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Fig. 5 Kinetics of B-gal-specific CTL activity.

Two weeks (@} and 3 weeks (ll) after gene gun immuniza-
tion with gold beads coated with £-gal plasmid, strong CTL
activity against BALB/c 3T3 fibroblast targets pre-sensitized
with the known 9-mer CTL epitope peptide (TPHPARIGL)
was observed, though one week {O) after the immunization
no specific cytotoxicities were detected. Results are repre-
sentative of five independent experiments.
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Fig.7 Induction of HIV-1 gp120-specific CTL with DNA

plasmids.

BALB/c mice were immunized with three shots of gold
beads coated with. HIV-1 gp120 DNA plasmid together with
an equal amount of S-gal plasmid using gene gun. Three
weeks after the immunization, gp120-specific CTL could be
generated from immune spleen cells (). However, when
the mice were imuunized with a mixture of two distinct gold
beads coated either with 8-ga! or gp120 plasmid (O), or im-
munized with gold beads coated gp120 plasmid alone (),
could not prime HIV-1-specific CTL. Results are representa-
tive of three independent experiments.
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Fig. 6 Kinetics of B-gal-specific iIgG1 and 1gG2a antibody

production.

Two weeks after gene gun immunization, a B8-gal-specific
Th2type of IgG1 antbody response was observed,
whereas a B-gal-specific Thi-type of [gG2a antibody re-
sponse could be detected at least three weeks after the
immunization. Results are representative of three independ-
ent experiments and shown as the mean * SD of four ani-
mals in each group.

same antigen (14). In contrast, Robinson ef al. found
that direct injection of influenza hemaggulutinin
{H1)-expressing plasmid in saline raised a predomi-
nantly Thl response with mostly IgG2a antibody
production, while gene gun immunization with the
same plasmid predominantly produced a Th2 re-
sponse with mostly Hl-specific [gG1 antibody pro-
duction (5). Our results seem to reflect a
combination of those observations in that B-gal-spe-
cific CD8" CTL reflecting 2 Thl type of response
were primed, while a Th 2 type of IgG1 antibody to
B-gal was dominantly produced 2 weeks after the
gene gun immunization with B-gal plasmid. This dis-
crepancy of Thl and Th2 balance in the f$-gal-spe-
cific responses might be because B-gal-specific CTL
were independently primed by activated DC without
requiring a ThI type of help as demonstrated re-
cently (15, 19).

After confirming the difficulty in induction of
CTL specific for HIV-1 gpl20 by immunization
with multiple gene gun bombardments of the gold
beads coated with HIV-1 gp120 plasmid DNA hav-
ing CMV promoter but not ISS sequence, we found
that the gpl20-specific CD8* CTL could be effi-
ciently primed when mice were immunized with the
gold beads coated with less than 1 pug of gp120 plas-
mid DNA together with equal amount of B-gal
plasmid. It is of note that the gpl20-specific CD8*
CTL could not be primed when mice were immu-
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nized with a mixture of two distinct gold beads
coated either with B-gal or gpl20 plasmid. The find-
ing suggests that the gp120 plasmid should be cap-
tured by the intradermal immature DC together with
the B-gal plasmid when the amount of loaded plas-
mid was very small. Also, the DC that caught the
gold beads bearing gp120 plasmid are hard to be ac-
tivated by the external plasmid having CpG motif
presented by another gold beads. Thus, the antigen-
captured dermal DC may be activated. by the inter-
nal $-gal plasmid via CpG DNA and toll-like recep-
tor 9 interaction (10). Taken together, gpl20-
specific CTL might be primed by the activated DC
which captured gold beads bearing both p-gal and
gpl120 plasmids.

