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Abstract

Project Code: RMU5180018
Project Title: Evaluation and Monitoring of Primary Drug Resistance in Patients with HIV-1
Infection

Investigator: Associate Professor Somnuek Sungkanuparph

Institute: Faculty of Medicine Ramathibodi Hospital, Mahidol University
E-mail Address: rasuy@mabhidol.ac.th
Project Period: 15 May 2008 to 14 May 2011

After 10-year rapid scaling up of antiretroviral therapy (ART) in HIV-1-infected
patients, the data of primary HIV-1 drug resistance (HIVDR) in Thailand is still limited. This
study aims to determine the prevalence and associated factors of primary HIVDR in
Thailand. A prospective observational study was conducted among antiretroviral-naive HIV-
1-infected Thai patients from 2007 to 2010. HIV-1 subtypes and mutations were assayed by
sequencing a region of HIV-1 pol gene. Surveillance drug resistance mutations (SDRMs)
recommended by WHO for surveillance of transmitted HIVDR in 2009 were used in all
analyses. Primary HIVDR was defined as the presence of > 1 SDRM(s). Of 466 patients
with a mean age of 38.8 years, 58.6% of patients were males. Risks of HIV-1 infection
included heterosexual (77.7%), homosexual (16.7%), and intravenous drug use (IDU,
5.6%). Median (IQR) CD4 cell count and HIV-1 RNA were 176 (42-317) cells/mm3 and
68,600 (19,515-220,330) copies/mL, respectively. HIV-1 subtypes were CRFO01_AE
(86.9%), B (8.6), and other recombinants (4.5%). The prevalence of primary HIVDR was
4.9%; most of these (73.9%) had SDRM(s) to only one class of antiretrovirals. The
prevalence of patients with NRTI-, NNRTI-, and PI-SDRMs was 1.9%, 2.8%, and 1.7%,
respectively. From logistic regression analysis, there was no factor significantly associated
with primary HIVDR. There was a trend toward higher prevalence in females [odd ratio
2.18; 95% confidence interval, 0.896-5.304; p=0.086]. In conclusion, there is a significant
emergence of primary HIVDR in Thailand after a decade of rapid scaling-up of ART in
Thailand. Although HIV-1 genotyping prior to ART initiation is not routinely recommended in
Thailand, our results raise concerns about the risk of early treatment failure. Interventions
to prevent the transmission of HIVDR and continuation of surveillance for primary HIVDR in

Thailand are indicated.

Keywords: HIV-1; drug resistance; mutations; genotype; Thailand
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Emergence of HIV-1 Drug Resistance Mutations among Antiretroviral-naive HIV-1-

infected Patients in Thailand After a Decade of Scaling-up Antiretroviral Therapy
Abstract

Background: After 10-year rapid scaling up of antiretroviral therapy (ART) in HIV-1-
infected patients, the data of primary HIV-1 drug resistance (HIVDR) in Thailand is still
limited. This study aims to determine the prevalence and associated factors of primary

HIVDR in Thailand.

Methods: A prospective observational study was conducted among antiretroviral-naive
HIV-1-infected Thai patients from 2007 to 2010. HIV-1 subtypes and mutations were
assayed by sequencing a region of HIV-1 pol gene. Surveillance drug resistance mutations
(SDRMs) recommended by WHO for surveillance of transmitted HIVDR in 2009 were used
in all analyses. Primary HIVDR was defined as the presence of =1 SDRM(s).

Results: Of 466 patients with a mean age of 38.8 years, 58.6% of patients were males.
Risks of HIV-1 infection included heterosexual (77.7%), homosexual (16.7%), and
intravenous drug use (IDU, 5.6%). Median (IQR) CD4 cell count and HIV-1 RNA were 176
(42-317) ceIIs/mm3 and 68,600 (19,515-220,330) copies/mL, respectively. HIV-1 subtypes
were CRF01_AE (86.9%), B (8.6), and other recombinants (4.5%). The prevalence of
primary HIVDR was 4.9%; most of these (73.9%) had SDRM(s) to only one class of
antiretrovirals. The prevalence of patients with NRTI-, NNRTI-, and PI-SDRMs was 1.9%,
2.8%, and 1.7%, respectively. From logistic regression analysis, there was no factor
significantly associated with primary HIVDR. There was a trend toward higher prevalence in

females [odd ratio 2.18; 95% confidence interval, 0.896-5.304; p=0.086].

Conclusion: There is a significant emergence of primary HIVDR in Thailand after a decade
of rapid scaling-up of ART in Thailand. Although HIV-1 genotyping prior to ART initiation is
not routinely recommended in Thailand, our results raise concerns about the risk of early
treatment failure. Interventions to prevent the transmission of HIVDR and continuation of

surveillance for primary HIVDR in Thailand are indicated.



Introduction

In Thailand, the disease burden from HIV/AIDS resulting from the epidemic in the
1990s remains high [1]. Although the change in the incidence rate of HIV infection in
Thailand, from 2001 to 2009, is over 25% decreasing [2], the accumulated number of HIV-
infected persons is still high. Currently, an estimated number of 530,000 people are living
with HIV Thailand [2]. Combination antiretroviral therapy (ART) has significantly reduced
mortality and morbidity since its introduction in Thailand [3-5]. Since 2001, the government
committed to providing ART free of charge to people living with HIV under the National
Access to Antiretroviral treatment Program for People Living with HIV/AIDS (NAPHA) [6].
The subsequent production and use of generic drugs led to more than an eight-fold
expansion in treatment provision between 2001 and 2003 [7]. Since 2006, NAPHA has
been transformed to National AIDS Program (NAP) under the management of National
Health Security Office with the rapid growing of the program. According to UNAIDS 2010
report, the number of people receiving ART in December 2009 is 216,118 persons and life
years among adults gained due to ART between 1996 and 2009 is 389,000 [2]

Despite these successes, HIV-1 drug resistance (HIVDR) is a major reason for
treatment failure during rapid scaling up of ART in Thailand [8,9]. Approximately 5% to 10%
of patients receiving ART have experienced treatment failure and HIVDR [10]. Recently, a
study in Thailand had demonstrated the transmission of HIVDR in antiretroviral-naive HIV-
1-infected patients in Thailand [11]. This threatens the effectiveness of rapidly scaled up
first-line ART in the country. Primary HIVDR means increase resistance of HIV-1 to
antiretroviral drugs seen in individuals who have never received ART and presumably have
been infected with drug-resistant virus [12]. The prevalence of primary HIVDR has been
well reported in the United States and Europe, ranged from 6.2% to 21% [13-16]. A study
in Asia has recently reported the prevalence of primary HIVDR at 13.8% [17]. In resource-
limited settings where ART is being scaled-up, the World Health Organization (WHO)
recommends the surveillance of primary HIVDR [18]. To date, after a decade of ART
scaling up, there is limited published information regarding primary HIVDR in Thailand. This
study was aimed to determine the prevalence of HIVDR and associated factors among

antiretroviral-naive patients in Thailand.



Methods

A cross-sectional study was conducted among antiretroviral-naive HIV-1-infected
patients who newly visited an infectious disease clinic in a university hospital between
January 2007 and December 2010. Patients with a history of any exposure to antiretroviral
drugs including mono- or dual-therapy, or prevention of mother-to-child-transmission were
excluded. Ethics approvals were obtained from local institutional review boards. Informed
consent was obtained prior to genotypic resistance testing.

All plasma samples, HIV-1 pol nucleotide sequencing of reverse transcriptase and
protease region was carried out using TRUGENE HIV-1 Genotypic Assay in conjunction
with the Open Gene automated DNA sequencing system (Visible Genetics, Toronto,
Canada). Testing involved simultaneous clip sequencing of protease and codons 35-244 of
the RT from the amplified cDNA in both the 3" and 5 directions. Sequences were aligned
and compared with a lymphoadenopathy-associated virus type 1 (HIV-B-LAV1) consensus
sequence using Visible Genetics Gene Librarian software [19,20]. Surveillance drug
resistance mutations (SDRMs) recommended by WHO for surveillance of transmitted
HIVDR in 2009 [21] were used in all analyses. HIVDR in a patient was defined as the
presence of at least one SDRM.

Mean (+ standard deviation, SD), median (interquartile range, IQR) and frequencies
(%) were used to describe patients’ characteristics. Categorical variables between the two
groups were compared using Chi square or Fisher's exact test as appropriate. Continuous
variables between the two groups were compared using Student’s t test and Mann-Whitney
U test as appropriate. Logistic regression analysis was used to determine factors
associated with HIVDR. A p-value at <0.05 was considered as statistically significant. All

analyses were performed using SPSS version 16.0 (SPSS Inc., Chicago, lllinois, U.S.A).

Results

A total of 466 patients were included in this analysis. The mean (SD) age was 38.8
(11.4) years. Two hundred and sixty-three (58.6%) patients were males. Risks of HIV-1
infection were heterosexual (77.7%), homosexual (16.7%), and intravenous drug use (IDU,
5.6%). Forty-six (9.9%) and 32 (6.9%) patients had co-infection of hepatitis B virus and
hepatitis C virus, respectively. Median (IQR) CD4 cell count and HIV-1 RNA were 176 (42-
317) ceIIs/mm3 and 68,600 (19,515-220,330) copies/mL, respectively. Of 466 patients, 405



(86.9%) were infected with HIV-1 subtype CRFO1_AE. Subtype B was found in 40 (8.6)
patients. Other subtypes (4.5%) were CRF07_BC, CRF03_AB, CRF02_AG, CRF12_BF, D,
and K.

