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Background: Choosing patients with HIV/AIDS (PLWH) with virologic failure observed in the course of treatment, and analyzing 
the CD4(+) T cell count of PLWH with different subtypes of virus and the risk factors of CD4 (+) T cell count recovery
Methods: Analyze and evaluate the change of median CD4(+) T cell count of PLWH infected with different HIV-1 subtypes in 
Sichuan Province after treatment by rank sum test. Univariate and multivariate logistic regression models were used to analyze the risk 
factors on CD4(+) T cell count growth after PLWH treatment.
Results: A total of 4977 cases were analysed, including CRF07_BC 2358 cases (47.38%), CRF01_AE 1507 cases (30.28%), 
CRF08_BC 577 cases (11.59%), CRF85_BC 303 cases (6.09%) and other subtypes 232 cases (4.66%). PLWH infected with 
CRF85_BC had lower median CD4(+) T cell count after treatment (p < 0.05). It was found that protective factors to increase CD4 
(+) T cell count (p < 0.05) including females, Yi people, married or cohabiting, educational level at primary school or above, initial and 
recent treatment with Tenofovir + Lamivudine + Nevirapine Wellen, the second-line regimen with lopinavir/ritonavir (LPV/r) and the 
treatment time is more than 24 months. However, over 50 years old, the disease course is in AIDS stage, the infection of CRF01_AE 
and CRF85_BC virus was the risk factor on CD4(+) T cell count increase (p < 0.05). PLWH with higher initial CD4 level had a lower 
ratio of CD4(+) T cell count increase (≥50 cells/μL) (p < 0.05).
Conclusion: Age, sex, ethnicity, marriage, education, disease status, treatment protocols, treatment time, initial CD4(+) T cell count, 
and virus subtype are the influencing factors of PLWH CD4(+) T cell count increase. The poor recovery of CD4(+) T cell count after 
treatment was observed in PLWH infected with CRF85_BC virus.
Keywords: HIV, AIDS, antiretroviral therapy, CD4(+) T cells count

Introduction
HIV/AIDS antiretroviral therapy (hereafter referred to as treatment) is the primary strategy to prevent the spread of AIDS.1 In 
recent years, cumulative survivors (including HIV infected people and PLWH) have been increasing in Sichuan province and 
total 200,000 people were still alive at the end of 2021. To improve the treatment effect and quality of life of AIDS patients has 
become the main goal of AIDS prevention and treatment. Previous studies in Sichuan Province have shown that receiving 
ART and the first CD4 (+) T cells level are factors that affect the survival of PLWH. The treatment effectiveness and survival 
rate are worse than those in regions with developed economy and medical technology in China.2,3 The treatment effect of 
PLWH directly affects their quality of life. At present, the method widely used in the laboratory to evaluate the efficacy of 
treatment is the detection of HIV-1 viral load. However, with the change of treatment compliance, the viral load fluctuates 
greatly in a short time and changes rapidly. CD4(+) T cell is an important immune cell of the immune system. Therefore, CD4 
(+) T cells count can directly reflect the immune function of PLWH being the accurate indicator for PLWH immune system 
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status.4 When CD4(+) T cells decrease to a certain extent, PLWH are more susceptible to a variety of disease5, If without 
timely treatment and control, mortality is extremely high. To avoid opportunistic infections, higher CD4(+) T cells level of 
PLWH in a long term is an important factor. It was observed that CD4(+) T cells level has been increasing in a slowly upward 
trend with the better quality of treatment. In this retrospective cohort study, we screened the PLWH newly reported in Sichuan 
Province from 2014 to 2018, who had failed treatment and tested for HIV-1 genotypic drug resistance during treatment, and 
analyzed the changes of CD4(+) T cell count and influencing factors of CD4(+) T cells recovery. In addition, CD4(+) T cells 
recovery in PLWH infected with CRF07_BC, CRF08_BC and CRF01_AE strains was found to have different characteristics 
during treatment.6,7 In addition to the prevalence of the above subtypes of HIV in Sichuan Province, a new subtype of HIV, 
named CRF85_BC8, has been found in the south of Sichuan Province in recent years. The purpose of this study was to 
investigate the immune progression and immune recovery of PLWH associated with different subtypes of virus.

Methods
Study Design and Participants
PLWH was screened from the Chinese Center for Disease Control and Prevention’s AIDS comprehensive prevention and 
control information system, including following three inclusion criteria: (1) From January 2014 to December 2018, the new 
reports of PLWH in Sichuan Province, (2) HIV-1 viral load level >1000 copies/mL was observed at least once during treatment 
and HIV-1 genotypic drug resistance testing was completed; (3) These PLWH patients received antiviral therapy and CD4(+) 
T cell count testing within 3 months after diagnosis. For these PLWH, their information is derived from the medical records in 
the system, including sociodemography (eg, age, sex, race, marital status, education, occupation), HIV/AIDS-related 
indicators and disease progression (eg, initial CD4(+) T cell count, recent CD4(+) T cell count, disease stage, death or not), 
treatment status (eg, Initial treatment protocol, recent treatment protocol, change of medication, duration of treatment) and 
major routes of HIV transmission (heterosexual, homosexual, intravenous drug use, other routes of transmission), at the time 
of initial diagnosis, PLWH were consulted about the route of HIV infection through a clinical history or epidemiological 
investigation. Drug resistance results and subtypes were obtained from the HIV-1 genotypic drug resistance detection database 
of Sichuan Provincial Center for Disease Control and Prevention.

