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Introduction

The detection of drug resistance is an essential part of the 
clinical management of antiretroviral therapy for AIDS 
patients (1). However, commonly used in-house genotypic 
drug resistance detection methods based on Sanger 
sequencing fail to detect 20% of inferior drug-resistant 

strains (2,3). This affects the analysis of drug resistance in 
patients with virological failure (VF) and raises questions 
such as, how much additional burden does inferior drug-
resistant mutation bring to the drug resistance of patients; 
does primary PIs class resistance mutation change 
before and after first-line treatment; and will it affect the 
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therapeutic effect of second-line treatment with PIs? In this 
study, a high-throughput sequencing method established by 
Dawn M. Dudley. was conducted to redesign the sequencing 
primers suitable for epidemic strains in this region (4). Drug 
resistance mutations were detected in patients who failed to 
receive first-line treatment, and the results were compared 
with the traditional genotypic drug resistance detection 
results, to fully understand drug resistance gene variation.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1347).

Methods

Research object

Fifteen HIV patients who had received first-line antiviral 
therapy for more than one year and with a viral load more 
than 1,000 copies/mL were randomly selected for analysis. 
All HIV/AIDS cases were confirmed as HIV positive by 
Western blot (WB) test in the Fujian Provincial AIDS 
laboratory, and a corresponding epidemiological case 
investigation was conducted. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethical Review Committee of 
Fujian Municipal Center for Disease Control and Prevention 
and informed consent was taken from all the patients.

Main instruments and reagents

The following were used:
(I) Instrument: Roche/454 GS junior;
(II) Accessories: BDD (bed disposition device), 

suspended drop PCR sequencing bead counter, 
BDD centrifuge balance plate, and BDD centrifuge 
adapter;

(III) Kit: GS FLX titanium rapid library preparation kit, 
GS FLX titanium rapid library mid adapters kit, 
GS junior titanium emPCR oil and breaking kit, 

and GS junior titanium sequencing kit;
(IV) Software: Amplicon Variant Analyzer (AVA).

Experimental methods

Amplification library preparation 
RNA extraction: 140 μL plasma was taken and RNA 
was extracted by QIAamp RNA Blood Mini Kit in strict 
accordance with the instructions.

The first round of nested PCR: one step RT-PCR (see 
Table 1 for primer information).

PCR reaction conditions: 50 ℃ 60 min, 94 ℃ 2 min,  
94 ℃ 15 sec, 60 ℃ 30 sec, 68 ℃ 30 sec ×2, 94 ℃ 15 sec,  
58 ℃ 30 sec, 68 ℃ 30 sec ×2, 94 ℃ 15 sec, 55 ℃ 30 sec,  
68 ℃ 30 sec ×2, and 68 ℃ 10 min. 

The second round of nested PCR: the 2199–3285 region 
of pol gene was amplified by three fragments, and labeled 
with Pro, RT-A, and RT-B. The sequence information of 
the target region primer is shown in Table 2. 

PCR reaction conditions: 94 ℃ 2 min, 94 ℃ 15 sec,  
60 ℃ 30 sec, 68 ℃ 30 sec ×2, 94 ℃ 15 sec, 58 ℃ 30 sec, 68 ℃  
30 sec ×2, 94 ℃ 15 sec, 55 ℃ 30 sec, 68 ℃ 30 sec ×16, and 
68 ℃ 10 min.

Purification, quality control, quantification, dilution, and 
enrichment of amplicon library. 

emPCR and sequencing
emPCR and Roche 454 were sequenced with the qualified 
amplified library prepared by the above method.

Filtering of original sequencing data
The original sequencing data was split according to MID 
using Mothur software (version 1.31.2, http://www.mothur.
org/), and all reads were assigned to the corresponding 
samples. The sequenced sequences were converted into 
FASTQ format. According to the mass fraction, three 
ends (average mass fraction at least 17) were pruned, and 
Roche/454 amplification adapters were removed in addition 
to the sequences shorter than 50 bp. 

