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Abstract  

Antiretroviral resistance mutations in HIV among antiretroviral 

treatment-naive and experienced patients in Korea 

Min Hyung Kim 

Department of Internal Medicine 

The Graduate School 

Yonsei University 

 

Directed by professor Jun Yong Choi 

 

Background: The use of ighly active antiret oviral therapy (HAART) 

has reduced the mortality and morbidity of HIV/AIDS(Human 

Immunodeficiency Virus/ Acquired Immune D ficiency S ndrome) 

patients. However, antir troviral drug resistance is an increasing 

concern, and its prevalence and pattern differ within geographic 

areas. The purpose of this study is to assess the prevalence and 

characteristics of HIV drug resistant amino acid changes among 
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Methods: We investigated antiretroviral resistance mutations in 50 

 

Results: Most patients (86.9%) were infected with clade B HIV-1, 

d n s

antiretroviral therapy (ART)-naive and experienced patients in Korea. 

ART-naive and 34 ART-experienced Korean HIV-1 infected patients 

who visited an urban hospital from February 2007 to March 2011. 

All ART-experienced patients had virologic failure at the time of 

resistance testing. HIV RNA pol sequences were obtained using the 

ViroSeg HIV genotyping system. Resistance mutations were 

interpreted using the Stanford HIV Drug Resistance database.  

followed by patients with clade AE (4.7%), AG (4.7%) and C (1.2%). 

6(12%) ART-naive and 22(64.7%) ART-experienced patients had HIV 

strains with resistance mutations. In a previous study conducted in 

Korea, no protease inhibitor (PI) related mutations were found 

among ART-naive patients. However, 2 types of PI related 

mutations (encoding L10I an  A71T amino acid cha ge ) were 

identified in the present study. In our study, the V179D amino acid 
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Conclusion: The prevalence of drug-resistant HIV-1 in ART-naive 

change was the most frequently found mutant virus in ART-naive 

patients, which accounted for 10%. Among ART-experienced 

patients, he M184V amino acid hange, which confers resistance 

to nucleoside reverse transcriptase inhibitor (NRTI), was the most 

frequently found mutation (26.4%). The frequency of thymidine 

analog mutations (TAM) was 26.2%. Mutations that were 

categori ed as TAM type I were those t at encoded the 41L 

(11.7%), L210W (2.9%), and T215Y (5.8%) amino acid changes and 

those characterized as TAM type II included D67N (2.9%) and K70R 

(2.9%). In addition, we also identified the T215D (2.9%) amino acid 

change, which was otherwise categorized. Most patients (50%) with 

virologic failure had intermediate to high-level resistance equal to 

or greater than 2 antiretroviral drugs among those in the 

prescribed HAART regimen. 

patients is higher than identified in previous reports, and many 

Korean HIV-1 infected patients with virologic failure harbor strains 
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with multiple resistance mutations. Continuous monitoring of 

antiretroviral resistance is recommended in Korea. 

experienced patients 
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Antiretroviral resistance mutations among antiretroviral 

treatment-naive and experienced patients in Korea 

Min Hyung Kim 

Department of Medicine 

The graduate school, Yonsei University 

 

Directed by professor Jun Yong Choi 

 

 

I. Introductio

Since the first acquired immune deficiency syndrome (AIDS) patient 

was identified in 19811, 33.2 million people are currently infected 

with human immunodeficiency virus (HIV), and 2.1 million people 

died of AIDS in 2007 according to a report from the Joint United 

Nations Programme on HIV/AIDS (UNAIDS).2 In particular, the 
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number of HIV patients has been increasing annually in Asia and 

Africa.  According to a national survey conducted by the national 

health care center in Korea, the number reached 6,888 infected 

patients at the end of 2009, and the number is expected to 

increase. Therefore, AIDS has become a potential health problem 

throughout the Korean nation.  

