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Hepatitis B is one of the public health priorities worldwide, especially in the Southwest China. Our
study aimed to investigate the relationship between genotypes and drug resistance mutations
among HBV patients in Southwest China, with the objective of providing guidance for clinical
antiviral treatment. A total of 4266 chronic hepatitis B (CHB) patients treated in the Qianjiang
Hospital of Chongqing University were included in our study from 2014 to 2020. Both genotypes
and drug-resistant mutations of CHB patients were determined by polymerase chain reaction (PCR).
Genotype B and genotype C were the main HBV genotypes in our study. We found 54 mutation
patterns, including 9 single-site mutations and 45 multiple-site mutations, accounting for 57.64%
and 42.36%, respectively. rtM2041/V/S (485/1936) was the most common single-site mutation type,
and rtL180M + rtM2041/V (482/1936) was the most common multiple-site mutation type. 1372 CHB
patients were resistant to LAM + LDT, and 342 CHB patients were resistant to ADV. There was only 1
CHB patient who exhibited resistance to LAM + LDT +ADV + ETV, with a specific mutation pattern
of rtA181T + rtT184L + rtM204V. Our study demonstrated trends in genetic mutations and drug
resistance in CHB patients to enable timely adjustment of antiviral treatment strategies.
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Hepatitis B virus (HBV) infection remains a major public health problem, causing an estimated 686,000
deaths per year worldwide. In China, it is one of the leading causes of mortality, with over 300,000 deaths per
year primarily attributed to cirrhosis and hepatocellular carcinoma'~>. HBV, a DNA virus belonging to the
Hepadnaviridae family, is characterized by a partially double-stranded DNA genome of approximately 3.2 kb
in length. This viral genome encodes several proteins, including HBsAg, HBcAg, HBeAg, viral polymerase, and
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HBx protein®. At present, HBV is known to have at least 9 genotypes (A to I) and 1 undetermined genotype
(J)°. Certain genotypes can be divided into several subtypes. HBV genotypes were demonstrated to correlate
with various liver diseases and the severity of oxidative damage in patients with HBV-induced liver disease®®.
The prevalence of HBV genotypes shows distinct clinical characteristics, indicating that it is a determinant of
the outcome of acute or chronic HBV infection®!2. Therefore, the detection of HBV genotypes is valuable for
predicting the efficacy of interferon treatment and evaluating the prognosis of liver disease!>~1°.

Genotype B and genotype C are the main HBV genotypes in China. Specifically, genotype B is predominant
in Southern China, while genotype C prevails in Northern provinces'”'8. Compared to genotype B, genotype C
showed high HBV replication capacity, with high levels of HBV DNA in the serum'*%. In addition, the tendency
of chronicity was higher and more frequently developed into liver cirrhosis (LC) and hepatocellular carcinoma
(HCC) in patients with genotype C than genotype?!:?2.

HBV genotype and disease progression are related to interferon a (IFN-a) therapy response?*~2°. HBV is a
highly mutable virus. The absence of proofreading capability in RNA polymerase and reverse transcriptase (RT)
can result in nucleotide variation in the process of reverse transcription and replication. These variations can
occur naturally during chronic persistent infection or be induced by antiviral drug treatment. Studies have found
a correlation between HBV mutant variants and reduced sensitivity to antiviral drug?®-?%. In antiviral therapy,
genotypic resistance refers to the gene mutation of the HBV to acquire resistance to the drugs administered,
while reduced sensitivity to antiviral drugs without any genetic mutation is known as phenotypic resistance. The
drug resistance mutation of one antiviral drug also appears resistant to two or more antiviral drugs, called cross-
resistance. Resistance to at least two different classes of nucleoside(acid) analogs is called multidrug resistance.

