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Abstract. Widespread use of antiretroviral drugs has significantly increased drug 
resistance. In the resource limited countries, delayed detection of drug resistance 
may lead to accumulation of drug resistance mutations. We investigated the ge-
notypic drug resistance mutation patterns in HIV-infected patients with various 
levels of plasma HIV RNA levels. Fifty-nine HIV-infected patients with antiviral 
therapy failure were recruited. Genotypic assays of HIV-1 protease and reverse 
transcriptase genes were analyzed. There was a significant difference in CD4 cell 
counts and percentage of CD4 (p < 0.05) between groups of patients with high 
and low viral load, who failed first-line non nucleoside reverse transcriptase 
inhibitor-based regimens. In addition, patients with HIV-1 viral load ≥ 4 log10 
have a significantly higher likelihood of being infected with HIV-1 containing 3 
to 5 resistance-associated mutations than those with HIV-1 viral load < 4 log10. 
Thus, delayed detection of increased HIV-1 viral load and antiretroviral drug-
resistance may lead to accumulation of drug-resistant mutations and decreased 
CD4 cell count and percentage.
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INTRODUCTION

Resistance to antiretroviral drugs 
is a major problem in the treatment of 
HIV-1 infection, which limits the efficacy 
of combination antiretroviral treatment 
(ART). The Thai government has provided 
free ART to all patients with HIV/AIDS. 

GPOvir, a combination of lamivudine, 
stavudine, and nevirapine, has been used 
as the first-line regimen in HIV-infected 
patients in Thailand since 2001 (Jenwith-
eesuk et al, 2003). However, widespread 
use of ART has significantly increased 
drug resistance and genotypic resistance 
testing is increasingly important and 
widely recommended as a standard 
care to evaluate drug resistant strains in 
clinical practice (Hammer et al, 2006, 2008; 
Hirsch et al, 2008). 

HIV-1 antiretroviral resistance is a 
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major cause of treatment failure (Kuritz-
kes, 2004; Gallant, 2005). Extensive muta-
tion rate, prolonged use of antiretroviral 
agents and incomplete viral suppression 
lead to the development of drug resistant 
viruses and the management of treatment 
failure represents a serious challenge to 
the management of HIV-1 infected pa-
tients. In resource-limited country such 
as Thailand, there is usually a delay be-
fore the patient is prescribed a genotypic 
resistance test due to the cost of the test. 
This delay results in the patient having 
an elevated plasma HIV RNA level (viral 
load) at the time of the genotypic resis-
tance testing (Sungkanuparph et al, 2007). 
In this study, we evaluated the correlation 
between different degrees of HIV RNA 
levels at the time of drug resistance test-
ing and patterns of drug resistance muta-
tions in HIV-infected patients, who had 
failed non-nucleoside reverse transcrip-
tase inhibitor (NNRTI)-based first-line  
ART regimens. 

MATERIALS AND METHODS

Clinical specimen and study design
This retrospective study was con-

ducted among 59 HIV-infected patients 
≥18 years of age. Inclusion criteria were 
as follows: 1) receiving NNRTI-based 
first-line ART for at least six months; 2) 
viral load undetectable at least once before 
the current genotypic resistance testing; 
and 3) viral load ≥ 1,000 copies/ml at the 
time of genotypic resistance testing. De-
mographic data of the patients were ob-
tained from the medical records. Plasma 
specimens from these 59 patients were 
submitted to the HIV drug-resistance test-
ing laboratory at the Faculty of Medicine, 
Chiang Mai University, Thailand between 
July 2007 and December 2009 for routine 
assessment of drug susceptibility. 

The study was approved by the Eth-
ics Committee of the Faculty of Medicine, 
Chiang Mai University, Chiang Mai, 
Thailand.

