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Abstract: Background: HIV drug resistance poses a major challenge for anti-retroviral treatment
(ART) and the prevention and control of HIV epidemic.

Objective: The study aims to establish a novel in-house assay with high efficiency, named AP in-
house method, that would be suitable for HIV-1 drug resistance detection in China.

Methods: An in-house HIV-1 genotyping method was used to sequence the partial pol gene from
60 clinical plasma samples; the results of our test were compared with a commercial ViroSeq
HIV-1 genotyping system.
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DI five of them harbored viral load below 1,000 copies/ml. The genotype distribution was 43.1% CR-
10.2174/1570162X19666210910144433  FO7_BC (25/58), 39.7% CRFO01_AE (23/58), 6.9% CRF55_01B (4/58), 5.2% subtype B (3/58) and
5.2% CRF08_BC (3/58). Compared with that of the ViroSeq system, the consistent rate of these nu-
@ CrossMark cleotides and amino acids obtained by AP in-house method was up to 99.5 = 0.4% and 99.5 +
0.4%, respectively. A total of 290 HIV-1 drug resistance mutations were identified by two meth-
This is an Open Access article published 08, including 126 nucleoside reverse transcriptase inhibitors (NRTIs), 145 non-nucleoside reverse
under CC BY 4.0 , transcriptase inhibitors (NNRTIs) and 19 protease inhibitors (PIs) resistance mutations. Out of
https://creativecommons.org/licenses/ . .
by /4.0/legalcode them, 94.1% (273/290) were completely concordant between the AP in-house method and the Vi-
roSeq system.

Conclusion: Overall, the evaluation of AP in-house method provided comparable results to those
of the ViroSeq system on diversified HIV-1 subtypes in China.

Keywords: HIV-1, anti-retroviral treatment, genotype, drug resistance mutation, protease inhibitor, nucleoside reverse tran-
scriptase inhibitors, non-Nucleoside reverse transcriptase inhibitors.

1. INTRODUCTION

Anti-retroviral treatment (ART) is one of the best treat-
ments for HIV-infected individuals at present by suppress-
ing virus replication and recovering CD4+ cell counts effec-

resistance is the major challenge for ART and the prevention
and control of HIV epidemic [26-28]. As reported in a cross-
sectional survey in China, the rate of patients with virologi-
cal failure was 8.5% and the prevalence of HIV drug resis-

tively [1-5]. Moreover, the implementation of ART might be
able to dramatically reduce HIV/AIDS-related morbidity
and mortality [1-5]. Since the National Free ART program
in 2003, over 59% of patients who met the criteria of ART
initiation received the free ART by 2015 in China [6-10],
and the coverage was expanded to respond to the
“90-90-90” target [11-15]. However, the wide use of ART
will lead to the continuous selective pressure of drugs and
high variability of HIV-1 [16-22], which results in the emer-
gency of drug resistance mutation and its spread, and conse-
quently increases the risk of ART failure [23-25]. HIV drug
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tance mutations among patients receiving first-line ART was
4.3% [29]. Meanwhile, the prevalence of transmitted drug re-
sistance was 3.6% shown in another nationwide cross-sectio-
nal survey in China [9]. Evidently, it is important to enhance
the detection of HIV-1 drug resistance for guiding appropri-
ate use of drugs and preventing the production of drug-resis-
tant HIV strains [4, 30].

In addition to the development of drug resistance muta-
tions, another consequence of the high variability of HIV is
genetic diversity [31-33]. In Group M (HIV-1 pandemic
globally), nine subtypes and 102 circulating recombinant
forms (CRFs) have been identified so far (http://www.
hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html). More-
over, the distributions of HIV-1 genotypes worldwide were
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geographically different and dynamically changing [34-38].
The high variability of HIV brings a particular technological
challenge to the local detection of drug-resistant mutations
with the commercial kits, [39] such as ViroSeq system, most
of which were designed and optimized for subtype B virus
[31, 40]. In China, however, the predominant circulating
strains were CRFO7_BC, CRF01_AE, CRF08 BC, subtype
B’, as well as special CRFs [40-45]. Not only that, the clini-
cal application of commercial tests has been limited owing
to the tedious manual operation and expensive cost. It is ne-
cessary to develop a cost-effective method that is readily
adaptable for HIV-1 genotype resistance assay in China.
Here, we designed the AP in-house method, a novel HIV-1
genotype drug resistance assayby optimizing the operation
of viral RNA extraction and RT-PCR to minimize the error
caused by manual operations and experimental procedures.
The clinical performance characteristics of this HIV-1 drug
resistance detection were also evaluated by comparing it
with ViroSeq system.

