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Abstract: (1) Background: The objective of this study was to investigate the prevalence of genetic
diversity and drug resistance mutations among people living with HIV (PLWH) attending clinics in
Beijing. (2) Methods: A retrospective analysis was conducted on PLWH admitted to the Fifth Medical
Center of People’s Liberation Army (PLA) General Hospital between 1 March 2013 and 31 July 2020.
The participants were analyzed for pretreatment drug resistance (PDR) and acquired drug resistance
(ADR). Nested polymerase chain reaction (PCR) was utilized to amplify the pol gene from plasma
RNA samples obtained from the participants. Genotypic and HIV drug resistance were determined
using the Stanford University HIV Drug Resistance Database. Univariate and multifactorial logistic
analyses were used to assess the risk factors for PDR. (3) Results: The overall prevalence rates of
PDR and ADR were 12.9% and 27.8%, respectively. Individuals treated with non-nucleoside reverse
transcriptase inhibitors (NNRTIs) exhibited the highest prevalence of mutations. Specific mutation
sites, such as V179D for NNRTIs and M184V and K65R for nucleoside reverse transcriptase inhibitors
(NRTIs), were identified as prevalent mutations. Individuals treated with efavirenz (EFV) and
nevirapine (NVP) were found to be susceptible to developing resistance. The multifactorial regression
analyses indicated that the factors of circulating recombination form (CRF) genotype CRF07-BC and
a high viral load were associated with an increased risk of PDR. CRF01-AE and CRF07-BC were the
most prevalent HIV genotypes in our study. (4) Conclusions: The distribution of HIV genotypes in
Beijing is complex. There is a need for baseline screening for HIV drug resistance among ART-naive
individuals, as well as timely testing for drug resistance among ART-experienced individuals.

Keywords: HIV; pretreatment drug resistance; acquired drug resistance; Beijing

1. Introduction

HIV infection is a significant health issue with implications for public health. While ef-
fective antiretroviral therapy (ART) can reduce HIV-related illnesses and mortality, it needs
to be continued indefinitely, as people living with HIV require lifelong medication. With
the increasing number of individuals on treatment, HIV drug resistance (HIVDR) testing
and knowledge of drug resistance have become increasingly important. HIVDR testing
can be performed using either phenotypic or genotypic assays. Phenotypic assays provide
valuable data but are costly and time-consuming, hence their limited use nowadays [1-4].
On the other hand, genotypic assays are more cost-effective, provide faster results, and
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are the most commonly used routine tests due to their ability to detect wild-type and
drug-resistant virus mixtures with higher sensitivity.

HIV drug resistance can be divided into primary and acquired drug resistance (ADR).
Primary resistance can be further subdivided into pretreatment drug resistance (PDR) and
transmitted drug resistance (TDR) [5]. TDR has been previously studied in treatment-naive
populations with no history of exposure. PDR is a broader term that encompasses TDR
and resistance to initiation of or re-entry into ART and is more commonly used to describe
situations where the duration of infection is unknown, and it is uncertain whether it is
TDR [6]. The prevalence of PDR poses challenges for HIV epidemic control and vaccine
development [7], and it has important implications for selecting first-line ART in key
populations, such as men who have sex with men (MSM), sex workers, injecting drug
users, transgender individuals, and incarcerated individuals. It may also contribute to
potential reasons for treatment failure within these groups [8]. ADR occurs under drug
stress and severely impairs the efficacy of drugs, posing a significant risk to HIV treatment.
Furthermore, it could lead to future HIV epidemics driven by drug-resistant strains [9].

