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A B S T R A C T   

Backgrounds: To date, the effects of SARS-CoV-2 vaccines on people living with HIV (PLWH) were mainly focused 
on messenger RNA (mRNA) and adenovirus vector-based vaccines, and little is known about the effects of 
inactivated virus-based vaccine. This study was designed to determine the effects of inactivated SARS-CoV-2 
vaccines on PLWH. 
Methods: Twenty-four HIV-positive individuals and 24 healthy donors (HD) were respectively recruited from 
Malipo Country People’s Hospital and community in Kunming city. Enumeration of lymphocyte and 
CD4+CD45RO+ memory T cells were evaluated by flow cytometry. Competitive ELISA was used to measure the 
level of Anti-SARS-CoV-2 neutralization antibody. Spearman or Pearson correlation analysis was used to analyze 
the relationship between laboratory indicators and neutralization antibodies in PLWH. T-cell responses (Th1, 
Th2, Th17, Treg) and intracellular expression of cytokines (IL-2 and TNF-α) in CD4 or CD8 were induced by spike 
protein in SARS-CoV-2 (SARS-2-S) and further measured by intracellular staining. 
Results: CD4, B cells, CD4+CD45RO+ memory T cells in peripheral blood of PLWH are dramatically decreased in 
comparison with HD. Importantly, PLWH display comparable neutralizing antibody positive rate to HD after 
inoculation with inactivated SARS-CoV-2 vaccine. However, PLWH showed weaker responses to vaccines 
exhibited by lower levels of neutralizing antibodies. Correlation analysis shows that this is possibly caused by low 
number of CD4 and B cells. Furthermore, SARS-2-S-induced Th2 and Th17 responses are also decreased in PLWH, 
while no influences on Treg and other cytokines (IL-2, TNF-α and IFN-γ) observed. 
Conclusions: PLWH and HD have comparable neutralizing antibodies positive rates, but PLWH display weaker 
responses to inactivated SARS-CoV-2 vaccines in magnitude, which suggests that a booster dose or dose 
adjustment are required for HIV-infected individuals, especially for those with lower counts of CD4 T and B cells.   

1. Introduction 

Recently, the pandemic of coronavirus disease 2019 (COVID-19) has 
posed a serious threat to the global public health and economic devel
opment [1]. To date, there are no effective preventive measures in 
treating COVID-19. Therefore, it is urgent to develop safe and effective 
COVID-19 vaccines. Increasing evidences have indicated that various 

anti-COVID-19 vaccines are effective in both clinical trials and real- 
world settings [2–6]. Nevertheless, most data on safety and effective
ness of vaccines are derived from general population, and little infor
mation is known about the immunogenicity of inactivated SARS-CoV-2 
vaccines in HIV-positive individuals. Previous studies are mainly 
focused on mRNA and adenovirus vector-based vaccines, suggesting that 
mRNA vaccines, such as BNT162b2, could develop neutralizing 
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antibodies to SARS-CoV-2 RBD and specific T-cell responses in persons 
living with HIV. In the study of adenovirus vector-based vaccines, it was 
found that ChAdOx1 nCoV-19 was safe and immunogenic for HIV- 
positive individuals, and vaccine-induced immune responses were 
dependent on types of vaccines and levels of CD4+T cells. However, it is 
still unknown that whether inactivated SARS-CoV-2 vaccines can elicit 
immunogenicity in people living with HIV (PLWH). This has caused 
panic among PLWH, including risks of serious illness and vaccine safety, 
which greatly restricts the progress of vaccination in China. 

Herein, we aim to investigate the immunogenicity of inactivated 
SARS-CoV-2 vaccine in PLWH, further analyze the correlation between 
immunogenicity and specific T-cell responses. Our study will provide 
valuable insights into immunogenicity of anti-COVID-19 vaccines in 
people living with HIV. 

2. Methods 

2.1. Study design and participants 

Twenty-four HIV-positive individuals who have received two in
jections of inactivated SARS-CoV-2 vaccines (CoronaVac, 3 μg/0.5 mL; 
or BBIBP-CorV, 4 μg/0.5 mL) were recruited from Malipo Country 
People’s Hospital, Yunnan province, China. Twenty-four healthy donors 
who were injected twice with inactivated SARS-CoV-2 vaccines are 
recruited from community in Kunming city, Yunnan province, China. 
Each participant was injected with 0.5 mL of vaccines each time. The key 
exclusion criteria include no history of exposure to COVID-19 and pos
itive PCR tests for SARS-CoV-2 from pharyngeal or anal swab samples 
before enrolment. Written informed consent was obtained from each 
participant before screening for eligibility. The clinical trial protocol and 
informed consent forms were approved by Yunnan provincial traditional 
medicine hospital Ethics Committee (NO. K [2021]015), and all pro
tocols were carried out according to the International Conference on 
Harmonization. 

