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ABSTRACT

Introduction: This study aimed to evaluate the
prevalence of HIV-1 mutation V179D/E and the
effect of V179D/E on the virological response to
first-line efavirenz-based regimens among
antiretroviral treatment (ART)-naı̈ve patients.
Methods: An ambispective cohort study was
conducted. All ART-naı̈ve patients who under-
went baseline genotypic resistance testing
between January 2019 and November 2021 were
included in the analysis of the prevalence of the

V179D/E mutation. Then, patients with identi-
fied V179D/E received the efavirenz-based regi-
men or the protease inhibitor (PI)/integrase
strand transfer inhibitor (INSTI)-based regimen.
The virological and immunological outcomes at
week 48 were compared between the two
groups.
Results: HIV-1 mutation V179D/E was identi-
fied in 252 out of 2568 ART-naı̈ve patients, with
a prevalence of 9.8% in Shanghai, China. A total
of 206 participants were included in the efficacy
analysis. Forty-six patients with altered ART
regimens or incomplete follow-up data were
excluded from the analysis. The baseline char-
acteristics were comparable between the efavir-
enz group (n = 109) and the PI/INSTI group
(n = 97). At week 48, a total of 96 participants
(88.1%) in the efavirenz group and 92 partici-
pants (94.8%) in the PI/INSTI group had a viral
load lower than 50 copies/mL (chi-square test,
p = 0.086). In both groups, a lower proportion
of participants achieved virological suppression
among participants with a baseline viral load of
at least 100,000 copies/mL compared with those
with lower than 100,000 copies/mL (66.7% vs.
96.1% in the efavirenz group, p\0.001; 87.1%
vs. 98.4% in the PI/INSTI group, p = 0.039). The
median increase from baseline in the CD4
count at week 48 was significantly greater in the
PI/INSTI group (192 cells/lL) than in the efa-
virenz group (154 cells/lL) (p = 0.029).
Conclusion: There is a high prevalence of
V179D/E in ART-naı̈ve patients with HIV-1 in
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Shanghai, China. The first-line efavirenz-based
regimen may be not suitable for patients with
HIV-1 mutation V179D/E, especially for those
with a baseline viral load of at least 100,000
copies/mL. The study was registered at the
Chinese Clinical Trial Registry (ChiCTR2000
034787).

Keywords: HIV; Mutation; V179D; V179E;
Efavirenz; Antiretroviral; Protease inhibitor;
Integrase strand transfer inhibitor

Key Summary Points

The prevalence of the HIV-1 mutation
V179D/E was 9.8% among ART-naı̈ve
patients in Shanghai, China.

CRF01_AE and CRF55_01B were the most
two common HIV-1 subtypes among the
participants with HIV-1 V179D/E
mutation.

The efavirenz-based antiretroviral regimen
showed poorer virological and
immunological outcomes compared with
the PI/INSTI-based regimen for ART-naı̈ve
patients with HIV-1 mutation V179D/E.

The first-line efavirenz-based regimen is
not recommended for patients with HIV-1
and V179D/E mutation, especially for
those with a baseline viral load of at least
100,000 copies/mL.

INTRODUCTION

HIV-1 is known to have a very high mutation
rate and genetic diversity. HIV-1 drug resistance
develops when the gene mutation occurs in the
target region of anti-HIV-1 drugs, namely drug-
resistance mutation (DRM). HIV-1 DRM not
only leads to the failure of antiviral treatment
but also to the further spread of drug-resistant
strains. There are three main categories of HIV-1
drug resistance: acquired drug resistance (ADR),
transmitted drug resistance (TDR), and

pretreatment drug resistance (PDR) [1]. PDR is
detected in antiretroviral treatment (ART)-naı̈ve
patients or ART-experienced patients who
reported prior use of antiretroviral drugs reini-
tiating first-line ART. PDR is either TDR or ADR,
or both. According to the World Health Orga-
nization (WHO)’s report on HIV drug resistance
2017, several countries estimated a prevalence
of PDR greater than 10% in adults initiating
ART, especially PDR to non-nucleoside reverse
transcriptase inhibitors (NNRTI). A meta-analy-
sis study showed that TDR had risen in China
since 2012, and this rise was mainly driven by
NNRTI resistance [2].

