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Abstract: Next-generation sequencing(NGS) for HIV drug resistance(DR) testing has an increasing number of
applications for detection of Low-abundance drug resistant variants(LA-DRVs) as its features of quasispecies.
However there is less information on detection performance in DR detection with NGS.To determine the
feasibility of NGS technology in LA-DRVs detection for HIV-1 pre-treated patients.In this study,80 pre-treated
patients” samples accepted both NGS and Sanger sequencing(SS) in HIV-1 drug resistance testing. The results
show that NGS presents higher sensitivity in mutation sites discovery at 5% threshold. NGS shows a
satisfactory consistency comparing with SS in both protease inhibitors(PIs) and Integrase inhibitor(INSTIs),
more than 90%. But worse consistency in Nucleotide reverse transcriptase inhibitors(NRTIs), only ranging from
61.25%-87.50%. The consistency of Non-nucleotide reverse transcriptase inhibitors(NNRTIs) between NGS and
SS was around 85%. NGS shows the highest sensitivity of 91.3% at 5% threshold. The application of NGS
technology in HIV-1 genotype resistance detection in different populations infected with HIV needs more
documents and to be confirm further.

Keywords: next-generation sequencing; HIV-1 drug resistance; consistency comparison

1. Introduction

The HIV-1 virus known as quasi-species has a high replication capacity with the high error rate
of reverse transcriptase and lack of correction enzymes,leading to a high rate of nucleic acid
mismatch, resulting in the production of a variety of homologous variants in infected bodies[1-4].
HIV drug resistance (HIV DR) has emerged as a major challenge to antiretroviral therapy (ART)[5].
The incredible diversity of HIV within the host and the selective pressure of HIV virions on drugs
during ART make HIV resistance a complex and diverse environment[6-8].

In China, ART follows the principle of rapid initiation of therapy, and pre-treated monitoring of
drug resistance plays a crucial role in ART regimen selection [9,10]. Sanger sequencing(SS) has
conventionally been used for HIV drug resistance testing and considered the standard method for
HIV-1 drug resistance testing in treatment-naive patients[11]. However, resistance variants below
20% threshold, known as Low-abundance drug resistant variants(LA-DRVs), are not detected by
SS[12].LA-DRVs can lead to accumulation of resistance mutations, further increasing the risk of ART
failure. It has been proved that individuals had LA-DRVs in the HIV-1 population was correlated
with treatment failure[13]. NGS technology improves the sensitivity and quantitatively identify HIV
quasi-species detection through its high-throughput, massively parallel sequencing of individual
input templates. However, many challenges exist for the generalized adoption of NGS for HIVDR
testing including standardized analysis outputs, the selection of threshold[14,15].
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In order to clarify the efficiency of NGS detection technology in LA-DRVs detection, the blood
samples of HIV-1 infected individuals before treatment were detected genotype resistance detecion
using both NGS and SS technologies. Comparing the difference in the mutation rate of resistance sites
between results from two technologies to determine the feasibility of the detection method in pre-
treated patients.

2. Materials and Methods

2.1. Sample Collection and Ethic Statement

80 HIV-1 newly diagnosed patients were randomly selected accompany with the sentinel survey
of men who have sex with men(MSM). This study was approved by the Ethics Committee of Jiangsu
Provincial Center for Disease Prevention and Control (SL2023-B015-01) .

2.2. Laboratory Detection

200ul plasma was extracted for nucleic acid with QIAsymphony SP/AS Cellfree200_v7 nucleic
acid extraction reagent. Genotype resistance detection with SS including amplification of protease
and reverse transcriptase regions (PR-RT) and integrase region (Int) were performed repetitively
according to the reported research[16]. The amplification products were sent to Shanghai Shenggong
Company(Sangon Biotech) for SS. The NGS genotype resistance detection including PR-RT and Int
were tested using HIV-1 panel analyses with Thermo Ion Chef™ system and sequenced with Ion S5™
[17]. The reads data were processed with buffalo software for drug resistance mutations on threshold
2%, 5%, 10%, 15%, 20% repetitively. The drug resistance sites below the 20% threshold are called
Low-abundance drug resistant variants(LA-DRVs).