Extraction, amplification and sequencing 
of viral RNA

An in-house genotype assay of HIV-1 
protease (PR) and reverse transcriptase 
(RT) genes was performed on the plasma 
specimens (Sugiura et al, 1999; Myint 
et al, 2002; Fujisaki et al, 2007). Viral RNA 
was extracted from 150 µl of individual 
plasma sample using a NucleoSpin® Viral 
Isolation kit (Macherey-Nagel, Düren, 
Germany). Single stranded HIV-1 RNA 
was reverse transcribed and amplified 
by a one step RT-PCR technique using 
Superscript™ III platinum Taq (Invitro-
gen, Carlsbad, CA). The outer primer 
pair used for amplification of the PR 
gene was DRPRO5 (5’-AGACAGGYTA-
ATTTTTTAGGGA-3’), and DRPRO2L 
(5’-TATGGATTTTCAGGCCCAATTTTT-
GA-3’), and for RTgene, DRRT1L (5’-AT-
GATAGGGGGAATTGGAGGTTT-3’) and 
DRRT4L (5’-TACTTCTGTTAGTGCTTTG-
GTTCC-3’). Thermal cycling condition 
was as follows: 55oC for 20 minutes; 95oC 
for 2 minutes; 40 cycles of 94oC for 15 
seconds, 52oC for 15 seconds, 72oC for 45 
seconds; and 72oC for 5 minutes. DNA was 
then amplified by nested PCR using KOD 
DNA polymerase kit (Toyobo, Osaka, 
Japan). The inner primers, DRPRO1M 
(5’-AGAGCCAACAGCCCCACCAG 
-3’) and DRPRO6 (5’-ACTTTTGGGC-
CATCCATTCC-3’), were used for the PR 
amplicon and primers, DRRT6L (5’-TA-
ATCCCTGCATAAATCTGACTTGC-3’) 
and DRRT7L (5’-GACCTACACCTGT-
CAACATAATTGG-3’), for RT amplicon. 
The thermal cycling conditions were as 
follows: 94oC for 15 seconds; 30 cycles 
of 94oC for 5 seconds; 60oC for 3 seconds 
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and 74oC for 30 seconds; and 72oC for 
7 minutes.

The nested PCR amplicons were 
purified with NucleoSpin® extract II 
(Macherey-Nagel) and sequenced in both 
directions using BigDye Terminator V3.1 
Cycle Sequencing kit (Applied Biosys-
tems, Foster City, CA) in the ABI Prism 
3100 Genetic Analyzer (Applied Biosys-
tems) and 4 specific primers: two prim-
ers, DRPRO1M and DRPRO6, to analyze 
nucleotide sequence of PR gene; two prim-
ers, DRRT6L and DRRT7L, to analyze RT 
gene. The nucleotide sequences were edit-
ed using SeqScape software V2.6 (Applied  
Biosystems) and compared to the HIV-1  
reference sequence strain HXB2. The 
edited sequences were interpreted for 
mutations related to drug resistance using 
Stanford Genotypic Resistance Interpre-
tation Algorithm (http://hivdb.stanford.
edu/pages/algs/HIVdb.html) and Interna-
tional AIDS Society-USA mutation panel 
(Johnson et al, 2009). 
Phylogenetic analysis

The 59 sequences of HIV-1 pol-PR and 
pol-RT region (1,050 bp) were aligned us-
ing CLUSTAL X, version 2.0.10 software 
and compared to the HIV-1 reference se-
quences: subsubtype A1 (03AU-PS1044), 
subtype B (90TH-BK132), subtype C 
(92BR-BR025), subtype D (83CD-ELI), 
subsubtype F1 (93BE-VI850), subtype H 
(93BE-VI991), subtype J (97CD-J_97DC_
KTB147), subtype K (97CD-EQTB11C), 
CRF01_AE (90TH-CM240). Artificial 
nucleotide bases and gaps were removed 
using BioEdit, version 7.0.9.0 software. 
Similarity and bootstrap value were 
identified with the number of bootstraps 
at 100 replicates. Genetic distance and 
bootstrap value were assessed and the 
phylogenetic tree was established with 
Neighbor-Joining method.

Statistical analysis
Statistical analysis was performed 

using SPSS for Windows, version 17.0. 
Frequencies and median of variables were 
expressed as percentages. Comparison of 
mean between two sample groups with 
different HIV-1 viral loads was performed 
using unpaired t-test. A Mann-Whitney U 
test was used to compare median between 
two sample groups with different HIV-1 
viral load. A p-value of < 0.05 is considered 
statistically significant.

RESULTS

The 59 samples were divided into 
two groups: one group (27 samples; 46%) 
collected from patients with HIV-1 viral 
load < 4 log10 and the other group (32 
samples; 54%) from patients with HIV-1 
viral load ≥ 4 log10. The two groups are 
not significantly different in demographic 
and clinical characteristics including age, 
sex, mode of transmission, and nucleoside 
reverse transcriptase inhibitor (NRTI) 
treatment (Table 1). However, the group 
with higher viral load has significantly 
lower CD4 cell counts and percentage 
than the other group.

