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at that stage. Therefore, to avoid the emergence of
drug resistance, there is a need for close monitor-
ing of viral load and possible change of the
treatment regimen before week 24 of NFV-con-
taining therapy if viral load remains > 400 copies/
ml at week 12. In the present study, we did not
address the influence of combination therapy on
drug resistance because of the small number of
patients. In this cohort, AZT plus 3TC or d4T plus
3TC were the main drugs used in combination
with NFV (Table 1). In this regard, Squires et al.
(2000) demonstrated that these two combinations
do not affect the clinical efficacy.

NFV was well tolerated during the clinical trial.
Only 4% of 696 patients discontinued the treat-
ment by 24 weeks as a result of adverse events
(Markowitz et al., 1998). In contrast, 10% (n = 35)
of our patients discontinued treatment due to
adverse cvents related to NFV. Among them,
four stopped NFV due to drug eruptions, which
appeared within 2 weeks of treatment. In the
absence of such reaction soon after commence-
ment of therapy, adherence to treatment with
NFV-containing regimens was noted in such
patients. Six patients changed their treatment due
to virologic failure. However, new therapeutic
regimens resulted in the suppression of viral load
to undetectable in all cases according to their
resistant profiles, indicating the importance of
drug resistance testing in clinical practice (Gata-
naga et al., 1999; Hirsch et al., 2000).

In conclusion, our results showed that NFV-
containing regimens for Pl-naive patients are safe
and effective when taken up to 108 weeks in daily
clinical practice. There was no independent pre-
dictor for the emergence of drug resistance in
clinical status, such as CD4 and viral load at
baseline, prior AIDS diagnosis and prior use of
RTI. Therefore, NFV can be used widely in PI-
naive patients. Virologic success at week 12 could
predict continuation of treatment without the
appearance of primary mutations thereafter.
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BRIEF REPORT

Serious Bradyarrhythmia That Was
Possibly Induced by Lopinavir-
Ritonavir in 2 Patients with Acquired
Immunodeficiency Syndrome

Yoshimi Kikuchi, Ikumi Genka, Azumi ishizaki, Keishin Sunagawa,
Akira Yasuoka, and Shinichi Oka

AIDS Clinical Center, International Medical Center of Japan, Tokyo

We describe 2 patients with acquired immunodeficiency syn-
drome who had potentially fatal bradyarrhythmia that oc-
curred shortly after commencement of antiretroviral therapy.
Lopinavir-ritonavir was the only drug that both patients were
using.

Lopinavir-ritonavir is an effective option for the treatment of
HIV type 1 (HIV-1)~infected individuals. However, we expe-
rienced 2 cases of serious bradyarrhythmia that were possibly
induced by lopinavir-ritonavir.

Case report. A 22-year-old patient with hemophilia and
HIV-1 infection was admitted to our hospital (International
Medical Center of Japan, Tokyo) for salvage therapy for HIV-
1 infection on 23 March 2001. The patient was also known to
be infected with hepatitis B virus and hepatitis C virus (HCV).
He was treated with trimethoprim-sulfamethoxazole, and co-
agulation factor VIII was administered as needed. At admission,
the patient’s CD4 cell count was 9 cells/pL and his HIV-1 load
was 170,000 copies/mL. Since 1994, the patient had been treated
aggressively with various antiretroviral drugs, including zido-
vudine, didanosine, stavudine, zalcitabine, saquinavir, nelfi-
navir, abacavir, efavirenz, and amprenavir.

On 27 March, the patient began receiving 3 mIU of IFN-«
3 times per week, and the dosage was subsequently increased
to 6 mIU 3 times per week. Ribavirin (400 mg b.i.d.) was added
during the second week of IFN-a therapy. The patient’s clinical
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status improved in the subsequent 4 weeks. The patient began
receiving treatment with lopinavir-ritonavir (400 mg/100 mg
b.i.d.) and didanosine (400 mg q.d.) on 20 April. However, the
patient complained of nausea and general malaise after receiv-
ing the first dose of lopinavir-ritonavir, and he felt chest dis-
comfort 2 h after receiving the fourth dose of lopinavir-
ritonavir (on day 2 of treatment). An electrocardiogram showed
complete atrioventricular block (figure 1A). The serum elec-
trolyte and creatine kinase levels were normal. All medications
were discontinued except for trimethoprim-sulfamethoxazole.
Complete atrioventricular block improved after the patient re-
ceived an injection of atropine sulphate and a 8-stimulant. The
response to a challenge with lopinavir-ritonavir and didanosine
was examined 50 days after the aforementioned episode of
atrioventricular block. At that time, the patient was receiving
only trimethoprim-sulfamethoxazole and the B-stimulant.
Chest pain and palpitation occurred 10 h after the patient
received the fifth dose of lopinavir-ritonavir. Electrocardiog-
raphy performed at that time revealed Mobitz type I, second-
degree atrioventricular block (ﬁgﬁre 1B).

The second patient was a 60-year-old man with hemophilia
and HIV-1 infection who was referred to our hospital for sal-
vage therapy for HIV-1 infection on 11 September 2001. At
admission, HCV infection, diabetes mellitus, duodenal ulcer,
and idiopathic thrombocytopenia were diagnosed. At that time,
the CD4 count was 36 cells/ul. and the HIV-1 load was 3300
copies/mL. The patient had been treated aggressively with zi-
dovudine, didanosine, stavudine, indinavir, and abacavir since
1995. After admission to the hospital, he was treated with so-
dium rabeprazole (a proton pump inhibitor), carbazochrome
sodium sulfonate and tranexamic acid (for idiopathic throm-
bocytopenia), insulin replacement, and coagulation factor VIII,
as required, in addition to zidovudine and abacavir.

On 12 September, antiretroviral therapy was switched to aba-
cavir (300 mg b.i.d.), efavirenz (600 mg q.d.), and lopinavir-
ritonavir (500 mg b.i.d.). The next morning, the patient was
not able to take lopinavir-ritonavir because of dizziness induced
by efavirenz that he had taken the preceding night. Subse-
quently, the patient felt sick, and bradycardia was documented
15 h after the patient received the most recent dose of lopinavir-
ritonavir. An electrocardiogram showed sinus arrest with junc-
tional escape rhythm (figure 1C). Serum electrolyte and creatine
kinase levels were normal, and there were no signs of ischemic
heart disease at this time. Consequently, all antiretroviral ther-
apy was discontinued. Despite the administration of atropine
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Figure 1.

Electrocardiograms for 2 patients with arrhythmia. The electrocardiograms were recorded at 10 mm/mV on a paper speed of 25 mm/s.

A, Complete atrioventricular block in the first patient {precordial tead V2). B, Mobitz type |, second-degree atrioventricular block recorded during the
challenge test inthe first patient (lead lI}. C, Sinus arrest with junctional escape rhythm in the second patient {lead Hl). D, Normal findings recorded
on 23 March 2001 (before lopinavir-ritonavir was given) for the first patient (lead I). £ Normal findings recorded on 12 September 2001 {before

lopinavir-ritonavir was given) for the second patient (lead ).

sulphate and §-stimulant, arrhythmia persisted for 20 h after
the discontinuation of antiretroviral therapy.