In recent years, the prevalence of drug-resistant mutations of HBV has been reported in different regions of
China?®-33; however, there is a scarcity of large-scale studies on drug-resistant mutations in Southwest China. This
study analyzed the HBV genotypes and drug resistance mutation sites of patients with chronic HBV infection in
Southwest China, aiming to determine the occurrence of drug resistance and promptly adjust treatment plans
according to the detection results.

Results

Clinical characteristics of chronic hepatitis B patients

Chronic hepatitis B (CHB) was most prevalent in patients aged 21-60 years. There were 3319 (77.80%) males
and 947 (22.20%) females with an average of 36.4+11.7 years in this study as shown in Table 1. Among 4266
CHB patients, 1936 (45.38%) had mutations in the HBV RT region. We further analyzed the correlation between
existing mutations and clinical features, including gender, age, and HBV genotype, among these CHB patients.
As shown in Table 1, genotype B and genotype C were the main HBV genotypes in our study, and there were
statistically significant differences between the incidence of mutations and age (p <0.001) and HBV genotype
(p=0.004).

We analyzed the relationship between genotypes and age, gender, and mutation type among 4266 CHB
patients. As shown in Table 2 and 2501(58.63%) were infected with HBV genotype B, and 1765(41.37%) with
HBYV genotype C. Significant differences were found in different genders (P=0.02), age distribution (P <0.001),
and mutation types (P <0.001) among CHB patients with these two genotypes. At the same time, we also found
that genotype B predominated across groups of different ages, genders, and mutation types.

The constituent ratio of HBV genotypes and genotypic mutation among CHB patients in
different years

We conducted a statistical analysis of HBV genotypes and genetypic mutation among CHB patients in Southwest
China from 2014 to 2020. From 2015 to 2016, CHB patients with genotype B increased rapidly and remained
higher than CHB patients with genotype C (Fig. 1a). In 2018, the prevalence of CHB patients with genotype B
reached its peak, accounting for 62.65% (406/648). The highest proportion of CHB patients with genotype C was
observed in 2015, accounting for 58.55% (178/304).

Wild type | Mutant type

Characteristics | Cases, n(%) | Cases, n(%) | Total cases, n(%) | P-value*
Gender 0.896
Male 1811(54.56) | 1508(45.44) | 3319(77.80)

Female 519(54.80) | 428(45.20) | 947(22.20)

Age(years) <0.001
<20 212(67.73) | 101(32.27) 313(7.34)

21-40 1478(59.60) | 1002(40.40) | 2480(58.13)

41-60 594(44.36) | 745(55.64) | 1339(31.39)

>61 46(34.33) 88(65.67) 134(3.14)

Genotype 0.004
Type B 1412(56.46) | 1089(43.54) | 2501(58.63)

Type C 918(52.01) 847(47.99) |1765(41.37)

Table 1. Clinical characteristics of CHB patients. *Differences were determined for statistical significance
using the Chi-square test. CHB: chronic hepatitis B.

Scientific Reports |

(2024) 14:27575 | https://doi.org/10.1038/s41598-024-77362-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Genotype B | Genotype C

Characteristics Cases, n(%) | Cases, n(%) | Total cases, n(%) | P-value*
Gender 0.020
Male 1977(59.57) | 1342(40.43) | 3319(77.80)

Female 524(55.33) 423(44.67) 947(22.20)

Age(years) <0.001
<20 213(68.05) | 100(31.95) | 313(7.34)

21-40 1467(59.15) | 1013(40.87) | 2480(58.13)

41-60 740(55.27) | 599(44.73) | 1339(31.39)

>61 81(60.45) 53(39.55) 134(3.14)

Mutation type <0.001
No mutation 1412(60.60) | 918(39.40) | 2330(54.62)

Single-site mutation 681(61.08) | 434(38.92) | 1115(26.14)

Multiple-site mutation | 408(49.70) | 413(50.30) | 821(19.24)