The introduction of highly active antiretroviral therapy (HAART) in 

the treatment of HIV type 1 (HIV-1) has markedly changed the 

course of the disease, as it has led to major improvements in 

morbidity and mortality associated with HIV-1 infection3. The Food 

and Drug Administration (FDA) has approved 6 classes and 25 

kinds of anti-retroviral drugs (ARVs) since their first use. These 

drugs suppress viral replication and reduce the level of HIV RNA 

load in patient plasma, helping to maintain the immune system 

thereby reducing mortality4. However, many drug resistant 

mutations have been reported in HIV, and the efficacy of HAART is 

now limited by these resistant mutations5. In addition, the 
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transmission of drug resistant variants may limit the response to 

initial HAART treatment6.  According to the International Antiviral 

Society (IAS)-USA consensus, it is recommended to conduct drug 

resistance testing once the resistance rate in any country is above 

5%7. Therefore, monitoring the prevalence of resistance mutations 

in populations is important to provide guidelines for ARV 

resistance testing and to facilitate treatment. In Korea, there have 

been several reports on the prevalence of HIV resistant mutations. 

The annual prevalence of antiretroviral drug resistance was found 

to be very low. According to a survey conducted by Choi et al., the 

annual prevalence was 3.6% in 2000, 2.7% in 2001, 8.3% in 2002, 

4.3% in 2003, 4.9% in 2004, and 5.4% in 2005. The overall 

prevalence of drug-resistant mutation variants was 4.3%8.  

HAART is increasingly offered to HIV patients in Korea, and the 

prevalence and characteristics of ARV resistance in drug-naive and 

experienced patients may have changed since its introduction. 

Therefore, the aim of this study is to determine the prevalence and 
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characteristics of drug resistance mutations in HIV viruses found in 

ARV-naive and ART-experienced patients in Korea. 

 

II. Materials and method

Study participants   

A total of 104 HIV-1 infected individuals who visited Severance 

Hospital in Seoul and underwent genetic testing for HIV resistance 

mutations between February 2007 and March 2011 were enrolled. 

Of these patients, 50 were newly diagnosed ARV-naive patients 

and 34 patients were experiencing virologic failure on HAART. 

Demographic, clinical, and other laboratory data were collected 

through medical interviews and a review of medical records. 

Peripheral blood samples were taken to assess the genotypic 

resistance of the HIV from each patient. 

Polymerase chain reaction and sequencing 
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HIV RNA polymerase sequences were obtained using the ViroSeg 

HIV genotyping system 2.0. The polymerase chain reaction (PCR) 

amplification conditions were based on the Stanford Centers for 

AIDS protocol for sequencing the protease (PR) and reverse 

transcriptase (RT) genes.  

Genotypic subtyping and resistance assays 

The PR and RT parts of the pol sequences were assembled, 

aligned to HXB2 consensus, and manually edited using Bioedit 

v7.1.3. HIV subtypes were identified using the REGA subtyping tool 

v2.0 (http://dbpartners.stanford.edu/RegaSubtyping/). PR and RT 

drug resistance mutations were investigated to analyze genotypic 

resistance against PIs, NRTIs, and NNRTI-related resistance 

mutations. Antiretroviral resistance mutations were analyzed using 

the Stanford HIV Drug Resistance Database version 4.2.4) 

(http://sierra2.stanford.edu/sierra/servlet/JSierra?action=sequenceIn

put). The pol gene sequences of eligible patients were submitted 

http://dbpartners.stanford.edu/RegaSubtyping/
http://sierra2.stanford.edu/sierra/servlet/JSierra?action=sequenceInput
http://sierra2.stanford.edu/sierra/servlet/JSierra?action=sequenceInput
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ts 

to Genbank as accession numbers KC 120826 through KC 120908. 

 

Phylogenetic analyses 

 PhyML version 2.4.4 was used to estimate the maximum 

likelihood phylogenies of PT and RT sequences separately. 

