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Abstract

We aimed to analyze the efficacy and safety of an inactivated SARS‐CoV‐2 vaccine

in people living with HIV (PLWH). A total of 143 PLWH and 50 healthy individuals

were included in this study. A commercially available magnetic chemiluminescence

enzyme immunoassay kit was used to detect serum IgG and IgM antibodies against

SARS‐CoV‐2. Serum levels of SARS‐CoV‐2‐specific IgG were significantly higher in

the control group than in the PLWH group (p = 0.001). Overall, 76% of individuals in

the control group were detected with seropositivity IgG against SARS‐CoV‐2

compared to 58% in the PLWH group (p = 0.024). In PLWH with IgG seropositivity,

CD4+ T‐cell counts before antiretroviral therapy (ART) was higher (p = 0.015).

Multivariable analysis indicated that CD4+ T cells at IgG detection (odds ratio

[OR] = 1.004, p = 0.006) and time after vaccination (OR = 0.977, p = 0.014) were

independently associated with seropositivity IgG against SARS‐CoV‐2 in PLWH.

Neutralizing antibody (nAb) titers in PLWH against wild‐type SARS‐CoV‐2 were

similar to those in the control group (p = 0.160). The proportion of seropositive nAbs

against wild‐type SARS‐CoV‐2 was also similar (95% in the control group vs. 97% in

the PLWH group, p = 0.665). Similar results were obtained when nAb was detected

against the delta variants with similar titers (p = 0.355) and a similar proportion of

seropositive nAbs were observed (p = 0.588). All the side effects observed in our

study were mild and self‐limiting. The inactivated COVID‐19 vaccine appears to be

safe with good immunogenicity in Chinese PLWH.
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1 | INTRODUCTION

The goal of antiretroviral therapy (ART) in people living with HIV

(PLWH) is to reduce the morbidity and mortality associated with

HIV infection and prevent HIV transmission.1 Although ART has

significantly reduced the mortality rate of PLWH, improving their

long‐term prognoses remains a clinical challenge. Infections, including

opportunistic infections, are important factors that accelerate the

natural history of HIV infection and cause morbidity and death in

PLWH. Previous studies have shown that vaccination is an effective

strategy for reducing infections.2 However, due to the compromised

immune system of PLWH, the immune response after vaccination is

not ideal.3

Since the coronavirus disease 2019 (COVID‐19) pandemic, there

has been great interest in developing vaccines to provide immunity

against SARS‐CoV‐2 infection.4,5 Several vaccines have been rapidly

developed and approved in different countries worldwide, and mass

vaccination programs are underway. To date, the evidence does not

suggest that PLWH have a markedly higher susceptibility or worse

prognosis following SARS‐CoV‐2 infection, although a large,

population‐based study in South Africa reported both HIV and current

tuberculosis were independently associated with increased COVID‐19

mortality.6–8 Moreover, some of the risk factors for severe COVID‐19,

such as cardiovascular and pulmonary diseases, are more prevalent in

PLWH.9–12 Therefore, vaccinating PLWH against SARS‐CoV‐2 in a

timely manner is vital. Nonetheless, the humoral response to

vaccination has been found to be inadequate in PLWH, especially in

those with low CD4+ T‐cell counts.13 Thus, it is critical to explore the

effectiveness and safety of COVID‐19 vaccines in PLWH.

Therefore, we conducted a noninterventional cross‐sectional

study enrolling PLWH who received two doses of inactivated

SARS‐CoV‐2 vaccine and a similarly vaccinated control group of

healthy people. Our aim was to analyze the levels of IgG against

SARS‐CoV‐2 and the safety of the SARS‐CoV‐2 vaccine in PLWH.

2 | SUBJECTS AND METHODS

2.1 | Patient population

To study the proportion of PLWH with seropositivity IgG against

SARS‐CoV‐2 after receiving the inactivated vaccine, we enrolled 169

PLWHs. Of these, seven individuals had received only one dose of the

inactivated vaccine and were excluded from the study. Fifteen people

were excluded because they had received their second vaccination

within 5 days of the start of the study. In addition, four people were

excluded because of missing key clinical data. Ultimately, 143 PLWHs

were included in the analysis.

