzed
data for these 273 patients, the median
serum (-p-glucan level was 8.6 pg/mL
(range, 1.0-283.0 pg/mL), which was al-
most same as the median value for all 425
control patients. This data indicates that
serum f-p-glucan level is not influenced
by CD4" cell counts.

Third, using the cutoff value of 23.2 pg/
mlL, positive predictive value and negative
predictive value were 67.3% and 98.9%,
respectively.

Fourth, the diagnosis of PCP was es-
tablished by identification of Pretmocystis
jirovecii in bronchoalveolar lavage (BAL)
fluid with use of Diff-Quik (Dade Beh-
ring) staining method. We also examined
the same sample by Gram stain and Ziehl-
Neelsen stain for the detection of bacteria
and mycobacteria, respectively, in BAL
fluid. In addition, there were no patients
who had comorbidity due to bacterial
pneumonia or pulmonary tuberculosis.
Therefore, it is unlikely that our data were
biased by confounding factors, such as
bacterial pneumonia or administration of
antibiotics.

Fifth, as we mentioned in our report
[2], B-p-glucan levels generally decrease
soon after treatment in patients who ex-

perience a good clinical course, as Palacio
et al [1] have presented, and levels are
normalized several months or years after
treatment in all patients. However, $-b-
glucan levels are elevated in ~20% of pa-
tients during the early phase of treatment,
and B-p-glucan levels seldom return to the
normal level within a 21-day treatment
period. In accordance with the Centers for
Disease Control and Prevention guidelines
[3], treatment of PCP is usually completed
by 21 days in our hospital, regardless of
the 8-p-glucan levels, and there were no
patients who experienced relapse caused
by the cessation of treatment after 21 days.
Therefore, it is apparent that increase of
B-p-glucan levels soon after treatment
does not always indicate treatment failure.
Consequently, we concluded that serum
B-p-glucan is a useful adjunct marker for
diagnosis of PCP but is not suitable for
monitoring of the disease.
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Zoonotic Sporotrichosis in
Rio de Janeiro, Brazil: A
Protracted Epidemic yet to
Be Curbed

To THE Eprror—The zoonotic transmis-
sion of sporotrichosis seems to be rare
worldwide. However, since 1998, an in-
creasing number of cases have been re-
ported in humans in Rio de Janeiro, Brazil,
the vast majority of them associated with
contact with cats affected by the same con-
dition {1, 2]. From 1998 through 2004,
there were 759 humans and 1503 cats di-
agnosed with this mycosis by Sporothrix
schenckii isolation in biological specimens
at the Evandro Chagas Clinical Research
Institute, Oswalde Cruz Foundation
(IPEC/Fiocruz). This represents an enor-
mous increment vis-a-vis previous find-
ings, because during the previous 12 years,
there were only 13 cases in the same ref-
erence center (2],

From 2005 through 2008, 804 human
patients were diagnosed with sporotri-
chosis, corresponding to an annual in-
crease of 85%. The most affected popu-
Jation unchanged, with a
predominance of women aged 4049 years
who are engaged in domestic duties and
are from deprived social strata. Close con-
tact with cats, either with clinically evident
disease or with no symptoms, was re-
ported in 91% of the human cases, Bites
and/or scratches were reported by 68% of
these patients, suggesting such lesions as
the putative mean of transmission of the
fungus.

The clinical picture [3] comprised 66%
of presentations belonging to the lympho-
cutaneous form, 25% of the fixed form,
and 9% of patients with disseminated le-
sions (ie, disseminated cutaneous forms,
with or without extracutaneous lesions).

remains

Also worthy of notice is the apparent over-
lapping with other infectious conditions,
such as human immunodeficiency virus
infection (14 patients), tuberculosis (3),
leprosy (2}, and human T-lymphotropic
virus infection (2). Among those patients
infected by human immunodeficiency vi-
rus, 36% presented the disseminated se-
vere form of the disease.

The drug of choice to treat these pa-
tients has been oral itraconazole (n =
514; 649% of patients), and terbinafine was
used in 184 (23%) patients. Amphotericin
B was very seldom used (6 patients). Al-
most 2% of clinically cured patients had
clinical relapses (reemergence of their le-
sions), whereas 11% (n = 90) of the pa-
tients did not need to be treated, because
of spontaneous cure. Patients were fol-
lowed from 3-6 months after the end of
therapy. Nine percent of the patients were
lost to follow-up. Six patients were hos-
pitalized, with 2 deaths. Irrespective of the
drug regimens, 89% of the cases were
cured,

It is still not certain how the infectious
agent has been disseminated throughout
the Rio de Janeiro municipality and its
outskirts, but it is beyond reasonable
doubt that the close interaction with cats
represents a key form of transmission of
the fungus. Felines have very close contact
with contaminated soil and organic matter
and constitute a reservoir of this agent [4,
5]. An improper destination given to ill or
dead cats was mentioned by 71% of their
current/former owners (most cats were
just abandoned or died without receiving
a proper burial or cremation). Such non-
hygienic practices most likely foster the
sustained dissemination of the mycosis,
contributing to its current epidemic {en
route to endemization?) status, which has
yet to be curbed in Rio de Janeiro’s met-
ropolitan area.
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Genetic Determinants of
Antibiotic Resistance in
Diarrheagenic Kiebsiella
pneumoniae Subspecies
ozaenae: An Emerging
Enteropathogen in Senegal

To THE Eprror—Diarrheal diseases are
common in developing countries. They
are usually caused by bacteria like Sal-
monella, Shigella, Escherichia coli, Cam-
pylobacter, and Vibrio cholerae. Members
of the genus Klebsiella are found as normal
flora in the human intestinal tract; some
strains are considered to be enteropatho-
genic and are able to cause diarrhea both
in immunocompetent and immunocom-
promised individuals [1, 2]. Although this
pathogen is responsible for diarrhea, the
molecular mechanism of its pathogenesis
remains unclear. Virulence factors includ-
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Infection in Recent Years in Japan
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Abstract

Background The natural course of HIV-1 infection includes 10 years of an asymptomatic period before the
development of AIDS. However, in Japan, the disease progression process seems faster in recent years.
Methods The study subjects were 108 new patients with primary HIV-1 infection during the period from
1997 through 2007. We evaluated their clinical symptoms and laboratory data, and then analyzed disease pro-
gression in 82 eligible patients. Disease progression was defined as a fall in CD4 count below 350/uL and/or
initiation of antiretroviral therapy.

Results Ninety percent of the patients were infected via homosexual intercourse. All patients had at least
one clinical symptom (mean; 4.75+1.99) related to primary HIV-1 infection, with a mean duration of 23.2
days (+14.8) and 53.3% of them had to be hospitalized due to severe symptoms. The mean CD4 count and
viral load at first visit were 390/uL. (+220.1) and 4.81 log10/mL (+0.78), respectively. None developed AIDS
during the study period. Estimates of risk of disease progression were 61.0% at 48 weeks and 82.2% at 144
weeks. In patients who required antiretroviral therapy, the median CD4 count was 215/uL (range, 52-858) at
initiation of such therapy. Among the patients with a CD4 count of <350/uL at first visit, 53% never showed
recovery of CD4 count (>350/pL) without antiretroviral therapy.

Conclusion Despite possible bias in patient population, disease progression seemed faster in symptomatic
Japanese patients with recently acquired primary HIV-1 infection than the previously defined natural course
of the disease.