Table 1 Primer information of one step RT-PCR

Direction Primer name Primer sequence Position 

Forward MAW-26 TGGAAATGTGGA AAGGAAGGAC 2027–2050

Reverse RT-21 CTGTATTTCTGCTATTAA GTCTTTTGATGGG 3509–3539

https://dx.doi.org/10.21037/apm-21-1347
https://dx.doi.org/10.21037/apm-21-1347
http://www.mothur.org/
http://www.mothur.org/
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Alignment and SNP calling
Subsequent sequence alignment with HXB2 reference 
strain (GenBank NCA_001802). A bam alignment sequence 
was generated by BWASW, then GATK call snp was used 
with the parameter “stand_ call_ conf 50-stand_ emit_ 
conf 10”. The bases of all alignment sequences were then 
evaluated, and those with a mass fraction of more than 19 
were called single nucleotide polymers (SNPs), while those 
with a mass fraction of more than 25 were called deletion or 
insertion polymorphisms. After processing, the SNPs of the 
relative reference strains were listed to obtain the number 
of sequences covering the mutation sites and the frequency 
of each mutation in the sample, and further drug resistance 
analysis was performed.

Drug resistance analysis
According to the known drug resistance mutations in 
the Stanford HIV drug resistance data base (Stanford 
D H I V D B ) ,  t h e  s p e c i f i c  a m i n o  a c i d  c h a n g e s  a t 
corresponding sites could be listed. The results of SNP 
calling were compared with them, and the proportion of 
sequences containing drug resistance mutations at a certain 
site in the total sequences covering that site were calculated. 
Drug resistance mutations accounting for less than 20% 
were defined as inferior drug resistance mutations.

Statistical analysis 

A Chi square test was used to compare the mean numbers 
of DRMs detected by high-throughput versus standard 
sequencing in 14 samples for all mutations, nucleoside 
reverse transcriptase inhibitor (NRTI) mutations, 
NNRTI mutations and protease inhibitor (PI) mutations, 
respectively. Differences were considered statistically 
significant at a P value <0.05, all P values were calculated 
and reported in Table 3.

Results

Characteristics of drug resistance mutation

While 15 patients were enrolled in the study, valid data for 
analysis was obtained from only 14. The basic information 
of patients is shown in Table 4.

A total of 109 drug-resistant mutations were found in 
the 14 patients with valid sequencing data, of which low-
frequency mutations accounted for 19.27% (21/109), with a 
lowest frequency of 1.3%. At least one NRTIs and NNRTIs 
high-frequency mutation was found in these samples  
(Table 5). Among NRTIs, M184V accounted for the highest 
proportion, reaching a staggering 100% (14/14), mainly 
because Lamivudine was included in the first-line regimen, 

Table 2 Template specific primer sequence information

Name Sequence Position Amplification length (bp)

Pro-F 5'-CAGAGCCAACAGCCCCACCA-3' 2147–2166 459

Pro-R 5'-GGGCCATCCATTCCTGGC-3' 2588–2605

RTA-F 5'-AGCCCTATTGAGACTGTACCAG-3' 2556–2577 488

RTA-R 5'-GTCATGCTACTTTGGAATATTG-3' 3022–3043

RTB-F 5'-ACCATACCTAGTATAAACAATGAG-3' 2940–2963 522

Table 3 Comparison of drug resistance mutations detected by two methods

Item
PIs NRTIs NNRTIs Total

− + − + − + − +

Conventional method 5 2 10 48 9 35 24 85

High throughput method 0 7 0 58 0 44 0 109

Chi square value 7.778 10.943 10.025 26.969

P value 0.005 0.001 0.002 0.000

−, negative; +, positive.
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Table 4 Sample information of virus resistant failure

No. Subtype RNA (copies/mL) First line medication

1 01AE 32,400 d4T + 3TC + NVP

2 B 15,560 AZT + 3TC + NVP

3 01AE 110,920 d4T + 3TC + EFV

4 01AE 104,000 d4T + 3TC + NVP

5 01AE 1,030,000 AZT + 3TC + NVP

6 01AE 47,272 d4T + 3TC + EFV

7 01AE 980,000 d4T + 3TC + NVP

8 C 525,000 d4T + 3TC + NVP

9 01AE 63,700 AZT + 3TC + NVP

10 01AE 2,532 d4T + 3TC + NVP

11 01AE 89,598 AZT + 3TC + NVP

12 01AE 10,718 d4T + 3TC + EFV

13 01AE 7,991 d4T + 3TC + NVP

14 01AE 87,552 d4T + 3TC + NVP

Table 5 Drug resistance test results of high throughout sequencing in patients with virological failure treated with a first-line regimen

No.
PIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NRTIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NNRTIs 
mutation