2.2. Lymphocyte Enumeration 

BD Multitest™ 6-color TBNK reagent(BD Pharmingen)with optional 
BD Trucount™ tubes was used to identify and determine the percentages 
and absolute counts of T, B, as well as the CD4 and CD8 subpopulations 
of T cells in peripheral blood. Briefly, peripheral whole blood samples 
were collected from participants on about 40 days after the second in
jection of vaccines. The samples were collected in EDTA tubes, and 
stained with BD Multitest™ 6-Color TBNK Reagent. After staining, the 
samples were fixed and collected by FACS Canto instrument and 
analyzed by Flowjo. 

2.3. Anti-SARS-CoV-2 neutralization antibodies measurement 

The measurement of anti-SARS-CoV-2 neutralization antibodies 
were performed using a competitive ELISA kit following manufacturer’s 
instructions. Briefly, serum samples were collected from participants on 
about 40 days after the second injection of vaccines for the measurement 
of Anti-SARS-CoV-2 neutralization antibody. The microplates in the kit 
have been pre-coated with Human ACE2 Protein, and then 50 µL of 
serum samples, positive control and negative control were added to the 
wells followed by addition of HRP- SARS-CoV-2 Spike RBD. They were 
incubated at 37 ◦C for 1 h. After incubation, plate was washed three 
times and 50 µL of substrates were added to the well and incubated at 
37 ◦C for 20 min. The reaction was terminated by the addition of stop 
solution and OD450 nm was measured. The neutralizing antibodies in 
samples will compete with ACE2 to bind to HRP-SARS-CoV-2 Spike RBD. 
The intensity of assay signal decreases proportionally due to the pres
ence of anti-SARS-CoV-2 neutralizing antibody. Interpretation of results: 
percent inhibition= (1- OD 450 of sample/ OD 450 of negative control) 
× 100%. Positive: percent inhibition≧20% means anti-SARS-CoV-2 

neutralizing antibody detected. Negative: percent inhibition < 20% 
means anti-SARS-CoV-2 neutralizing antibody not detected. 

2.4. T Cell phenotyping 

About 40 days after the second injection of vaccine, peripheral blood 
were collected for the measurement of memory T cells 
(CD3+CD4+CD45RO+ memory T cells), T-cell responses (Th1, Th2, 
Th17 and Treg) and intracellular cytokines expressions (IL-2 and TNF-α) 
in response to spike protein of SARS-CoV-2 (SARS-2-S). For measure
ment of memory T cells, 10 µL of blood samples were blocked with 
mouse-anti-human CD16/CD32 and were then incubated for 15 min at 
4 ◦C with the following mAbs diluted in PBS with 0.2% BSA: FITC- 
conjugated-anti-human CD3 (HIT3a, Biolegend), PE-Cy7-conjugated 
anti-human CD4 (RPA-T4, Biolegend), and APC-conjugated anti- 
human CD45RO (UCHL1, Biolegend). The stained samples were then 
treated with BD FACS lysing solution to lyses erythrocytes under gentle 
hypotonic conditions. Finally, the cells were washed once with staining 
buffer, and then fixed, and harvested on FACS Canto™ II (BD 
Biosciences). 

Intracellular staining of cytokines was performed according to the 
method previously described [7]. Briefly, peripheral blood mononuclear 
cells (PBMC) from COVID-19 vaccinated individuals were isolated by 
density gradient centrifugation, and the resulting PBMC (5 × 105) were 
restimulated for 24 h with SARS-CoV-2 S defined peptide pool (4 μg/ml) 
containing 100 peptides from the human SARS-CoV-2 virus (Mabtech 
AB) in the presence of Brefeldin A (10 μg/ml final, added in the last 8 h 
of incubation, Sigma-Aldrich). At the end of incubation, cells were 
collected and blocked with mouse-anti-human CD16/CD32, and then 
were stained with PE-Cy7-anti-human CD4 antibodies (RPA-T4, Bio
legend) and APC-anti-human CD8 antibodies (SK1, Biolegend). After 
surface staining, cells were washed, fixed, permeabilized and intracel
lularly stained with PE anti-human IL-17A (BL168, Biolegend), PerCP/ 
Cyanine5.5 anti-human IL-4 (MP4-25D2), Pacific Blue™ anti-human 
TNF-α (Mab11, Biolegend), FITC-anti-human IL-2 (MQ1-17H12, Bio
legend), and APC/Cy7-anti-human IFN-γ(4S.B3, Biolegend). The above 
stimulations were not required for staining Foxp3 based on intracellular 
cytokines staining protocols. Samples were acquired on FACS Canto™ II 
(BD Biosciences) and analyzed using FlowJo software (Tree Star). 