The research plan was approved by the Ethics Committee of Sichuan Provincial Center for Disease Control and Prevention, 
and all the subjects followed the principle of informed consent. The study complies with the Declaration of Helsinki.

Sample Collection and Preservation
5mL whole blood of PLWH were collected with anti-coagulation Vacutainer of EDTA-K2 and mixed thoroughly for the 
determination of CD4(+) T cell count. The blood samples were centrifuged for 1600 × g 10 min within 6h. The plasma 
was separated and stored temporarily at −70 °C for HIV-1 viral load detection and drug resistance was further detected in 
samples with viral load >1000 copies/mL.

Laboratory Tests
CD4(+) T cell count, viral load and genotypic drug resistance testing procedures and interpretation of the results were 
carried out in accordance with the guidelines for CD4(+) T cell count testing and quality assurance (2013)9, the 
guidelines for HIV-1 viral load testing and quality assurance (2013)10 and the guidelines for HIV-1 genotypic drug 
resistance testing and quality assurance (2013)11 developed by the Chinese Center for Disease Control and Prevention. 
CD4(+) T cell count and viral load tests were performed by regional centers for Disease Control and prevention or 
Sentinel treatment hospitals, and drug resistance tests were performed by Sichuan Provincial Centers for Disease Control 
and prevention.

Subtype Analysis
The sequence results of HIV-1 were edited and spliced by Sequencher 5.0, and then the spliced results were corrected by 
Bioedit 7.0. Multiple sequences of the POL gene of HIV-1 Group M, Group O and Group N reference strains12 were 
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performed to construct the ML phylogenetic tree with the corrected sequence Fasttree 2.0.0 and the generated file was 
imported into FigTree 1.4.2 to determine the subtype.

Statistical Analysis
In order to make the initial CD4(+) T cell count of PLWH subtypes as consistent as possible, we set the initial CD4(+) 
T cell count difference of 100 cells/μL as a subvariable. The difference between the CD4(+) T cell count median and the 
initial CD4(+) T cell count median of PLWH of 2021 year in each population was analyzed by case screening according 
to the study conditions. The last CD4(+) T cell count median before death was taken as the last CD4(+) T cell count 
median for dead patients. Rank sum test was used for statistical analysis, P < 0.05 was statistically significant; According 
to the national manual on free anti-viral drug treatment for AIDS (Fourth Edition),13 when the viral load is completely 
suppressed, the average annual increase of CD4(+) T cell count in infected people is 50–150 cells/μL. Therefore, CD4(+) 
T cell count raise over 50 cells/μL was set as the outcome variable in this study, PLWH socio-demographic information, 
HIV/AIDS related indicators and disease progression (initial CD4(+) T cell count, drug resistance, disease stage, virus 
subtype), treatment information, and HIV transmission route were set as independent variables, univariate and multi-
variate logistic regression models were used to screen the factors affecting PLWH CD4(+) T cell count increase ≥50 
cells/μL, and univariate logistic regression analysis was performed for each variable, the variables of P < 0.2 were 
included in the multivariate logistic regression analysis with P < 0.05 meaning significantly different.

Result
Baseline Characteristics of Study Participants
A total of 116,625 PLWH data were extracted from the information system. During the treatment of PLWH, there were 9421 
cases of PLWH with HIV-1 viral load>1000 CPs/mL and HIV-1 genotypic drug resistance test. There were 5023 cases 
(53.31%) of these PLWHs receiving treatment within 3 months after the onset of the disease, including 4977 cases (52.83%) 
with complete information (Figure 1). A total of 4977 patients with PLWH were enrolled, including 2358 (47.38%) with 
CRF07_BC, 1507 (30.28%) with CRF01_AE, 577 (11.59%) with CRF08_BC, 303 (6.09%) with CRF85_BC, 232 (4.66%) 
with other subtypes, which including 79 (1.58%) with subtype B, 55 (1.11%) of CRF55_01B, 20 (0.40%) of CRF 77_cpx, 12 
(0.24%) of C subtype, 10 (0.2%) of CRF 52_01B, and 56 (1.13%) of a few CRF and unknown subtypes. Including 1658 
(33.31%) came from Chengdu Plain, drug resistance 2124 (42.6%), 50 years or above 2624 (52.72%), males 3630 (72.94%), 
Hans ethnicity 4378 (87.96%), married or cohabiting 2671 (53.67%), primary education 2174 (43.68%), farmers 3471 
(69.74%), infection route for heterosexual transmission 4478 (89.97%), the disease course is in AIDS stage 2662 (53.49%), 
initial CD4(+) T cell count in 200–300 cells/μL 1221 (24.53%), the initial treatment regimen was Tenofovir + Lamivudine + 
Nevirapine Wellen (TDF + 3TC + NVP/EFV) 3967 (79.71%). The most recent treatment regimen included the second-line 
regimen of lopinavir/ritonavir (LPV/r) 1498 (30.10%), during the course of treatment, 1754 (35.24%) had changed the 
treatment plan, 2209 (44.38%) had been treated for 24–48 months, and 1021 (20.51%) died (Table 1).