Table 2. Relationship between different genotypes and age, gender, and mutation type among CHB patients.
*Differences were determined for statistical significance using the Chi-square test. CHB: chronic hepatitis B.
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Fig. 1. The constituent ratio of HBV genotypes and genotypic mutations among CHB patients over the past
seven years. (a) Dynamic changes in the constituent ratio of different genotypes among CHB patients over the
past seven years; Percentage = cases of CHB patients with genotype B(C) per year/cases of the total number of
CHB patients per year. (b) Dynamic changes in the constituent ratio of genotypes among CHB patients with
genotypic mutations over the past seven years. Percentage = cases of genotype B(C) patients with genotypic
mutations per year/cases of the total number of CHB patients with genotypic mutations per year.

The genotype mutations were detected in 45.38% (1936/4266) of total CHB patients, with genotype B
accounting for 25.53% (1089/4266) and genotype C for 19.85% (847/4266). The mutation rate of CHB patients
with genotype B and C were 43.54% (1089/2501) and 47.99% (847/1765), respectively. As shown in Fig. 1b, from
2014 to 2020, the tendency in the proportion of genotypic mutations among CHB patients with genotype B and
C were consistent with that of HBV genotypes distribution. In 2019, CHB patients with genotype B exhibited the
highest proportion of genotypic mutations among all patients with genotypic mutations, accounting for 65.82%.
In 2015, CHB patients with genotype C had the highest proportion of genotypic mutations among all patients
with genotypic mutations, accounting for 72.06%.

Distribution characteristics of mutation sites of CHB patients with different genotypes
Genotypic mutations were detected in 1936 cases among the 4266 CHB patients, accounting for 45.38% (see
Table 2). Next, the mutation site distribution of different HBV genotypic strains in these 1936 CHB patients was
further investigated to understand the molecular mechanisms of drug resistance.

Distribution of mutation sites of CHB patients with different HBV genotypes

In this study, nucleos(t)ide analogues (NAs) associated mutations were detected at rtV173L, rtL180M,
rtA181S/V/T, rtT1841/L, rtS202G, rtM2041/V/S, rtV207I/L/M, rtS213T, rtQ215S, rtN236T/V, and rtM250L/V.
Nevertheless, one mutation site without the relationship of NAs resistance was also detected, i.e. rtI187V/L.
The mutation sites of the RT region from 1936 CHB patients were described in Table 3. Among the 1936 CHB
patients, a total of 2901 mutation sites were detected. The highest frequency of mutations was observed at
rtM2041/V/S (1479, 50.67%), followed by rtL180M (629, 21.68%) (Fig. 2a). Among all HBV genotypic mutation
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Genotype B Genotype C
Mutant site | number, n(%) | number, 7(%) | Total number, n(%) | P-value*
rtV173L 8(23.53) 26(76.47) 34(1.17)
rtL180M 286(45.47) 343(54.53) 629(21.68)
rtA181S/V/T | 125(44.64) 155(55.36) 280(9.65)
rtT184I/L 15(44.12) 19(55.88) 34(1.17)
rtl187V/L | 7(70.00) 3(30.00) 10(0.35)
rtS202G 8(50.00) 8(50.00) 16(0.55)
rtM2041/V/S | 801(54.49) 669(45.51) 1470(50.67)
rtV2071/L/M | 100(68.49) 46(31.51) 146(5.03)
rtS213T 46(75.41) 15(24.59) 61(2.10)
rQt2158 0(0) 3(100) 3(0.11)
rtN236T/V 146(76.44) 45(23.56) 191(6.59)
rtM250L/V | 19(70.37) 8(29.63) 27(0.93)
Total 1561(53.81) 1340(46.19) 2901(100) <0.001

Table 3. Relationship between different genotypes and mutation sites of CHB patients. *Differences were
determined for statistical significance using the Chi-square test. RT: reverse transcriptase.

sites, genotype B and genotype C accounted for 53.81% and 46.19%, respectively. Among CHB patients with
genotypes B and C, rtM204I/V/S was the most common mutation, followed by rtL180M, rtA181S/V/T,
rtN236T/V, and rtV207I/L/M (Fig. 2b,c).