Key words: HIV-1, primary infection, disease progression
(Intern Med 50: 95-101, 2011)

(DOI: 10.2169/internalmedicine.50.4137)

ease progression depends on various factors such as HLA

Introduction

The natural course of HIV-1 infection has been well de-
scribed in large cohorts from the United States and Europe
before the introduction of highly active antiretroviral therapy
(HAART); primary HIV-1 infection (PHI) is followed by a
clinical latency, usually lasting around 10 years, which pre-
cedes the eventual collapse of the immune system (1, 2).
However, there is a common feeling among clinicians at
present that the natural disease progression of recently in-
fected patients is faster than in previous years (3, 4). Dis-

type (5), concomitant infections (6, 7), and available medi-
cal resources (8). In addition to these factors, events occur-
ring during PHI could also determine the natural course of
the disease. Initial studies suggested that patients with more
symptoms related to primary PHI and longer duration of ill-
ness exhibit faster rates of progression to AIDS (9-13).
Plasma viral load at a set point is also an independent pre-
dictor of disease progression (14, 15). However, to deter-
mine the viral set point is sometimes difficult. Therefore, for
clinicians, the severity of clinical symptoms is the only pre-
dictor of subsequent disease progression. The latency be-
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tween the development of PHI and commencement of
HAART is also important in the present HAART era.

The main aim of this study was to evaluate the natural
disease progression of recently infected Japanese patients.
To determine whether or not the disease progression of re-
cently infected patients is accelerated, their CD4 decline was
compared with that of hemophiliacs infected before 1985 as
the first HIV-1 infection in Japanese.

Furthermore, we also evaluated the correlation between
initial CD4 count, viral load, and clinical events and subse-
quent changes in CD4 and/or time to start HAART in symp-
tomatic Japanese patients with PHI.

Patients and Methods

Study site and patients with PHI

This study was conducted at the AIDS Clinical Center
(ACC), National Center for Global Health and Medicine
(NCGM: formerly International Medical Center of Japan).
The NCGM (925 beds) is a tertiary general hospital located
in central Tokyo and the ACC is the main referral clinic for
treatment of HIV infected patients in Japan. As part of the
follow-up service, HIV-1 infected patients usually visit the
ACC on a monthly basis and CD4 count and viral load are
measured at each visit. In the present retrospective study, we
reviewed the medical records of 108 patients with PHI who
were newly diagnosed with PHI between 1997 through 2007
at the ACC. We had conducted a clinical trial of structured
treatment interruptions in patients with PHI from November
2000 through December 2002 and 26 patients were enrolled
in that trial (16, 17). In terms of the data of these 26 pa-
tients, only the initial clinical and laboratory data were in-
cluded in the present analysis, while all other data, such as
time to events, were excluded from this study. To compare
the natural CD4 decline of previously and recently infected
patients, CD4 counts of 42 Japanese hemophiliacs recorded
in the database in 1988 were analyzed as a previous control.
Japanese hemophiliacs were infected with HIV-1 through
contaminated blood products before 1985 (the estimated
mean year of infection was 1983). Therefore, CD4 counts at
the end of 1988 were the data at least 3 years after infec-
tion. In this comparison, the number of eligible recently in-
fected patients was 59 patients; untreated and CD4 count at
3 years after infection was available.

Definition of PHI

PHI was diagnosed based on the presence of the follow-
ing three criteria: 1) negative or incomplete western blot
finding at the first visit with subsequent change to positive,
2) negative or weakly reactive enzyme-linked immunosorb-
ent assay (ELISA) result for plasma HIV-1 RNA, and 3)
confirmed HIV-1 infection on the first visit with documenta-
tion of negative ELISA result within 6 months. Sympto-
matic PHI was defined as PHI accompanied by at least one
symptom related to acute retroviral syndrome, such as fever,

DOI: 10.2169/internalmedicine.50.4137

lymphadenopathy, or skin rash.
Definition of disease progression

Disease progression was defined as fall in CD4 count be-
low 350/uL and/or initiation of antiretroviral therapy. Spe-
cifically, patients with an AIDS-defined illness [listed under
Centers for Disease Control and Prevention (CDC) category
C], patients with AIDS requiring initiation of HAART, and
those with severe symptomatic PHI on HAART were de-
fined to have disease progression. The selection of a cutoff
value of 350/uL. for CD4 count was based on the fact that
treatment is generally indicated during the chronic phase of
infection when CD4 count falls below 350/uL (18). Patients
were considered to be in immunologic progression at the
first visit when the initial CD4 count was <350/ul. and
never subsequently reached 350/uL. For patients who
showed a spontaneous increase in subsequent CD4 counts to
=350/uL (such recovery occurred within 3 months from the
first visit in all such patients), disease progression was set to
have started at the time when such change in CD4 count oc-
curred.

Statistical analysis

Continuous variables are presented as mean value + SD.
Categorical variables were presented as absolute numbers
and proportions. Time to events was analyzed by the
Kaplan-Meier survival curves, and compared using log-rank
test. For patients who did not experience the events de-
scribed above, data were censored at their last visit. To
evaluate the differences between patients groups, the Student
t test and ’ test were used when appropriate. The relation-
ships between variables were analyzed by the Spearman
rank-over correlation test. Statistical significance was de-
fined as p<0.05. Data were analyzed using SPSS for Win-
dows (version 15, SPSS, Inc., Chicago, IL).

Results

Table 1 lists the demographics of the enrolled patients
with PHI. All patients had at least one documented symp-
tom consistent with PHI (median 5; range 1-11). Fever, cer-
vical lymphadenopathy, pharyngitis, and rash were found in
more than 50% of patients (Table 2). The mean duration of
symptoms was 23.2 days (SD =14.8). Fifty-eight (53.7%)
patients had to be hospitalized due to severe clinical symp-
toms. The initial viral loads in hospitalized patients were
significantly higher than those of non-hospitalized patients.
A longer duration of symptoms was associated with higher
initial viral load (R=0.31, p=0.002) (Fig. 1A), and lower CD
4 count (R=-0.22, p=0.03) (Fig. 1B). Consequently, a higher
viral load slightly was correlated with a lower CD4 count at
the first visit (R=-0.22, p=0.033) (Fig. 1C).

Disease progression was analyzed in 82 patients. None of
the patients had AIDS-defining events. Estimates of the risk
of disease progression were 50.6% at 24 weeks, 61.0% at
48 weeks, 67.0% at 96 weeks, and 82.2% at 144 weeks
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Table 1. Baseline Characteristics of 108 Patients with Primary HIV-1
Infection in this Study

Total number ~ Hospitalized ~ Non-hospitalized
or mean (£SD) patients patients
Characteristics or % (n=58) (n=50) P
Age (year) 31.8+8.48 3249.07 31£7.82 NS
Sex
Male 102 56 46 NS
Female 6 2 4 NS
Predisposing factor
MSM 97 53 44 NS
Heterosexual 8 3 3 NS
IDU 1 0 1 NS
Unknown 2 2 0 NS
PMH of STD 75 (69.7) 44 (40.4) 31(29.3) NS
Syphilis 49 (45.5) 27 (25.3) 21(20.2) NS
Acute hepatitis A 11(10.1) 6 (6.1) 5(4.0) NS
Acute hepatitis B 36 (33.3) 22 (20.2) 14 (13.1) NS
Amebiasis 10 (9.1) 9 (8.0) 1(1.1) 0.035
Others 7(6.1) 2 (2.0) 5(4.1) NS
No. of symptoms 4.75£1.99 4.98+1.94 4.48+2.04 NS
Duration of
symptoms (days) 23.24+14.8 27.8+13.1 18.015.1 0.001
Laboratory findings
CD4 count/uL 390.0+220.1 356.1+204.1 443.7+236.0 0.06
HIV RNA log,¢/mL 4.81+0.78 5.03+0.68 4.48+0.81 0.001
STl trial* 26 12 14 NS

*Patients enrolled in a clinical trial of structured treatment interruptions in recently
HIV-1-infected patients. Abbreviations; MSM: men who have sex with men, PMH of STD:
past medical history of sexual transmitted diseases, STI: structured treatment interpretations,
IDU: intravenous drug user, Others: genital herpes infection, chlamydial urethral infection
condyloma acuminata, NS: not significant

Data are presented as mean * SD or percentage (%) unless otherwise indicated

Table 2. Symptoms and Physical Find-
ings Observed in the Patients with >10%
Frequencies (n=108)

symptoms related to PHI in 16 patients and immunologic
progression in 32 patients. The median CD4 count of those
patients at initiation of HAART was 215/uL (range, 52-858).

