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one LTR-circular HIV-1 DNA with or without two
LTR-circular types in 11 of 15 patients in whom real-
time PCR showed that intracellular HIV-1 DNA levels
were detectable. However, no circular HIV-1 DNA was
detected in the remaining 4 patients who were judged
positive by real-time PCR (Table 2). In contrast, as pre-
dicted, no circular form HIV-1 DNA was detected
among the patients who were judged negative by real-
time PCR except patient 17. Circular HIV-1 DNA was
detected at a rate of 100% in the group with the highest
plasma viral load (>10° copies/ml), with the lowest
CD4* cell count (<200 cells/ul), and with the highest
intracellular HIV-1 DNA levels (>10* copies/10° cells)
(Table 4).

Discussion

‘We measured HIV-1 DNA copy numbers in CD4" T
lymphocytes from 21 therapy-naive patients using real-
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Fig. 2. Detection of unintegrated 1LTR and 2LTR circular HIV-1
DNA in 21 therapy-naive patients. Moli4 cells were used as neg-
ative control (NC) and Moli4-1IIB cells persistently infected
with HIV-1 IIIB were used as positive control (PC). Products of
PCR electrophoresed in 1% agarose gels were visualized by
staining with ethidium bromide.

time PCR with the Roche LightCycler system. The
lower limit of detection was 200 copies/10° cells. The
intracellular HIV-1 DNA copy numbers ranged from
below detectable levels to 98,120 copies/10° cells. This
distribution was similar to those reported by Désiré et al.
(7), Andreoni et al. (1) and Riva et al. (15). Although
the number of patients studied might be insufficient to
statistically determine an association between plasma
HIV-1 viral load and levels of HIV-1 DNA, we identi-
fied a weak positive relationship. The key point was
the demonstration of the presence of CD4™ T lympho-
cytes containing a minimal level of HIV-1 DNA in 6 of
21 therapy-naive patients despite high levels of viral
load ranging from 8,800 to150,000 copies/ml. There-
upon, we evaluated the tropism of plasma HIV-1 RNA
of these viruses by sequencing the env V3 regton. Inall
cases, the determined tropism was M-tropic suggesting
that viral replication is actively ongoing in target cells of
M-tropic HIV-1. In contrast, HIV-1 infection in CD4" T
lymphocytes was not widely established. Current belief
is that M-tropic HIV-1 predominantly replicates in
patients at the first stage of infection, followed by an
increase in T-tropic HIV-1 variants as reported by
Schuitemarker et al. (16). According to this model, the
very low level of HIV-1 DNA in the CD4" T lympho-
cytes found in this study might reflect the infection
stage where almost all CD4" T lymphocytes remain
free from HIV-1. Circular HIV-1 DNA was unde-
tectable in most such patients, supporting this notion
because this molecular species of HIV-1 DNA reflects
active reverse transcription and replication.

From this viewpoint, the HIV-1 DNA copy number in
CD4* T lymphocytes could be a new indicator of the
clinical status of HIV-1 infection in therapy-naive
patients. In addition, the delayed HIV-1 infection of
CD4" T lymphocytes could provide new insights into
anti-HI'V-1 therapy. Selective therapy against M-tropic

Table 4. Detection rate of circular HIV-1 DNA in iherapy-nafve patients classified as three categories

Categories Detectica rate of circular HIV-1 DNA
CD4" cell count (cells/pl)

<200 4/4 (100%)

200-350 6/10 (60%)

>350 2/7 (28.6%)
Plasma HIV-1 RNA (copies/ml)

<50,000 3/9 (33.3%)

50,000-100,000 2/5 (40.0%)

>100,000 717 (100%)
Intracellular HIV-1 DNA (copies/10° cells)

<DL 1/6 (16.7%)

200-10,000 7/11 (63.6%)

>10,000 4/4 (100%)
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HIV-1 might retard HIV-1 infection of CD4"* T lympho-
cytes, delaying or preventing subsequent formation of a
lymphocytic HIV-1 reservoir.

This study was partly supported by Health Science Research
Grants for HIV/AIDS (H15-AIDS-015 to TK) and Grants for
Collaborative Study of National Hospitals for AIDS Treatment
(Publ2-2 and Publ14-1 to TK). K. Wada was and H. Nagai is a
research resident of the Japanese Foundation for AIDS Preven-

tion.
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We have compared nucleotide substitutions and polymorphisms at codons known to confer drug resistance
in subtype B strains of human immunodeficiency virus type 1 (HIV-1) with similar substitutions in viruses of
other subtypes. Genotypic analysis was performed on viruses from untreated individuals. Nucleotide and
amino acid diversity at resistance sites was compared with a consensus subtype B reference virus. Among pa-
tienis with non-subtype B infections, polymorphisms relative to subtype B were observed at codon 10 in pro-
tease (PR). These included silent substitutions (CTC—CTT, CTA, TTA) and an amino acid mutation, L10I.
Subtype A viruses possessed a V1791 substitution in reverse transcriptase (RT). Subtype G viruses were iden-
tified by silent substitutions at codon 181 in RT (TAT—TAC). Similarly, subtype A/G viruses were identified
by a substitution at position 67 in RT (GAC—GAT). Subtype C was distinguished by silent substitutions at
codons 106 (GTA—GTG) and 219 (AAA—AAG) in RT and codon 48 (GGG—GGA) in PR. Variations relative
to subtype B were seen at RT position 215 (ACC—ACT) for subtypes A and A/E. These substitutions and
polymorphisms reflect different patterns of codon usage among viruses of different subtypes. However, the
existence of different subtypes may only rarely affect patterns of drug resistance-associated mutations.