2. MATERIALS AND METHODS

2.1. Clinical Specimens

Sixty stored plasma samples were obtained from patients
failing ART (2016-2018) in the anti-HIV treatment program
of the 13" Five-Year Plan in China. All these samples had
been previously tested for HIV-1 drug resistance using the
ViroSeq System and aliquots were stored at —80°C. The
study was also approved by the Institutional Research Ethics
Community of Beijing Ditan Hospital, Capital Medical Uni-
versity with reference No.2019(037)-002,and all participants
provided written informed consent.

2.2. Viral Load Detection

The HIV-1 viral loads in these patients’ plasma were re-
tested with m2000sp Liquid Handler & m 2000 rt Real Time
PCR System (Abbott) following the manufacturer’s proto-
col, which could be used to evaluate amplification sensitivi-
ty for AP in-house method [46, 47].

2.3. HIV-1 Drug Resistance Genotyping by ViroSeq
System

HIV-1 genotyping was performed with ViroSeq HIV-1
Genotyping System (Abbott molecular) [48, 49]. The analy-
sis procedure followed was according to the manufacturer's
instructions. In this system, HIV-1 RNA is extracted manual-
ly from 0.5 mL of plasma, followed by reverse transcription
with MuLV reverse transcriptase. After the UNG enzyme de-
stroys any species of DNA containing deoxyuridine and a
single 40 cycles PCR with AmpliTaqg Gold DNA Poly-
merase, the PCR yields a 1.8 kb DNA product. PCR prod-
ucts are then purified with PCR Cleanup Kit and sequenced
by ABI 3130xI Genetic Analyzer according to product in-
struction for user issued by the manufacturer. The resulting
sequences are assembled and analyzed using ViroSeq Geno-
typing System Software.
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2.4. RNA Extraction and Amplification of HIV-1 Partial
Pol Gene in AP In-House Method

Viral RNA for AP in-house method was extracted from
200 pL plasma using TGuideS32 automated nucleic acid ex-
traction system (TTANGEN BIOTECH (Beijing) CO., LTD)
according to the manufacturer’s instructions. The process of
RT-PCR of RNA and PCR was simplified into one tube us-
ing PrimeScript™ One StepOne RT-PCR kit, Ver.2(-
TAKARA, Cat. RR055A), following the manufacturer’s pro-
tocol. The primers for RT-PCR were Brf-F1 (forward, 5°-T-
CA CTC TTT GGC AAC GAC CC-3’) and Brf-R2 (reverse,
5’-GGA GTC TTT CCC CAT ATT ACT ATG CTT TC-3’[-
GAAAGCATAGTAATATGGGGAAAGACTCC]). Rev-
erse transcription was performed at 50°C 40 min with
primer Brf-R2, and the amplification started with an initial
denaturation at 94°C for 3 min. 50 cycles of PCR were per-
formed with PCR conditions of 94°C for 20 s, 59°C for 30 s,
and 72°C for 1 min following an extension to 72°C for 10
min. The amplification products were identified with 1%
agarose gel electrophoresis. For the positive products, DNA
sequencing was performed on a 3730XL DNA genetic ana-
lyzer (Applied Biosystem, CA, USA), according to manufac-
turer’s instructions.