We analyzed the clinical course in 66 patients (excluding

Symptoms and physical findings  frequency (%)
Saver 91 26 patients who enrolled in a clinical trial of structured
. 63 treatment interruptions in PHI and 16 patients who received
Phasyrigitia 53 HAART for PHI) to determine the factors associated with
Rash 50 disease progression. Half of these patients (33 patients) re-
Diarthea 17 quired hospitalization. As shown in Fig. 3A, the mean time
Fatigue - to disease progression of the hospitalized patients [57.4
Headache 2% weeks, 95% confidence interval (95%CI); 34.9-79.8 weeks]
' was shorter than that of the non-hospitalized (33 patients,
Myalgia 20 94.4 weeks, 95%CI; 71-117 weeks, p=0.002). Among the 32
Weight loss 19 patients with CD4 count >350/uL at first visit, 24% had
N . documented disease progression within 1 year, whereas
Agpetiin o 14 among 34 patients with CD4 count <350/uL at first visit,
Heuralogreal sign 1 76.4% showed disease progression (Fig. 3B). The mean
Hepatomegaly 13 times to disease progression for the two groups were 111.9
Thrush 12 weeks (95%CI; 92.8-131) and 39.5 weeks (95%CI; 18.6-

(Fig. 2). Eighteen of 34 (53.3%) patients with an initial CD
4 cell count below 350 cells/uL had immunologic progres-
sion at the first visit. Their CD4 counts never increased
above 350/pL. until initiation of HAART. Forty-eight
(58.5%) required initiation of HAART in this study. The
reasons for the initiation of HAART were severe clinical
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60.5), respectively (p<0.001). Disease progression in 39 pa-
tients with high viral load (=5.0 log,/mL) was not signifi-
cantly different (p=0.41) from that in 27 patients with low
viral load (<5.0 logi/mL) (Fig. 3C). The number of symp-
toms was not significantly different in each group (Fig. 3D).
The mean time to disease progression was 69.8 weeks (95%
CI; 47.2-92.5) in patients with a high viral load and 80.4
weeks (95%CI; 54.9-105.8) in those with a low viral load.
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Figure 1. Correlations among plasma viral load, CD4 count, and clinical symptoms. A; Plasma vi-

ral load correlated with duration of symptoms (R=0.31, p=0.002). B; CD4 count correlated inversely
with duration of symptoms (R=-0.22, p=0.033). C; plasma viral load correlated inversely with CD4
count (R=-0.22, p=0.033).
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line CD4 count, and viral load. No. at risk: the number of CD4 count >350/uL or HAART naive pa-
tients. A; Solid line: patients who required hospitalization due to PHI, dashed line: patients who did
not require hospitalization (p=0.02, by log-rank test). B; Solid line: patients with CD4 count >350/
uL at first visit, dashed line: patients with CD4 count <350/pL (p<0.001). C; Solid line: patients with
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number of PHI symptoms <4, dashed line: patients with the number of PHI symptoms 25 (p=0.7, by

log-rank test).

Comparison of percentage of recently infected patients with
CD4 counts >350/uL at 3 years after infection and that of
hemophiliacs as the first HIV-1 infected population in Japa-
nese is shown in Fig. 4. The percentage (13.5%) of recently
infected patients was significantly lower than that (47.6%)
of Japanese hemophiliacs (p<0.001), clearly indicating the
rapid decline of CD4 count in recently infected patients.

Discussion

In this study, we demonstrated rapid disease progression
of symptomatic PHI Japanese patients in this decade. How-
ever, when we divided our study subjects into two groups
according to the first half (1997-2002) and the latter half
(2003-2007), disease progression of each group was not dif-
ferent (data not shown). In contrast, disease progression sur-
rogated with natural CD4 decline of recently infected pa-
tients was significantly accelerated compared with Japanese
hemophiliacs infected with HIV-1 before 1985. However,
there are two quite different backgrounds; one is the route
of infection and the other is the year of infection. Almost all
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hemophiliac patients are also co-infected with hepatitis C
but do not have other sexually transmitted diseases (STDs).
In contrast, most patients in the present study were infected
via homosexual intercourse with many other STDs that may
facilitate acceleration of the disease progression (7). In the
present study, 69.7% patients had a past medical history of
STDs, and the mean number of STDs was 1.08/patient (0:
31.3%, 1: 37.4%, 2: 23.2%, 3: 8.1%). In this regard, most
published data on disease progression were obtained from
men who have sex with men (MSM) cohorts (1, 2). There-
fore, it is unlikely that the recent rapid disease progression
is due to Japanese MSM. Whether or not the rapid disease
progression in the recently HIV-1-infected Japanese can be
generalized is to be elucidated in future studies.

Some HLA types are protective against disease progres-
sion such as HLA-B57 (19) and HLA-B5I (20) because
HLA-restricted cytotoxic T lymphocytes (CTLs) play an im-
portant role on viral control. On the other hand, virus can
easily escape from CTLs (17, 21). In some prevalent HLA
types, escape virus can transmit and accumulate in the popu-
lation (21). In this situation, some HLA types are no more
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Figure 4. Comparison of percentage of previously and re-
cently infected patients with CD4 counts >350/pL at 3 years
after infection. In this analysis, Japanese hemophiliacs (desig-
nated “hemophilia” in the figure) were regarded as a previ-
ously infected patient, because they were infected with HIV-1
before 1985. The number of hemophiliacs was 42 patients, The
eligible number of recently infected patients (designated “re-
cent” in the figure) was 59 patients; infected with HIV-1 after
1997, untreated, and CD4 count at 3 years after infection.

protective. The HLA distribution is different in Americans
compared to Japanese. Another possible hypothesis for the
different disease progression is that Japanese hemophiliacs
were exposed to HIV-1 through contaminated blood prod-
ucts imported from US as the first Japanese population in-
fected with the virus around 1983. However, in recent years,
most HIV-1 infection in Japanese is transmitied from Japa-
nese patients. It can be postulated that current HIV-1 in Ja-
pan has adapted to the Japanese population, indicating ac-
quisition and accumulation of escape virus from immune
pressure of the otherwise protective HLA in Japanese popu-
lation (21). From a negative point of view, the situation is
similar to the epidemic of drug-resistance virus in treatment
of naive patients (22). The clinical relevance of the preva-
lence of immune escape virus in Japanese is a potentially
serious matter in terms of the natural course of HIV-1 infec-
tion.