Discussion.  Both patients had no history of cardiac disease
(including congenital abnormality), electrocardiograms ob-
tained at admission showed normal sinus rhythm (figure 1D,
1E), and there was no family history of arrhythmia or sudden
death. Direct infection of myocardial cells by HIV-1 [1] and
cardiac muscle toxicity caused by reverse-transcriptase inhibi-
tors [2] have been reported elsewhere. The common clinical
features of the 2 cases were advanced-stage HIV-1 infection,
HCV infection, and a long history of receiving antiretroviral
therapy, especially with reverse-transcriptase inhibitors, How
these clinical features were involved in the adverse events is
unknown at present. Lopinavir-ritonavir is widely used in sal-
vage therapy for HIV-1 infection [3] because of its strong an-
tiretroviral activity and favorable pharmacokinetic properties
[4]. In the first patient, we initially thought that the arrhythmia
was caused by IFN-q, but the cause was determined to be either
lopinavir-ritonavir or didanosine by a challenge test that in-
volved the latter drugs. For the second patient, a challenge test
was not performed. However, sinus arrest was documented
shortly after the patient received combination therapy with

lopinavir-ritonavir, abacavir, and efavirenz. The only common
drug for the 2 patients was lopinavir-ritonavir.

Although the type of arrhythmia noted was different between
these patients, to our knowledge, this is the first report of
potentially fatal bradyarrhythmia that was possibly related to
use of lopinavir-ritonavir. One can speculate that lopinavir-
ritonavir had a toxic effect on cells in the sinus and/or atrio-
ventricular node. The mechanism for this adverse event has yet
to be elucidated in detail. As of July 2002, lopinavir-ritonavir
has been prescribed to ~80 patients at our ambulatory clinic.
We noted the bradyarrhythmia in these 2 patients because they
were hospitalized at the commencement of therapy. Special
attention should be directed toward signs of arrhythmia that
appear shortly after patients start receiving therapy that con-
tains lopinavir-ritonavir.
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CLINICAL SCIENCE

Efficacy and Immunologic Responses to Influenza
Vaccine in HIV-T-Infected Patients

Hikaru Yamanaka, MD,*} Katsuji Teruya, MD,* Mari Tanaka, PhD,*
Yoshimi Kikuchi, MD,* Takao Takahashi, MD, 1 Satoshi Kimura, MD,*
Shinichi Oka, MD,* and the HIV/Influenza Vaccine Study Team

Summary: Influenza vaccine is recommended for HIV-1-infected
patients. The present prospective study was conducted to evaluate the
clinical efficacy and immunologic responses to the vaccine. From
November 1 to December 27, 2002, 262 HIV-1-infected patients
received a frivalent influenza subunit vaccine, whereas 66 did not.
Influenza illness occurred in 16 vaccinated and 14 nonvaccinated
patients (incidence = 6.1% [95% confidence interval (CI): 4%—10%]
in vaccinated vs. 21.2% [CI: 13%-35%] in nonvaccinated persons,
P < 0.001; relative risk = 0.29 [CIL: 0.14-0.55]). Influenza vaccine
provided clinically effective protection against influenza illness in
HIV-1-infected patients. In baseline antibody-negative patients, anti-
H1 and anti-H3 antibody responses to the vaccination were significant
in those patients with a CD4 count >200 cells/pL compared with
those with a CD4 count <200 cells/uL (P < 0.05). In contrast, in
baseline antibody-positive patients, good antibody responses were
observed irrespective of CD4 counts, like the healthy controls. Based
on these results, annual vaccination is recommended. Specific CD4
responses correlated with HIV-1 viral load (VL), especially in patients
treated with highly active antiretroviral therapy (HAART) compared
with those without HAART (P < 0.01), although the clinical efficacy did
not correlate with HIV-1 VL. HAART may enhance the immunologic
efficacy of influenza vaccine.

Key Words: HIV-1, influenza, vaccination, antibody response,
specific CD4

(J Acquir Immune Defic Syndr 2005;39:167—173)

fter the recent approval of various anti-influenza drugs and
rapid diagnosis kits for influenza infection by the Ministry
of Health, Labor, and Welfare of Japan, it has become easier to
diagnose this infection. Along with the developments in
diagnostic methods and treatment of the infection, influenza
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vaccination programs have been actively applied in HIV-1-
infected individuals. Influenza virus infection may be more
prolonged in individuals with immunodeficiency' and can
cause a transient increase in plasma HIV-1 viral load (VL) that
might become relevant to the clinical course of HIV-1 infec-
tion.?* Therefore, influenza vaccine has been generally recom-
mended for HIV-1—infected patients,*® as is already stated in
the guidelines of the Advisory Committee on Immunization
Practices.” Few studies have reported the protective effect of
such vaccination in patients with HIV-1 infection, however.
Previous studies demonstrated that the number of CD4 T cells
(CD4 count) could predict the efficacy of and/or antibody
response to the vaccine but did not clearly demonstrate the
correlation between the vaccine efficacy and HIV VL1815

Activated memory CD4" T cells are the predominant
target of HIV-1,'¢ and the antibody response to hemagglutinin
(HA) is T-cell dependent.'”™*® Therefore, highly active antire-
troviral therapy (HAART) may reconstitute the immune func-
tion of not only the antibody responses but T helper (Th)—cell
responses. In this large prospective clinical study, we inves-
tigated the clinical efficacy of influenza vaccine in HIV-1-
infected patients and correlated it with the immune response to
the vaccine as determined by increased antibody titer and/or
HA-specific CD4 T cells.

MATERIALS AND METHODS

Study Design and Participants

A 0.5-mL dose of single-shot trivalent influenza subunit
vaccine, which contains 15 g of influenza virus strains
A/New Caledonia/20/99 (HIN1), A/Panama/2007/99 (H3N2),
and B/Shanton/7/87, was prepared for adults in the 2002
through 2003 winter season in Japan. All HIV-1-infected
patients who consulted the outpatient clinic of the AIDS
Clinical Center at the International Medical Center of Japan
from November 1 to December 27, 2002 were advised to
receive the vaccine, although the final decision was left to the
individual. In previous seasons, nearly half of HIV-1-infected
patients received influenza vaccine in our clinic. This study
was designed to be prospective in nature but nonrandomized.
Only individuals, vaccinated and nonvaccinated, who un-
derstood the purpose of the study were enrolled, without any
incentives. To keep selective bias to a minimum, all vaccinated
and consecutive first-come 100 nonvaccinated patients were
asked to participate in this study. All study participants gave
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informed consent, and the institutional ethical committee
approved this study (protocol IMCJ-141). Twenty-six hospital
staff members who were vaccinated with the same vaccine
batch were enrolled as healthy immunized controls after
consenting to participate in this study. Among them, 4 had no
anti-influenza antibodies before vaccination. All participants
were asked to visit to our clinic at least at week 0, 8, and/or 16
after enrollment to allow the withdrawal of 17 mL of blood at
each visit for analysis of immunologic responses and routine
examinations, including CD4 count and HIV VL.

Definition and Diagnosis of
Influenza Virus Infection

In this study, influenza infection (illness) was defined if
the patient had flulike symptoms associated with at least 1
adjunct diagnosis such as a serologic or virologic diagnosis.
Flulike symptoms were defined as a fever of =38.0°C com-
bined with 2 of the following 5 clinical symptoms: cough,
rhinitis, myalgia, sore throat, and headache. All participants
were asked to visit the clinic if they developed flulike symp-
toms. To avoid a bias in the clinical diagnosis, a history of
influenza vaccination was written out on a separate colored
sheet, which was removed from medical records before the
outpatient clinic physician attended and examined the patient.
The serologic diagnosis was defined as a >4-fold rise in anti-
influenza antibody titer compared with before and 4 weeks
after the symptoms. In addition, a change of the antibody titer
from <10 to 40 U was defined as a 4-fold rise. Patients who
had only the antibody rise but no flulike symptoms were not
considered to have influenza-related illness. The virologic
diagnosis was made by means of viral culture and/or a
Rapidvue influenza test kit (Quidel, San Diego, CA) using a
nasal or throat swab.

