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Abstract

Previous studies reported a relatively low prevalence of transmitted drug resistance (TDR) in South Korea
(< 5%). A genotypic resistance test was performed on 131 treatment-naive HIV-1-infected individuals from
February 2013 to February 2014. Eleven individuals (8.4%) presented TDR, of whom eight had K103N,
revealing a significant increase in K103N TDR compared to previous studies ( p < 0.001). Using phylogenetic
analysis, we identified three distinct clustering pairs with genetic relativeness and a total of five independent
strains among the eight K103N cases. Our findings suggest that multiple sources of K103N occurred, most
likely as a consequence of increased efavirenz use in South Korea.

As more potent antiretroviral therapy (ART)
regimens become available, virological failures as a

result of resistance acquisition during treatment of human
immunodeficiency virus (HIV)-1 are becoming less com-
mon.1 However, the presence of transmitted drug resistance
(TDR) is one of the most important issues to be considered
during the selection of initial ART regimens, and many
treatment guidelines recommend genotypic resistance testing
before the implementation of ART.2 The increased use of
ART in both developed and developing countries has led to
an increase in the incidence of drug resistance, even among
ART-naive HIV-infected individuals.3

Globally, the prevalence of TDR has been higher in
Western countries in which ART was introduced itera-
tively via monotherapy, dual therapy, and, ultimately, tri-
ple drug ART.4 However, the prevalence of TDR in
relation to a nucleoside analogue reverse transcriptase in-
hibitor (NRTI) is globally stable or even decreasing, and
we are observing increasing TDR in developing countries,
most likely due to the enhanced availability of ART in
these regions.5 In South Korea, one study including 50
subjects reported a prevalence of 8.0% with three NRTIs
and one protease inhibitor (PI) TDR strain in early 2000,6

but subsequent larger studies all found a lower prevalence

of TDR (less than 5%) among ART-naive HIV-1-infected
individuals.7–12

Here, we report a study of ART-naive HIV-1-infected in-
dividuals who were recruited at the National Medical Center,
Seoul, South Korea from February 2013 to February 2014. All
included individuals were over the age of 18 years and of
Korean nationality. HIV-1 genotyping was performed using
the ViroSeq HIV-1 Genotyping System version 2.0 (Abbott
Laboratories. Abbott Park, IL), as previously described.9

Complete protease (amino acids 1–99) and partial reverse
transcriptase (amino acids 1–335) genes of the pol region were
aligned using Bioedit 7.2.5 software, and an approximate-
maximum-likelihood phylogenetic tree including all generated
sequences was built with Fasttree 2.1. HIV subtypes were
determined using the REGA HIV-1 subtyping online tool
(www.bioafrica.net/subtypetool). The presence of TDR was
determined using the Stanford HIV Drug Resistance Database
(Version 7.0) and the World Health Organization HIV Sur-
veillance Drug Resistance Mutation list.13

Epidemiological, clinical, and laboratory data were col-
lected through medical chart review. The study protocol and
standardized case record forms were approved by the insti-
tutional review board. Statistical analysis was performed
using SPSS version 16 (IBM Corporation, Armonk, NY).
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Fisher’s exact test was used to assess differences between
groups. p values were two-sided and considered significant at
a level of < 0.05.

A total of 131 eligible individuals were enrolled during the
study period; 94.5% were male, and approximately two-third
reported their HIV risk factor as men who have sex with men.
Most were infected with subtype B (89.3%) followed by
CRF01_AE (6.1%). The presence of TDR was identified in
11 patients (8.4%) who were all infected with HIV-1 subtype
B. The most common drug resistance mutation was K103N
(72.7%), which was found among eight individuals (6.1%),
while the prevalence of TDR for NRTI, nonnucleoside ana-
logue reverse transcriptase inhibitor (NNRTI), and PI was
0.8%, 6.9%, and 1.5%, respectively (Table 1). Among all
viral strains carrying the K103N mutation, three distinct
possible transmission pairs were identified by phylogenetic
analysis with a high bootstrap value ( > 98%) and low genetic
distance ( < 0.04, Fig. 1A).14 No further genetic relationship
supporting clonal spread was observed among any K103N-
carrying strain, and no difference was observed in the to-
pology when the phylogenetic tree was constructed with the
K103 position sequences of the total study population re-
moved (data not shown).

In our cohort, the prevalence of NRTI TDR was low
(0.8%), which is consistent with previous studies revealing
decreasing trends.5 However, we found a high prevalence of
K103N (6.1%), which is a significant increase when com-
pared to previous studies in South Korea (Table 2). The
increase in NNRTI TDR is important because it is associated
with virological failure of first-line ART when suboptimal
NNRTI-based regimens are selected for such patients.15,16

Although there have been some reports about TDR being
transmitted within clusters, including K103N,17–22 we iden-
tified just three distinctly clustering pairs that were carrying
K103N. Taking into account the three described pairs, there
were at least five independent K103N TDR strains in
our study population, implying multiple sources of K103N
transmission.