Dynamic changes in the constituent ratio of primary mutant sites over the past seven years

The proportion of mutation sites composition also varied across the years from 2014 to 2020 (Fig. 2d). The
proportion of rtM204 mutation remained relatively stable from 2014 to 2020, reaching its peak in 2018, when
rtM204 mutations accounted for 55.11% of all mutation sites. The proportion of rtL180 mutations remained
relatively stable from 2014 to 2020, peaking in 2016, when rtL180 mutations accounted for 23.91% of all
mutation sites.

Distribution of drug resistance mutations among CHB patients with different genotypes

In certain cases, mutations were present in combinatorial patterns, resulting in a total of 2901 mutations among
1936 CHB patients. A total of 54 mutation patterns were found in this study, including 9 single-site mutations
and 45 multiple-site mutations. CHB patients with single-site mutation accounted for 57.64% (1116/1936), and
CHB patients with multiple-site mutations accounted for 42.36% (820/1936) shown as Table 4. The single-site
mutations were primarily rtM2041/V/S (752/1936), and secondly rtA181S/V/T (157/1936). Among multiple-site
mutations, genotypic mutation at rtL180 + rtM204 (482/1936) was mostly detected, followed by rtA181 + rtN236
(76/1936) and rtM204+rtV207 (50/1936). Therefore, we classified the mutation patterns according to the
expected phenotypes associated with drug resistance (Fig. 3). Single drug resistance was detected in 445 CHB
patients (10.43%, 445/4266). Adefovir (ADV) resistance was the most frequently detected single drug resistance
(8.02%, 342/4266), followed by lamivudine (LAM) resistance (2.30%, 98/4266) and entecavir (ETV) resistance
(0.12%, 5/4266) (Fig. 3a). Multidrug resistance was detected in 1487 CHB patients (34.86%, 1487/4266).
The most frequently detected multidrug resistance was lamivudine + telbivudine (LAM+LDT) resistance
(32.16%, 1372/4266), followed by LAM + LDT +ETV resistance (1.57%, 67/4266), LAM + LDT + ADV (0.70%,
30/4266), LAM + ADV (0.40%, 17/4266), and LAM +LDT + ADV +ETV resistance (0.02%, 1/4266); no cases
of tenofovir resistant strains have been detected (Fig. 3b). In this study, one CHB patient was resistant to
LAM+LDT+ADV +ETYV, and the corresponding mutation pattern was rtA181T + rtT184L 4 rtM204V. It was
worth noting that there were 4 CHB patients with genotypic mutation unrelated to NAs resistance, and their
mutation pattern was rtI187V/L. The RT gene sequence of these four patients were shown in the supplementary
Table S1 (Supplementary Materials). These four CHB patients were infected with genotype B. There were 1089
CHB patients of drug resistance infected with genotype B, and the drug resistance rate was 43.54% (1089/2501).
Among these 1089 CHB patients of genotype B, the most common single drug resistance was ADV, and the most
common multidrug resistance was LAM 4+ LDT. There were 847 CHB patients of drug resistance infected with
genotype C, and the drug resistance rate was 47.99% (847/1765). Among these 847 CHB patients of genotype C,
the most common single drug resistance was ADV, and the most common multidrug resistance was LAM + LDT.