2.3. Statistical Analysis

Chi-square test was used to analyze statistical differences comparing the results of NGS on 20%
or 2% threshold with the results of SS. P<0.05 was considered statistically significant. McNemar's Chi-
square test was used to evaluate the consistency between the the two sequencing techniques. Kappa
value was used to measure the degree of consistency between the two sequencing methods. If both
technologies identify the same mutation in the same individual, or if neither detects any mutation,
the resistance characteristics of the two technologies are considered consistent. Conversely, if only
resistance mutations are identified by NGS or SS in patients, the two technologies are considered
inconsistent. The SS serves as the reference standard. Sensitivity of NGS was defined as its ability to
detect mutations in patients identified by SS. Specificity of NGS was defined as its ability to detect
mutations in patients in whom SS did not detect mutations.

3. Results

3.1. The Characteristic of Overall Rate of Pre-Treated Drug Resistance (PDR) Mutations in 80 Samples by
SS and NGS

The results of NGS showed that PDR gradually decreased with the increase of detection
threshold. At the threshold of 2%, the overall PDR rate was 25.0%, which was higher than the results
reported by other thresholds of NGS in this study. The PDR rate of PIs resistance, NRTIs resistance,
NNRTIs resistance and INSTIs resistance were 6.3%, 5.1%, 10.3% and 6.3%, respectively at the
threshold of 2%. Except for NNRTIs, the PDR rate of drugs increased with the decrease of threshold
(Table 1).

Compared with the results of NGS, the ability of SS to detect pre-treated patients with resistance
to PIs and NRTIs was lower, both of which were 2.5%. By paired chi-square test, when the detection
threshold was 20%, there was no significant difference in the ability of NGS to detect PDR compared
with SS (P=0.884). But when the detection threshold was reduced to 2%, the ability of NGS to identify
PDR of pre-treated patients was significantly higher than that of SS (P<0.001).
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From resluts of the resistance levels to drugs, we discovered that the resistance of INSTIs
detected by NGS mainly showed low-level resistance to the drugs in first-line ART regimens(EVG
and RAL). Under the five thresholds of NGS, there was one new patient was resistant to NFV. The
drug resistance of this patient showed high-level resistant at the thresholds of 2%, 10% and 15%, but
middle-level resistance at the thresholds of 5% and 20% (Figure 1).

Table 1. The overall PDR Rate Based on NGS and SS.

Sanger Next-generation sequencing

resistance patterns  sequenc 20% 15% 10% 5% 2%

ing threshold threshold threshold threshold threshold

Any drug resistance,

11 (13.8)
n (%) 14 (17.9) 16 (20.5) 17 (21.8) 19 (23.8) 20 (25.0)
PIs resistance, n (%) 2 (2.5) 3(3.8) 5(6.3) 5(6.3) 5(6.3) 5(6.3)
NRTIs resistance, n
%) 2 (2.5) 2 (2.6) 2 (2.6) 3(3.8) 4 (5.1) 4 (5.1)
NNRTIs class

) 8 (10.0) 8 (10.3) 8 (10.3) 8 (10.3) 8 (10.3) 8 (10.3)
resistance, n (%)

INSTIs resistance, n

%) 0 2 (2.6) 3(3.8) 3(3008)  3(3.8) 5 (6.3)
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Figure 1. The patients number with low level or above resistance to drugs detected by SS and NGS.

3.2. The analysis of Resistance Mutation Sites Detected by NGS at Different Threshold

Compared to SS, NGS can detect more variant sites at lower thresholds. 52(65%) of the NGS
detected subjects had at least one resistance mutation. The mutation sites reported by NGS gradually
decreased with the increase of detection threshold. 90, 83, 72, 60, and 50 mutation sites were detected
in order of threshold from low to high. At 2% threshold, 32 mutations were detected in 80 sequences
with the frequency of 90. 11 mutations were observed in NRTIs. The mutation frequency of S685G (
33.8%, 27/80) was the highest in NRTIs at each threshold, but decreased to 10.0% (8/80) with the
increase of detection threshold of NGS. The mutation frequency of K219 was the second
highest(5.0%,4/80). There were 15 mutation sites associated with NNRTIs, and 29 times were
detected. The mutation frequencies of V179E and KI103KE were 10.0%(8/80) and 6.3%(5/80),
respectively. The mutation frequencies of PIs and INSTIs were much lower. There were 8 mutation
sites associated with PIs, and 11 times were detected. F35L was the mutation site with the highest
mutation frequency(3.8%,3/80) in PIs. A total of 4 mutation sites were detected for INSTIs , and the
highest mutation frequency was E138EA (6.3%, 5/80). (Table 2).