Another possibility would be the importation of TDR
into South Korea, and recent studies reported a high
prevalence of K103N TDR of over 5% in China whose
exchange with South Korea in people and goods has
markedly increased.23,24 However, we found a distinct
clustering of Chinese subtype B strains (GenBank acces-
sion numbers KC988120–KC98815923) from those from
South Korea in phylogenetic analysis and none of our
K103N TDR strains was genetically related to the Chinese
subtype B strains (data not shown). Therefore, we believe
that the increasing prevalence of K103N TDR is likely a
consequence of the widespread use of NNRTI in South
Korea in the past decade as observed in other areas.25,26 In
fact, whereas the number of people living with HIV/AIDS
(PLHA) increased from 1,585 to 7,788 (4.9 times) from
2002 to 2012,27 the annual consumption of efavirenz in-
creased much more from 1,156 to 18,026 bottles (15.6
times, Fig. 1B), and the ratio of increases in efavirenz data
for consumption compared to PLHA was 3.2 (the con-
sumption of efavirenz in South Korea was obtained from
MSD Korea, Ltd.). Taken together, the increase in K103N
TDR is most likely related to an increase in the use of
NNRTI, especially efavirenz.

The increasing prevalence of NNRTI TDR has been
reported among ART-naive individuals all over the
world,25,28,29 and new potent drugs are emerging with
excellent safety profiles and considerably fewer side ef-
fects, such as once-daily integrase inhibitors (elvitegravir)
or second generation NNRTI (rilpivirine), so some have
proposed that it is time to reconsider efavirenz as a first
line treatment regimen.30 Although the proportion of ART-
naive individuals starting an efavirenz-based first line
regimen will likely decrease in the future, the risk of
transmission of NNRTI-resistant strains may continue for a
while, especially the K103N mutation, considering that
efavirenz is one of the most commonly used anchor drugs
around the world.

In summary, the increasing prevalence of HIV-1 TDR was
observed among participants from a single center cohort in
Seoul, South Korea, and K103N was the most commonly
detected TDR mutation. Considering the lack of a genetic
relationship for most of these strains in phylogenetic analysis,
we hypothesize that this increase in K103N TDR is most
likely associated with increased use of NNRTI rather than
being secondary to the clonal spread of specific resistant
strains or an inflow from an area with a high prevalence of
K103N TDR. These results suggest that in Seoul, South

Table 1. Characteristics of Korean Treatment-

Naive HIV-1-Infected Patients

Characteristics N = 131

Age (median, year) 31 (IQR 25–40)
Male sex (%) 125 (95.4)

Known exposure category (%)
Men who have sex with men 49 (37.4)
Heterosexual contact 27 (20.6)
Intravenous drug use 0
Transfusion 0
No record 55 (42.0)

Interval between HIV diagnosis
and analysis (median, month)

2.3 (IQR 0.9–8.5)

CD4 + T cell count
(median, cells/mm3)

298 (IQR 191–423)

Plasma log
10

viral load
(median, copies/ml)

4.32 (IQR 3.88–4.95)

HIV-1 subtype (%)
A1 1 (0.8)
B 117 (89.3)
C 1 (0.8)
CRF01_AE 8 (6.1)
CRF02_AG 2 (1.5)
CRF07_BC 2 (1.5)

NRTI SDRM
D67N/K219Q 1 (0.8)

NNRTI SDRM
K103N 8a (6.1)
K101E 1 (0.8)

PI SDRM
M46L 1a (0.8)
F53Y 1 (0.8)

aOne strain was harboring K103N and M46L simultaneously.
NRTI, nucleoside analogue reverse transcriptase inhibitor; SDRM,

surveillance drug resistance mutation; NNRTI, nonnucleoside ana-
logue reverse transcriptase inhibitor; PI, protease inhibitor.
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FIG. 1. Phylogenetic analysis of the pol gene and prevalence trend of K103N transmitted drug resistance (TDR). (A)
Strains with a closed circle on the outer side of the taxon represent K103N TDR and they do not reveal a significant genetic
relationship except for the three transmission pairs (NMC2013025, NMC2013039; NMC2013043, NMC2013095; and
NMC2013101, NMC2013108). The circular brackets on the periphery of the tree indicate the subtypes as described in the text.
(B) Small round dots depict the annual consumption of efavirenz in South Korea. Gray colored circles on the left and darker
circle on the right represent K103N TDR in previous reports in South Korea and in this study, respectively. The center of the
circle depicts the prevalence of K103N TDR and the area of the circle is equivalent to the sample size of each study. The dotted
trend line of the prevalence of K103N TDR is a second-dimensional polynomial line inferred from the studies.

Table 2. Increasing Trend of Transmitted Drug Resistance in South Korea

TDRa (n, %) 2000–2005 (n = 350)6,12 2006–2010 (n = 251)7–11 This study (n = 131) p-value

K103N 2 (0.6) 2 (0.8) 8 (6.1) < 0.001
Overallb 14 (4.0) 4 (1.5) 11 (8.5) 0.006

aStudy period was determined as the median time of sample collection in each study.
bOverall transmitted drug resistance (TDR) prevalence of prior studies was reestimated according to the 2009 WHO HIV Surveillance

Drug Resistance Mutation list.
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Korea, a baseline genotypic resistance test before im-
plementation of ART would be cost effective,31 considering
the increasing occurrence of TDR in this area.

Sequence Data

Sequences in this study are available in GenBank under
accession numbers KM820292–KM820422.
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