Major mutations associated with re-
sistance to NRTIs and NNRTIs were found 
in 54 patients (91%) and 55 patients (93%), 
respectively (Table 2). The prevalence 
of resistance mutations associated with 
any NRTIs or NNRTIs was not different 
between the two groups (p > 0.05). The 
prevalence of any of the point mutations 
associated with resistance to NRTIs or 
NNRTIs was also not significantly dif-
ferent between the two groups (p > 0.05). 
Twenty patients (62%) with HIV-1 viral 
load ≥ 4 log10 were observed to have 
3 to 5 resistance-associated mutations 
compared to 6 patients (22%) with HIV-1 
viral load < 4 log10 (p = 0.001). The average 
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Characteristics	 Number of patient	 Patients with	 Patient with 	 p-value 
		  (n = 59) a	 VLb< 4log	 VL≥ 4log
			   (n = 27)	 (n = 32)	

Age, mean years ± SDc	 39±1.095	 40±1.751	 38±1.361	 0.203
Sex				    0.290
	 Male	 29 (49%)	 15 (56%)	 14 (44%)	
	 Female	 29 (49%)	 12 (44%)	 17 (53%)	
      Transgender	 1 (2%)	 -	 1 (3%)	
Transmission group				    0.098
     	Men who have sex with men	 10 (17%)	 3 (11%)	 7 (22%)	
     	Heterosexual men	 29 (49%)	 12 (44%)	 17 (53%)	
     	Heterosexual women	 20 (34%)	 12 (44%)	 8 (25%)	
NRTId backbone				    0.118
     	Stavudine and lamivudine	 47	 23	 24	
     	Zidovudine and lamivudine	 8	 4	 4	
     	Didanosine and lamivudine	 1	 1	 -	
Third drug				  
     	Nevirapine	 45	 25	 20	
     	Efavirenz	 10	 1	 9	
     	PIe	 1	 1	 -	
Time to viral load measurement, 	 48 (18, 144)	 56 (18, 144)	 48 (20, 104)	 0.217
   median months [IQR]f	
Median plasma HIV-1 RNA,	 11,974 	 6,045	 65,840               
   copies/ml [IQR]	 (1,002, 398,000)	 (1,002, 9,818)	 (11,000, 398,000)	
Mean VL log10 copies/ml [IQR]	 4.08 (3.0, 5.6)	 3.78 (3.0, 3.99)	 4.82 (4.04, 5.60)	
Median CD4+ cell count, 	 145.5 (8, 458)	 211.5 (19, 458)	 110 (8, 348)	 0.009
   cells/mm3 [IQR]	
Median percentage of CD4+ 	 9.0 (1, 26)	 10.5 (2, 26)	 8.0 (1, 17)	 0.012
   cell count, cell/ mm3 [IQR]	

Table 1
Demographic and clinical characteristics of the study population.

aNumber (%) of patients, unless otherwise indicated; bVL, viral load; c SD, standard deviation; dNRTI, 
nucleoside reverse transcriptase inhibitor; ePI, protease inhibitor; f IQR, interquartile range.

number of thymidine-associated muta-
tions (TAMs) in the low viral load group 
was 1.0 [IQR 0, 4], whereas that in the 
high viral load group was 1.59 [IQR 0, 
5]. The average number of major muta-
tion to NNRTIs in low viral load group 
was 1.56 [IQR 0, 3], and that in the high 
viral load group was 1.72 [IQR 0, 4]. The 
number of patients with any TAMs in the 

low viral load group was 13 (48%), and 
that in the high viral load group was 19 
(59%). The number of patients with any 
major mutation points to NNRTIs in the 
low viral load group was 25 (93%), and 
that in the high viral load group was 30 
patients (94%). The most prevalent muta-
tion associated with NRTIs resistance was 
M184V/I, which was found in 47 patients 
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Mutation		  		  p-value
		  Number of 	Patients with 	 Patient with
		  patients	 VLb < 4log	 VL ≥ 4log
		  (n = 59)	 (n = 27)	 (n = 32)	

