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The acquired immunodeficiency syndrome (AIDS) epidemic, resulting from

human immunodeficiency virus (HIV) infection, exhibits distinct regional

characteristics. This study undertakes a retrospective analysis of the

epidemiological and clinical features of 195 HIV-positive cases in Meizhou,

China, from May 1, 2018 to December 31, 2019. Western blotting (WB)

confirmed and assessed these cases. Notably, the majority of cases emanated

from socio-economic groups with comparatively lower levels of education, with

80% being male. Strikingly, 90% of the cases were found to be in the middle to

late stages of infection based on CD4+ T cell counts. Among the 30 different

serum antibody profiles examined, reactivity with seven bands (p24, p31, gp41,

p51, p66, gp120, and gp160) emerged as the most commonly observed WB

pattern. The absence of specific bands, specifically p55 (17.44%), p39 (32.31%),

and p17 (25.64%) were most frequent, with the detection frequency of p17 bands

significantly reduced among cases in the AIDS and middle stages. An analysis of

drug resistance genotypes indicated that, despite viral mutations conferring

resistance to certain reverse transcriptase inhibitors, the first-line treatment

regimen remained effective for patients in Meizhou. Notably, mutations

resistant to protease inhibitors were infrequent (2.7%), suggesting that

incorporating protease inhibitors into the treatment regimen may enhance

therapeutic outcomes for local patients. These findings provide essential

insights into the specific epidemiological patterns, serum antibody profiles, and

drug resistance genotypes of HIV-infected patients in Meizhou. Significantly, this

research contributes to the formulation of future treatment strategies tailored to

the local context.
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1 Introduction

Human immunodeficiency virus (HIV) is the etiological agent

responsible for acquired immune deficiency syndrome (AIDS).

Since its discovery in 1983, HIV/AIDS has emerged as a global

public health menace (Barre-Sinoussi et al., 1983). To date, an

alarming 40.1 million individuals have succumbed to AIDS-related

ailments since the onset of this epidemic (UNAIDS, 2022). As of

2021, approximately 38.4 million people across the globe were living

with HIV, with approximately 1.5 million new infections

documented (UNAIDS, 2022). In China, the incidence of HIV

infection and the subsequent progression to AIDS has exhibited a

consistent upward trajectory each year. Furthermore, the number of

AIDS-related fatalities has eclipsed those attributable to any other

infectious diseases (Wang et al., 2011; Ma et al., 2017; Qiao et al.,

2019). HIV can be categorized into two distinct subtypes: HIV-1

and HIV-2 (Kapoor and Padival, 2022), with the former being

responsible for > 95% of global infections (Duri et al., 2011). The

progression of HIV infection can be stratified into three stages:

acute HIV infection, clinical latency, and AIDS. The latter is

characterized by a blood CD4 cell count of < 200 cells/mm3

(Kabir et al., 2020). Several diagnostic strategies for HIV have

been developed, including antigen-antibody- and nucleic acid

amplification-based assays (Kabir et al., 2020). Among these,

western blotting (WB) stands as the gold standard for test

validation due to its superior specificity (Gürtler, 1996; Dax and

Arnott, 2004). The WB assay detects antibodies in the serum that

interact with fixed HIV antigens. HIV structural proteins are

encoded by the env, gag, and pol genes. The env gene encodes the

envelope protein (gp160), which is subsequently cleaved into the

mature surface protein (gp120) and the transmembrane protein

(gp41) (Checkley et al., 2011). The Gag gene encodes polyprotein

Gag (p55) and the cleaved Gag protein products consist of matrix

protein (p17), capsid protein (p24), nucleocapsid protein (p7), and

p6 (Sundquist and Kräusslich, 2012). A p39 fragment from Gag can

also be detected by WB. Pol accounts for three enzymes: protease

(PR, p10), reverse transcriptase (RT, p66/p51 heterodimer), and

integrase (p31) (Sundquist and Kräusslich, 2012), which are the

principal targets for antiviral drugs. WB profile analysis generates

specific information on the HIV-specific serum antibody (Abs) in

patients. Notable differences in the timing and intensity of antibody

bands have been observed at different stages of HIV infection.

While antibodies targeting the env antigen have been reported to

appear in all clinical stages (Lange et al., 1986; Lange et al., 1987;

Duri et al., 2011), antibodies to p17, p24, and its precursor p55

emerge post-infection and tend to diminish with the onset of

clinical symptoms (Lange et al., 1987).

Presently, highly active antiretroviral therapy (HAART)

represents the conventional clinical approach for managing AIDS.

Since viral reverse transcriptase (RT) lacks proofreading

capabilities, mutations occur in viral genes over time. HIV-1

reverse transcriptase (RT) is a major enzyme involved in HIV-1

replication. It has the synthesis function of DNA polymerase, but it

does not have the correction function of DNA polymerase.