The prevalence of PDR and ADR in China varies significantly depending on factors
such as study design, geographic location, and economic and social backgrounds [5,10].
In China, the overall level of PDR was reported to be 5.56% [11]. However, certain areas
showed slightly higher prevalence rates, such as Liangshan Prefecture in Sichuan Province
(12.2%) [12], Pu’er in Yunnan Province (10.8%) [13], Guangxi Province (8.3%) [14], and
Hunan Province (10.0%) [15]. Major cities like Shanghai (17.4%) [16], Xi'an (18.3%) [17],
and Chongging (10.54%) [18] had higher prevalence rates of PDR due to the complexity
and diversity of genotypes, with an increasing trend overall [5]. In terms of ADR, the
overall level in China was reported to be 51.33% [11]. There were significant regional
differences in prevalence rates, specifically for Shanghai (69.3%) [19], Hefei (38.6%) [20],
Henan (64.76%) [21], and Liaoning (64.84%) [22]. Overall, the central region of China had a
higher prevalence of ADR (72.44%) than other regions (north: 47.92%; south: 50.59%) [11].
It is worth noting that there are differences between China’s ART program and those
of other countries. China started highly active antiretroviral therapy (HAART) at the
end of 1999 [23], and the National Free Antiretroviral Treatment Program (NFATO) was
implemented in 2002 [24]. Initially, the available drug options were limited, such as
zidovudine (AZT), stavudine (D4T), didanosine (DDI), nevirapine (NVP), etc., and the
first-line treatment regimen was often AZT/DA4T + DDI + NVP [25]. However, some drugs
had side effects and high rates of drug resistance. As new drugs have been introduced
since, the optimal ART regimen has changed frequently, gradually shifting towards using
two nucleoside reverse transcriptase inhibitors (NRTIs) combined with a third drug class,
which can be non-nucleoside reverse transcriptase inhibitors (NNRTIs), boosted protease
inhibitors (PIs), or integrase inhibitors (INSTIs). Single-tablet regimens (STRs) have also
become an option [26]. However, the extent of drug resistance increases with the duration
of treatment, so timely HIV drug resistance testing is essential [27-29].

So far, long-term studies on PDR and ADR in Beijing have not been reported. The
Fifth Medical Center of People’s Liberation Army (PLA) General Hospital is a specialized
center for HIV prevention and treatment which maintains a stable cohort for HIV follow-
up [30,31]. In this study, we utilized our follow-up cohort to examine drug resistance
among ART-naive individuals and those experiencing virologic failure. The objectives
of this study were to evaluate drug resistance and the distribution of genotypes and to
generate data on the long-term prevalence of HIV drug resistance in Beijing.

2. Results
2.1. Demographic and Clinical Characteristics

A total of 1785 ART-naive and 569 ART-experienced individuals were enrolled in this
study (Figure 1). After excluding 145 ART-naive individuals without sequence results,
the final analysis included 1640 ART-naive individuals for PDR analysis and 569 ART-
experienced individuals for ADR analysis. Among the 1640 ART-naive individuals, the
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median age was 31 years (interquartile range (IQR) 26—40). The majority of participants
were male (97.0%, 1590/1640), while a smaller proportion were female (3.5%, 50/1640).
The primary mode of transmission was male homosexual transmission (89.2%, 1463 /1640).
The median CD4 count was 292 cells/uL (IQR 175-422), and the median HIV viral load
was 4.7 log10 copies/mL (IQR 4.3-5.3) (Table 1).

2354 AIDS in our hospital
(1/3/2013-31/7/2020)

ART-naive ART-experienced
n=1785 n=569

[ excluded: n=145 ]—

Participants with successful Participants with
drug resistance testing virology failures
n=1640 n=194
pretreatment drug resistance acquired drug resistance
n=211 n=54

Figure 1. Composition of the treatment-naive cohort and follow-up cohort at the Fifth Medical Center
of PLA General Hospital for the period 2013-2020.

Among the 569 ART-experienced individuals, the median age was 30 years (IQR
26-41); the median CD4 count was 318 cells/uL (IQR 142-421); and the median HIV
viral load was 4.8 1og10 copies/mL (IQR 4.5-5.3). The majority of participants were male
(97.7%, 556 /569), and the main route of transmission was male homosexual transmission
(89.6%, 510/569). In total, 99.5% (566/569) of participants underwent therapy including
a combination of two NRTIs with one NNRTI, while 0.5% (3/569) used a combination of
two NRTIs with PIs (Table 1).
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Table 1. Demographic and clinical characteristics of participants.