 

III. Resul

Patient Characteristics 

A total of 104 HIV-1 infected individuals who visited Severance 

Hospital and underwent genetic testing for HIV resistance 

mutations between February 2007 and March 2011 were enrolled. 

Samples of 8 patients were not suitable for genotyping and were 

not included in this analysis. Among the remaining 96 patients, 50 

were ARV-naive patients, and 46 were ARV-experienced patients. 

Among the 46 ARV-experienced patients, 12 (3 who did not meet 
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the diagnostic criteria of virologic failure, 4 who were not taking 

drugs at enrollment, and 5 who had no adequate data for analysis) 

were excluded from the study. The median age of ART-naive 

patients was 42.9 years with a range of 21 to 69, and that of ART-

experienced patients was 42.3 years with a range of 22 to 72. The 

majority were men (76/84, 90.4%). Seventy-three of 84 (86.9%) 

patients harbored subtype B viruses. Among the remaining subjects, 

4 (4.7%) carried subtype AE virus, 4 (4.7%) were subtype AG, and 1 

(1.2%) was subtype C. There were 2 (2.3%) patients whose 

sequences were designated as other subtypes. The mean plasma 

HIV RNA level was 3.7x10^6 copies/mL among ARV-naive patients 

and 1.09x10^5 copies/mL among ARV-experienced patients. The 

mean CD4+ T cell count was 278.0 cells/mm3 in ARV-naive patients 

and 250.7 cells/mm3 in ARV-experienced patients. The drug 

histories of ARV experienced patients are described in Table 1. 

 



Variables 
Naïve (n=50(%)) Experienced(n=34(%)) 

Sex
Male 47(94.00) 29(85.29) 
Female 3 (6.00) 5 (14.70) 
Age 43.94±12.51 42.32±10.12 
CD4 counts at enrollment 
(counts/ul)
<200 13(26.00) 19(46.30) 
200-350 21(42.00) 11(26.80) 
>350 16(32.00) 10(24.40) 

HIV RNA at enrollment
3.71x10^6 1.09x10^5

(copies/mL) 
Subtype 

B 45(90.00) 28(82.35) 
AE 2(4.00) 2(5.88) 
AG 2(4.00) 2(5.88) 
C 1(2.00) 0(0.00) 

Other 0(0.00) 2(5.88) 

Table 1. Baseline characteristics of participants 

 

12 

 



 

Table 2. Antiretroviral resistance associated mutations and changes in  

HAART regimen  

13 
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Note: PI,Protease Inhibitor; NRTI, Nucloside Reverse Transcriptase Inhibitor;  

NNRTI, Non-nucloside Reverse Transcriptase Inhibitor ; NFV, nelfinavir; LPV/r,  

lopinavir; ataza/r, atazanavir; IDV/r, indinavir; comb/r, combivir; rito/r, ritonavir 

3TC, lamivudine; D4T, stavudine; DDI, didanosine; AZT, zidovudine; EFV, 

efavirenz  

 

HIV Drug Resistance Mutations Among ARV-Naive Patients 

Table 3 describes drug resistance related mutations and their 

prevalences among ART-naive patients. Six out of 50 (12%) 

participants had resistance mutations for any one class of 

antiretroviral drugs. The most commonly detected resistance 

mutation encoded a V179D amino acid change, which confers 



resistance to NNRTI and was identified in 5 (10%) patients. Minor 

PI resistance mutations encoded amino acid changes L10I and 

A71T, which were detected in one patient each. No NRTI mutations  

15 
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were found in this study (Table 3

 

Table 3. Prevalence of antiretroviral drug resistance mutations

Note: A, antiretroviral drug experienced patients; B, antiretroviral drug naïve 

patients 
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HIV Drug Resistance Mutations Among ARV-Experienced 