Therefore, the viral nucleic acid shows a high error tendency
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during the replication of HIV-1. HIV-1 genetic variation is the

result of errors in the replication of HIV-1 reverse transcriptase

(RT) at a high rate. Recombinant virus occurs when more than one

virus variant infects the same cell at the same time, and previral

changes accumulate in the process of virus infection. Mutations in

the RT and/or protease (PR) regions of progeny viruses may confer

drug resistance, significantly reducing the efficacy of HAART and

complicating current antiviral treatment strategies (Villar et al.,

1995). Drug-resistant strains may vary among different regions and

populations; hence, drug resistance genotype analysis is imperative

for devising tailored treatment strategies.

Meizhou holds a significant status as a settlement for the Hakka

population, an ethnic group in South China. Distinct AIDS

prevalence characteristics in Meizhou compared to other regions

are anticipated. In this study, we investigate and provide specific

epidemiological patterns, serum antibody profiles, and drug

resistance genotypes in HIV-infected individuals in Meizhou,

China. This study systematically analyzed and reported the

regional characteristics of HIV epidemiology and drug resistance

in Meizhou city, based on the laboratory diagnostic and monitoring

indicators of HIV infected population and the relevant situation of

drug resistance. In order to explore the reasons for the failure of

anti-HIV/AIDS in this region, it is very necessary to monitor the

drug resistance of HIV-infected people, which is conducive to

understanding the drug resistance of HIV-infected people in

different regions, helping to update the treatment strategy, and

providing a scientific basis for the prevention and control of AIDS

in this region. However, the current drug resistance detection

method still has some limitations, the absence of drug-resistant

virus strains in plasma cannot be completely sure that there are no

drug-resistant virus strains in HIV-infected people, which is a

direction for our researchers to study in the future.
2 Materials and methods

2.1 Study population and screening

A total of 186257 serum samples from suspected patients,

collected between May 2008 and December 2019, were obtained

from Meizhou People’s Hospital. These samples underwent

preliminary screening for HIV positivity, followed by confirmation

through WB. This study was performed in accordance with the

ethical standards of the Declaration of Helsinki and approved by the

Human Ethics Committees of Meizhou People’s Hospital and

communicated through letter no. 2020-C-129.

2.1.1 Primary screening for HIV-positive samples
All samples were screened by using an HIV antibody/antigen

enzyme-linked immunosorbent assay (ELISA) kit (Wantai Bio-

Pharm) and HIV Ag/Ab Combo Reagent Kit (Abbott Germany

Limited Partnership, USA). The protocol was performed according

to the manufacturer’s instructions. In the ELISA test, 20mL of

biotin-conjugate reagent and 100mL of the sample were added to

a microwell strip pre-coated with recombinant HIV antigen and
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anti-p24 monoclonal antibody. The ELISA plate was incubated for

60 minutes at 37°C, followed by five washes. Next, 100 mL enzyme-

labeled Ab/Ag was added for further incubation at 37°C for 30

minutes. After five washes, the substrate was added to the well for

30 minutes to allow for colour development, and the reaction was

terminated by adding a stop solution. The optical density value of

each well was measured using a microplate reader at a single

wavelength of 450 nm or a dual wavelength of 450/630 nm.

Chemiluminescence particle immunoassay was used to

qualitatively detect the HIV p24 antigen and HIV-1/2 antibody

(Abbott i2000SR, Abbott Laboratories, USA).

2.1.2 Confirmation of HIV-positive samples with
western blot test

The WB test was performed to detect antibodies in serum using

an HIV Blot 2.2 kit (11039-036, MP Biomedical Asia Pacific Pte Ltd,

Singapore), following the manufacturer’s instructions. Working

solutions were prepared and placed at the corresponding pipette

positions in a TECAN automated immunoblotting instrument.

Nitrocellulose membrane strips carrying antigens to HIV-1/2

were soaked in washing buffer at a temperature between 22–28°C

for 5 minutes, and then the liquid was removed. Two millilitres of

immunoblotting buffer and 20mL of the sample were added to each

strip, which was then placed in the TECAN automated

immunoblotting instrument for detection. The WB results were

interpreted according to the National AIDS Testing Technical

Specification (Revised Edition 2015) of the China National Center

for Disease Control and Prevention. The absence of a specific band

or the presence of only the p17 band was considered a negative test

result for the sample, while the presence of two env bands and one

gag (or pol) band was considered a positive test result. Samples with

insufficient bands on the membrane strip for a conclusive positive

verdict were classified as uncertain specimens.
2.2 Flow cytometry analysis of CD4+ and
CD8+ T cells

Blood cells were stained with the leukocyte differentiation

antigen CD3/CD8/CD45/CD4 detection kit (340499, BD

Bioscience, USA). Briefly, 10mL of fluorescein-labeled monoclonal

antibodies were mixed and incubated with 25mL of EDTA-K2 anti-

coagulated blood for 15 minutes. Erythrocyte lysis buffer (450mL)
was added for another 15 minutes before the samples were analyzed

by flow cytometry.
2.3 Analysis of drug-resistant genotypes in
HIV-positive samples

HIV-infected blood samples were sent to the Guangdong AIDS

Prevention Center for genotypic resistance testing. In brief, cDNA

containing the protease-reverse transcriptase (PR-RT) sequence of

HIV-1 was amplified and subjected to high-throughput sequencing.