Analysis of the change of CD4(+) T cell count median in the course of treatment. It was found that PLWH infected 
with CRF85_BC had a lower median increase in CD4(+) T cell count than PLWH infected with CRF01_AE, CRF07_BC, 
CRF08_BC and other subtypes (p < 0.05). Including the age is 15–29 years, Han nationality, junior high school culture, 
the infection route is heterosexual transmission, AIDS stage, the initial treatment program is TDF + 3TC + NVP/EFV, the 
treatment time is 48–72 months, the initial CD4(+) T cell count <200 cells/μL. In the following variables, Compared with 
PLWH infected with the other subtypes of virus, CD4(+) T cell count median was unchanged or decreased in CRF85_BC 
with HIV-1 subtypes (p < 0.05), including female, married or cohabiting, high school and above culture, farmer, the most 
recent treatment was TDF + 3TC + NVP/EFV, the treatment regimen was not changed, the treatment time was 24–48 
months, the initial CD4(+) T cell count median at 200–300 cells/μL and drug resistance (Table 2).

Analysis of factors influencing CD4(+) T cell count recovery during treatment. It was found that some factors could affect 
PLWH CD4(+) T cell count recovery by logistic regression model. The following variables are more likely to promote 
PLWH CD4(+) T cell count growth ≥50 cells/μL. Women (OR: 1.41, 95% CI: 1.22–1.64), Yi people (OR: 1.55, 95% CI: 
1.17–2.06), married or cohabiting (OR: 1.27, 95% CI: 1.03–1.56), the education level is primary school (OR: 1.25, 95% CI: 
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1.04–1.51), junior high school (OR: 1.52, 95% CI: 1.22–1.88) and senior high school or above (OR: 2.30, 95% CI: 1.71– 
3.09), the initial treatment regimen was TDF + 3TC + NVP/EFV (OR: 1.32, 95% CI: 1.05–1.65), the most recent treatment 
regimen was TDF + 3TC + NVP/EFV (OR: 1.37, 95% CI: 1.03–1.83) and the second-line regimen with LPV/r (OR: 1.86, 
95% CI: 1.22–2.84), the duration of treatment was 24–48 months (OR: 3.39, 95% CI: 2.69–4.28), 48–72 months (OR: 5.23, 
95% CI: 4.09–6.69) and 72 months or more (OR: 5.89, 95% CI: 4.35–7.97). The following variables are more likely to 
prevent PLWH CD4(+) T cell count growth ≥50 cells/μL. Age ≥50 years (OR: 0.70, 95% CI: 0.54–0.91), AIDS stage (OR: 
0.32, 95% CI: 0.26–0.40), infected with CRF01_AE strain (OR: 0.84, 95% CI: 0.72–0.98) and CRF85_BC strain (OR: 0.72, 
95% CI: 0.55–0.95). Compared with the initial CD4(+) T cell count <100 cells/μL, the initial CD4(+) T cell count was 100– 
200 cells/μL (OR: 0.59, 95% CI: 0.48–0.72), 200–300 cells/μL (OR: 0.19, 95% CI: 0.15–0.25), 300–400 cells/μL (OR: 0.13, 
95% CI: 0.10–0.17), 400–500 cells/μL (OR: 0.10, 95% CI: 0.07–0.13) and 500 cells/μL and above (OR: 0.04, 95% CI: 0.03– 
0.05) were more likely to prevent PLWH CD4(+) T cell count from increasing more than 50 cells/μL. (Table 3).

Discussion
In 2014, the Joint United Nations Programme on HIV/AIDS proposed “three 90% prevention strategies”. In China’s 13th 
Five Year Plan of action to curb and combat AIDS, the “three 90%” targets were also proposed, of which the third target 
was to achieve a 90% success rate in PLWH treatment with antiviral therapy.14 Then, it is very important to explore the 
influencing factors of CD4(+) T cell progress in the treatment of AIDS patients and the differences of CD4(+) T cell 
progress. Responding to different subtype strains. This study was focused on PLWH with virological failure in the course 

Figure 1 Sampling flowchart.
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Table 1 Basic Information of Patients

Variables Subtype (n,%)

CRF07_BC 
(n=2358)

CRF01_AE 
(n=1507)

CRF08_BC 
(n=577)

CRF85_BC 
(n=303)

Others 
(n=232)

Total

Total 2358(100) 1507(100) 577(100) 303(100) 232(100) 4977(100)

Region

Chengdu Plain 815(34.56) 663(43.99) 86(14.90) 14(4.62) 80(34.48) 1658(33.31)

Northeast Sichuan 363(15.39) 351(23.29) 92(15.95) 9(2.97) 82(35.34) 897(18.02)

Northwest Sichuan 20(0.85) 16(1.06) 0(0.00) 0(0.00) 0(0.00) 36(0.72)

South Sichuan 489(20.74) 441(29.26) 375(64.99) 279(92.08) 56(24.14) 1640(32.95)