Laboratory Investigations

At each visit, CD4 T cells were enumerated by standard
flow cytometry and HIV VL was measured using the Roche
Amplicor assay kit, version 1.5 (Roche Diagnostic Systems,
Branchburg, NJ). Antibody responses to each of the 3 indi-
vidual vaccine components were examined by the standard
hemagglutinin inhibition (HAI) assay.®® Titers =40 U were
defined as protective, and a >4-fold rise in the antibody titer
was considered an adequate response in previously antibody-
negative patients.

For assessment of HA-specific CD4 T-cell responses,
intracellular -y-interferon (IFN) production was examined by
flow cytometry using the method described previously.?'**
Because of the limited availability of peripheral blood mono-
nuclear cells (PBMCs), we analyzed the Hi-specific CD4 T
cells only. Because fresh PBMCs must be used for this assay,
as a result of a labor limitation, only the first 10 participants per
day were examined on any particular day. Briefly, HA was
purified from influenza virus strain, A/New Caledonia/20/99
(HIN1), as described previously.”> PBMCs were isolated from
the fresh heparinized blood and cultured (2 X 10° cells/mL)
with diluted H1 plus anti-CD28 antibody (1 pg/mL) or me-
dium alone for 16 hours at 37°C. Brefeldin A (10 p.g/mL) was
added to each sample in the final 5 hours of incubation. After
16 hours of stimulation, the cells were collected and stained
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with anti-CD4 allophycocyanin antibody (Beckman Coulter,
Fullerton, CA) and anti-CD69—fluorescent isothiocyanate
antibody (Becton Dickinson). Subsequently, the cells were
fixed and permeabilized to examine for the intracellular produc-
tion of y-IFN as described previously.?"*? The flow cytome-
try analysis was performed by means of the FACSCalibur
fluorescence-activated cell sorter with CellQuest software (BD
Biosciences, San Jose, CA), and 10,000 CD4 T cells were
collected for each analysis.

Statistical Analysis

The data on HA-specific CD4 T cells are presented as
the arithmetic mean = SEM. The data on anti-HA antibody
titer are presented as the geometric mean. Statistical analyses
were performed using StatView 5.0 software (Abacus Con-
cepts, Berkeley, CA). Differences in the proportion of influ-
enza virus infection between vaccinated and nonvaccinated
groups were analyzed by the x> test. Multiple logistic regres-
sion analysis was used to identify factors that contributed to
protection against influenza illness. For the analyses of im-
mune responses, participants were stratified by their CD4 count
or HIV VL. Changes in antibody titer and HA-specific CD4
T cells were analyzed using the Kruskal-Wallis test or the
Mann-Whitney U test. In all tests, a P value <0.05 was con-
sidered significant. ‘

RESULTS

Subjects

During the period of vaccination, 626 HIV-1-infected
patients visited our clinic, and 332 of these received the vac-
cine, whereas 294 did not. Among them, 317 of those vacci-
nated and 87 of 100 approached to participate as nonvaccinated
patients agreed to participate in the present study. Conse-
quently, 76 patients dropped out of the study (55 of 317
vaccinated patients and 21 of 87 nonvaccinated patients).
There were no characteristic differences at baseline between
the analyzed and drop-out patients (data not shown). None of
the patients dropped out from the study because of HIV-1
disease progression, and none received anticancer or immu-
nosuppressive agents during this study. The final composition
of the study group based on compliance with the study pro-
tocol, including visits on the fixed dates, was 262 vaccinated
(82.6%) and 66 nonvaccinated (75.9%) patients (Fig. 1). Table 1
summarizes the baseline characteristics of the participants.

Efficacy of Influenza Vaccine

The peak of the influenza epidemic of the 2002 through
2003 winter season in Japan was documented during the fourth
week of January 2003 and was predominantly caused by in-
fluenza A/H3N2. The prevalence of influenza infection in this
season was the third highest in the last decade.? In this study,
30 participants were diagnosed as having definitive influenza
illness (5 patients with A/HIN1 strain, 16 with A/H3N2 strain,
and 9 with B strain). Six patients were confirmed to have an
influenza illness by flulike symptoms, positive viral cultures,
positive influenza test kit results, and a >4-fold rise in
antibody ftiter (1 with HINI strain, 1 with H3N2 strain, and
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otal HIV-1 paticnts]
n=626

[Vaccinated patients| Non-vaccinated
n=332 / patients n=294
Approached for Approached for Did not approached
/ consent n=332 \ / consent n=160 informed consent n=194
Assigned as Rejected Assigned as cases Rejected consent
cases n=317 n=15 n=87 n=13
. L. . Assessed sample Not d Assessed sample Not d
qu URE 1. Profile of participants in =262 =55 =66 n=21
this study.

4 with B strain); 3 by the symptoms, positive viral cultures,
and antibody rise (2 with HINI strain and 1 with H3N2
strain); 5 by the symptoms, influenza test kit results, and
antibody rise

(1 with HIN1 strain, 2 with H3N2 strain, and 2 with B strain);
and 16 by the antibody rise between the symptoms (1 with HIN1
strain, 12 with H3N2 strain, and 3 with B strain). In total, 16 of
262 vaccinated patents had influenza illness (6.1%, confidence
interval [CI]: 0.04-0.1) and 14 of 66 nonvaccinated patients
had the illness (21.2%, CI: 0.13-0.35). The difference in the
incidence between the 2 groups was significant (P << 0.001).
The relative risk (RR) of influenza illness in vaccinated
patients was 0.29 (CI: 0.14-0.55; P < 0.001) compared
with nonvaccinated patients (Table 2). Eight patients who had

TABLE 1. Baseline Clinical and Immunologic Characteristics
of Participants*

Vaccinated Nonvaccinated P

No. participants (n) 262 66 —
Male/female ratio 7:1 15:1 n.s.
Median age, y (range) 41 (20-78) 40 (20-61) n.s.
Received HAART (%) 75.2% 72.3% n.s.
Median CD4 count at

vaccination, pL (range) 380 (40-1137) 374 (66-1025) n.s.
Median CD8 count at

vaccination, pL (range) 778 (54-2649) 751 (163-1929) n.s.
Median HIV VL at vaccination,

logje/mL (range) 2.5(1.5-6.2) 2.5(1.56.4) n.s
Prior anti-H|

antibody-positive (%) 29.4% 26.4% 1n.s.
Prior anti-H3

antibody-positive (%) 32.3% 30.3% n.s.

*All participants were Japanese,
n.s. indicates not significant.

© 2005 Lippincott Williams & Wilkins

a >4-fold rise in anti-H3 antibody titers between week 8 and
week 16 without any clinical symptoms were not regarded as
having influenza illness.

In patients with a CD4 count >200 cells/pL, the inci-
dence of influenza illness in vaccinated patients (6.2%) was
significantly lower than in nonvaccinated patients (21.0%) (P <
0.001). Conversely, in patients with a CD4 count <200 cells/pL,
the same comparison showed no significant difference. Never-
theless, the incidences of influenza illness in vaccinated (5.9%)
and nonvaccinated (22.2%) patients were the same as the in-
cidence in patients with a CD4 count >200 cells/uL. There-
fore, this analysis had lack of power because of the small
number of nonvaccinated patients in this stratum. In vacci-
nated and nonvaccinated patients, the differences in the inci-
dence were significant in patients with HAART (P < 0.002)
and without HAART (P < 0.05) (see Table 2). When CD4
count was entered as a continuous variable, multivariate anal-
ysis using the logistic regression model identified vaccination
(P < 0.001) and CD4 count (P < 0.05) but not HIV VL as
independent predictors of influenza illness in HIV-1-infected
patients.

In patients with influenza illness, 4 of 16 vaccinated
patients and 4 of 14 nonvaccinated patients received an anti-
influenza drug. None of the patients with influenza illness de-
veloped pneumonia that required treatment or hospitalization
during the study period. Vaccination did not significantly change
the HIV VL or CD4 count at weeks 8 and 16.