Sequences were submitted to the Stanford University HIV
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resistance database (http://hivdb.stanford.EDU) for subtype

identification, resistance loci, and drug sensitivity analysis.
2.4 Statistical analysis

Data were analyzed using Statistical Package for the Social

Sciences (SPSS) software, version 21.0. The student’s t-test was

used to calculate p values, with statistical significance set at p < 0.05.
3 Results

3.1 HIV screening of serum samples in the
Meizhou region

Of the 186,257 samples screened, 210 (0.11%) were positive using

ELISA, and 291 (1.94%) were positive using chemiluminescence

immunoassay (CLIA). To eliminate false-positive results in

preliminary screening, 281 preliminary positive samples underwent

further validation through western blotting, with 195 samples

confirmed as positive (positive ratio = 69.40%). Among the 195

HIV-infected individuals, 157 (80.51%) were male, and 38 (19.49%)

were female (Table 1). Regarding age distribution, 1 (0.51%) was

diagnosed between 0 and 18 years, 32 (16.41%) between 19 and 30

years, 55 (28.21%) between 31 and 45 years, 54 (27.69%) between 46-

60 years, 48 (24.62%) between 61 and 80 years, and 5 (2.56%) were

over 80 years of age (Table 1). The youngest patient was 18 years old,

and the oldest was 85. Of the HIV-infected cases, 151 cases (77.44%)

were permanent residents of Meizhou, and 44 cases (19.49%) came

from other areas (Table 1). Students and government personnel

accounted for 5.13% (10 cases), farmers and workers for 76.92% (150

cases), and others for 17.95% (35 cases) (Table 1). The distribution of

the 195 confirmed samples is presented monthly based on the

sampling period (Figure 1). A comparison of cases from May to

December (5–12) in 2018 and 2019 showed a higher number of HIV-

infected individuals in 2019. An analysis of monthly cases revealed

the highest incidence of HIV diagnoses in July of each year. The

CD4+ T cell numbers were further determined for 155 HIV- positive

samples, following which the cases were classified into different

clinical stages (Liu et al., 2020): the primary infection stage (15

cases, 9.7%), the middle stage of infection (63 cases, 40.6%), and

AIDS stage (77 cases, 49.7%) (Supplementary Table S1). There was a

significant difference in the CD4+ T lymphocyte values at different

clinical stages (p < 0.01). The statistical results show that the majority

of HIV-infected patients in Meizhou were in the middle of the AIDS

stages of infection.
3.2 Characteristics of Western blot profiles
in HIV infection

WB results of the 195 HIV-1 positive samples were analyzed

and classified into 30 types of patterns (Table 2). Reactivity with

seven bands (p24, p31, gp41, p51, p66, gp120, and gp160) was the
frontiersin.org
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most commonly observed WB pattern, with a proportion of 28.21%

(55/195), while the complete 10-band pattern occurred in only

9.74% (19/195) of the samples. Of the 195 samples, 133 were full

band or sub-full band (over 7 bands) patterns, accounting for

67.99%. The percentage distribution of the specific bands in the

investigated samples is presented in Figure 2. The three envelope

protein bands (gp160, gp120, and gp41) were the most prevalent,

with ratios of 100%, 100%, and 96.92%, respectively, followed by

p66 (92.82%) and p24 (91.79%). In contrast, p55 (17.44%), p39

(32.31%), and p17 (25.64%) were the most frequently missing bands

(Figure 2). The detection rates of p55 and p39 were low in each

clinical stage, while the p17 bands that were significantly lower in

cases at the middle stages and AIDS stages of the infection (Table 3).
3.3 Drug resistance and genomics

HIV-1 genetic mutation and drug resistance are major barriers

to successful antiretroviral therapy. To elucidate the HIV-1

genotype drug resistance characteristics in HIV-infected people of

Meizhou, serum samples from 37 untreated patients [29 men (78%);

8 women (22%)] obtained from Meizhou People’s Hospital were

included. The average age of the patients was 44 years (ranging from
Frontiers in Cellular and Infection Microbiology 04
7 to 80 years). The patients were infected through various routes:

heterosexual transmission (75.68%, 28/37), homosexual

transmission (8.11%, 3/37), mother-to-child transmission (2.70%,

1/37), and unclear transmission (13.51%, 5/37). The most prevalent

HIV-1 subtype was circulating recombinant form CRF01_AE

(64.86%, 24/37), followed by CRF07-BC (10.81%, 4/37), B

+CRF01-AE (5.40%, 2/37), CRF55-01B (5.40%, 2/37), B+C (5.4%,

2/37), A (2.70%, 1/37), B (2.70%, 1/37), and C (2.70%, 1/37). The

initial antiviral treatment regimen consisted of two nucleoside

reverse transcriptase inhibitors (NRTIs) plus efavirenz (EFV)/

nevirapine (NVP) in 31 cases (83.79%) or zidovudine (AZT)/

lamivudine (3TC) plus EFV in 6 cases (16.21%). Pro-RT gene

sequences from the samples were obtained and analyzed for drug

resistance-related mutations. Among the 37 PCR-positive cases, 23

carried one or more drug-resistance mutations. The drug resistance

mutations included 10 mutations for NRTIs, with M184V/I (15

cases) as the main mutation site, 11 mutations for non-nucleoside

reverse transcriptase inhibitors (NNRTIs), with K103KN (12 cases)

as the main mutation site, and four resistant mutations for protease

inhibitors (PIs) (Table 4). The RT inhibitor resistance rate was

62.16% (23/37) compared to 2.7% (1/37) for PIs, indicating that RT

inhibitor resistance is the prevalent mutation in Meizhou.