The advent of highly active antiretroviral therapy (HAART)  mutational sites among subtype B viruses with the same loci in
has helped to stabilize the progression of human immunode- other viral subtypes. The results illustrate the likelihood that
ficiency virus type 1 (HIV-1) disease in Western countries (19). the development of drug resistance among various HIV-1 sub-
However, most current knowledge of HIV pathogenesis and  types may involve different amino acid substitutions and that
responsiveness to antiretroviral therapy is based on work car- certajn of these changes may result in a variety of phenotypes
ried out with subtype B viruses, while relatively little informa- with regard to the ability of such mutations to confer resistance
tion is available with regard to other viral subtypes (13). At the against individual drugs. This subject is likely to gain in impor-
same time, global rates of infection attributable to viruses of  tance as more is learned about HIV genomic diversity at re-
other subtypes (A to K) are rapidly increasing (3, 6, 23; K. sistance-conferring genomic sites among various subtypes of
Fransen, A. Buve, J. N. Nkengasong, M. Laga, and G. van der HIV-1.

Groen, Letter, Lancet 347:1403, 1996). There is also evidence

for the increased prevalence of non-subtype B infections in i WTERIALS AND METHODS.

Western countries as well as infections caused by recombinant Patients. Th.e chmc.al 1solates'employed in this study mclude.d plzfsma samples
. . . . from ARV-naive patients provided to our laboratory from sites in Botswana,

viruses mVOIVmg subtype B and other viruses (18)' Kenya, Cote d’Ivoire, Japan, Canada, and Israel (in the final case, the samples

Drug resistance testing has assumed an important role in evaluated were from patients who had emigrated from Ethiopia). In all instances,

HIV therapeutics, yet little information is available with regard ~ samples were obtained with informed consent.
To assist in our analysis of viruses of subtypes A/E, D, G, and A/G, we also

to the potential effect of subtype diversity on both drug resis- 10 ! ! ) °
tance and responsiveness to antiviral therapy (13)- studied sequences derived from viruses oii untreated patients that are available
o d through the Los Alamos database (http://hiv-web.lanl.gov). We searched only for

Our goal was to analyze genomic diversity at a number of those mutations relevant to gag-pol from among non-subtype B viruses derived
sites known to be associated with resistance to each of the from untreated patients. However, some sequences could not be analyzed due to

three major families of antiretroviral drugs (ARVs), i.e., nu- problems of alignment and were excluded. We also analyzed plasma subtype B
viral isolates from 50 drug-naive individuals monitored in our clinics. To limit the

cleoside reverse transcriptase inhibitors (NRTIs), nonnucleo- - - - .

. . . effect of transmission of drug resistance mutations from treated patients, the

side reverse transcriptase inhibitors (NNRTIS)’ and protease presence of more than one major drug resistance-associated mutation in the

inhibitors (PIs). This analysis involved a comparison of known absence of treatment represented an exclusion criterion. As a result, 12 patients

were excluded from the control group. Among them, seven harbored NNRTI-

associated mutations, nine harbored thymidine analogue mutations, four pos-

* Corresponding author. Mailing address: 3755, Chemin de la Cote sessed the mutation M184V, and six harbored Pl-associated mutations. Among

Ste-Catherine, Montréal, Québec H3T 1E2, Canada. Phone: (514) the nonexcluded patients, one harbored an L33 mutation, two possessed an
340-8260. Fax: (514) 340-7537. E-mail: mark.wainberg@mcgill.ca. AT1T mutation, and four harbored an A71V mutation.
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Sequencing of the RT and PR genes. To sequence the RT and PR genes, RNA
was extracted from plasma viruses using the QlAamp kit and RNA products
were amplified by PCR. The sequencing of DNA products was carried out using
kits (TruGene) obtained from Bayer Diagnostics Inc. (Toronto, Canada) as
described-in detail elsewhere (21). Sequencing of both the RT and PR genes also
enabled us to determine the subtypes of viral isolates in concert with the Stanford
database (http://hivdb.stanford.edu/). Nucleotide and amino acid genomic diver-
sity at resistance sites in the various viral isolates was compared with a consensus
subtype B reference virus (http://hiv-web.lanl.gov). The list of resistance sites that
were analyzed is as follows: NRTIs: 41, 44, 62, 63, 65, 67, 69, 70, 74, 75, 77, 115,
116, 118, 151, 210, 215, and 219; NNRTTs: 100, 101, 103, 106, 108, 179, 181, 188,
190, 225, 230, and 236; Pls: 10, 20, 24, 30, 32, 33, 36, 46, 47,48, 53, 54, 71, 73, 77,
82, 84, 88, 89, and 90.