In the present study, all patients have had at least one
symptom associated with PHI. During the follow-up period,
no patient developed AIDS, whereas around 70% of the pa-
tients experienced immunologic progression as defined by a
CD4 count <350/uL. It is noteworthy that the majority of
these patients exhibited immunologic progression within 3
years and, surprisingly, >60% of them were documented
within the first year. HAART was initiated in neatly 60% of
patients during this period, including initiation for PHI-
related severe symptoms in 20% of these patients. Previous
studies on PHI have suggested that the number, duration,
and/or severity of symptoms can predict faster disease pro-
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gression to AIDS (23, 24). Our findings are compatible with
these previous studies. Considered together, these results
suggest that the duration of illness rather than the number of
symptoms is more likely to be a major determinant of im-
munological progression. The estimated risks of disease pro-
gression were more than 50% by week 24 and 80% by
week 144. Comparison with those observed elsewhere dur-
ing the natural course of HIV-1 infection (24), these disease
progression rates are surprisingly high. Among the patients
with CD4 counts >350/uL at first visit, a quarter of them
showed disease progression within 1 year. In contrast, in pa-
tients with CD4 count <350/pL, three quarters of them
showed disease progression within the same period. Goujard
et al (25) suggested possible recovery of CD4 count after
the primary infection phase even in patients with very low
count because it fluctuates during that period. In contrast,
our results suggest that patients with a CD4 count of <350/
pL during primary infection should be monitored carefully
because spontaneous recovery of CD4 cell count during pri-
mary infection was rare. This cautionary remark could also
apply to patients with a CD4 count of >350/uL. because they
exhibited nearly 60% risk of disease progression within 3
years. These observations may allow more targeted clinical
monitoring and timely initiation of HAART. The impact of a
short-term HAART during symptomatic primary infection
on the subsequent disease progression needs to be elucidated
in future study.

Although we included all recent seroconverters during the
study period, it could be argued that this study carries some
institution bias (i.e., a high proportion of cases with severe
disease). However, the present finding of a surprisingly
rapid disease progression in our patient population is new.
Whether or not the natural course of disease progression has
recently become accelerated in other countries or other co-
horts is a matter of great interest.
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Etravirine (TMC-125, ETV) is a second-generation non-nucleoside reverse transeriptase inhibitor (NNRTI)
that demonstrates polent activity against NNRTI-resistant strains of human immunodeficiency virus (ype-1
(HIV-1). Thus, ETY has becn used in combination with ritopavir-boosted protease inhibitor (P1) and integrase
inhibitor for therapy-experienced HIV-1-infected patients. On the other hand, as ETV is a substrate and inducer
of cytochrome P45G 3A4 (CYP3A4), ETV may induce metabolism of PT and alter the concentrations of co-ad-
ministered Pls. In order to ensure optimal drug cfficacy and prevention of resistance, it is essential to monjtor
plasina concentrations of ETV and Pls. Here we describe the application of HPLC with UV detection for the
simulatancous assay of ETV and 4 Pls, darunavir (DRV), atazanavir (ATV), ritonavir (RTV) and lopinavir
(L.PV). In this study, the calibration curve of each drug was lincar with the average accuracy ranging from 93.6
10 110.9%. Both intra- and interday cocfficients of variation {or cach drug were less than 11.6%. The mean re-
covery of all drugs ranged from 88.0 1o 97.58%. The limit of quantification was 0.04, (.04, 0.04, 0.05 and
0.07 gg/ml for ETV, DRV, ATV, RTV and LPY, respectively. These results demonstrate that our HPLC-UV

method can be used for routine determination of plasma concentrations of ETV and 4 Pls in clinical sctiings.

Key words

Etravirine (IMC-125, ETV) is a second-generation non-
nucleoside reverse transcriptase inhibitor (NNRTI) that
demonstrates potent activity against NNRT1-resistant strains
of human immunodeficiency virus type-1 (HIV-1). Accord-
ing to the DUET studies (randomized, double-blind, placebo-
controlled trials), overall, ETV was well tolerated in treat-
ment-experienced patients infected with 1HIV-1, with its
safety and tolerability profile generally comparable to
placebo at week 24.'% Additionally, 48-week data pooled
from these studies showed greater virologic and tnununo-
logic responses compared with placebo.”

In the latest HIV treatment, E'TV has been vsed in combi-
nation with ritonavir-boosted protease inhibitor (P1) and inte-
grase inhibitor for therapy-experienced HIV-1-infected pa-
tients. On the othet hand, as ETV is a substrate and inducer
of cytochrome P450 3A4 (CYP3A4), ETV may induce me-
tabolism of PI and alter the concentrations of co-adminis-
tered Pls.” In order to ensure optimal drug efficacy and
prevention of rvesistance, it is essential to monitor plasma
concentrations of ETV and Pls.

Fayet of o/ and Quaranta er al.*' succeeded in determin-
ing plasma concentrations of ETV and other drugs through
the use of liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Rezk e al.” have also developed a method to
measure plasma concentrations of ETV and Pls by LC-MS.
LC-MS or LC-MS/MS assay is very sensitive and accurate,
[owever, MS cquipment is very expensive and unavailable in
conventional hospital laboratories. Therefore, development
of alternate methods is necessary.

Recently. D Avolio ef al ® reported a new HPLC method

o whom eorresporddence should be addressed.

email, masaakitaennh hospagogp

etravirine; HPLC: prolease inhibitor: therapeutic drug monitoring

that employs a photo diode arvay (HPLC-PDA) for quantifi-
cation of ETV and other antiretroviral drugs. This method is
simple, veliable, and sensitive, using cost-effective instru-
mentation when compared with others.® 7 However, this
method requires a solid phase extraction. Furthermore, in
general hospitals, a UY detector coupled with HPLC is more
popular than a PDA detector. The HPLC-UV method is a
user-friendly assay that is readily adaptable to standard labo-
ratory equipment for routine therapeutic drug monitoring
{(TDM).

In this study, we propose the simultancous quantitative
assay of ETV and 4Pls, darunavir (DRV), atazanavir (ATV),
ritonavir (RTV) and lopinavir (LPV) in a simple procedure
that is derived from a previously established HPLC-UV
method.” This method can be applied to pharmacokinetic
studies of Pls and ETV, the newest NNRTI, and it is useful
when evaluating the clinical significance of TDM for these
drugs.

MATERIALS AND METHODS

Chemicals ETV and DRV were supplied by Tibotec
Pharmaceuticals Ltd. (Eastgate Village, Eastgate, Little Is-
land. Co., Cork, lreland). LPV and RTV were generously
provided by Abbott Laboratories (Abbott Park, 1L, US.A).
ATV was provided by Bristol-Myers Squibb Pharmaceutical
Research Institute (New Brunswick, NJ, U.S A} The inter-
nal standard (1S). 6,7-dimethyl-2.3-di(2-pyridyhquinoxaline,
was purchased from Sigma-Aldrich (St. Louis, MO, US AL
Acetonitrile, methanol, ethyl acetate and m-hexane (Kanto
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Chemical, Tokyo, fapan) were HIPLC grade. Sodiwm carbon-
ate was purchased from Katayama Chemical (Osaka, Japan).
Water was deionized and osmosed using a Milli-Q* system
(Millipore, Bedford, MA, U.S.A.). All other chemicals were
of analytical grade and have been described in our previous
report.”