Moreover, cross-resistance between NRTIs and NNRTIs co-

occurred in patients, accounting for 40.54% of drug-resistant

mutations. Based on the mutations carried by each HIV-infected

individual, their sensitivity to anti-HIV drugs used in clinical

practice was further assessed (Supplementary Table S2).
4 Discussion

In this study, serum samples collected from the HIV

Confirmatory Laboratory of Meizhou People’s Hospital Medical

Laboratory Center (From May 2008 to December 2019) were

analyzed. Primary HIV screening by ELISA or CLIA revealed

HIV-positive rates of 0.11% and 1.94%, respectively. ELISA and

CLIA are simple and high-throughput; however, they are associated
FIGURE 1

Distribution of 195 confirmed HIV-positive cases by month.
TABLE 1 Basic characteristics of 195 HIV-infected patients [No. of cases (%)].

Age 0-18 19-30 31-45 46-60 61-80 >80 Total c2 p value

Sex 3.21 >0.05

Male 1 (0.51) 27 (13.85) 43 (22.05) 42 (21.54) 39 (20) 5 (2.56) 157 (80.51)

Female 0 (0) 5 (2.56) 12 (6.15) 12 (6.15) 9 (4.61) 0 (0) 38 (19.49)

Population area 20.42 <0.01*

Native 1 (0.51) 23 (11.79) 33 (16.92) 47 (24.10) 43 (22.05) 4 (2.05) 151 (77.44)

Migrant 0 (0) 9 (4.61) 22 (11.28) 7 (3.59) 5 (2.56) 1 (0.51) 44 (22.56)

Occupation 27.2 <0.01*

Students&
government personnel

1 (0.51) 4 (2.05) 1 (0.51) 1 (0.51) 2 (1.03) 1 (0.51) 10 (5.13)

Farmer/worker 0 (0) 20 (10.26) 46 (23.59) 41 (21.03) 41 (21.03) 2 (1.03) 150 (76.92)

Others 0 (0) 7 (3.59) 8 (4.10) 12 (6.15) 6 (3.08) 2 (1.03) 35 (17.95)
fro
*, indicates a statistically significant difference.
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with relatively high false-positive outcomes (Liu and Jiang, 2004;

Chen, 2012; Wu et al., 2018). More rigorous strategies, such as

western blotting, are needed for verification. Herein, 195 samples

were confirmed as HIV-1 positive by western blotting, with no

HIV-2 positive samples being observed. Most HIV-1 infected
Frontiers in Cellular and Infection Microbiology 05
patients were determined to be in the middle and AIDS stages of

the infection (Supplementary Table S1), and there were more men

than women patients (Table 1). The HIV-1 infected patients are

mainly farmers and migrant workers (Table 1), whose education

level is generally low, and whomay have less knowledge about AIDS
TABLE 2 Western blot patterns of 195 HIV positive samples.

Type
Sample
amount

Percentage
(%)

1 55 28.21 – + + – + + – + + +

2 19 9.74 + + + + + + + + + +

3 14 7.18 + + + + + + – + + +

4 13 6.67 – + – – + + – + + +

5 12 6.15 – + + + + + – + + +

6 9 4.62 – + + + + + + + + +

7 3 1.54 + + + – + + + + + +

8 8 4.08 + + + – + + – + + +

9 3 1.54 – + + – + + + + + +

10 1 0.51 + + + + + – – + + +

11 4 2.05 – + – + + + – + + +

12 2 1.03 + + – + + – – + + +

13 2 1.03 + + – – + + – + + +

14 1 0.51 – + + + + – – + + +

15 9 4.62 – + + – + – – + + +

16 6 3.08 – – – + + + – + + +

17 1 0.51 – + – + + – – + + +

18 9 4.62 – + – – + – – + + +

19 6 3.08 – + + – + – – – + +

20 4 2.05 – – + – + – – + + +

21 2 1.03 – – – – + + – + + +

22 1 0.51 – + – – – + – + + +

23 1 0.51 + + – – + – – – + +

24 2 1.03 – + – – + – – – + +

25 1 0.51 – – – – – + – + + +

26 1 0.51 – – – – + – – + + +

27 1 0.51 – – + – + – – – + +

28 1 0.51 – + – – – – – + + +

29 3 1.54 – + – – – – – – + +

30 1 0.51 – – – – + – – – + +
fr
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prevention. It is particularly important to further enhance the

coverage of AIDS prevention knowledge in the rural population.