Sequence data. GenBank accession numbers for subtype A/E isolates from
Japan are AY211945 to AY211947. Accession numbers for subtype C viruses
from Botswana are AF492600 to AF4926004. Accession numbers for subtype C
viruses from Ethiopia are AF492618 to AF492622.

GenBank accession numbers from Los Alamos database. (i) Subtype AE.
GenBank accession numbers for subtype AE were as follows: AB070352, AB097872,
AF164485, AF170545, AF170548, AF170549, AF197339, AF197340, AF259954,
AF259955, AY008714, AY 125894, U51188, U51189 U54771, and AF197338.

(ii) Subtype D. GenBank accession numbers for subtype D were as follows:
AJ320484, K03454, M22639, M27323, US8824, USS822, AJ519489, A1519488,
AJ488926, and AJ488927.

(iii) Subtype G. GenBank accession numbers for subtype G were as follows:
AF061642, AF423760, AF450098, and U88826.

(iv) Subtype AG. GenBank accession numbers for subtype AG were as follows:
AB049811, AB052867, AF063223, AF063224, AF184155, AJ251056, 139106,
and AY271690.

Statistical analysis. Fisher’s exact test was employed to compare rates of
mutational prevalence among the different subtypes.

RESULTS

Analysis of mutational variations among different vixral sub-
types from different countries. We analyzed 105 HIV-1 se-
quences of non-subtype B origin from a variety of countries; of
these sequences, 38 are present in the Los Alamos database.
The distribution of the different subtypes and circulating re-
combinant forms of these viruses was as follows: subtype A
(n = 20) (Canada, Kenya, and Cote d’Ivoire), A/E recomnbinant
viruses (1 = 20) (Canada, Japan, Thailand, China, and Central
African Republic), subtype C (n = 32) (Canada, Kenya, Bots-
wana, and Ethiopia), subtype D (2 = 12) (Canada, Chad, Ken-
ya, and Japan), subtype G (1 = 7) (Canada, Sweden, Nigeria, and
Spain), and A/G recombinant viruses (n = 14) (Canada, Cam-
eroon, Cote d’Ivoire, Ghana, Senegal, Nigeria, and France).

Prevalence of substitutions and mutations at resistance
sites in montreated patients. This work focused on differences
in baseline nucleic acid sequences and amino acids between
subtype B isolates and viral isolates from patients infected with
viruses of non-B subtypes. The distribution of changes relative
to subtype B at resistance sites is shown in Table 1. However,

it is important to realize that the substitutions that were com- .

monly observed among non-B subtypes were also present in a
reduced proportion of subtype B viruses; this information is
also shown in Table 1.

Indeed, only eight polymorphisms with the potential to yield
changes in amino acid (Table 1) were seen in non-subtype B
viruses relative to subtype B, and only three of these, i.e.,
V1791 in RT and K20I and V821 in PR, yielded a different
amino acid in a significant number of cases. Moreover, these
eight polymorphisms tended to be restricted to only one or two
viral subtypes. This indicates that even at most positions con-
sidered in Table 1, polymorphisms unique to non-B viruses
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that affect the structure of the target enzymes through amino
acid differences are rare.

NRTIs. At position D67, a GAT codon was found to encode
D in 78% of subtype A/G viruses, whereas GAC was predom-
inant in the other subtypes. Although K70 is encoded by AAA
in almost all subtype B isolates (i.e., >92%), a different codon
is generally responsible for encoding K in subtype C and D
viruses (>80% express AAG). Also, at codon K219, AAA in
subtype B is replaced by AAG in 81% of subtype C viruses.
Similarly, ACC is the codon that resuits in T215 in 86% of
subtype B viruses, whereas ACT encodes T215 in 75% of
subtype A and all recombinant A/E viruses.

NNRTIs. V106 is encoded by GTG in 97% of subtype C and
42% of subtype D viruses. All of these subtype D viruses
originated from Chad (Table 2). Three patterns were observed
with regard to position V179, with GTG shown to encode this
amino acid in >70% of subtype A/G and G viruses and 4% of
subtype B viruses. GTC was identified in 89% of subtype C
patients from Botswana but in only 41% of all subtype C
samples and in only two samples from subtype B patients
(Table 2). V1791 has specificity for group A and is present in
75% of these samples. A TAC codon that encodes Y (Y181)
was observed in all G patients and in 78% of these with A/G
recombinants. In contrast, the codon responsible for Y181 in
almost all B, C, and A/E viruses was TAT. A silent nucleotide
substitution at position P225 (CCT—CCC) was found in 66%
of subtype C viruses and in 20% of subtype B viruses. F227 is
encoded by TTT in 67% of non-B subtypes and in only 18% of
subtype B viruses.