Characteristics ART-Naive Individuals ART-Experienced Individuals
(n = 1640) (n = 569)
Gender
Male 1590 (97.0) 556 (97.7)
Female 50 (3.5) 13 (2.3)
Age (years) 31 (26, 40) 30 (26, 41)
<30 704 (42.9%) 248 (43.6)
30-49 752 (45.9%) 245 (43.1)
>50 184 (11.2%) 76 (13.4)
Route of transmission
Homosexual 1463 (89.2) 510 (89.6)
Heterosexual 115 (7.0) 34 (6.0)
Other 20 (1.2) 10 (1.8)
Unknown 42 (2.6) 14 (2.5)
CD4 count (cells/uL) 292 (175, 422) 318 (142, 421)
Viral load (log10copies/mL) 4.7 (4.3,5.3) 4.8 (4.5,5.3)
Duration of ART (years)
<1 _ 414 (72.8)
1-5 _ 122 (21.4)
>5 _ 33 (5.8)
ART regimen
NRTIs + NNRTIs _ 566 (99.5)
NRTIs + PIs _ 3(0.5)

Note: Data are expressed as 1 (%) or medians (interquartile ranges). Abbreviations: _, not applicable.

2.2. Genotype Distribution

The distribution of genotypes in this study is presented in Figure 2. Among the 2209
participants, we identified a total of five major genotypes and several other genotypes.
The circulating recombination forms (CRFs) CRF01-AE (49.4%, 1091 /2209) and CRF07-BC
(34.5%, 761/2209) were the most prevalent genotypes, followed by B (7.8%, 173/2209), C
(4.0%, 88/2209), CRF5501-B (2.0%, 43/2209), and others (2.4%, 53/2209).

CRFO1-AE
(n=1091,49.4%)

c
(n=88.4.0%)
B
Other (n=173,7.8%)

(n=53,2.4%)
CRF55-01B
(n=43,2.0%)

CRFO07-BC
(n=761,34.5%)

Figure 2. Genotype distribution among all participants.

2.3. Pretreatment Drug Resistance Mutations

Among the ART-naive individuals, 211 participants (12.9%, 211/1640) displayed
pretreatment resistance mutations. The overall prevalence of PDR mutations was 12.9%
(211/1640). The highest prevalence of drug resistance mutations was observed in individu-
als treated with NNRTIs (11.2%, 184/1640), followed by those treated with NRTIs (4.6%,
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75/1640) and PIs (0.2%, 3/1640), and all of them showed a decreasing trend until 2019
(Figure 3a). Among the NNRTI resistance mutations, the most common associated mutation
was V179D (3.9%, 64/1640), followed by E138A /G (2.0%, 33/1640), V106M (1.8%, 29/1640),
G190A (1.0%, 17/1640), and V179E/T (0.9%, 14/1640). NRTI resistance-associated muta-
tions were less prevalent, with K65R (1.9%, 31/1640) and M184V (1.6%, 26/1640) being the
most frequent ones. M46L (0.1%, 2/1640) and Q58E (0.1%, 1/1640) were the major sites
associated with resistance to PIs (Figure 3b).
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Figure 3. The data in the graphs are differentiated by antiretroviral drug class. “Any” refers to
mutations resistant to any of the drugs. (a) Temporal trends in the annual proportion of pretreat-
ment drug resistance mutations among ART-naive participants overall. (b) Percentage and level of
susceptibility to pretreatment resistance mutations. (c) Distribution of sites with pretreatment drug