Frequency 
(%)

Positive sequence/
total sequence

1 L10V/I 96.29 2,778/2,885 M184V 99.96 7,967/7,970 K103N 99.85 2,778/2,882

V179D 68.43 4,880/7,131

P225H 99.93 6,058/6,062

E138K* 1.3* 91/6,978*

G190A* 2.05* 142/6,895*

2 NO M184V 99.94 8,538/8,543 Y181C 99.82 8,541/8,556

T215Y/F 99.94 7,814/7,818 H221Y 98.87 7,635/7,722

K219Q* 8.38* 649/7,736* M230L 99.96 7,592/7,595

3 NO M184V 99.87 7,422/7,431 K101E 99.32 295/297

M41L* 4.32* 32/740* Y181C 99.9 7,430/7,437

D67N 99.32 295/297 G190A 99.95 7,359/7,362

K70R 89.86 408/454

T215Y/F 56.14 1,307/2,328

K219Q 75.83 4,247/5,600

Table 5 (continued)



7779Annals of Palliative Medicine, Vol 10, No 7 July 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(7):7775-7785 | https://dx.doi.org/10.21037/apm-21-1347

Table 5 (continued)

No.
PIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NRTIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NNRTIs 
mutation

Frequency 
(%)

Positive sequence/
total sequence

4 K20R 46.05 1318/2,862 M184V 99.77 3,574/3,582 K101E 99.97 3,550/3,551

L33F* 1.79* 56/3,118* D67N 99.97 3,550/3,551 E138K 99.57 2,820/2,832

G190A 99.94 3,543/3,545

5 L10V/I* 6.71* 864/1,287* V75L 85.5 2,825/3,304 V108I 99.85 4,040/4,046

K20R* 1.7* 50/2,787* M184V 99.85 7,995/8,007 Y181C 99.77 8,019/8,037

D67T 99.85 4,040/4,046 K103N* 2.71* 87/321*

K70R 97.47 502/515

T215Y 99.62 7,126/7,153

K219Q 99.78 7,062/7,077

T69G 99.85 4,040/4,046

6 NO M184V 99.93 8,218/8,223 K103N 99.51 5,565/5,592

K70R* 2.29* 162/7,073* Y181C 34.62 2,528/7,303

A62V* 1.86* 132/7,094* L100I 38.57 2,700/7,000

7 NO M184V 99.92 6,658/6,663 K103N* 11.77* 232/1,971*

T215Y/F 99.48 575/578 Y181C 99.85 6,666/6,676

K219Q 98.77 4,665/4,724 G190A 99.93 6,570/6,574

K70R* 2.18* 165/7,562* L100I 39.63 3,000/7,570

A62V* 1.88* 143/7,577* V108I* 9.85* 404/4,048*

8 NO M184V 99.77 4,480/4,490 Y181C 99.77 4,480/4,490

D67N 70.13 836/1,192

K70R 70.13 836/1,192

K219Q 98.36 4,887/4,968

T69N/D 70.13 836/1,192

9 NO M184V 99.9 6,359/6,365 K101E* 13.82* 305/2,207*

K103N 99.57 1,410/1,416

V108I 99.16 477/481

G190A 62.03 2,830/4,562

L100I 44.78 3,000/6,700

Table 5 (continued)
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Table 5 (continued)

No.
PIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NRTIs 

mutation
Frequency 

(%)
Positive sequence/

total sequence
NNRTIs 
mutation

Frequency 
(%)