Anti-Hemagglutinin Antibody Responses
Before and After Vaccination

HALI antibody titers against HA antigens (H1 and H3)
were tested before and 8 and 16 weeks after vaccination (Table
3). To evaluate the effect of the single-shot influenza vaccine,
subjects were divided into 2 groups based on the HAI titer
before vaccination: the baseline HAI antibody-negative and
antibody-positive groups. Furthermore, we excluded from this
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TABLE 2. Incidence of Influenza lliness

Vaccinated Nonvaccinated
Illness/Patients Rate (95% CI) Iliness/Patients Rate (95% CI) xz Test
All patients 16/262 6.1% 14/66 21.2% P < 0.001
(0.04-0.1) (0.13-0.35)
CD4 count
<200 cells/pL. 3/51 5.9% 2/9 22.2% ns.
’ (0.02-0.15) (0.06-0.55)
=200 cells/pL 13/211 6.2% 12/57 21.0% P < 0.001
(0.03-0.1) (0.12-0.33)
HAART
+ 12/197 6.1% 10/48 20.8% P < 0.002
(0.04-0.1) (0.11-0.34)
— 4/65 6.2% 4/18 22.2%
(0.02-0.14) (0.09-0.45) P < 0.05

Incidence of influenza illness in healthy immunized controls was 3.8% (1 of 26, 95% CI: 0.01-0.19).

n.s. indicates not significant.

analysis the 13 patients who received the vaccination but had
influenza illness (5 with HIN1 strain and 8 with H3N2 strain)
during the study period so as to evaluate the antibody re-
sponses by the vaccination. The 8 patients who showed a
>4-fold rise in anti-H3 antibody titers between week 8 and
week 16 without any clinical symptoms were also excluded
from this analysis, because the antibody rise in these cases was
thought to be caused by influenza virus but not by vaccination.
In the baseline HAI-negative group, the antibody responses
to both antigens were significantly different compared with
those in stratified HIV-1-infected patients by CD4 count
(<200 cells/pL and =200 cells/uL; P < 0.05) at week 8 and
week 16. These titers were low compared with those of the
healthy immunized controls in both strata, however. In those
with a CD4 count <200 cells/pL, 12 (27.9%) of 43 patients
and 12 (32.4%) of 37 patients showed more than a 4-fold rise
in the antibody responses against anti-H1 and anti-H3, re-
spectively. In contrast, in those patients with a CD4 count

>200 cells/pL, 62 (44.6%) of 139 patients and 61 (46.9%) of
130 patients showed a >4-fold rise in the antibody responses
against anti-H1 and anti-H3, respectively. Although differences
in the percentages of patients who showed both anti-H1 (P =
0.05) and anti-H3 (P = 0.12) antibody responses of the differ-
ent CD4 strata were only marginal, there was a tendency for
the single-shot vaccination to be more effective in terms of
antibody responses in patients with a CD4 count >200 cells/L.
The antibody responses in both groups were not influenced
by HIV VL (<100 copies/mL and =100 copies/mL; data not
shown).

In the baseline HAI antibody-positive group, HAI ti-
ters to both antigens remained high and the sustainability of
the antibody titers in HIV-1-infected patients was similar to
those of the healthy controls, irrespective of CD4 counts (see
Table 3). In terms of the antibody rise, in those with a CD4 count
<200 cells/pL, 5 of 8 patients and 1 of 6 patients showed more
than a 4-fold rise in the antibody response against anti-H1 and

TABLE 3. Anti-HA Antibody Responses After Vaccination in Baseline Anti-HA Antibody-Negative and Positive Individuals

Anti-HA Antibody Responses* After Vaccination in HIV-1 Patientsy

Healthy Immunized

Stratum 1 (CD4 count <200 cells/pL) Stratum 2 (CD4 count =200 cells/puL) Controls
Week 0 Week 8 Week 16 Week 0 Week 8 Week 16 Week 0 Week 8
Baseline anti-H1 Ab-negative n = 43 n = 139 n=4
Anti-H1 Ab responses <10 261 (10-1280) 23% (10-1280) <10 42 (10-1280) 36 (10-1280) <10 135 (40-320)
Baseline anti-H3 Ab-negative n = 37 n = 130 n =4
Anti-H3 Ab responses <10 25% (10-640)  23% (10-1280) <10 34 (10-1280) 32 (10-640) <10 135 (40-320)
Baseline anti-H1 Ab-positive n=28 n = 67 n =22
Anti-H1 Ab responses 44 (20-320) 353 (40-1280) 208 (80-160) 54 (20-1280) 158 (20-1280) 143 (20-1280) 80 (20-640) 86 (20-640)
Baseline anti-H3 Ab-positive n==6 n=73 n =22
Anti-H3 Ab responses 32 (20-80) 46 (20-160) 71 (20-640) 41 (20-1280) 105 (20-1280) 87 (10-1280) 59 (20-320) 66 (20-320)

*The data presented here are the geometric mean of anti-HA antibody titer. Range of the absolute titer is shown in parentheses.
To analyze antibody responses to vaccination, patients with influenza infection were excluded from this analysis.

4P < 0.05 compared with the respective value of stratum 2.

Ab indicates antibody. Change of the antibody titer from <10 to 40 U was considered a 4-fold rise.
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anti-H3. Conversely, in those with a CD4 count >200 cells/pL,
16 of 67 patients and 19 of 73 patients showed more than a
4-fold rise.

Anti-H1 and Anti-H3 Antibody Responses
in Patients With Influenza lliness
Despite Vaccination
A total of 16 patients (5 with HINI strain, 8 with H3N2

strain, and 3 with B strain) had influenza illness among the
vaccinated group during this study period. In the 5 patients with
HINTI illness, 3 were baseline anti-H1 antibody-negative and
2 had the antibody. Among the 3 baseline anti-H1 antibody-
negative patients, 2 were infected before week 8 and 1 was
infected after week 8. In the patient infected after week 8, no
anti-H1 antibody was detected at week 8. In each of the 2
baseline anti-H1 antibody-positive patients, the titer was 20 U.
Both patients were infected before week 8. In the 8 patients
with H3N2 illness, 6 were baseline anti-H3 antibody-negative
and 2 were positive for the antibody. In the 6 baseline anti-H3
antibody-negative patients, all were infected after week 8.
~ Among these 6 patients, 4 were negative for anti-H3 antibody

at week 8, whereas 2 had a 4-fold rise in the antibody before
infection. In each of the 2 baseline anti-H3 antibody-positive
patients, the titer was 20 U. Both patients were infected after
week 8. Anti-H3 antibody at week 8 was increased to 40 U (a
2-fold rise) only in 1 patient. Overall, among the 9 infected
patients (1 with HIN2 strain and 8 with H3N2 strain) in whom
the antibody responses at week 8 could be evaluated, only 2
had a >4-fold rise of the antibody response before infection.

H1-Specific CD4 T-Cell Response Before and
After Vaccination in Baseline Anti-H1
Antibody-Negative Subjects

Hl-specific CD4 T-cell responses at week 8 were HIV VL
dependent (P << 0.005) but not CD4 count dependent (Fig. 2A).
Therefore, H1-specific CD4 T-cell responses were significantly
increased by vaccination in HAART-treated patients (P = 0.001),
because HIV VL was decreased by HAART (see Fig. 2B). In
contrast, responses of HAI antibody titer were not different
between HA ART-reated and antiretroviral-naive patients (see
Fig. 2C).

