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Drug resistance mutations of subtype C HIV—1 with treatment in India

LAB No PR Mutation RT Mutation
1021 M184V G190A
1048 V821 K103S G190A M184V
1188 K103N M184V
1280 V108l
1360 K103N Y181C
1361 K103N
1365 M184V
1366 Y181C M184V G190A
1367 K103N M184V G190A
1371 K103N
1374 V118C L210S
x* 2
Drug resistance mutations of treatment—naive patients in Pakistan
Sample No. Subtype PR Mutation| RT Mutation
28 A V108I
32 G V821
39 G V821
50 A T69S
55 G V821
58 G V82l L1001
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Sequence Note

HIV Type 1 Subtypes in Circulation in Northern Kenya

SAMOEL A. KHAMADIL! WASHINGTON OCHIENG,! RAPHAEL W. LIHANA,! JOYCELINE KINYUA,!
JOSEPH MURIUKI,! JOSEPH MWANGI,! RAPHAEL LWEMBE,! MICHAEL KIPTOO,! SAIDA OSMAN,!
NANCY LAGAT,! ROGER PELLE,?2 ANNE MUIGAI? JANE Y. CARTER,* ISAO OISHI’
HIROSHI ICHIMURA,’ D.L. MWANIKI,! FREDRICK A. OKOTH,! SOLOMON MPOKE,}
and ELIJAH M. SONGOK!

ABSTRACT

The genetic subtypes of HIV-1 circulating in northern Kenya have not been characterized. Here we report
the partial sequencing and analysis of samples collected in the years 2003 and 2004 from 72 HIV-1-positive
patients in northern Kenya, which borders Ethiopia, Somalia, and Sudan. From the analysis of partial env
sequences, it was determined that 50 % were subtype A, 39% subtype C, and 11% subtype D. This shows that
in the northern border region of Kenya subtypes A and C are the dominant HIV-1 subtypes in circulation.
Ethiopia is dominated mainly by HIV-1 subtype C, which incidentally is the dominant subtype in the town of
Moyale, which borders Ethiopia. These results show that cross-border movements play an important role in

the circulation of subtypes in Northern Kenya.

ENYA IS BORDERED IN THE NORTH by countries that have

ad political upheavals in the past leading to alot of move-

ment of populations across the borders into Kenya. These coun-

tries are Ethiopia, Somalia, and Sudan. In this region, not much
is known about the circulating subtypes of HIV-1.

‘Work done between 1998 and 1999 shows that Sudan is dom-
inated mainly by subtypes A, C, and D, with subtype D being
the dominant circulating subtype.! In Ethiopia, the HIV-1 epi-
demic is dominated exclusively by HIV-1 C viruses? while in
Somalia the circulating subtypes have not been clearly defined.

In this study to determine the circulating subtypes of HIV-1
in northern Kenya, HIV-1-positive patients and blood donors
attending STD clinics and District hospitals in Mandera,
Moyale, and Turkana District between August 2003 and April
2004 were recruited. The study subjects gave written informed
consent and 3 ml of blood was collected in ethylenediamine-
tetraacetic acid (EDTA) tubes. Peripheral blood mononuclear
cells (PBMCs) were extracted and used for polymerase chain
reaction (PCR) amplification. A nested strategy was used to

amplify about 450 base pairs of the env gene (nt 7850-8310)
i.e., the gp41 region.? The primers used in the PCR were gp40F1
(5'-TCTTAGGAGCAGCAGGAAGCACTATGGG-3') and
gp41R1  (5'-AACGACAAAGGTGAGTATCCCTGCCTAA-
3”) for the first round of PCR and primers gp46F2 (5'-ACAAT-
TATTGTCTGGTATAGTGCAACAGCA-3’) and gp47R2 (5'-
TTAAACCTATCAAGCCTCCTACTATCATTA-3' for the
nested PCR. The PCR conditions included denaturation at 94°C
for 2 min, followed by 35 cycles of denaturation at 94°C for
30 sec, annealing at 50°C for 30 sec, and extension at 72°C for
60 sec, with a final extension at 72°C for 5 min. The resulting
products were electrophoresed on a 1% agarose gel, stained with
ethidium bromide, and visualized under ultraviolet light to iden-
tify the amplified products. The PCR products were sequenced
directly using the BigDye Terminator DNA sequencing kit from
Applied Biosystems. Electrophoresis and data collection were
accomplished with an ABI Prism 310 genetic analyzer (Applied
Biosystems, Foster City, CA). The CLUSTAL W method* was
used to align the resulting 400-450 bp nucleotide sequences to-