The prevalence of primary HIVDR was 4.9%. The prevalence of patients with
nucleoside reverse transcriptase inhibitor (NRTI)-, non nucleoside reverse transcriptase
inhibitor (NNRTI)-, and protease inhibitor (Pl)-SDRMs was 1.9%, 2.8%, and 1.7%,
respectively. Seventeen (3.8%) patients had SDRM(s) to only one class of antiretroviral
drugs. Five (1.1%) patients had both NRTI- and NNRTI-SDRMs. Only one patient had
SDRMs to 3 classes of antiretroviral drugs. Table 1 shows SDRMs observed in 23 patients
with HIVDR. The comparison of characteristics between patients with and without HIVDR is
summarized in Table 2. From logistic regression analysis, there was no factor significantly
associated with HIVDR. There was a trend toward higher prevalence in females [OR=2.18;

95%Cl, 0.896-5.304; p=0.086].

Discussion

Primary HIVDR represents a challenge for the treatment of HIV-1 infection because
it can reduce the efficacy of first line antiretroviral therapy and may impact clinical
outcomes. Emergence of primary HIVDR in resource-limited settings is a concerning
consequence of global scaleing-up of ART. It will be seen first in the region where ART has
been widely available for years [18]. After a decade of rapid scaling-up of ART in Thailand,
primary HIV is inevitably anticipated.

The results from the present study have demonstrated that there is an emergence
of primary HIV in Thailand. The prevalence is as high as 4.9% and approaching WHO'’s
first threshold (5%) of transmitted HIV. Blower's model had previously predicted that
transmitted HIVDR will reach 5% after approximately 10 years of ART scaling-up [18,22].
Although the term ‘transmitted HIVDR'’ is generally applied only to HIVDR detected in
recently infected individuals, the prevalence of primary HIVDR among patients with chronic
HIV-1 infection may be even underestimated. Thus, the results from the present study
provide data about the likely efficacy of first-line ART in Thailand. For instance, about 5% of
patients initiating first-line ART regimen, which is NNRTI-based regimens, in Thailand may
have early treatment failure. Although most of the patients (3.8%) with primary HIVDR had
SDRMs to only one class of antiretroviral drugs, the treatment response can be markedly

reduced. NNRTI-based regimens generally have low genetic barrier for development of



resistance and early treatment failure is likely if the regimen does not consist of 3 fully
active drugs [23,24].

Recently, various multicenter cohort studies have demonstrated that primary HIVDR
is associated with poor treatment outcomes and/or clinical complication [25-27]. They all
support the use of genotypic resistance test prior to initiation of ART. Since 1998, the
International AIDS Society--USA Panel had suggested considering resistance testing for
antiretroviral-naive patients in areas with a prevalence of resistance of 5% [28]. However,
a cost-effectiveness study of genotypic resistance testing for antiretroviral-naive patients
with chronic HIV-1 infection has reported that it is cost-effective if the prevalence of primary
HIVDR is >1%.

Thailand is an area with predominance of HIV-1 subtype CRF01_AE. Although the
prevalence of HIVDR in patients with subtype CRFO1_AE is twice of that in patients with
subtype B (5.2% vs. 2.5%), there was no statistically significant difference. There were no
significant differences in demographic or clinical factors between those with/without primary
HIVDR. There was only a trend toward higher prevalence in females from multivariate
analysis. Therefore, there is no risk group to consider genotypic testing for primary HIV in
Thailand. As ART continues to be scaled-up rapidly, it is likely that the prevalence of
primary HIV continues to increase. It's a national priority to intervene with the intervention
to prevent further transmission of HIVDR. To minimize primary HIVDR in Thailand,
strengthening of health care system, supporting adherence to therapy, and ensuring a
continuous supply of antiretroviral drugs are crucial. At some point, the National AIDS
Program in Thailand has to carefully consider the advantages and disadvantages of
genotypic testing for primary HIVDR and decide when and how to implement. The future
plans have to include the strategies to make genotypic testing more accessible with the
newer technologies, such as point mutation assays or short sequencing of some specific
regions of RT gene.

There are some limitations in the present study. Although the patients in the present
study were those who newly presented to the infectious disease clinic, some patients
presented late. They were tested for HIV-1 genotypes at the stage of chronic infection.
Some resistance mutations may have reverted to wild type. Thus, the prevalence of primary
HIVDR could be underestimated. However, transmitted HIVDR among antiretroviral-naive
patients has been reported to be persistent, ranged from 4 years to longer than the lifetime
of the patient [30].The prolonged persistence of transmitted HIVDR strongly supports the

use of genotypic resistance test in newly presented patients.



In summary, primary HIVDR is emerging in Thailand after a decade of rapid
scaling-up of ART. Although HIV-1 genotyping prior to ART initiation is not routinely
recommended in Thailand, our results raise concerns about the risk of early treatment
failure. Interventions to prevent the transmission of HIVDR and continuation of surveillance

for primary HIVDR in Thailand are indicated.
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Table 1. Distribution of SDRMs in 23 patients with primary HIVDR*

SDRMs Number of patients Prevalence (%)
NRTI-SDRMs 9 1.9
M41L 3 0.6
K65R 1 0.2
D67N 1 0.2
T69D 1 0.2
V75M 1 0.2
M184V 3 0.6
M1841 1 0.2
L210W 1 0.2
T215Y 1 0.2
T215S 1 0.2
K219Q 1 0.2
K219R 1 0.2
NNRTI-SDRMs 13 2.8
K101E 1 0.2
K103N 3 0.6
K103S 1 0.2
V106A 1 0.2
V106M 1 0.2
Y181C 4 0.9
Y1811 1 0.2
Y188L 1 0.2
G190S 1 0.2
PI-SDRMs 8 1.7
M46l 1 0.2
M46L 1 0.2
147V 1 0.2
G48M 1 0.2
154L 1 0.2
154T 1 0.2
I84A 1 0.2
L9OM 6 1.3




Table 2. Comparison of characteristics between patients with and without primary HIVDR

Characteristics Primary HIVDR P value
Yes (n=23) No (n=443)
Age, years, mean £ SD 37.3 (7.9) 38.8 (11.5) 0.517
Male gender, number (%) 9 (60.9) 264 (59.6) 0.080
Risk of HIV-1 infection, number (%) 0.489
Heterosexual 19 (82.6) 343 (77.4)
Homosexual 2 (8.7) 76 (17.2)
IVDU 2(8.7) 24 (5.4)
HBV co-infection, number (%) 2 (8.7) 44 (9.9) 0.579
HCV co-infection, number (%) 2 (8.7) 30 (6.8) 0.326
CD4, cells/mm3, median (IQR) 197 (35-307) 173 (43-318) 0.784
HIV-1 RNA, log copies/mL, median 29,600 70,150 0.271
(IQR) (3,580-214,000) | (20,490-220,740)
HIV-1 subtypes, number (%) 0.551
CRFO1_AE 21 (91.4) 384 (86.7)
B 1(4.3) 39 (8.8)
Others* 1(4.3) 20 (4.5)

IVDU=intravenous drug use

*including CRF07_BC, CRF03_AB, CRF02_AG, CRF12_BF, D, and K
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Surveillance of Transmitted HIV Drug Resistance in Antiretroviral-naive Patients Aged

<25 Years in Bangkok, Thailand

Abstract

Emergence of transmitted HIV resistance (TDR) is a concern after global scale-up
of antiretroviral therapy (ART). WHO had developed threshold survey method for
surveillance of TDR in resource-limited countries. ART in Thailand has been scaling up for
10 years. To evaluate the current TDR in Thailand, a cross-sectional study was conducted
among antiretroviral-naive HIV-infected patients aged <25 years who newly visited an
infectious disease clinic in a university hospital. HIV genotypic resistance test was
performed. WHO 2009 surveillance drug resistance mutations (SDRMs) were used to
define TDR. Of 49 patients, the prevalence of TDR was 4.1%. Of 2 patients with TDR, one
had K103N and the other had Y181l mutation. TDR is emerging in Thailand after a decade
of rapid scale-up of ART. Interventions to prevent the transmission of drug resistant virus in
population level are essentially needed in Thailand. Surveillance for TDR in Thailand has to

be regularly performed.



Introduction

Emergence of transmitted HIV resistance (TDR) is a concern after global scale-up
of antiretroviral therapy (ART). TDR is associated with poor treatment outcomes and/or
clinical complication [1-5]. TDR is anticipated in the areas where ART has been widely
available for years. The prevalence of TDR has been reported in the United States and
Europe, ranged from 6.2% to 21% [6-9]. In resource-limited settings, TDF has been
reported from sub-Saharan Africa after scale-up of ART and showed the prevalence from
3.5% to 11.6%, depended on the countries [10]. The higher prevalence of TDR in Uganda
than in other African countries is probably related to the earlier start of ART scale-up in
Uganda. In the countries scaling up ART, the World Health Organization (WHO)
recommends the surveillance of TDR [11]. The WHO HIV drug resistance threshold survey
method had been developed for surveillance of TDR in resource-limited countries. To
minimize costs, WHO suggests that each survey requires < or =47 specimens from
individuals consecutively diagnosed with HIV to categorize resistance to each relevant drug
class as <5%, 5-15% or >15% [11].