PR. At position L10, a CTC codon was found to encode L in
>80% of subtype B viruses, whereas CTT was predominant in
non-B subtypes. Similarly, AAA was found to encode K20 in
44% of non-B subtypes while AAG predominated in the case
of subtype B. However, among subtype G and A/G viruses, the
polymorphism K201 was predominant. At position M36, most
non-B subtypes possessed an 136 polymorphism. A nucleotide
substitution at position 48 (GGG—GGA) was present in 84%
of subtype C viruses and was present in 12% of subtype B
viruses. Among subtype C viruses, a dichotomy was observed
between viruses of Ethiopian versus non-Ethiopian origin, with
ATT being present at position 54 in almost 100% of the former
isolates but in relatively few of the latter, in which ATC was
predominant (Table 2). Since both ATC and ATT encode I,
the significance of this polymorphism is not apparent, although
it may suggest a common ancestral variant for Ethiopian iso-
lates, perhaps related to a founder effect. A V82I polymor-
phism was observed in 86% of subtype G viruses.

Genetic barrier for resistance. To ascertain whether differ-
ent coding sequences in non-subtype B viruses could influence
the genetic barrier for resistance to certain drugs, we analyzed
the numbers of nucleotide transitions or transversions needed
to obtain a known resistance mutation in viruses of different
subtypes (Table 3). In subtype C, the V106M mutation in RT
that confers resistance to efavirenz (EFV), nevirapine (NVP),
and delevaridine (DLV) is facilitated by a single transition
(GTG—ATG), compared to two transitions needed in viruses
of other subtypes (GTA—ATG) (transitions are underlined).
Two transitions are needed in subtype G viruses to obtain the
secondary NNRTI resistance mutation, V108I, compared to
only one transition in other subtypes. In subtypes G and AG, a
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NUCLEOTIDE SUBSTITUTIONS IN NON-B HIV-1 SUBTYPES

TABLE 1. Prevalence of nucleotide changes observed between subtype B and other subtypes in nontreated patients

2995

Nucleotide

Prevalence of nucleotide substitutions (%) in viral subtype®:

Subtype B . .
Codon refggnce A;lilgo substitutjon in ':I:‘.';,O B A AJE C D G AJG
sequence non-B viruses (n=50) (=20 @=2) @=32) @=12) @=7) (@=14)
NRTI related
62 GCC A GCT A 24 20 80** 13 33
65 AAA K AAG K 4 47%*
67 GAC D GAT D 6 14 78%*
69 ACT T ACC T 8 70%* 17
70 AAA K AAG K 12 81** 92%#
74 TTA L TG L 0 57%*
77 TTC F TIT F 10 33
115 TAT Y TAC Y 4 42
116 TIT F TTC F 4 8
118 GTT v ATA I 0 8 28
151 CAG Q CAA Q 24 50
210 TTG L CTG L 0 14
210 TTG L TTA L 22 8 28
215 ACC T ACT T 14 75%* 100** 7
219 AAA K AAG K 2 81*=
NNRTI related
98 GCA A GCG A 0 60%* 5 6 42* 43*=
98 GCG A TCG S 0 28
98 GCA A TCA S 26 9
100 TTA L CTA L 2 55%= 25% 3 42* 42*
100 TTA L CIG L 0 50%*
1066 GTA \" GTG \Y% 0 97%* 42%*
108 GTA \' GTG \% 2 5 42%
179 GTT v GTC \% 14 41*
179 GTT v GTG v 4 71* 78%*
179 GTT \'% ATT 1 2 5% 15
181 TAT Y TAC Y 4 5 3 100** 8=
225 CCT P cccC P 20 5 66 25 7
227 TTC F TIT F 18 55* 10 100*+ 100%* 14 g3%#
PI related
10 crc L CIT L 6 70%* 65%* 97%* 66%* 14
10 CTC L CTA L 4 71* 7
10 CTC L TTA L 2 64%*
10 CcTC L ATT/A I 10 5 20 28
20 AAG K AAA K 2 75%* 80** 25 50** 14
20 AAG K ATA 1 0 86** 100%*
20 AAG K AGA/AGG R 0 5 5 19
48 GGG G GGA G 14 84¥* 7
54 ATC 1 ATT 1 4 5 25 7
71 GCT A GCC A 4 64*
73 GGT G GGG G 0 28
82 GTC v ATC 1 0 5 3 86%* 7
88 AAT N AAC N 8 40* 5 9
90 TG L TTA/CTG L 4 15 7

7 Letters in boldface type refer to amino acid changes. Los Alamos database data include information derived from 16, 10, 4, and 8 patients with subtype A/E, D,

G, and A/G infections, respectively.
5 Symbols for statistical significance: *, P < 0.05; **, P < 0.01.

single transversion can result in a V179E mutation (GTG—
GAG) compared to two transversions in viruses of other sub-
types (GTT—GAG or GAA). In contrast, viruses of subtype A

that possess a V1791 polymorphism require both a transition’

and transversion to yield the V179D resistance mutation
(ATT->GAT), compared to only a single transversion in sub-
type B viruses (GTT—GAT). In PR, the V82S/T resistance
mutations may be facilitated by a V82I polymorphism in sub-
type G viruses compared to viruses of subtype B. In contrast,
V82A may be facilitated in subtype B. The prevalence of dif-
ferences at position 210 in RT and that at positions 73 and 90
in PR were too low for analysis.