2.5. Drug Resistance Mutation and Phylogenetic Analys-
es in AP In-house Method

The obtained sequences were assembled, aligned and
edited by Sequencher 5.0 software with a sequencing electro-
gram height over 30% of the wild-type bases as mutations.
The valid pol sequences were then submitted to the Stanford
University HIV Drug Resistance Database (HIVdb version
8.9-1, http://hivdb.stanford.edu) for genotypic resistance in-
terpretation. The HIV-1 subtypes of partial po/ sequences
were identified by submitting to the REGA HIV-1 Subtyp-
ing Tool Version 3.0 and then confirmed using phylogenetic
trees, which was conducted by the neighbor-joining method
with 1,000 bootstrap replicates in MEGA 5.0 software. The
bootstrap values up to 70% were considered significant.

2.6. Sequence Analysis

The evaluation of AP in-house method was done by com-
paring it with ViroSeq system, which was considered as the
gold standard. To assess its accuracy, the concordance rate
of nucleotide or amino acid sequences generated was ana-
lyzed between the ViroSeq system and AP in-house method.
Simply, the proportion (%) of partial discordance and discor-
dance in all obtained nucleotide or amino acid sequences for
each sample were calculated.

Drug resistance-associated mutations in protease and rev-
erse transcriptase identified by two methods were compared
to evaluate the feasibility and effectiveness of AP in-house
method. The partial and complete discordance mutations
among all identified HIV-1 drug resistance mutations were
calculated as above. Then, the distinctions between AP in-
house method and ViroSeq system in partial or complete dis-
cordance mutations were characterized.
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3. RESULTS

3.1. Confirmation of HIV-1 Infection and Viral Load
Measurement

Sixty clinical specimens were collected from HIV-infect-
ed patients with antiviral treatment failure. To confirm HIV
status of these specimen, their viral load was retested (Table
1). The median viral loads were 73,918 copies/ml (range
from 211 to 3,073, 020 copies/ml). HIV-1 subtypes of 59
samples were identified with sequences obtained from the
ViroSeq system by Phylogenetic analyses (Table 1). The
HIV-1 subtype included 26 CRF07_BC, 23 CRF01_AE, 4
CRF55 01B, 3 subtype B’ and 3 CRF08 BC, as shown in
Table 1.

3.2. Determination of the Sensitivity and Specificity of
AP In-house Method

First, we evaluated the sensitivity of AP in-house
method with 60 clinical specimens from patients failing
ART in China, of which 58 (96.7%) were amplified and se-
quenced successfully, shown in Table 1. Of the two speci-
mens that failed in amplification, one had a viral load of
6,800 copies/ml and the other one had a viral load of 211
copies/ml. The former could not be amplified with ViroSeq
System, even at viral loads above 1,000 RNA copies/mL.
The inability to be amplified could likely be attributed to the
compromised quality of this specimen. The remaining speci-
mens could be successfully amplified by using ViroSeq Sys-
tem. Nonetheless, it is worth noting that the AP in-house
method was able to amplify 5 of 6 specimens with a viral
load below 1,000 copies/ml (Table 1). The amplification sen-
sitivity of AP in-house method reached a viral load of 1000
copies/ml, consistent with the ViroSeq System.

Next, the specificity of AP in-house to amplify different
HIV-1 subtypes or CRF was evaluated on 58 clinical speci-
mens. Phylogenetic analyses revealed that the subtype distri-
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bution among these obtained sequences was CRF07 BC
(25/58), CRFO01_AE (23/58), CRF55 01B (4/58), subtype B
(3/58) and CRF08 BC (3/58), as shown in (Table 1 and Fig.
1).

3.3. Comparison of Nucleotide Sequences and Amino
Acid Sequences Obtained from the AP In-house Method
with that from the ViroSeq System

A total of 58 samples were amplified and sequenced suc-
cessfully by both AP in-house method and ViroSeq system.
Phylogenetic analysis showed that sequences from each sam-
ple obtained by two methods clustered monophyletically to-
gether (Fig. 1). The comparison of nucleotide sequences and
amino acid sequences obtained by ViroSeq System and AP
in-house method showed 99.5 + 0.4% and 99.5 + 0.4%
(mean = SD) nucleotide and amino acid identity, respective-
ly. Among 74,635 nucleotides obtained from 58 samples,
394 nucleotide differences were observed between the two
methods which were in 80% of the instances caused by the
difference in the detection of nucleotide mixtures (315/394).
The other discordances (79/394) resulted from the different
nucleotides detected. A total of 24,847 amino acids were
identified from 58 samples by two methods. The amino acid
discordances were observed at 133 positions (18 at drug re-
sistance positions and others at non-drug resistance position-
s), and 110 amino acids were partial amino acid discor-
dance.