These findings of the present study should prove
useful for the development of DNA vaccines that
can be used to control a variety of diseases, such as
infectious diseases, cancers, and autoimmune dis-
orders, by activating CD8" CTL with a small
amount of plasmid inoculated intradermally by gene

gun.
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Summary: As the number of HIV-1-infected individuals receiving
antiretroviral drugs has been rapidly increasing in developing coun-
tries, there is an urgent need for drug resistance genotype information
of non-B subtype HIV-1 and for the establishment of a practical sys-
tem of monitoring drug-resistant viruses. This study first sequenced
the reverse transcriptase region of HIV-1 in 112 infected individuals
who had been treated with zidovudine (AZT)/didanosine or
AZT/zalcitabine as dual therapy at a government hospital in northern
Thailand and then compared the above sequence method with muta-
genically separated polymerase chain reaction (MS-PCR) for detect-
ing M41L and K70R mutations. Concordant rates of detecting M4 1L
and K70R mutations by the 2 methods were 96.9% (93/96) and 92.7%

(89/96), respectively. The M41L and K70R MS-PCR could detect .

86.4% of AZT-resistam strains with any resistance mutation, which
was determined by the sequencing methed. Then 292 drug-naive in-
dividuals were screened for the presence of diug-resistant HIV-1 by
the MS-PCR assay and it was found that 2 individuals ((0.7%) carvied
viruses with either the M41L or K70R mutation. [t is feagible to test a
‘large number of samples with MS-PCR, which is sensitive, cheap, and
casy to perform and does not require sophisticated equipment. The
M41L and K70R MS-PCR is potentially a useful tool to monitot the
spread of AZT-resistant HIV-1 in resource-limited countries.
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IV-1 has tremendous ability to mutate swiftly and to de-

velop resistance to almost all clinically used antiretrovirat
drugs. Reduced sensitivity to iucleoside reverse transcriptase
inhibitors (NRTTs), non-NRTT (NNRTTs), and protease inhibi-
tors hag been studied extensively and is linked to specific point
mutations in either the reverse transcriptase or the protease
gene.' Most current knowledge for interpreting these geno-
typic changes has been derived from studies on HIV-1 subtype
B viruses. Worldwide, however, the majority of HIV-1—
infected people live in developing countries and most of them
are infected with non-B subtypes. Non-B subtypes differ from
subtype B in pol gene by 10-15%.% We and other groups have
published data showing some discrete differences in the pat-
tems of drug resistance mutations between subtypes.>~> With a
growing demand for access to antiretroviral therapy in re-
source-limited countries, the resistance patterns of non-B sub-
type viruses to antiretroviral drugs are becoming an important
issue.

In Thailand, with a population of approximately 62 mil-
lion, it was estimated that 695,000 people were living with
HIV-1 infection. Of these, the majority are infected with
CRFOI_AE (previously known as subtype BE), and 55,000
people had ATDS in 2000.% Tn the past, only a small minority of
HIV-1-infected patients could afford antiretroviral drugs due
to the high monthly price; thus most were either not treated or
were treated with suboptimal antiretroviral regimens, mostly
dual therapy.” When patients are treated suboptimalty, HIV-1
acquires resistance to drugs more quickly.
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Furthermore, the prevention of mother-to-child HIV-1
transmission (PMTCT) program, which uses a short-course
zidovudine (AZT) regimen, was expanded first in notrthern
Thailand in 1997 and later throughout the country.® This ex-
panded program could also trigger the emergence of AZT drug
resistance, Studies of HIV-1—infected individuals with pri-
mary HIV infection have shown that drug-resistant HIV strains
can be transmitted froim one adult to another and occasionally
transmitted vertically from mother to child.”™*2 To control the
spread of drug-resistzant HIV-1, a monitoring system of anti-
retroviral drug-resistant HTV-1 in an epidemiologic scale is ur-
gently needed.