2.5. Statistical analysis 

SPSS 20.0 software was used to perform the statistical analysis. 
Kolmogorov-Smirnov test was used to analyze whether the variables 
followed a normal distribution. If the variables were normally distrib
uted, they were presented as mean ± SEM (standard error of the mean). 
Two independent samples tests were used for comparison between the 
two groups (PLWH versus HD). If they were not normally distributed, 
they were presented as Median (Q1-Q3) and non-parametric test was 
adopted. The enumeration data were described by frequency and per
centage and compared by χ2 test. Pearson or Spearman correlation 
analysis was used to analyze the correlation between laboratory in
dicators and neutralizing antibodies. P < 0.05 was considered to be 
statistically significant. 

Table 1 
Comparisons of demographic characteristics between the two groups.  

Variable HD(n ¼ 24) PLWH(n ¼ 24) Z/χ2 P 

Age, [Median(Q3- 
Q1), years] 

37.00 
(26.25,47.25) 

44.00 
(39.00,48.75) 

− 1.796 0.072 

Gender     
Male, n(%) 15(62.5%) 12(50.0%) 0.762 0.383 
Female, n(%) 9(37.5%) 12(50.0%)  
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Fig. 1. Enumeration of lymphocytes in peripheral whole blood. Peripheral whole blood samples were collected from participants and then were stained with 6-Color 
TBNK Reagent or APC-conjugated anti-human CD45RO to determine the counts of lymphocytes using a flow cytometer. The expression of CD3 (A), CD4 (B), CD8 (C), 
B cells (D) and CD4 + CD45RO + memory T cells (E) were analyzed, and CD4/CD8 ratio (F) were calculated. N = 24, *P < 0.05, **P < 0.01. 
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Fig. 2. Neutralizing antibodies measurement and correlation analysis. Neutralizing antibodies were observed on 40 days after participants’ second injection using a 
competitive ELISA (A). Spearman or Pearson correlation analysis was used to analyze the correlation between laboratory indicators and neutralizing antibodies in 
PLWH (B-E). N = 24, *P < 0.05, **P < 0.01. 

Fig. 3. Specific T-cell responses to vaccination with inactivated SARS-CoV-2 vaccine. PBMC from participants were isolated by density gradient centrifugation, and 
the treated PBMC were restimulated for 24 h with SARS-CoV-2 S defined peptide pool in the presence of Brefeldin A (during the last 8 h). T cells responses (Th1, Th2, 
Th17 and Treg) and intracellular cytokines (IL-2 and TNF-α) expressions were observed by intracellular staining. Samples were acquired on a flow cytometer and 
analyzed using FlowJo software. The results were presented as mean ± SEM (standard error of the mean). N = 15, *P < 0.05, **P < 0.01. 
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3. Results 

3.1. General information 

Participants’ characteristics were summarized in Table.1. In this 
study, we enrolled 48 participants, and all participants have received 
two injections of vaccines. Twenty-four healthy donors have negative 
HIV test results, while 24 participants living with HIV have positive HIV 
test results. 16 of 24 (64%) participants in HD were male, while 12 of 24 
(50%) participants in HIV-positive group were male. There is no sig
nificant difference between HD and PLWH in age and sex (P > 0.05). 
None of these individuals had experienced serious adverse events, and 
the most commonly reported adverse reactions were pain at the site of 
vaccination. 

3.2. Lymphocyte Enumeration 

In order to induce specific antibody production, B cells require 
“help” from CD4+ T cells and have an important impact on antibody 
production. Thus, we analyzed the counts of lymphocytes using BD 
Multitest™ 6-color TBNK reagent. Surface marker staining showed that 
in comparison with HD, both percent and absolute counts of CD4 and 
CD4+CD45RO+ memory T cells in PLWH were dramatically decreased 
(P < 0.001), and the percent of B cells and ratio of CD4/CD8 were also 
obviously decreased, which were shown in Fig. 1. 