Panxi Plain 671(28.46) 36(2.39) 24(4.16) 1(0.33) 14(6.03) 746(14.99)

Age (years)

15–29 449(19.04) 207(13.74) 34(5.89) 8(2.64) 44(18.97) 742(14.91)

30–49 864(36.64) 478(31.72) 135(23.40) 41(13.53) 93(40.09) 1611(32.37)

≥50 1045(44.32) 822(54.55) 408(70.71) 254(83.83) 95(40.95) 2624(52.72)

Gender

Male 1666(70.65) 1155(76.64) 405(70.19) 216(71.29) 188(81.03) 3630(72.94)

Female 692(29.35) 352(23.36) 172(29.81) 87(28.71) 44(18.97) 1347(27.06)

Ethnicity

Han 1818(77.10) 1477(98.01) 558(96.71) 302(99.67) 223(96.12) 4378(87.96)

Yi 506(21.46) 9(0.60) 13(2.25) 0(0.00) 7(3.02) 535(10.75)

Others 34(1.44) 21(1.39) 6(1.04) 1(0.33) 2(0.86) 64(1.29)

Marital status

Single 426(18.07) 303(20.11) 74(12.82) 27(8.91) 51(21.98) 881(17.70)

Married or living With spouse 1359(57.63) 746(49.50) 300(51.99) 150(49.50) 116(50.00) 2671(53.67)

Divorced/widowed 573(24.30) 458(30.39) 203(35.18) 126(41.58) 65(28.02) 1425(28.63)

Education level

Illiteracy 509(21.59) 200(13.27) 110(19.06) 72(23.76) 19(8.19) 910(18.28)

Primary school 965(40.92) 660(43.80) 292(50.61) 170(56.11) 87(37.50) 2174(43.68)

Middle school 617(26.17) 438(29.06) 138(23.92) 50(16.50) 76(32.76) 1319(26.50)

High school and above 267(11.32) 209(13.87) 37(6.41) 11(3.63) 50(21.55) 574(11.53)

Occupation

Farmers 1648(69.89) 1040(69.01) 415(71.92) 232(76.57) 136(58.62) 3471(69.74)

Employed 448(19.00) 323(21.43) 110(19.06) 48(15.84) 56(24.14) 985(19.79)

Retired 76(3.22) 31(2.06) 21(3.64) 11(3.63) 9(3.88) 148(2.97)

Others 186(7.89) 113(7.50) 31(5.37) 12(3.96) 31(13.36) 373(7.49)

(Continued)
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Table 1 (Continued). 

Variables Subtype (n,%)

CRF07_BC 
(n=2358)

CRF01_AE 
(n=1507)

CRF08_BC 
(n=577)

CRF85_BC 
(n=303)

Others 
(n=232)

Total

Route of transmission

Hetero 2047(86.81) 1381(91.64) 559(96.88) 298(98.35) 193(83.19) 4478(89.97)

MSM 153(6.49) 118(7.83) 7(1.21) 4(1.32) 36(15.52) 318(6.39)

IDUs 154(6.53) 4(0.27) 8(1.39) 0(0.00) 2(0.86) 168(3.38)

Others 4(0.17) 4(0.27) 3(0.52) 1(0.33) 1(0.43) 13(0.26)

Stage of disease

HIV 1257(36.09) 528(35.04) 289(50.09) 153(50.50) 88(37.93) 2315(46.51)

AIDS 1101(63.91) 979(64.96) 288(49.91) 150(49.50) 144(62.07) 2662(53.49)

Initial treatment regimen

AZT+3TC+NVP/EFV 397(16.84) 279(18.51) 127(22.01) 62(20.46) 43(18.53) 908(18.24)

TDF+3TC+NVP/EFV 1896(80.41) 1206(80.03) 443(76.78) 239(78.88) 183(78.88) 3967(79.71)

Second line treatment with LPV/r 58(2.46) 17(1.13) 3(0.52) 2(0.66) 5(2.16) 85(1.71)

Other or unknown 7(0.30) 5(0.33) 4(0.69) 0(0.00) 1(0.43) 17(0.34)

Recent treatment regimen

AZT+3TC+NVP/EFV 206(8.74) 144(9.56) 60(10.40) 29(9.57) 20(8.62) 459(9.22)

TDF+3TC+NVP/EFV 1477(62.64) 803(53.28) 363(62.91) 176(58.09) 117(50.43) 2936(58.99)

Second line treatment with LPV/r 639(27.10) 532(35.30) 145(25.13) 95(31.35) 87(37.50) 1498(30.10)

Other or unknown 36(1.53) 28(1.86) 9(1.56) 3(0.99) 8(3.45) 84(1.69)

Change treatment regimen

Yes 747(31.68) 604(40.08) 188(32.58) 115(37.95) 100(43.10) 1754(35.24)

No 1611(78.32) 903(59.92) 389(67.42) 188(62.05) 132(66.90) 3223(64.76)

ART related information Time 
of ART, moths

<24 221(9.37) 219(14.53) 83(14.38) 46(15.18) 35(15.09) 604(12.14)

24–48 1055(44.74) 661(43.86) 243(42.11) 160(52.81) 90(38.79) 2209(44.38)

48–72 831(35.24) 482(31.98) 194(33.62) 78(25.74) 84(36.21) 1669(33.53)

≥72 251(10.64) 145(9.62) 57(9.88) 19(6.27) 23(9.91) 495(9.95)

The first CD4(+) T cell count 
(cells/μL)

<100 268(11.37) 488(32.38) 69(11.96) 47(15.51) 69(29.74) 941(18.91)

100–200 492(20.87) 303(20.11) 135(23.40) 62(20.46) 43(18.53) 1035(20.80)

200–300 581(24.64) 337(22.36) 166(28.77) 94(31.02) 43(18.53) 1221(24.53)

(Continued)
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Table 1 (Continued). 