The pol gene has been commonly sequenced for testing
drug resistance in many HIV laboratories of developed coun-
tries. However, access to the sequencing test in developing
countries is limited due to the relatively high costs of reagents
atd unavailability of expensive equipment such as an auto-
mated sequencer. Polymerase chain reaction (PCR)-based as-
says are an alternative method of detecting point mutations,
having the advantage of increased sensitivity and low cost. Al-
lele-specific primer extension assays have been applied to de-
tect drug-resistant HIV-1; however, they have not been ad-
equately specific for widespread application.'®'* Conversety,
mutagenically separated PCR (MS-PCR) is a PCR-based point
mutation assay that overcomes this specificity limitation and
has been successfully applied to detect drug-resistant HIV-1 of
non-B subtypes.?*™!” Previous papers evaluated the perfor-
mance of MS-PCR in developed countries, but it has not yet
been used in resource-limited settings.

We conducted this study with the following objectives:
to evaluate the performance of MS-PCR specific for M4 1L and
K70R mutations it detecting AZT-resistant HIV-1 strains in
Thailand; to apply the MS-PCR to the screening of AZT-
resistant HIV-1 among drug-naive HIV-1—infected Thais; and
to investigate the patterns and prevalence of drug-resistant
genotypes among HIV-]--infected Thai individuals who had
been treated with suboptimal antiretroviral regimens by se-
quencing the pol gene.

PATIENTS AND METHODS

Study Population

We used samples obtained from HIV-1-infected indi-
viduals who attended the Day Care Center clinic at the Lam-
pang Hospital from July 6, 2000, to July 15, 2001 and gave a
written informed consent. The Lampang HIV study was ap-
proved by the Thai government ethics committee. The Lam-
pang Hospital is a government referral hospital with approxi-
mately 800 beds, situated in the center of Lampang province,
which is 1006 km south of Chiang Mai in northern Thailand.
Plasma samples were collected from these individuals and
stored at —80°C until their use. Viral load measurement was
conducted using a commercial kit (Amplicor HIV-1 Monitor
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Test, version 1.5; Roche Diagnostics, Branchburg, NT). CD4™
cell count was measured by flow cytomeiory (FACScan; Bee-
ton-Dickinson, Franklin Lakes, NI).

Direct Sequencing

After viral load measurement, the residual RNA was
used for drug resistance genotyping by sequencing pol gene as
previously described.'” Briefly, an 888-basepair {bp) reverse
transcriptase fragment (base number of nucleotide: 2485--
3372) was amplified by PCR after a reverse transcription (RT)
reaction from the RNA by an RNA-PCR kit (AMV One Step
RNA PCR Kit; Takara, Osaka, Japan). Primary PCR products
were [urther amplified with a high-fidelity DNA polymerase
(KOD DNA polymerase; Toyobo, Osaka, Japan), Sequencing
was performed using an autosequencer ABI-3100 (Applied
Biosystems, Foster City, CA) with dye terminators (BigDye
Terminator Cycle Sequencing Ready Reaction Kit; Applied
Biosystems). The sequence results were assembled and
aligned on the reference HIV sequence of HIV-1 HXB2 (Gen-
Bank accession number M38432) by ABT Prism SeqScape
Software {Applied Biosystems). They were submitted to
Stanford HIV RT and Protease Sequence Database
(http://hivdb.stanford.edu/) for drug resistance genotyping.

M41L and K70R MS-PCR

On measuring the viral load, we used the residual RNA
for the MS-PCR experiments. The method of MS-PCR for de-
tecting M41L and K70R AZT resistance mutations in
CRFO1_AE has been described in a previously published pa-
per.'” Briefly, the first-round RT-PCR was conducted to am-
plify a 370-bp RT region, which spans codon 41 and 70. The
second- and third-round PCR were conducted with 1 common

. forward primer and 2 reverse primers, which are allele spe-
- cific. The size of the wild-type specific primer was designed

about 20 nucleotide bases longer than the mutant type-specific
primer so that the wild-type PCR product could be casily dif-
ferentiated from the mutant-type PCR product by electropho-
resis with a 3% agarose gel. We used clinical samples, of
which drug-resistant genotypes were confirmed by the se-
quencing method used for positive controls, and included them
for every experiment, When an MS-PCR result showed double
bands, of which one was faint, we retested the sample.

