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ABSTRACT

Objective To evaluate the effectiveness of standardised
antiretroviral therapy (ART) among different HIV subtypes
in people living with HIV/AIDS (PLWHA), and to screen the
best ART regimen for this patient population.

Design A retrospective cohort study was performed, and
PLWHA residing in Huzhou, China, between 2018 and
2020, were enrolled.

Setting and participants Data from 625 patients,

who were newly diagnosed with HIV/AIDS in the AIDS
Prevention and Control Information System in Huzhou
between 2018 and 2020, were reviewed.

Analysis and outcome measures Data regarding
demographic characteristics and laboratory investigation
results were collected. Immune system recovery

was used to assess the effectiveness of ART, and an
increased percentage of CD4* T lymphocyte counts
>30% after receiving ART for >1 year was determined
as immunopositive. A multiple logistic regression model
was used to comprehensively quantify the association
between PLWHA immunological response status and virus
subtype. In addition, the joint association between different
subtypes and treatment regimens on immunological
response status was investigated.

Results Among 326 enrolled PLWHA with circulating
recombinant forms (CRFs) CRFO1_AE, CRF07_BC

and other HIV/AIDS subtypes, the percentages of
immunopositivity were 74.0%, 65.6% and 69.6%,
respectively. According to multivariate logistic regression
models, there was no difference in the immunological
response between patients with CRFO1_AE, CRF07_BC
and other subtypes of HIV/AIDS who underwent ART
(CRF07_BC: adjusted OR (aOR) (95% CI) = 0.8 (0.4 to 1.4);
other subtypes: aOR (95% Cl) = 1.2 (0.6 to 2.3)). There
was no evidence of an obvious joint association between
HIV subtypes and ART regimens on immunological
response.

Conclusions Standardised ART was beneficial to all
PLWHA, regardless of HIV subtypes, although it was more
effective, to some extent, in PLWHA with CRFO1_AE.

INTRODUCTION
AIDS is a major public health problem." As
of 2019, 38 million individuals worldwide are

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The present study was based on a population-
based cohort rather than case-control or descriptive
investigations.

= The study analysed the association between HIV
subtypes and immunological responses, considering
the joint association of subtypes and ART regimens.

= HIV-1 subtypes were regionally relevant and sam-
pling bias was inevitable.

= This study had a small sample size because HIV-1
genotyping is not routinely performed in China.

= Data regarding viral load was missing from a large

number of records.

living with HIV, and 690000 have died from
HIV-related illnesses.” HIV harms human
health primarily by infecting the body and
destroying immune cells, and individuals
living with HIV often live as asymptomatic
carriers for decades or more before eventu-
ally developing AIDS and secondary comor-
bidities.® In China, the HIV epidemic has
generally stabilised from an annual increase
at the beginning of twenty-first century.*
However, there is wide variation in the type
of epidemic and geographical spread, which
poses a great challenge to the prevention and
control of AIDS in China.’

Although there is still no effective cure
for AIDS, previous studies have shown that
antiretroviral therapy (ART) is widely used
to control HIV/AIDS, with good results.®
Since 2016, all people living with HIV/
AIDS (PLWHA) in China, regardless of their
initial CD4" T lymphocyte (CD4) cell levels,
have been eligible to receive free-state ART
and regular follow-up visits by health service
staff.” In 2019, the world has entered an era
of universal access to ART, and many devel-
oping countries, including China, have in
large part achieved full coverage of ART, with
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an increasing number of PLWHA receiving free ART and
achieving viral control.® However, the HIV epidemic in
China has shown no signs of slowing down.”