In Thailand, ART has reduced mortality and morbidity since its introduction in the
country [12-14]. Scaling up of ART has started in since 2001 and the National AIDS
Program (NAP) continues to expand. According to UNAIDS 2010 report, the number of
people receiving ART in December 2009 is 216,118 persons and life years among adults
gained due to ART between 1996 and 2009 is 389,000 [15]. The first threshold survey in
Thailand had been done in Bangkok, involving blood donors and counseling and testing
centre (VCT) clients during 2005-2006 [16]. The findings showed no mutations associated
with TDR. Recently, a multinational study in Asia including Thailand has demonstrated the
prevalence of primary HIV drug resistance among antiretroviral naive patients at 13.8%
[17]. Although this study did not use surveillance drug resistance mutations (SDRMs)
recommended by WHO for surveillance of TDR [18], it bring to a concern of TDR in
Thailand. To evaluate the current situation of TDR in Thailand, especially in the patient care

center, this study was conducted using WHO threshold survey for resource-limited settings.

Methods

A cross-sectional study was conducted among antiretroviral-naive HIV-infected

patients who newly visited an infectious disease clinic in a university hospital between



January 2007 and December 2010. According to WHO threshold survey methods to
minimize inclusion of ARV-experienced individuals and individuals infected before ART was
available [11], the patients eligibility criteria included 1) laboratory confirmation of HIV
infection, 2) age <25 years at HIV diagnosis, and 3) if female, no previous pregnancy.
Eligible patients were consecutively enrolled from an infectious clinic during the study
period. Ethics approvals were obtained from local institutional review boards. Informed
consent was obtained prior to genotypic resistance testing.

All plasma samples, HIV pol nucleotide sequencing of reverse transcriptase and
protease region was carried out using TRUGENE HIV Genotypic Assay in conjunction with
the Open Gene automated DNA sequencing system (Visible Genetics, Toronto, Canada).
Testing involved simultaneous clip sequencing of protease and codons 35-244 of the
reverse transcriptase from the amplified cDNA in both the 3" and 5° directions. Sequences
were aligned and compared with a lymphoadenopathy-associated virus type 1 (HIV-B-
LAV1) consensus sequence using Visible Genetics Gene Librarian software [19,20].
SDRMs recommended by WHO for surveillance of TDR in 2009 [18] were used in all

analyses. TDR in a patient was defined as the presence of at least one SDRM.

Results

A total of 49 patients were included in this analysis. The mean (SD) age was 21.7
(3.8) years. Thirty (61.2%) patients were males. Risks of HIV infection were heterosexual
(65.3%), homosexual (30.6%), and intravenous drug use (IDU, 4.1%). Median (range) CD4
cell count and HIV RNA were 214 (10-782) cells’/mm’ and 68,150 (1,023->1,000,000)
copies/mL, respectively. Of 49 patients, 39 (79.6%) were infected with HIV subtype
CRFO01_AE. Other subtypes were B (12.2%), CRF07_BC (4.1%), CRF12_BF (2.0%), and K
(2.0%).

The prevalence of TDR was 4.1%. Of these two patients with TDR, both had only
one non nucleoside reverse transcriptase inhibitor (NNRTI)-SDRM; one had K103N and the
other had Y181l mutation. Nucleoside reverse transcriptase inhibitor (NRTI)- and protease
inhibitor (P1)-SDRMs were not observed in this study. Both patients were males; one was
heterosexual and the other was homosexual. They aged 23.4 and 23.9 years old. CD4 cell
counts and HIV RNA of these two patients were 22 and 408 ceIIs/mms, and 1,700 and
176,950 copes/mL, respectively.



Discussion

Surveillance of TDR can support implementation of prevention measures on a
population level. TDR represents a challenge for the treatment of HIV infection because it
can reduce the efficacy of first-line ART and impact clinical outcomes [1-5]. After a decade
of rapid scale-up of ART in Thailand, TDR is inevitably anticipated. The results from the
present study have demonstrated that there is an emergence of TDR in Thailand. Although
the prevalence is less than WHO lower threshold (5%), it raises a concern of HIV care in
Thailand. Although patients with TDR had SDRMs to only NNRTI, the treatment response
can be markedly impacted. ART regimens in resource-limited settings are usually selected
at the national level following a public health approach. In Thailand, the national guidelines
recommend using NNRTI-based regimens as the first-line ART [21]. NNRTI-based
regimens generally have low genetic barrier for development of resistance and early
treatment failure is likely if the regimen does not consist of three fully active drugs [22].
Although we cannot demonstrate how our patients acquired drug resistance mutations in
this study, it is likely that sexual transmission from their treatment-experienced partners
may be the case. Our previous study has shown that Y181C/I and K103N are common
drug resistance mutations after failing the first-line ART in Thailand [23]. To minimize TDR
in Thailand, strengthening of HIV care system, supporting patient's adherence to therapy,
and prevention of HIV transmission in both HIV-infected and —uninfected individuals are
crucial. Regular surveillance of TDR in Thailand will inform evidence-based decision making
regarding national AIDS program.

There are some limitations in the present study. Although we followed the
mandatory criteria of participant eligibility for WHO threshold survey, it appears that many
patients with age <25 years old does not accurately predict recent HIV infection. Many
patients in the present study had low CD4 cell counts and may indeed have chronic HIV
infection. Patients in resource-limited setting tend to present to the health care system late.
In addition, a recent study also demonstrated that HIV drug resistance in antiretroviral-naive
patients aged >25 years is dramatically high [24]. Although mandatory criteria of ‘age < 25
years’ suggested by WHO is practical for resource-limited settings to follow, it may not be
accurate. Nevertheless, TDR among antiretroviral-naive patients has been reported to be
persistent, ranged from 4 years to longer than the lifetime of the patient [25]. There is a
value of study TDR even in chronic HIV infection, with a caution of possible

underestimation.



Conclusion

TDR is emerging in Thailand after a decade of rapid scale-up of ART. Interventions

to prevent the development of HIV drug resistance among treated patients and to prevent

transmission of drug resistant virus are essentially needed in Thailand. To inform the

national policy for HIV care, surveillance for TDR in Thailand has to be regularly performed.

References:

1.

L. Wittkop, H. F. Gunthard, F. de Wolf, et al.,. “Effect of transmitted drug resistance
on virological and immunological response to initial combination antiretroviral
therapy for HIV (EuroCoord-CHAIN joint project): a European multicohort study,”
Lancet Infectious Diseases, vol. 11, no. 5, pp. 363-371, 2011.

L. Bansi, A. M. Geretti, D. Dunn D, et al., “Impact of transmitted drug-resistance on
treatment selection and outcome of first-line Highly Active Antiretroviral Therapy
(HAART),” Journal of Acquired Immune Deficiency Syndrome, vol. 53, no. 5, pp.
633-639, 2010.

J. A. Johnson, J. F. Li, X. Wei, et al., “Minority HIV-1 drug resistance mutations are
present in antiretroviral treatment-naive populations and associate with reduced
treatment efficacy,” PLoS Medicine, vol. 5, no. 7, pp. €158, 2008.

G. Poggensee, C. Kiicherer, J. Werning, et al., “Impact of transmission of drug-
resistant HIV on the course of infection and the treatment success. Data from the
German HIV-1 Seroconverter Study,” HIV Medicine, vol. 8, no. 8, pp.511-519, 2007.
T. Taniguchi, D. Nurutdinova, J. R. Grubb, et al., “Transmitted drug-resistant HIV
type 1 remains prevalent and impacts virologic outcomes despite genotype-guided
antiretroviral therapy,” AIDS Research and Human Retroviruses, 2011. [Epub ahead
of print].

S. J. Little, “Transmission and prevalence of HIV resistance among treatment-naive
subjects,” Antiviral Therapy, vol. 5, no. 1, pp. 33-40, 2000.

L. Ross, M. L. Lim, Q. Liao, et al., “Prevalence of antiretroviral drug resistance and
resistance-associated mutations in antiretroviral therapy-naive HIV-infected
individuals from 40 United States cities,” HIV Clinical Trials, vol. 8, no. 1, pp. 1-8,
2007.

D. Descamps, M. L. Chaix, B. Montes, et al., “Increasing prevalence of transmitted

drug resistance mutations and non-B subtype circulation in antiretroviral-naive



10.

11

12.

13.

14.

15.

16.

17.

chronically HIV-infected patients from 2001 to 2006/2007 in France,” Journal of
Antimicrobial Chemotherapy, vol. 65, no. 12, pp. 2620-2627, 2010.

P. Cane, I. Chrystie, D. Dunn, et al., “Time trends in primary resistance to HIV
drugs in the United Kingdom: multicentre observational study,” British Medical
Journal, vol. 331, no. 7529, pp. 1368, 2005.

R. L. Hamers, C. L. Wallis, C. Kityo, et al., “HIV-1 drug resistance in antiretroviral-
naive individuals in sub-Saharan Africa after rollout of antiretroviral therapy: a
multicentre observational study,” Lancet Infectious Diseases, 2011. [Epub ahead of

print]

. D.E. Bennett, M. Myatt, S. Bertagnolio, et al., “Recommendations for surveillance of

transmitted HIV drug resistance in countries scaling up antiretroviral treatment,”
Antiviral Therapy, vol. 13, no. Suppl 2, pp. 25-36, 2008.