Statistical Methods .

We compared proportions by the x? test. Means of con-
tinuous variables were compared by a nonpatametric test, the
Kruskal-Wallis one-way analysis of variance. The data man-
agement and statistical analysis were conducted using Epi Info
version 6,04,

RESULTS
A total of 489 HIV-]-infected individuals attended the
clinic during the observation period. History of antiretroviral

© 2004 Lippincort Williams & Wilkins
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drug therapy was available from 487 infected individuals, in
whom 336 were drug naive and 151 were drug experienced; 22
individuals were exposed to a single NRTT, 114 to two NRTTs,
14 to three or more antiretroviral drugs including protease in-
hibitors, and one did not have regimen information.

Patterns and Prevalence of Drug Resistance
Mutations Among Suboptimally
Treated Individuals

Out of the 114 individuals who had been exposed to 2
NRTIs, we first analyzed 112 individuals who had received
AZT/didanosine (ddl) or AZT/zalcitabine (ddC) dual therapy
for the sequencing of RT region; the other 2 individuals had
received either d4T/ddC or AZT/lamivudine (3TC}). A total of
108 individuals {96.4%) were infected via the heterosexual
route. The median (range) duration of dual therapy was 621
(28-1600) days; 76 individuals were on therapy and 36 pa-
tients were off therapy at the time of sampling; 28 individuals
were exposed to AZT/ddT, 76 to AZT/ddC, and 8 to both
AZT/ddl and AZT/ddC. Sequence data were obtained from 99
individuals, of whom 57 (57.6%) had mutations that are known
to be associated with AZT, ddl, or ddC resistance. We could
not obtain sequence data from 13 individuals, mainly because
of their low viral load; 10 had a viral load under the detectable
level (<400 copies/mL). Assuming that the individuals without
sequence data did not have any drug-resistant virus, the preva-
lence of drug-resistant viruses detected by the sequencing
method was 57/112 (50.9%) among those who had received
dual therapy. If confined to the 76 individuals on therapy, 48
{63.2%) had drug-resistant viruses, Figure 1 summarizes
amino acid variations at the sites, which are known to be asso-
ciated with AZT, ddl, or ddC resistance mutations in subtype B
infection. The most common drug resistance mutations were
D67N, followed by K70R and T215Y/F. Other mutations were
also commonly seen at codon 4,210, and 219. No mutation of
Qi51M was found. We also analyzed associations among
these specific mutations. The presence of D67N was sirongly
associated with K70R and less significantly with M411.; 31
(86.1%) out of 36 individuals with D67N mutation had either a
K70R or M41L mutation (Table 1). The presence of T215Y/F
was strongly associated with M41L but not with K70R; 22

TABLE 1, Associations of D67N and T215Y/F With M41L
and K70R Mutations

Codon 67 Mutation

M41LL* KT0RY M41L. or K70R*
Wild Mutant Wild Mutant Wild Mutant
Codon 67
D 57 6 55 8 49 14
N 26 10 12 24 5 31
P < 0,0001, $F = 0.017.
Codon 215 Mutation
M4l1L* K70R M41L or K70RT

Wild Mutant Wild Mutant Wild Mutant

Codon 215
T 66 2 46 22 45 23
YF 17 14 21 10 9 22

*P <0.0001, TP = 0.0005.

(71%) of 3 1 individuals with T215Y/F mutation had K70R or
M41L mutation (Table 1).