HIV, a highly diverse virus, exhibits significant genetic
variability and a high viral replication rate, which may
produce biological variability that affects treatment
outcomes.'’ There are two major HIV types—HIV type 1
(HIV-1) and HIV type 2 (HIV-2), and PLWHA with HIV-2
tend to have a lower viral load (VL) than those with HIV-1.
HIV-1 is by far the most prevalent type, with almost 95%
of global HIV infections of type 1, and HIV-1 is further
divided into four groups, including groups M, O, N and
P. Group M is the world’s major epidemic pathogen of
HIV,11 and is further divided into 10 subtypes (A, B, C,
D, F, G, F, J, Kand L), a series of circulating recombinant
forms (CRFs)'* and unique recombinant forms. Currently,
CRFs formed by recombination among subtypes B, C
and CRFO1_AE are the most common in China. HIV-1
CRFO01_AE and CRF07_BC account for 36.2% and 40.8%
of the population reported to be infected in 2018, respec-
tively, according to the results of the 2018 China Molec-
ular Epidemiology Survey,"” and these two branches have
become the most predominant CRFs of HIV in China."*
CRFO1_AE was reported to harbour a high prevalence of
CXCR4 viruses,” which contributed to rapid CD4 count
depletion in natural infection'®'” and suboptimal CD4
restoration during ART." Studies investigating the effec-
tiveness of ART in patients with major HIV-1 subtypes
have been inconclusive. An analysis of the impact of HIV-1
subtype diversity on long-term clinical outcomes of ART
in Guangxi Province suggested that patients with CRFO1_
AE may benefit more from immediate ART than those
with CRFO7_BC.19 However, studies in southern Nigeria
and the UK did not report an association between HIV-1
subtypes and immunological or virological responses
after treatment.”” *' Therefore, we hypothesised that
the effectiveness of ART differs among HIV-1 subtypes.
Accordingly, we aimed to analyse the association between
patients with HIV/AIDS with different subtypes and
immunological responses after ART in Huzhou, China,
between 2018 and 2021, and to further explore whether
different ART regimens have a modifying effect on the
association between different HIV subtypes and immuno-
logical responses.

METHODS

Study design and participants

The present investigation was a retrospective cohort study.
Data from 625 patients, who were newly diagnosed with
HIV/AIDS in the AIDS Prevention and Control Informa-
tion System (the AIDS-PCIS) in Huzhou between 2018
and 2020, were reviewed. All participants identified in the
AIDS-PCIS receive a combination antiretroviral regimen
containing at least three antiretroviral drugs and sign an
informed consent form at the time of initiation of ART,
allowing the use of clinical records in future epidemio-
logical studies. The inclusion criteria for the study were

as follows: (1) Complete laboratory blood tests before
receiving ART; (2) Living in Huzhou area including
temporary residents; (3) Starting ART between 1 January
2018 and 31 December 2020; (4) Having a complete
record of CD4 cell counts to 9—15 months after receiving
ART. Ultimately, data from 326 PLWHA were included in
the present study.

Demographic characteristics and laboratory information

Data on the demographic and clinical characteristics of
the study participants were collected at the time of their
registration in a face-to-face survey interview or extracted
from their medical records using a structured question-
naire designed specifically for AIDS-PCIS. Information
collected included age, sex, height, weight, marital status,
occupation, history of sexually transmitted infections
(STIs), disease status, sample source, clinical staging by
the WHO and route of infection. Body mass index (BMI)
was calculated as weight (kg)/height (m)2 Informa-
tion on laboratory tests was obtained from the Huzhou
Center for Disease Control and Prevention (CDC) or a
local hospital. Tests included CD4, CD8" T lymphocytes
(CD8), VL, white blood cells (WBCs), platelets, haemo-
globin, serum creatinine, triglyceride, total cholesterol,
fasting plasma glucose, alanine aminotransferase, aspar-
tate aminotransferase and total bilirubin. All laboratory
parameters were assessed at the local hospital or central
laboratory of the Huzhou CDC by trained technicians in
strict accordance with clinical guidelines.

Study outcomes

Immunological response was defined as an increase in
CD4 cell counts >30% from baseline at 12 months after
initiation of ART. For those patients who did not undergo
CD4 cell count testing 12 months after starting ART treat-
ment, test results obtained at 9-15 months were selected
for analysis, which was the closest estimate to 12 months.*”

Statistical analysis

Because missing values introduced some bias in the
results, all variables with missing ratios >30% were elim-
inated from the final working data set. Otherwise, the
missing values were filled using a fivefold multiple impu-
tation approach. Subsequently, a sensitivity analysis of the
comparison of preimputation and postimputation was
additionally applied to validate the stability of the imputa-
tions (see online supplemental table S1).

We described continuous variables using mean=SD
or median and IQR, and Student’s t-test or Wilcoxon
rank-sum test was used to compare the differences of
patients with and without immunological responses.
Categorical variables were shown as proportions, and
or Fisher’s exact tests were used for their comparisons.
The association between immunological response and
participants’ characteristics was estimated using univari-
able logistic regression models. Multivariable logistic
regression was performed including all variables that
were associated with immunological response in the
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Blood samples from PLWHA in Huzhou for HIV gene
subtype identification, 2018-2022 (634 cases)

l

PLWHA with subtype results (415 cases)

Exclude:

PLWHA without initiation of ART (7 cases )

PLWHA with missing baseline CD4 records (1 case)
PLWHA with missing CD4 records at 9-15 months (81 cases)