resistance mutations.
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In order to analyze drug resistance to commonly used antiretroviral (ARV) drugs in
clinical settings, we tested a total of 15 ARV drugs, which covered the most frequently used
first- and second-line drugs. Our findings showed high-level resistance in 151 ART-naive
individuals (9.2%, 151/1640). Among NNRTI resistance mutations, the highest propor-
tion of resistance mutations was observed for efavirenz (EFV) (9.2%, 151/1640), followed
by NVP (9.0%, 148/1640) and rilpivirine (RPV) (8.3%, 136/1640). Most variants (10.3%,
169/1640) exhibited susceptibility to low-level drug resistance. However, high-level resis-
tance was predominantly observed for EFV- and NVP-treated individuals (3.8%, 63/1640),
with 3.2% (53/1640) showing high-level resistance to both EFV and NVP. Regarding NR-
TIs, less than 1.0% of NRTIs were associated with drug resistance mutations, but all of
them were intermediate- or high-level mutations. The most frequently observed resistance
mutations were found for lamivudine (3TC) (3.5%, 58/1640), followed by abacavir (ABC)
(8.3%, 54/1640), emtricitabine (FTC) (3.3%, 54/1640), and DAT (3.2%, 52/1640). Only three
participants had resistance mutations against PIs. Among them, Nelfinavir/r (NFV/r)
(0.1%, 2/1640) and Tipranavir/r (TPV/r) (0.1%, 1/1640) were both susceptible to low-level
resistance (Figure 3c).

The overall prevalence of PDR in our study was 12.9%, which falls within the mid-
range level. This is consistent with the results of studies conducted in Sichuan [12], Pu’er
of Yunnan [13], Hunan [15], and Chonggqing [18]. When compared to some major cities
in China [16,17] and foreign studies [6], our prevalence of PDR was still relatively low.
The highest incidence of resistance was observed for NNRTI, with V179D and K65R being
the predominant resistance mutations. These findings align with studies conducted in
Tianjin [32] and Cameroon [33]. It has been widely reported that EFV and NVDP, as first-line
drugs, are frequently associated with the development of resistance [33,34].

2.4. Drug Resistance Mutations in ART-Experienced Participants

Among the 569 ART-experienced individuals, there were 194 participants who ex-
perienced virologic failure, and 54 of them (27.8%, 54/194) exhibited acquired resistance
mutations. The prevalence of mutations resistant to NNRTIs, NRTIs, and PIs were 92.6%
(50/54), 59.3% (32/54), and 5.6% (3/54), respectively. Out of the 54 participants, 57.4%
(31/54) showed mutations resistant to both NRTIs and NNRTIs, while 5.6% (3/54) had
mutations resistant to PIs; the highest prevalence was that of mutations resistant to NNRTIs,
with an overall decreasing trend until 2019 (Figure 4a). The most common sites associated
with mutations resistant to nNRTIs, NRTIs, and PIs were V179D (27.8%, 15/54), M184V
(35.2%, 19/54), and L10F (3.7%, 2/54), respectively (Figure 4b).

Among the participants with ADR mutations, the following drugs were associated
with a high level of resistance: NVP (63.0%, 34/54), EFV (61.1%, 33/54), 3TC (44.4%, 24/54),
FTC (42.6%, 23/54), and DDI (24.1%, 13/54). No intermediate-level nor high-level drug
resistance to Pls was observed (Figure 4c). Among the participants, 23 individuals (42.6%)
showed high-level resistance to both FTC and 3TC, while 33 individuals (61.1%) exhibited
high-level resistance to both EFV and NVP. Additionally, 21 individuals (38.9%) displayed
high-level resistance to NVP, EFV, 3TC, and FTC.

Unlike previous studies, our study observed an overall prevalence of ADR at 27.8%,
which is significantly lower than the rates reported in Xi’an [17], Guangdong [35], and
Portugal [36,37]. Consistent with the findings of numerous studies, EFV and NVP were
found to be the most susceptible to drug resistance [35,36].
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among ART-experienced participants overall. (b) Distribution of sites in individuals with drug
resistance mutation who experienced virologic failure. (c) Percentage and level of susceptibility to
acquired drug resistance mutations.