Drug Resistance Mutations in Relation to the
Duration of Antiretroviral Therapy

The prevalence of drug resistance mutations correlated
with the duration ot dual therapy among 76 individuals on
therapy. Among those with the duration of therapy for <180
days, 180-365 days, and >365 days, drug-resistant viruses
were found to be predominant in 3 (30%), 8 (62%), and 33
(69%) individuals, respectively, with the median numbers of
drug resistance mutations of 0, 2, and 2, respectively (Fig. 2).
The number of drg resistance mutations was significantly as-
sociated with the median level of viral load: the median (inter-
guartile range, TQR) viral load of individuals with no mutation,
with 1-4 mutations, and with =5 mutations was 7412 (<400~
62,432); 37,871 (7866-105,105). and 156,989 (32,682~
184,767) copies/mL, respectively (F = 0.018 by Kruskal Wal-
lis one-way analysis of variance).

Codon 41 44 65 67 69 70 74 108 118 151 164 210 215 219
Consansis B M E K R I K 1 v A 0 M L I ¥
N=09 L(12) D@ Vi) N@B3) D) REEy w1 - if6) W13) Y/ F(28) O E[20)
V(1) E(2) N2} F(2) i(10) N(1)
K2} G(2) ) Mty S(2)
8831 N

FIGURE 1. Patterns of AZT, ddl, or ddC resistance mutations. This figure shows amino acid variation at known AZT, ddi, or ddC
resistance mutation sites. The frequency of each substitution is shown in parentheses, Reported drug resistance-associated

mutations are shown in bold.

© 2004 Lippincorr Witliams & Wilkins

1053



{ Acquir immurne Defic Syndr » Volume 36, Number 5, August 15 2004

Sueng-Aroon et al

°"
g 8
§ T -
=]
: 6 ............................... . ..............
::i 5 . L
= g ® ® L] ®
T .- &  omelossse @
<
g 2 ® *e V00000
5 ) osee o
< 180 g0 - pg5  Zaes  lokuewn
{n=10 (i=13) weag) =)

Duration of trestment {days)

FIGURE 2. Prevalence of AZT, ddl, or ddC resistance mutations
in relation to the duration of the dual therapy. Open circles
indicate samples without resistance mutations.

Prug Resistance Mutations After Stopping
Antiretroviral Drug Therapy

The interval between stopping dual therapy and the time
ot sampling was also.associated with the presence of drug re-
sistance mutations. Twenty-six individuals who had been sub-
stantially exposed to dual therapy for >180 days were off
therapy at the time of sampling, Seven individuals (27%) were
off therapy for >180 days and 19 (73%) were off therapy for
<180 days. Drug-resistant viruscs were detected in only 1 in-
dividual (14%) in the former group but 7 individuals (37%) in
the latter group.

Evaluation of M41L and K70R MS-PCR in
Detecting AZT-Resistant Strains

We then compared direct sequence methods with M41L
and K70R MS-PCR in 96 antiretroviral drug-experienced in-
dividuals for whom both sequence and MS-PCR results were
available (Table 2). Overall concordant rate for codon 41 was
96.9% (93/96) where M4 11 was regarded as a mutant type and
concordant rate for codon 70 was 92.7% (89/96). Discordant
results were seen mainly in the samples that were detetmined
as mutant type by the MS-PCR and as wild type by the se-
quencing method.

To study the sensitivity of M4{L and K70R MS-PCR a¢
a screening strategy in detecting AZT-resistant strains, we de-
fined the AZT-resistant strains as viruses with at least one AZT
resistance mutation, which was detected by the sequencing
method. Out of the 96 plasma samples that were tested by both
the sequencing and the MS-PCR methods, 52 samples had no
AZT resistance mutation and 44 samples had at least one AZT
resistance mutation and were regarded as containing AZT-
resistant viruses. Of the 44 samples with AZT-resistant vi-
ruses, the M41L and K70R MS-PCR detected either M41L or
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TABLE 2. Comparison Between MS-PCR and
Sequencing Results

Codon 41 Mutations

Sequencing Results

M L I
MS-PCR results '
wild 84 1% 0
Mutant 2 7 2

*Sequence result of this partient showed a mixed type of M and L; it tarned
out to be mutant type when MS-PCR experiment was repeated.