Standard Solutions  Stock solutions of tested drugs and
1S were prepared by accurately dissolving weighed amounts
of each reference compound in water/ethanol (50:50, v/v) to
yield concentrations of 191.0 ng/iml for ETV, 85.2 ug/ml for
DRY, 502.0 pg/mi for ATV, 425.0 pg/ml for RTV, 95.1 pg/mi
for LPV, and 588.0 stg/ml for IS. These stock solutions were
stored at - 80°C until the day of analysis. Each stock solu-
tion was diluted in drug-free plasma to yield concentrations
of 0.08, 0.14, 0.42, 1.04 and 4.17 pug/m} for ETV, 0.07, 0.12,
0.37, 0.93 and 3.72 pg/ml for DRV, .09, 0.15, 0.44, 1.10 and
4.38 ug/ml for ATV, 0.07, 0.12, 0.37,0.93 and 3.71 pg/ml for
R1V, 0.08, 0.14, 0.42, 1.04 and 4.15 pg/ml for LPV.

Chromatography The HPLC system consisted of a Wa-
ters pump (model 515), a 717 plus autosampler, and a 2487
dual A absorbance detector coupled to the Empower™ soft-
wate (Waters, Milford, MA, U.S.A.). The analytical column
was a Radial-Pak Nova-Pak € column (4 um, 8X 100 mm,
Waters) protected by Guard-Pak Inserts Nova-Pak C,, precol-
umn. Absorbance was measured at 205 nm, with separations
performed at 30°C. The mobile phase consisted of 39%
50mm phosphate buffer (pH 6.2), 22% methanol and 39%
acetonitrile. The assay run time was 30 min with a flow rate
of 1.8 ml/min. Drugs were gquantified by measuring the peak
areas under the chromatograms.

Sample Preparation A total of 2ml of ethyl acetate/n-
hexane (50: 50, v/v) containing the 1S (1.18§ prg/ml) and 1 mi
of 0.5 sodium carbonate were added to a 500 g1 plasma
sample. The mixture was vortexed and then centrifuged at
3500Xg for Smin. The organic layer was separated and
evaporated to dryness. The dried material was then dissolved
in 100l of a mobile phase solution and cemtrifuged at
13000 X g for Smin. Lastly, 25 u1 of the upper solution was
injected into the 1HPLC column.

The institutional review board of the National [Tospital Or-
ganization Nagoya Medical Center approved this study.
Plasma samples were prepared from patients after obtaining
written informed consent.

Validation lntra- and interday precision values using this
method were estimated by assaying control plasima contain-
ing five different concentrations of each drug five times on
the same day and on three separate days to obtain the coeffi-
cient of variation (CV). Accuracy was determined as the per-
centage of the nominal concentration. Drug recovery from
plasma was evaluated by analyzing triplicate samples with or
without extraction. Plasma samples spiked with known
amounts of both drugs and 1S were extracted as vsval. Blank
plasima samples that contained only the 1S were extracted and
subsequently spiked with the same amount of analytes to
give the 100% reference. The recovery was assessed by com-
paring the peak area ratio (analytes/18) of exwracts. The limit
of quantification was defined as the lowest concentration for
which both the (V% and the percent of deviatiop from the
nominal concentration were tess than 20%0.
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RESULTS

Plasma Sample Chromatoegrams Figure A is a chro-
matogram of a spiked plasima sample containing 3.77 pg/ml
of DRV, 1.18 pg/ml of 18, 4.44 pg/ml of ATV. 3.76 ug/ml of
RTV, 1.69 ptg/ml of ETV and 4.21 ug/ml of LPV. Under the
described chromatographic conditions, retention times were
34, 44, 8.3, 105, 11.7, 13.0min for DRV, IS, ATV, RTY,
ETV and LPV, respectively. At a detection wavelength of
205nm, assays performed on drug-free human plasma
demounstrated that there were no interfering peaks during the
intervals of interest for the retention times (Fig. 1B).

Figure 2A is a chromatogram of a plasma sample from an
HIV-1-infected patient treated with raltegravir, ETV, ATV,
RTV and lamivudine. The patient was a Japanese male aged
37 years with a body weight of 72.6kg. His CD4" T ¢ell
count was 302/ul with a viral load of 7200 copies/ml. ETV
and other antiretroviral agents were administered for 7d.
The plasma concentration at trough was 0.30, 0.48 and
0.24 pg/ml for ETV, ATV and RTV, respectively.

Figure 2B shows a chromatogram of a plasma sample
from an [11V-1-infected patient treated with raltegravir, ETV,
DRV, RTV and lamivudine. The patient was a Brazilian male
aged 49 years with a body weight of 83.0kg. His CD4* T
cell count was 157/l with a viral load of 44 copies/ml. ETV
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DRV, danmavir: 1S, imernal sandard: ATV, awzenavire RTV, rionavir, TV

eiravirine

and other antwetroviral agents were administered for 3
weeks. ‘The plasma concentration at trough was 0.33, 3.30,
and 0.29 pg/ml for ETV, DRV and R1Y, respectively.

In chromatograms of Figs. 2A and B, the peaks of ralte-
gravir and lamivudine were not detected.

Precision, Accuracy, Recovery, Linearity and Limit of
Quantification  The precision and accuracy for all tested
drugs are shown in Table 1. The analyses show satisfactory
precision with intra- and interassay coefficients of variation
less than 11.6%. Accuracies ranged from 93.6 to 110.9%.
The mean recovery of all drugs ranged from 88.0 to 97.5%.
The regression coefficients of determination (R) values of
the calibration curves for each drug were 0.99 or greater. The
limit of quantification was 0.04, 0.04, 0.04, 0.05 and
0.07 pg/ml for ETV, DRV, ATY, RTV and LPV, respectively.

DISCUSSION

F'TV has activity in virro against viral strains with muta-
tions that confer resistance to efavirenz and nevirapine.'"
I'he FCsy of EIV was < 100nnm (43.5 ng/inl) against clini-
cally derived recombinant viruges resistant to at least one of
the currently marketed NNRTIs. However, clinical investiga-
tions bave yet to determine the therapeutic range of RV
concentrations that are associated with the desired therapeu-

Vol, 33. No. 8

fuble 1. Intra- and bierday Precision and Aecuracy (or ETV, ATV RIV
1PV and DRV

Intraday (n+5) Interday (1% 15)

Expected Accurucy
{fighnly  Measued  CV Measured  CV (%)
{pg/ml) (%) {1tg/ml) (%)
ETV 008  009+0.00 30 0090000 49 1109128
004 0.14x001 39 0141001 39 994139
042 0421001 1.2 3.0 99 8t3.0
104 103001 05 14 98.91 1.4
4.17 4171003 08 4141005 13 99.2¢1.2
AV 0.09 0.090.00 2.2 0.09+0.01 65 103.1 1 6.7
015 0162000 26 0161001 33 103.6134
044 04520601 14 0442001 24 100825
1LI0 11010.00 04 1127002 2] 101.4+2.1
438 4371001 03 438:0.04 09 99.9+0.9
RTV 007 0071001 81  0.07+0.01 80 93.6%7.5
0.12 0121000 33 0.12:0.01 44 100.3+4.4
0.37 0.37106.01 13 0371001 39 996139
093 0931000 14 0940002 22 011122
371 3.72%007 19 3.6910.06 17 99.6+1.6
IPV 008 0082001 116 0097001 93 107.3:10.0
0.14 0141000 2.7 0141001 37 99,2137
042 0420001 27 042:001 34 011139
1.04 1.0420.01 0.8 1.0540.02 2.1 100.5+2.]
4.15 4144002 04 4161007 16 100.1 L 1.6
1RV 0.07 0.07 £0.01 7.6 0.08¢0.01 99 1084+ 10.7
012 042+001 47 0121000 39 99.713.9
0.37 0378001 19 037000 28 1008128
093 0031001 09 0931002 1Y W0SHLY
3720 3704004 1.0 3.72:0.03 09 W00.1.09

ETV, erravirine: ATV atazanavie: RTV, ritonavie: I PV lopinavir: DRV, danmavir: V)
coellicient of variation

tic response. In addition, there is the potential problem for
complex drug interactions due to the fact that ETV is a sub-
strate and inducer of CYP3A4, as well as a substrate and in-
hibitor of 2C9 and 2C19.9 In clinical treatment, ETV is co-
administered with other antiretroviral agents including RT V-
boosted P1. Therefore, too-low or too-high plasma concentra-
tions of these drugs may decrease treatment efficacy or in-
crease the risk of adverse effects. To solve these problems, a
simple drug monitoring system for these agents is needed.
lere we describe the application of HPLC with UV detection
for simultancously assaying ETV and 4 Pls. 1IPLC-UV
equipment is frequently used in conventional hospital labora-
tories.

