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Abstract

Background: Understanding the prevalence and evolution of HIV-1 drug resistance (DR) and associated mutation
patterns is critical to implementing free antiretroviral therapy in Yunnan, the first antiretroviral treatment location in
China. Here We provide a basis for understanding the occurrence and development of HIV-1 resistance in Yunnan
and a theoretical foundational for strategy to delay HIV-1 drug resistance and achieve successful individualized
treatment.

Methods: Plasma samples from different cities/prefectures were collected at Yunnan Provincial Hospital of
Infectious Disease from January 2010 to September 2016, and those from drug-resistant individuals were
genotyped using in-house assays, 88 patients were selected for the study who had been on treatment for ≥6
months (and for whom drug resistance was then measured), and each patient had at least 3 genotype resistance
tests and who were enrolled to analyze mutation and evolution of HIV resistance.

Results: 264 Pol sequences of 88 patients were obtained. Drug resistance levels to eight drugs increased to varying
degrees with prolonged treatment. Resistance to efavirenz (EFV) and etravirine (ETR) showed the highest change,
comparisons of resistant changes to second and first and to third and second agents showed altered level of drug
resistance were 25 and 20 cases, 28 and 18 cases, respectively. The smallest change was Lopinavir/Ritonavir (LPV/r)
present 2 and 3 cases; Resistance to lamivudine (3TC) and lopinavir/ritonavir (LPV/r) was high among patients
detected thrice, whereas other drugs were distributed in all resistance levels. M184 V/I (26.14%), T69S (11.36%), and
T215Y/I (10.23%) mutations were the most common in nucleoside reverse transcriptase inhibitors (NRTIs), and K103
N/R/S (21.59%), V179D/E (20.45%) in Non-NRTIs (NNRTIs). Furthermore, L10 V/F/I (6.82%), A71V (4.55%), and I54V
(4.55%) mutations were common in protease inhibitors (PIs).

Conclusions: We found dynamic genotypic changes in HIV-1 drug-resistance in Yunnan, with prolonged treatment,
and drug resistance was inevitable. However, resistance to different drugs occurred at varying times, and mutation
site emergence was the main cause. These findings enhance our understanding of evolution and regulation, and
are valuable for developing HIV-1 DR prevention strategies in Yunnan.
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Background
It is estimated that at least 840,000 people are living with
human immunodeficiency virus (HIV) in China. This epi-
demic is characterized by geographical disparities and a
higher prevalence among certain subgroups of the popula-
tion. The number of new cases is approximately 13,000
every month. The Yunnan province is the main area for
smuggling illicit drugs into China. Therefore, the occur-
rence of the first HIV-1 epidemic (caused by subtype B (or
B′) in 1989 among intravenous drug users (IDUs) in this
province was not a surprise. Currently, the number of in-
fected patients in this province is approximately 100,000,
and HIV-1 genotypes B, C, CRF01_AE, CRF07_BC, and
CRF08_BC are in circulation.
The Chinese government implemented the National

Free Antiretroviral Therapy (ART) Program in 2003, and
highly active ARTs (HAARTs) were first provided in
Yunnan in 2004. This strategy has markedly improved
the morbidity and mortality associated with HIV-1 infec-
tion [1–3]. Although ARTs have significantly been bene-
ficial to patients with HIV/acquired immunodeficiency
syndrome (AIDS), they have limitations. These include
the rapid emergence of drug-resistant strains of HIV after
long-term use of HAARTs, under the pressure of selecting
antiviral drugs among ARTs [4–6]. Furthermore, subopti-
mal ART adherence may accelerate the emergence of re-
sistant viruses and compromise ART efficacy in treated
patients and transmission recipients [7]. Undoubtedly, drug
resistance (DR) has become one of the most extensive
limitations of current ARTs [8] and has a major impact on
the choice of antiviral drugs. Although a second-line treat-
ment became available through the national program in
2008 [9], after 9 years, DR to this agent has emerged.
The effective prevention of the spread of HIV DR and

the control of AIDS progression in already infected indi-
viduals is important. However, although numerous studies
have investigated the prevalence of drug-resistant HIV vari-
ants, most were confined to specific areas or populations
in Yunnan [10–13]. Furthermore, many of these studies
were cross-sectional investigations, and thus, no compre-
hensive data are currently available on ART sensitivity
levels in DR, and the evolution of mutations was analyzed
dynamically. In contrast, our study was cohort-based, par-
ticipants were followed over time, and DR was assessed
multiple times in the same patients.
Our study aimed to conduct a province-wide survey to

investigate the occurrence and development of DR to
HIV-1 genotype, the extent of changes in drug sensitivity
with prolonged treatment, and the appearance and evo-
lution of HIV-1 DR mutant sites. These analyses were
performed to understand the factors that may be associ-
ated with the onset and progression of DR and to
propose ways of minimizing the impact of these factors
on the clinical outcome.