Variables Subtype (n,%)

CRF07_BC 
(n=2358)

CRF01_AE 
(n=1507)

CRF08_BC 
(n=577)

CRF85_BC 
(n=303)

Others 
(n=232)

Total

300–400 477(20.23) 208(13.80) 109(18.89) 59(19.47) 48(20.69) 901(18.10)

400–500 255(10.81) 93(6.17) 58(10.05) 25(8.25) 14(6.03) 445(8.94)

≥500 285(12.09) 78(5.18) 40(6.93) 16(5.28) 15(6.47) 434(8.72)

Drug resistance

Yes 851(36.09) 760(50.43) 222(38.47) 150(49.50) 141(60.78) 2124(42.68)

No 1507(63.91) 747(49.57) 355(61.53) 153(50.50) 91(39.22) 2853(57.32)

Death

Yes 366(15.52) 398(26.41) 126(21.84) 76(25.08) 55(23.71) 1021(20.51)

No 1992(84.48) 1109(73.59) 451(78.16) 227(74.92) 177(76.29) 3956(79.49)

Notes: Chengdu Plain includes Chengdu, Deyang, Mianyang, Leshan, Yaan, Meishan and Ziyang; Northeast Sichuan includes Bazhong, Dazhou, Guang’an, Guangyuan, 
Nanchong and Suining; Northwest Sichuan includes Ganzi and Aba; Southern Sichuan includes Luzhou, Neijiang, Yibin and Zigong; Panxi includes Panzhihua and Liangshan.

Table 2 Changes of Median CD4(+) T Cell Count During Treatment (Cells/μL)

Variables CRF07_BC CRF01_AE CRF08_BC CRF85_BC Others Chi Square 
Value

Total 41 33 20 4 32.5 19.056**

Region

Chengdu Plain 53 61 28.5 66.5 37.5 2.21

Northeast Sichuan 30 24 41 20 26.5 0.438

Northwest Sichuan −22 16.5 No data No data No data 0.171

South Sichuan 21 20 6 0 45 4.954

Panxi Plain 51 62.5 151.5 −9 90 6.346*

Age (years)

15–29 58 147 107 3.5 103.5 18.863**

30–49 60 74 55 −5 32 5.937

≥50 20 6 6 4.5 22 7*

Gender

Male 34.5 31 3 5.5 31 22.021***

Female 59.5 37 63.5 −12 51 10.286**

Ethnicity

Han 44.5 33 17.5 4 32 21.761***

Yi 35 86 210 No data 82 6.718*

Others 6 18 −62.5 −56 2.5 2.665

(Continued)
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Table 2 (Continued). 

Variables CRF07_BC CRF01_AE CRF08_BC CRF85_BC Others Chi Square 
Value

Marital status

Single 46 76 −10 0 105 11.507**

Married or living With spouse 42 38 38 0 49.5 13.076**

Divorced/widowed 37 13 6 8.5 0 3.526

Education level

Illiteracy 15 0 14 −8 −8 8.052*

Primary school 21 10 17 19 32 4.168

Middle school 61 63 33 2 16 54.577***

High school and above 110 157 18 −69 119.5 19.433**

Occupation

Farmers 26.5 18 16 0 16 10.004**

Employed 81.5 74 59.5 0.5 75.5 6.439*

Retired 52.5 38 5 0 −4 4.102

Others 51.5 113 34 47 120 7.108*

Route of transmission

Hetero 39 27 18 4 27 15.185**

MSM 104 154 124 −43 117 4.382

IDUs 12.5 127.5 108.5 No data −10 3.748

Others 407.5 20.5 −34 94 34 3.995

Stage of disease

HIV 27 12.5 20 −20 32 8.36*

AIDS 54 43 20.5 19.5 36 13.406**

Initial treatment regimen

AZT+3TC+NVP/EFV 16 15 20 −18.5 −16 1.473

TDF+3TC+NVP/EFV 47.5 40 34 3 42 19.852**

Second line treatment with LPV/r 44.5 26 −3 −27 −53 3.498

Other or unknown 63 −112 271 No data 1408 6.243*

Recent treatment regimen

AZT+3TC+NVP/EFV 2.5 −17 −27.5 −3 −3 2.044

TDF+3TC+NVP/EFV 36 6 43 −1.5 2 20.086***

Second line treatment with LPV/r 68 111.5 2 23 105 39.379***

Other or unknown 34.5 37 0 16 89 1.154

(Continued)
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Table 2 (Continued). 