The highest detection rate of HIV-infected was in July (Figure 1);

nonetheless, the reason behind this observation remains to be

further investigated. A contemporaneous comparison of HIV-

diagnosed cases in 2018 and 2019 suggested an increasing trend

in Meizhou (Figure 1). Therefore, HIV prevention and control in

the Meizhou community cannot be relaxed. It is necessary to

further improve the coverage of HIV screening to achieve early

detection and treatment. WB is the gold standard for confirming

HIV infection and provides information on virus and host

responses. The full WB pattern contains 10 bands that are

specific to HIV-1. However, the band patterns of WB vary

according to stages of the infection, prevalent viral strains, and

cohorts, thus displaying significant regional characteristics. In this

study, we observed 30 types of WB patterns from the 195 HIV-

positive samples (Table 2). Reactivity with seven bands (p24, p31,

gp41, p51, p66, gp120, and gp160) was the most commonly

observed pattern with a proportion of 28.21%, while the complete
Frontiers in Cellular and Infection Microbiology 06
10-band pattern occurred in only 9.74% of the samples, which was

different from other studies that reported the full pattern as the

main outcome (Sudha et al., 2006). Envelope protein bands (gp160,

gp120, and gp41), pol protein (p66), and gag protein (p24) were the

most prevalent, which was consistent with the previous studies

(Zhong et al., 2012; Xie and Chen, 2018). p55, p39, and p17 were the

most frequently missing bands (Figure 2). The frequencies of p55

and p39 bands were low in samples from every infection stage

(Table 3), but the p17 bands were only significantly lower in cases at

the AIDS and middle stages of the infection (Table 3). These results

indicated that lack of antibody reactivity to p17 was associated with

disease progression. HAART is the most effective clinical treatment

for AIDS (Sattwika et al., 2023). In Meizhou, TDF/AZT +3TC

+EFV/NVP is the most commonly adopted initial treatment

regimen, with the EFV+AZT/3TC regimen being less prescribed.

Based on the drug-resistant genotype assay results, the main

resistant HIV-1 strains in Meizhou were the CRF01-AE subtype,

followed by the CRF07-BC subtype, which is consistent with the

current situation in China (Huo et al., 2019).

In Meizhou, the resistance mutation of NNRTIs is the most

prevalent, followed by that of NRTIs. Moreover, the cross-resistance

of NRTIs and NNRTIs co-occurred in patients and accounted for

40.54% of drug-resistant mutations, indicating that multidrug

resistance is widespread in the region. This may be related to the

long-term use offirst-line therapeutic drugs, resulting in the continuous

accumulation of cross-drug-resistant mutant HIV-1 strains (Ma et al.,

2010). Studies have shown that the accumulation of thymidine

analogue-resistant mutations causes almost all NRTI resistance (Zha

and Zha, 2006). In the resistance mutations of NRTIs, the M184V

mutation was most prevalent, followed by K65R (Table 4). It has been

reported that the M184Vmutation causes significant resistance to 3TC

but increases the sensitivity to TDF and AZT (Zuo, 2020). The K65R

mutation was reported to produce moderate or high resistance to TDF

and ABC (Guo, 2014). In this study, we observed that some patients

simultaneously harboured mutations at the K65R and M184V sites;
FIGURE 2

Distribution of western blot bands of serum antibodies against HIV
proteins from 195 HIV positive samples.
TABLE 3 Association of clinical stage to different western blot bands in 155 patients of Meizhou who tested positive for HIV-1 antibodies between
2018 and 2019.

WB
bands

Primary infection Middle stage AIDS stage X2

Cases Ratio (%) Cases Ratio (%) Cases Ratio (%) p value

gp160 15 100 63 100 77 100 / /

gp120 15 100 63 100 77 100 / /

P66 15 100 60 95.2 69 89.6 2.93 >0.05

P55 4 26.7 12 19 12 15.6 1.11 >0.05

P51 12 80 50 79.4 58 75.3 0.39 >0.05

gp41 14 93.3 61 96.8 74 96.1 0.40 >0.05

P39 8 53.3 24 38.1 19 24.7 5.97 >0.05

P31 12 80 50 79.4 58 75.3 0.39 >0.05

P24 15 100 60 95.2 66 85.7 5.47 >0.05

P17 9 60 11 17.5 22 28.6 11.27 <0.01*
fro
*, indicates a statistically significant difference.
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however, treatment with AZT was still appropriate, indicating that the