W. Manosuthi, S. Chottanapand, S. Thongyen, et al., “Survival rate and risk factors
of mortality among HIV/tuberculosis-coinfected patients with and without
antiretroviral therapy,” Journal of Acquired Immune Deficiency Syndrome, vol. 43,
no. 1, pp. 42-46, 2006.

U. Jongwutiwes, S. Kiertiburanakul, S. Sungkanuparph., “Impact of antiretroviral
therapy on the relapse of cryptococcosis and survival of HIV-infected patients with
cryptococcal infection,” Current HIV Research, vol. 5, no. 3, pp. 355-360, 2007.

S. Sungkanuparph, T. Chakriyanuyok, B. Butthum., “Antiretroviral therapy in AIDS
patients with CMV disease: impact on the survival and long-term treatment

outcome,” Journal of Infection, vol. 56, no. 1, pp. 40-43, 2008.

UNAIDS, “UNAIDS report on the global AIDS epidemic 2010,” Available at
http://www.unaids.org/globalreport/Global_report.htm. Accessed 15 September
2011.

S. Sirivichayakul, P. Phanuphak, T. Pankam, et al., “HIV drug resistance
transmission threshold survey in Bangkok, Thailand,” Antiviral Therapy, vol. 13, no.
Suppl 2, pp. 109-113, 2008.

S. Sungkanuparph, R. Oyomopito, S. Sirivichayakul, et al., “HIV-1 drug resistance
mutations among antiretroviral-naive HIV-1-infected patients in Asia: results from
the TREAT Asia Studies to Evaluate Resistance-Monitoring Study,” Clinical
Infectious Diseases, vol. 52, no. 8, pp. 1053-1057, 2011.



18.

19.

20.

21.

22.

23.

24,

25.

D. E. Bennett DE, R. J. Camacho, D. Otelea, et al., “Drug resistance mutations for
surveillance of transmitted HIV-1 drug-resistance: 2009 update,” PLoS One, vol. 4,
no. 3, pp. €4724, 2009.

D. R. Kuritzkes, R. M. Grant, P. Feorino, et al., “Performance characteristics of the
TRUGENE HIV-1 Genotyping Kit and the Opengene DNA Sequencing System,”
Journal of Clinical Microbiology, vol. 41, no. 4, pp. 1594-1599, 2003.

R. M. Grant, D. R. Kuritzkes, V. A. Johnson, et al., “Accuracy of the TRUGENE
HIV-1 genotyping kit,” Journal of Clinical Microbiology, vol. 41, no. 4, pp. 1586-1593,
2003.

S. Sungkanuparph, W. Techasathit, C. Utaipiboon, et al., “Thai national guidelines
for antiretroviral therapy in HIV-1 infected adults and adolescents 2010,” Asian
Biomedicine, vol. 4, no. 4, pp. 515-528, 2010.

Panel on Antiretroviral Guidelines for Adults and Adolescents, “Guidelines for the
use of antiretroviral agents in HIV-1-infected adults and adolescents. Department of
Health and Human Services 2011, Available at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Accessed 15
September 2011.

S. Sungkanuparph, W. Manosuthi, S. Kiertiburanakul, et al., “Options for a second-
line antiretroviral regimen for HIV type 1-infected patients whose initial regimen of a
fixed-dose combination of stavudine, lamivudine, and nevirapine fails,” Clinical

Infectious Diseases, vol. 44, no. 3, pp. 447-452, 2007.

C. Kasang, S. Kalluvya, C. Majinge C, et al., “HIV drug resistance (HIVDR) in
antiretroviral therapy-naive patients in Tanzania not eligible for WHO threshold

HIVDR survey is dramatically high,” PLoS One, vol. 6, no. 8, pp.e23091, 2011.

S. J. Little, S. D. Frost, J. K. Wong, et al.,, “Persistence of transmitted drug
resistance among subjects with primary human immunodeficiency virus infection,”

Journal of Virology, vol. 82, no. 11, pp. 5510-5518, 2008.



9. Output Nlaanlasenis

9.1

9.2

9.3

9.4

9.5

9.6

9.7

Sungkanuparph S, Sukasem C, Kiertiburanakul S, Piyavong B, Chantratita W.
Emergence and risk factors of HIV-1 drug resistance in antiretroviral-naive
patients in Thailand. The 47th Annual Meeting of Infectious Disease Society of
America (IDSA), Philadelphia, USA, 2009. P 265. [Poster presentation]
Sungkanuparph S, Sukasem C, Kiertiburanakul S, Chantratita W. Surveillance of
transmitted HIV-1 drug resistance in Thailand: A four-year study. The 48th
Annual Meeting of Infectious Disease Society of America (IDSA), Vancouver,
Canada, 2010. P 1107. [Poster presentation]

Sungkanuparph S, Sukasem C, Kiertiburanakul S, Pasomsub E, Chantratita W.
Emergence of HIV-1 Drug Resistance Mutations among Antiretroviral-naive HIV-1-
infected Patients in Thailand After a Decade of Scaling-up Antiretroviral Therapy.
Submitted to Journal of International AIDS Society - status under reviewed
Sungkanuparph S, Pasomsub E, Chantratita W. Surveillance of Transmitted HIV
Drug Resistance in Antiretroviral-naive Patients Aged <25 Years in Bangkok,
Thailand. Submitted to AIDS Research and Treatment - status under reviewed.
Sungkanuparph S, Pasomsub E, Kiertiburanakul S, Chantratita W. Etravirine
Resistance-Associated Mutations in Antiretroviral-Naive Patients Infected with
HIV-1 Subtype CRFO01_AE versus Subtype B. Submitted to Conference of
Retroviruses and Opportunistic Infection - status under reviewed.

Sungkanuparph S, Kiertiburanakul S, Pasomsub E, Chantratita W. Resistance-
Associated Mutations to Efavirenz, Etravirine, Nevirapine, and Rilpivirine among
Antiretroviral-Naive HIV-1-Infected Patients in Thailand. Submitted to Conference
of Retroviruses and Opportunistic Infection - status under reviewed.
Sungkanuparph S, Kiertiburanakul S, Sukasem C, Chantratita W. Discrepancies
between WHO 2009 and IAS-USA 2009 lists for determining the rate of
transmitted HIV-1 drug resistance: A prospective study. Journal of AIDS 2011 -

status accepted and proof available.



10. nMANWIN (Reprint %ﬂﬂ')’li‘d’liﬂ’]dﬂ'ﬁltﬂﬂif ILaz Abstract mm’mﬂsz"quﬁmm‘s)
10.1  Sungkanuparph S, Sukasem C, Kiertiburanakul S, Piyavong B, Chantratita W.
Emergence and risk factors of HIV-1 drug resistance in antiretroviral-naive
patients in Thailand. The 47th Annual Meeting of Infectious Disease Society of

America (IDSA), Philadelphia, USA, 2009. P 265.






10.2 Sungkanuparph S, Sukasem C, Kiertiburanakul S, Chantratita W. Surveillance of
transmitted HIV-1 drug resistance in Thailand: A four-year study. The 48th Annual
Meeting of Infectious Disease Society of America (IDSA), Vancouver, Canada,

2010. P 1107.






10.3 Sungkanuparph S, Sukasem C, Kiertiburanakul S, Pasomsub E, Chantratita W.
Emergence of HIV-1 Drug Resistance Mutations among Antiretroviral-naive HIV-1-
infected Patients in Thailand After a Decade of Scaling-up Antiretroviral Therapy.

Submitted to Journal of International AIDS Society - status under reviewed



From: "Journal of the International AIDS Society Editorial" <editorial@jiasociety.org>

Subject: 8712811586062494 Emergence of HIV-1 Drug Resistance Mutations among Antiretroviral-naive HIV-1-infected
Patients in Thailand After a Decade of Scaling-up Antiretroviral Therapy

Date:  Fri, September 16, 2011 6:00 pm

To: "Prof Somnuek Sungkanuparph”" <somnuek.sun@mahidol.ac.th>

Cc: "Wasun Chantratita" <rawctt@mahidol.ac.th>

Article title: Emergence of HIV-1 Drug Resistance Mutations among
Antiretroviral-naive HIV-1-infected Patients in Thailand After a Decade of
Scaling-up Antiretroviral Therapy

MS ID 1 8712811586062494

Authors : Somnuek Sungkanuparph, Chonlaphat Sukasem, Sasisopin Kiertiburanakul,
Ekawat Pasomsub and Wasun Chantratita

Journal : Journal of the International AIDS Society

Dear Prof Sungkanuparph

Thank you for submitting your article. This acknowledgement and any queries below
are for the contact author. This e-mail has also been copied to each author on the
paper, as well as the person submitting. Please bear in mind that all queries
regarding the paper should be made through the contact author.