3.4. Comparison of Drug Resistance Mutations Identi-
fied by AP In-house Method with that by the ViroSeq
System

There were a total of 290 HIV-1 drug resistance muta-
tions in protease and reverse transcriptase identified by Vi-
roSeq system and AP in-house method, including 126 nucle-
oside reverse transcriptase inhibitors (NRTIs), 145 non-nu-
cleoside reverse transcriptase inhibitors (NNRTIs) and 19
protease inhibitors (PIs) resistance mutations, respectively

Table 1. The amplification efficiency of AP In- house method compared to ViroSeq System.

Sample Number Viral Load (copies/ml) HIV-1 Subtype or CRF I;,;g?:;? \;iyr:i::l
- <1,000 -
A059 211 CRF07 BC +
A007 225 CRF01_AE + +
A060 283 CRF07_BC + +
A040 430 CRFO01_AE + +
A009 748 CRF07_BC + +
A034 796 CRF07_BC + +
- >1,000-10,000
A020 1,289 CRF01_AE + +
AOl4 1,753 CRF01_AE + +
A053 2,016 CRFO1_AE + +
A057 3,131 CRF08_BC + +
AOI5 3,729 CRF07_BC + +
A058 4,931 CRF01_AE + +
A010 6,081 CRF07_BC + +

(Table 1) contd....
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Sample Number Viral Load (copies/ml) HIV-1 Subtype or CRF Il{lfl-eht(l)ll(l)fie ‘giyrs(::;]
A050 6,800 - - -
A051 6,800 CRF07_BC + +
A043 7,499 CRF07_BC + +
A033 7,765 CRF08 BC + +
A039 8,930 CRF07_BC + +
A008 9,056 CRFO1_AE + +

- >10,000-100,000 - -
A038 10,634 CRF01_AE + +
A025 13,392 CRF07_BC + +
A019 13,965 CRF07_BC + +
A042 24,253 CRFO1_AE + +
A005 29,700 CRF55 01B + +
A048 31,850 CRF07_BC + +
A013 41,826 B + +
A001 50,518 CRF08_BC + +
A011 56,880 B + +
A044 64,502 CRF01_AE + +
A017 73,659 CRF55_01B + +
A055 74,176 CRFO01_AE + +
A052 83,851 CRFO1_AE + +
A002 89,575 CRFO1_AE + +
A024 92,114 CRF01_AE + +
A030 92,114 CRF07_BC + +

- >100,00-1,000,000 - -
A012 110,464 CRF07_BC + +
A046 124,395 CRF07_BC + +
A035 141,066 CRF01_AE + +
A037 154,478 B + +
A023 181,408 CRFO1_AE + +
A031 182,680 CRF07_BC + +
A056 186,550 CRF01_AE + +
A036 190,501 CRF07_BC + +
A016 226,859 CRF01_AE + +
A027 268,275 CRFO1_AE + +
A045 319,476 CRF07_BC + +
A021 323,972 CRF07_BC + +
A003 337,842 CRF01_AE + +
A006 362,290 CRF07_BC + +
A022 383,117 CRFO1_AE + +
A047 482,464 CRF07_BC + +
A028 485,847 CRF07_BC + +
A054 517,378 CRF55_01B + +
A049 616,122 CRF07_BC + +
A029 738,856 CRF07_BC + +
A041 770,488 CRFO1_AE + +
A004 855,620 CRF07_BC + +
A026 886,039 CRF07_BC + +

- >1,000,000 - - -
A032 1,123,622 CRFO1_AE + +
A018 3,073,020 CRF55_01B + +

- negative; + positive.
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Fig. (1). Phylogenetic tree analyses of partial pol gene of HIV-1 obtained by AP in-house method and ViroSeq system. It was constructed

with MEGA 5.0 using the neighbor-joining method with the Kimura
bars were shown as 0.05. Bootstrap values (>70) were shown at the
house method; Hollow circle(©): sequences obtained by ViroSeq sys
the electronic copy of the article).