3.3. Neutralizing antibodies and correlation analysis 

Neutralizing antibodies against SARS-CoV-2 Spike RBD were 
observed on about 40 days after participant’s second injection (Fig. 2). 
Twenty-four (87.50%) participants in HD group are positive, and 19 
(79.17%) participants in PLWH are positive. There is no significant 
difference between HD and PLWH in neutralizing antibody positive 
rates. However, we found that OD450 are higher in HD than in PLWH. 
Meanwhile, compared with HD, a significant decrease in the percentage 
inhibition was observed in PLWH group (P < 0.05), suggesting that 
PLWH’s immunogenicity to inactivated SARS-CoV-2 vaccine was 
smaller in magnitude. Therefore, a booster dose or dose adjustment 
might be needed for PLWH. Furthermore, the associations between 
neutralizing antibodies and levels of laboratory indicators were evalu
ated using Spearman or Pearson analysis. As showed in Fig. 2, a positive 
correlation was found between neutralizing antibodies and CD4 cells 
counts and B cells counts. Although the counts of CD4+CD45RO+

memory T cells and the ratio of CD4/CD8 were significantly decreased in 
PLWH, there were no significant associations between the counts of 
CD4+CD45RO+ memory T cells (P = 0.310), CD4 /CD8 ratio and 
neutralizing antibodies (P = 0.485). 

3.4. SARS-2-S-induced specific T cell response exhibited by intracellular 
expression of cytokines 

CD4+ T cells are crucial in orchestrating both the humoral and 
cellular immune responses, and have an important impact on antibody 
production. Effector CD4+ T cells could be divided into Th1, Th2, Th17, 
and Treg subsets according to their function. To further investigate 
whether the vaccine can induce different T-cell responses, we measured 
the expression of cytokines in CD4+ and CD8+T cells by using flow 
cytometry, as showed in Fig. 3. PLWH exhibited significantly decreased 
expression of IL-17A and IL-4 in CD4+T cells than in HD. However, there 
were no significant differences in expression of IFN-γ, IL-2 and Foxp3 in 
CD4+T cells between the two groups, and no significant differences were 
found in expression of IL-2 and TNF-α in CD8+T cells. 

4. Discussion 

In HIV-infected individuals, cellular immunity is impaired due to the 

reduction or loss of CD4+ T lymphocytes. Previous reports have also 
revealed that immune responses to vaccines (eg, H1N1 2009 vaccine) in 
people living with HIV-1 are inferior to those in the general population 
[8]. Both neutralizing antibodies and T-cell responses were important in 
eliminating the virus and controlling disease development in patients 
with COVID-19 [9]. Thus, in the present study, we assessed the immu
nogenicity of inactivated SARS-CoV-2 vaccines in HIV positive in
dividuals. It was found that inactivated SARS-CoV-2 vaccines exerted 
similar neutralizing antibodies positive rates on HIV positive individuals 
and HIV-negative controls. However, the magnitude of immunogenicity 
was smaller in HIV-positive individuals than HIV-negative controls. 
Correlation analysis further reveals that there is positive correlation 
between neutralizing antibodies and CD4 cells and B cells counts, which 
is consistent with the study that HIV-positive individuals with the lowest 
CD4 counts have a weaker response induced by SARS-CoV-2 mRNA 
vaccination. Neutralization antibodies are critical to eliminate SARS- 
CoV-2, which can reduce morbidity and mortality. Therefore, in order 
to achieve similar antiviral effects, a booster dose or dose adjustment 
might be needed when injecting HIV positive individuals with inacti
vated SARS-CoV-2 vaccines, particularly for those with lower CD4+T 
cells counts. 

Aside from neutralizing antibodies, vaccine-induced T-cell responses 
are pivotal in directly attacking and killing virus-infected cells [10]. 
Thus, we determined the expression of cytokines in CD4+ and CD8+T 
cells. It was found that the expressions of Th2 and Th17 cytokines were 
lower in people living with HIV compared with HD, while other cyto
kines had no significant changes. Recent studies have demonstrated that 
Th17 proinflammatory responses might also contribute to an important 
component of vaccine-induced immune memory [11]. IL-4, mainly 
derived from Th2 cells, has crucial influence on production of immu
noglobulin, particularly IgG1 [12]. However, it is still not completely 
clear that lack of adequate Th2 and Th17 is responsible for weaker T-cell 
responses in PLWH. More research will be needed to confirm our 
finding. This study still has several limitations. Firstly, the enrolled 
sample of participants with HIV-positive results is relatively small. This 
led to an inability to differentiate according to their CD4 counts. Sec
ondly, in the current study, we only measured the immunogenicity of 
inactivated SARS-CoV-2 vaccine on about 40 days after the second in
jection, and long-term study, such as 6 months to 1 year follow-up study 
should be performed. 

In summary, our study indicated that in HIV-infected individuals, 
inactivated SARS-CoV-2 vaccines could elicit comparable neutralizing 
antibodies positive rates to HIV-negative population, but HIV-infected 
individuals displayed weaker responses to inactivated SARS-CoV-2 
vaccines in magnitude. Furthermore, the lower counts of CD4 cells 
and B cells may be responsible. This implies that a booster dose or dose 
adjustment is required for HIV-infected individuals, especially for those 
with lower CD4+T cells and B cells counts. 
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