The remaining PLWHA were included in

the study (326 cases)
Figure 1 Flow chart of people living with HIV/AIDS
(PLWHA) with different subtypes in Huzhou, 2018-2020. ART,
antiretroviral therapy; CD4, CD4" T lymphocyte.

univariable analysis with a value of p<0.05, and the multi-
variate logistic regression model was used to determine
the statistical association between different HIV subtypes
and immunological responses, adjusting for potential
confounders, including leucocyte count, CD8, infection
status and time from diagnosis to treatment. Given the
large heterogeneity in the other subtypes, we selected
only the two main subtypes, CRFO1_AE and CRF07_BC.
According to the WHO definition of obesity in Asian
populations,” the BMI cut-off value was 25 kg/m®. Other
numerical variables were determined based on the
median values. In addition, the joint association between
the HIV subtypes and ART regimens on immunological
response was estimated.

Difference was with P<0.05 were considered to be stati-
cally significant. All data management and statistical anal-
yses were performed using Stata/MP V.15.1 for windows
(Stata Corp, College Station, Texas, USA) and SAS V.9.4
(SAS Institute, Cary, North Carolina, USA).

Patient and public involvement
No subjects took part in developing the research question
or study design.

RESULTS

Description of baseline characteristics

A flow chart of participants is shown in figure 1. A total
of 326 PLWHA were included in the present study, with a
mean follow-up of about 1 year. The distribution of HIV
subtypes was as follows: CRFO1_AE (n=100); CRF07_BC
(n=157); other (n=69). The mean age was 41.9+15.0
years, with 20% of participants <42 years of age. The
median (quartile 1, quartile 3) baseline CD4 cell and CD8
cell counts were 279.5 (175.0-382.0) and 657.75 (481.0-
913.0) cells/ul,, respectively. In addition, the median
(quartile 1, quartile 3) baseline leucocyte counts were 5.6
(4.5-6.7)x 10” /L. Characteristics of the study participants
according to immunological responses are shown in
table 1. Compared with patients without immunological
response, those with immunological response were more
likely to exhibit higher baseline CD4, CD8 and WBC
levels. They also tended to have a shorter time between
HIV diagnosis and treatment. In addition, the majority

of the study participants were HIV-infected at the time of
ART and did not transition to AIDS status. Furthermore,
gender, age, marital status and history of STIs were not
significantly different between the two groups.

Association between immunological response and different
HIV subtypes in PLWHA

The associations between immunological responses and
the different subtypes of HIV are summarised in table 2.
The proportion of positive immunological responses in
PLWHA with CRFO1_AE was obviously higher than that
in PLWHA with CRF07_BC and other subtypes (74.0% vs
65.6% vs 69.6%). In comparison to patients infected with
the CRFO1_AE, individuals diagnosed with CRF07_BC
and other subtypes did not exhibit a significantly distinct
likelihood of eliciting an immune response [ (CRF07_BC:
adjusted odds ratio (aOR) (95% CI) = 0.8 (0.4 to 1.4);
other subtypes: aOR (95% CI) = 1.0 (0.5 to 2.0)]), after
adjusting for variables including the infection status,
WBC, time from diagnosis to treatment and CD8. After
removing patients with CRFOI_AE, there was also no
significant difference in the immunological response
between the two remaining subtypes (other subtypes:
aOR (95% CI) = 1.2 (0.6 to 2.3)).

Joint association between HIV subtypes and ART regimens on

immunological response

Due to the large heterogeneity of patients with other
subtypes, only two other subtypes were retained. The joint
associations between the two subtypes and the three ART
regimens are summarised in online supplemental table
S2. Among PLWHA with CRFO1_AE, the effectiveness of
ART for PLWHA receiving 3TC+EFV+TDF increased by
24% for those receiving 3TC+AZT+EFV (p=0.052, OR
(95% CI) = 3.4 (1.0 to 11.8)). But this effect disappeared
after adjusting for infection status, WBC, CD8 and time
from diagnosis to treatment. None of the other associa-
tions were significant.