Codon 70 Mutations
Sequencing Results
K R
MS-PCR results
Wild 65 1
Mutant 6 24

K70R mutation in 38 samples, resulting in the sensitivity of the
M41L and K70R MS-PCR in detecting the AZT-resistant vi-
ruses at 86.4%. The number of AZT resistance mutations re-
lated to the detection rate of AZT resistance mutations by the
MS-PCR (Table 3). When the viruses had multiple mutations,
the sensitivity of the M41L and K70R MS-PCR was consider-
ably higher. Of 39 samples containing HIV-1 with more than
one AZT resistance mutation, 37 samples (94.5%) were diag-
nosed as having resistant viruses by the M41L and K70R MS-
PCR.

Screening AZT-Resistant Viruses Among
Antiretroviral Drug—Naive Individuals in
Northern Thailand

We applied the M41T. and K70R MS-PCR to the screen-
ing of 292 antiretroviral drug—naive HIV-1—-infected individu-

TABLE 3. The Sensitivity of M41L and K70R MS-PCR in
Detecting AZT Resistance Mutations :

M41L and K70R MS-PCR Results

AZT Resistance
Mutations, n Total Wild Mutant Sensitivity
0 52 52 0 —
1 5 4 1 20%
2 14 i 13 92.3%
3 11 1 10 90.9%
=4 14 0 14 100%
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als attending the Lampang Hospital for the existence of AZT
drug-resistant viruses. There were 271 individuals (92.8%)
who were known to be infected with HTV-1 via the heterosex-
ual route. We found 2 patients (0.7%) who canied mutant vi-
ruses: one had M41L and the other had K70R mutation. Later
it was noted that these 2 patients, as well as their spouses, had
never received any antiretroviral drugs but both had partici-
pated in clinical trials of herbal medicine in the past.

DISCUSSION

Our observation showed that AZT, ddl, or ddC resis-
tance mutations were found in >50% of individuals who had
received dual therapy. The prevalence of drug-resistant viruses
was higher among individuals who had received the drugs for
a longer period, as previously reported,'®'? We attribute the
high prevalence of resistant viruses to the fact that the dual
therapy was suboptimal. Clinicians working in government
hospitals, however, did not have other options hecause the
more efficient antiretroviral therapy such as triple or quadruple
therapy was not affordable for most patients when this study
was conducted.” Recently, access to multiple antiretroviral
drugs has been dramatically improved, because the Govern-
ment Pharmaceutical Organization (GPO) started the produc-
tion of generic antiretroviral drugs known as “GPOvir,” which
is a combined tablet of stavudine, lamivudine, and nevirapine.
We nevertheless anticipate that individuals who had already
had viruses resistant to NRTI dual therapy may not gain as
much benefit from the generic medicine as antiretroviral drug-—-
naive individuals do.

The most common mutations observed in this study
were DOTN, K70R, and T215Y/F, and we found few mutations
at codons 65, 74, 108, 151, and 184, Such patterns of NRT}
resistance mutations are similar to the patterns in CRF01_AE
infection as well as in subtype B infections that have been re-
ported in our previous report.* M184V mutation was often
found in our previous study but not in the current study. We
think that this difference reflects on the rare use of 3TC in
Thailand when this study was conducted. Our current study,
though a cross-sectional observation, showed several associa-
tions among resistance mutations such as D67N and M41L or
K70R, T2I5Y/F and M41L in Thai strains as known in sub-
type B infection.*®?'