Positive sequence/
total sequence

10 K20I 100 V75T/I 99.69 2,917/2,926 G190A 99.91 5,860/5,865

M184V 99.55 5,873/5,899 K238T 99.94 3,874/3,876

D67N 99.77 1,305/1,308

K219E 99.44 4,953/4,982

A62V 99.72 1,804/1,809

Q151M 50

11 L10V* 11.96* 67/560* M184V 99.78 9,882/9,903 K101E 97.57 3,382/3,466

M41L* 9.57* 335/3,436* E138G/Q 99.93 3,056/3,058

D67N 99.91 4,866/4,870 Y181C* 8.46* 849/10,034*

K70R 74.18 2,486/3,430 G190A 99.83 9,798/9,815

L210W* 9.58* 559/5,940*

T215F* 9.58* 555/5,940*

K219Q 80.24 6,046/7,326

12 NO L74I 96.97 3,451/3,559 A98G 98.79 6,312/6,389

M184V 99.91 4,886/4,890 K103N 99.54 5,453/5,478

D67N 98.42 4,256/4,324 Y181C 99.86 4,190/4,193

K70R 99.66 4,091/4,098 G190A 99.95 5,414/5,415

T215I/F 94.8 4,200/4,430

K219Q 99.55 5,873/5,899

T69N/D 99.85 9,633/9,647

13 I84V* 1.69* 29/1,709* M184V 99.86 8,272/8,283 K103N 96.12 149/155

K70R* 13.74* 95/691* G190A 100

K219Q 100

14 NO M184V 99.87 8,559/8,570 K103N 99.93 4,985/4,988

T215I* 3.31* 144/4,348* G190A 99.98 8,550/8,551

K219Q 93.38 4,800/5,140

The inferior mutations with a proportion of less than 20% are shown labeled as “*”, and which were only obtained by high-throughput 
sequencing; the mutations with a proportion of more than 20% but were only obtained by high-throughput sequencing are shown in italic; 
other mutations are detected by both methods.

and this mutation was selected by it. Of the thymidine 
analog mutations (TAMs) found, the main types were 
D67N (50%, 7/14), K219Q (50%, 7/14), T215F (42.86%, 
6/14), and K70R (28.57%, 4/14). In NNRTIs, G190A was 
the most common mutation (64.29%, 9/14), followed by 
Y181C (42.86%, 6/14), and K103N (42.86%, 6/14). No 

high-frequency major drug-resistant mutation was found 
in PIs, and only one low-frequency major mutation I84V 
(1.69%, 29/1,709) was detected in 13 samples. 

Compared with the conventional Sanger method, 24 
additional mutations were detected in 14 samples, with an 
average of 1.7 mutations per sample, and the frequency of 
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these mutations was less than 40%. Even if these mutations 
were divided into three categories, the differences remained 
statistically significant (Table 3). 

Effect of drug-resistant mutation on drug resistance 
burden of patients with VF

We used the Stanford HIV drug resistance scoring 
algorithm (Stanford HIV drug resistance scoring algorithm: 
https://hivdb.stanford.edu/hivdb/by-mutations/) to measure 
the impact on the burden of drug resistance of patients 
caused by the additional inferior mutations found by high-
throughput sequencing. Inferior drug resistance mutations 
were detected in 11 samples, and except for No. 4, the drug 
resistance score of the remaining 10 samples to at least 
two drugs increased, and the drug resistance grade of nine 
samples to at least one drug increased. For example, No. 
7 added the inferior mutation A62V and K70R found by 
high-throughput sequencing, and the M184V, T215F and 
K219Q sites were detected by both methods. The grade of 
drug resistance (zidovudine, AZT) changed from moderate 
to high, and after adding the inferior resistance mutation, 
No. 11 showed that it was highly resistant to all NRTIs and 
NRTIs. The specific data are shown in the Table 6. 

Screening of novel drug-resistant mutation sites

In view of the huge amount of sequence information 
that can be obtained by high-throughput sequencing, 
we attempted to determine whether there were novel 
mutations affecting drug resistance by comparing the 
sequence mutations of untreated and failed patients. Firstly, 
at least five mutations with a mutation rate higher than 90% 
were screened out from the sequencing results of treatment 
failure patients, and 56 base mutation sites were obtained. 
After eliminating the known drug resistance mutation, 
polymorphism mutation, and mutation outside the catalytic 
activity region, the remaining 14 sites were found. Chi 
square test was then used to compare the detection results 
of these mutation sites in the treatment group and untreated 
group one by one, and the results showed that there 
were three mutations in the two groups with significant 
difference (P≤0.01) and no literature report (see Table 7 for 
details). We then verified the phenotypic resistance of these 
three mutations, especially I135T. 

Discussion

In addition to the high genetic diversity of HIV, the inferior 
drug-resistant mutation can also be the result of the spread 
of drug-resistant strains in infected individuals (5-7). This 
may not only lead to treatment failure but is often the 
manifestation of primary drug resistance. Therefore, the 
detection of inferior drug-resistant mutations is of great 
significance for monitoring the prevalence of primary drug-
resistant strains, formulating appropriate initial treatment 
plans for AIDS patients, analyzing the causes of virological 
failure, and studying the mechanism of viral resistance.