Methods
Study subjects and sample collection
Blood samples were collected, three or more times, from
100 newly confirmed HIV-1-positive individuals between
January 2011 and December 2016. The number of HIV/
AIDS patients treated in Yunnan Province during the
6-year period was approximately 60,000, of which 15%
(approximately 9000) were treatment failures and 4500
tested positive for DR. We expect that 100 individuals
from 11 prefectures represent the larger patient popula-
tion due to the systematic sampling method to select
patients who tested positive for DR more than three
times. The HIV-1 infection status was determined using
an enzyme-linked immunosorbent assay (ELISA, Wantai,
China) and confirmed using a western blot assay (HIV
BLOT 2.2, MP Diagnostics, Singapore).
The study population consisted of patients with HIV/

AIDS who received HAARTs for more than six months,
were under the National Free Antiretroviral Treatment
Program (NFATP), which provides lifelong free ARTs to
people living with HIV; and met the national treatment cri-
teria [14, 15]. The national treatment criteria were: (1) CD4
cell count ≤0.2 × 109/L, (2) World Health Organization
stage III/IV disease, or (3) willingness to receive ARTs
regardless of criteria 1 and 2 [16]. Following the standard
requirements, the initial first-line drug regimen was two
nucleoside reverse transcriptase inhibitors (NRTIs) plus a
non-NRTI (NNRTI); generally, the initial treatment plan is
AZT/D4T+ 3TC+NVP/EFV. Apart from 3TC, any drug
to which resistance was developed was replaced with
second-line drugs such as TDF and LPV/r.

Data collection for patient characteristics
Yunnan has AIDS treatment clinics in over 16 prefec-
tures. The patients were regularly followed-up at each
time point. At each follow-up, the doctor recorded the
patient’s treatment information, including patient char-
acteristics, and uploaded the information onto the prov-
ince’s therapeutic website, we downloaded and recorded
the demographic and epidemiological information of
patients from the treatment system, collated the data
which contained age, marital status, route of transmis-
sion, baseline CD4+ count, sample area, and therapeutic
regimen. For patients with DR, the treatment and drug
replacement information were also recorded.

HIV-1 RNA extraction and amplification of HIV-1 pol
fragments
Plasma was separated from whole blood, and viral RNA
was extracted from 500 μL of plasma from HIV-1-positive
patients using the Easy Q extraction system (Biomerieux,
Lyons, France) according to the manufacturer’s instruc-
tions. For amplification of the Pol gene, the first-round
amplification was performed using the One Step reverse
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transcription polymerase chain reaction (RT-PCR, Takara,
Dalian, China) with primers for MAW26 (5′-TTGG
AAATGTGGAAAGGAAGGAC-3′) and RT21 (5′-CT
GTATTTCTGCTATTAAGTCTTTTGATGGG-3′) in a
25-μL reaction volume using 30 cycles. Nested Pol PCR
was performed using primers for PRO-1 (5′-CAGA
GCCAACAGCCCCACCA-3′) and RT20 (5′-CTGCCAG
TTCTAGCTCTGCTTC-3′) for the second round. The
cycling conditions used were as described by Li [17].
Positive PCR products were sequenced by the Nuosai
Genomics Co. (Beijing, China) with a variety of internal
specific primers [18] after purification.