first-line treatment regimen was efficacious for patients in Meizhou

with this drug-resistant form of the disease. These results may explain

why the HIV antiviral treatment failure ratio due to resistant mutations

in Meizhou (8.95%) was much lower than the global data (40.30%–

84.00%) (Shen and Su, 2019). Compared with the high incidence of

drug-resistant mutations in NRTIs and NNRTIs, resistant mutations in

PIs were only found in one out of the 37 cases (Table 4). These results

suggest that patients in Meizhou with drug-resistant HIV/AIDS may

still be sensitive to PIs since resistance mutations rarely occur in

response to this group of drugs. Therefore, when patients develop

cross-resistance to NRTIs and NNRTIs simultaneously and the first-

line treatment regimen ceases to be efficacious, second-line treatment

may be adopted. The study of clinical and epidemiological

characteristics of HIV patients is conducive to the establishment of

regional HIV transmission and epidemic identification standards and

early warning systems. At the same time, the correlation between

serological characteristics and clinical drug resistance was analyzed to

provide useful information for clinical timely acquisition of HIV

biological information and prediction of drug resistance (Shchemelev

et al., 2023). The analysis model of the correlation between serotype

and drug resistance may provide new ideas for HIV epidemic

prevention and identification analysis. By studying the laboratory

diagnosis and monitoring indicators and drug resistance of HIV

infected people in Meizhou city, we provide scientific clinical basis

for AIDS prevention and treatment. Although the detectionmethods of

HIV infection are becoming more and more mature and diversified,

there are still some problems that need to be studied and solved. One of

the prominent problems is the long incubation period of HIV-infected

people and the different window periods of HIV detection methods.

We combine the characteristics of the regional HIV epidemic in the

detection population and adopt appropriate detection methods to

reduce the missed detection rate of HIV-infected people. In the

process of antiretroviral drug treatment, clinical laboratory detection
Frontiers in Cellular and Infection Microbiology 07
of drug resistance genes appears in various problems, we need to

further explore, such as how long the interval of drug resistance

monitoring detection is appropriate, can timely understand the

characteristics of HIV antiviral resistance, is conducive to HIV

infected people to develop effective treatment plans.
5 Conclusion

In summary, we explored the characteristics of clinical HIV

infection in Meizhou, China, by retrospectively analyzing samples

from HIV-infected people obtained from May 2008 to December

2019. Most of the 195 positive cases were found to be male and, in the

middle, and AIDS stages. They weremainly from groups with relatively

lower education levels. We found that the most prevalent pattern was

reactivity with seven bands (p24, p31, gp41, p51, p66, gp120, and

gp160), instead of the full-band pattern reported in other regions. The

WB bands including p55, p39, and p17 were the most frequently

missing bands. We further observed decreased detection of the p17

antibody in patients in the middle to the AIDS stage of the infection/

disease. Most resistant mutations were related to NRTIs and NNRTIs;

only one case carried a mutation resistant to PIs, suggesting the

presence of protease inhibitors in the treatment regimen will work

better in local patients. Our data described the specific epidemiological

patterns, serum antibody profiles and drug resistance genotypes of

HIV-infected patients in Meizhou, and are of great significance for

guiding local treatment strategies in the future.
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TABLE 4 HIV-1 resistant mutations in samples from 37 HIV-1 infected patients from Meizhou.

NRTIs NNRTIs PIs

Mutation site Cases Mutation site Cases Mutation site Cases

M184V/I 15 K103KN 12 M46I 1

K70A/E/K/R/KE 6 V106I/M/VI 6 I54IV 1

K65R 4 V179D/E/EQ 5 L76V 1

D67N/G/DN 5 G190A/Q/S 4 V82A 1

M41ML 2 K101E/H 2

L74LI 3 E138G/EQ 2

T215TFIS 1 Y181C/V 4

K219Q 1 P225H 3

Y115F 2 V108I/VI 3

V75VIM 1 M230ML 1
front
NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors; PIs, protease inhibitors. The four resistant mutants to PIs were simultaneously found
in one case.
iersin.org

https://doi.org/10.3389/fcimb.2023.1330826
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Liu et al. 10.3389/fcimb.2023.1330826
Ethics statement

This study was performed in accordance with the ethical

standards of the Declaration of Helsinki and approved by the

Human Ethics Committees of Meizhou People’s Hospital and

communicated through letter no. 2020-C-129.
Author contributions

XL: Conceptualization, Data curation, Project administration,

Visualization, Writing – original draft. SP: Investigation, Project

administration, Resources, Supervision, Writing – review & editing.

XG: Funding acquisition, Investigation, Methodology, Project

administration, Writing – original draft. FW: Data curation,

Funding acquisition, Software, Writing – review & editing. XZ:

Conceptualization, Formal Analysis, Funding acquisition,

Investigation, Writing – original draft. ZZ: Conceptualization,

Formal Analysis, Funding acquisition, Visualization, Writing –

original draft. XW: Conceptualization, Methodology, Resources,

Supervision, Writing – original draft.
Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by Guangdong Provincial Key Laboratory of

Precision Medicine and Clinical Translation Research of Hakka
Frontiers in Cellular and Infection Microbiology 08
Population (2018B030322003), Science and Technology Program of

Guangzhou (20220600114), Science and Technology Program of

Meizhou (2019B0202001, 2019B001), Shenzhen Fund for

Guangdong Provincial High-Level Clinical Key Specialties (No.

SZGSP012), Shenzhen Key Medical Discipline Construction Fund

(No. SZXK034).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.