1Kenya Medical Research Institute, 2International Livestock Research Institute Kenya, *Jomo Kenyatta University of Agriculture and Tech-
nology, *African Medical and Research Foundation Kenya, and *KEMRI-JICA Project, Nairobi, Keaya.
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gether with relevant reference sequences from the Los Alamos ~ Turkana and Moyale. In Moyale a majority of the samples were
reference database. Phylogenetic relationships were deduced subtype C (51%); 40% of the samples were subtype A and 9%
using the neighbor-joining method.® The phylogenetic tree was ~ were subtype D. Moyale contributed 82% of the total subtype C
drawn using the tree view program.” ) found in this region. This region borders Ethiopia where the dom-

Phylogenetic analysis of the env gp41 region of samples from  inant HIV-1 subtype is C. In Turkana, the dominant subtype in
72 HIV-1-positive patients revealed that 50% (32 samples) of the  circulation is A (64%), while the rest is subtype C (20%) and D
samples were subtype A, 39% (28 samples) were subtype C, and  (16%). The number of samples from Mandera successfully ana-
11% (8 samples) were subtype D. The results also showed asig- lyzed was too few (2) to draw any significant conclusions. These
nificant difference in the distribution of the HIV-1 subtypes in  samples were HIV-1 subtype A. The phylogeny of these viruses
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FIG. 1. Phylogenetic analysis of the gp41 env region of HIV-1 subtypes from Moyale in northern Kenya. The simian immu-
nodeficiency virus SIV.p,,., was used as the outgroup. The sequences have been indicated by codes MYDH and MYSL denot-
ing Moyale District Hospital and Moyale Sololo, respectively. The A subtypes clustered with references from Kenya, Gambia,
and Tanzania; the C subtypes clustered together with references from Ethiopia, Uganda, Djibouti, and Botswana; and the D sub-
types clustered with those from Uganda and Kenya.
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FIG. 2. Phylogenetic analysis of the gp4l env region HIV-1 subtypes from Turkana in northern Kenya. The sequences have
been indicated by codes TLHC and TKMH denoting Turkana Lobiding Health Centre and Turkana Kakuma Mission Hospital,
respectively. The A subtypes in this region clustered with references from Kenya; the C subtypes clustered with references from
Ethiopia, Djibouti, and Uganda; and the D subtypes from the region clustered with references from Uganda and Kenya as indi-

cated on the tree.

is displayed-in Figs. 1-3. The information available about the
study subjects is shown along with the subtype in Table 1. These
results indicate a different picture of HIV-1 subtypes in circula-
tion compared to other parts of Kenya where the dominant sub-
type in circulation is A (70%).

SEQUENCE DATA

GenBank accession numbers (listed in Table 1) for the env
gp4l sequences are AY697976-AY698021, AY694410-