Editing and DR analysis of pol sequences
All the sequenced fragments were edited and assembled
using Sequencher 6.0 DNA sequence analysis software
(Gene Codes, Ann Arbor, MI, USA). Clustal W Multiple
alignments and manual editing were performed using
Bio-Edit 7.0.9.1 software. The obtained sequences were
compared to all known sequences in the HIV database
using the Basic Local Alignment Search Tool (BLAST,
http://hiv-web.lanl.gov/content/sequence/BASIC_-
BLAST/basic_blast.html) to check for potential contami-
nations. A phylogenetic tree was constructed by the
neighbor-joining method based on Kimura’s
two-parameter distance matrix with 1000 bootstrap rep-
licates using Mega 6.0. In the phylogenetic tree, we en-
sured that there was no cross-contamination.
Drug-resistance mutation profiles and antiretroviral sus-
ceptibility were assessed using the World Health
Organization-recommended list of mutations for DR
surveillance.
The nucleotide sequences of the Pol gene containing

the full-length protease gene and the first 299 codons of
the reverse transcriptase (RT) gene, were submitted to
Stanford University [19, 20] (http://hivdb.stanford.edu/
hivdb/by-mutations/). The levels of resistance to com-
monly used protease and RT inhibitors were analyzed
using a genotypic resistance interpretation algorithm.
The scores are the sum of each mutation penalty score
for each drug. Scores less than 10 indicate susceptibility;
scores between 10 and 14 indicate potential low-level re-
sistance; scores between 15 and 29 indicate low-level re-
sistance; scores between 30 and 59 indicate intermediate
resistance. Scores of 60 or higher indicate high-level
resistance.

Statistical analysis
Analyses of the 95% confidence interval of the preva-
lence rates of baseline DR were conducted using the
statistical package for the social sciences (SPSS) 19.0
software (SPSS Inc. Chicago, IL, USA). Categorical vari-
ables were compared using Fisher’s exact test or a
Chi-square test. We determined that patient characte

ristics were considered statistically significant in the oc-
currence of DR when P < 0.05.

Results
Patient demographic characteristics and therapeutic
regimens
Between 2011 and 2016, 100 individuals of Yunnan
province who had been accepted into the free ART pro-
gram for more than six months and who had viral loads
≥1000 copies/mL, measured at least three times at a
return interval of 1.5 years, were studied.
On at least three separate occasions, genotype resistance

tests were carried out on plasma samples from these sub-
jects. After amplification, a genotype test was performed
using an in-house method, and the raw sequences were as-
sembled, aligned, and edited. As a result, 264 Pol sequences
(the results of three analyses per patient) were obtained.
Samples from 12 individuals were not successfully amplified
on one or more occasions as these individuals tested nega-
tive in all three tests performed to detect PCR products and
the obtained sequences of HIV Pol genes. Therefore, we
finally included 88 individuals for analysis.
The BLAST search showed no evidence of sample

contamination. The demographic characteristics of the
participants with the Pol gene are summarized in Table 1.
The basic demographic information for the 88 subjects
was recorded, with the main routes of infection being
IDU and heterosexual transmission (40 and 38 cases,
45.45 and 43.18%, respectively).
Based on the baseline CD4 lymphocyte count, the patients

were mainly categorized into two groups: 0–200 cells/mm3

(35 cases, 39.77%) and 201–350 cells/mm3 (42 cases,
47.73%). Comparatively, the incidence of DR in patients in
the 351–500 cells/mm3 group was statistically significant.
Most participants lived in Kunming, Lincang, and

Honghe. In this study, we enumerated the treatment regi-
mens for 88 individuals when the latest drug-resistance
was detected. Patients who appeared to have nevirapine
(NVP)-containing regimens had a higher DR incidence,
those who had been switched to efavirenz (EFV)-contain-
ing regimens had lower rates of resistance, and those on
protease inhibitor (PI)-containing regimens were almost
completely non-resistant.

Variations on the extent of genotypic DR
DR variants were identified in 88 of the 100 subjects. The
highest proportion of patients with DR detected at any
time point was 61.4% (54/88), and the ratios of resistance
for the first, second, and third detections were 61.4%
(54/88), 59.1% (52/88), and 58.0% (51/88), respectively.
Based on the treatment duration, the degree of resist-

ance to eight antiviral drugs in Yunnan province in-
creased to different extents; there was a high degree of
resistance to Lamivudine (3TC) and lopinavir/ritonavir
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Table 1 The demographic characteristics of 88 HIV/AIDS patients detected genotyping resistance

Characteristics DR Positive N1 = 54 DR Negative N2 = 34 Total 88 χ2 P

No.(%) No.(%) No.