DISCUSSION

The global distribution of the HIV-1 genotypes is highly
heterogeneous and varies geographically.” In addition,
the distribution of HIV-1 may be related to different
routes of infection® and forms of population mobility,
etc. Various aspects of disease progression, all-cause
mortality, viral suppression status and immune recovery
status following ART treatment in PLWHA may also be
influenced by the diversity of HIV-1 genotypes. There-
fore, it is important to understand the epidemiological
characteristics of HIV-1 subtypes in a given region®
to enable more targeted treatment and control of the
epidemics. Results of the present study demonstrated
that CRFO1_AE (30.7%) was the predominant HIV-1
genotype in Huzhou, followed by CRF07_BC (17.2%).
This is similar to findings reported in previous studies
examining HIV-1 subtype diversity in Shanghai, Jiangsu
and Guangxi provinces.27 However, there are also studies
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Table 1 Comparison of demographic and laboratory characteristics of PLWHA in different immunological response statuses

Without immunological

With immunological

Variables response (h=101) response (n=225) P value
Categorical variables
Gender 0.210
Male 89 (88.1) 186 (82.7)
Ethnicity 0.267
Han Chinese 100 (99.0) 216 (96.0)
Other 1(1.0) 9 (4.0)
Occupation 0.189
Farmers 33 (32.7) 84 (37.3)
Service industry 11 (10.9) 30 (18.3)
Worker category 35 (34.7) 49 (21.8)
To be employed 7 (6.9) 20 (8.9)
Other 15 (14.9) 42 (18.7)
Education level 0.227
Primary school or under 35 (34.7) 62 (27.6)
Middle and high school 53 (52.5) 119 (52.9)
College or above 13 (12.9) 44 (19.6)
History of venereal disease 0.576
None 84 (83.2) 182 (80.9)
Yes 16 (15.8) 42 (18.7)
Not available 1(1.0) 1(0.4)
Route of infection 0.505
MSM 43 (42.6) 87 (38.7)
HR 58 (57.4) 138 (61.3)
Contact history 0.359
History of men who have sex with men 37 (36.6) 73 (32.4)
Sexual contact occurring out of wedlock 60 (59.4) 134 (59.6)
Sexual contact with a partner 4 (4.0) 18 (8.0)
Marital status 0.368
Unmarried 31 (30.7) 70 (31.1)
Married or with a spouse 46 (45.5) 116 (51.6)
Divorced or widowed 24 (23.8) 39 (17.3)
Regimens 0.876
3TC+AZT+EFV 18 (17.8) 35 (15.6)
3TC+EFV+TDF 77 (76.2) 176 (78.2)
Other 6 (5.9) 14 (6.2)
Infection status 0.002
AIDS 21 (20.8) 86 (38.2)
HIV 80 (79.2) 139 (61.8)
Sample source 0.964
Preoperative testing 24 (23.8) 53 (23.6)
Testing consultancy 20 (19.8) 50 (22.2)
Other attendee testing 25 (24.8) 52 (23.1)
Other 32 (31.7) 70 (31.1)
WHO Clinical Classification 0.228
Continued
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Table 1 Continued
Without immunological  With immunological

Variables response (n=101) response (n=225) P value
lorll 99 (98.0) 224 (99.6)
Il or IV 2 (2.0 1(0.4)

Continuous variables
Age (years) 43.0 (30.0-56.0) 40.0 (29.0-52.0) 0.368
BMI (kg/m?) 22.5 (20.0-24.8) 21.9 (20.0-23.8) 0.392
First CD4 cell counts (pcs/ul) 382.0 (246.0-477.0) 237.0 (155.0-325.0) <0.001
CD8 cell counts (pcs/ul) 572.0 (466.2-779.0) 691.0 (487.5-975.4) 0.027
AST (U/L) 23.0 (19.4-28.0) 23.0 (18.6-29.6) 0.844
ALT (U/L) 24.8 (16.0-37.2) 25.0 (17.6-39.0) 0.495
SCR (umol/L) 70.3 (59.0-78.1) 70.9 (62.0-80.6) 0.539
HB (g/L) 146.5 (134.5-156.0) 149.0 (135.0-159.0) 0.240
PLT (10%L) 199.5 (166.5-240.5) 210.0 (171.0-241.0) 0.287
WBC (10%L) 5.2 (4.3-6.2) 5.8 (4.7-6.9) 0.015
Time from diagnosis to start of treatment (days) 13.0 (12.0-25.0) 12.0 (8.0-19.0) 0.059

Note: Information on continuous variables: none followed a normal distribution, statistical description using median (lower quartile, upper
quartile) and Mann-Whitney test to compare differences between groups. Information on categorical variables: statistical description using
frequency (composition ratio), xz test on R x C scale or Fisher’s exact probability method to compare differences between groups.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CD4, CD4* T lymphocyte; CD8, CD8* T lymphocyte;
HB, haemoglobin; HR, heterosexual transmission; MSM, menwho have sex with men; PLT, platelets; PLWHA, people living with HIV/AIDS;
SCR, serum creatinine; 3TC+AZT+EFV, zidovudine + efavirenz + lamivudine; 3TC+EFV+TDF, lamivudine + efavirenz + tenofovir.; WBC, white

blood cells.

reporting different results, such as a survey of HIV-1 in
Yunnan Province, which found CRFO8_BC to be the most
common subtype.”® Previous studies have shown that the
prevalence of CRFOI_AE is significantly higher in the
southern provinces of China.* This is consistent with its
location of Huzhou. The difference in distribution may
be related to the route of transmission. In our study,
CRF07_BC was the most common genotype in the popu-
lation with homosexual transmission. In fact, it has been
officially reported by the state that heterosexual transmis-
sion has become a major risk factor for PLWHA in China.