At other positions, at which nucleotide substitutions oc-
curred with high prevalence; no differences were observed be-

— 83

tween subtype B and other viruses with regard to the number
of transitions or transversions needed to generate a specific

resistance-associated mutation.

As shown in Table 1, the changes at positions 74, 98, 100,
and 106 in RT and 20 and 82 in PR were prevalent in non-B
subtypes relative to subtype B. Among these substitutions, only
those at positions 74 and 106 in RT and 82 in PR are located
In proxirzity to the active sites of these enzymes (http://hiv-web

Janl.gov).

DISCUSSION

HIV-1 group M subtype nucleotide diversity in the Env
protein can range between 20 and 30%. With regard to Gag,
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TABLE 2. Substitutions in subtype C and D viruses relative to subtype B based on country of origin
No. of patients with indicated nucleotide substitution
Subtype Origin PR 1541 RT
(ATC—ATT) AG62A F77F V106V V179V
(GCC—GCT) (TTC—TTT) (GTA-GTG) (GTT—GTC)
C Botswana (1 = 9) 0 0 0 6 8
C Ethiopia (1 = 6) 6 0 0 6 0
C Other” (n = 17) 2 0 0 1 5
D Chad (n = 4) 0. 4 4 4 0
D Other” (n = 8) 0 1 0 1 0

“ Viruses of subtype C origin from countries other than Botswana or Ethiopia.
® Viruses of subtype D origin from sources other than Chad.

variability ranges between 10 and 15% (4) and divergence at
the pol gene is ~10%. Our group has previously characterized
subtype variation at known resistance sites with regard to sub-
type B and C viruses (16). In the latter study, we analyzed
nucleotide substitutions and amino acid diversity at codons
known to confer resistance in each of the PR and RT regions,
while other studies had only analyzed amino acid variability in
this context (12, 14).

Non-B subtypes were defined as a group as having a poly-
morphism at codon 10 in PR, an M36I substitution in PR, and
a polymorphism at codon 227 in RT. Subtype A was identified
by a V1791 polymorphism in RT. Subtype G and A/G viruses
were identified by a silent substitution at codon 181 in RT.
Similarly, subtype A/G viruses were identified by a substitution
at position 67 in RT. Subtype C was distinguished by silent
substitution at codons 106 and 219 in the RT region and codon
48 in PR. Interestingly, two subgroups were recognized within
subtype C. The first included viruses from patients of Ethio-
pian origin with a specific nucleotide substitution at codon 54
in the PR region. The other subgroup included patients from
Botswana with a specific nucleotide substitution at codon 179
in RT that is different from previously identified changes at this
codon. In addition, three subtype C viruses from Kenyan pa-
tients did not harbor these two nucleotide substitutions. Poly-
morphisms that were specific to a geographic region were also
observed in subtype D viruses from Chad, which contained
substitutions at positions 62, 77, and 106 (similar to subtype C
viruses) in RT. This suggests the possibility of different ances-
tral variants for viruses of each subgroup.

We previously described a V106M mutation in samples from
three patients infected with a subtype C virus who had failed
therapy with EFV (5), and others have now shown that this
mutation is also seen in subtype C viruses derived from pa-
tients who failed therapy with NVP (17). V106M has also been
selected in vitro by EFV in subtype C viruses and confers
high-level cross-resistance to all three currently approved
NNRTIs (5). The selection of this mutation in subtype C vi-
ruses results from a single nucleotide change from wild-type in
subtype C viruses (GTG—ATG). In addition, a G—A nucle-
otide transition is facilitated in this circumstance.

Interestingly variability in codon usage at position V106
between subtype B (GTA) and subtype C (GTG) occurs at the
third position in the triplet; third positions rarely have an
impact on mutagenesis. The importance of the V106M substi-
tution with regard to subtype C viruses has been confirmed by
other groups that also rarely reported the presence of this
mutation in subtypes other than C (Z. Grossman, V. Istormin,
D. Averbuck, I. Levy, K. Risenberg, M. Chowers, E. Shahar,
M. Lorber, E. Mendelson, D. Ram, Z. Kra-Oz, M. Burk, Z.
Bentwich, S, Maayan, and J. M. Shapiro, Abstr. 10th Conf.
Retroviruses Opportun. Infect., abstr. 624, 2003). As a result,
V106M is now reported as an NNRTI resistance-conferring
mutation in most algorithms to complement V106A, which is
associated with resistance to NVP. Interestingly, variants at
position 103 other than K103N (K103S/H/T) may also confer
reduced susceptibility to NNRTIs [P. R. Harrigan, B. Wyn-
hoven, J. Montaner, P. McKenna, and L. Bacheler, abstract

TABLE 3. Codons at which differences exist between subtype B and non-B viruses

Wild-type Wild-type

. Amino acid . Amino . Amino Mutated Resistant d
Region position sﬁgfyose lg,, acid Subtype(s) co;j:‘;lt;;engn- acid” codon® amino acid Drugs affected