In this study, the calibration curve of cach drug was linear
with the average accuracy ranging from 93.6 to 110.9%.
Both intra- and interday coefficients of variation for each
drug were less than 11.6%. These results demonstrate that
our 1HPLC-UV method has advantages in both reproduciblity
and accuracy 1n measuring plasma concentration of E1V and
4 Pls in a single run.

In our clinical eases. the BTV plasma concentrations,
measured at trough, were 0.30 or (.33 prg/ml for the HV-i-
infected patients. These values were similur to the previously
reported findings in DUFT studies.’? In each case, the
trough concentration of DRV or ATV was more than the sug-
gested minimuin target trough value in the guideline.” The
viral load has been decreasing in these patients and treatment
success 1s expected in the future. We, thus, proposed main-
taining the current daily dose of these drugs. Conversely, the
peaks of co-administered raltegravir and lamivadine were not
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detected because these drugs were not extracted from plasma
by our liquid liquid extraction technique. As these drugs are
not metabolized by cytochrome P450, there are no drug in-
teractions with ETV,

In conclusion, we have successfully constructed a protocol
for the simultancous quantification of ETV and 4 Pls by
HPLC-UV. We believe our method enables accurate monitor-
ing of ETV and co-administered PIs and may guide opti-
mized administration of these drugs and prevent potential
drug interactions and toxicity in treatment.
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HIV-2 CRFO1_AB: First Circulating Recombinant
Form of HIV-2
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Motohiro Hamaguchi, MD,* and Wataru Sugiura, MD, PhD*}§

Background: Five HIV-2-seropositive cases were recently iden-
tified in Japan, outside the HIV-2 endemic area of West Africa. To
clarify the molecular epidemiology of HIV-2 in Japan, we analyzed
sequences of these cases in detail.

Methods: HIV-2 genetic groups were determined by gag and env
sequences. For suspected recombinant isolates, the genetic structure
was determined by full-length genomic analyses. To understand the
history and evolution of HIV-2 recombinant isolates, we estimated the
time of most recent common ancestor by Bayesian Markov chain
Monte Carlo method.

Results: Three isolates were determined as recombinants of groups
A and B, and their mosaic genome structures were identical with that
of 7312 A, a recombinant isolate reported in 1990 from Cote d’Ivoire.
Our 3 isolates and 7312A fulfilled the criteria for determining a
circulating recombinant form (CRF). These isolates were verified by
the Los Alamos HIV sequence database as the first CRF of HIV-2,
HIV-2 CRFO1_AB. The mean time of most recent common ancestor
of CRFO1_AB was estimated as between 1964 and 1973, several
decades after the estimated emergence of HIV-2.

Conclusions: We recently identified HIV-2 CRFOI_AB cases in
Japan. This ectopic observation of the virus outside its original
endemic area suggests an ongoing global spread of HIV-2
CRFOI_AB,
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INTRODUCTION

One million people worldwide are infected with HIV-2.
The distribution of HIV-2, unlike the global epidemic of HIV-1,
is still mainly restricted to West Aftica and several European
and Asian countries.'”™ HIV-2 has been characterized as less
pathogenic than HIV-1,*""" with more than 75% of HIV-2-
infected cases remaining asymptomatic throughout their clinical
course.” HIV-2 can be genetically classified into 8 groups, A to
H, which have equivalent genetic distances to those of HIV-1
groups but not subtypes, with groups A and B circulating in the
human population.'>™'® In addition, 2 different AB recombinants
(7312A and 510-03) have been identified in West Aftica,'>'*7-"°
but their circulation has not been identified to date.

In Japan, only 2 HIV-2-infected cases have been
reported, but both were infected abroad.*®*' Inside the
country, there has been no evidence of HIV-2 transmission
and circulation. Here we report 5 HIV-2—infected cases
recently identified in Japan. Of these 5 cases, 3 were shown by
full-length genomic analysis to be infected with the same type
of recombinant virus determined to be the first circulating
recombinant form (CRF) of HIV-2.

METHODS

HIV-2 Samples and Quantification of HIV
Plasma Viral Loads

Among 843 HIV/AIDS cases registered at the Nagoya
Medical Center (NMC), Japan from 1994 to 2008 (for
demographic characteristics, see Table, Supplemental Digital
Content 1, http://links.lww.com/QAI/A49), 5 cases (3 males
and 2 females) were diagnosed serologically as HIV-2
infected. To better understand the molecular epidemiology
of HIV-2 infection in Japan, we analyzed the HIV-2 genetic
groups of the 5 cases.

Plasma HIV-1 viral loads were measured by the Cobas
Amplicor HIV-1 moritor test v1.5 (Roche Diagnostics, Tokyo,
Japan) or the Cobas TagMan HIV-1 test (Roche Diagnostics),
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whereas plasma HIV-2 viral loads were measured by an in-
house quantification assay, the Poisson quantification method
described elsewhere.???® In brief, total RNA was extracted
from 500 uL of plasma sample using the QlAamp UltraSens
Virus Kit (QIAGEN, Tokyo, Japan). Reverse transcription
(RT) and nested polymerase chain reaction (PCR) (RT-nested
PCR) were performed using serially diluted RNA samples,
and HIV-2 viral loads were statistically calculated using
results from samples diluted to near the endpoint. (For details
of RTnested PCR reaction mixtures and thermal
programs, see Table, Supplemental Digital Content 2,
http://links.lww.com/QAI/AS0).

Genomic DNA Sequencing
HIV-2 proviral DNAs were purified from peripheral
blood mononuclear cells using the DNA blood mini kit
(QIAGEN). To determine HIV-2 genetic groups, gag (777 bps:
1163 to 1939 according to SIVmac239) and env (454 bps:
7300 to 7753) gene fragments were amplified by nested PCR
~ using LA Taq polymerase (Takara Bio, Shiga, Japan) and
previously reported'3?* primers: gagA, gagB, gagC, and gagF
for gag, and PFD], LTR9574, EB2, and EBS for env. To
determine full-length genomic sequences, 4 DNA fragments
containing (1) 5’ long terminal repeat (LTR) (915 bps: 31 to
945), (2) gag to nef genes (9122 bps: 899 to 10020), (3) 3’
LTR (791 bps: 9463 to 10252), and (4) the joining
point of the circular 2 LTR form (597 bps: 10085 to 10279
and 1 to 402) were amplified by nested PCR using & primer
pairs (see Table, Supplemental Digital Content 3,
http://links.lww.com/QAI/AS1). The following PCR program
was used: denaturation (2 minutes at 94°C) followed by
40 cycles of PCR (94°C: 15 seconds, 60°C: 30 seconds, and
70°C: | minute/1000 bps). Sequencing was performed using a
3730 DNA Analyzer (Applied Biosystems, Tokyo, Japan).