China has one of the highest numbers of HIV-1 geno-
types, with 10 CRFs identified for the first time in this
country (CRFO1_AE, CRF07_BC, CRFO8_BC, CRF55_01B,
CRF57_BC, CRF59_01B, CRF61_BC, CRF62_BC, CRF64_
BC and CRF65_cpx). A previous study by Taylor et al
reported that HIV-1 subtype diversity is associated with
the response to ART.Y A comprehensive assessment of
the effect of HIV-1 subtype diversity on long-term clinical
outcomes during ART can help inform planning recom-
mendations. Our study found that PLZWHA with CRF07_
BC had significantly higher baseline CD4 cell counts

* (s3gv) Jnauadngs juswaublasug

Table 2 Association of immunological response status with viral subtypes in PLWHA

Crude Adjusted
Variables N # (%) OR (95% Cl) P value OR (95% Cl) P value
Three subtypes
CRFO01_AE 100 74 (74.00) 1.0 (1.0-1.0) Ref. 1.0 (1.0-1.0) Ref.
CRF07_BC 157 103 (65.6) 0.7 (0.4-1.2) 0.158 0.8 (0.4-1.4) 0.405
Other 69 48 (69.6) 0.8 (0.4-1.6) 0.527 1.0 (0.5-2.0) 0.955
Two subtypes
CRF07_BC 157 103 (65.6) 1.0 (1.0-1.0) Ref. 1.0 (1.0-1.0) Ref.
Other 69 48 (69.6) 1.2 (0.7-2.2) 0.561 1.2 (0.6-2.3) 0.545

Three subtypes are compared using CRFO1_AE as the reference and two subtypes are compared using CRF07_BC as the reference.

Adjusted for infection status, WBC, time from diagnosis to treatment and CD8.

CD8, CD8" T lymphocyte; PLWHA, people living with HIV/AIDS; WBC, white blood cells.

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale[al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
| 8p anbiydeiborqig 8ausby 1e Gzoz ‘€T sunr uo jwod fwg usdolway:dny woly papeojumod 20z AN GT UO £6G52.0-€202-uadolwag/9eTT 0T se paysiignd 1s1y :uado (NG

Liu X, et al. BMJ Open 2024;14:¢072597. doi:10.1136/bmjopen-2023-072597


http://bmjopen.bmj.com/

than those with CRFOI_AE. Previous studies reported
that PLWHA with CRFO1_AE experience a faster rate of
CD4 cell decline and faster progression to HIV/AIDS in
natural infection.” This phenomenon indicates that
patients with CRFO1_AE may benefit more from ART.
However, we did not find any differences in the immu-
nological responses of the different subtypes among
PLWHA. We hypothesise that this may be related to the
short follow-up period. In the future, it will be necessary
for us to continue to follow the CD4 records of this cohort
to test our hypotheses.

Our study has several limitations, the first of which are
its small sample size and short follow-up period. However,
identification of HIV-1 genotyping is not a routine prac-
tice in testing programmes in China, and the subtyping
of this group of patients was performed in a pilot study
in Huzhou. Second, HIV-1 subtypes are regionally rele-
vant and sampling bias is inevitable. Third, there was a
large amount of missing data regarding VL, but we chose
immunological response as the study endpoint. Although
we are currently in the era of ‘total treatment’ for HIV,
long-term serial CD4 cell counts are necessary to deter-
mine disease progression and changes in immune status
to assess the effectiveness of treatment. Finally, although
the study population was a longitudinal cohort, we were
unable to determine an accurate survival time because
our outcome was an immunological response, so we
constructed a multifactorial logistic regression model.
Nevertheless, this is the first study from East China
to analyse the association between HIV subtypes and
immunological responses, considering the joint associ-
ation between subtypes and ART regimens. Therefore,
our findings must to be validated in cohorts with larger
samples sizes.

CONCLUSION

In summary, we found no evidence of an association
between HIV-1 subtypes and immunological responses,
suggesting that currently widely used antiretroviral drugs
have similar effectiveness in the subtypes that predomi-
nate in the Huzhou area.
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