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Abstract 

Background A surge of more than 80 million Omicron variant infected cases was reported in China less than a 
month after the "zero COVID" strategy ended on December 7, 2022. In this circumstance, whether people living 
with HIV (PLWH) in China experience a similar risk is not clear.

Methods A cross-sectional study was conducted in the Wuchang District of Wuhan between December 20, 2022, 
and January 18, 2023 through a self-administered online survey. PLWH and HIV-negative people aged ≥ 18 years old 
who volunteered for this survey were eligible. The prevalence of Omicron variant infection between PLWH and HIV-
negative people was compared, and the factors associated with the Omicron variant infection among PLWH and HIV-
negative people were further evaluated, respectively.

Results In total, 890 PLWH and 1,364 HIV-negative adults from Wuchang District were enrolled. Among these par-
ticipants, 690 PLWH (77.5%) and 1163 HIV-negative people (85.3%) reported SARS-CoV-2 infection. Gender, chronic 
disease conditions, and COVID-19 vaccination status significantly differed between the two groups. After adjusting 
gender, age, comorbidities, and COVID-19 vaccination status, the risk of SARS-CoV-2 infection among PLWH was sig-
nificantly lower than among HIV-negative people (aOR 0.56, 95%CI 0.42–0.76). Multivariable logistic regression analysis 
showed that PLWH with older age and detectable HIV-viral load (HIV-VL) had decreased risk of SARS-CoV-2 infection 
(aOR 0.98, 95%CI 0.96–0.99; aOR 0.59, 95%CI 0.36–0.97). Compared with PLWH receiving one/two doses of COVID-19 
vaccines, no significant differences in the risk of SARS-CoV-2 infection were observed among PLWH receiving three 
doses of inactivated vaccines and four doses of vaccines (three doses of inactivated vaccines plus one dose of inhaled 
recombinant adenovirus type 5 (AD5)-vectored vaccine). Among HIV-negative people, those receiving four doses 
of COVID-19 vaccines had a lower risk of SARS-CoV-2 infection than those receiving one/two doses (aOR 0.14, 95%CI 
0.08–0.25).

Conclusions Our study proves that PLWH have a lower risk of Omicron variant infection than HIV-negative 
people. However, even PLWH with younger age and virological suppression should strengthen the prevention 
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against SARS-CoV-2 infection. Three doses of inactivated vaccines plus one dose of inhaled recombinant AD5-vec-
tored COVID-19 vaccine may provide better protection for HIV-negative people.

Keywords HIV, Omicron, Epidemiology, Risk factors, COVID-19 vaccines

Background
The "zero COVID" strategy” has been implemented for 
more than two years in China, which effectively controls the 
spread of the virus in China. Under the goal of maintain-
ing the necessary level of economic activity and restraining 
virus outbreaks, the 20 measures on November 1, 2022 [1] 
and further the 10 measures on December 7, 2022 [2] were 
announced. Since the ending of "zero COVID" strategy on 
December 7, 2022 during the Omicron wave, restricting 
the detection coverage, shortening the isolation period of 
close contacts or inbound travelers, suspending the track-
ing of secondary contacts, prohibiting large-scale detection 
within the region, and allowing family isolation or quar-
antine have created opportunities for the rapid spread of 
the virus. A nationwide pandemic of the Omicron variant 
has been ongoing in China including Hubei Province [3, 
4]. According to the World Health Organization (WHO) 
statistics, China has experienced a surge of more than 80 
million cases of the Omicron variant infection in less than 
a month, and nearly 40,000 new confirmed deaths during 
this period [5]. Take Beijing, one of the most crowded cit-
ies in China, as an example, the cumulative infection attack 
rate is estimated to reach 76% on December 22, 2022 [6].

The data on the susceptibility to SARS-CoV-2 infection 
among people living with HIV (PLWH) remains contro-
versial [7–9]. Previous studies reported that PLWH had 
increased COVID-19 mortality compared to the general 
people due to their immunosuppressed state and high 
rate of comorbidities [10–12]. Even though a series of 
studies have described the clinical outcomes of COVID-
19 among PLWH, little is known about whether PLWH 
are more vulnerable to the Omicron variant infection in 
China. And the removal of the "zero COVID" strategy in 
China provided a unique opportunity to study this.

In this circumstance, we conducted a cross-sectional 
study to assess the risk of the Omicron variant infection 
among PLWH by comparison with HIV-negative peo-
ple. We further explored the potential risk factors for 
the Omicron variant infection among PLWH and HIV-
negative people.

Methods
Study participants
Between December 20, 2022, and January 18, 2023, 
a cross-sectional study with an online self-adminis-
tered questionnaire was conducted in Wuchang District, 

Wuhan, Hubei Province. All PLWH managed by the 
Wuchang district center for disease control and pre-
vention (CDC), and HIV-negative people from the gen-
eral population in Wuchang District were reached out 
for the survey by distributing the questionnaire via the 
Wenjuanxing of WeChat, a questionnaire platform. The 
inclusion criteria of PLWH and HIV-negative people 
included: 1) volunteered to participate in the survey; 2) 
age ≥ 18 years old.