Phylogenetic Tree Analysis and Determination
of Recombinant Genome Structures

Multiple sequence alignment was performed using
CLUSTAL W, and genetic distances were calculated based
on the maximum composite likelihood model using MEGA
software v4.” Phylogenetic trees were constructed using the
neighbor-joining method.

Complete full-length genomic sequences of 4 HIV-2
group A strains (ALI, BEN, CAM2CG, and UC2), 3 HIV-2

group B strains (D205, EHO, and UC1), and SIVmac239, (a
rhesus macaque-adapted simian immunodeficiency viral iso-
late) were used as reference sequences. After realigning the
sequence set, recombinant breakpoints were determined by
similarity plotting, bootscanning, and informative site analysis
using SimPlot software, v3.5.1.%¢

Estimated Times of the Most Recent
Common Ancestors

Evolutionary rates, chronological phylogenies, and other
evolutionary parameters were estimated from 17 full-length or
near full-length HIV-2/SIV genomic sequences (see Table,
Supplemental Digital Content 4, hitp://links.lww.com/QAI/A52)
using the Bayesian Markov chain Monte Carlo (MCMC)
method implemented in BEAST v1.4.87 The alignment data
for the full-genome sequences were processed into 2 subsets
consisting of sequences corresponding to the group A or B
region of HIV-2 AB-recombinant virus. Bayesian MCMC
analyses were performed using a relaxed molecular clock
model.?* The nucleotide substitution mode] was evaluated by
the hierarchical likelihood ratio test using PAUP v4.0 beta™
with MrModeltest (Nylander JAA. 2004. MrModeltest v2.
Program distributed by the author. Evolutionary Biology
Centre, Uppsala University), and the general time-reversible
model*® was adopted with both invariant sites and gamma-
distributed site heterogeneity for 4 rate categories. The
coalescent model used in the analyses was a logistically
growing population because the population size of HIV-2
seemed constant in the early phase followed by exponential
growth in the recent period.*' Each Bayesian MCMC analysis
was run for 40 million states and sampled every 10,000 states.
Posterior probabilities were calculated with a bumn-in of 4
million states and checked for convergence using Tracer v1.4.
The posterior distribution of the substitution rate obtained from
the heterochronous sequences was subsequently incorporated as
a prior distribution for the evolutionary rate of HIV-2 genome
regions A and B, thereby adding a timescale to the phylogenetic
histories of the HIV-2 strains and enabling the times of most
recent common ancestor (tMRCAS) to be estimated.”

Accession Numbers

Nucleotide sequences have been registered as
#AB499685 to AB499695 in the DNA databank of Japan.

TABLE 1. Demographic and Clinical Characteristics of Patients Diagnosed as HIV-2 Infected

CD4" Cell HIV-1 HIV-2 Western Blotf

Age Risk Factor Count Viral Load Viral Lead
Patient # Year Sex (Yrs) Nationality for Infection (Cells/uL) (CopiessmL)* (Copies/mL) HIV-1 HIV-2  Opportunistic Infections
NMC307 2004 M 28  Nigerian Hetero 241 <50 350,000 I P Tuberculosis
NMC678 2007 F 28  Japanese Hetero 883 <50 ND 1 P —
NMC716 2007 M 36  Nigerian Hetero 4 <50 680,000 I P Candidiasis
NMC786 2008 M 38  Ghanaian Hetero 1 <40 60,000 N [ Candidiasis, CMV infection
NMC842 2008 F 34 Japanese Hetero 110 <40 25,000 N P —

*Detection limits of Cobas Amplicor HIV-1 monitor v1.5 and Cobas TagMan HIV-| tests were 50 and 40 copies/ml, respectively.

New LAV Biot | and 1l kits (Bio-Rad Laboratories, Tokyo, Japan) were used.

CMYV, cytomegalovirus; F, female; Hetero, heterosexual contact; 1, intermediate; M, male; ND, not detected; N, negative; P, positive,
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FIGURE 1. Phylogenetic tree analyses of HIV-2 isolates
identified in this study. Phylogenetic tree analyses are shown
using the following: A, HIV-2 gag gene sequences (bps: 1163
to 1939 in the reference SIVmac239 sequence); B, env gene
sequences (bps: 7300 to 7753); and C, full-length or near full-
length genomic sequences. Phylogenetic trees were con-
structed by the neighbor-joining method. Bootstrap values

© 2010 Lippincott Williams & Wilkins

RESULTS

HIV-2 Infection Confirmed by Nucleotide
Amplification in Four AIDS Cases

Profiles of 5 HIV-2—seropositive cases are summarized
in Table 1. The 3 males were from West African countries,
a major endemic area for HIV-2, and suspected as seropositive
before arriving in Japan. However, 2 females, both Japanese,
were suspected to be recently infected within Japan based on
their interviews. All their risk factors were heterosexual
contacts, and no personal connection was confirmed among
any of these cases. Thus, these 5 cases were independently
infected with HIV-2 on different occasions. Notably, 4 cases
(NMC307, NMC716, NMC786, and NMC842) were found
at advanced stage AIDS with low CD4" cell counts and high
HIV-2 viral loads, accompanied by opportunistic infections
(Table 1). One case (NMC678) was found at an asymptomatic
stage with high CD4" cell count and undetectable viremia.
HIV-1 RNAs were undetectable in all 5 cases, indicating that
they were infected by HIV-2 alone.

The First Circulating Recombinant Form
Discovered in HIV-2: HIV-2 CRFO1_AB

HIV-2 genetic groups were determined by both gag and
env sequences. We were successful in analyzing 4 AIDS cases,
however, we failed to amplify these 2 genes and analyze
in asymptomatic case NMC678. One isolate (NMC786) was
clearly classified into group A in phylogenetic tree analysis
(Fig. 1A, B). On the other hand, isolates NMC307, NMC716,
and NMC842 formed an independent cluster with a reference
AB recombinant isolate 7312A (Fig. 1A, B). To better
understand the detailed genomic structures of the 3 suspected
AB recombinants, full-length genomic sequences of the 3
cases were analyzed. In the phylogenetic tree with full-length
or near full-length reference sequences (Fig. 1C), NMC307,
NMC716, NMC842, and 7312A formed an independent
cluster with a high bootstrap value of 100%, suggesting these
4 isolates are the same type of AB-recombinant virus.

We next compared their genomic structures. As shown
in Fig. 2A, similarity plotting and bootscanning analyses
revealed that the recombinant breakpoints of our 3 isolates
perfectly matched those of 7312A. This finding was supported
by subregion phylogenetic analyses (Fig. 2B). In conclusion,
NMC307, NMC716, and NMC842 are AB-recombinant
forms with a mosaic genome structure identical to that of
7312A, demonstrating that they are the same type of HIV-2
AB-recombinant form.