According to the Genotypic Resistance Test
(GRT) Interpretation System of Stanford HIV
Drug Resistance Database (HIVDB), the degree
of susceptibility of HIV to antiretroviral drugs is
divided into five levels: susceptibility (S),
potential low-level resistance (P), low-level
resistance (L), intermediate resistance (I), and
high-level resistance (H) [3]. V179D is a poly-
morphic accessory NNRTI-selected mutation. It
contributes low-level reductions in susceptibil-
ity to each of the NNRTIs. V179D has a weight
of 1.0 in the Tibotec ETR genotypic suscepti-
bility score. The combination of V179D and
K103R acts synergistically to reduce nevirapine
(NVP) and efavirenz (EFV) susceptibility. V179E
is a non-polymorphic mutation occasionally
selected by NVP and EFV. V179E appears similar
to V179D in its effects on NNRTIs, with the
same NNRTI resistance mutation scores as
V179D. Studies conducted in China showed
that the natural presence of the mutations
V179D and V179E were found in HIV-1 strains
CRF65_cpx and CRF55_01B, respectively [4, 5].
The trend of increasing V179D/E mutation in
genotype CRF01_AE among men who have sex
with men (MSM) population was also reported
[6]. Our previous study found that the overall
prevalence of PDR mutations in Shanghai,
China was 17.4%, and V179D/E was the most
frequent NNRTI-associated mutation, observed
in 10.1% of patients [7].

NNRTIs-based ART regimens are recom-
mended by China and WHO guidelines. In
addition, EFV is the most widely used NNRTI
drug. However, few studies have analyzed the
impact of the a single V179D/E mutation which
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is associated with potential low-level resistance
to NNRTIs on the virological response to a first-
line EFV-containing regimen. This study aimed
to investigate the prevalence of the V179D/E
mutation in ART-naı̈ve HIV-infected patients in
Shanghai, China, and to determine whether the
use of EFV-based ART regimens increased the
risk of virologic failure in ART-naı̈ve patients
with the V179D/E mutation compared to non-
NNRTI-based ART regimens. This study will
help to clarify the clinical significance of HIV-1
V179D/E mutation.

METHODS

Study Design and Participants

We conducted an ambispective cohort study in
Shanghai Public Health Clinical Center
(SPHCC), which is the only designated hospital
providing the ART and long-term follow-up for
HIV-1-infected patients in Shanghai, China.
Data were collected prospectively from January
2020 onward and retrospectively before this
date. All the ART-naı̈ve patients who visited
SPHCC during the period from January 2019 to
November 2021 and had received baseline
genotypic drug resistance testing were included
in the analysis of the prevalence of V179D/E
mutation, and then those identified with a
single V179D/E mutation were enrolled in the
following ART efficacy evaluation. Demo-
graphic, clinical, and laboratory data were col-
lected at baseline and up to 48 weeks of ART.
See Fig. 1.

Ethical approval was obtained from the Eth-
ics Committee of SPHCC (2019-S044-02). This
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments. The informed consent was
obtained from the prospectively enrolled
patients, and waived for data collected
retrospectively.