We found a high concordance rate of MS-PCR with the
sequencing methed in detecting M41L and K70R point muta-
tions. The finding is compatible with previous papers.'®'” Dis-
cordant results between the MS-PCR and sequencing method
wete seen in some samples, most of which showed mutant type
by the MS-PCR but wild type by the sequencing method. We
think that such discordances are due to the greater sensitivity of
MS-PCR for detecting a minor virus population than the se-
quencing method, However, a high sensitivity and specificity
of detecting 2 particular point mutations do not specifically
Jjustify the application of M41L and K70R MS-PCR for the
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screening of AZT-resistant viruses in the field. D67N and
T215Y/F mutations are vety common but it is technicafly dif-
ficult ro establish MS-PCR specific for these mutations due to
a higher degree of polymorphism around the mutation sites.
Our data showed that these mutations were frequently accom-
panied by M41L and/or K70R as previously reported in sub-
type B.** Furthenmore, we evaluated how efficiently the M41L
and K70R MS-PCR could detect AZT-resistant viruses that
were detected by the sequencing. The overall sensitivity was
reasonably high particularly among the viruses with multiple
drug resistapce mutations.

This is the first report that addressed the transmission of
drug-resistant HIV-1 using a large number of samples in Thai-
land. We found that the prevalence of HIV-1 strains with either
M4IL or K70R mutation was ag low as 0.7% among our drug-
naive population. Considering that the overall sensitivity of the
MS-PCR for detecting HTV-1 with any AZT resistance nuta-
tion was 86.4%, the prevalence of AZT-resistant HTV-1 was
estimated to be 0.8%, which is still very low. There is still the
concern that the low prevalence of resistant virus could be a
consequence of the fact that the resistance to AZT in the drug-

-naive population was often associated with mutations at codon

60 or 215, To exclude this possibility, we further tested 60
samples, which were randomly selected from the drug-naive
samples and confirmed that none had drug resistance muta-
tions at these sites. The majority (127/292) of drug-naive indi-
viduals (43.5%) were initially diagnosed as HIV infected in
1997 or before, when the PMTCT program started in the re-
gion, and many were likely to have been infected several years
priot to their first diagnosis of HIV infection. Thus, our result
may not show an effect, which could have been triggered by
the PMTCT program. A report from the United Kingdom sug-
gests that transmission of drug-resistant HIV-1 is increasing.?
We believe that our report is important in providing the base-
line information on AZT-resistant HIV-1,

There has not been a consensus on the strategy of moni-
toring the transmission of drug-resistant HIV-1 in developing
countries. Detecting individuals with primary viremia is ideal
but not practical. In our study, we surveyed a drug-naive popu-
lation for the presence of drug-resistant viruses. One concetn
with this approach is that drug-resistant viruses, which ate gen-
erally less fit, might have been overwhelmed by the wild-type
viruses in the absence of antiretroviral drug pressure because
drug-resistant viruses among drug-treated individuals disap-
pear following the interruption of antiretroviral therapy.2*
However, a recently published paper showed 2 cases of trans-
mission of drug-resistant HTV-] in which the resistant geno-
types remained as a dominant population for a prolonged pe-
riod in the absence of antiretroviral therapy.®® Another way to
monitor the spread of antiretroviral drug—resistant viruses is to
screen infected individuals shortly after they receive antiretro-
viral therapy, which selects a minor population of insidions
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resistant viruses, before de novo resistance mutations occut,
Further sadies are needed.

This study demonstrates that it is f‘eamble to apply MS-
PCR techniques for screening a large number of field samples
for the presence of AZT-resistant viruses in Thailand. Taking
into account the enormous benefits of MS-PCR such as much
lower cost, ease of use, no requirement of automated sequenc-
ers, and higher sensitivity of detecting a minor virus popula-
tion, we think that the M41L and K70R M3-PCR is a useful
technique for the screening of AZT-resistant HIV-1 in epide-
miologic surveys in developing countries. Recently, GPOvir
has become widely available in Thailand. As the pattemns of
drug-resistant mutations against 3T'C and nevirapine are rela-
tively simple, we propose that MS-PCR technique should be
considered for monitoring viruses resistant to this combination
of antiretroviral drugs.
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