Variables CRF07_BC CRF01_AE CRF08_BC CRF85_BC Others Chi Square 
Value

Change treatment regimen

Yes 103 58 6 23 103.5 39.168***

No 3 34 27 −3 4.5 17.924**

ART related information Time of ART, 
moths

<24 −9 −14 5 −5 −4 2.401

24–48 37 25 10 −9 38 14.34**

48–72 61 102.5 43 25 92 13.691**

≥72 70 107 56 85 51 7.852*

The first CD4(+) T cell count (cells/μL)

<100 115 121.5 55 44 82 13.842**

100–200 82.5 28 39 19.5 42 27.882***

200–300 51 4 5 −8 30 26.364***

300–400 21 −24 1 −18 −26.5 10.521**

400–500 −2 −85 −58.5 −89 43 8.756*

≥500 −144 −174 −142 −224.5 −213 3.608

Drug resistance

Yes 57 48 24 −1.5 51 29.351***

No 32 24 19 11 22 3.315

Death

Yes −18 26.5 −15 −11 −11 3.244

No 61 84 44 19 81 32.807***

Notes: Minimum and maximum values in parentheses; *p value< 0.2; **p value< 0.05; ***p value< 0.001.

Table 3 Factors Influencing the Recovery of CD4(+) T Cell Count During Treatment

Variables CD4(+) T Cell 
Count Growth≥ 50 

(Cells/μL)

CD4(+) T Cell 
Count Growth< 50 

(Cells/μL)

OR AOR

n (%) n (%)

Age (years)

15–29 415(18.07) 327(12.20) 1 1

30–49 835(36.35) 776(28.96) 0.85(0.71~1.01)* 0.91(0.72~1.14)

≥50 1047(45.58) 1577(58.84) 0.52(0.44~0.62)*** 0.70(0.54~0.91)**

(Continued)
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Table 3 (Continued). 

Variables CD4(+) T Cell 
Count Growth≥ 50 

(Cells/μL)

CD4(+) T Cell 
Count Growth< 50 

(Cells/μL)

OR AOR

n (%) n (%)

Gender

Male 1621(70.57) 2009(74.96) 1 1

Female 676(29.43) 671(25.04) 1.25(1.10~1.42)** 1.41(1.22~1.64)***

Ethnicity

Han 2008(87.42) 2370(88.43) 1 1

Yi 264(11.49) 271(10.11) 1.15(0.96~1.38)* 1.55(1.17~2.06)**

Others 25(1.09) 39(1.46) 0.76(0.46~1.25) 0.66(0.38~1.16)*

Marital status

Single 432(18.81) 449(16.75) 1 1

Married or living With spouse 1262(54.94) 1409(52.57) 0.93(0.80~1.08) 1.27(1.03~1.56)**

Divorced/widowed 603(26.25) 822(30.67) 0.76(0.64~0.90)** 1.14(0.92~1.42)

Education level

Illiteracy 354(15.41) 556(20.75) 1 1

Primary school 915(39.83) 1259(46.98) 1.14(0.98~1.34)* 1.25 (1.04~1.51)**

Middle school 668(29.08) 651(24.29) 1.61(1.36~1.91)*** 1.52(1.22~1.88)***

High school and above 360(15.67) 214(7.99) 2.64(2.13~3.28)*** 2.30(1.71~3.09)***

Occupation

Farmers 1492(64.95) 1979(73.84) 1 1

Employed 538(23.42) 447(16.68) 1.60(1.39~1.84)*** 1.14(0.96~1.35)*

Retired 68(2.96) 80(2.99) 1.13(0.81~1.57) 1.16(0.79~1.70)

Others 199(8.66) 174(6.49) 1.52(1.22~1.88)*** 1.08(0.84~1.38)

Route of transmission

Hetero 2016(87.77) 2462(91.87) 1 1

MSM 196(8.53) 122(4.55) 1.96(1.55~2.48)*** 1.19(0.88~1.60)

IDUs 78(3.40) 90(3.36) 1.06(0.78~1.44) 1.00(0.67~1.48)

Others 7(0.30) 6(0.22) 1.43(0.48~4.25) 0.92(0.29~2.88)

Stage of disease

HIV 1018(44.32) 1297(48.40) 1 1

AIDS 1279(55.68) 1383(51.60) 1.18(1.05~1.32)** 0.32(0.26~0.40)***

Initial treatment regimen

AZT+3TC+NVP/EFV 361(15.72) 547(20.41) 1 1

(Continued)
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Table 3 (Continued). 