Comparison of Immune Responses to H1
Antigen at Week 8 Between Influenza
A/HINT-Infected and -Uninfected Patients

Five individuals were infected with influenza A/HIN1
during this season. HAT antibody titers at 8 weeks after the
vaccination were not different between the infected and unin-
fected individuals. In contrast, Hl-specific CD4 T-cell re-
sponses at week 8 were significantly low in the infected
persons compared with those in the uninfected persons (P <
0.05; Fig. 3).

DISCUSSION
Our prospective study confirmed many conclusions of
previously reported small studies. First, we confirmed the pro-
tective effect of influenza vaccine in HIV-1-infected patients.® '
Second, anti-H 1-specific and anti-H3-specific antibody responses
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FIGURE 2. H1-specific CD4* T-cell responses after influenza
vaccine in baseline anti-H1 antibody-negative patients. A,
Correlation of plasma HIV-1 viral load (HIV VL) and percentage
of H1-specific CD4* T cells. *H1-specific CD4* T cells (A) were
significantly fewer in number in subjects with an HIV VL
>10,000 copies/mL (P < 0.005). The number of samples with
an HIV VL <100 copies/mL was 53, there were 19 samples
with 100 to 10,000 copies/mL, and there were 11 samples
with >10,000 copies/mL, because H1-specific CD4* T cells
were only examined in the first 10 samples per day as stated
in the text. B, Changes in the percentage of H1-specific CD4*
Tcells in highly active antiretroviral therapy (HAART)-treated;
(O; n = 63) and antiretroviral-naive patients (&; n = 12).
tHAART-treated patients had significantly greater numbers
of H1-specific CD4* T cells at week 8 (P < 0.01) than anti-
retroviral-naive patients. C, Changes in anti-H' antibody titer
in HAART-treated (O; n = 131) and antiretroviral-naive pa-
tients (&; n = 35). Anti-H1 antibody responses were similar in
both groups. Data are mean * SEM.

were examined in HIV-1-infected patients afier vaccination, and
the responses were confirmed to be dependent on CD4 counts.*!!

To clarify the efficacy of a single-shot vaccination, we
divided the participants by the positivity of anti-H1- and anti-
H3-specific antibodies before vaccination and found that in
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FIGURE 3. Hl-specific CD4* T cells and anti-H1 antibody
responses at week 8 after vaccination in influenza A/H1N1-
infected patients. Five vaccinated individuals were infected
with influenza A/HINT. A, Percentage of H1-specific CD4"
T-cell responses in infected (O; n = 4) and noninfected (®; n =
119) individuals. *H1-specific CD4* T cells responded bet-
ter to influenza A/HINT1 in noninfected patients than in infected
patients (P < 0.05). One sample of 5 influenza A/HIN1-
infected individuals was not examined because the sample was
not among the first 10 samples per day as stated in the text. B,
Anti-H1 antibody titers in infected (O; n = 5) and noninfected
(®; n = 249) individuals. The anti-H1 antibody response at
week 8 was similar in both groups. Data are mean = SEM.

baseline antibody-negative HIV-1-infected patients, the antibody
responses to the single-shot vaccination were less effective
than those in healthy patients. In contrast, however, in baseline
antibody-positive HIV-1-infected patients, the antibody responses
were similar or more effective than those in the healthy con-
trols and the titers exceeded >>40 U in most cases, irrespective
of CD4 count. Previous studies demonstrated that an antibody
titer >40 U could be used as an index of vaccine protec-
tion.'>?* In our study, the antibody titer was <40 U in most
patients who became infected with influenza. Considered together,
these results suggest that the antibody response may support
the clinical efficacy of influenza vaccination. Kroon et al® re-
ported that postvaccination antibody titers were higher in pre-
viously vaccinated HIV-1-infected patients than in nonvaccinated
patients, although the difference was not significant. In the
present study, the antibody titers showed a better response in
individuals positive at baseline for anti-HA antibody than in
those negative for the antibody. Furthermore, the response was
well sustained, irrespective of CD4 count. Thus, it is conceiv-
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able that annual vaccination is specifically important for all
HIV-1-infected patients. Sustainability of the antibody titer
raised by the vaccination is to be followed in a future study.

In the immunologic part of our study, we examined anti-
body responses and specific CD4 T cells. The antibody re-
sponse was almost the same as that reported previously®’; the
response correlated with the CD4 count. In contrast, specific
CD4 T cells were much more influenced by HIV VL than
by CD4 count."*'* Therefore, the specific CD4 T cells were
higher in patients treated with HAART than in those untreated.
This result indicates that HAART improves HA-specific CD4 T
cells like in other infections,?! or, in other words, the heightened
cellular response to the influenza vaccine suggests functional
reconstitution of the immune system after HAART.

Our data indicate that the specific CD4 T-cell responses
may be related to HIV VL. The specific CD4 T-cell response
needs antigen presentation by dendritic cells.? HIV-1 infection
impairs the function of antigen presentation of dendritic cells.”’
Therefore, specific CD4 T-cell responses may be profoundly
decreased in patients with a high HIV VL.

It is interesting to note that the percentage of H1-specific
CD4 T cells at week 8 was significantly lower in influenza
A/H1NI-infected patients. It is conceivable that the response
of HA-specific CD4 T cells at week 8 can predict the efficacy
of influenza vaccine. Influenza-specific CD4 T cells provide
help (as Th cells) to B cells for the production of antibody to
influenza HA and neuraminidase®®**® and also promote the
generation of virus-specific CD8" cytotoxic T lymphocytes
(CTLs).?%2%3 Therefore, the specific CD4 T cell must have
a protective role. This concept would be more reliable if we
had analyzed H3-specific CD4 T cells rather than H1-specific
CD4 T cells, because influenza A/H3N2 was the pre-
dominant subtype in this season. Further studies are
necessary to elucidate this point.

Our study was designed as a prospective but nonran-
domized study, because influenza vaccine has been already
recommended for HIV-1-infected patients.” Practically, the
number of nonvaccinated patients who did not participate in
our study was higher than that of vaccinated patients (13% of
nonvaccinated patients vs. 4.5% of vaccinated patients), and
the violation rate of the study protocol was higher in non-
vaccinated patients than in vaccinated patients (24.1% vs.
17.4%). Thus, 262 (78.9%) of 332 vaccinated patients and 66
(66%) of 100 nonvaccinated patients were analyzed in this
study. Although a relatively high proportion of patients failed
to complete the protocol, the main reason for the drop out may
have been the lack of incentives and the need to visit our clinic
on a fixed date for blood sampling. The vaccinated and non-
vaccinated groups were well balanced in terms of baseline
characteristics, however. Finally, we believe that the selection
bias of participants, if any, is negligible.