Identification of HIV-1 V179D/E
Mutations

HIV-1 V179D/E mutations are NNRTI-associ-
ated DRMs. We performed viral RNA extraction,
RT-PCR, and sequencing according to our pre-
viously established protocols [7]. The plasma
samples were collected and preserved in a free-
zer at - 80 �C until analysis. Viral RNA was
extracted from 140 lL plasma using the QIAmp
Viral RNA Mini Kit (Qiagen, Germany) accord-
ing to the manufacturer’s protocol. Then, the
target fragment of 1316 bp in the pol gene
spanning the reverse transcriptase and protease
regions was amplified using a nested PCR. Pri-
meScriptTM one-step RT-PCR ver. 2.0 (TakaRa,
China) was used for the cDNA synthesis and
first-round PCR operation. The nested PCR was
performed with Ex Taq (TaKaRa, China). The
PCR products were sent to BioSune Biotech-
nology Co. for sequencing (Applied Biosystems,
3730XL). The PCR protocol and primers used
for PCR and sequencing were as described pre-
viously [7, 8]. HIV-1 DRMs and related resis-
tance levels were determined on the basis of the
Stanford University HIV Drug Resistance Data-
base (HIVDB, https://hivdb.stanford.edu/hivdb/
by-sequences/). After sequence analysis, HIV-1
V179D/E mutation frequencies were identified.

Fig. 1 Flowchart of the patient enrollment
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Evaluation of ART Regimens Among
Participants with a Single HIV-1 V179D/E
Mutation

Patients identified with a single V179D/E
mutation were enrolled in the following ART
efficacy assessment. They were assigned to
receive the EFV-based ART regimen or the pro-
tease inhibitor (PI)/integrase inhibitor (INSTI)-
based regimen according to the individuals’
wishes. In China, EFV and lopinavir/ritonavir
(LPV/r) are available for free, while INSTI must
be purchased at the patients’ own expense.
All participants were to have study vis-
its at baseline and every 12 weeks after starting
ART, and physical examinations, laboratory
tests, and patient compliance were assessed.

Study Endpoints

The main observation of this study was the
efficacy of the EFV-based ART regimen com-
pared with the PI/INSTI-based ART regimen in
HIV-1-infected patients with a single V179D/E
mutation. The primary endpoint was the pro-
portion of participants with virological sup-
pression at week 48 by US Food and Drug
Administration (FDA) snapshot analysis. The
secondary endpoint was the changes from
baseline in CD4? T cell counts at week 48 by
FDA snapshot analysis. Virological suppression
was defined as plasma HIV-1 RNA of less than
50 copies per milliliter (copies/mL) at week 48
after starting ART [9].

For participants in the prospective cohort,
HIV-1 RNA was quantitatively measured at
baseline and at weeks 12, 24, and 48, and CD4?

T cell counts were tested at baseline and every
12 weeks. For participants in the retrospective
cohort, CD4? T cell counts and HIV-1 RNA were
measured for the first time, typically at week 12
and week 24, respectively, and then every 3–-
6 months and 6–12 months, respectively, in
accordance with the routine follow-up man-
agement of HIV-1-infected patients.

HIV-1 RNA was detected and quantified by
RT-PCR (COBAS� AmpliPrep/COBAS� TaqMan�

HIV-1 Test, v2.0, ABI7500). CD4? T cell counts
were detected by flow cytometry using a BD

FACS Canto II flow cytometry system (BD Mul-
titestTM CD3/CD8/CD45/CD4, BD Biosciences).

Virological and immunological outcomes
were compared between the two groups. In
addition, subgroup analyses were performed
between the two groups on the basis of baseline
viral load and HIV-1 V179 mutation type.

HIV-1 Acquired DRMs in Participants
with Baseline V179D/E Mutation

HIV-1 genotypic resistance testing was per-
formed on participants at the time of virological
failure during follow-up ART. Virological failure
was defined as HIV-1 viral load of greater than
200 copies/mL after 24 weeks of ART. Partici-
pants who did not experience a viral load
reduction of 1 log10 copies/mL from baseline
after 12 weeks of ART were also tested for HIV-1
acquired DRMs.

Statistical Analysis

Data were analyzed using SPSS 22.0 (IBM Corp.,
Armonk, NY). The Kolmogorov–Smirnov test
was used to assess the data for consistency.
Continuous variables including age, CD4?