NRTIc mutation				 
      M41L	 10	(17)	 2	(7)	 8	(25)	 0.075
      A62V	 4	(7)	 2	(7)	 2	(6)	 0.863
      K65R	 8	(13)	 4	(15)	 4	(12)	 0.800
      D67N	 18	(30)	 9	(33)	 9	(28)	 0.672
      T69N	 22	(37)	 8	(30)	 14	(44)	 0.272
      K70R/E	 16	(27)	 6	(22)	 10	(31)	 0.446
      L74V	 2	(3)	 1	(4)	 1	(3)	 0.905
      V75I	 3	(5)	 0		 3	(9)	 0.106
      F77L	 2	(3)	 1	(4)	 1	(3)	 0.905
      F116Y	 1	(2)	 1	(4)	 0		 0.280
      Q151M	 4	(7)	 1	(4)	 3	(9)	 0.397
      M184V/I	 47	(80)	 23	(85)	 24	(75)	 0.341
      L210W	 5	(8)	 2	(7)	 3	(7)	 0.791
      T215Y/F	 12	(20)	 3	(11)	 9	(28)	 0.109
      K219Q/E	 16	(27)	 5	(18)	 11	(34)	 0.178
Any NRTI mutation	 54	(91)	 26	(96)	 28	(90)	 0.063
1 or 2 NTRI resistance associated mutation	 31	(36)	 12 	(44)	 9	(28)	 0.199
3 to 5 NTRI resistance associated mutation	 26	(44)	 6	(22)	 20	(62)	 0.001
Any TAMsd	 32	(54)	 13	(48)	 19	(59)	 0.397
NNRTIe mutation				 
      V90I	 1	(2)	 0		 1	(3)	 0.363
      A98G	 4	(7)	 3	(11)	 1	(3)	 0.231
      L100I	 1	(2)	 0		 1	(3)	 0.363
      K101E/H/P	 10	(17)	 4	(15)	 6	(19)	 0.694
      K103N	 18	(30)	 10	(37)	 8	(25)	 0.326
      V106M/I/A	 2	(3)	 1	(4)	 1	(3)	 0.905
      V108I	 13	(22)	 5	(18)	 8	(25)	 0.558
      V179D/F/T	 2	(3)	 0		 2	(6)	 0.193
      Y181C/I	 34	(58)	 16	(59)	 18	(56)	 0.820
      Y188L/C/H	 2	(3)	 0		 2	(6)	 0.193
      G190A/S	 14	(24)	 6	(22)	 8	(25)	 0.807
      P225H	 1	(2)	 0		 1	(3)	 0.363
Any NNRTI mutation	 55	(93)	 25	(93)	 30	(94)	 0.863

Table 2
Development of nucleotide-associated mutations.

Number of major RT mutation (%)a

aNumber (%) of patients, unless otherwise indicated; bVL, viral load; cNRTI, nucleoside reverse 
transcriptase inhibitor, dTAMs, thimidine associated mutations; eNRTI, non-nucleoside reverse 
transcriptase inhibitor
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Antiretroviral drug	 			   p-value
	 Number patients	 Patients with	 Patients with                     
	 (n = 59)	 VLb<4log	 VL ≥4log
		  (n = 27)	 (n = 32)	

Lamivudine	 49	(83)	 23	 (85)	 26	(81)	 0.425
Zidovudine	 15	(25)	 5	 (18)	 10	(31)	 0.266
Stavudine	 13	(22)	 3	 (11)	 10	(31)	 0.093
Nevirapine	 52	(88)	 24	 (89)	 28	(87)	 0.946
Efavirenz	 30	(51)	 16	 (59)	 14	(44)	 0.590

Table 3
Development of HIV drug resistance.

aNumber (%) of patients, unless otherwise indicated; bVL, viral load

Number of patient (%)a

(80%), followed by T69N in 22 (37%) 
and D67N in 18 (30%), respectively. The 
most prevalent mutation associated with 
NNRTIs resistance was Y181C/I, found in 
34 patients (58%), followed by K103N in 
18 (30%), G190A/S in 14 (24%), V108I in 
13 (22%) and K101E/H/P in 10 (17%). Ma-
jor mutations associated with resistance 
to protease inhibitors (PIs) were found 
in this study while minor mutations as-
sociated with resistance were detected at 
position L33F (1 patient, 2%), and A71T 
(1 patient, 2%).