In conclusion, our prospective study in a large population
demonstrated that influenza vaccine provides protection of
HIV-1-infected patients. In baseline antibody-negative patients,
the antibody responses to the vaccination were significant in
those patients with a CD4 count >200 cells/pL compared with
those with a CD4 count <200 cells/pL. In contrast, in baseline
antibody-positive patients, good antibody responses were
observed, irrespective of CD4 counts. Annual vaccination of
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HIV-1-infected patients is thus recommended. Therapy with
HAART improves the cellular immune response to influenza HA.
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Homozygous CYP2B6 *6 (Q172H and K262R) correlates with high
plasma efavirenz concentrations in HIV-1 patients treated
with standard efavirenz-containing regimens
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Abstract

Efavirenz (EFV) is metabolized by cytochrome P450 2B6 (CYP2B6) in the liver. We analyzed the genotypes of CYP2B6 and their
contribution to plasma EFV concentrations in 35 EFV-treated patients in International Medical Center of Japan. The mean plasma
EFV concentration of patients with CYP2B6 *6/*6 (Q172H and K262R) (25.4 + 7.5 uM, + SD, n = 2) was significantly higher than
that of patients with genotypes *6 heterozygote (9.9 & 3.3 uM, n = 10) or without alleles *6 (8.0 2.6 uM, n = 23) (p < 0.0601). To
confirm our result, we further analyzed nine patients (three with high EFV concentrations and arbitrarily selected six with normal
EFV concentrations) treated in Osaka National Hospital, and it resulted that the only three patients with the high concentrations
were the *6/*6 holder. EFV dose could be decreased in those patients harboring the genotype to reduce toxicity with compromising
potency, representing the first step of the Tailor-Made therapy of HIV-1 infection.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Cytochrome P450; Genetic polymorphism; HIV-1; Efavirenz; Plasma concentration

Efavirenz (EFV) is a non-nucleoside reverse trans-
criptase inhibitor that shows potent inhibitory activity
against HIV-1 and is stated as a key drug of the first line
regimens in the HIV-1 treatment Guideline [1]. How-
ever, a number of patients treated with EFV develop
central nervous system symptoms including headache,
dizziness, insomnia, and fatigue. These side effects are
more frequent in patients with high plasma concentra-
tion of EFV [2,3] as well as worsen with long-term
therapy, and are the main reason for poor adherence or
interruption of therapy. EFV is reported to be metab-
olized by cytochrome P450 (CYP) 3A4 (CYP3A4) and
2B6 (CYP2B6) to hydroxylated metabolites in the liver
[4]. The recent HIV-1 treatment Guideline stated that

° Corresponding author. Fax: +81-3-5273-5193.
E-mail address: oka@imcj.hosp.go.jp (S. Oka).
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EFYV is metabolized by CYP34 [1], whereas an in vitro
study indicated that EFV is mainly metabolized by
CYP2B6 [5]. Furthermore, a pharmacogenetic study
demonstrated the association of the homozygous vari-
ant of multidrug-resistance transporter (MDRI; gene
product P-glycoprotein) C3435T and good immune re-
covery in patients treated with EFV-containing regimens
[6]. In order to clarify the contribution of polymor-
phisms to plasma EFV concentration in vivo, we ana-
lyzed genotypes of CYP2B6, CYP3A4, and MDRI, and
their correlation with plasma EFV concentrations.

Materials and methods

Patients. A total of 60 HIV-1 patients who were treated with
EFV-containing regimens at the AIDS Clinical Center, International
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Medical Center of Japan (IMCJ), were examined for their allelic
variants of CYP2B6, CYP3A44, and MDR/. Among them, 35 patients
were on standard therapy of EFV-containing regimens (600mg EFV
once daily dosing with two nucleotide reverse transcriptase inhibitors)
and fully adhered to the regimens based on self-reports. Their plasma
EFV concentrations were measured and the correlation between
variants and EFV concentrations was analyzed. We excluded those
patients who were taking other agents that could potentially interact
with plasma EFV concentration such as protease inhibitors and those
taking EFV twice daily from the analysis of the correlation. The mean
age and body weight of these 35 patients (34 males and | female) were
41.6+ 11.5 years and 63.4 & 10.9 kg, respectively. The median latency
between commencement of treatment and analysis of EFV concen-
tration was 76.9 weeks (range, 4-200). The means + SD alanine ami-
notransferase level was 33.14: 18.4 U/L. Blood samples were taken
between 10 and 14 h (mean, 12.0 h) after dosing. To confirm the results
of patients treated at the IMCJ, we further analyzed the allelic variants
of mine patients who were treated at the Osaka National Hospital
(ONH) [three patients with high plasma EFV concentrations (one
patient was taking only 200mg EFV once daily due to severe side
effects) and six patients with normal EFV concentrations]. The Ethics
Committee for the Study of Human Genome in each hospital
approved this study (IMCJ-H14-36, ONH-23) and all patients gave a
written informed consent.

Genotyping. Genomic DNA was isolated from peripheral blood
using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Geno-
typing of allelic variants of CYP2B6 [7] [*¥] (wild type), *2 (C64T), *3
(C777A), *4 (A785G), *5 (C1459T), *6 (G516T and A785G), *7
(G516T, A785G, and C1459T), and *8 (A415G)], CYP3A4 [*!]
(C1088T; unstable form [8]), *12 (C1117T; has an altered testosterone
hydroxylase activity [8]), *I3 (C1247T; lack of expression [8]), *17
(T566C; exhibits lower turnover numbers for testosterone and chlor-
pyrifos [9]), and *I8 (T878C; exhibits higher turnover numbers for
testosterone and chlorpyrifos) [9] and MDRI C3435T was carried out
using the allelic-specific fluorogenic 5’ nuclease chain reaction assay by
the ABI PRISM 7700 sequence detection system (Applied Biosystems,
Foster City, CA). Each 25l PCR mixture contained 20 ng genomic
DNA, 900 nM primers, 200nM TaqMan minor groove binder (MGB)
probes, and 12.5pl TagMan universal PCR master mix (Applied
Biosystems). The primers and TaqgMan MGB probes used in this study
are summarized in Table I. The thermal cycler program was set up at
50 °C for 2 min and 95°C for 10 min, and then repeated 40 cycles with
95°C for 15s and 60°C for 1 min.

Plasma efavirenz concentration. Plasma was isolated by centrifu-
gation (10 min at 1800g) on the same day as blood sampling and stored
at —80°C until analysis. EFV concentration was measured by reverse-
phase high performance liquid chromatography (HPLC) method [10]
at BioMedical Laboratory (Saitama, Japan). HPLC was performed on
an Inertsil ODS-3 column (5 pum, 250 x 4.6 mm; GL Sciences, Tokyo,
Japan) at a flow rate of 1.2 ml/min with ultraviolet-detection at 247 nm.
The mobile phase consisted of acetonitrile and water (65:35, v/v).

Statistical analysis. StatView version 5.0 software (SAS Institute,
Cary, NC) was used for the comparison of different genotype groups.
If one-way analysis of variance (ANOVA) was significant (p < 0.05),
post hoc Scheffe’s F test was applied.

Results and discussion

Frequency of genotypic variants of CYP2B6, CYP3A4,
and MDRI

We first analyzed the frequency of genotypic variants
of the 60 patients seen at IMCJ. The CYP2B6 genotypes
were *//*] in 28 patients, *1/*2 in 4, *1/*¢ in 5, *1/%6 in
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Table 1

Primers and TagMan MGB probes used in this study

6-FAM probe (mutant)

VIC probe (wild-type)

Reverse primer

Forward primer

CYP2B6
C64T

CTGGTTCAGTGCCACC

TGGTTCAGCGCCACC

AGGCGGTCATGGGTGTTAG

CCTCACAGGACTCTTGCTACTC
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CYP344
T566C
T878C

AGCACATCATCTGGA
CGATCCGGAGCTC

AGCACATCATTTGGA
CGATCTGGAGCTCG
TCTGAGCGTTTCATT
CCCTCTCAAGTCTC

GGTTTCATAGCCAGCAAAAATAAAG
CATCCCATTGATCTCAACATCTTIT
CATCCCATTGATCTCAACATCTTTT

TGGATTGTTGAGAGAGTCGATGTT
GGAGGGCTCCCTTCCCA

GGCCTACAGCATGGATGTGAT
TCTTTCCTCTCCTTTCAGCTCTGT

CTGAGCATTTCATTCA
CCTCTCAAATCTC

TGTGCTACAGATGGAGTATCTTGACA
TCTTGACATGGTGGTGAATGAAA

C1088T
CH17T
C1247T
MDRI!

CCTCCTTGAAAGGTA

TTCCTCCCTGAAAGG

AAAGTACTGGACAGAGCCTGAGAAG

CCTCACAATCTCTT

CTCACGATCTCTTC

ATGTATGTTGGCCTCCTTTGCT

MGB, minor groove binder; VIC, vasoactive intestinal contractor; 6-FAM: 6-carboxyfluorescein.