AY694411, AY693585-AY693603, and AY705732-

AY705737.
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TABLE 1. INFORMATION ABOUT STUDY SUBJECTS
GenBank
D Year accession no. Age (years) Sex Subtype (env)
MYDHO012 2003 AY698019 32 F C
MYDHO13 2003 AY698011 2 F C
MYSLO032 2003 AY697991 50 F Al
MYDHO054 2003 AY698010 34 F C
MYDHO058 2003 AY698002 34 M C
MYDHO057 2003 AY698003 20 F C
MYDHO034 2003 AY698021 23 F Al
MYDHO035 2003 AY698004 25 F D
MYDHO038 2003 AY697981 28 F A
MYDHO55 2003 AY698009 32 M C
MYDHO59 2003 AY698008 34 F C
MYDHO025 2003 AY697978 21 F Al
MYSLO033 2003 AY697984 30 F Al
MYSLO31 2003 AY697986 44 M A
MYDHO023 2003 AY698018 7 M C
MYDHO022 2003 AY697988 50 F Al
MYDHO028 2003 AY698020 26 F Al
MYDHO027 2003 AY697980 32 M C
MYSL030 2003 AY697985 40 M C
MYDHO021 2003 AY697979 38 M D
MYDHO036 2003 AY697987 32 M A
MYDHO039 2003 AY697976 20 F C
MYDHO020 2003 AY697983 30 F Al
MYDHO38 2003 AY698005 28 F Al
MYDHO026 2003 AY697982 30 M Al
MYDH003 2003 AY697992 35 M C
MYDHO005 2003 AY697989 40 M C
MYDHO004 2003 AY697990 45 F C
MYDHO002 2003 AY697993 45 M C
MYDHO007 2003 AY697995 20 F C
MYDHO14 2003 AY697996 25 M C
MYDHO001 2003 AY697997 25 F C
MYDHO063 2004 AY698007 35 M Al
MYDHO16 2003 AY697998 46 M A
MYDHO15 2003 AY697994 41 M Al
MYDHO19 2003 AY698017 47 M Al
MYDHO18 2003 AY698016 42 M C
MYDHO006 2003 AY697999 32 M C
MYDHO09 2003 AY698001 32 M D
MYDHO041 2003 AY698014 56 M C
MYDHO11 2003 AY698015 30 F C
MYDHO040 2003 AY698013 27 F A
MYDHO042 2003 AY698012 32 F Al
MYDHO062 2004 AY698005 38 M D
MYDHO008 2003 AY698000 50 M C
TLHCO007 2003 AY693585 28 M Al
TLHCO014 2003 AY693588 33 M C
TLHCO018 2003 AY693587 39 F A
TLHCO024 2003 AY693589 24 M Al
TLHCO034 2003 AY693597 39 F D
TLHC040 2003 AY693596 34 13 D
TLHC004 2003 AY693591 28 F Al
TLHCO037 2003 AY693595 24 F Al
TLHC002 2003 AY693586 16 F Al
TLHC009 2003 AY693590 21 F D
TLHCO001 2003 AY693592 30 F A
TLHC101 2004 AY705733 24 M A
TLHC106 2004 AY705737 35 M Al
TLHC107 2004 AY705732 42 M A
TLHC109 2004 AY705734 45 F C
TLHCI111 2004 AY705735 46 M A
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INFORMATION ABOUT STUDY SUBIECTS (CONT’D)

GenBank

D accession no.

Subtype (env)

3

Age (years)
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From the trends of human immunodeficiency
virus (HIV) epidemics in South and Southeast
Asia, it was postulated that an HIV epidemic
would start as a blood-borne infection among
injecting-drug users in the Philippines. In 2002,
560 individuals were recruited in Metro Cebu,
Philippines and tested for HIV, hepatitis C virus
{HCV), and hepatitis B virus (HBV) infections. The
seroprevalence of anti-HCV among injecting-
drug users (70.1%, 61/87) was significantly higher
than those among inhalation drug users (16.3%,
7/43; P=0.00; OR = 12), sex workers (0%, 0/130;
P=0.00; OR = c0), antenatal clinic attendees (0%,
0/100; P=0.00; OR = c0), and students/health care
workers (2%, 4/200; P=0.00; OR = 115). The sero-
prevalence of HBsAg among injecting-drug users
{10.3%, 9/87) was significantly higher than those
among sex workers {2.3%, 3/130; P=0.01; OR=
4.9), and antenatal clinic attendees (3%, 3/100;
P=0.04; OR = 3.7), but was not statistically diffe-
rent from those among inhalation drug users
(9.3%, 4/43; P=0.9) and students/health care
workers (4.5%, 9/200; P=0.06). None of the study
population was reactive to anti-HIV antibody. The
HCV strains obtained from the injecting-drug
users belonged to either genotype 1a or 2b and
the strains in each genotype clustered closely to
each other. There was no dual infection with
genotype 1a and 2b. These results suggest that
the HCV infection in injecting-drug users may be
emanating rapidly from limited number indivi-
duals in Metro Cebu, Philippines. J. Med. Virol.
77:2217-226, 2005. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