A pdf file has been generated from your submitted manuscript and figures. We would
be most grateful if you could check this file and let us know if any aspect is

missing or incorrect. Any additional files you uploaded will also be sent in their
original format for review.

http://www.jiasociety.org/imedia/8712811586062494_article.pdf (71K)

For your records, please find below link(s) to the correspondence you uploaded with
this submission. Please note there may be a short delay in creating this file.

http://www.jiasociety.org/imedia/1186139482606252 comment.pdf

We will assign peer reviewers as soon as possible, and will aim to contact you with
an initial decision on the manuscript within8 weeks.

In the meantime, if you have any queries about the manuscript you may contact us on
editorial@jiasociety.org. We would also welcome feedback about the online submission
process, which can be sent to info@biomedcentral.com.

Best wishes,
The Journal of the International AIDS Society Editorial Team
For helpful guidance on writing and publishing journal articles, please browse the

resources available at Author AID.
Web: http://www.authoraid.info/resource-library/

e-mail: editorial@jiasociety.org
Web: http://www.jiasociety.org/




Title:

Emergence of HIV-1 Drug Resistance Mutations among Antiretroviral-naive HIV-

1-infected Patients in Thailand After a Decade of Scaling-up Antiretroviral Therapy

Short running head title:

Emergence of HIV Drug Resistance in Thailand

Authors:

Somnuek Sungkanuparph *, Chonlaphat Sukasem 2, Sasisopin Kiertiburanakul *, Ekawat
Pasomsub ?, Wasun Chantratita 2

! Division of Infectious Diseases, Department of Medicine, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Bangkok, Thailand;

2 Division of Molecular Virology, Department of Pathology, Faculty of Medicine

Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Corresponding author

Somnuek Sungkanuparph, M.D., Associate Professor of Medicine,
Division of Infectious Diseases, Department of Medicine, Ramathibodi Hospital,
270 Rama 6 Road, Bangkok, 10400, Thailand

Email: somnuek.sun@mahidol.ac.th, Tel: +66-2-2011581, Fax: +66-2-2012232

Keywords: HIV-1; drug resistance; mutations; genotype; Thailand
Note: The preliminary results of this study was presented as an abstract in the in the 48"
Annual Meeting of Infectious Disease Society of America (IDSA), Vancouver, Canada,

October 21-24, 2010. Abstract P1107.



Abstract

Background: After 10-year rapid scaling up of antiretroviral therapy (ART) in HIV-1-
infected patients, the data of primary HIV-1 drug resistance (HIVDR) in Thailand is still
limited. This study aims to determine the prevalence and associated factors of primary
HIVDR in Thailand.

Methods: A prospective observational study was conducted among antiretroviral-naive
HIV-1-infected Thai patients from 2007 to 2010. HIV-1 subtypes and mutations were
assayed by sequencing a region of HIV-1 pol gene. Surveillance drug resistance
mutations (SDRMs) recommended by WHO for surveillance of transmitted HIVDR in
2009 were used in all analyses. Primary HIVDR was defined as the presence of >1
SDRM(s).

Results: Of 466 patients with a mean age of 38.8 years, 58.6% of patients were males.
Risks of HIV-1 infection included heterosexual (77.7%), homosexual (16.7%), and
intravenous drug use (IDU, 5.6%). Median (IQR) CD4 cell count and HIV-1 RNA were
176 (42-317) cellss/mm? and 68,600 (19,515-220,330) copies/mL, respectively. HIV-1
subtypes were CRFO1_AE (86.9%), B (8.6), and other recombinants (4.5%). The
prevalence of primary HIVDR was 4.9%; most of these (73.9%) had SDRM(s) to only
one class of antiretrovirals. The prevalence of patients with NRTI-, NNRTI-, and PI-
SDRMs was 1.9%, 2.8%, and 1.7%, respectively. From logistic regression analysis, there
was no factor significantly associated with primary HIVDR. There was a trend toward
higher prevalence in females [odd ratio 2.18; 95% confidence interval, 0.896-5.304;
p=0.086].

Conclusion: There is a significant emergence of primary HIVDR in Thailand after a
decade of rapid scaling-up of ART in Thailand. Although HIV-1 genotyping prior to

ART initiation is not routinely recommended in Thailand, our results raise concerns



about the risk of early treatment failure. Interventions to prevent the transmission of

HIVDR and continuation of surveillance for primary HIVDR in Thailand are indicated.

Background

In Thailand, the disease burden from HIV/AIDS resulting from the epidemic in
the 1990s remains high [1]. Although the change in the incidence rate of HIV infection in
Thailand, from 2001 to 2009, is over 25% decreasing [2], the accumulated number of
HIV-infected persons is still high. Currently, an estimated number of 530,000 people are
living with HIV Thailand [2]. Combination antiretroviral therapy (ART) has significantly
reduced mortality and morbidity since its introduction in Thailand [3-5]. Since 2001, the
government committed to providing ART free of charge to people living with HIV under
the National Access to Antiretroviral treatment Program for People Living with
HIV/AIDS (NAPHA) [6]. The subsequent production and use of generic drugs led to
more than an eight-fold expansion in treatment provision between 2001 and 2003 [7].
Since 2006, NAPHA has been transformed to National AIDS Program (NAP) under the
management of National Health Security Office with the rapid growing of the program.
According to UNAIDS 2010 report, the number of people receiving ART in December
2009 is 216,118 persons and life years among adults gained due to ART between 1996
and 2009 is 389,000 [2]

Despite these successes, HIV-1 drug resistance (HIVDR) is a major reason for
treatment failure during rapid scaling up of ART in Thailand [8,9]. Approximately 5% to
10% of patients receiving ART have experienced treatment failure and HIVDR [10].
Recently, a study in Thailand had demonstrated the transmission of HIVDR in
antiretroviral-naive HIV-1-infected patients in Thailand [11]. This threatens the

effectiveness of rapidly scaled up first-line ART in the country. Primary HIVDR means



increase resistance of HIV-1 to antiretroviral drugs seen in individuals who have never
received ART and presumably have been infected with drug-resistant virus [12]. The
prevalence of primary HIVDR has been well reported in the United States and Europe,
ranged from 6.2% to 21% [13-16]. A study in Asia has recently reported the prevalence
of primary HIVDR at 13.8% [17]. In resource-limited settings where ART is being
scaled-up, the World Health Organization (WHO) recommends the surveillance of
primary HIVDR [18]. To date, after a decade of ART scaling up, there is limited
published information regarding primary HIVDR in Thailand. This study was aimed to
determine the prevalence of HIVDR and associated factors among antiretroviral-naive

patients in Thailand.

Methods

A cross-sectional study was conducted among antiretroviral-naive HIV-1-infected
patients who newly visited an infectious disease clinic in a university hospital between
January 2007 and December 2010. Patients with a history of any exposure to
antiretroviral drugs including mono- or dual-therapy, or prevention of mother-to-child-
transmission were excluded. Ethics approvals were obtained from local institutional
review boards. Informed consent was obtained prior to genotypic resistance testing.

All plasma samples, HIV-1 pol nucleotide sequencing of reverse transcriptase and
protease region was carried out using TRUGENE HIV-1 Genotypic Assay in conjunction
with the Open Gene automated DNA sequencing system (Visible Genetics, Toronto,
Canada). Testing involved simultaneous clip sequencing of protease and codons 35-244
of the RT from the amplified cDNA in both the 3" and 5" directions. Sequences were
aligned and compared with a lymphoadenopathy-associated virus type 1 (HIV-B-LAV1)

consensus sequence using Visible Genetics Gene Librarian software [19,20]. Surveillance



drug resistance mutations (SDRMs) recommended by WHO for surveillance of
transmitted HIVDR in 2009 [21] were used in all analyses. HIVDR in a patient was
defined as the presence of at least one SDRM.

Mean (z standard deviation, SD), median (interquartile range, IQR) and
frequencies (%) were used to describe patients’ characteristics. Categorical variables
between the two groups were compared using Chi square or Fisher’s exact test as
appropriate. Continuous variables between the two groups were compared using
Student’s t test and Mann-Whitney U test as appropriate. Logistic regression analysis was
used to determine factors associated with HIVDR. A p-value at <0.05 was considered as
statistically significant. All analyses were performed using SPSS version 16.0 (SPSS Inc.,

Chicago, Illinois, U.S.A).

Results

A total of 466 patients were included in this analysis. The mean (SD) age was
38.8 (11.4) years. Two hundred and sixty-three (58.6%) patients were males. Risks of
HIV-1 infection were heterosexual (77.7%), homosexual (16.7%), and intravenous drug
use (IDU, 5.6%). Forty-six (9.9%) and 32 (6.9%) patients had co-infection of hepatitis B
virus and hepatitis C virus, respectively. Median (IQR) CD4 cell count and HIV-1 RNA
were 176 (42-317) cells/mm?® and 68,600 (19,515-220,330) copies/mL, respectively. Of
466 patients, 405 (86.9%) were infected with HIV-1 subtype CRF01_AE. Subtype B was
found in 40 (8.6) patients. Other subtypes (4.5%) were CRFO7_BC, CRF03_AB,
CRF02_AG, CRF12_BF, D, and K.