The retention in care of all PLWHs in our study was as follows: all

patients were confirmed to have HIV‐1 infection by Western blot

analysis at the Guangzhou Disease Control Center, and all were

regularly followed up at our research center. Clinical data, including

demographics, biochemical markers, blood cell counts, virological

markers, and comorbidities, were extracted from the electronic

medical system and recorded. The exclusion criteria were as follows:

(i) presence of fever, cough, and other symptoms of upper respiratory

tract infection 1 month prior; (ii) treatment with oral hormones or

immunosuppressive drugs; (iii) previous infection with SARS‐CoV‐2;

(iv) recently received plasma replacement therapy, and (v) pregnancy.

We also enrolled 50 healthy controls who were vaccinated with two

doses of inactivated vaccine and at least 5 days after the second dose

of the vaccine.

Among these 143 PLWHs, 54 were vaccinated with the

Sinopharm SARS‐CoV‐2 vaccine (Sinopharm Inactivated Whole

Virus), and a total of 65 people were vaccinated with the SinoVac

SARS‐CoV‐2 vaccine (SinoVac Inactivated Whole Virus), a total of 15

people had received the Sinopharm vaccine for the first vaccination

and SinoVac SARS‐CoV‐2 inactivated vaccine for the second. Nine

people received the SinoVac vaccine, followed by the Sinopharm

vaccine. Among the healthy controls, 28 and 22 were vaccinated with

the Sinopharm and SinoVac vaccines, respectively.

To further study the neutralizing ability of HIV‐infected patients

against wild‐ type and novel SARS‐CoV‐2 delta variants following

vaccination with the inactivated vaccine, we analyzed 67 PLWH and

20 healthy controls with seropositivity IgG against SARS‐CoV‐2. The

ethics committee of Nanfang Hospital approved this study, and all the

enrolled patients provided informed consent. This study was been

registered in the Chinese Clinical Trial Registry (ChiCTR2100051956).

2.2 | Laboratory testing

Blood cell counts were analyzed using a Sysmex SE9000

automatic blood cell analyzer. Serum alanine aminotransferase

(ALT), aspartate aminotransferase (AST), albumin (ALB), and other

serum biochemical parameters were measured using an Olympus

AU5400 automatic biochemical analyzer. The CD4+/CD8+ lym-

phocyte counts were determined using a flow cytometer. HIV

RNA was detected by polymerase chain reaction. All detections

and evaluations were performed according to the manufacturer's

instructions at the Department of the Clinical Laboratory of

Nanfang Hospital.

2.3 | Detection of IgG and IgM recognizing
SARS‐CoV‐2

Serum samples were collected from the Department of Infectious

Diseases at the Nanfang Hospital. All samples were inactivated at

56°C for 30min and stored at −20°C before testing. We used a

magnetic chemiluminescence enzyme immunoassay kit to detect

serum IgG and IgM levels against SARS‐CoV‐2, according to

the manufacturer's instructions (Darui Biotechnology Co., Ltd.).

The detection procedure was described in a previous report.14 The

protein detected by IgG is the receptor‐binding domain of spike

protein, and the protein detected by IgM is the nucleocapsid protein
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of SARS‐CoV‐2. The antibody level was expressed as the ratio of the

chemiluminescence signal to the cut‐off value (S/CO). An IgG or IgM

S/CO value higher than 1.0 was considered positive. The time after

vaccination in our study referred to the length of time between

vaccinations and IgG against SARS‐CoV‐2 got detected when

patients enrolled.