Gender 0.155 0.812

Male 33 (61.1) 23 (67.6) 56

Female 21 (38.9) 11 (32.4) 32

Age (years) 5.133a 0.162

6–20 5 (9.3) – 5

21–40 36 (66.7) 26 (76.5) 62

41–60 13 (24.0) 7 (20.6) 20

61–63 – 1 (2.9) 1

Marital status 0.329 0.828

Unmarried 14 (25.9) 7 (20.6) 21

Married 25 (46.3) 17 (50.0) 42

Divorced or widowed 15 (27.8) 10 (29.4) 25

Route of transmission 7.550a 0.11

Blood-born (BB) 2 (3.7) – 2

Injection Drug user (IDU) 24(44.4) 16 (47.1) 40

Heterosexual (HST) 20(37.0) 18 (52.9) 38

Mother to Children (MTC) 3(5.6) – 3

Unknown 5(9.3) – 5

Baseline CD4+ count (cells/μl) 17.682a 0.001

0–200 27(50.0) 8 (23.5) 35

201–350 21(38.9) 21 (61.8) 42

351–500 – 5 (14.7) 5

undetected 6(11.1) – 6

Area 9.069a 0.526

Kunming 13(24.1) 9(26.5) 22

Lincang 8(14.8) 6(17.6) 14

Honghe 8(14.8) 4(11.8) 12

Chuxiong 3(5.6) 6(17.6) 9

Nujiang 3(5.6) – 3

Puer 2(3.7) 2(5.9) 4

Zhaotong 6(11.1) 3(8.8) 9

Dali 3(5.6) 3(8.8) 6

Baoshan 2(3.7) – 2

Wenshan 4(7.4) 1(2.9) 5

Yuxi 2(3.7) – 2

Therapeutic regimen 11.809a 0.107

3TC + NVP + AZT 19(35.2) 21(61.8) 40

3TC + NVP + D4T 16(29.6) 5(14.7) 21

EFV + 3TC + AZT 12(22.2) 5(14.7) 17

EFV + 3TC + D4T 1(1.9) 3(8.8) 4

EFV + 3TC + TDF 3(5.6) – 3

3TC + AZT + Lpv/r 1(1.9) – 1

NVP + DDI + D4T 1(1.9) – 1

Lpv/r + 3TC + ABC 1(1.9) – 1
aFisher’s exact probability Chisquare test. 3TC:Lamivudine, NVP:Nevirapine, D4T:Stavudine, AZT:Zidovudine, EFV:Efavirenz, TDF:Tenofovir disoproxil
fumarate Lpv/r:Lopinavir/Ritonavir
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(LPV/r). The mean times at which resistance was
assessed using the three DR tests in the 88 patients were
3.49 ± 2.73, 4.49 ± 2.85, and 5.97 ± 2.81 years. Increasing
the treatment time also increased the number of DR
subjects that received various drugs. Furthermore, the
level of DR showed an upward trend, which is described
in Table 2.

DR variation in treatment-failed individuals
Next, we evaluated the changes in DR in the 88
treatment-failed individuals by comparing their second

and first, and third and second results. The changes in DR
among different patients are summarized in Table 3. Most
cases with DR changes occurred following ETR, EFV, and
NVP. Conversely, the least number of resistance changes
occurred following LPV/r and TDF. Treatment with NVP
had the highest number of drug-resistant degree de-
creased 4 grades and treatment with 3TC had the highest
number of drug-resistant degree increased 4 grades.

Table 2 Changes of drug sensitivity in 88 treatment-failure HIV/AIDS cases

Drugs/Frequency Grade of DR(N/%)

Susceptible Potential
resistance

Low-level
resistance

Intermediate
resistance

High-level
resistance

3TC

T1 72 (81.82) – – – 16 (18.18)

T2 70 (79.55) – – – 18 (20.45)

T3 69 (78.41) 1 (1.14) – – 18 (20.45)

AZT

T1 83 (94.32) 1 (1.14) 1 (1.14) – 3 (3.41)

T2 77 (87.50) 3 (3.41) 1 (1.14) 4 (4.55) 3 (3.41)

T3 75 (85.23) 4 (4.55) 2 (2.27) 2 (2.27) 5 (5.68)

D4T

T1 82 (93.18) 2 (2.27) – 1 (1.14) 3 (3.41)

T2 75 (85.23) 3 (3.41) 3 (3.41) 4 (4.55) 3 (3.41)

T3 72 (81.82) 4 (4.55) 3 (3.41) 3 (3.41) 6 (6.82)

TDF

T1 81 (92.05) – 3 (3.41) 1 (1.14) 3 (3.41)