Patients 

Table 3 also presents the drug resistance mutations of ART-

experienced patients. Of 34 ARV-treated patients, the virus samples 

from 22 (64.7%) patients harbored at least one mutation that 

conferred resistance to an NRTI, an NNRTI, and/or a PI. The most 

commonly detected NRTI resistance mutation encoded a M184V 

amino acid change that was identified in the virus samples from 

26.4% of patients. The frequency of thymidine analog mutations 

(TAM) was 26.2%. Mutations that were categorized as TAM type I 

conferred amino acid changes M41L (11.7%), L210W (2.9%), T215Y 

(5.8%), and those categorized as TAM type II conferred D67N (2.9%) 

and K70R (2.9%) amino acid changes. A T215D (2.9%) amino acid 

change was otherwise categorized. Other NRTI resistance 

mutations included encoded amino acid changes V75IM (2.9%), 

T215FY (2.9%), M184V (5.8%), L74V (5.8%), L210W (2.9%), T215Y 

(5.8%), L74LV (2.9%), T215AT (2.9%), K219N (2.9%), and 
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M41LM(2.9%).  

The most frequent NNRTI resistance mutation conferred the 

amino acid change K103N, detected in viruses from 23.5% of 

patients. Other NNRTI resistance amino acid changes included 

A98G (2.9%), P225H (2.9%), M230L (2.9%), K101Q (2.9%), V106IV 

(2.9%), Y188L (2.9%), P225HP (2.9%), K101P (2.9%), K103S (2.9%), 

V179D (5.8%), K103KN (2.9%), L100I (2.9%), P225H (2.9%), and 

Y188L (2.9%). 

The major PI resistance amino acid change V82A was detected in 

5.8% of patients. Other major PI resistance amino acid changes 

included V82A (5.8%), M46I (2.9%), L90M (2.9%), M46IL (2.9%), 

G48V (2.9%), I50V (2.9%), I54A (2.9%), V82S (2.9%), M46IM (2.9%), 

I54IV (2.9%), I54IV (2.9%), L76LV (2.9%), and V82AV (2.9%). A minor 

PI resistance amino acid change, L10I, was detected in 11.7% of 

patients. Other minor PI resistance amino acid changes included 

A71V (5.8%), T74P (2.9%), L10FL (2.9%), A71AV (2.9%), G73GS 



(2.9%), L89MV (2.9%), L10IL (2.9%), and A71AT (2.9%) (Table 3). 

Most patients (50%) with virologic failure had intermediate to 

high-level resistance equal to or more than 2 antiretroviral drugs. 
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Figure 1. Phylogenetic tree 

* Antiretroviral drug therapy naïve patients  

Capital signifies subtypes of mutations for each patient 

IV. Discussio
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Surveillance for antiretroviral drug resistance has been conducted 

in Korea since 1999. Choi et al. investigated the prevalence of drug 

resistant variants and assessed their severity against antiretroviral 

drugs among patients in South Korea, and concluded that the 

average prevalence of drug resistance for patients newly diagnosed 

with HIV-1 but still remained treatment-naive between 1999 and 

2005 was very low (4.3%)8. According to Bang et al.9, the ARV drug 

resistance rate among ARV-naive patients was 2.5% in 2006. In 

another study that was conducted between 2006 and 200810, the 

prevalence was 8.8%. However, contrary to previous studies, the 

present study revealed that the ARV drug resistance rate among 

ARV-naive patients was high, at 12%. Considering that the present 

study was conducted from 2007 to 2011, this may indicate that the 

resistance rate has increased with time. Based on World Health 

Organization (WHO) guidelines, the drug resistance prevalence in a 

geographical area is categorized into classes of <5%, 5-15% and 

>15%11. Our data conform to the WHO intermediate zone of 5-
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15%, and the WHO recommends that countries begin surveillance 

at this level.  