Among the NRTIs, high-level resis-
tance to lamivudine was the most fre-
quent finding among the 59 samples (49 
samples; 83%), followed by zidovudine re-
sistance (15; 25%) and stavudine resistace 
(13; 22%) (Table 3). Among the NNRTIs, 
the most frequent high-level resistance 
was to nevirapine (52; 88%), followed by 
efavirenz resistance (30; 51%). There was 
no difference between the two groups in 
the proportion of samples with high-level 
resistance to lamivudine, zidovudine, 
stavudine, nevirapine, and efavirenze.

The HIV-1 pol [protease (PR) and 
RT] region of 59 strains was amplified, 

sequenced and subtyped. Phylogenetic 
analysis showed that 58 sequences (98%) 
belonged to HIV-1, CRF01_AE with a 
bootstrap value of 84% and the remaining 
sample (2%) belonged to HIV-1 subtype 
B with a bootstrap value of 77%. The 
percent similarity to HIV-1 subtype using 
Stanford HIV database showed the same 
result as the phylogenetic analysis. All of 
the percent similarity to HIV-1 subtypes 
analyzed by the Stanford HIV database 
was more than 93%.

DISCUSSION

Genotypic resistance of viral reverse 
transcriptase (RT) and protease (PR) was 
determined in 59 HIV-infected patients 
with treatment failure at Chiang Mai 
University, Thailand showing that 62% 
of the patients with HIV-1 viral load ≥ 4 
log10 had 3 to 5 NRTI-resistance associ-
ated mutations compared to 22% of those 
with HIV-1 viral load < 4 log10 (p = 0.001). 
Comparison of the average number of 
TAMs and major resistance mutations 
to NNRTIs between the two groups also 
supported the findings that patients in the 
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high viral load group have accumulated 
a higher number of resistance mutations.

As HIV-1 resistance is affected by 
multiple factors, the genotypic resistance 
patterns cannot be accurately predicted. 
However, a few important observations 
were made in this study. Firstly, geno-
typic antiretroviral drug resistance testing 
should be considered to provide for better 
drug regimens to improve the manage-
ment of dual NRTI failure (Durant et al, 
1999). Secondly, there is a significant ac-
cumulation of nucleotide-associated mu-
tations (NAMs) in the group with higher 
viral load. Thirdly, there is a significantly 
lower CD4 cell counts in the higher viral 
load group.

HIV can develop resistance rapidly 
after only a single mutation (Deeks et al, 
1999; Engchanil et al, 2006). Therefore, 
detection of HIV-1 viral resistance at an 
early stage can prevent the accumula-
tion of resistant mutations, especially 
NAMs. However, the barrier to the de-
velopment of resistance to different 
antiretroviral drugs is different. A single 
mutation can confer high-level resistance 
to lamivudine, whereas for most other 
drugs, eg, zidovudine, stavudine, high-
level resistance requires accumulation 
of three or more mutations (Larder and 
Kemp, 1989; Condra et al, 1996; Duwe et 
al, 2001). Although, comparison between 
the two groups of the frequency of NRTI 
resistance-associated mutations shows no 
significantly different frequency of M41L, 
T69, Q151M, T215Y/F, and K219Q/E muta-
tions, these findings emphasize the need 
for larger studies to evaluate the resistance 
mutations and drug-resistant patterns in 
order to make recommendations on ART 
resistance monitoring. 

Other important variables that are 
known or suspected to affect virological 

response to therapy, such as baseline viral 
load and CD4 count, drug phamacokinet-
ics, drug binding to plasma proteins, con-
comitant drugs or drug-drug interactions, 
other substance, eg, herbs, or drug-food 
interactions, hepatic impairment, host 
genetic factors and medication adherence 
may have to be incorporated in future 
analysis of resistance factors in order to 
maximize the predictive value of resis-
tance testing and ultimately to improve 
patients’ outcome (DeGruttola et al, 2000; 
Ivanovic et al, 2008). 

ACKNOWLEDGEMENTS

The authors are indebted to the pa-
tients who were enrolled in the study. We 
wish to thank the National Research Uni-
versity Project under the Office of Higher 
Education Commission, Thailand, and the 
Graduate School, Chiang Mai University 
for financial support. 

REFERENCES

Condra JH, Holder DJ, Schleif WA, et al. Ge-
netic correlates of in vivo viral resistance 
to indinavir, a human immunodeficiency 
virus type 1 protease inhibitor. J Virol 1996; 
70: 8270-6.