Variables CD4(+) T Cell 
Count Growth≥ 50 

(Cells/μL)

CD4(+) T Cell 
Count Growth< 50 

(Cells/μL)

OR AOR

n (%) n (%)

TDF+3TC+NVP/EFV 1890(82.28) 2077(77.50) 1.38(1.19~1.60)*** 1.32(1.05~1.65)**

Second line treatment with LPV/r 36(1.57) 49(1.83) 1.11(0.71~1.75) 0.64(0.35~1.17)*

Other or unknown 10(0.44) 7(0.26)

Recent treatment regimen

AZT+3TC+NVP/EFV 149(6.49) 310(11.57) 1 1

TDF+3TC+NVP/EFV 1282(55.81) 1654(61.72) 1.61(1.31~1.99)*** 1.37(1.03~1.83)**

Second line treatment with LPV/r 828(36.05) 670(25.00) 2.57(2.06~3.21)*** 1.86(1.22~2.84)**

Other or unknown 38(1.65) 46(1.72)

Change treatment regimen

Yes 935(40.71) 819(30.56) 1 1

No 1362(59.29) 1861(69.44) 0.64(0.57~0.72)** 1.14(0.85~1.54)

ART related information Time of ART, 
moths

<24 128(5.57) 476(17.76) 1 1

24–48 978(42.58) 1231(45.93) 2.95(2.39~3.66)*** 3.39(2.69~4.28)***

48–72 907(39.49) 762(28.43) 4.43(3.56~5.50)*** 5.23(4.09~6.69)***

≥72 284(12.36) 211(7.87) 5.01(3.84~6.52)*** 5.89(4.35~7.97)***

Subtype

CRF07_BC 1136(49.46) 1222(45.60) 1 1

CRF01_AE 703(30.61) 804(30.00) 0.94(0.83~1.07) 0.84(0.72~0.98)**

CRF08_BC 247(10.75) 330(12.31) 0.81(0.67~0.97)** 0.94(0.76~1.15)

CRF85_BC 106(4.61) 197(7.35) 0.58(0.45~0.74)*** 0.72(0.55~0.95)**

Others 105(4.57) 127(4.74) 0.89(0.68~1.17) 0.75(0.55~1.02)*

The first CD4(+) T cell count (cells/μL)

<100 583(25.38) 358(13.36) 1 1

100–200 528(22.99) 507(18.92) 0.64(0.53~0.77)*** 0.59(0.48~0.72)***

200–300 546(23.77) 675(25.19) 0.50(0.42~0.59)*** 0.19(0.15~0.25)***

300–400 380(16.54) 521(19.44) 0.45(0.37~0.54)*** 0.13(0.10~0.17)***

400–500 167(7.27) 278(10.37) 0.37(0.29~0.47)*** 0.10(0.07~0.13)***

≥500 93(4.05) 341(12.72) 0.17(0.13~0.22)*** 0.04(0.03~0.05)***

(Continued)
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of treatment. We obtained PLWH virus subtypes and previous drug resistance, in order to provide technical reference for 
improving the effect of follow-up treatment, the CD4(+) T cell recovery of the population and the related factors affecting 
the CD4(+) T cell recovery were analyzed.

We found that the CD4(+) T cell count median increase of PLWH infected with CRF85_BC was lower than that of 
PLWH infected with CRF01_AE, CRF07_BC and CRF08_BC. The subtype was found in Sichuan Province in 2014 
when the province’s HIV molecular epidemiology survey was conducted, and was mainly found in southern Sichuan, 
especially in the elderly population in Yibin.8,15 Due to the short transmission time of this subtype of virus in this 
province, most studies are focused on HIV molecular transmission networks,16 while PLWH with this subtype of virus is 
monitored during treatment, such as immune cell progress and drug-resistant mutations being missing. This study 
suggests that in addition to strengthening the monitoring of molecular infectious disease and reducing the prevalence 
of CRF85_BC, the measures should be conducted to strengthen the monitoring of immune progress of PLWH infected 
with CRF85_BC, as to improve the treatment quality of PLWH.

It was also found that the median increase of CD4(+) T cell count in PLWH with initial CD4(+) T cell count at or 
above 300 cells/μL was lower than that in PLWH with initial CD4(+) T cell count below 300 cells/μL, especially with the 
higher the initial CD4(+) T cell count, the lower the median CD4(+) T cell count growth after treatment. The main reason 
is that high CD4(+) T cell level helps to reduce drug resistance and viral load, so it may reduce some PLWH tolerance to 
drug side effects, leading to stop taking drugs or reduce compliance, resulting in the reduction of CD4(+) T cell level; 
Second, the study population has experienced at least one virological failure, and the overall treatment compliance may 
be worse than PLWH which has maintained successful viral suppression, which resulted in reduce compliance when 
feeling better physically.

Through the analysis of the factors influencing the increase of CD4(+) T cell count, it was found that female, Yi 
people, married or cohabiting, primary school or above, and the initial treatment program was TDF + 3TC + NVP/EFV, 
the most recent treatment regimen was TDF + 3TC + NVP/EFV and the second-line regimen with LPV/r. Treatment 
duration of 24 months or more was a protective factor for increased CD4(+) T cell count growth. Women are less likely 
than men to stop treatment and have better adherence, ensuring long-term viral suppression and better immunity. In 
addition, women tend to have better health care seeking behaviour, higher levels of treatment and a lower risk of 
treatment failure;17 and women have lower body mass index, and they are more likely than men to maintain higher drug 
concentrations in their bodies, so they are more likely to achieve viral suppression that promotes CD4(+) T cell count 
growth;18 men are more likely than women to engage in unhealthy behaviors, such as smoking and drinking alcohol, 
which may aggravate antiviral drug’s liver toxicity, suppress immune system function.19 The Yi people population is 
mainly concentrated in Liangshan, and the 13th five-year plan has enhanced the treatment coverage and the treatment 
efficiency, and improved the treatment quality to a certain extent.20 When PLWH with good marital status suffers from 
the pain caused by disease, their spouses can give support and improve their sense of guilt and shame; However, PLWH 
who are single or divorced lack companionship and support from their partners, which can easily lead to shame, 
unwillingness to take the initiative to consult and poor treatment compliance.21 The higher the educational level, the 

Table 3 (Continued). 