2.5. Factors Associated with Pretreatment Drug Resistance in ART-Naive Individuals

The results of the multifactorial regression analysis revealed that heterosexual trans-
mission (OR 1.78, 95% CI 1.00-3.15; p = 0.05) and unknown routes of infection (OR 2.62, 95%
CI 1.23-5.58; p = 0.01) were associated with an increased risk of PDR mutations. CRF07-BC
(OR 1.85, 95% CI 1.34-2.55; p < 0.001) was also significantly associated with an increased
risk of PDR mutations. Furthermore, viral load (OR 2.01, 95% CI 1.39-2.90; p < 0.001)
showed a positive association with the prevalence of PDR mutations. However, other
variables, such as age, sex, and CD4 count, did not show significant associations with PDR
mutations (Table 2).
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Table 2. Factors associated with drug resistance mutations among ART-naive participants.
Univariate Analysis Multivariable Analysis
Variables OR 95% CI p OR 95% CI p
Gender
Male Ref. Ref. Ref. Ref. Ref. Ref.
Famale 1.19 (0.59-2.42) 0.63 0.74 (0.30-1.82) 0.51
Age (years)
<30 Ref. Ref. Ref. Ref. Ref. Ref.
30-49 0.88 (0.55-1.42) 0.60 1.12 (0.82-1.53) 0.47
>50 1.08 (0.81-1.44) 0.58 0.68 (0.40-1.15) 0.15
Route of transmission
Homosexual Ref. Ref. Ref. Ref. Ref. Ref.
Heterosexual 1.89 (1.00-3.57) 0.05 1.78 (1.00-3.15) 0.05
Other 0.75 (0.19-3.04) 0.69 0.69 (0.15-3.08) 0.62
Unknow 1.50 (1.00-2.33) 0.07 2.62 (1.23-5.58) 0.01
HIV subtype
CRFO01-AE Ref. Ref. Ref. Ref. Ref. Ref.
CRF07-BC 1.80 (1.31-247) <0.001 1.85 (1.34-2.55)  <0.001
B 1.11 (0.60-2.07) 0.74 1.19 (0.63-2.23) 0.59
C 1.52 (0.75-3.09) 0.25 1.81 (0.87-3.77) 0.11
CRF55-01B 1.86 (0.75-4.61) 0.18 2.01 (0.80-5.07) 0.14
Other 1.71 (0.57-5.10) 0.34 2.05 (0.68-6.21) 0.20
CD4 count (cell/puL)
<200 Ref. Ref. Ref. Ref. Ref. Ref.
200-499 0.70 (0.47-1.04) 0.08 1.39 (0.96-1.99) 0.08
>500 1.00 (0.73-1.37) 0.99 1.10 (0.72-1.70) 0.65
Viral load (copies/mL)
<10,000 Ref. Ref. Ref. Ref. Ref. Ref.
10,001-100,000 0.88 (0.60-1.28) 0.49 0.85 (0.58-1.25) 0.41
>100,001 191 (1.35-2.71)  <0.001 2.01 (1.39-2.90)  <0.001

Abbreviations: OR, odds ratio; CI, confidence interval.

3. Discussion

This study provides a systematic analysis of HIV drug resistance over an eight-year
period at an acquired immunodeficiency syndrome (AIDS) clinical center in Beijing, and
its results are consistent with the findings of other studies on HIV drug resistance in
Beijing [38,39]. The overall prevalence of PDR in our study was 12.9%, with a significant
downward trend from 2015 to 2019, which might be related to the policy of immediate
treatment upon detection implemented in China after 2015. The prevalence of ADR was
lower than that reported in other areas, which may be related to good compliance among
our participants and the strict management system. These findings are consistent with those
of several retrospective studies conducted in China [40,41]. The prevalence rate of PDR
in our study was lower than those reported in Tianjin (13.5%) [32], Shanghai (17.4%) [16],
Yunnan (34.2%) [13], and Guangxi (21.2%) [14]. This difference may be due to variations in
the follow-up and management of PLWH in different regions. Additionally, the presence of
multiple AIDS centers in Beijing compared with other cities may contribute to better access
to healthcare and medication for PLWH in Beijing.