The Philippines is one of the low prevalence countries
for human immunodeficiency virus (HIV). Based on the
AIDS registry of the Department of Health in the
Philippines, the total number of HIV cases has increased
but remained at low level at a cumulative total of 2,107
as of June 2004. The main mode of HIV transmission has
been reported to be heterosexual contact since 1984.
Although HIV-positive cases have appeared sporadi-
cally among sexually active populations such as sex
workers, no outbreak has occurred among them in this
country. However, wide-range HIV strains have been
introduced in the country, that is; five HIV-1 subtypes
(A, B, C, D, and F), a circulating recombinant form
(CRFO01_AE) [Paladin et al., 1998; Santiago et al., 1998;
Espantaleon et al., 2003], a recombinant strain (gag-A/
env-B) [Espantaleon et al., 2003]. Even HIV-2 [Leano
et al., 2003] has been identified. Among these, HIV-1
subtype B was the most predominant, followed by
CRF01_AE [Paladin et al., 1998; Santiago et al., 1998;
Espantaleon et al., 2003]. The low prevalence and the
variety of HIV strains in the Philippines indicate that
HIV has been imported mainly from abroad and the
gateway of HIV into the Philippines has been quite open.
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Therefore, the migration sites and the subsequent circu-
lation pathways of HIV have become one of the most
important concerns for the prevention of an AIDS
outbreak in the Philippines.

The past trend of HIV/AIDS outbreak in South and
Southeast Asia reported by the World Health Organiza-
tion (WHQ; HIV/AIDS in Asia and the Pacific Region
2003) and others [Ruxrungtham et al., 2004] have
implied that the Asian AIDS epidemic may start among
injecting-drug users with secondary new infections
become evident among sex workers. This is reasonable
when considering the fact that the probability of HIV
infection is 10-fold higher for transmission through
contaminated needle sharing than that through sexual
contact [Royce et al., 1997]. Therefore, it could be postu-
lated that an HIV outbreak would start as a blood-borne
infection among injecting-drug users in the low HIV-
prevalence countriesincluding the Philippines, and that
the HIV outbreak could be preceded by other blood-
borne infections, such as hepatitis C virus (HCV) and
hepatitis B virus (HBV) infections.

HIV, HCV, and HBV are the major blood-borne patho-
gens, which spread among injecting-drug users via
shared syringes and other injection devices [Lauer and
Walker, 2001]. The seroprevalence of HCV antibody
(anti-HCV) has been reported globally to be 65—-90%
among injecting-drug users [van den Hoek et al., 1990;
Chamot et al., 1992; Crofts et al., 1993; Van Ameijden
et al.,, 1998; Lauer and Walker, 2001; Soriano et al.,
2002] and 82.9-100% among HIV-infected injecting-
drugusers [van Asten et al., 2004]. However, the reports
on the prevalence and the characteristics of HCV and
HBYV have been limited in the Philippines. According to
the available data, the positive rate for anti-HCV was
2.2% (9/392 tested) and the same rate was also noted for
HBsAg among blood donors in 1990 [Arguillas et al.,
1991}, and anti-HCV was reported to be 4.6% (23/502
tested) among prison inmates [Katayama et al., 1996].

In this study, an HCV-epidemic site was identified in
the Philippines and the genetic links of the HCV strains
infecting injecting-drug users were analyzed to deter-
mine their migration site, circulation pathways, and the
speed of transmission.

MATERIALS AND METHODS
Subjects

From June to August 2002, 560 individuals were
recruited in Metro Cebu of the Philippines. Study
population was categorized into five groups; injecting-
drug users (n = 87), inhalation drug users (n=43), sex
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workers (n = 130), antenatal clinic attendees (n = 100),
and students and health care workers (n =200). Char-
acteristics of the study population are shown in Table I.
Injecting-drug users were from two areas; an urban area
where there was easy access to prohibited drugs and the
drug rehabilitation centers. Injecting-drug users were
identified by a pre-tested interview questionnaire con-
ducted by trained staff. All of the 560 participants
agreed to be part of the study after the researchers
explained the objectives and the conduct of the study,
and signified their intent to join the study by signing an
informed consent form.