Dynamic changes of the drug resistance rate and constituent ratio of various drug resistance
patterns over the past seven years

Dynamic changes of the drug resistance rate of CHB patients with different genotypes over the past seven years
The changes in the drug resistance rate among CHB patients with different genotypes varied over the past seven
years (Fig. 4a). From 2014 to 2020, the drug resistance rate of CHB patients with genotype B increased year by
year, reaching the highest rate in 2020 (53.68%). From 2014 to 2020, the drug resistance rate of CHB patients
with genotype C fluctuated from 40.16 to 54.89%, with the highest observed in 2015 (55.06%). The overall
drug resistance rate among CHB patients showed an upward trend from 2014 to 2015. However, there was a
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Fig. 2. The proportion of different mutation sites among CHB patients. (a) The proportion of different
mutation sites among the overall HBV mutations; (b), The proportion of different mutation sites among HBV
genotype B; (c) The proportion of different mutation sites among HBV genotype C. The pie charts represented
the constituent ratio of different mutation sites, with different color representing different mutation sites;
Percentage =number of single mutation site in genotype B(C)/the total number of mutation sites in genotype
B(C); (d) Dynamic changes in the constituent ratio of primary mutation sites over the past seven years.
Percentage =number of single mutation site per year/the total number of mutation sites per year.

subsequent decline from 2015 to 2016. From 2016 to 2020, the overall drug resistance rate resumed its upward
trend, reaching a peak of 54.15% in 2020.

Dynamic changes of the constituent ratio of various drug resistance patterns over the past seven years.

Meanwhile, the constituent ratio of various drug resistance patterns in CHB patients was distinct in different
years (Fig. 4b). The most common single drug and multidrug resistance patterns were ADV and LAM+LDT,
respectively. From 2014 to 2020, the proportion of ADV resistance ranged from 14.41 to 20.08%, showing an
upward trend from 2014 to 2016, followed by a downward trend from 2016 to 2019, with the lowest proportion of
14.41% in 2019 and the highest proportion of 20.08% in 2016. From 2008 to 2014, the proportion of LAM + LDT
resistance ranged from 69.04 to 73.48%, showing a relatively stable trend as a whole, with the lowest proportion
of 69.04% in 2020 and the highest proportion of 73.48% in 2015.