The prevalence of PDR was the highest for NNRTIs among the three types of an-
tiretroviral drugs (Figure 3a). Among the mutation sites, 30.3% (64/211) were clustered on
V179D, which was associated with potentially high-level resistance to NNRTIs. Mutations
in V179D/E can lead to a 2-5 times reduction in susceptibility to drugs like NVP, EFV,
ETR, and RPV [42]. Our study also observed similar results, with V179D causing high
and intermediate levels of resistance to NVP and EFV and low-level resistance to RPYV,
EFV, NVP, and ETR. Although V179D/E mutations do not appear to significantly impact
virologic response to first-line regimens, their high prevalence (3.9%, 64/1640) suggests
caution in regimen selection. The HIV treatment guidelines recommend replacing the
NNRTI with lopinavir/r (LPV/r) for second-line regimens. PIs mainly showed low-level
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resistance to NFV /r and TPV /1, consistent with previous studies [39], suggesting that
PIs are viable options for second-line regimens following the baseline regimen. Based
on our findings, the prevalence of PDR mutations in ART-naive individuals in Beijing
was significantly higher for NNRTIs (87.2%, 184/211) than for NRTIs (35.5%, 75/211) and
PIs (1.4%, 3/211), underscoring the importance of immediate PDR testing after diagno-
sis. According to the World Health Organization’s guidelines for updated public health
response to PDR, countries with NNRTI PDR mutation rates exceeding 10% should con-
sider changing their first-line ART regimens from NNRTIs to non-NNRTI drugs, including
INSTIs. Therefore, our findings suggest that physicians should make informed decisions in
selecting appropriate treatment regimens.

The primary cause of virologic failure among ART-experienced individuals was found
to be ADR mutations. The prevalence of ADR mutations for NNRTIs was 92.6% (50/54),
which was significantly higher than that for NRTIs (59.3%, 32/54) and Pls (5.6%, 3/54). The
most prevalent mutation site for NRTIs was M184V, which may have been influenced by
the frequent use of 3TC in Beijing [43,44]. This was followed by K65R, which is strongly
associated with high-level resistance to FTC, DDI, D4T, and TDF. We also observed that the
presence of both M184V and K65R mutations could lead to reduced treatment effectiveness
in regimens containing ABC, DDI, FTC, and 3TC, in agreement with findings of a study
on HIV resistance among MSM in southern China [43]. Due to the limited number of
participants using Pls in our study, further research with an expanded sample size is
needed to investigate the prevalence of ADR mutations for PIs.

We identified six common CRFs and multiple other genotypes in our study. The
dominant genotypes were CRF01-AE and CRF07-BC, which is consistent with previous
findings on the distribution of HIV genotypes in China [45]. Due to the high population
mobility and the complex and diverse HIV genotypes in Beijing, we also detected some
uncommon genotypes in our study. For instance, there was a relatively small proportion
of CRF65-cpx (0.6%, 13/2209) with a high prevalence of pretreatment resistance (4.3%,
9/211). These findings highlight the importance of monitoring the sources and modes of
transmission for genotypes with a high prevalence of drug resistance in order to prevent
the spread of complex drug-resistant genotypes. The prevalence of genotype C in Beijing
was low, with only nine individuals showing pretreatment resistance to genotype C, mainly
involving non-nucleotide inhibitors. Another study conducted in Beijing identified that 33%
of infected individuals with genotype C exhibited resistance mutations for NNRTIs, which
was significantly associated with pretreatment resistance [39]. Although genotypes B and C
are not the predominant strains in Beijing, their relatively high prevalence of pretreatment
resistance to NNRTIs suggests that physicians should be vigilant regarding this resistance
pattern. Furthermore, the E138 mutation shows high prevalence in CRF08-BC, and this
specific mutation pattern mainly confers moderate- or low-level resistance to RPV but not
to EFV, NVP, doravirine (DOR), or etravirine (ETR) [9]. In our study, CRF08-BC strains
were susceptible to resistance mutations at the E138A site, as well as V179E and P225H,
and exhibited intermediate levels of resistance to both EFV and NVP, as well as low levels
of resistance to RPV. Therefore, PLWH who carry the CRF08-BC genotype should consider
alternative regimens that do not include EFV, RPV, or NVP.