Serological Testing

A total of 5-ml whole blood was collected from each
participant. Plasma was separated and subjected to
each test.

Determine HIV-1/2 (ABBOTT JAPAN, Tokyo, Japan)
and Determine HBsAg (ABBOTT JAPAN) were used for
the detection of anti-HIV antibody and hepatitis B sur-
face antigen, respectively. HCV PHA (Abbott Labora-
tories HCV 2nd Generation) was kindly provided by
Abbott, Japan, for research purpose and was used for the
detection of anti-HCV in this study. All the systems were
used according to the manufacturer’s instructions.

RNA Extraction, Reverse Transcription,
and Polymerase Chain Reaction (PCR)

HCV-RNA was extracted from 100 pl of plasma using
SMITEST EX-R&D (Genome Science Laboratories,
Fukushima, Japan), and reverse-transcribed according
to First-Strand ¢DNA Synthesis protocol (Invitrogen,
Carlsbad, CA) with antisense gene-specific primers,
hep32 (5'-GCDGARTACCTGGTCATAGC-3') for NS5B
regions of HCV genome. A part of NS5B region of HCV
gene was amplified by nested PCR with primers, hep31b
(5'-TGGGSTTCTCDTATGAYACC-3')/hep32 in the first
round, and hep33b (§'-AYACCCGMTGYTTTGACTC-
3)/hep34b (5'-CCTCCGTGAAKRCTCKCAG-3') in the
second round. Nested PCR was performed with 20 pl
reaction mixture containing 2.5 mM MgCl,, 200 uM each
dNTP, 0.5 uM primers, and one unit of Amplitaq Gold®
(Applied Biosystems, Foster City, CA). First-round PCR
was done with one cycle of 94°C for 10 min, and 35 cycles
0f 94°C for 30 sec, 55°C for 30 sec and 72°C for 30 sec with
a final extension of 72°C for 10 min. Second-round PCR
was done in the same condition except for the annealing
temperature at 60°C. PCR amplification was confirmed
by visualization with ethidium bromide staining of the
gel [White et al., 2000).

TABLE 1. Characteristics of Injecting- and Inhalation-Drug Users and Others

Population Tested (male/female) Mean age (range)
Injecting-drug users 87 (80/7) 30 (13-46)
Inhalation-drug users 43 (42/1) 29 (11-53)
Sex workers 130 (2/128) 25 (18-46)
Antenatal clinic attendees 100 (0/100) 26 (17-42)
Students/health care workers 200 (65/135) 31 (6-61)
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Genotyping

The PCR product was subjected to nucleotide se-
quence determination directly with the primers of
hep33b and hep34b for NS6B region. Some of the PCR-
products were cloned with TOPO TA cloning kit
(Invitrogen, Carlsbad, CA) and sequenced as described
previously [Thompson et al., 1994]. At least 11 clones per
sample were analyzed to investigate the possible co-
existence of different HCV genotypes.

The sample sequences were aligned with HCV se-
quences from the database in STD AIDS Cooperative
Central Laboratory (Manila, The Philippines) and HCV
sequence database (http:/gluttony.lanl.gov/content/
hev-db/combined_search/ search) by ClustalW with sub-
sequent inspection and manual modification [Thompson
et al,, 1994]. The frequency of nucleotide substitution
in each base of the sequences was estimated by the
Kimura two-parameter method. A phylogenetic tree was
constructed by the neighbor-joining method, and its
reliability was estimated by 1,000 bootstrap replica-
tions. The profile of the tree was visualized with the
program of Njplot [Perriere and Gouy, 1996].

Statistical Analysis

Prevalence data of HCV and HBV infection was
analyzed by x%test and P-value less than 0.05 was
considered to be significant.