The prevalence of primary HIVDR was 4.9%. The prevalence of patients with
nucleoside reverse transcriptase inhibitor (NRTI)-, non nucleoside reverse transcriptase

inhibitor (NNRTI)-, and protease inhibitor (Pl1)-SDRMs was 1.9%, 2.8%, and 1.7%,



respectively. Seventeen (3.8%) patients had SDRM(s) to only one class of antiretroviral
drugs. Five (1.1%) patients had both NRTI- and NNRTI-SDRMs. Only one patient had
SDRMs to 3 classes of antiretroviral drugs. Table 1 shows SDRMs observed in 23
patients with HIVDR. The comparison of characteristics between patients with and
without HIVDR is summarized in Table 2. From logistic regression analysis, there was
no factor significantly associated with HIVDR. There was a trend toward higher

prevalence in females [OR=2.18; 95%CI, 0.896-5.304; p=0.086].

Discussion

Primary HIVDR represents a challenge for the treatment of HIV-1 infection
because it can reduce the efficacy of first line antiretroviral therapy and may impact
clinical outcomes. Emergence of primary HIVDR in resource-limited settings is a
concerning consequence of global scaleing-up of ART. It will be seen first in the region
where ART has been widely available for years [18]. After a decade of rapid scaling-up
of ART in Thailand, primary HIV is inevitably anticipated.

The results from the present study have demonstrated that there is an emergence
of primary HIV in Thailand. The prevalence is as high as 4.9% and approaching WHOQO’s
first threshold (5%) of transmitted HIV. Blower’s model had previously predicted that
transmitted HIVDR will reach 5% after approximately 10 years of ART scaling-up
[18,22]. Although the term ‘transmitted HIVDR’ is generally applied only to HIVDR
detected in recently infected individuals, the prevalence of primary HIVDR among
patients with chronic HIV-1 infection may be even underestimated. Thus, the results from
the present study provide data about the likely efficacy of first-line ART in Thailand. For
instance, about 5% of patients initiating first-line ART regimen, which is NNRTI-based

regimens, in Thailand may have early treatment failure. Although most of the patients



(3.8%) with primary HIVDR had SDRMs to only one class of antiretroviral drugs, the
treatment response can be markedly reduced. NNRTI-based regimens generally have low
genetic barrier for development of resistance and early treatment failure is likely if the
regimen does not consist of 3 fully active drugs [23,24].

Recently, various multicenter cohort studies have demonstrated that primary
HIVDR is associated with poor treatment outcomes and/or clinical complication [25-27].
They all support the use of genotypic resistance test prior to initiation of ART. Since
1998, the International AIDS Society--USA Panel had suggested considering resistance
testing for antiretroviral-naive patients in areas with a prevalence of resistance of >5%
[28]. However, a cost-effectiveness study of genotypic resistance testing for
antiretroviral-naive patients with chronic HIV-1 infection has reported that it is cost-
effective if the prevalence of primary HIVDR is >1%.

Thailand is an area with predominance of HIV-1 subtype CRFO1_AE. Although
the prevalence of HIVDR in patients with subtype CRFO1_AE is twice of that in patients
with subtype B (5.2% vs. 2.5%), there was no statistically significant difference. There
were no significant differences in demographic or clinical factors between those
with/without primary HIVDR. There was only a trend toward higher prevalence in
females from multivariate analysis. Therefore, there is no risk group to consider
genotypic testing for primary HIV in Thailand. As ART continues to be scaled-up
rapidly, it is likely that the prevalence of primary HIV continues to increase. It’s a
national priority to intervene with the intervention to prevent further transmission of
HIVDR. To minimize primary HIVDR in Thailand, strengthening of health care system,
supporting adherence to therapy, and ensuring a continuous supply of antiretroviral drugs
are crucial. At some point, the National AIDS Program in Thailand has to carefully

consider the advantages and disadvantages of genotypic testing for primary HIVDR and



decide when and how to implement. The future plans have to include the strategies to
make genotypic testing more accessible with the newer technologies, such as point
mutation assays or short sequencing of some specific regions of RT gene.

There are some limitations in the present study. Although the patients in the
present study were those who newly presented to the infectious disease clinic, some
patients presented late. They were tested for HIV-1 genotypes at the stage of chronic
infection. Some resistance mutations may have reverted to wild type. Thus, the
prevalence of primary HIVDR could be underestimated. However, transmitted HIVDR
among antiretroviral-naive patients has been reported to be persistent, ranged from 4
years to longer than the lifetime of the patient [30].The prolonged persistence of
transmitted HIVDR strongly supports the use of genotypic resistance test in newly
presented patients.

In summary, primary HIVDR is emerging in Thailand after a decade of rapid
scaling-up of ART. Although HIV-1 genotyping prior to ART initiation is not routinely
recommended in Thailand, our results raise concerns about the risk of early treatment
failure. Interventions to prevent the transmission of HIVDR and continuation of

surveillance for primary HIVDR in Thailand are indicated.
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Table 1. Distribution of SDRMs in 23 patients with primary HIVDR*

SDRMs Number of patients | Prevalence (%)
NRTI-SDRMs 9 1.9
M41L 3 0.6
K65R 1 0.2
D67N 1 0.2
T69D 1 0.2
V75M 1 0.2
M184V 3 0.6
M184lI 1 0.2
L210W 1 0.2
T215Y 1 0.2
T215S 1 0.2
K219Q 1 0.2
K219R 1 0.2
NNRTI-SDRMs 13 2.8
K101E 1 0.2
K103N 3 0.6
K103S 1 0.2
V106A 1 0.2
V106M 1 0.2
Y181C 4 0.9
Y181l 1 0.2
Y188L 1 0.2
G190S 1 0.2
P1-SDRMs 8 1.7
M461 1 0.2
M46L 1 0.2
147V 1 0.2
G48M 1 0.2
154L 1 0.2
154T 1 0.2
I184A 1 0.2
L90M 6 1.3

*some patients had >1 SDRM




Table 2. Comparison of characteristics between patients with and without primary

HIVDR
Characteristics Primary HIVDR P value
Yes (n=23) No (n=443)

Age, years, mean + SD 37.3(7.9) 38.8 (11.5) 0.517
Male gender, number (%) 9 (60.9) 264 (59.6) 0.080
Risk of HIV-1 infection, number (%) 0.489

Heterosexual 19 (82.6) 343 (77.4)

Homosexual 2(8.7) 76 (17.2)

IVDU 2 (8.7) 24 (5.4)
HBV co-infection, number (%) 2(8.7) 44 (9.9) 0.579
HCV co-infection, number (%) 2 (8.7) 30 (6.8) 0.326
CD4, cells/mm?®, median (IQR) 197 (35-307) 173 (43-318) 0.784
HIV-1 RNA, log copies/mL, median 29,600 70,150 0.271
(IQR) (3,580-214,000) | (20,490-220,740)
HIV-1 subtypes, number (%) 0.551

CRF01_AE
B

Others*

21 (91.4) 384 (86.7)
1(4.3) 39 (8.8)
1(4.3) 20 (4.5)

IVDU-=intravenous drug use

*including CRFO7_BC, CRF03_AB, CRF02_AG, CRF12 BF, D, and K
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Abstract

Emergence of transmitted HIV resistance (TDR) is a concern after global scale-up
of antiretroviral therapy (ART). WHO had developed threshold survey method for
surveillance of TDR in resource-limited countries. ART in Thailand has been scaling up
for 10 years. To evaluate the current TDR in Thailand, a cross-sectional study was
conducted among antiretroviral-naive HIV-infected patients aged <25 years who newly
visited an infectious disease clinic in a university hospital. HIV genotypic resistance test
was performed. WHO 2009 surveillance drug resistance mutations (SDRMs) were used
to define TDR. Of 49 patients, the prevalence of TDR was 4.1%. Of 2 patients with TDR,
one had K103N and the other had Y181l mutation. TDR is emerging in Thailand after a
decade of rapid scale-up of ART. Interventions to prevent the transmission of drug
resistant virus in population level are essentially needed in Thailand. Surveillance for

TDR in Thailand has to be regularly performed.



1. Introduction

Emergence of transmitted HIV resistance (TDR) is a concern after global scale-up
of antiretroviral therapy (ART). TDR is associated with poor treatment outcomes and/or
clinical complication [1-5]. TDR is anticipated in the areas where ART has been widely
available for years. The prevalence of TDR has been reported in the United States and
Europe, ranged from 6.2% to 21% [6-9]. In resource-limited settings, TDF has been
reported from sub-Saharan Africa after scale-up of ART and showed the prevalence from
3.5% to 11.6%, depended on the countries [10]. The higher prevalence of TDR in Uganda
than in other African countries is probably related to the earlier start of ART scale-up in
Uganda. In the countries scaling up ART, the World Health Organization (WHO)
recommends the surveillance of TDR [11]. The WHO HIV drug resistance threshold
survey method had been developed for surveillance of TDR in resource-limited countries.
To minimize costs, WHO suggests that each survey requires < or =47 specimens from
individuals consecutively diagnosed with HIV to categorize resistance to each relevant
drug class as <5%, 5-15% or >15% [11].