Multifactorial analysis revealed that the CRF07-BC genotype was associated with
an increased risk of PDR mutations. This finding aligns with a prospective multicenter
study conducted in China [46], which demonstrated an association between the CRF07-BC
genotype and the prevalence of drug resistance mutations at baseline. Additionally, we
found a positive correlation between a high viral load and PDR, consistent with a European
multicenter study [47], suggesting the importance of regular viral load monitoring. In
contrast to some previous studies [32], gender (specifically the female gender) was not
identified as a risk factor in our study. This could be attributed to the small number of
women included in our study, which made it difficult to specifically assess the effect of
gender on PDR.
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4. Materials and Methods
4.1. Study Design and Data Collection

We conducted a retrospective analysis of PDR and ADR in all PLWH at PLA General
Hospital’s Fifth Medical Center from 1 March 2013 to 31 July 2020. The inclusion criteria
for this study were as follows: (1) complete general information, (2) ART-naive or ART-
experienced status prior to enrollment, and (3) agreement to undergo drug resistance
testing. The study was approved by the Ethics Committee of the Fifth Medical Center
of PLA General Hospital. Demographic information (gender, age) and epidemiological
information (route of transmission, time of diagnosis, initiation of ART, current regimen)
were collected retrospectively (Table 1). The plasma was separated within 6 h of blood
collection and stored at —80 °C for subsequent use. A total of 1785 ART-naive individuals
and 569 ART-experienced individuals were enrolled in this study. PDR analysis was
performed on all ART-naive participants, while ADR analysis was conducted on those with
ART duration exceeding 6 months (Figure 1).

4.2. Sample Collection, Laboratory Tests, and Definitions

Peripheral blood specimens were collected for viral load and HIV drug resistance
testing. CD4 counts were measured using flow cytometry (FACS Caliber; BD Biosciences,
Franklin Lakes, NJ, USA). HIV RNA levels were quantified using polymerase chain reaction
(PCR) (COBAS amplification/TaqMan; Roche, Porterville, CA, USA), and a viral load of
<20 copies/mL was considered undetectable.

4.3. RNA Extraction and Sanger Sequencing

HIV RNA was extracted from 500 pL of plasma using a QIAamp Viral RNA Mini
kit (QIAGEN, Hilden, Germany). Fragments of the HIV pol gene, including protease
and partial reverse transcriptase (RT) genes, were amplified using an in-house nested
PCR method. The amplified fragments were then sent to Biomed Co. (Beijing, China)
for sequencing.

4.4. Genotyping and Drug Resistance Analysis

HIV genotyping was performed using Rega HIV Genotype Analysis Tool 3.0 [48].
Resistance mutations were analyzed using the Stanford HIV Resistance Database (Stanford
HIVdb; version 8.8) [49]. These mutations were classified as low-, intermediate-, or high-
level resistance mutations. The level of resistance to a specific drug was determined by
summing the penalty scores associated with each drug resistance mutation present in
the sequence. The total score determined the estimated level of resistance to the drug,
which was categorized into the following five categories: susceptible (total score of 0 to 9),
potential low-level resistance (total score of 10 to 14), low-level resistance (total score of
15 to 29), intermediate-level resistance (total score of 30 to 59), and high-level resistance
(total score > 60). In this study, all low-, intermediate-, and high-level resistance mutations
were considered drug-resistant mutations.

4.5. Statistical Analysis

Statistical analyses were conducted using SPSS 26.0 (IBM SPSS Statistics for Windows,
IBM Corp., Armonk, New York, NY, USA). Non-normally distributed measures were
described using medians and interquartile ranges (IQRs), while categorical variables were
presented as percentages. Categorical variables were analyzed with the chi-squared test or
Fisher’s exact test. Potential risk factors associated with PDR were selected for univariate
logistic regression analysis. Variables with p-values < 0.05 were included in the multivariate
logistic regression model. p-values < 0.05 were considered statistically significant.

5. Conclusions

In conclusion, this study presents long-term data on the prevalence trends of pretreat-
ment drug resistance and virologic failure due to drug resistance in Beijing. The overall
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trend shows a decrease in HIV drug resistance mutations. However, it is important to note
that the COVID-19 pandemic has had an impact, leading to disruptions in the scheduled
treatment and follow-up of PLWH. As a result, the number of individuals included in the
study for 2020 was reduced. These findings highlight the need for increased attention to
the management of special populations, such as PLWH, and emphasize the importance
of epidemic prevention and control measures in preventing the serious consequences of
drug resistance.
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