RESULTS
Prevalence of HCV, HBV, and HIV Infections

Of the 87 injecting-drug users, 61 (70.1%) were
positive for anti-HCV. Twenty-eight of the injecting-
drug users were recruited from an area at the downtown
of Metro Cebu, and all (100%, 28/28) had anti-HCV. Of
the 43 inhalation drug users, only 7 (16.3%) had anti-
HCV. No one was positive for anti-HCV in the 130 sex
workers and the 100 antenatal clinic patients. Among
the students/health care workers (n = 200), only 4 (2%)
were positive for anti-HCV (Table II). Thus, the
prevalence of anti-HCV was significantly higher among
injecting-drug users than inhalation drug users (P=
0.00; Oddsratio (OR) = 12, 95% Confidence interval (CI):
5--31), sex workers (P = 0.00; OR = c0), antenatal clinic
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patients (P=0.00; OR = 00), and students/health care
workers (P=0.00; OR =115, 95% CI: 38-346), indicat-
ing that injecting-drug use is associated significantly
with HCV infection.

The seroprevalence of HBsAg among injecting-drug
users (10.3%, 9/87) was significantly higher than that
among sex workers (2.3%, 3/130; P=0.01; OR=5, 95%
CI: 1-19) and antenatal clinic attendees (3.0%, 3/100;
P=0.04; OR=4, 95% CI: 1-14), but not than that
among inhalation drug users (9.3%, 4/43; P=0.9) and
students/health care workers (4.5%, 9/200; P =0.06)
(Table II).

HIV antibody was not detected in any of these groups
(Table II).

Seven (8%) of the 87 injecting-drug users were dually
positive for HBsAg and anti-HCV. Among other popula-
tion groups, there was no dual positive case.

HCV Genotypes

Of the 61 injecting-drug users positive for anti-HCV
(Table IT), 52 samples were available for further analysis
and 38 samples were positive by PCR with NS5B pri-
mers. Twenty-three of the PCR-positive samples were
selected random and were subjected to nucleotide
sequencing. The PCR products were directly sequenced
and analyzed phylogenetically. A phylogenetic tree
(Fig. 1) based on NS5B sequences (nucleotides, 7,975—
8,196 [Choo et al., 1991]) showed two HCV genotypes, 1a
and 2b. Of the 28 HCV strains examined, 15 clustered
significantly with genotype 1a reference sequences (with
bootstrap value 97%), and most of them sub-clustered
together, while two strains (02dx02 and 02du98) did not.
The remaining eight clustered significantly with geno-
type 2b reference sequences and formed a significant
sub-cluster (with bootstrap value 96%), suggesting that
the source of HCV 2b circulation among the injecting-
drug users in Metro Cebu is limited and 02du49 could be
a founder strain (Fig. 1).

Heterogeneity of HCV Strains in an
Injecting-Drug User
To investigate the possible co-existence of different
HCV genotypes in injecting-drug users, the PCR pro-
ducts of randomly selected 9 strains (5 genotype la

TABLE II. Seroprevalence of Hepatitis B Virus, Hepatitis C Virus, and HIV Infections
among Selected Population in Metro Cebu

Positive cases (%) for:

Population Tested HBsAg Anti-HCV Anti-HIV

Injecting-drug users 87 9 (10%) 61 (70) 0
Downtown of Metro Cebu® 28 3(11) 28 (100) 0
Drug rehabilitation centers 59 6 (10) 33 (56) 0

Inbalation drug users® 43 4(9.3) 7 (16) 0

Sex workers 130 3(2.3) 0 0

Antenatal clinic attendees 100 3(3.0) 0 0

Students/health care workers 200 9 (4.5) 4 (2.0) 0

8Clients from the downtown of Metro Cebu (n = 28) were all injecting-drug users.
bAll the inhalation-drug users were from drug rehabilitation centers.



224

GBV-B

Agdamag et al.

{79

L23471-5a
L23475-6a

42

— L23461-3a

b—— D17763-3a

AF279121-3b

—_—
b D49374-3b

43

D49761-2e
— 7RB-2
b 123457-2c

84

96

AF037251-2
02ES

L23450-2a
AF071954-2b N

L23447-1¢c

AF516033-2b
P

2b

02RN

84

49

97

93

0.1

Fig. 1. Phylogenetic trees of 23 HCV strains (highlighted in the
boxes) from injecting-drug users in Metro Cebu and 31 HCV strains
from other area of the Philippines, performed on 227 nt within the
NS5B region by the neighbor-joining method with GBV-B (accession
no. NC 001655) as an outgroup. Analyzed samples were indicated with
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Rapid HCV Transmission in the Philippines