Discussion

A hospital-based survey was conducted among 4266 chronic HBV patients in Southwest China to determine
their HBV genotypes and assess drug resistance from January 2014 to December 2020. Genotypic resistance
mutations were detected in 45.38% (1936/4266) CHB patients, of which 45.29% (1932/4266) were related to
NAs resistance, higher than Italy (5%), Indonesia (13.5%) and Northern California (17.6%), lower than Korea
(60.3%)%734-3%, Based on previous research, the proportion of drug-resistant mutations in Southwest China
was higher than Northern (35.88%), Southern (16.34%), Eastern(30.78%) and Central China (8.92%)*7-%°,
It is worth noting that the proportion of drug-resistant mutations in our study was lower than that in west of
China (79.77%) conducted by Tao et al. in 2019%°. We guessed that it may be due to differences in the number
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Associated drug Mutation pattern Genotype B cases, n(%) | Genotype C cases, n(%) | Total cases, n(%) | P-value*
rtA181 54(34.39) 103(65.61) 157(8.11)
rtN236 91(88.35) 12(11.65) 103(5.32)
rtA181, rtQ215 0(0) 1(100) 1(0.05)
ADV rtA181, rtN236 48(63.16) 28(36.84) 76(3.93)
rtA181, rtM250 1(50.00) 1(50.00) 2(0.10)
rtA181, rtl187, rtN236 1(50.00) 1(50.00) 2(0.10)
rtA181, rtQ215, rtN236 0(0) 1(100) 1(0.05)
342(17.66) <0.001
rtT184 1(100) 0(0) 1(0.05)
ETV rtM250 2(50.00) 2(50.00) 4(0.21)
5(0.26) >0.999
rtL180 7(63.64) 4(36.36) 11(0.57)
rtvV207 45(81.82) 10(18.18) 55(2.84)
rtS213 23(79.31) 6(20.69) 29(1.50)
LAM rtV173, rtL180 1(100) 0(0) 1(0.05)
rtV207, rtS213 1(100) 0(0) 1(0.05)
rtL180, rtT184, rtV207 0(0) 1(100) 1(0.05)
98(5.06) 0.304
rtL180, rtT181 2(50.00) 2(50.00) 4(0.21)
rtL180, rtN236 1(100) 0(0) 1(0.05)
rtA181, rtV207 1(33.33) 2(66.67) 3(0.16)
rtA181, rtS213 1(50.00) 1(50.00) 2(0.10)
LAM+ADV rtV207, rtN236 2(66.67) 1(33.33) 3(0.16)
rtS213, rtN236 1(50.00) 1(50.00) 2(0.10)
rtL180, rtA181, rtS213 1(100) 0(0) 1(0.05)
rtA181, rtV207, rtN236 0(0) 1(100) 1(0.05)
17(0.88) 0.822
rtM204 455(60.51) 297(39.49) 752(38.84)
rtL180, rtM204 215(44.61) 267(55.39) 482(24.90)
rtV173, rtM204 4(57.14) 3(42.86) 7(0.36)
rtl187, rtM204 1(100) 0(0) 1(0.05)
rtM204, rtvV207 35(70.00) 15(30.00) 50(2.58)
rtM204, rtS213 8(72.73) 3(27.27) 11(0.57)
rtV173, rtL180, rtM204 2(8.70) 21(91.30) 23(1.19)
rtL180, rtI187, rtM204 0(0) 1(100) 1(0.05)
LAM+LDT rtL180, rtM204, rtM215 0(0) 1(100) 1(0.05)
rtL180, rtM204, rtV207 15(55.56) 12(44.44) 27(1.40)
rtL180, rtM204, rtS213 9(75.00) 3(25.00) 12(0.62)
rtI187, rtM204, rtV207 0(0) 1(100) 1(0.05)
rtM204, rtV207, rtS213 1(100) 0(0) 1(0.05)
rtV173, rtL180, rtI187, rtM204 | 1(100) 0(0) 1(0.05)
rtV173, rtL180, rtM204, rtvV207 | 0(0) 1(100) 1(0.05)
RtL180, rtM204, rtV207, rtS213 | 0(0) 1(100) 1(0.05)
1372(70.86) <0.001
rtA181, rtM204 7(70.00) 3(30.00) 10(0.52)
rtM204, rtN236 1(100) 0(0) 1(0.05)
rtL180, rtA181, rtM204 8(47.06) 9(52.94) 17(0.88)
LAM+LDT+ADV
rtA181, rtM204, rtV207 0(0) 1(100) 1(0.05)
rtL180, rtA181, rtM204, rtN236 | 1(100) 0(0) 1(0.05)
30(1.55) 0.380
Continued
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Associated drug Mutation pattern Genotype B cases, n(%) | Genotype C cases, n(%) | Total cases, n(%) | P-value*

rtT184, rtM204 5(45.45) 6(54.55) 11(0.57)

rtM204, rtM250 12(80.00) 3(20.00) 15(0.78)

1tL180, rtT184, rtM204 9(47.37) 10(52.63) 19(0.98)

rtL180, rtS202, rtM204 7(50.00) 7(50.00) 14(0.72)
LAM+LDT+ETV rtL180, rtM204, rtM250 4(80.00) 1(20.00) 5(0.26)

1tV173, rtL180, rtM204, rtM250 | 0(0) 1(100) 1(0.05)

rtL180, rtT184, rtS202, rtM204 | 0(0) 1(100) 1(0.05)

rtL180, rtS202, rtM204, rtS213 1(100) 0(0) 1(0.05)

67(3.46) 0.232

LAM+LDT+ADV+ETV | rtA181, rtT184, rtM204 0(0) 1(100) 1(0.05)
No associated drug rtl187 4(100) 0(0) 4(0.21)

Table 4. Distribution of drug resistance patterns among CHB patients with different genotypes in
Southwestern China, 2014-2020. *Differences were determined for statistical significance using the Chi-square
test. CHB: chronic hepatitis B; RT: reverse transcriptase; LAM: lamivudine; ETV: entecavir; ADV: adefovir;
LDT: telbivudine.

of enrolled patients and ethnic groups included!?. In our study, CHB patients in genotype B with genotypic
mutations accounted for the highest proportion of all patients with genotypic mutations in 2019, accounting for
65.82%, which was consistent with the study by Tao et al. in 2019 .