 The patterns of drug resistance mutations among ARV-naive 

patients that we detected are different from those described in 

previous studies conducted in Korea. In previous studies conducted 

among ARV-naive patients, PI related mutations were rare12. In our 

study, two PI related mutations, encoding L10I and V71T, were 

found. Still, the prevalence was low (2%), as only one patient 

carried this mutation. In addition, among ARV-naive patients in our 

study, V179D was a dominant amino acid change. Among the 5 

patients who had HIV viruses with this mutation, one was subtype 

C and the other was subtype B. The V179D amino acid change was 

more frequently found in Korean patients than in Chinese patients 

(13.6% vs. 0%)13. In addition, the V106I and V179D amino acid 

changes were more frequent in the ARV-naive group than in the 

ARV-experienced group and were also associated with high levels 

of drug resistance to Etravirine14. Consistent with these study 
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results, all patients who expressed V179D amino acid changes in 

our study showed potential low-level resistance to Etravirine.  

The results of ART-experienced patients were also informative. 

First, the overall resistance rate among ART-treated patients was 

not high compared to a previous study. The figure was 64.7%, 

which was consistent with a previous result that revealed the range 

to fall between 42%-71%15. This result may be related to the fact 

that the treatment regimen is consistent nationwide. In Korea, PI-

based regimens (85.8%) were more common as initial antiretroviral 

drug therapy than NNRTI-based regimens (14.2%)15. In this study, 

most patients (30/34, 88.2%) were treated with PI-based regimens, 

and only 2 (5.8%) were treated with NNRTI-based regimens. In 

addition, as NRTI was prescribed to most of the patients in our 

study, the resistance rate to NRTI (14/34, 41.17%) was the highest, 

followed by NNRTI (13/34, 38.23%), and PI (9/34, 26.47%).  

Details of drug resistance profiles among patients with virologic 
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failure may help clinicians to choose secondary drugs for salvage 

therapy. As the rate of drug resistance mutations increases, the 

need for genotyping-guided treatment as well as education for 

compliance is increasing to improve care16. The V82A amino acid 

change was the most frequently found PI mutant in ART-

experienced patients. This mutation is related to drug resistance to 

lopinavir. Two patients with this mutant HIV strain in our study 

showed low levels of resistance to lopinavir. Neither patient had a 

history of taking lopinavir (one took indinavir as a PI and the other 

took atanavir). Therefore, this mutation seems to be unrelated to 

the history of drug use.  

In addition, 26.2% of the mutations identified were thymidine 

analog mutations (TAMs). TAM type I amino acid changes were 

M41L (11.7%), L210W (2.9%), and T215Y (5.8%) and those of TAM 

type II were D67N (2.9%) and K70R (2.9%). There was an otherwise 

categorized mutation that encoded T215D at 2.9%. The two TAM 

pathways, TAM-1 and TAM-2, confer high levels of resistance with 
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mutations in the viral RT17. The presence of the mutation encoding 

M184V might delay or prevent the emergence of TAMs18. This 

result may be related to the fact that in our study, the most 

commonly detected NRTI resistance mutation encoded M184V, 

which was identified in viruses from 26.4% of patients. The 

presence of the M184V amino acid change may prevent the 

emergence of TAM, but M184V itself can show high-level 

resistance to 3TC and FTC; therefore, caution is needed. 

K103N was the most frequently found resistance amino acid 

change among the NNRTI group, and this result is consistent with 

a previous study conducted by Chin et al.19. This amino acid 

change is reported to be closely related to resistance to EFV and, 

in our study sample, all 13 patients with viruses with the K103N 

amino acid change showed high levels of resistance to EFV. This 

may lead to high levels of resistance to all first generation NNRTI 

drugs. However, only 4 of these patients had histories of taking 

EFV. This indicates that patients can acquire viruses resistant to this 
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drug without taking the drug.  

There are limitations to this study. We examined only a small 

patient group and our results might overestimate the prevalence of 

mutations among ARV-naive patients. And, unlike many studies 

that suggest a relationship between subtypes and mode of 

transmission20, we were unable to analyze this relationship in our 

study, because information about mode of transmission for many 

of the participants was not collected.  