2.4 | Micro‐neutralization test

A micro‐neutralization test was performed at the BSL‐3 laboratory

of the Guangdong Provincial Center for Disease Control and

Prevention. VERO‐E6 cells were seeded in 96‐well plates for 2−3

days to proliferate into monolayer cells. Serum samples from

patients were inactivated at 56°C for 30 min and then serially

diluted fourfold (1:4 to 1:1024). Second, a total of 120 μl diluted

serum was preincubated with the same volume of the SARS‐CoV‐2

suspension (100 TCID50/50 μl) for 120 min at 37°C in a 5% CO2

incubator. Third, 100 μl/well of virus‐serum mixtures were added

to the prepared Vero ‐E6 cells at 37°C in a 5% CO2 incubator. After

5 days of culture, the cytopathic effect (CPE) of each well was

observed and recorded under a microscope by two independent

researchers (Dr. Lirong Zou and Dr. Huan Zhang). The highest

dilution that protected >50% of the cells from CPE was regarded as

the neutralizing antibody (nAb) titer. An nAb titer > 1:4 was defined

as positive.15,16 Representative images are presented in Supporting

Information: Figure 1. The SARS‐COV‐2 virus 20SF014/vero‐E6/3

(WT strain) was isolated from a SARS‐COV‐2 infected patient in

Shenzhen in February 2020. The SARS‐CoV‐2 delta strain is

isolated from a SARS‐CoV‐2 infected patient in Guangzhou in

May 2021.

2.5 | Statistical analysis

Measurement units are expressed as mean ± standard deviation

(SD) for normally distributed data. Categorical data were expressed

as percentages. Differences in the proportion of patients with

seropositivity IgG against SARS‐CoV‐2 between the PLWH and

control groups were detected by the χ2 test from crosstabulation.

The differences in sex ratio, ART treatment, the proportion of

patients with syphilis, HBV infection, and tuberculosis were also

calculated using the χ2 test from crosstabulation. The t test and

Pearson's correlation analysis were used to compare differences in

demographic and clinical data, including age, BMI, time after

vaccination, CD4+ T cells, HIV RNA viral load, ART duration, ALT

level, AST level, ALB level, globulin level, lymphocyte count and

platelets (PLT) level. The area under the receiver operating

characteristic (AUROC) curve was used to calculate the optimal

cut‐off value for IgG levels. Multivariate logistic regression was

performed to evaluate the independent risk factors. All analyses

were performed using SPSS (version 26.0) with an alpha level

of 0.05.

3 | RESULTS

3.1 | Baseline demographics and clinical
characteristics

In total, 143 PLWHs (PLWH group) and 50 healthy controls (control

group) were included. The demographic and clinical characteristics of

the patients are compared and shown in Table 1. CD4+ T‐cell counts

and CD4+/CD8+ ratios were significantly higher in the control group

(all p < 0.001).

3.2 | Proportion of seropositive SARS‐CoV‐2‐
specific IgG in PLWH

The serum level of SARS‐CoV‐2‐specific IgG was significantly higher in

the control group than in the PLWH group (p = 0.001) (Figure 1A).

Overall, 76% of the control group was detected seropositive

SARS‐CoV‐2‐specific IgG compared to 58% in the PLWH group

(p = 0.024) (Figure 1B). However, similar levels of serum IgM against

SARS‐CoV‐2 were observed in both groups (p = 0.346) (Figure 1C), and

we found no significant difference in the proportion of patients with

seropositive SARS‐CoV‐2‐specific IgM (2.0% in the control group vs.

3.5% in the PLWH group, p = 0.60) (Figure 1D).

3.3 | Clinical variables associated with seropositive
SARS‐CoV‐2‐specific IgG in PLWH

Several variables differed between PLWH who were IgG seropositive or

seronegative. The time after vaccination in the seronegative group was

significantly longer (43.38± 34.96 days vs. 30.27± 20.12 days, p=0.005).

In PLWHwith seropositive SARS‐CoV‐2‐specific IgG, CD4+ T‐cell counts

before ART (p=0.015) were higher (Table 2).