As recommended in the Chinese Guidelines for Prevention and Treatment of CHB (2015 version), high
genetic resistance barrier drugs should be preferred for CHB patients, and if low genetic resistance barrier drugs
were used, the quality and combination therapy should be optimized. In addition, HBV genetic resistance test
should be undertaken and appropriate adjustments to the treatment should be made accordingly in the case of
treatment failure when HBV drug resistance is suspected*!. The implementation of the new guideline effectively
reduced the drug resistance rate of CHB patients in a short period of time. However, since 2016, resistance rates
have gradually increased again, while new clinical challenges have been presented. The occurrence of low-level
viremia (LLV) in patients with chronic HBV infection is associated with adverse outcomes, and it cannot be
ruled out that the occurrence of LLV may be related to drug resistance of Entecavir and other nucleoside drugs.

Drug-resistant mutations to LAM was the most common site, consistent with the previous survey conducted
in China*’. Before 2012, LAM and ADV were the most widely used drug and primary choices for treatment
due to their low genetic barrier to resistance. However, the Asian Pacific Association for the Study of the Liver
(APASL) recommended ETV as the first choice in 2012 due to its low incidence of mutation site. Based on our
survey, ETV exhibited a low mutation rate and a high genetic barrier to resistance, which suggested that ETV
could be considered as the potential HBV antiviral drug. The ETV-resistant rate observed in our study was
higher than the previous report, reaching 1.2% during the 5-year treatment period. This may suggest that the
tendency of ETV resistance and long-term exposure to NAs could increase the risk of genotypic resistance, even
for NAs with a high genetic barrier. Thus, more attention should be paid to the rising rate of ET'V resistance in
clinical practice.

Interestingly, the proportion of various drug resistance types in HBV patients changed with the passage
of time. ADV and LAM+LDT are the most commonly observed single drug and multidrug resistance. The
proportion of ADV resistance ranged from 14.41 to 20.08%, showing an upward trend from 2014 to 2016
and a subsequent downward trend from 2016 to 2019. From 2014 to 2020, the proportion of LAM+LDT
resistance ranged from 69.04 to 73.48%, showing a relatively stable trend overall. The underlying reason for this
phenomenon remained unclear, and a further long-term follow-up studies should be performed.

Many studies have investigated the impact of HBV genotypes on the proportion of drug resistance, but the
correlation between drug resistance and mutation sites remained a controversial topic. One report found that
HBV patients with genotype A had a higher LAM-resistance rate compared to those with genotype D**. While
another study did not observe any significant differences in drug-resistant mutations between genotypes A and
D*. Among genotypes B and C of HBV patients, rtM2041/V/S mutation (801,669) occurred more frequently,
followed by rtL180M (286,343) and rtA181S/V/T (125,155), which was inconsistent with the previous study™.
Multiple-site mutations rrtL180M + rtM2041/V (482/1936) were primarily detected in HBV genotypes C and B.
Further research is needed to explore the underlying mechanisms.