1330826/full#supplementary-material
References
Barre-Sinoussi, F., Chermann, J. C., Rey, F., Nugeyre, M. T., Chamaret, S., Gruest, J.,
et al. (1983). Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired
immune deficiency syndrome (AIDS). Science 220, 868–871. doi: 10.1126/
science.6189183

Checkley, M. A., Luttge, B. G., and Freed, E. O. (2011). HIV-1 envelope glycoprotein
biosynthesis, trafficking, and incorporation. J. Mol. Biol. 410 (4), 582–608. doi: 10.1016/
j.jmb.2011.04.042

Chen, H. (2012). Cause analysis of one false positive case in HIV antibody screening
(Article in Chinese). Internal Med. China 7, 265–266.

Dax, E. M., and Arnott, A. (2004). Advances in laboratory testing for HIV. Pathology
36 (6), 551–560. doi: 10.1080/00313020400010922

Duri, K., Müller, F., Gumbo, F. Z., Kurewa, N. E., Rusakaniko, S., Chirenje, M. Z.,
et al. (2011). Human Immunodeficiency Virus (HIV) types Western blot (WB) band
profiles as potential surrogate markers of HIV disease progression and predictors of
vertical transmission in a cohort of infected but antiretroviral therapy naïve pregnant
women in Harare, Zimbabwe. BMC Infect. Dis. 11, 7. doi: 10.1186/1471-2334-11-7

Guo, W. (2014). Identification of specific HIV mutations on drug resistance and
replicatin capacity (Doctor, Chinese PLA Academy of Military Medical Sciences).
Doctoral Dissertation in Chinese.

Gürtler, L. (1996). Difficulties and strategies of HIV diagnosis. Lancet 348 (9021),
176–179. doi: 10.1016/s0140-6736(96)01036-7

Huo, Q., Li, Q., Liu, S., Yu, D., Wang, F., and Chen, X. (2019). Prevalence of HIV-1
CRF01_AE strain in partial areas of China (Article in Chinese). Chin. J. Viral Dis. 9,
236–241. doi: 10.16505/j.2095-0136.2019.0017

Kabir, M. A., Zilouchian, H., Caputi, M., and Asghar, W. (2020). Advances in HIV
diagnosis and monitoring. Crit. Rev. Biotechnol. 40 (5), 623–638. doi: 10.1080/
07388551.2020.1751058

Kapoor, A. K., and Padival, S. (2022). “HIV-2 infection,” in StatPearls (StatPearls
Publishing).
Lange, J. M., de Wolf, F., Krone, W. J., Danner, S. A., Coutinho, R. A., and Goudsmit,
J. (1987). Decline of antibody reactivity to outer viral core protein p17 is an earlier
serological marker of disease progression in human immunodeficiency virus infection
than anti-p24 decline. AIDS (London England) 1 (3), 155–159.

Lange, J. M., Paul, D. A., Huisman, H. G., de Wolf, F., van den Berg, H., Coutinho, R.
A., et al. (1986). Persistent HIV antigenaemia and decline of HIV core antibodies
associated with transition to AIDS. Br. Med. J. (Clin. Res. ed.) 293 (6560), 1459–1462.
doi: 10.1136/bmj.293.6560.1459

Liu, J., Dong, X., Liu, N., Li, X., and Wang, Q. (2020). Analysis on WB band patterns
and the first CD4+ T lymphocytes count of HIV-1 antibody positive patients, Shenyang
city 2017-2018 (Article in Chinese). Prev. Med. Trib. 26, 3.

Liu, Q., and Jiang, Y. (2004). Problems and countermeasures of false positive in
human immunodeficiency virus confirmation test (Article in Chinese). Chin. J.
Dermatol. 37, 61–62.

Ma, P., Gao, L., Zhang, D., Yu, A., Qiu, C., Li, L., et al. (2017). Trends in the incidence
of AIDS and epidemiological features in Tianjin, China from 2005 to 2016. Oncotarget
8 (60), 102540–102549. doi: 10.18632/oncotarget.21016

Ma, L., Huang, J., Xing, H., Yuan, L., Yu, X., Sun, J., et al. (2010). Genotypic and
phenotypic cross-drug resistance of harboring drug-resistant HIV type 1 subtype B’
strains from former blood donors in central Chinese provinces. AIDS Res. Hum.
Retroviruses 26 (9), 1007–1013. doi: 10.1089/aid.2009.0252

Qiao, Y. C., Xu, Y., Jiang, D. X., Wang, X., Wang, F., Yang, J., et al. (2019).
Epidemiological analyses of regional and age differences of HIV/AIDS prevalence in
China 2004-2016. Int. J. Infect. Diseases: IJID 81, 215–220. doi: 10.1016/
j.ijid.2019.02.016