To further evaluate the relationship between clinical variables and

serum IgG levels against SARS‐CoV‐2 in PLWH, correlation analysis was

TABLE 1 Demographics and clinical characteristics in people
enrolled

Characteristic Control group PLWH group p value

Sample size, n 50 143 —

Sex 0.466

Male 48 (96.0%) 140 (97.9%)

Female 2 (4.0%) 3 (2.1%)

Age, years 29.84 ± 8.51 32.55 ± 8.69 0.058

Time after

vaccination, days

64.46 ± 41.22 35.78 ± 27.99 <0.001

CD4+ T cells, cells/μl 916.24 ± 281.26 398.96 ± 202.31 <0.001

CD4+/CD8+ ratio 1.19 ± 0.46 0.62 ± 0.41 <0.001

Abbreviation: PLWH, people living with HIV.
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conducted (Figure 2). Body mass index (BMI), CD4+/CD8+ ratio before

ART, ART duration, CD4+ T‐cell count at the time when IgG detected,

CD4+/CD8+ ratio at the time when IgG detected, and ALB levels were

positively correlated with IgG levels while time after vaccination and

globulin levels were negatively correlated with IgG levels against

SARS‐CoV‐2. Moreover, as shown in Supporting Information: Figure 2,

we found that serum IgG levels were significantly lower in PLWH who

were seropositive for hepatitis B surface antigen (HBsAg) (p=0.012).

PLWH receiving ART had significantly higher IgG levels than those not

receiving ART (p=0.01). Nonetheless, the ART regimen did not affect the

status of serum SARS‐CoV‐2‐specific IgG in our study. A total of 56.5% of

people treated with integrase strand transfer inhibitor (INSTI)‐based ART

were detected with seropositive SARS‐CoV‐2‐specific IgG compared to

63.4% of individuals treated without INSTI‐based ART (p=0.54).

3.4 | Independent factors associated with
seropositivity IgG against SARS‐CoV‐2

Multivariate analysis was conducted to evaluate the factors associated

with seropositivity IgG against SARS‐CoV‐2 (Table 3). When we

evaluated the demographic variables of PLWH (adjusted Model 1), we

found that only the time after vaccination was a factor associated with

seropositivity IgG against SARS‐CoV‐2 (OR = 0.98, p = 0.004). When

we included demographic and biochemical variables (adjusted Model

2), we found that serum ALB levels (OR = 1.159, p = 0.016), PLT levels

(OR = 1.006, p = 0.045), and time after vaccination (OR = 0.982,

p = 0.009) were independent factors. When we evaluated all variables,

including HIV‐related markers, we found that only CD4+ T cells at the

time when IgG detected (OR = 1.004, p = 0.006) and time after

vaccination (OR = 0.977, p = 0.014) were independently associated

with seropositivity IgG against SARS‐CoV‐2 in PLWH.

We also evaluated the risk factors associated with seropositivity IgG

against SARS‐CoV‐2 in all individuals including healthy controls and

PLWH. The results are shown in Supporting Information: Table 1. Age

(OR = 0.943, p = 0.007), time after vaccination (OR = 0.976, p < 0.001),

and CD4+/CD8+ ratio (OR = 7.544, p < 0.001) were independent risk

factors associated with seropositivity IgG against SARS‐CoV‐2.

3.5 | nAb titers in PLWH with seropositivity IgG
against SARS‐CoV‐2

We further evaluated nAb titers in 67 PLWH and 20 healthy controls

with IgG seropositivity against SARS‐CoV‐2. Baseline variables are

presented in Supporting Information: Table 2. The nAb titers in

F IGURE 1 Proportion of patients with seropositivity IgG. (A) Serum levels of SARS‐CoV‐2‐specific IgG were significantly higher in the
control group than in the people living with HIV (PLWH) group (2.33 ± 1.65 vs. 1.58 ± 1.19, p = 0.001). (B) The proportion of people with
seropositivity IgG against SARS‐CoV‐2 in the control group was higher than in the PLWH group (76% vs. 58%, p = 0.024). (C) Levels of serum
IgM against SARS‐CoV‐2 were similar in both groups (0.43 ± 0.47 vs. 0.59 ± 1.15, p = 0.346). (D) The proportion of people with IgM positivity
was similar in both groups (2.0% vs. 3.5%, p = 0.60). PLWH, people living with HIV.
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PLWH against wild‐type SARS‐CoV‐2 were similar to those in the

control group (p = 0.160) (Figure 3A). The proportion of nAb

seropositivity against wild‐type SARS‐CoV‐2 was also similar (95%

in the control group vs. 97% in the PLWH group, p = 0.665)

(Figure 3B). Similar results were observed when we compared nAb

seropositivity against delta variants with similar titers (p = 0.355)

(Figure 3C) and the proportion of nAb seropositivity (p = 0.588)

(Figure 3D).