Genotypic drug resistance testing has been carried 
out in patients with VF in Fujian Province since 2008, 
Yansheng Yan and other scholars (8-11) analyzed the drug 
resistance gene variation of HIV-1 strains in this and other 
provinces in China in recent years. The results showed 
that M184V and G190A were the most common sites of 
NRTI and NNRTI resistance, respectively, which are 
consistent with our results. All patients had at least one 
NRTIs and NNRTIs high-frequency mutation, and the 
highest proportion of NRTIs was M184V, followed by 
TAMs: D67N, K219Q, T215F, and K70R. G190A was the 
most common mutation in NNRTIs, followed by Y181C 
and K103N, and M184V + TAMs + G190A was the most 
common mutation combination. The high proportion of 
M184V raises concerns because 3TC has always been a 
first-line and second-line drug, raising the prospect that this 
protocol may need to be reconsidered. 

Palmer (12) reported that 1–10 low-frequency drug 
resistance was detected by single gene sequencing from 
each patient with treatment failure. Our research shows 
that it is difficult to detect low-frequency mutations with 
conventional methods when virology fails. However, with a 
high-throughput sequencing method, 1.7 more mutations 
were detected in each sample on average, and even if these 
mutations were divided into three categories according to 
drug types, the difference is statistically significant. Low 
frequency mutations with frequency less than 20% account 
for 19.27% of all mutations, and we used the Stanford HIV 
resistance score system to demonstrate these mutations 
detected by high-throughput sequencing increased the 
burden of genotype resistance. Of the samples with inferior 
drug resistance mutations 90.9% (10/11) increased the drug 
resistance score of at least two drugs, and 81.8% (9/11) 
of the samples with inferior drug resistance mutations 

https://hivdb.stanford.edu/hivdb/by-mutations/
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Table 6 Effect of inferior drug resistance mutation on drug resistance burden of patients with virological failure

No. 
Mutation detected by 

both methods

Low abundance mutation 
detected by high-

throughput sequencing
Drug

Resistance explanation without 
increasing low abundance mutation

Drug resistance explanation after 
increasing low abundance mutation

Score Grading Score Grading

1 K103N, V179D, 
P225H

E138K, G190A EFV 115 High 170 High

ETR 10 Pot low 30 Inter

NVP 115 High 185 High

RPV 10 Pot low 70 High

2 M184V, T215F K219Q ABC 25 Low 30 Inter

AZT 30 Inter 40 Inter

TDF 0 Sus 5 Sus

3 M184V, T215F, 
K219Q, D67N, K70R

M41L ABC 80 High 105 High

AZT 105 High 135 High

FTC 70 High 80 High

3TC 70 High 80 High

TDF 35 Inter 55 Inter

5 V108I, Y181C K103N EFV 40 Inter 100 High

NVP 75 High 135 High

6 M184V A62V, K70R ABC 15 Low 25 Low

AZT −5 Sus 25 Low

FTC 60 High 65 High

3TC 60 High 65 High

TDF −10 Sus 0 Sus

K103N L100I, Y181C EFV 60 High 150 High

ETR 0 Sus 60 High

NVP 60 High 180 High

RPV 0 Sus 105 High

7 M184V, T215F, 
K219Q

A62V, K70R ABC 30 Inter 45 Inter

AZT 40 Inter 80 High

FTC 60 High 65 High

3TC 60 High 65 High

TDF 5 Sus 20 Low

Y181C, G190A L100I, K103N, V108I EFV 75 High 205 High

ETR 50 Inter 80 High

NVP 120 High 255 High

RPV 70 High 130 High

Table 6 (continued)
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Table 6 (continued)