RT 106 GTA v (o) GTG v ATG* M EFV, NVP, DLV
108 GTA A% G GTG v ATA 1 EFV, NVP
179 GTT A% G, AIG GIG v GAG or GAA E EFV, NVP, DLV
179 GIT v A ATT 1 GAT or GAC D EFV, DLV

PR 20 AAG K A,AE AAA K ATG M IDV, RTV, LPV, ATZ, TPV
82 GTC \Y G ATC I GCC A Multi-PI
82 GTC \% G ATC I TCC or AGC S Multi-PI
82 GTC A% G ATC 1 ACC T Multi-PI

“The underlined nucleotides represent transitions or transversions from wild type to nucleotides that code for a resistance-associated amino acid.

" Presumed polymorphism.
¢ Nucleotides that encode resistance-associated amino acids.

9 Abbreviations: DLV, delevaridine; IDV, indinavir; RTV, ritonavir; LPV, lopinavir; ATZ, atazanavir; TPV, tipranavir.

¢ Differences in numbers of nucleotide changes needed to mutate a particular dr

ug resistance-associated amino acid. Only frequently observed mutations are shown.
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from the XII International HIV Drug Resistance Workshop
2003, Antivir. Ther. 8(Suppl. 1):8120, 2003].

The present study also suggests several other possible dif-
ferences between viral subtypes with regard to nucleotide tran-
sitions and transversions at known drug resistance sites. A
good example is the NNRTI mutation V179D/E, which may be
differentially selected in subtypes G, A/G, and A compared to
B. In contrast to V106M, however, 179D/E confers only low-
level resistance to NNRTIs. The secondary NNRTI mutation,
V108], may be facilitated in subtype B viruses compared to
subtype G. In PR, V82A/S/T may be differentially selected
compared to subtype B, because of a V821 polymorphism in
the former.

Among polymorphisms unique to non-B subtypes, there are
only a limited number of codon positions that might affect
enzyme structure. For example, position 82 in PR is in close
proximity to the active-site Asp 25 in the normally folded PR,
and mutations in this region might compromise substrate-en-
zyme contact sifes (24). In contrast, position 20 in PR is located
outside the active site. In RT, positions 74 and 106 are close to
the active site but positions 98 and 100 are not (http:/hiv-web
danl.gov). Thus, the opportunity for significant differences
among viral subtypes with regard to resistance appears to be
limited.

In general the effect of subtype diversity on virological re-
sponse to therapy, as well as the development of both pheno-
typic resistance and resistance-conferring mutations, is still
a topic of conjecture (11). Other groups have shown differ-
ences in resistance profiles among subtypes. Among nelfinavir-
treated patients, D30N substitutions are apparently present
less frequently in non-subtype B viruses than in subtype B
[Z. Grossman, E. Paxinos, D. Auerbuch, S. Maayan, N. Parkin,
D. Engelhard, M. Lorber, E. Kedem, F. Mileguir, N. Vardinon,
Z. Bentwich, C. Petropoulos, and J. M. Schapiro, abstract from
the XI International HIV Drug Resistance Workshop 2002,
Antivir. Ther. 7(Suppl. 1):530, 2002). In addition, a specific
mutation at position 88 in A/E circulating recombinant forms
has been reported in nelfinavir-treated persons [K. Ariyoshi,
M. Matsuda, H. Miura, K. Yamada, N. S. Hellmann, and W.
Sugiura, abstract from the XI International HIV Drug Resis-
tance Workshop 2002, Antivir. Ther. 7(Suppl. 1):5150, 2002].
In vitro studies that characterized the enzymatic activity of PR
enzymes containing different PI polymorphisms commonly
seen in subtypes A and C suggest that the latter may amplify
the effect of drug resistance mutations (25). Specific subtype C
and intra-C subtype resistance mutations and polymorphisms
have also been reported (14, 22), and 55% of group O viruses
have a naturally occurring resistance mutation with regard to
NNRTIs, ie., Y181C (7).

Analysis of a large database that included 1,240 non-B-
infected persons revealed that virtually all drug resistance mu-
tations known to occur in subtype B can also be found in non-B
isolates. However, differences among non-B subtypes were
present in untreated individuals, and these included character-
istic polymorphisms [R. Kantor, D. Katzenstein, M Gonzales,
S. Sirivichayakul, P. Cane, C. Pillay, J. Snoeck, Z. Grossman,
A. M. Vandamne, L. Morris, D. Pillay, P. Phanuphak, J. M.
Schapiro, and R. W. Shafer, abstract from the XI International
HIV Drug Resistance Workshop 2002, Antivir. Ther. 7(Suppl.
1):S142, 2002). Another study found characteristic minor mu-
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tations within the PR region of non-subtype B viruses as well as
polymorphisms but no major mutation in either RT or PR (9).
A further report from South Africa reported no differences in
resistance profiles between subtype B and C viruses (C. Pillay,
M. Ntsala, R. Kantor, C. Chezzi, F. Venter, L. Levin, and L.
Morris, Abstr. 2nd IAS Conf. HIV Pathog. Treatment, abstr.
775, 2003). Furthermore, several studies of non-B-infected pa-
tients have not revealed any association between HIV subtype,
adherence to therapy, and virologic response to treatment and
disease progression (1, 2, 8, 10, 15, 20; S. De Wit, R. Boulme,
B. Pol], J. C. Schmit, and N. Clumeck, Abstr. 2nd JAS Conf.
HIV Pathog. Treatment, abstr. 25, 2003). A recent study from
Cote d’Ivoire examined 276 patients receiving HAART and
found that 50% achieved a viral load of <200 copies/ml, a
result similar to that observed in Western countries (15).
Among 79 drug-naive African patients who received HAART,
60 had undetectable viral loads after 1 year (10). Another study
evaluated ARV therapy in 113 children and did not show
evidence of differential in virologic response among viruses of
different subtypes (20).