We found that, in patients with seropositivity IgG against

SARS‐CoV‐2, IgG levels were significantly higher in individuals

seropositive for nAbs against the wild‐ type than those seronegative

for nAbs (P=0.018) (Figure 3E). BMI (p = 0.015) (Figure 3F) and

SARS‐CoV‐2‐specific IgG levels (p < 0.001) were positively correlated

with nAb titers against the wild‐type SARS‐CoV‐2. Similarly, for nAb

against delta variants, individuals with positive nAb against delta

variants achieved higher IgG levels against SARS‐CoV‐2 (p = 0.002)

(Figure 3H). BMI (p = 0.045) (Figure 3I) and IgG levels against

SARS‐CoV‐2 (p < 0.001) (Figure 3J) were positively correlated with

nAb titers against delta variant titers.

The ROC curve was plotted and is shown in Supporting

Information: Figure 3. For all individuals, the AUROC of IgG levels

able to predict positive nAbs against wild‐type SARS‐CoV‐2 was

0.966 (p = 0.006) (Supporting Information: Figure 3A). When IgG

levels were ≥1.226 S/CO, sensitivity and specificity were 92.9%

and 100%, respectively. For PLWH, the AUROC was 0.981

(p = 0.021) (Supporting Information: Figure 3B). When IgG levels

were ≥1.112 S/CO, sensitivity and specificity were 96.9% and

100%, respectively. Similarly, for all individuals included, the

AUROC of IgG levels predicting positive nAb against delta variants

was 0.744 (p = 0.002) (Supporting Information: Figure 3C), When

IgG levels ≥1.923 S/CO, the sensitivity was 76.8% and specificity

was 66.7%. The AUROC for PLWH was 0.709 (p = 0.020)

(Supporting Information: Figure 3D). When IgG levels were

≥1.923 S/CO, sensitivity and specificity were 72.2% and 69.2%,

respectively.

Further, we conducted multivariate analyses to evaluate factors

associated with the nAb seropositivity against delta variants in all

included individuals. The results showed that serum IgG levels against

SARS‐CoV‐2 were the only independent factors associated with

nAb seropositivity against delta variants (OR = 2.798, p = 0.016)

(Supporting Information: Table 3).

3.6 | Safety of inactivated vaccines

In our study, we found no significant difference in the occurrence of

side effects between the control and PLWH groups. As shown in

Figure 4, only mild symptoms, including red swelling, skin nodules,

pain, fatigue, dizziness, and diarrhea, were observed. No serious

adverse events, including allergies, were identified in either group. No

patient experienced a life‐threatening event after vaccination. All

uncomfortable symptoms disappeared within 48 h as self‐reported by

the enrolled participants.

TABLE 2 Characteristics in PLWH with or without SARS‐CoV‐2
IgG seropositive

Variable
People live with HIV
IgG seropositive IgG seronegative p value

Sample size 83 60

Age, year 31.56 ± 8.05 33.90 ± 9.41 0.114

Sex 0.760

Male 81 (97.6) 59 (98.3)

Female 2 (2.4) 1 (1.7)