Bold indicates the site of substitution.

AACAGCCGGGTGGTGTCA

C3435T
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Table 2
Frequency of CYP2B6 alleles and genotypes in 60 HIV-1 patients at
IMCJ®

Frequency (%) 95% C1
CYP2B6 allele
*] 78 (65) 56.5-73.5
*2 9(1.5) 3.8-14.2
*4 10 (8.3) 4.4-15.3
*5 2(1.7) 0.3-6.0
*6 21 (17.5) 10.7-24.3
CYP2B6 genotype
*1/*] 28 (46.7) 33.7-60.0
*[1*2 4(6.7) 1.8-16.2
*1%q 5(8.3) 2.7-18.4
*11*%6 13 (21.7) 12.1-34.2
*21%4 2(3.3) 0.4-11.5
*21%6 3(5.0) 1.0-13.9
*4/%4 1 (1.7 0.02-8.9
*41*6 1 (1.7 0.02-8.9
*5/*5 1(1.7) 0.02-8.9
*61*6 2(3.3) 0.4-11.5

95% CI, 95% confidence intervals.
2IMCJ, International Medical Center of Japan.

13, *2/*4 in 2, *2/*6 in 3, *4/*4 in 1, *4/%6 in 1, *5/*5 in
1, and *6/*6 in 2 (Table 2). The CYP3A44 polymor-
phisms were only shown in T878C T/C heterozygote in
three patients and other alleles were not found. MDR/
C3435T polymorphisms were C/C in 19 patients, C/T in
31, and T/T in 10.

Correlation between the genotypic variants and EFV
concentrations

Among the 35 patients who were on standard therapy
of EFV-containing regimens, two had significantly higher
plasma EFV concentrations (30.7 and 20.0 uM) than the
other patients. CYP2B6 genotype of the two patients was
*6/%6 homozygote. The mean plasma EFV concentra-
tions of patients with CYP2B6 *6/*6 genotype
(25.4+7.5uM, n =2) were significantly higher than
those of patients with *6 heterozygous genotypes
9.9+ 3.3 uM, # = 10) and non-*6 alleles (8.0 +2.6 uM,
n = 23) [one-way ANOVA (p < 0.0001) and post hoc
Scheffe’s F test showed statistically significant difference
in plasma EFV concentration between *6/*6 genotype

K. Tsuchiva et al. | Biochemical and Bioplysical Research Communications 319 (2004) 13221326

and *6 heterozygous genotypes (p < 0.0001), and non-*6
alleles (p < 0.0001)]. As shown in Table 3, the differences
of patients’ characteristics in each CYP2B6 genotype
were not significant, indicating that these characteristics
did not influence the difference of EFV concentrations
among the three genotypes. Then, we analyzed the addi-
tional nine samples (three with high EFV concentrations)
obtained from the ONH and found that CYP2B6 geno-
types of the three patients with high EFV concentration
were also *6/*6 genotype. Consequently, only five pa-
tients whose EFV concentrations were >20pM had
CYP2B6 *6/*6 genotype (Fig. 1A). There was a signifi-
cant correlation between CYP2B6 *6/*6 genotype and
high plasma EFV concentrations. In contrast, there was
no correlation between CYP2B6 *5, CYP3A4, MDRI
genotypes, and plasma EFV concentrations (Figs. 1B-D)
in our small number of patients examined in this study.

Homozygous variant of MDRI C3435T has been
shown to associate with responsiveness to EFV therapy
[6]. However, no correlation was found between the
C3435T polymorphisms and plasma EFV concentration
in our study. Then, the plasma EFV concentration could
not explain the favorable clinical result. EFV is a non-
nucleoside reverse transcriptase inhibitor and, therefore,
plays an anti-HIV-1 activity within HIV-1 infected cells
but not in plasma. It remains to be elucidated whether
or not the C3435T polymorphisms correlate with high
intracellular EFV concentration.

Genetic polymorphism is known to be associated
with variable level of CYP2B6 expression in the liver.
Especially, the expression levels of CYP2B6 *6/*6 ge-
notype are significantly lower than those of wild and
other genotypes [7,11]. The high plasma EFV concen-
tration may be explained by the low expression level of
this genotype. Based on our new finding, extremely high
plasma EFV concentration can be predicted by deter-
mining the genotype before commencement of EFV-
containing therapy. In such patients, the EFV dose
could be decreased to reduce the cost and more impor-
tantly the associated toxicity, without compromising its
potency. In fact, one patient was treated with 200 mg
EFV once daily due to severe side effects but had higher
EFV concentrations than other patients with other ge-
notypes. The frequency of the CYP2B6 *6/*6 genotype
in IMCJ patients was 3.3% (2 in 60 patients), whereas

Table 3
Patients’ characteristics in each CYP2B6 genotype in 35 patients who were treated with standard EFV-containing therapy at IMCJ*
Non-*6 genotypes *G heterozygote genotypes *6/*6 genotype p

n 23 10 2
Male:female 23:0 9:1 2:0 n.s.
Age (years) (mean £ SD) 38.8+£8.2 453+ 14.8 55.5+19.1 n.s.
Weight (kg) (mean &= SD) 643+ 11.5 58.6+7.5 77.0+5.1 n.s.
Alanine aminotransferase level (U/L) 31.0+£204 353+ 140 46.5+3.5 n.s.

(mean + SD)

n.s., not significant.
“IMCJ, International Medical Center of Japan.
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Fig. 1. Correlation between CYP2B6 *6 genotypes (A), CYP2B6 *5/*5 genotype (B), CYP344 T878C genotype (C), MDRI 3435 genotypes (D), and
plasma efavirenz concentrations. A total of 44 HIV-1 patients treated with standard EFV-containing regimens (35 from IMCJ and 9 from ONH) are
depicted. Only homozygous genotypes of CYP2B6 are represented in this figure [A (*6 genotypes) and B (*5/*5 genotype)]. Non-*6 genotypes
(n = 26) include *1/*1 (n=18), *1/*2 (n = 2), *1/*4 (n = 3), *2/*4 (n = 2), and *5/*5 (n = 1). *6 heterozygote genotypes (n = 13) include *1/%6
(n=9), *2/*6 (n = 3), and *4/*6 (n = 1). Numbers of patients of MDRI 3435 C/C, C/T, and T/T genotypes are 14, 23, and 7 patients, respectively.
Open circles: CYP2B6 *6/*6 genotype holders, closed circles: other CYP2B6 genotypes holders. Middle bar indicates mean, and upper and lower bars

SD. (#) Patient on 200mg EFV once daily.

the frequency was 6% in Caucasian population [7]. If
these patients could be treated with low dose EFV based
on genetic data of CYP2B6 *6/*6 genotype, it could
represent the first step of the Tailor-Made therapy of
HIV-1 infection.
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GB virus C (GBV-C) or hepatitis G virus (HGV)
has been transmitted to Japanese patients with
hemophiliathrough the frequent use of unheated
blood products. Sequence analysis showed that
most of the viruses isolated from these patients
belonged to GBV-C/HGV genotype 1, which is
usually found in persons from Africa. This may
point to the origin of this virus in Japanese
patients with hemophilia. The phylogeny of 11
GBV-C/HGV isolates from Japanese patients with
hemophilia was investigated by a detailed analy-
sis with a fragment spanning from the % non-
coding region to part of the E1 gene. Except for
one that belonged to the genotype 3 cluster, all
isolates were GBV-C/HGV type 1. Five main
clades exist within the GBV-C/HGV genotype 1
sequences. These isolates are grouped in 2 de-
fined clades. Three of the isolates are clustered in
subtype 1c clade whereas the other 7 strains
formed a new statistically well-supported mono-
phyletic group (named subtype 1e). Our results
suggest that GBV-C/HGV type 1 can at present
be classified into at least 5 clades and in this
group a majority of Japanese patients with
hemophilia was infected with a GBV-C/HGV of
a unique and newly described subtype within
genotype 1. J. Med. Virol. 71:385-390, 2003.
© 2003 Wiley-Liss, Inc.