Overall, our study was the first study conducted in Korea to 

present resistance patterns for both ART-naive and ART-

experienced patients. The prevalence of drug-resistant HIV-1 in 

ART-naive patients is higher than previously identified, and many 

Korean HIV-1 infected patients with virologic failure harbor strains 

with multiple resistance mutations. 
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국문 요약 

한국 HIV 감염자에서 항바이러스제에 대한  

내성 경향 분석 

김민형 

연세대학교 대학원 

의학과 

 

지도교수 최준용 

 

배경: 강력한 항레트로바이러스 치료(highly active 

antiretroviral therapy, HAART)가 시작되면서 에이즈에 의한 사

망률이 급격히 감소되었으나, 항레트로바이러스제 복용의 증가로 

인해 약제에 대한 내성이 증가하면서 치료 실패로 이어지는 결과

를 초래하게 되었다. 이에 항레트로바이러스제에 대한 내성 빈도 

및 종류를 파악하고자 하는 시도가 전세계적으로 이루어지고 있다. 

본 연구의 목적은 한국 HIV 감염자중 치료력이 없는 환자 및 치료

력이 있는 환자를 대상으로 항레트로바이러스제에 대한 내성 빈도 

및 양상을 파악하고자 하는 데 있다.  
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연구방법: 2007년 2월부터 2011년 3월까지 세브란스 병원을 내원

한 HIV 감염자 84명을 대상으로 HIV RNA 염기 서열 분석을 시행하

였다. 환자는 50명의 치료 무경험자와 34명의 치료 유경험자로 구

성되었다. 치료 유경험자는 바이러스학적 실패의 기준에 합당한 

사람만을 대상으로 하였다. HIV RNA pol sequence 는 ViroSeg HIV 

genotyping system을 이용하여 획득하였고, 내성 분석은 the 

Standford HIV Drug Resistane database를 이용하여 진행하였다. 

결과: 84명 중 73명(86.9%)의 환자들이 subtype B 에 해당하였으며, 

그 밖에 4 명(4.7%)의 subtype AG, 4명(4.7%)의  subtype AE, 1명

(1.2%)의 subtype C 환자가 있었다. 치료력이 없는 환자 50명 중 

6명(12%), 치료력이 있는 34명의 환자 중 22명(64.7%)의 환자에서 

내성이 발견되었다. 한국에서 시행된 이전 연구에서는 치료력이 

없는 환자에서  PI(Protease Inhibitor) 관련 돌연변이를 확인할 

수 없었으나, 본 연구에서는 2가지 종류. (L10I, A71T).의 돌연변

이가 확인되었다. 치료력이 없는 환자 중에서는 V179D가 가장 빈

도수가 높은 돌연변이였으며, 전체 10%를 차지하였다. 치료력이 

있는 환자들에서는 M184V (26.4% )가 가장 빈도수 높은 돌연변이

였다. TAM 빈도는 26.2% 로 높은 빈도수를 보이지는 않았다. 치료

력이 있는 환자 중 50% 이상의 환자에서 2종류 이상의 약제에 대

해 내성을 보이거나, 약제에 대해 중간이상의 내성 성향을 보이는 

것으로 나타났다.  

결론: 치료력이 없는 HIV 감염자의 항레트로바이러스제에 내성 빈
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도가 종전의 연구와 비교하여 높은 것을 확인할 수 있었으며, 바

이러스학적 치료 실패에 합당한, 치료력이 있는 HIV 감염자 중 다

수에서 다제 내성의 돌연변이가 발견됨을 확인할 수 있었다. 이에 

항레트로바이러스제 내성에 대한 감시가 지속적으로 이루어져야 

할 것으로 보인다. 
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핵심 용어: 항레트로바이러스 약제 내성, 치료력이 있는 HIV 감염 

환자, 치료력이 없는 HIV 감염 환자 
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