BMI, kg/m2 21.93 ± 3.35 20.99 ± 4.86 0.189

Time after

vaccination, days

30.27 ± 20.12 43.38 ± 34.96 0.005

CD4+ T cells before
ART, cells/μl

311.10 ± 174.04 237.67 ± 167.55 0.015

CD4/CD8 ratio
before ART

0.35 ± 0.24 0.08 ± 0.23 0.091

CD4+ T cells at IgG

detection,
cells/μl

457.68 ± 197.68 319.33 ± 181.51 <0.001

CD4/CD8 ratio at
IgG detection

0.73 ± 0.41 0.48 ± 0.35 <0.001

HIV RNA before
ART, IU/ml

4.24 ± 0.72 4.32 ± 0.79 0.581

ART duration,
months

22.01 ± 22.15 14.19 ± 17.09 0.024

ALT level, U/L 34.7 ± 31.45 30.89 ± 20.37 0.415

AST level, U/L 26.17 ± 19.01 24.85 ± 12.17 0.639

ALB level, g/L 47.21 ± 3.05 44.76 ± 6.37 0.003

Globulin level, g/L 30.02 ± 4.98 32.33 ± 7.69 0.032

Lymphocyte counts,
109/L

1.99 ± 0.56 1.78 ± 0.55 0.031

PLT level, 109/L 244.69 ± 61.18 223.14 ± 65.89 0.047

ART treatment 0.043

No 11 (13.3) 16 (26.7)

Yes 72 (86.7) 44 (73.3)

Syphilis 0.864

Negative 66 (79.5) 47 (78.3)

Positive 17 (20.5) 13 (21.7)

HBV infection 0.023

Negative 77 (92.8) 48 (80.0)

Positive 6 (7.2) 12 (20.0)

Tuberculosis 0.311

Negative 79 (95.2) 59 (98.3)

Positive 4 (4.8) 1 (1.7)

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; ART,
antiretroviral therapy; AST, aspartate aminotransferase; BMI, body mass index;
HBV, hepatitis B virus; PLT, platelets; PLWH, people living with HIV.
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F IGURE 2 Correlation between variables and SARS‐CoV‐2‐specific IgG in people living with HIV. (A) Correlation between time after
vaccination and SARS‐CoV‐2‐specific IgG (r = −0.179, p = 0.033). (B) Correlation between body mass index and SARS‐CoV‐2‐specific IgG
(r = 0.288, p = 0.008). (C) Correlation between CD4+/CD8+ ratio before ART and SARS‐CoV‐2‐specific IgG (r = 0.185, p = 0.033). (D) Correlation
between ART duration and SARS‐CoV‐2‐specific IgG (r = 0.334, p < 0.001). (E) Correlation between CD4+ T‐cell count at IgG detection and
SARS‐CoV‐2‐specific IgG (r = 0.354, p < 0.001). (F) Correlation between CD4+/CD8+ ratio at IgG detection and SARS‐CoV‐2‐specific IgG
(r = 0.354, p < 0.033). (G) Correlation between ALB levels and SARS‐CoV‐2‐specific IgG (r = 0.220, p = 0.009). (H) Correlation between globulin
levels and SARS‐CoV‐2‐specific IgG (r = −0.175, p = 0.037). ALB, albumin; ART, antiretroviral therapy.
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4 | DISCUSSION

In this study, we found that inactivated vaccines effectively protected

against SARS‐CoV‐2 infection in PLWH. Although the proportion of

PLWH with seropositivity IgG against SARS‐CoV‐2 is lower than that

of the general population, titers of nAbs against SARS‐CoV‐2 wild‐type

or delta variants in the PLWH population were similar to those in the

general population. CD4+ T‐cell counts and time after vaccination

were associated with seropositivity IgG against SARS‐CoV‐2 in PLWH.

No serious side effects were observed in the PLWH population

following vaccination with inactivated vaccine.