Deeks SG, Hellmann NS, Grant RM, et al. Novel 
four-drug salvage treatment regimens af-
ter failure of a human immunodeficiency 
virus type 1 protease inhibitor-containing 
regimen: antiviral activity and correlation 
of baseline phenotypic drug susceptibility 
with virologic outcome. J Infect Dis 1999; 
179: 1375-81.

DeGruttola V, Dix L, D’Aquila R, et al. The rela-
tion between baseline HIV drug resistance 
and response to antiretroviral therapy: re-
analysis of retrospective and prospective 
studies using a standardized data analysis 
plan. Antivir Ther 2000; 5: 41-8.

Durant J, Clevenbergh P, Halfon P, et al. Drug-



Southeast Asian J Trop Med Public Health

866 Vol  42  No. 4  July  2011

resistance genotyping in HIV-1 therapy: 
the VIRADAPT randomised controlled 
trial. Lancet 1999; 353: 2195-9.

Duwe S, Brunn M, Altmann D, et al. Frequency 
of genotypic and phenotypic drug-
resistant HIV-1 among therapy-naive 
patients of the German Seroconverter 
Study. J Acquir Immune Defic Syndr 2001; 
26: 266-73.

Engchanil C, Kosalaraksa P, Lulitanond V, Lum-
biganon P, Chantratita W. Multi-drug resis-
tant HIV-1 reverse transcriptase genotype 
in children treated with dual nucleoside 
reverse transcriptase inhibitors (NRTIs). J 
Med Assoc Thai 2006; 89: 1713-20.

Fujisaki S, Fujisaki S, Ibe S, et al. Performance 
and quality assurance of genotypic drug-
resistance testing for human immunode-
ficiency virus type 1 in Japan. Jpn J Infect 
Dis 2007; 60: 113-7.

Gallant JE. Antiretroviral drug resistance and 
resistance testing. Top HIV Med 2005; 13: 
138-42.

Hammer SM, Eron JJ, Jr., Reiss P, et al. Antire-
troviral treatment of adult HIV infection: 
2008 recommendations of the International 
AIDS Society-USA panel. JAMA 2008; 300: 
555-70.

Hammer SM, Saag MS, Schechter M, et al. 
Treatment for adult HIV infection: 2006 
recommendations of the International 
AIDS Society–USA panel. Top HIV Med 
2006; 14: 827-43.

Hirsch MS, Gunthard HF, Schapiro JM, et al. 
Antiretroviral drug resistance testing in 
adult HIV-1 infection: 2008 recommenda-
tions of an International AIDS Society-USA 

panel. Top HIV Med 2008; 16: 266-85.
Ivanovic J, Nicastri E, Ascenzi P, et al. Therapeu-

tic drug monitoring in the management 
of HIV-infected patients. Curr Med Chem 
2008; 15: 1925-39.

Jenwitheesuk E, Watitpun C, Vibhagool A, 
Chantratita W. Prevalence of genotypic 
HIV-1 drug resistance in Thailand, 2002. 
Ann Clin Microbiol Antimicrob 2003; 2: 4.

Johnson VA, Brun-Vezinet F, Clotet B, et al. 
Update of the drug resistance mutations 
in HIV-1: December 2009. Top HIV Med 
2009; 17: 138-45.

Kuritzkes DR. Preventing and managing an-
tiretroviral drug resistance. AIDS Patient 
Care STDS 2004; 18: 259-73.

Larder BA, Kemp SD. Multiple mutations in 
HIV-1 reverse transcriptase confer high-
level resistance to zidovudine (AZT).  
Science 1989; 246: 1155-8.

Myint L, Ariyoshi K, Yan H, et al. Mutagenically 
separated PCR assay for rapid detection 
of M41L and K70R zidovudine resistance 
mutations in CRF01_AE (subtype E) 
human immunodeficiency virus type 1.  
Antimicrob Agents Chemother 2002; 46: 
3861-8.

Sugiura W, Matsuda M, Abumi H, et al. Preva-
lence of drug resistance-related mutations 
among HIV-1s in Japan. Jpn J Infect Dis 
1999; 52: 21-2.

Sungkanuparph S, Manosuthi W, Kierti-
buranakul S, 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. Clin 
Infect Dis 2007; 44: 447-52.