Variables CD4(+) T Cell 
Count Growth≥ 50 

(Cells/μL)

CD4(+) T Cell 
Count Growth< 50 

(Cells/μL)

OR AOR

n (%) n (%)

Drug resistance

Yes 1031(4.88) 1093(40.78) 1 1

No 1266(55.12) 1587(59.22) 0.85(0.76~0.95)** 1.11(0.97~1.27)*

Notes: *p value< 0.2; **p value< 0.05; ***p value< 0.001.
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better the ability to face aids and accept the knowledge related to the disease. The better the medical condition and living 
standard, the better the knowledge related to the disease and the higher the treatment compliance. TDF + 3TC + NVP/ 
EFV is the first-line choice for the treatment of AIDS in China. Compared with the previous first-line Plan Containing 
Stavudine (D4T), TDF + 3TC + NVP/EFV has fewer side effects and promotes PLWH compliance. The composition of 
treatment regimens played a key role during the follow-up period, ie PLWH with a second-line treatment regimen 
containing LPV/r was more likely to improve treatment outcomes than PLWH with a first-line treatment regimen and this 
result is consistent with the results of a previous study in our province.22 In addition, the steady growth of CD4(+) T cell 
count was achieved with a longer treatment. It was found in previous study that PLWH treated for less than 12 months 
was more likely to fail virologically, leading to a decrease in CD4(+) T cell count, compared with PLWH treated for more 
than 12 months. pLWH had the highest mortality within 1 year after antiviral therapy.23 Therefore, standard treatment in 
the early stage of is to improve PLWH quality of life of effective measures.

The study found that the age of 50 years old, AIDS stage, infected with CRF01_AE and CRF85_BC, pre-treatment 
CD4(+) T cell count is higher will affect PLWH treatment process of CD4(+) T cell count growth. The results suggest 
that PLWH in the elderly is less effective than the young and middle-aged patients, which is related to the lower immune 
status of the elderly than the young and middle-aged. PLWH during the AIDS stage, its CD4(+) T cell count growth is 
not optimistic, these PLWH have more access to opportunistic infections, leading to more time at home or hospital, 
which will further increase the psychological burden of patients, leading to reduced compliance. This study found that 
PLWH infected with CRF01_AE had worse CD4(+) T cell count recovery than that infected with CRF07_BC, which was 
mainly due to the higher percentage of X4 gonotropic virus.6,7 In addition, the CD4(+) T cell count recovery rate of 
PLWH infected with CRF85_BC was lower than that of PLWH infected with CRF07_BC. As the subtype of the virus is 
currently mainly prevalent among the heterosexually transmitted elderly people in southern Sichuan,7 it is once again 
emphasized that the virus is needed to pay close attention of the health department. It is necessary to strengthen the 
prevention and control of AIDS among people infected with the virus, reduce the spread of the virus, and formulate 
effective measures to strengthen the treatment quality of PLWH. The study found that the percentage of CD4(+) T cell 
count increase of 50 cells/μL or more during treatment decreased with the increase of initial CD4(+) T cell count, because 
CD4(+) T cell count reached 500 cells/μL during treatment, it would enter the plateau stage, so CD4(+) T cell count 
growth curve will tend to smooth out gradually. However, this does not mean that low level CD4(+) T cell count in 
PLWH immune status can be significantly restored. Early studies have shown that CD4(+) T cell count increases when 
initial CD4(+) T cell count is below 350 cells/μL, but only up to 400–500 cells/μL after 6 years of treatment.4 Only when 
initial CD4(+) T cell count is above 350 cells/μL in PLWH, its CD4(+) T cell count is 829 cells/μL. Another reason is 
that the subjects in this study had at least one virological failure, and their overall treatment compliance may be at 
relatively low level, especially PLWH with high initial CD4(+) T cell count, probably because the immune condition at 
that time was relatively good and reduced the compliance to take medicine.

Limitations
In this study, PLWH were tested for HIV-1 drug resistance after HIV-1 virological failure in the course of treatment, so it 
can only reflect the recovery of CD4(+) T cell count in this population. In this study, CD4(+) T cell count was analyzed 
only in the initial and recent treatment of PLWH, with laboratory parameters and compliance during treatment not 
analyzed, which may bias the analysis of results.

Conclusion
Age, sex, ethnicity, marital status, educational level, disease status, treatment protocol, treatment duration, initial CD4(+) 
T cell count, and virus subtype are the factors that influence PLWH CD4(+) T cell count increase. In particular, PLWH 
infected with CRF85_BC virus has a poor recovery of CD4(+) T cell count in the course of follow-up treatment. The 
health department should formulate effective treatment measures according to the influencing factors and the character-
istics of virus, improve the quality of life of PLWH and reduce the mortality.
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