There are several limitations in our study. Sanger sequencing only allows for the detection of one of the
dominant virus strains, potentially overlooking the presence of mutant strains. The previous study demonstrated
that next-generation sequencing (NGS) and high-throughput sequencing were more suitable than Sanger
sequencing to monitor NAr mutations at a low rate in the treatment-naive patients and detect the resistance
mutations quasispecies proportion of HBV DNA in NAs-treated CHB patients*>. Furthermore, the treatment
history and patients’ compliance were not clear. Nevertheless, the impact of antiviral treatment schedules and
related biases could be mitigated by conducting investigations on a large sample size, and a comprehensive
analysis of the evolution of drug-resistant HBV mutations could provide valuable insights for the effective
treatment and prevention strategies.
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Fig. 4. Dynamic changes in the drug resistance rate and various drug resistance patterns over the past seven
years. (a) Dynamic changes in the drug resistance rate among CHB patients with different genotypes over the
past seven years. Percentage = cases of genotype B(C) CHB patients with drug resistance per year/the total
number of genotype B(C) CHB patients per year. (b) Dynamic changes in the constituent ratio of various drug
resistance patterns over the past seven years. Percentage = cases of CHB patients with one drug resistance
pattern per year/the total number of CHB patients with drug resistance per year; LAM: lamivudine; ETV:
entecavir; ADV: adefovir; LDT: telbivudine.

The drug resistance mutation rate in HBV RT region increased in the Southwest of China from 2014 to 2020.
LAM was the most common resistance drug, and rtM2041/V/S mutation was the most common mutation. More
attention should be given to the increasing tendency of NAs resistance.

Materials and methods

Clinical information

A total of 4266 CHB patients who visited Qianjiang Hospital of Chongqing University between January 2014
and December 2020 were enrolled retrospectively. All enrolled CHB patients were characterized as HBsAg-
positive > six months, HBV DNA levels > 1.0E + 04, absence of antibodies to HBsAg (anti-HBs), the persistent
or intermittent elevation of ALT and (or) AST levels (>40U/L), and with no evidence of cirrhosis or carcinoma
by imaging and laboratory tests. Patients co-infected with hepatitis A, C, D, or human immunodeficiency virus
(HIV) were excluded. All methods were carried out in accordance with relevant guidelines and regulations. This
study was implemented after being approved by the Ethics Committee of Chongqing Qianjiang Central Hospital
(Ethics Committee approval number: 12023213).

Instruments and reagents

The HBV-DNA extraction kit (Cat#B518223) was purchased from Sangon Biotech (Shanghai, China). The RT
sequence of the HBV P region was amplified by polymerase chain reaction (PCR). The HBV-DNA sequencing
kit BigDye™ Terminator v3.1 (Cat#4337455) was supplied by Applied Biosystems (ABI, USA). Test instruments
included an ABI 7500 fluorescent PCR instrument and an ABI 3130 gene sequencer, manufactured by ABL

Methods

HBV DNA extraction

The HBV DNA was extracted from the serum using HBV-DNA extraction kit from Sangon Biotech (Shanghai,
China). In accordance to manufacturer’s instruction.

HBV DNA amplification

The primers for the P region of HBV DNA were the upstream primer (5" -ACTGTATTCCCATCCCATCAT-
3’) and the downstream primer (5 -TTCGTTGACATACTTTCCAATCA-3'). The total PCR reaction system
comprised of 2 pl of DNA template, 12.5 pl of PCR mix buffer, 2 pl of each upstream and downstream primer, and
8.5 pl of deionised water. The PCR cycle parameters were: holding at 42 °C for 5 min, pre-denaturation at 94 °C
for 5 min, denaturation at 94 °C for 10 s, annealing at 55 °C for 30 s, extension at 72 °C for 40 s, 45 cycles, and
constant temperature at 37 °C. The presence of PCR products was observed by 2% agarose gel electrophoresis.
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Sequencing of PCR products after purification
Purified products were sequenced by ABI 3130. The sequencing results were then analyzed using NCBI BLAST
and DNAMAN software to determine the mutation site and genotype.

Data analysis

The results of genotyping and drug-resistant mutation sites included in the analysis were analysed using SPSS
24.0 statistical software. And the counting data were compared between the groups using x2 test. A p-value of
<0.05 was considered statistically significant.

Data availability

Due to China’s regulations on the management of human genetic resources, data sets generated and/or analyzed
during the current study period are not publicly available, but are available from corresponding authors upon
reasonable request.
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