T cell counts, and HIV-RNA were described as
median (interquartile range, IQR), and com-
pared using Mann–Whitney U test. Categorical
variables including gender and proportion of
patients with virological suppression at week 48
were expressed as frequencies and percentages
and compared using the chi-square (v2) test or
Fisher exact test. All tests were two tailed, and
p\0.05 is considered significant.

RESULTS

Prevalence of HIV-1 V179D/E Mutation
Among ART-Naı̈ve Patients in Shanghai,
China

The HIV-1 pol gene sequence was successfully
amplified and analyzed from the plasma sam-
ples from 2568 ART-naı̈ve HIV-1-infected
patients. Among these patients, the single
mutation of V179D/E was identified in 252
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patients, with a prevalence of 9.8% (252/2568).
See Fig. 1.

Demographic and Clinical Characteristics
of Participants with V179D/E Mutation

Among the 252 treatment-naı̈ve HIV-1-infected
patients with the V179D/E mutation, 42
patients had incomplete follow-up data or mis-
sed follow-up, and 4 patients changed their
treatment regimen within 6 months of treat-
ment. Overall, a total of 206 participants were
included in efficacy analysis. Among them, 109
participants were treated with the EFV-based
regimen, and 97 participants were treated with
the PI/INSTI-based regimen. See Fig. 1.

Demographic and clinical characteristics at
baseline were well balanced between the two
treatment groups (Table 1). The median age was

32 years; 95.1% of the participants were male.
Participants with HIV-1 mutations V179D and
V179E accounted for 44.2% and 55.8%, respec-
tively. The median CD4? T cell count was 266
(IQR 161–391) cells/lL. The median baseline
viral load was 45,400 (IQR 18,000–126,000)
copies/mL. The most two common HIV-1 sub-
types were CRF01_AE (45.6%) and CRF55_01B
(32.5%) among the participants with HIV-1
V179D/E mutation.

Virological Outcomes

At week 48, a total of 96 of 109 patients (88.1%)
in the efavirenz group and 92 of 97 patients
(94.8%) in the PI/INSTI group had a viral load of
less than 50 copies/mL. See Fig. 2. Three
patients in the PI/INSTI group had no virologi-
cal data at week 48. If the three patients were

Table 1 Baseline characteristics of participants with HIV-1 V179D/E mutation

Characteristics Total
(n = 206)

EFV-based group
(n = 109)

Non-EFV based
group
(n = 97)

p

Age, years, M (IQR) 32 (26–40) 32 (26–45) 31 (26–38) 0.101

Gender, n (%)

Male 196 (95.1) 105 (96.3) 91 (93.8) 0.521

V179 mutation, n (%)

V179D 91 (44.2) 54 (49.5) 37 (38.1) 0.100

V179E 115 (55.8) 55 (50.5) 60 (61.9)

HIV-1 genotypes, n (%)

CRF01_AE 94 (45.6) 52 (47.7) 42 (43.3) 0.313

CRF07_BC 27 (13.1) 18 (16.5) 9 (9.3)

CRF08_BC 3 (1.5) 2 (1.8) 1 (1.0)

CRF55_01B 67 (32.5) 29 (26.6) 38 (39.2)

B 14 (6.8) 7 (6.4) 7 (7.2)

CRF67_01B 1 (0.5) 1 (0.9) 0 (0)

Baseline CD4 counts, cells/lL, M (IQR) 266 (161–391) 270 (173–405) 250 (148–356) 0.321

Baseline HIV-RNA level, copies/mL, M

(IQR)

45,400

(18,000–126,000)

42,400

(15,700–114,000)

50,650

(19,375–146,750)

0.327

M median, IQR interquartile range
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not included in the analysis, fewer patients had
viral suppression in the efavirenz group than in
the PI/INSTI group (chi-square test, p = 0.013).
If no virological data was regarded as treatment
failure, there was no significant difference in
the proportion of patients with a viral load of
less than 50 copies/mL at week 48 between the
two groups (chi-square test, p = 0.086). Figure 3
shows the proportion of patients with a viral
load of less than 50 copies/mL over time.