In Thailand, ART has reduced mortality and morbidity since its introduction in
the country [12-14]. Scaling up of ART has started in since 2001 and the National AIDS
Program (NAP) continues to expand. According to UNAIDS 2010 report, the number of
people receiving ART in December 2009 is 216,118 persons and life years among adults
gained due to ART between 1996 and 2009 is 389,000 [15]. The first threshold survey in
Thailand had been done in Bangkok, involving blood donors and counseling and testing
centre (VCT) clients during 2005-2006 [16]. The findings showed no mutations

associated with TDR. Recently, a multinational study in Asia including Thailand has



demonstrated the prevalence of primary HIV drug resistance among antiretroviral naive
patients at 13.8% [17]. Although this study did not use surveillance drug resistance
mutations (SDRMs) recommended by WHO for surveillance of TDR [18], it bring to a
concern of TDR in Thailand. To evaluate the current situation of TDR in Thailand,
especially in the patient care center, this study was conducted using WHO threshold

survey for resource-limited settings.

2. Methods

A cross-sectional study was conducted among antiretroviral-naive HIV-infected
patients who newly visited an infectious disease clinic in a university hospital between
January 2007 and December 2010. According to WHO threshold survey methods to
minimize inclusion of ARV-experienced individuals and individuals infected before ART
was available [11], the patients eligibility criteria included 1) laboratory confirmation of
HIV infection, 2) age <25 years at HIV diagnosis, and 3) if female, no previous
pregnancy. Eligible patients were consecutively enrolled from an infectious clinic during
the study period. Ethics approvals were obtained from local institutional review boards.
Informed consent was obtained prior to genotypic resistance testing.

All plasma samples, HIV pol nucleotide sequencing of reverse transcriptase and
protease region was carried out using TRUGENE HIV Genotypic Assay in conjunction
with the Open Gene automated DNA sequencing system (Visible Genetics, Toronto,
Canada). Testing involved simultaneous clip sequencing of protease and codons 35-244
of the reverse transcriptase from the amplified cDNA in both the 3" and 5” directions.
Sequences were aligned and compared with a lymphoadenopathy-associated virus type 1

(HIV-B-LAV1) consensus sequence using Visible Genetics Gene Librarian software



[19,20]. SDRMs recommended by WHO for surveillance of TDR in 2009 [18] were used

in all analyses. TDR in a patient was defined as the presence of at least one SDRM.

3. Results

A total of 49 patients were included in this analysis. The mean (SD) age was 21.7
(3.8) years. Thirty (61.2%) patients were males. Risks of HIV infection were
heterosexual (65.3%), homosexual (30.6%), and intravenous drug use (IDU, 4.1%).
Median (range) CD4 cell count and HIV RNA were 214 (10-782) cells/mm?® and 68,150
(1,023->1,000,000) copies/mL, respectively. Of 49 patients, 39 (79.6%) were infected
with HIV subtype CRF01_AE. Other subtypes were B (12.2%), CRF07_BC (4.1%),
CRF12_BF (2.0%), and K (2.0%).

The prevalence of TDR was 4.1%. Of these two patients with TDR, both had only
one non nucleoside reverse transcriptase inhibitor (NNRTI)-SDRM; one had K103N and
the other had Y181l mutation. Nucleoside reverse transcriptase inhibitor (NRTI)- and
protease inhibitor (P1)-SDRMs were not observed in this study. Both patients were males;
one was heterosexual and the other was homosexual. They aged 23.4 and 23.9 years old.
CD4 cell counts and HIV RNA of these two patients were 22 and 408 cells/mm?, and

1,700 and 176,950 copes/mL, respectively.

4. Discussion

Surveillance of TDR can support implementation of prevention measures on a
population level. TDR represents a challenge for the treatment of HIV infection because
it can reduce the efficacy of first-line ART and impact clinical outcomes [1-5]. After a
decade of rapid scale-up of ART in Thailand, TDR is inevitably anticipated. The results

from the present study have demonstrated that there is an emergence of TDR in Thailand.



Although the prevalence is less than WHO lower threshold (5%), it raises a concern of
HIV care in Thailand. Although patients with TDR had SDRMs to only NNRTI, the
treatment response can be markedly impacted. ART regimens in resource-limited settings
are usually selected at the national level following a public health approach. In Thailand,
the national guidelines recommend using NNRTI-based regimens as the first-line ART
[21]. NNRTI-based regimens generally have low genetic barrier for development of
resistance and early treatment failure is likely if the regimen does not consist of three
fully active drugs [22]. Although we cannot demonstrate how our patients acquired drug
resistance mutations in this study, it is likely that sexual transmission from their
treatment-experienced partners may be the case. Our previous study has shown that
Y181C/1 and K103N are common drug resistance mutations after failing the first-line
ART in Thailand [23]. To minimize TDR in Thailand, strengthening of HIV care system,
supporting patient’s adherence to therapy, and prevention of HIV transmission in both
HIV-infected and —uninfected individuals are crucial. Regular surveillance of TDR in
Thailand will inform evidence-based decision making regarding national AIDS program.

There are some limitations in the present study. Although we followed the
mandatory criteria of participant eligibility for WHO threshold survey, it appears that
many patients with age <25 years old does not accurately predict recent HIV infection.
Many patients in the present study had low CD4 cell counts and may indeed have chronic
HIV infection. Patients in resource-limited setting tend to present to the health care
system late. In addition, a recent study also demonstrated that HIV drug resistance in
antiretroviral-naive patients aged >25 years is dramatically high [24]. Although
mandatory criteria of ‘age < 25 years’ suggested by WHO is practical for resource-
limited settings to follow, it may not be accurate. Nevertheless, TDR among

antiretroviral-naive patients has been reported to be persistent, ranged from 4 years to



longer than the lifetime of the patient [25]. There is a value of study TDR even in chronic

HIV infection, with a caution of possible underestimation.

5. Conclusion

TDR is emerging in Thailand after a decade of rapid scale-up of ART.
Interventions to prevent the development of HIV drug resistance among treated patients
and to prevent transmission of drug resistant virus are essentially needed in Thailand. To
inform the national policy for HIV care, surveillance for TDR in Thailand has to be

regularly performed.
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Background: Susceptibility to etravirine (ETR) is determined by the number and positions of
NNRTI resistance-associated mutations (RAMs). Non-B HIV-1 subtypes may have natural
polymorphisms described as ETR RAMs. This study aims to determine the prevalence of ETR RAMs
in antiretroviral-naive patients and to compare ETR RAMs and ETR susceptibility score between
subtypes CRFO1_AE and B.

Methods: A prospective observational study was conducted among antiretroviral-naive HIV-1-
infected patients in Thailand where subtype CRF01_AE predominates. HIV-1 subtypes and
mutations were assayed by sequencing a region of HIV-1 pol gene. In order to evaluate
polymorphism between 2 subtypes, patients who had transmitted HIV-1 drug resistance defined by
WHO 2009 surveillance RAMs were excluded. Seventeen ETR RAMs with weighted scoring system
(3.0, Y181l/v; 2.5, L100I, K101P, Y181C, and M230L; 1.5, V1061, V179F, E138A, and G190S; and
1.0, V90I, A98G, K101E/H, V179D/T, and G190A) for ETR susceptibility were used in this analysis.

Results: Of 417 patients with a mean age of 38.9 years, 59.5% of patients were males. Risks of
HIV-1 infection included heterosexual (77.5%), homosexual (17%), and intravenous drug use
(IDU, 5.5%). Median (IQR) CD4 cell count and HIV-1 RNA were 169 (43-316) cells/mm? and
70,780 (21,900-221,000) copies/mL, respectively. The prevalence of ETR RAMs in 378 patients
infected with subtype CRFO1_AE and 39 with subtype B were 9% and 15.4%, respectively
(p=0.246). The distributions of ETR RAMs between 2 subtypes are shown in Figure 1. All patients
who harbored ETR RAMs had only one mutation. There were no differences for the frequencies of
each ETR RAM between 2 subtypes (p=>0.05). All patients who harbored ETR RAMs had score
ranged from 1 to 1.5. ETR susceptibility scores between 2 subtypes are shown in Figure 2; the
distributions of score between 2 subtypes were not significantly different (p=0.257).

Conclusion: Although different patterns of ETR RAMs are observed between HIV-1 subtype
CRF0O1_AE and B, the prevalence of ETR RAMs and ETR susceptibility score are not different
between antiretroviral-naive patients infected with subtypes CRFO1_AE and B. The ETR
susceptibility scores in both subtypes had no significant impact on ETR susceptibility.




Figure 1 ETR-RAMs between HIV-1 subtypes CRFO1_AE and B
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Figure 2 ETR susceptibility score between HIV-1 subtypes CRFO1_AE and B
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Background: NNRTI-based regimens are still mainstay of antiretroviral therapy (ART) in resource-
limited settings. After 10-year rapid scale up of ART among HIV-1-infected patients in Thailand,
primary HIV-1 drug resistance (HIVDR) has emerged. Susceptibility to efavirenz (EFV), etravirine
(ETR), nevirapine (NVP), and rilpivirine (RPV) are determined by different number and positions of
NNRTI resistance-associated mutations (RAMs). This study aims to determine the prevalence RAMs
and resistance to each NNRTI among antiretroviral-naive HIV-1-infected patients in Thailand.

Methods: A prospective observational study was conducted among antiretroviral-naive HIV-1-
infected Thai patients from 2007 to 2010. HIV-1 subtypes and mutations were assayed by
sequencing a region of HIV-1 pol gene. Resistance to EFV and NVP were interpreted using the IAS-
USA 2010 RAM list. DUET weighted scoring system was used for ETR susceptibility and the score of
> 2.5 was considered ETR resistance. RAMs recently described by Napolitano ef a/ (ICAAC 2011)
was used for RPV resistance.