Table 2. Comparison of drug resistance mutations detected by AP

two-parameter model and 1,000 bootstrap replication tests. The scale
corresponding nodes. Solid circle (®): sequences obtained by AP in-
tem. (4 higher resolution / colour version of this figure is available in

in-house method and ViroSeq system.

Region | - | Analyzed Cordons | Concordant | Partial Discordant | Discordance
protease
-] Pls | 19 | 19(100%) | 0 | 0
reverse transcriptase
- NRTIs 126 120(95.2%) 6(4.8%) 0
- NNRTIs 145 134(92.4%) 10(6.9%) 1(0.7%)

ViroSeq was used as the reference standard.

PIs: Protease Inhibitors.

NRTIs: Nucleoside Reverse Transcriptase Inhibitors;
NNRTIs: Non-Nucleoside Reverse Transcriptase Inhibitors.

(Table 2). Among them, partial discordance mutations were
observed at 16 positions, and one complete discordance mu-
tation was observed in RT region (Table 3). Out of 16 par-
tial discordance mutations, mixture bases in 12 positions
were only identified by the ViroSeq system, and three cases

by AP in-house method. The other one at position 101 in RT
region was identified with different mixture bases by two
methods. Moreover, there was one NNRTI resistance muta-
tion (V179D) that was only observed by AP in-house
method but not by the ViroSeq system.
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Table 3. Detail of drug resistance mutations among partially discordant and discordant amino acid positions.

Category Position ViroSeq System In-house Method
- - Base’ Amino acid Base® Amino acid
Partially discordant mutations
NRTIs Resistance 67 RAC DN AAC N

- 74 WTA LI TTA L
- 184 ATG M RTG MV
- 184 RTR MIV ATA I
- 219 AAM KN AAC N
- 219 AAA K RAA KE

NNRTIs Resistance 101 MAA KQ SAA EQ
- 103 AGA R ARA KR
- 179 GMA AE GMW ADE
- 179 GWT VD GAT D
- 181 TRT YC TGT C
- 221 YAT HY TAT Y
- 227 YTT FL CTT L
- 227 YTT FL TTT F
- 227 YTK FL TTG L
- 230 HTG ML ATG M

Discordant mutations
NNRTIs Resistance | 179 | GTC | v | GAC | D

*TUPAC codes for sequence wildcard letters.

3.5. Comparison of the Testing Period between AP In-
house Method and ViroSeq System

Automation nucleic acid extraction machine was used in
our AP in-house method, substituting manual sample prepa-
ration in the ViroSeq system, which significantly reduced
working time. As shown in Table 4, testing for 32 samples-
took only 4.5 h for AP in-house method to obtain the PCR
products, while ViroSeq system took 10h.

Table 4. Comparison turn around time (TAT) of AP in-house
and ViroSeq system for 32 samples.

Item AP In-house Method [ViroSeq System

Sample Preparation 0.5h 3h
Reverse Transcription & PCR 4h 7h

Cycle Sequencing S5h S5h

Sequencing using 3130XL 14-15h 14-15h
Data analysis lh 1-2h

h: hour.
4. DISCUSSION

In this study, a cost-effective HIV drug resistance muta-
tion method was designed and optimized as AP in-house
method. Compared with other reported in-house methods
[50], the extraction of nucleic acid in AP in-house method
was improved with instruments rejecting the approach cho-
sen by hand. Moreover, two-step PCR was simplified into
one-step, reducing the possibility of cross-contamination
and increasing the detection efficiency. It was shown that 32

samples could be extracted and amplified within 4.5 hours
by AP in-house method; however, it took 8 hours for the ex-
traction and amplification of 12 samples by commercial kit
and 7 hours for 24 samples by the traditional in-house
method.