Subgroup Analysis

Subgroup analyses were performed among the
two treatment groups according to the baseline
viral load (less than 100,000 copies/mL vs. at
least 100,000 copies/mL) and the kind of HIV-1
V179 mutation (V179D vs. V179E). In both
groups, a lower proportion of participants
achieved virological suppression (with a viral
load of less than 50 copies/mL at week 48)
among participants with a baseline viral load at
least 100,000 copies/mL compared with those
with a baseline viral load of less than 100,000
copies/mL (66.7% vs. 96.1% in the EFV group,
p\0.001; 87.1% vs. 98.4% in the PI/INSTI
group, p = 0.039). However, similar proportions
of participants had a viral load of less than 50
copies/mL at week 48 in both the V179D and
V179E subgroups (both between-group and
within-group comparisons). Among partici-
pants with baseline viral load of at least 100,000
copies/mL, a slightly but not significantly lower
proportion of participants achieved virological
suppression in the EFV group (66.7%, 20/30)
than in the PI/INSTI group (87.1%, 27/31; two
cases with no virological data at week 48 were

Fig. 2 Proportion of participants with a viral load of less
than 50 copies per milliliter at week 48. EFV efavirenz. PI
protease inhibitor. INSTI integrase strand transfer
inhibitor

Fig. 3 Proportion of participants with a viral load of less
than 50 copies per milliliter over time. EFV efavirenz, PI
protease inhibitor, INSTI integrase strand transfer
inhibitor

Fig. 4 Subgroup analysis of the proportion of participants
with a viral load of less than 50 copies per milliliter at
week 48. There were three patients with missing baseline
virological data in both EFV (efavirenz) and PI/INSTI
(protease inhibitor/integrase strand transfer inhibitor)
groups. VL viral load
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regarded as virological failure) (p = 0.073). See
Fig. 4.

Immunological Outcomes

The median change from baseline in the CD4?

T cell count at week 48 was significantly greater
in the PI/INSTI group than in the efavirenz
group, with an increase of 192 (IQR 120–264)
cells/lL and 154 (IQR 84–247) cells/lL, respec-
tively (p = 0.029). See Fig. 5.

HIV-1 Acquired DRMs Among Participants
with Virological Failure at Week 48

HIV-1 genotypic resistance testing was per-
formed on eight of the 15 participants who had
not achieved virological suppression by
week 48. Two patients in both groups had viral
loads of 50–200 copies per milliliter at week 48.

All eight participants who underwent HIV-1
resistance testing at the time of ADR at week 12
or 24 were from the EFV-based regimen group.
Table 2 shows the characteristics of HIV-1
acquired resistance among these participants.
Resistance to both NRTIs and NNRTIs was

detected in all eight participants. M184V and
V106M are the most common resistance muta-
tions associated with NRTIs and NNRTIs,
respectively.

DISCUSSION

The widespread use of ART has resulted in rising
levels of pretreatment HIV-1 drug resistance,
especially in low-income and middle-income
countries [10]. The prevalence of HIV-1 resis-
tance to NNRTIs is much higher than other
types of antiretroviral drugs, including PIs,
NRTIs, and INSTIs [7, 11]. The study showed
that individuals with PDR who initiated NNRTIs
had an increased risk of virological failure and
acquiring new resistance mutations compared
to individuals without PDR [12]. V179D/E is an
NNRTI-selected mutation that slightly reduces
the virological response to first-line EFV-con-
taining regimens. Our previous study found
that potential low-level resistant to NNRTIs
attributed to V179D/E was common in Shang-
hai, China [7]. More attention should be paid to
the high prevalence of the V179D/E mutation
among ART-naı̈ve HIV-1-infected patients in
China [13]. This study further investigated the
prevalence of V179D/E in a larger population of
HIV-1 infection and then assessed the impact of
V179D/E on virological response to first-line
NNRTI therapy. The results showed that the
prevalence of the HIV-1 V179D/E mutation was
9.8% in Shanghai, China. For participants with
the HIV-1 V179D/E mutation, the EFV-based
regimen showed a poorer virologic outcome
compared to the PI or INSTI-based regimen.