Results: Of 466 patients with mean age of 38.8 years, 58.6% were males. Risks of HIV-1 infection
included heterosexual (77.7%), homosexual (16.7%), and intravenous drug use (IDU, 5.6%).
Median CD4 count and HIV-1 RNA were 176 cells/mm? and 68,600 copies/mL, respectively. HIV-1
subtypes were CRFO1_AE (86.9%), B (8.6), and other recombinants (4.5%). The prevalence of
patients with EFV-, ETR-, NVP-, and RPV-resistance were 3.2%, 1.3%, 3.2%, and 1.5%,
respectively. All patients who had ETR resistance and all patients with RPV resistance, except one
with E138G, had EFV and NVP resistance. The most common NNRTI-RAMs observed were V179D
(5.2%), V1061 (4.1%), Y181C (0.9%), K103N (0.6%), and V108l (0.6%0). Y181C was significantly
associated with resistance to all NNRTIs (p<0.001). K103N (p<0.001) and V1081 (p=0.001) were
significantly associated with only resistance to EFV and NVP. Although V179D and V1061 were
relatively common, most of the patients who harbored these two ETR-RAMs had score <2.5.

Conclusion: After a decade of ART scale-up in Thailand, there is significant primary resistance to
NNRTIs. Although ETR has been limited accessible and RPV is not available in Thailand, there is
also primary resistance to both ETR and RPV mainly due to Y181C mutations. Interventions to
prevent the transmission of HIVDR and continuation of surveillance for primary HIVDR in Thailand
are crucial for the National AIDS Program.
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To the Editors:

HIV-1 infection in developing
countries accounts for a major proportion
of the global HIV-1 epidemic. After
rapidly scaled-up of combination antire-
troviral therapy (ART), the mortality and
morbidity in the resource-limited settings
have significantly reduced.'” Unfortu-
nately, some patients have experienced
treatment failure, and this number is grad-
ually accumulated in developing coun-
tries. HIV-1 drug resistance (HIVDR) is
a major reason for treatment failure, and
transmitted HIVDR threatens the effec-
tiveness of first-line ART among HIV-
l—infected patients in resource-limited
settings.® ®

The prevalence of transmitted
HIVDR wvaries from 6.2% to 21% in
the United States and Europe.®” In
Brazil and Argentina, the rates of trans-
mitted HIVDR are ranging from 3.3%
to 22.2%.'° ' The reported preva-
lence of HIVDR among naive HIV-1—
infected persons in sub-Saharan Africa
ranged from 4.3% to 14.8%.'*"7 In
Asia, few studies show the prevalence
of transmitted HIVDR ranged from
2.3% to 13.8%.'""'"" The wide range
of reported prevalence of transmitted
HIVDR depends on the characteristics
of study population, HIV-1 subtype,
use of ART in the region, and the lists
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of HIV-1 drug resistance mutations
(DRMs) used in each individual study.

The International AIDS Society—
USA (IAS-USA) list of DRMs” has
been published and annually updated
by the IAS-USA Drug Resistance Muta-
tions Group, an independent volunteer
panel of experts. This list includes muta-
tions that may contribute to a reduced
virologic response to a drug. The [AS-
USA 2009 updated DRM list has
93 mutations including 20 nucleoside
reverse transcriptase inhibitor (NRTI)
resistance mutations at 16 reverse tran-
scriptase (RT) positions, 24 nonnucleo-
side reverse transcriptase inhibitor
(NNRTI) resistance mutations at 14
RT positions, and 67 protease inhibitor
(PI) resistance mutations at 36 protease
positions. Most of the studies of trans-
mitted HIVDR in the literatures, partic-
ularly before 2007, had wused the
TAS-USA list 679141819

To accurately compare transmit-
ted drug resistance rates across geo-
graphic regions and times, the World
Health Organization (WHO) has rec-
ommended the updated list of surveil-
lance drug resistance mutations in
March 2009.%' The updated surveil-
lance drug resistance mutation list has
93 mutations including 34 NRTI resis-
tance mutations at 15 RT positions, 19
NNRTI resistance mutations at 10 RT
positions, and 40 protease inhibitor (PI)
resistance mutations at 18 protease
positions. Both [AS-USA and WHO
had updated the lists of DRMs in
2009.2%2! They are different in terms
of number, position, and mutations of
RT and protease gene. To date, there is
no direct comparison between [AS-
USA and WHO lists in the study of
transmitted HIVDR. This study aims
to determine the discrepancies between
these 2 lists for surveillance of trans-
mitted HIVDR in the clinical setting.

A prospective study was con-
ducted among antiretroviral-naive Thai
patients who wvisit a 1200-bed univer-
sity hospital between January 2007 and
May 2010. All plasma samples, HIV-1
pol nucleotide sequencing of RT and
protease region was carried out using
TRUGENE HIV-1 Genotypic Assay
in conjunction with the Open Gene

] Acquir Immune Defic Syndr  Volume 0, Number 0, Month, 2011

automated DNA sequencing system
(Visible Genetics, Toronto, Canada)
to sequence the reverse RT and protease
regions of the HIV-1 ¢DNA. Testing
involved simultaneous clip sequencing
of protease and codons 35-244 of the
RT from the amplified cDNA in both
the 3" and 5' directions. Sequences
were aligned and compared with a lym-
phoadenopathy-associated virus type 1
(HIV-B-LAV1) consensus sequence
using Visible Genetics Gene Librarian
software. HIV-1 subtypes were deter-
mined by the sequences of HIV-1 pol
gene. The study was approved by the
institutional review board.

A total of 374 patients were stud-
ied. The mean (standard deviation) age
was 34.4 (11.6) years, and 57.2% of
patients were males. Risks of HIV-1
infection included heterosexual (78.3%),
homosexual (16.6%), and intravenous
drug use (5.0%). Of all, 84.2% of
patients had HIV-1 subtype CRFO1_AE.
The median (IQR) CD4 cell count and
HIV-1 RNA were 184 (45-338) cells per
cubic millimeter and 70,078 (19,021
214,500) copies per milliliter, respec-
tively. The prevalence of patients with
=1 DRM(s) by IAS-USA and by
WHO lists was 15.2% and 4.3%, respec-
tively. The prevalence of patients with
NRTI-DRMs, NNRTI-DRMs, and PI-
DRMs by IAS-USA list was 2.1%,
15.0%, and 0.5%, respectively. The cor-
responding prevalence by WHO list was
2.1%, 3.5%, and 0.5%, respectively.

The discrepancies of the preva-
lence between the 2 lists arose from
the different lists of NNRTI-DRMs,
especially those DRMs listed by [AS-
USA but not listed by WHO (Fig. 1).
These included V90I (prevalence, 0.5%),
A98G (1.1%), V1061 (4.3%), VI108I
(0.8%), EI138A (0.3%), and V179D/T
(6.2%), all of which were associated
with decreased susceptibility of etravir-
ine (Fig. 1). In contrast, NNRTI-DRMs
listed by WHO but not listed by [AS-
USA were observed only in | patient
(K1038, 0.3%). Using IAS-USA list in
logistic regression analysis, CD4 cell
count <<200 cells per cubic millimeter
was the only factor associated with trans-
mitted HIVDR (OR = 2.03; 95% CIL:
1.11 to 3.70; P = 0.021). There was no
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FIGURE 1. Prevalence of patients with NNRTI-DRM(s) by WHO 2009 and IAS-USA

2009 lists.

factor associated with transmitted
HIVDR when WHO list was used in
the logistic regression analysis.

The results from the present study
have demonstrated the significant dis-
crepancy of the overall prevalence of
transmitted HIVDR when determined by
2 different DRM lists (15.2% vs. 4.3%).
This difference was mainly driven by
the high prevalence of NNRTI-DRMs
by IAS-USA list. The 2 most common
discrepant NNRTI-DRMs observed were
V1061 (4.3%) and V179D (5.9%), which
are etravirine resistance-associated muta-
tions. These mutations are more likely to
be polymorphic mutations. Some DRMs
occur commonly in the absence of drug-
selective pressure. These polymorphic
DRMs should not be used for surveil-
lance of transmitted HIVDR because
they could lead to overestimated preva-
lence of transmitted HIVDR. Of note,
most of the patients in the present study
had been infected with HIV-1 subtype
CRFO1_AE. A recent study has reported
that non-B HIV-1 subtypes have natu-
ral polymorphisms described as etravir-
ine resistance—associated mutations.**
However, there were only 19 from
726 samples that were HIV-1 subtype
CRFO1_AE in this report. Whether

2 | www jaids.com

V1061 and V179D in the present study
are real polymorphisms and related
to CRFO1_AE subtypes has to be fur-
ther studied.

In summary, there are discrepan-
cies of the prevalence rates and associ-
ated factor of transmitted HIVDR
between using WHO 2009 and IAS-
USA 2009 lists. These discrepancies
may lead to the different recommenda-
tion of interventions, such as routine
resistance test before ART initiation.
Using IAS-USA, 20009 list is associated
with higher prevalence of HIVDR,
which is driven by the high rates of
etravirine-associated resistance muta-
tion and suspected polymorphisms.
Further study to evaluate the potential
of these polymorphisms in CRFO1_AE
subtypes is needed.
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