The minimum requirement for declaring a new CRE, as
proposed by the Los Alamos HIV sequence database in 1999,
is at least 3 cases with no direct linkage, accompanied with
near full-length sequences.®>** These CRF nomenclature

were calculated by 1000 analyses and are shown at the major
tree nodes. Scale bar represents 0.02 nucleotide substitutions
per site. Each reference HIV-2 strain is represented by its
genetic group and name. HIV-2 isolates identified in this study
(NMC307, NMC716, NMC786, and NMC842) are shown by
filled circles.
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FIGURE 2. Determination of mosaic genome structures of HIV-2 AB recombinants. A, Similarity plotting (top) and bootscanning
(bottom) data for each case of AB.7312A, NMC307, NMC716, and NMC842. Plots for consensus group A, consensus group B, and
SIVmac239 are shown in red, blue, and gray, respectively. Both similarity plotting and bootscanning were performed with window
and step sizes of 300 and 20 nucleotides, respectively. Bootscanning was performed using the neighbor-joining algorithm with 500
replicates. Each position of the 4 recombinant breakpoints is represented in the aligned sequence data set as the midpoint and
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FIGURE 3. Schematic drawings for the genomic structure of
HIV-2 CRFO1_AB. A, Whole genomic structure; and B, Details
around the env gene are represented. Regions belonging to
group A and B are shown in red and blue, respectively.
Numbering positions were adjusted to the reference SIV-
mac239 sequence.?**¢ Each position of 4 recombinant break-
points is represented as the midpoint and range. C, constant
region; CP, cytoplasmic domain; EC, extracellular domain; gp,
glycoprotein; TM, transmembrane domain; V, variable region.

requirements are perfectly fulfilled with full-length genomic
sequence information for 4 cases independently infected on
different occasions with the AB recombinant identified by us
and others.'>!*!® Our data were carefully reviewed by editors
of the Los Alamos HIV sequence database and confirmed as
the first CRF discovered in HIV-2. They decided that the least
confusing and most consistent way to name this new strain was
to call it HIV-2 CRF01_AB.

The genomic structure of CRFO1_AB is shown in Fig. 3.
Interestingly, all 4 recombinant breakpoints of the CRF were
located near or within the env gene (Fig. 3A). Further detailed
analysis revealed that CRFO1_AB possessed a chimeric gp120
containing a backbone of group A and a partial C2V3 frag-
ment of group B and a chimeric gp4! containing extracellular
and transmembrane domains of group A and a cytoplasmic
domain of group B (Fig. 3B).

CRFO1_AB Emerged Approximately in the Mid
20th Century

To estimate the time of CRF01_AB emergence, the time
of the most recent common ancestor (tMRCA) of the
recombinant was calculated by the Bayesian MCMC method.
The mean substitution rates per year for the group A and B
regions were estimated as 2.22 X 107> and 1.64 X 1077,
respectively (Table 2), and the mean tMRCAs for groups A
and B were estimated from 1921 to 1929, and from 1909 to
1948, respectively (Table 3). Similar results®'*’ validate our

estimations. Finally, the mean tMRCA of CRFOI_AB was
estimated from 1964 to 1973. As the emergent times for
groups A and B were estimated in the early 20th century,
several decades seem to have been required for CRFO1_AB to
emerge. Concerning the geographical origin of the recombi-
nant form, 3 of 4 isolates (7312A, NMC307, and NMC716)
were identified in West Africans from Cote d’Ivoire and
Nigeria. As these 2 countries were reported as sites of an
epidemic in HIV-2 group A and B strains,*®>° the most likely
geographical origin of CRF01_AB is the south coastal area of
West Affica.

DISCUSSION

In this study, we identified 3 HIV-2 AB recombinants
with the same recombination pattern as 7312A, an isolate
reported in Cote d’Ivoire in 1990.'>'*'? These 4 isolates are
determined as the first CRF of HIV-2, named CRF01_AB. It is
noteworthy that all 3 of our cases infected with CRFO1_AB
were found at the AIDS stage. Considering that more than
75% of HIV-2—infected cases have a prognosis of remaining
asymptomatic throughout their lifetimes* and that few HIV-2-
seropositive cases were reported in Japan in the last 2 decades,
3 HIV-2 cases in the AIDS stage infected with the same CRF
and identified in the past 5 years is highly unusual. Regarding
the incubation periods for AIDS development in the 3 cases,
not much information was available except for NMC842. This
case was found to be seronegative for HIV-1/2 when tested in
2000. Thus, this case seems to have developed AIDS at most
within 8 years, same as the median incubation period for AIDS
development in HIV-1 infections (7.7-12.3 years).">** As for
the other 2 cases (NMC307 and NMC716), they developed
AIDS at 28 and 36 years old (Table 1), which is significantly
younger than age 63, reported as the peak of death by HIV-2
infections.*®*” Though the number of cases identified is still
small, we are concerned that the CRFOI_AB might have
acquired higher pathogenicity through recombination and
adaptation to humans. As shown in Figure 3B, CRF01_AB has
a recombination in the C2V3 region, the site of the major .
determinant for anti-envelope host immune responses and a
functional domain for the chemokine receptor—binding site.
The chimeric structure in the C2V3 region may confer advan-
tages in host immune escape and viral replication capacity.

According to tMRCA analysis of the 4 isolates,
CRFO01_AB is estimated to have emerged sometime between
1964 and 1973. Interestingly, the mean tMRCA of the 3
isolates collected at NMC was estimated from 1982 to 1995
(Table 3), a later estimate than that of the 4 isolates, suggesting
ongoing selection and evolution of CRFO1_AB through
transmission which has been taking place from the era of the
7312A isolate to the NMC isolates.

In conclusion, we report here the first CRF of HIV-2,
CRFO1_AB. Although national borders worldwide have

range (bottom). B, Subregion phylogenetic tree analyses. Phylogenetic trees were individually constructed by the neighbor-joining
method using 5 subregion sequences. The HIV-2 isolates identified in this study (NMC307, NMC716, and NMC842) and AB.7312A
are shown by green filled squares. Bootstrap values were calculated from 1000 analyses, and values greater than 95% are shown as
orange dots at tree nodes. Scale bar represents 0.02 or 0.05 nucleotide substitutions per site. MAC, SIVmac239.
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TABLE 2. Parameters in Bayesian MCMC Analysis for HIV-2/SIV Phylogenetic Inferences

Substitution Rate Per Year Coefficient of Variation Population Size
Data Set Mean 95% HPD Mean 95% HPD Mean 95% HPD
Group A Region 222 x 1073 6.86 X 1079-3.68 x 1073 0.173 0.076-0.293 405.2 98.3-830.2
Group B Region 1.64 X 1072 5.99 x 107%-2.87 x 107? 0.269 0.170-0.395 3412 93.3-668.9
Combined* 1.87 X 1073 6.39 X 107%-3.32 X 107° 0.235 0.088-0.382 357.9 93.3-709.2

*Combined data were produced from the 2 subsets, “group A region™ and “group B region,” using a LogCombiner program.

HPD, highest posterior density.

TABLE 3. Estimated TMRCAs of Monophyletic Clades in the HIV-2/SIV Lineage

Group A region Group B region Combined

Data set Mean 95% HPD Mean 95% HPD Mean 95% HPD
Clade

NMC isolates* 1982 1960-1996 1995 1987-2002 1990 1974-2002

CRFO01_ABT 1964 1933-1985 1973 1956~1986 1971 1949-1986

Group A 1921 18641963 1929 1882-1964 1927 1879-1964

Group B 1909 1837-1962 1948 1915-1973 1934 1879-1973

O HIV-2/S1V 1818 16701923 1821 1697-1930 1822 1693-1926

*This clade consisted of our 3 CRFOI_AB isolates: NMC307, NMC716, and NMC842.
+This clade consisted of all 4 CRFO1_AB isolates: 7312A, NMC307, NMCT716, and NMC842.

HPD, highest posterior density;
SIV, simian immunodeficiency virus.

become more porous than ever, it is still surprising that the
same recombinant strain was harvested in Japan, an island
nation remote from the original endemic area, West Africa.
This ectopic observation of the virus outside its endemic area
suggests an ongoing global spread of HIV-2 CRF01_AB.
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