Table 2. Resistance mutations statistics at different thresholds detected by SS and NGS.
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total 29 28 27 24 22 17
INSTIs T66A 0 0 1 0 0 0
E138EA 5 3 2 3 2 0
A128AT 1 0 0 0 0 1
S153A 4 1 1 1 1 1
D232N 1 1 1 1 1 0
total 11 5 5 5 4 2

3.3. Comparison of Consistency between SS and NGS

The consistency of drug resistance mutations detected by the two sequencing methods at
different thresholds were analyzed (Table 3 and Figure 2). The consistency of drug resistance
mutations detected by NGS and SS increased with the increase of detection threshold, while drug
resistance mutations detected only by NGS decreased with the increase of threshold. 23 patients were
detected mutation sites with SS detection. However, 52, 51, 36, 37 and 34 patients were detected
mutation sites with NGS 2 at 10%, 15% and 20% thresholds, respectively. 62.50%-95.00% of the results
were identical between the two sequencing methods. The sensitivity and specificity analysis of SS
and NGS in detecting drug resistance mutation were used to Assessing consistency. The consistent
rates of drug resistance mutations in PIs, NRTIs, NNRTIs, and INSTIs are 92.50% -95.0%, 62.50% -
85.00%, 78.75% -87.5%, 90.0% -93.75%, respectively. The majority of research subjects with NRTIs
related mutations detected only by NGS were 13.75% -36.25%, with the main mutation site detected
being S68SG. Paired chi-square test showed that the difference between the two methods was
statistically significant in detecting NRTIs, NNRTIs and overall resistance mutations(Table 4). One
more mutation site was both detected at the 2% and 5% threshold. Therefore, at the 5% threshold, the
sensitivity of NGS was the highest, which was 91.3%.The Kappa values of the two sequencing
techniques for detecting arbitrary mutation sites ranged from 0.2 to 0.4, which was at a general level.

Table 3. Consistency of PDR mutation sites identified by SS and NGS.

detection threshold drug resistance mutation sites PIs NRTIs NNRTIs INSTIs

2% Only detected by NGS 6.25%  36.25%  18.75% 7.50%
Only detected by SS 125%  1.25% 2.50% 2.50%

Consistency 92.50% 62.50%  78.75% 90.00%

5% Only detected by NGS 6.25%  37.50%  16.25% 7.50%
Only detected by SS 1.25%  1.25% 2.50% 2.50%

Consistency 92.50% 62.50%  81.25% 90.00%

10% Only detected by NGS 6.25%  26.25%  15.00% 6.25%
Only detected by SS 125%  1.25% 2.50% 2.50%

Consistency 92.50%  72.5%  82.50% 91.25%

15% Only detected by NGS 5.00%  15.00%  11.25% 5.00%
Only detected by SS 125%  1.25% 2.50% 2.50%

Consistency 93.75%  83.75%  86.25% 92.50%

20% Only detected by NGS 3.75%  13.75%  10.00% 3.75%
Only detected by SS 125%  1.25% 2.50% 2.50%

Consistency 95.00%  85.00%  87.50% 93.75%

d0i:10.20944/preprints202409.2356.v1
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Figure 2. Consistency of PDR mutation sites identified by SS and NGS.

Table 4. Sensitivity and specificity comparison with SS and NGS in PDR mutation sites detection.

SS
Sensiti  Specif Kappa
NGS Detect Not ) L P 95%CI
od detected v-ity i-city value
PlIs
2%/5% 0.211-
Detected 4 5 80.0% 93.3% 0.109 0.534
/10% 0.857
Not
1 70
detected
0.257-
15% Detected 4 4 80.0% 94.6% 0.109 0.583
0.810
Not
1 71
detected
0.315-
20% Detected 4 3 80.0% 96.0% 0.109 0.640
0.965
Not
1 72
detected
NRTIs
-0.042-
2% Detected 3 29 75.0% 61.8% <0.001 0.085
0.212
Not
1 47
detected
-0.042-
5% Detected 3 30 75.0% 60.5% <0.001 0.080
0.202
Not
1 46
detected
-0.033-
10% Detected 3 21 75.0% 72.4% <0.001 0.141

0.315
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Not
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Not
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Detected
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Detected
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11