No. 
Mutation detected by 

both methods

Low abundance mutation 
detected by high-

throughput sequencing
Drug

Resistance explanation without 
increasing low abundance mutation

Drug resistance explanation after 
increasing low abundance mutation

Score Grading Score Grading

9 L100I, K103N, V108I, 
G190A

K101E EFV 175 High 190 High

ETR 40 Inter 60 High

NVP 195 High 225 High

RPV 75 High 120 High

11 D67N, K70R, M184V, 
K219Q

M41L, L210W, T215F ABC 60 High 135 High

AZT 55 Inter 170 High

FTC 70 High 90 High

3TC 70 High 90 High

TDF 15 Low 85 High

K101E, E138Q, 
G190A

Y181C EFV 70 High 105 High

ETR 40 Inter 85 High

NVP 100 High 165 High

RPV 75 High 130 High

13 NO I84V ATV/r 0 Sus 60 High

DRV/r 0 Sus 15 Low

LPV/r 0 Sus 30 Inter

M184V, K219Q K70R ABC 20 Low 25 Low

AZT 0 Sus 30 Inter

TDF −5 Sus 0 Sus

14 M184V, K219Q T215I ABC 20 Low 25 Low

AZT 0 Sus 20 Low

TDF −5 Sus 0 Sus

(I) Drug abbreviations: abacavir (ABC), zidovudine (AZT), emtricitabine (FTC), lamivudine (3TC), tenofovir (TDF), efavirenz (EFV), etravirine 
(ETR), nevirapine (NVP), rilpivirine (RPV), atazanavir/R (ATV/R), darunavir/R (DRV/R), lopinavir/R (LPV/R). (II) Abbreviations of drug 
resistance classification: high level resistance (High), susceptible (Sus), low level resistance (Low), intermediate resistance (Inter), potential 
low-level resistance (Pot low). (III) The results in italic are the result of the change of drug resistance level. 

Table 7 Screening results of suspected new drug resistance mutation sites

No. Genetic region Base mutation Amino acid change Untreated group Treatment failure χ2

1 Protease A2467G I72V 1/19 5/14 28.462

2 Reverse transcriptase T2954C I135T 0/19 10/14 111.115

3 Reverse transcriptase T2975G I142S 0/19 5/14 43.472
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increased the drug resistance grade of at least one drug. 
For example, after adding the inferior mutation A62V and 
K70R found by high-throughput sequencing, plus the sites 
M184V, T215F, and K219Q detected by both methods, 
the resistance level of zidovudine (AZT) changed from 
moderate to high. Of note, adding the inferior resistance 
mutation to No.11 showed that it was highly resistant to all 
NRTIs and NRTIs. We used high-throughput sequencing 
to provide additional evidence that the burden of routine 
sequencing is much higher than that of routine methods. 

The number of people receiving antiviral treatment in 
Fujian Province has increased from 100 in 2005 to more 
than 2000 in 2013. Most of these patients take AZT/d4T 
+ 3TC + NVP/EFV as the first-line treatment, while PIs 
are left as second-line treatment. Previous studies have 
found that the resistance rate to PIs in AIDS patients 
with virological treatment failure is minimal (13), but as 
most of these studies used the traditional genotypic drug 
resistance test, it is impossible to determine whether there 
are inferior mutations of PI resistance below the detection 
threshold. If there were, the question of whether this affects 
the subsequent use of second-line treatment containing 
protease inhibitors is raised. Our experimental results 
showed that there were few drug-resistant mutations in the 
PI region in patients with VF which was consistent with 
previous reports, and there were few inferior drug-resistant 
mutations, with only one patient having the inferior major 
drug-resistant mutation I84V (1.69%, 29/1,709). It has 
been reported that the inferior mutants containing PI drug-
resistant mutations are rarely detected in the untreated 
population, and that this will not significantly influence 
the effect of subsequent treatment regimens containing 
PI (14,15). Our results show inferior mutants containing 
PI drug-resistant mutations are rarely detected in patients 
with VF after treatment, and this suggests a more optimistic 
therapeutic effect for subsequent drug use when PIs are 
added as a second-line regimen.

We also attempted to determine whether there might 
be suspicious new mutation sites affecting drug resistance 
by comparing the sequence mutations of untreated and 
failed patients. As a result, three suspicious new mutation 
sites (I72V, I135T, I142S) were screened out and future 
research is required to investigate these sites. It is evident 
that in the screening of suspected drug resistance sites, 
a high-throughput sequencing method has considerable 
advantages. While the use of hundreds of thousands of 
sequences and tens of thousands of mutations make it 
possible to screen new sites, it is difficult to determine 

whether information processing means are available. Our 
analysis method represents a first attempt, and there is a 
need for more advanced data processing methods to make 
better use of the obtained high-throughput sequencing data. 

In short, high-throughput sequencing methods have 
shown extremely high clinical and scientific value in the 
study of HIV inferior drug-resistant mutations. In the 
future, if the operation process can be improved and the 
average cost can be further reduced, it will certainly benefit 
more AIDS patients.
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