strains: 02dz02, 02ccdm6, 02cemk?2, 02du98, and
02qq01; and 4 genotype 2b strains: 02ww8, 02ccdq4,
02ccdqb, and 02du49) were cloned. At least 11 clones per
sample were sequenced in the regions of NS5B and
analyzed phylogenetically. Phylogenetic trees based on
NS5B sequences showed that nucleotide sequences of all
the clones in each individual were homogeneous, and co-
existence of genotype 1a and 2b were not observed.

DISCUSSION

In the current study, it was found that an HCV
infection was epidemic in Metro Cebu of the Philippines,
where 70% of injecting-drug users were positive for anti-
HCV. The prevalence of anti-HCV among injecting-drug
users has been reported to be 65-90% globally [van den
Hoeket al., 1990; Chamot et al., 1992; Crofts et al., 1993;
Van Ameijden et al., 1993], and that of Metro Cebu in our
study was consistent with previous reports. Despite the
high prevalence of anti-HCV positive cases among the
tested injecting-drug users, HIV infection was not
observed.

Like most RNA viruses, HCV exhibits genetic hetero-
geneity [Bukh et al., 1995; Zuckerman and Zuckerman,
1995], which has been reported even within the same
individual [Houghton et al., 1991; Okamoto et al., 1991;
Chen et al., 1992; Martell et al., 1992; Higashi et al.,
1993]. In our study, two HCV genotypes, 1a and 2b were
circulating among injecting-drug users in Metro Cebu,
and each injecting-drug user had homogeneous HCV
population regardless of the genotypes. These results
suggest that these HCV strains have been introduced
recently into injecting-drug users in Metro Cebu and
spread rapidly among them. However, the origins have
not been specified yet and further investigation is
required.

The rate of HBsAg was found to be from 2% to 10%
among the different population groups in Metro Cebu.
However, there was no significant difference in the
seroprevalence of HBsAg between injecting-drug users
and inhalation drug users (P=0.85). This may be
because newly acquired HBV results in acute infection,
needle sharing among injecting-drug users may not
contribute to the increase in the HBV chronic infection,
and HBV antigen carrier state may mainly be induced
by vertical infections. For the further discussion, the
detection of anti-HBs antibody will be required.

The Philippines and Indonesia are both island coun-
tries and have similar distances fromn Thailand and
Cambodia where HIV infection is most prevalent in
Asia, By the year 1999, Indonesia had been considered to
be one of the low and slow HIV prevalence countries like
the Philippines. However, in late 2000, sharp increase in
HIV prevalence among injecting-drug users (up to over
35% in Jakarta) was noted (HIV/AIDS in Asia and the
Pacific Region 2001, WHO). This increasing trend of
HIV prevalence was also noted among blood donors,
thereafter, suggesting that the use of contaminated
needle sharing (causing HCV infection) triggered an
AIDS outbreak before the increase in the number of
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HIV-infections through sexual transmission. As seen in
Indonesia, HIV spreads first among injecting-drug
users, followed by sex workers in other Asian countries
especially if drug users are the clients of sex workers
[Ruxrungtham et al., 2004]. However, it seems that HIV
has not yet spread extremely through the blood-borne
pathway in the Philippines. As shown in this study, HIV
infection was very rare even among HCV-positive injec-
ting-drug users. However, convincing evidence will be
required by the further analyses with increasing the
number of subjects and in geographically different
places in the Philippines. Although HIV is of low
prevalence, the rapid spread of HCV infection indicates
that the injecting-drug users can be at highest risk in
causing an AIDS epidemic in this country.

In this study, it was demonstrated that the HCV
infection clustered among injecting-drug usersin Metro
Cebu of the Philippines. HCV infection seemed to be
spreading rapidly among injecting-drug users from
limited sources. Further studies must be conducted to
identify the migration site(s) and the subsequent
circulation mode of HCV infection more precisely, which
can serve as a model for probable migration sites of HIV
infections at an early phase of a possible ATDS epidemic
in the Philippines.
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