In our previous study, V179D/E was identi-
fied as the most common NNRTI mutation with
a prevalence of 10.1% [7]. The current study
found a similar prevalence of 9.8%. In addition,
V179D and V179E have similar prevalence. In
addition, we found that HIV-1 with the V179D/
E mutation has its own unique subtype distri-
bution. In addition to the main genotype
CRF01_AE, CRF55_01B appears as the second
most common genotype. In the general HIV-1
population, however, CRF55_01B accounts for
only 1.9% of all subtypes [7]. Other studies have
also reported the high prevalence of V179D/E in

Fig. 5 Changes from baseline in CD4? T cell counts at
week 48 in participants with the HIV-1 V179D/E
mutation. EFV efavirenz, PI protease inhibitor, INSTI
integrase strand transfer inhibitor
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HIV-1 subtype CRF55_01B. One study con-
ducted in Guangdong, China showed that
V179E (98.77%) was the most frequent NNRTI
DRM among CRF55_01B-infected individuals
[14]. In another study, V179E was present in
almost all of the included CRF55_01B-infected
patients [5]. It is important to pay more atten-
tion to the trend of increasing prevalence of
V179D/E among people with HIV-1 subtype
CRF55_01B.

The risk of PDR contributing to treatment
failure of NNRTI-based ART is associated with

several factors, including the type and number
of mutant codons, frequency of mutant variants
in the individual’s viral quasispecies, mutant
load, etc. [15]. If harboring low-frequency DRMs
representing less than 1% of the viral quasis-
pecies, naı̈ve HIV-1-infected patients treated
with first-line NNRTI-based treatment were not
likely to experience virological failure [16]. The
presence of the K103N mutant virus with a
baseline load above 2000 copies/mL in ART-
naı̈ve individuals was associated with an
increased risk of virologic failure in EFV-

Table 2 HIV-1 acquired drug resistance in participants with the baseline V179D/E mutation

Pts. Test
at
week

ART regimen Baseline
mutation

Acquired mutations Resistance to drugs

No.

1

24 TDF ? 3TC ? EFV400 V179D M184V, V106M, V179D 3TC (H), ABC (L), FTC (H), NVP

(H), EFV (H) ETR (P), RPV (P),

DOR (I)

No.

2

12 TDF ? 3TC ? EFV600 V179E M184V, K103N, V179E 3TC (H), ABC (L), FTC (H), NVP

(H), EFV (H) ETR (P), RPV (P)

No.

3

24 TDF ? 3TC ? EFV400 V179D M184V, F227L, V179D 3TC (H), ABC (L), FTC (H), EFV

(L), NVP (I), ETR (P), RPV (P),

DOR (H)

No.

4

24 TDF ? 3TC ? EFV400 V179E L74I, M184V, K103N,

V179E

3TC (H), ABC (H), FTC (H), NVP

(H), EFV (H), ETR (P), RPV (P)

No.

5

24 TDF ? 3TC ? EFV600 V179D D67N, K70Q, M184V,

V106M, V179D

3TC (H), ABC (I), FTC (H), TDF

(L), NVP (H), EFV (H) ETR (P),

RPV (P), DOR (I)

No.

6

24 TDF ? 3TC ? EFV400 V179D M184V, V106M, V179D,

K103R

3TC (H), ABC (L), FTC (H), NVP

(H), EFV (H) ETR (P), RPV (P),

DOR (I)

No.