In summary, our analysis of nucleotide substitutions in vi-
ruses of various subtypes reveals only limited possibilities for
differences with regard to patterns of resistance mutations in
comparison to subtype B. This fact as well as the clinical data
cited above should be reassuring with regard to the manage-
ment of HIV disease in populations well represented in non-B
subtypes. This is important in the context of efforts to provide
ARYVs to people in need of treatment in developing countries,
while not obviating the need to monitor the emergence of drug
resistance-associated mutations in such settings.
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Sequence Note

HIV Type 1 Subtypes in Circulation in Northern Kenya

SAMOEL A. KHAMADI,! WASHINGTON OCHIENG,! RAPHAEL W. LIHANA,! JOYCELINE KINYUA,!
JOSEPH MURIUKI,! JOSEPH MWANG]I,! RAPHAEL LWEMBE,! MICHAEL KIPTOO,! SAIDA OSMAN,!
NANCY LAGAT,! ROGER PELLE,? ANNE MUIGAI2 JANE Y. CARTER,* ISAO OISHI,S
HIROSHI ICHIMURA,’ D.L. MWANIKI,! FREDRICK A. OKOTH,! SOLOMON MPOKE,!
and ELJAH 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 a lot 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, HI'V-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
gp4IR1  (5'-AACGACAAAGGTGAGTATCCCTGCCTAA-
3") for the first round of PCR and primers gp46F2 (5'-ACAAT-
TATTGTCTGGTATAGTGCAACAGCA-3’) and gpd7R2 (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, *International Livestock Research Institute Kenya, *Jomo Kenyatta University of Agriculture and Tech-
nology, 4African Medical and Research Foundation Kenya, and SKEMRI-JICA Project, Nairobi, Kenya.
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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 a sig-  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 ., 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 gp41 env region HIV-1 subtypes from Turkana in northem 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, and AY705732-

AY705737.

AY693585-AY693603,
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TaBLE 1. INFORMATION AROUT 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 Cc
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
MYDHO055 2003 AY698009 32 M C
MYDHO059 2003 AY698008 34 F C
MYDHO025 2003 AY697978 21 F Al
MYSLO033 2003 AY697984 30 F Al
MYSLO031 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
MYSLO030 2003 AY697985 40 M Cc
MYDHO021 2003 AY697979 38 M D
MYDHO036 2003 AY697987 32 M A
MYDHO039 2003 AY697976 20 F C
MYDHO020 2003 AY697983 30 F Al
MYDHO038 2003 AY698005 28 F Al
MYDHO026 2003 AY697982 30 M Al
MYDHO003 2003 AY697992 35 M C
MYDHO005 2003 AY697989 40 M C
MYDHO004 2003 AY697990 45 F C
MYDH002 2003 AY697993 45 M C
MYDH007 2003 AY697995 20 F C
MYDHO014 2003 AY697996 25 M C
MYDHO001 2003 AY697997 25 F C
MYDHO063 2004 AY698007 35 M Al
MYDHO16 2003 AY697998 46 M A
MYDHO015 2003 AY697994 41 M Al
MYDHO19 2003 AY698017 47 M Al
MYDHO18 2003 AY698016 42 M C
MYDH006 2003 AY697999 32 M C
MYDHO009 2003 AY698001 32 M D
MYDHO041 2003 AY698014 56 M Cc
MYDHO011 2003 AY698015 30 F C
MYDHO040 2003 AY698013 27 F A
MYDHO042 2003 AY698012 32 F Al
MYDH062 2004 AY698005 38 M D
MYDHO008 2003 AY698000 50 M C
TLHC007 2003 AY693585 28 M Al
TLHC014 2003 AY693588 33 M C
TLHCO018 2003 AY693587 39 F A
TLHC024 2003 AY693589 24 M Al
TLHCO034 2003 AY693597 39 F D
TLHC040 2003 AY693596 34 F 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
TLHC001 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 AYT705734 45 F C
TLHCI11 2004 AY705735 46 M A
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TABLE 1. INFORMATION ABOUT STUDY SuUBJECTS (CONT’D)
GenBank
D Year accession no. Age (years) Sex Subtype (env)
TLHC112 2004 AY705736 50 M Al
TKMHO017X 2004 AY693601 30 F C
TKMHO017 2003 AY693602 40 M C
TKMHO002 2003 AY693598 20 F A
TKMH020 2003 AY693599 24 M C
TKMHO014 2003 AY693600 30 F Al
TKMHO019 2003 AY693593 35 M A
TKMHO15 2003 AY693594 40 F D
MADHG005 2003 AY694411 37 F Al
MADHO003 2003 AY694410 20 M A
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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 = o0), antenatal clinic attendees (0%,
0/100; P=0.00; OR = v}, 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.
77:221-226, 2005. © 2005 Wiley-Liss, Inc.
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users; genotype; source; HIV/
AIDS outbreak; HIV prevalence
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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
(CRF01_AEFE) [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 (WHO; 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 countries including 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., 1993; 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 ul of plasma using
SMITEST EX-R&D (Genome Science Laboratories,
Fukushima, Japan), and reverse-transcribed according
to First-Strand ¢DNA Synmthesis 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
(6'-TGGGSTTCTCDTATGAYACC-3")/hep32 in the first
round, and hep33b (5-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 pM primers, and one unit of Amplitaq Gold®
(Applied Biosystems, Foster City, CA). First-round PCR
was done with one eycle of 94°C for 10 min, and 35 cycles
0f94°C for 30 sec, 55°C for 80 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 NS5B 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 HBYV infection was
analyzed by y>-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-
drugusers 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 = co), antenatal clinic
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patients (P=0.00; OR = c0), and students/health care
workers (P=0.00; OR == 115, 95% CI: 38—348), 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.