T2 82 (93.18) – 2 (2.27) 1 (1.14) 3 (3.41)

T3 78 (88.64) – 5 (5.68) 2 (2.27) 3 (3.41)

EFV

T1 51 (57.95) 6 (6.82) 3 (3.41) 8 (9.09) 20 (22.73)

T2 50 (56.82) 6 (6.82) 2 (2.27) 9 (10.23) 21 (23.86)

T3 52 (59.09) 6 (6.82) 1 (1.14) 7 (7.95) 22 (25.00)

ETR

T1 61 (69.32) 13 (14.77) 6 (6.82) 7 (7.95) 1 (1.14)

T2 58 (65.91) 11 (12.50) 5 (5.68) 10 (11.36) 4 (4.55)

T3 57 (64.77) 13 (14.77) 4 (4.55) 9 (10.23) 5 (5.68)

NVP

T1 53 (60.23) 5 (5.68) 1 (1.14) 2 (2.27) 27 (30.68)

T2 51 (57.95) 5 (5.68) 1 (1.14) 2 (2.27) 29 (32.95)

T3 51 (57.95) 6 (6.82) 1 (1.14) 1 (1.14) 29 (32.95)

LPV/r

T1 87 (98.86) – – – 1 (1.14)

T2 85 (96.59) – – 1 (1.14) 2 (2.27)

T3 84 (95.45) – – 1 (1.14) 2 (2.27)

T1: First detection, T2, T3 and the like
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Occurrence of NRTI, NNRTI, and PI mutation sites in
treatment-failed participants who were identified as
having DR three times
For the 88 HIV cases with Pol sequences, 61 were
positive for the tested mutations. New mutations can
emerge in the same patient as treatment progresses;
however, early mutations can also disappear with drug
administration.
The most common NRTIs mutations were M184 V/I,

T69S, and T215Y/I, with DR rates of 37.7, 16.39, and
14.75%, respectively. The mutation M184 V/I principally
appeared in the first antiviral treatment failure, whereas
the T215Y/I mutation was mainly associated with the
second and third occasions.
The most common NNRTIs mutations were K103

N/R/S, V179D/E, and G190A, with DR rates of
21.59, 20.45, and 18.18%, respectively. The NNRTI-
related mutations mainly appeared in the first and
second tests.

The PI mutations most commonly found were L10
V/F/I, A71V, and I54V, with DR rates of 6.82, 4.55,
and 4.55%, respectively. These latter sites were af-
fected in the early stages of treatment. The mutations
associated with DR in patients with ART failure are
illustrated in Fig. 1.

Discussion
In this study, we conducted a cohort analysis, using
broad surveillance of HIV drug-resistance. One hun-
dred HIV-1-positive individuals from 11 prefectures
were enrolled in the study and 88 were subjected to
DR analysis. Since all participants were from Yunnan,
our data are not representative of the overall situ-
ation of drug-resistant variants. However, these data
on the prevalence of drug-resistant variants will have
important implications for clinical therapy, concern-
ing genetic evolution.

Table 3 The dynamic variability of drug susceptibility in 88 HIV/AIDS patients

Drugs Numbers of drug susceptibility undergo changes Total (N/%)

−4 −3 −2 −1 invariant 1 2 3 4

3TC

T2 vs T1 4 0 0 0 77 0 0 0 7 11 (12.50)

T3 vs T2 8 0 0 0 74 1 0 0 5 14 (15.91)

AZT

T2 vs T1 0 0 1 1 79 1 1 3 2 9 (10.23)

T3 vs T2 1 1 1 0 81 2 1 0 1 7 (7.95)

D4T

T2 vs T1 0 0 0 3 75 3 3 2 2 13 (14.77)

T3 vs T2 2 2 0 0 75 5 2 1 1 13 (14.77)

TDF

T2 vs T1 0 0 0 2 82 1 1 1 1 6 (6.82)

T3 vs T2 1 1 1 0 80 1 2 1 1 8 (9.09)

EFV

T2 vs T1 4 4 1 3 63 4 1 4 4 25 (28.41)

T3 vs T2 3 4 0 3 68 5 1 0 4 20 (22.73)

ETR

T2 vs T1 0 2 1 6 60 9 5 5 0 28 (31.82)

T3 vs T2 0 4 1 3 70 7 1 2 0 18 (20.45)

NVP

T2 vs T1 6 2 0 3 67 0 3 0 7 21 (23.86)