11

11

11
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11

66

10

57

59
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59

60

32

25

30

75.0%

50.0%

84.6%

84.6%

84.6%

84.6%

84.6%

87.0%

91.3%

84.2%

86.8%

85.1%

88.1%

86.6%

88.1%

89.6%

43.9%

47 4%

0.003

0.006

0.019

<0.001

0.033

0.055

<0.001

<0.001

<0.001

0.257

0.278

0.558

0.409

0.585

0.613

0.599

0.224

0.284

-0.004-
0.518

0.004-

0.552

0.342-

0.774

0.168-
0.650

0.369-
0.801

0.399-
0.823

0.322-
0.796

0.071-
0.377

0.131-
0.437
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Not
2 27
detected
0.129-
10% Detected 19 25 82.6% 56.1% <0.001 0.305
0.481
Not
4 32
detected
0.231-
15% Detected 19 18 82.6% 68.4% <0.001 0.417
0.603
Not
4 39
detected
0.206-
20% Detected 17 19 81.0% 67.8% <0.001 0.396
0.586
Not
4 40
detected

4. Discussion

In this study, we conducted a parallel experiment of genotyping drug resistance detection in
pre-treated HIV-1 positive patients, and evaluated the PDR rate of patients at different detection
thresholds by comparing the results of SS and NGS. As expected, the detection rate of drug resistance
mutations is closely related to the sensitivity of NGS[18]. Specifically, NGS technology recognizes
more drug resistance mutations at lower detection thresholds with higher sensitivity. It provides
more comprehensive resistance information than SS technology.

In this study, the overall PDR rate resulting from NGS testing increase comparing to SS. The
drug resistance rate of other drug categories also increased. Using NGS likewise, Lataillade et al.
reported that 30.5%(43/141) of the study subjects detected drug resistance mutations before
treatment, and the drug resistance rate related to other drug categories was also higher than those in
this study [19]. It is worth to note that NGS in this study did not show an additional advantage in
detecting PDR rate of NNRTIs. Even badly happened missing discovered mutation site of K103N and
V179E by NGS, but detected by SS in two patients respectively. KI03N is a drug resistance site
possessing clinical significant, which can decrease the sensitive to NVP and EFV. The methodology
of NGS is based on amplification, sequencing and splicing of small fragments. Due to short
fragments, there will be a certain error tolerance rate. Therefore, The quality control of NGS for HIV-
1 genotype resistance testing is still a challenge and needs to improve[20]. Although there are
mutations missed by NGS, NGS still detects more mutation sites and is more sensitive than
traditional SS.

This study reveals significant differences between SS and NGS in the detection of drug resistant
mutations and drug resistance level. With these differences becoming more pronounced as the
threshold level decreases, NGS leads to a sharp increase in detected mutation sites below the 5%
threshold. By comparing the consistency of these two sequencing methods in discovering the
mutation sites and number of drug resistance mutations in all subjects, we found that there was a
high consistency between the two methods in identifying drug resistance mutations associated with
PIs and INSTIs, reaching more than 90%. However, the consistency for drug resistance mutations
associated with NRTIs was relatively low, ranging from 61.25% to 87.50%. In addition, The
proportion of patients with NRTIs drug-related mutations identified only by NGS increased
gradually with the decrease of detection threshold, and the proportion of NRTIs drug-related
mutations identified by NGS was higher than that of other categories of drug-related mutations. This
suggests that resistance mutations associated with NRTIs are more easily detected by NGS with poor
accuracy. Although the consistency between resistance profiles of SS and NGS in this study is lower
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than that reported in previous studies (83%-92%), this may be due to the subjects selection of pre-
treated HIV-1 in our study. For those who have received antiviral therapy, under the drug pressure,
drug resistance mutations were induced and maintain survival in vivo. These mutation sites are more
easily detected both by SS and NGS [21]. Acquisition of genetic material from viruses by their hosts
can generate inter-host structural genome variation often occur in vivo. In pre-treated HIV-1 patients,
mutations happened more randomly affected by the host[22]. These mutations may be not stable or
have no business with drug resistance. However, they can affect the accuracy of test results, especially
for highly sensitive methods, NGS. So, it showed a not desired consistency between two methods for
genotype drug resistance testing in pre-treated patients. Although there are differences between
different studies, it is already recognized that NGS has higher sensitivity than SS, and we proved this
in our study. If the efficacy of NGS in different populations and thresholds can be determined, then
the results of NGS applied to HIV-1 genotype resistance detection will be more reliable and
analyzable[23].

5. Conclusion

Comparing to Sanger sequencing, the sensitivity of next-generation sequencing has been proved
higher. NGS is viable for HIV-1 genotype resistance detection in pre-treated patients for PIs and
INSTIs, but not a good choice for NRTIs. The application of NGS technology in HIV-1 genotype
resistance detection in different populations infected with HIV needs more documents and to be
confirm further.
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