HCYV Genotypes

Of the 61 injecting-drug users positive for anti-HCV
{(Table II), 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 23 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

Inhalation 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

2Clients from the downtown of Metro Cebu (n = 28) were all injecting-drug users.
bAll the inhalation-drug users were from drug rehabilitation centers.
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Fig. 1. Phylogenetic trees of 28 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
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strains: 02dz02, 02ccdm6, 02cemk2, 02du98, and
02qq01; and 4 genotype 2b strains: 02ww8, 02ccdqg4,
02cedqb, 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
Hoek et al., 1990; Chamot et al., 1992; Croftset 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 from 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 users in 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 AIDS epidemic
in the Philippines.
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INTRODUCTION

A new subtype (subgenotype) Ac (A3) of hepatitis
B virus and recombination between genotypes A
and E in Cameroon
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Blood samples (n==544) from two different populations (Pygmies and Bantus) in Cameroon,
West Africa, were analysed. Serological tests indicated that the anti-hepatitis C virus (HCV)
prevalence in Bantus (203 %) was higher than that in Pygmies (2-3 %, P<0-0001), whereas
the distribution of hepatitis B virus (HBV) serological markers was equally high in both populations:
in total, 9-4, 17-3 and 86-8 % for HBsAg, anti-HBs and anti-HBc, respectively. HBV genotype
A (HBV/A) and HBV/E were predorminant (43-5 % each) in both populations, and HBV/D was
found in a minority (13 %). The preS/S region was sequenced in nine cases (five HBV/A and
four HBV/E) and the complete genome in six cases (four HBV/A and two HBV/E). Subsequent
phylogenetic analysis revealed that the HBV/A strains were distinct from the subtypes
(subgenotypes) described previously, Ae (A2) and Aa (A1), and in the preS/S region they

. clustered with previously reported sequences from Cameroon. Based on the nucleotide difference

from Aa (A1) and Ae (A2), more than 4% in the complete genome, the Cameroonian strains
were suggested to represent a new subtype (subgenotype), designated HBV/Ac (A3). A high
(3-9%) nucleotide divergence in HBV/Ac (A3) strains suggested that the subtype (subgenotype)
has a long natural history in the population of Cameroon. One of the HBV/Ac (A3) strains was found
to be a recombinant with an HBV/E-specific sequence in the polymerase reverse transcriptase
domain. Further cohort studies will be required to assess detailed epidemiological, virological and
clinical characteristics of HBV/Ac (A3), as well as its recombinant form.

Based on a genomic sequence divergence in the entire

genome exceeding 8 %, HBV strains have been classified

According to the World Health Organization, hepatitis B
virus (HBV) infection is one of the major global public
health problems. Of the two billion people who have been
infected with HBV worldwide, more than 350 million are at
risk of developing cirthosis and hepatocellular carcinoma
due to chronic infection (Kane, 1995).

The GenBank/EMBL/DDBJ accession numbers for the nucleotide
sequences determined in this study are AB194947-AB194055.

into seven genotypes, denoted A (HBV/A) to G (HBV/G)
(Norder et al., 1994; Okamoto et al, 1988; Stuyver et al,
2000). A possible eighth genotype has been proposed with
the tentative designation ‘H’ (Arauz-Ruiz et al, 2002),
which is, however, closely related to genotype F phylogen-
etically, with a complete genome difference of around 8 %
(Kato et al., 2005).

Research on HBV genotypes during the last decade has
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