KEY WORDS: GBV-C; HGV; phylogenetics;
genotyping

INTRODUCTION

GB virus C (GBV-C)/hepatitis G virus (HGV) were
identified by two independent research groups [Simons
et al., 1995; Linnen et al., 1996]. Sequence comparison
showed that they are different isolates of the same virus.

© 2003 WILEY-LISS, INC.

Although it was isolated initially from patients with
hepatitis, and despite its similarity in genomic structure
with the hepatitis C virus (HCV), it isunlikely that GBV-
C/HGV is a cause of hepatitis [Mushahwar, 2000]. The
virus has a worldwide distribution in all populations and
is transmitted mainly by the parenteral route.

GBV-C/HGV is an enveloped positive-strand RNA
virus with a genome size of about 9.3 kilobases (kb)
belonging to the Flaviviridae family. In previous
studies, only three genotypes have been found [Fukushi
et al., 1996; Muerhoff et al., 1996]. Type 1 was found
mainly in Africa and can be classified into four groups
[Liu et al., 20001. Type 2, consisting of two subtypes, is
the most common in Europe, North America, and many
other regions [Muerhoff et al., 1997; Smith et al., 1997].
Type 3 was found so far only in Asia. However, at least
five major genotypes of GBV-C/HGV have been identi-
fied by sequence analysis of the 5’ non-coding region
(5’NCR) or E2 gene [Handajani et al., 2000; Smith et al.,
2000]. In addition to the three known genotypes, recent
studies have identified two new genotypes from Myan-
mar, Vietnam, South Africa, and Indonesia [Naito et al.,
1999; Tucker et al., 1999; Handajani et al., 2000]. It has
been proposed that the Southeast Asian isolates be
named type 4, and the South African isolates type 5
[Tucker and Smuts, 2000].

Japanese patients with hemophilia have been at high
risk of infection with parentally transmitted viruses
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through contaminated blood products. It has been
reported that the majority of Japanese patients with
hemophilia have been infected with genotype 1 GBV-C/
HGV strains [Toyoda et al., 1998]. However, the real
phylogenetic relationships of these viruses with the
other GBV-C/HGV genotype 1 isolates is unclear. In
this study, we investigated the phylogeny of GBV-C/
HGV isolates from Japanese with hemophiliac patients
known by a more detailed analysis with a fragment
spanning from the 5 NCR to part of the E1 gene as
compared to reported GBV-C/HGV sequences including
many genotype 1 GBV-C/HGV strains.

METHODS
Serum Samples

Serum samples from 11 GBV-C/HGV RNA positive
Japanese patients with hemophilia (all males, age at the
collection of the sample; 31.9 years) had been collected at
different times between 1997 and 2000. All patients
were followed at Nagoya University Hospital regularly
as outpatients, and GBV-C/HGV RNA was detected in a
previous study [Toyoda et al., 1998]. For each sample,
several aliquots were made immediately after sampling,
and were stored at —80°C until processed.

The entire protocol has been approved by the ethics
committees of Nagoya University Hospital, and was
carried out in compliance with the Declaration of
Helsinki. Written informed consent was obtained from
all patients prior to the study.

RT-PCR and Sequencing

Viral RNA were extracted from the serum or plasma
samples with the High Pure Viral RNA Kit (Roche
Diagnostics, Mannheim, Germany) and cDNA was syn-
thesized with random hexamer primers [Cornu et al.,
1997]. A nested PCR was performed in the 5 NCR to part
ofthe E1 gene. PCR products were purified from agarose
gel and subjected to direct sequencing. PCR primers,
reaction conditions, DNA purification, and sequencing
method have been described elsewhere [Liu et al., 1998].

Phylogenetic Analysis

A BLAST search was carried out to obtain the other
GBV-C/HGV sequences in the same amplified region
available in the EMBL/GenBank database. Sequences
were aligned with the GeneWorks software (version
2.5.1, Oxford Molecular, UK) followed by minimal
manual editing. Phylogeny construction and evaluation
were performed using the Phylip software package
(version 3.573, University of Washington, Seattle, WA)
[Felsenstein, 1989}, with the neighbor-jointing method
(NJ), the Fitch and Wagner parsimony method (pars),
and the maximum likelihood method (ML). An empirical
transition/transversion ratio of 2.5 was estimated by the
PUZZEL software (version 4.0, Universitat Munchen,
Munich, Germany) [Strimmer and von Haeseler, 1996],
and was used with the Felsenstein model to calculate
the evolutionary distances. The robustness of the NJ
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and pars trees were evaluated statistically by bootstrap
analysis with 1,000 bootstrap samples [Felsenstein,
1985]. Since the ML method is already a statistical
method (with a statistical evaluation of the branch
Iength), no bootstrapping was done for it.

RESULTS

Eleven GBV-C/HGV RNA positive samples of the
Japanese patients with hemophilia were tested by a
nested PCR amplifying the 5’NCR to part of the E1 gene
of the viral genome. The PCR fragments with the ex-
pected size of about 592 bp were amplified and se-
quenced directly from all 11 samples. The sequences
were deposited in the EMBL database and assigned the
accession numbers AJ496420 to AJ496430.

A total of 74 GBV-C/HGV sequences from different
regions of the world were included in the phylogenetic
analysis. Five major GBV-C/HGV genoctypes were iden-
tified (Fig. 1). In general, types 1, 2, 3, 4, and 5 consist
mainly of isolates from Africa, Europe and North
America, Asia, Southeast Asia, South Africa, and
Singapore, respectively. However, the type 5 isolates
Zanl13 and SG57 did not form a well-supported mono-
phyletic group.

One out of the eleven isolates from Japanese patients’
isolates with hemophilia is GBV-C/HGV genotype 3,
whereas all the other isolates (10/11) are GBV-C/HGV
genotype 1in twodifferent clades (Fig. 1). In the analysis
of GBV-C/HGV genotype 1 sequences, 5 main clades
were identified. Among the ten genotype 1 isolates of
these patients, three clustered in the subtype lc clade,
whereas the other seven strains formed a new well-
supported monophyletic group (clade le) with a boot-
strap value of 100% in the NJ and pars methods (Fig. 1a
andb). The branch length is also statistically significant
(P < 0.01) in the ML tree (Fig. 1c).

The details of patients infected with GBV-C/HGV of
the new group (clade e) and others are shown in Table L
All patients were co-infected with hepatitis C virus
(HCV) and 6 patients were also co-infected with the
human immunodeficiency virus (HIV). We could not
find distinctive common characteristics of the patients
with GBV-C/HGV with the new group as compared to
others, except for the higher rate of co-infection with
HCV subtype 1a and HIV.

DISCUSSION

Japanese patients with hemophilia were one of the
high-risk groups for infection with parenterally trans-
mitted viruses by the use of unheated blood products. It
has been shown that about 20% of Japanese patients
with hemophilia have been infected with GBV-C/HGV
genotype 1 strains [Toyoda et al., 1998]. Their real
phylogenetic relationships with other GBV-C/HGV
genotype 1 isolates were not known due to the short
length (208 bp) of the fragment analyzed and insuffi-
cient genotype 1 sequences for comparison. GBV-C/HGV
genotype 1 isolates are usually detected in persons from
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