The effectiveness of the SARS‐CoV‐2 inactivated vaccine was

confirmed.17,18 Currently available inactivated vaccines in the clinic

include vaccines produced by Sinopharm and Sinovac. Data from a

Phase III clinical study suggested that the effectiveness of the two

inactivated vaccines was 72.8%–83.5%.17,18 Inactivated vaccines can

also be effective for patients with underlying diseases, but their

effectiveness may vary.19–21 In patients with autoimmune rheumatic

diseases receiving the CoronaVac vaccine produced by Sinovac,19 a

lower anti‐SARS‐CoV‐2‐specific IgG seroconversion rate was

observed (70.4% vs. 95.5% in the control group) (p < 0.001). The

seropositivity rate for nAb was 56.3% versus 79.3% in the control

group (p < 0.001). IgG titers (12.1 vs. 29.7, p < 0.001) and median

neutralization activity (58.7 vs. 64.5%, p = 0.013) were also lower in

patients with autoimmune rheumatic diseases. Similar results were

observed in this study. We found that inactivated vaccines effectively

induced SARS‐CoV‐2‐specific IgG seroconversion in PLWH. How-

ever, the IgG levels of PLWH were lower than those of healthy

controls. In the present study, the time postvaccination of the control

group was 64.46 ± 41.22 days, while that of the PLWH group was

35.78 ± 27.99 days. Anti‐SARS‐CoV‐2 antibody titers wane substan-

tially over time. However, the antibody positivity rate in the control

group with a longer postvaccination time was still higher than that in

the PLWH group. Further improving the effectiveness of vaccination

in the PLWH population is an important issue. While previous studies

have suggested that a mixed approach or a third vaccination may

further enhance protection against SARS‐CoV‐2,22–25 these inter-

ventions require further evidence before they can be recommended

for the PLWH population.

A study evaluating the long‐term kinetics of antibody responses

in convalescent patients after SARS‐CoV‐2 infection showed that

approximately 90% of recovered patients had detectable SARS‐CoV‐

2‐specific IgG after 1 year, whereas neutralizing activity was only

detectable in 43% of patients.26 Here, we also found that IgG levels

in PLWH were negatively correlated with the time after vaccination.

Dan et al.27 recently showed that SARS‐CoV‐2‐specific IgG anti-

bodies can be maintained for up to 8 months. Whether the duration

of IgG and nAb in PLWH is different from that in the general

population is unknown and requires further exploration. For most

immune responses, the IgM response wanes rapidly. In our study,

IgM detection was relatively low. This may be because the samples

were collected on average 1−2 months postvaccination.

In this study, we also included ALT and AST levels in the analysis.

The liver is vital in human immunity.28 Interestingly, a recent study

also suggested that the liver plays an important role in regulating

antibody titers.29 However, we failed to identify ALT and AST levels

as independent factors associated with seropositivity IgG against

SARS‐CoV‐2 in PLWH in the present study.

The immunogenicity achieved by vaccines may be less effective in

PLWH than in the general population.30–32 Previous studies have

explored the effectiveness of vaccination in PLWH to prevent

tuberculosis infection. For HIV, a single MVA85A vaccination was well

tolerated but the T‐cell response magnitude was lower in HIV‐infected

people who had received the vaccine than in vaccinated people without

HIV.31 Similarly, another study found that M72/AS01 was well tolerated

and induced a polyfunctional M72‐specific CD4+ T‐cell response, which

was higher in patients receiving ART.33 In our study, we confirmed a

similar result. The inactivated COVID‐19 vaccine appeared to be safe

and achieved suitable immunogenicity in PLWH. However, its effective-

ness is slightly lower than that in the general population. The proportion

of seropositivity IgG against SARS‐CoV‐2 in PLWH treated with ART

was higher than that of ART naïve patients. Moreover, we found that

the CD4+ T‐cell count was an independent factor that affected

seropositivity IgG against SARS‐CoV‐2 in PLWH.

Most SARS‐CoV‐2 vaccines aim to induce sustained IgG

responses to mount potent nAb responses, which are considered to

correlate with protection.4 In our study, we found that nAb responses

were robust in PLWH who had completed the vaccination program.

No serious adverse reactions were observed in any of the enrolled

patients. Similar to the general population, the side effects of the

COVID‐19 vaccine in PLWH were mild and self‐limiting. Most PLWH

with SARS‐CoV‐2‐specific IgG seropositivity exhibit nAbs against

wild‐type and delta variants after vaccination. Interestingly, we found

that the nAb titers in PLWH were comparable to those in the

general population with seropositive SARS‐CoV‐2‐specific IgG. The

SARS‐CoV‐2‐specific IgG level was the only factor associated with

the titer of nAbs. However, the duration of these nAb in serum

remains unclear and requires further exploration.