T3 vs T2 6 0 0 2 71 3 1 1 4 17 (19.32)

LPV/r

T2 vs T1 0 0 0 0 86 0 0 1 1 2 (2.27)

T3 vs T2 1 0 0 0 85 1 0 1 0 3 (3.41)

T2 vs T1: Comparison of second detection and first detection, T3 vs T2: Comparison of third detection and second detection
−4 represent drug resistant degree reduce 4 grades (For example, the first detected result was high level resistance, the second result change to Susceptible),
opposite 4 represent drug resistant degree raise 4 grades, the others and the like
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Since ART was made available free of cost across
Yunnan, a significant number of individuals infected
through sexual transmission accepted the free treat-
ment [21]. Moreover, an argument could be made
that the spread of HIV drug-resistance would likely
be higher among ART individuals because the therapy
has been administered for an extended period in this
area. As a result, resistant strains were detected in
61% of individuals in which ART failed, implying that
this high prevalence closely correlated with the wide-
spread use of ART drugs.

Our study shows that ART duration positively corre-
lated with an increased incidence of HIV-1 drug-resistant
strains. In other words, the longer the duration of ART,
the higher the probability of developing drug-resistance.
Therefore, it is important to elucidate the occurrence and
development of HIV DR as well as changes in mutations
in Yunnan.
Seven factors were taken into account in the DR and

non-DR groups to determine the risk factors associated
with HIV-1 DR. We inittially thought that the high preva-
lence of HIV DR among individuals infected through IDU

Fig. 1 Prevalence of resistant mutations for three kinds ART drugs in long-term treatment HIV infected individuals residing in Yunnan. a-c was
drawed represent NRTIs, NNRTIs and PIs, respectively. The X axis indicates the number of individuals with DR mutations. The first, second and
third test results presented in the figures were marked separately in different colour
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was due to better adherence in individuals infected through
sexual transmission, resulting in lower HIV DR [22–24].
However, there were no differences in DR occurrence
among the two causes of transmission.
Interestingly, when we analyzed the association be-

tween HIV DR and CD4+ counts, we found a statistical
difference between the group with < 200 cells/μL and
the group with 351–500 cells/μL, showing a close correl-
ation between cell count and the development of
drug-resistant strains, in addition to having a significant
impact on the risk of mortality [25]. This supports that
the lower the CD4 + cell count, the higher the risk of DR
emergence. In other words, the lower the CD4 + T
lymphocyte count, the more difficult it is to recover the
immune system. Therefore, it is advantageous to start
medication early in these patients to keep the immune
system less compromised even if this possibly increases
the DR onset.
Zaccaerlli [26] compared the findings of historical and

current tests for resistance over long-term ART; he
found that the tolerance after three types of antiviral
drugs based on the historical test was 25% higher than
that based on the final test; this outcome was also ob-
served in Punthiya’s [27] study. In the present study,
however, the susceptibility to the three types of drugs
tended to decrease throughout the antiviral treatment
(except for EFV in Yunnan province). This indicates that
the longer the antiviral therapy, the higher the possibility
of DR, thus making resistance, in addition to adverse
drug reactions and patient adherence, an inevitable out-
come of long-term treatment.
However, EFV was an exception to the trend as sus-

ceptibility in the third test was higher than that of the
previous two tests. We surmise that the dose require-
ment of EFV in China is relatively high, resulting in a
higher blood concentration, which slows the conversion
of the virus into a resistant strain. For low-level and
moderate DR, the resistance to the three types of drugs
increased with the duration of treatment, but the oppos-
ite trend was observed for EFV. We highlight that the
DR surveillance network at Stanford University is likely
to use a mutation at a single locus to provide a definitive
standard for interpreting EFV resistance results; this
may have affected our results.
The rates of high-level resistance were elevated for all

the drugs assessed, which coincided with a decrease in
the sensitivity rates. From the dynamic changes in drug
susceptibility, we demonstrated that the extent changes
of apparent DR were the highest for EFV, followed by
NVP, and 3TC. As the duration of the therapy increased,
the susceptibility to these three drugs decreased mark-
edly, adherence in some patients was also reduced with
prolonged treatment time, causing an increase in the
number of resistant patients. However, the rise in drug

susceptibility might be because ART medical profes-
sionals found, based on the initial DR reports, that the
drugs were losing efficacy, and therefore, discontinued
them, resulting in the disappearance of drug stress.
Mutation at sites such as M184 V/I and K103 N are