7

24 TDF ? 3TC ? EFV600 V179D K65R, M184V, V106M,

V179D, Y181C

3TC (H), ABC (H), FTC (H), TDF

(I), NVP (H), EFV (H) ETR (I),

RPV (I), DOR (I)

No.

8

24 TDF ? 3TC ? EFV600 V179D D67N, K70E, M184V,

V106M, V179D,

F227L, K238N

3TC (H), ABC (I), FTC (H), TDF

(L), NVP (H), EFV (H) ETR (P),

RPV (L), DOR (H)

Pts participants, ART antiretroviral treatment, ABC abacavir, FTC emtricitabine, 3TC lamivudine, TDF tenofovir, DOR
doravirine, EFV efavirenz, NVP nevirapine, ETR etravirine, RPV rilpivirine, P potential low-level resistance, L low-level
resistance, I intermediate resistance, H high-level resistance
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containing triple-drug regimens [17]. The fail-
ure threshold for different mutations may also
depend on the potency of the ART regimen.
V179D/E has a weight of 1.0 in the Tibotec ETR
genotypic susceptibility score. A single V179D/E
mutation results in potentially low-level HIV-1
resistance to the NNRTI. In this study, poorer
virological response was observed in the EFV
group than in the PI/INSTI group among par-
ticipants with the HIV-1 V179D/E mutation,
especially in those with a baseline viral load of
at least 100,000 copies/mL. This suggests that a
higher mutation viral load is a risk factor for
treatment failure. However, in this study we did
not quantify the frequency and load of mutant
variants in individual viral quasispecies, which
needs to be investigated further.

When V179D/E is combined with other
DRM, treatment failure is more likely in
patients with HIV-1 treated with a first-line
NNRTI-based regimen. In this study, several
additional DRMs were identified in participants
with HIV-1 mutation V179D/E at the time of
treatment failure, primarily the NRTI mutation
M184V and the NNRTI mutation V106M.
M184V causes high-level in vitro resistance to
3TC and FTC and low-level resistance to ABC.
V106M is a non-polymorphic mutation that
causes high-level resistance to NVP and EFV [3].
We also detected the mutation K103R/N in
patients with treatment failure. The combina-
tion of V179D and K103R acts synergistically to
reduce NVP and EFV susceptibility [3]. It is
unknown whether these mutations were pre-
sent at low frequencies in the pre-therapy viral
quasispecies.

Limitations of this study include the non-
randomized comparison between EFV- and PI/
INSTI-based ART regimens and the relatively
small sample size of the cohort. Antiretroviral
treatment decisions were based on patient
wishes and doctors’ suggestions. There may be
some selection bias due to the non-randomized
assignment of treatment regimens. A total of 46
patients were excluded from the efficacy anal-
ysis because of incomplete follow-up data or
changes in treatment regimens. However, we
did not describe the reasons for discontinuation
of follow-up or changes in treatment regimens,
including transfer to other sites, pursuit of

simpler single-tablet medications, drug intoler-
ance, etc, which may also have contributed to
some bias. As discussed above, we did not detect
the frequency and load of HIV-1 V179D/E
mutant variants in individual viral quasispecies.

CONCLUSIONS

We found a high prevalence of the V179D/E
mutation in ART-naı̈ve patients with HIV-1 in
Shanghai, China. The EFV-based ART regimens
appeared to show poorer virological and
immunological outcomes compared to the PI/
INSTI-based regimens in ART-naı̈ve patients
with the HIV-1 V179D/E mutation. Therefore,
the first-line EFV-based regimens may be not
suitable for patients with HIV-1 and HIV-1
V179D/E mutation, especially for those with a
baseline viral load of at least 100,000 copies/mL.
These findings highlight the importance of
assessing HIV-1 viral load and identifying HIV-1
resistance patterns at baseline in order to guide
the appropriate choice of antiviral therapy.
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