TABLE 3 Factors associated with IgG seropositive in PLWH

OR 95%CI p value

Adjusted Model 1

Time after vaccination, days 0.980 0.967−0.994 0.004

Adjusted Model 2

Serum ALB level, g/L 1.159 1.028−1.307 0.016

PLT level, 109/L 1.006 1.000−1.012 0.045

Time after vaccination, days 0.982 0.968−0.995 0.009

Adjusted Model 3

CD4+ T cells at IgG detection,
cells/μl

1.004 1.001−1.007 0.006

Time after vaccination, days 0.977 0.960−0.995 0.014

Abbreviations: ALB, albumin; PLT, platelets; PLWH, people living
with HIV.
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F IGURE 3 Neutralizing antibody titers in people living with HIV and control group. (A) The neutralizing antibody (nAb) titers in people
living with HIV (PLWH) against wild‐type SARS‐CoV‐2 were similar compared with those of the control group (27.8 ± 18.69 vs.
19.82 ± 22.95, p = 0.160). (B) The proportion with nAb seropositivity against the wild‐type was similar (95% vs. 97%, p = 0.665). (C) The nAb
titers in PLWH against delta variants were similar compared with those of the control group (6.60 ± 7.26 vs. 8.36 ± 7.46, p = 0.355).
(D) Proportion of nAb seropositivity against delta variants in the two groups was similar (75% vs. 80.6%, p = 0.588). (E) In patients with
seropositive IgG, IgG levels were significantly higher in individuals with seropositive nAb against the wild‐type than those with seronegative
nAb (1.12 ± 0.09 vs. 2.55 ± 1.02, p = 0.018). (F) Correlation between BMI and titers of nAb against the wild‐type (r = 0.303, p = 0.015).
(G) Correlation between SARS‐CoV‐2‐specific IgG levels and titers of nAb against the wild‐type (r = 0.697, p < 0.001). (H) In patients
with seropositive IgG, IgG levels were significantly higher in individuals with seropositive nAbs against delta variants than those with
seronegative nAb (1.84 ± 0.53 vs. 2.67 ± 1.06, p = 0.002). (I) Correlation between BMI and titers of nAb against delta variants
(r = 0.251, p = 0.045). (J) Correlation between SARS‐CoV‐2‐specific IgG levels and titers of nAb against delta variants (r = 0.512, p < 0.001).
BMI, body mass index; PLWH, people living with HIV.
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The proportion of men in our study population was relatively

high. This is because the proportion of men among Chinese PLWHs is

high. The patients in our study were enrolled consecutively. An

epidemiological study in China analyzed the HIV‐infected Chinese

population from 2001 to 2020.34 They found that, in the past two

decades, male patients accounted for 84.36% of all patients with

Stage 1 population. The reason for the imbalance in the sex ratio is

that HIV infections from men who have sex with men have increased

sharply as a proportion of all causes of infection in China. Our

findings may be more suitable for Chinese male PLWH than other

cohorts. Whether inactivated vaccines have a similar effect in female

PLWH requires further studies that include only female patients.

Our study had several limitations. First, it was a single‐center

study with limited sample size. Second, although the inactivated

vaccine produced nAb responses in the most PLWH, whether this

could protect against SARS‐CoV‐2 infection in the real world

remains unknown. Third, the nature of the cross‐sectional study

may have resulted in some individuals being miscategorized as

humoral nonresponders, such as those that have not yet produced

specific IgG after vaccination or those who lost specific IgG long

after vaccination. A larger prospective multicenter study evaluating

its efficacy is warranted.

5 | CONCLUSIONS

The inactivated COVID‐19 vaccine appears to be safe with good

immunogenicity in Chinese PLWH. Titers of nAbs against SARS‐CoV‐2

wild‐type or delta variants in the PLWH population with IgG

seropositivity against SARS‐CoV‐2 are similar to those in the general

population. CD4+ T‐cell counts and the time after vaccination were

associated with seropositivity IgG against SARS‐CoV‐2 in PLWH.
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