important because they cause resistance to several drugs,
and thus, play a decisive role in the extent to which DR
changes over time. Some patients who were initially sus-
ceptible transitioned to potentially drug-resistant at the
second analysis. As time progressed, they developed
low-level, moderate, or high-level resistance. This poten-
tial resistance should be treated as a red-flag warning of
the need to improve adherence or switch to replacement
drugs and must be swiftly acted upon to avoid the devel-
opment of higher degrees of DR.
The interaction between the host, drug, and virus con-

tributes to DR in HIV because the virus develops strat-
egies to escape drug pressure. For example, it mutates
self-resistant gene sites to resist the therapeutic effect of
ART drugs. Antiviral treatment failure in patients with
HIV appears inevitable. Thus, timely detection of geno-
typic susceptibility to DR and an adjustment of the treat-
ment regimen might improve ART success.
Some of the most common nucleoside analog-associated

mutations (NAMs) are the thymidine-associated mutations
(TAMs). Two clusters were studied here; TAM-1 (M41 L
and T215Y) and TAM-2 (D67N, K70R, and K219Q). The
viruses that present TAM-1 s usually produce more
cross-resistance to other NRTIs, whereas the cross-re-
sistance of the viruses carrying TAM-2 is very low.
The resistance rates of patients carrying the AZT and
D4T mutations increased at all stages; this may be due
to the long time that TAMs take to develop.
M184 V/I was the most frequent NRTI mutation

found during the first and second analyses. Another
study showed that when 3TC was used as a single drug,
M184 V/I resistant strains replaced wild strains in a few
weeks and that when 3TC was used in combination
treatments, M184 V/I DR strains always appeared first
[28]. This may explain the high resistance caused by and
the incidence of the M184 V/I mutation observed in this
study when 3TC was used.
Within the three major classes of antiviral drugs,

NNRTIs are the most complex, having many muta-
tions. We observed that NNRTI mutations princi-
pally occurred in the first and second periods of
treatment failure and were mainly K103 N/R/S,
V179D/E, Y181C/I/V, G190A, Y188L/C. Because
these mutations arose much earlier in the course of
treatment, leading to high resistance to one or more
NNRTIs, we deduce that mutation at these sites has
an impact on the DR to all NNRTIs. Even though a
NNRTI could replace another after failure, these mu-
tations persisted.
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Previous studies have performed adaptive sequencing
of subjects receiving NNRTIs, [29, 30] and confirmed
that the most common mutations are as follows: Y181C/
I/V > K103 N/R/S > G190A > V106A. In this study, the
occurrence rates for K103 N/R/S, G190A, and V106A
were higher than that for Y181C/I/V; however, after a
long period, the Y181C/I/V and K103 N/R/S mutations
showed a greater prevalence. A competitive relationship
among drug-resistant strains during long-term antiviral
treatment (especially with NNRTIs) exists due to the
presence of Y181C/I/V and K103 N/R/S, which affect the
binding of NNRTIs to the active sites of the enzymes.
As PIs are not widely used in patients with HIV/AIDS

in and around our province, the frequencies of major or
minor DR-related mutations were very low. L10 V/F/I
had the highest rate (up to 6.82%). None of the major PI
mutations emerged during the third monitoring. We
believe that the occurrence of these mutations does not
lead to real DR; the observed DR would likely be due to
the transmitted strains.
We acknowledge the limitations of this study. Most of

these patients came from rural areas or towns and vil-
lages where the antiviral treatment and management
could be improved, and the medical staff capacity is lim-
ited. Thus, it is possible that many of these patients were
not switched to the second-line drugs when resistance
to the first-line drugs occurred or did not completely
follow the National Antiviral Treatment Manual Stan-
dards to replace the drugs. Therefore, we cannot accur-
ately account for the drug replacement process for these
88 individuals. This is the major drawback of this study.

Conclusion
The prevalence of HIV-1 DR in individuals with long-term
ART-failure in Yunnan Province is likely the cause of the
current hyper-endemic state. Based on our results, DR ap-
pears to be an inevitable outcome; however, we have found
some evolutionary rules underlying its development and
progression. Developing strategies to effectively optimize
regimens in local regions and promote adherence to
long-term medication will be an arduous task but will be
important and of great significance to improve the control
and prevention of AIDS in this area.
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