Sattwika, P. D., Subronto, Y. W., Retnowulan, H., Sattwika, K. A., and Nurdiati, D. S.
(2023). Anti-cytomegalovirus preemptive therapy to prevent cytomegalovirus disease
in HIV-infected patients: a systematic review. Infect. Dis. 55 (3), 221–233. doi: 10.1080/
23744235.2023.2165708
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcimb.2023.1330826/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1330826/full#supplementary-material
https://doi.org/10.1126/science.6189183
https://doi.org/10.1126/science.6189183
https://doi.org/10.1016/j.jmb.2011.04.042
https://doi.org/10.1016/j.jmb.2011.04.042
https://doi.org/10.1080/00313020400010922
https://doi.org/10.1186/1471-2334-11-7
https://doi.org/10.1016/s0140-6736(96)01036-7
https://doi.org/10.16505/j.2095-0136.2019.0017
https://doi.org/10.1080/07388551.2020.1751058
https://doi.org/10.1080/07388551.2020.1751058
https://doi.org/10.1136/bmj.293.6560.1459
https://doi.org/10.18632/oncotarget.21016
https://doi.org/10.1089/aid.2009.0252
https://doi.org/10.1016/j.ijid.2019.02.016
https://doi.org/10.1016/j.ijid.2019.02.016
https://doi.org/10.1080/23744235.2023.2165708
https://doi.org/10.1080/23744235.2023.2165708
https://doi.org/10.3389/fcimb.2023.1330826
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Liu et al. 10.3389/fcimb.2023.1330826
Shchemelev, A. N., Boumbaly, S., Ostankova, Y. V., Zueva, E. B., Semenov, A. V., and
Totolian, A. A. (2023). Prevalence of drug resistant HIV-1 forms in patients without
any history of antiretroviral therapy in the Republic of Guinea. J. Med. Virol. 95 (1),
e28184. doi: 10.1002/jmv.28184

Shen, Y., and Su, B. (2019). Progress in acquired drug resistance of HIV-1 (Article in
Chinese). Anhui J. Pre. Med. 25, 123–127.

Sudha, T., Lakshmi, V., and Teja, V. D. (2006). Western blot profile in HIV infection.
Indian J. Dermatol. Venereol. Leprol. 72 (5), 357–360. doi: 10.4103/0378-6323.27752

Sundquist, W. I., and Kräusslich, H. G. (2012). HIV-1 assembly, budding, and
maturation. Cold Spring Harbor Perspect. Med. 2 (7), a006924. doi: 10.1101/
cshperspect.a006924

UNAIDS. (2022). Available at: http://www.unaids.org. Accessed 30 May 2022.

Villar, F. A., Antón Botella, F., and Juárez Castello, C. (1995). Cálculo de los costes
del SIDA en España mediante técnicas de simulación [The calculation of AIDS costs in
Spain by simulation technics]. Medicina Clin. 104 (15), 568–572.
Frontiers in Cellular and Infection Microbiology 09
Wang, L., Wang, L., Ding, Z. W., Yan, R. X., Li, D. M., Guo, W., et al. (2011). HIV
prevalence among populations at risk, using sentinel surveillance data from 1995 to
2009 in China (Article in Chinese). Chin. J. Epidemiol. 32, 20–24.

Wu, S., Gao, M., Zheng, J., Yan, P., and Yan, Y. (2018). Analysis on influencing
factors that leading to nonspecific responses to indeterminate results of HIV antibodies
(Article in Chinese). Chin. J. Epidemiol. 39, 1255–1260.

Xie, S., and Chen, X. (2018). Analysis of 917 cases of positive and indeterminate results of HIV
antibody detected by Western blot (Article in Chinese). Chin. J. AIDS STD 24, 1189–1191+1196.

Zha, J., and Zha, S. (2006). Advances in molecular level study on HIV-1 resistance to
NRT (Article in Chinese). Prog. Pharm. Sci. 30, 535–542.

Zhong, M., Ma, S., and Yang, S. (2012). Assay of banding pattern verified by WB in 367
samples of HIV-1 antibody positive (Article in Chinese). Lab. Med. Cli. 9, 2529–2530.

Zuo, L. (2020). Analysis of tend of HIV-1 drug resistance in China based on the data
accumulated over 17 years, (2001-2017) (Master Master Jiangsu University). Master’s
thesis in Chinese.
frontiersin.org

https://doi.org/10.1002/jmv.28184
https://doi.org/10.4103/0378-6323.27752
https://doi.org/10.1101/cshperspect.a006924
https://doi.org/10.1101/cshperspect.a006924
http://www.unaids.org
https://doi.org/10.3389/fcimb.2023.1330826
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Clinical, epidemiological, and drug resistance insights into HIV-positive patients in Meizhou, China
	1 Introduction
	2 Materials and methods
	2.1 Study population and screening
	2.1.1 Primary screening for HIV-positive samples
	2.1.2 Confirmation of HIV-positive samples with western blot test

	2.2 Flow cytometry analysis of CD4+ and CD8+ T cells
	2.3 Analysis of drug-resistant genotypes in HIV-positive samples
	2.4 Statistical analysis

	3 Results
	3.1 HIV screening of serum samples in the Meizhou region
	3.2 Characteristics of Western blot profiles in HIV infection
	3.3 Drug resistance and genomics

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