It was reported that HIV-1 circulating subtype in China
was identified, including CRF01_ AE, subtype B, CR-
F07 BC, and CRF08 BC, [43, 51-58] as well as the novel
HIV-1 CRFs [38, 59-64] (CRF55 _01B [65], CRF59 01B
[66], efc). So, the ability to detect mutations on diversified
HIV-1 subtypes is necessary for HIV-1 drug resistance as-
says. Of the 58 samples detected by both methods, there
were circulating subtypes in China, which suggested that the
specificity of AP in-house method was similar to that of Vi-
roSeq system and AP in-house method could be used for the
testing of drug-resistant strains in China. And also, the low-
est limit of amplification sensitivity of AP in-house method
reached at the viral load of 225 copies/ml, higher than the
1000 copies/ml established by the ViroSeq system and tradi-
tional in-house method. All these indicated that this AP in-
house method could be applied to HIV-1 drug resistance de-
tection in China.

There is an advantage in the ViroSeq system [50], in
which software is designed specifically for the analysis of
drug resistance to PIs and RTIs. While for AP in-house
method, the Stanford HIV Drug Resistance Database (HIVD-
B) was used to analyze drug resistance mutations. Although
some of the nucleotide sequences obtained by the two meth-
ods were the same, the identified mutations might be a bit
different depending on the particular database. For instance,
H221Y [67], V106l [68] and K70T [69] were only known as
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drug resistance mutations in HIVDB; however, L101, K43T,
AT71IT, A71V, T69N, K101Q and K103R were only identi-
fied in ViroSeq system v2.8. Therefore, multiple and updat-
ing databases should be used for the most comprehensive
testing.

Different from the entire PR designed in the ViroSeq sys-
tem, the AP in-house method was designed to detect drug re-
sistance mutations (DRM) in part of PR (codons 4 to 99) ac-
cording to HIV-1 subtype B in plasma samples. However,
the major and minor drug resistance mutations in PR could
be successfully detected by using this AP in-house method
because the first common polymorphic/ non-polymorphic ac-
cessory Pl-selected mutation was first present at position
tenth in PR in the Stanford University HIV drug resistance
database. Moreover, more than 51 amino acids (codons 336
to 386) in the first part of the RT gene were sequenced using
AP in-house method compared to that obtained by using Vi-
roSeq system, which could be used to detect more drug-resis-
tant mutations in RT region. N3481 [70-75], the additional
miscellaneous mutation in the connection domain of the
HIV-1 RT region, was detected in two plasma samples
(A009 and A024) by using our AP in-house method in this
study. Given the Stanford University HIV drug resistance
database, N348I could reduce NRTIs Zidovudine susceptibil-
ity about 3-fold and NNRTIs Nevirapine and Efavirenz sus-
ceptibility by 3-fold and 2-fold, respectively [76]. Further-
more, N348I could enhance the resistance to Etravirine and
Rilpivirine [70]. As a result, more positions of drug resis-
tance mutations could be detected by AP in-house method
than that in the ViroSeq system, which made it more exten-
sive applications in HIV-1 drug resistance detection.

CONCLUSION

We designed and evaluated an efficient in-house method
for the identification of HIV-1 drug resistance mutations.
The sensitivity and specificity of AP in-house method were
comparable to the ViroSeq system and other assays pub-
lished previously [50]. In addition, AP in-house method had
the advantage of identifying novel drug resistance mutations
located beyond the detectable regions of the ViroSeq sys-
tem. The validated AP in-house method could serve as a
powerful tool to effectively test patients failing ART and
monitor the emergence and transmission of HIV-1 drug resis-
tance in China.

LIST OF ABBREVIATIONS

HIV-1 = Human Immunodeficiency Virus- 1

ART = Anti- Retroviral Treatment

CRFs = Circulating Recombinant Forms

PlIs = Protease Inhibitors

NRTIs = Nucleoside Reverse Transcriptase Inhibitors

NNRTIs = Non-Nucleoside Reverse Transcriptase Inhibi-
tors
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