Questionnaire and data collection
Two separate online self-administered  questionnaires 
were designed for PLWH and HIV-negative people 
independently. The following data were collected from 
PLWH and HIV-negative people: gender, age, diabetes 
(diabetes, none), cardiovascular and cerebrovascular 
diseases (cardiovascular and cerebrovascular diseases, 
none), chronic lung diseases (chronic lung diseases, 
none), chronic kidney diseases (chronic kidney dis-
eases, none), chronic liver diseases (chronic liver 
diseases, none), COVID-19 vaccination status (unvac-
cinated, or one/two doses, or three doses, or four doses 
(three doses of inactivated vaccines plus one dose of 
inhaled recombinant adenovirus type 5 (AD5)-vec-
tored COVID-19 vaccine, Convidecia), current SARS-
CoV-2 infection status (positive SARS-CoV-2 nucleic 
acid testing, or positive SARS-CoV-2 rapid antigen 
test, or uninfected). For PLWH, data on antiretrovi-
ral therapy (ART) status (on ART, or none), current 
ART regimen (non-nucleoside reverse transcriptase 
inhibitor (NNRTI), or lopinavir/ritonavir (LPV/r), or 
integrase strand transfer inhibitors (INSTIs)), recent 
 CD4+ T lymphocyte count (CD4 count, (0–199 cells/
µL, or 200–349 cells/µL, or 350–499 cells/µL, or ≥ 500 
cells/µL, or unknown)), and HIV viral load (HIV-VL, 
undetectable (< 20  IU/ml), detectable (≥ 20  IU/ml), 
unknown) were also collected.

The diagnosis of SARS-CoV-2 infection depended on 
the self-reporting of positive SARS-CoV-2 nucleic acid 
testing or positive rapid antigen test by participants [13].

Statistical analysis
SPSS version 26·0 (IBM Corp, Armonk, New York, 
United States) was used for data analysis. Normally 
distributed continuous variables were presented as 
mean ± standard deviation (SD), while continuous vari-
ables without normal distribution were presented as 
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median and the 25th to 75th interquartile range (IQR). 
Categorical variables were denoted as counts and pro-
portions (%). Group t-test or non-parametric rank sum 
test was used for the analyses of continuous variables, 
and the chi-square test or Kruskal–Wallis rank sum test 
was used for the analyses of counts data. Multivariable 
logistic regression analysis was performed to evaluate the 
factors associated with SARS-CoV-2 infection among all 
the study participants (PLWH and HIV-negative people), 
by adjusting the confounding variables, including gen-
der, age, different comorbidities, and COVID-19 vacci-
nation status. For the analysis of risk factors associated 
with SARS-CoV-2 infection among PLWH, all variables, 
including gender, age, various comorbidities, COVID-19 
vaccination status, ART status, ART regimen, CD4 count, 
and HIV viral load, were included in the multivariable 
logistic regression models. Variables, including gender, 
age, different comorbidities, and COVID-19 vaccination 
status, were included in the multivariable logistic regres-
sion analysis of risk factors associated with SARS-CoV-2 
infection among HIV-negative people. A two-sided 
p-value < 0.05 was considered statistically significant.

Results
Participants’ characteristics
Among 1,064 PLWH in Wuchang District (all aged ≥ 18 
years old), 962 volunteered to participate in the survey, 
and 890 (92.5%) PLWH finished the survey. In addition, 
1,478 HIV-negative adults from the Wuchang District 
volunteered to participate in the survey. Of them, 1,412 
were aged ≥ 18 years old, and 1,364 (92.3%) finished the 
survey.

As shown in Table 1, the proportions of males (84.6% 
vs. 27.5%, p < 0.001) and people with chronic liver dis-
eases (4.7% vs. 2.1%, p = 0.001) were significantly higher 
among PLWH than among HIV-negative people. The dis-
tributions of age and other chronic diseases had no sig-
nificant difference between the two groups. Compared 
with HIV-negative people, the proportion of three doses 
of COVID-19 vaccination was higher (73.6% vs. 64.8%), 
and the proportion of four doses of COVID-19 vaccina-
tion was lower among PLWH (1.0% vs. 8.2%).

Overall, 690 PLWH (77.5%) and 1163 HIV-negative 
people (85.3%) in the Wuchang District reported SARS-
CoV-2 infection between December 20, 2022, and Janu-
ary 18, 2023, and the rate of SARS-CoV-2 infection in the 
former was significantly lower (p < 0.001).

Factors associated with SARS‑CoV‑2 infection among all 
the study participants
As shown in Table 2, among all 2,254 individuals, older 
age (aOR 0.98, 95%CI 0.97–0.99) and receiving four doses 
of COVID-19 vaccines (aOR 0.18, 95%CI 0.11–0.28) were 

associated with lower risk of the Omicron variant infec-
tion. In addition, females have an increased risk of the 
Omicron variant infection (aOR 1.39, 95%CI 1.05–1.83).

After adjusting the confounding factors, including 
gender, age, comorbidities, and COVID-19 vaccination 
status, the risk of the Omicron variant infection among 
PLWH was significantly lower than among HIV-negative 
people (aOR 0.56, 95%CI 0.42–0.76).

Factors associated with SARS‑CoV‑2 infection among PLWH
PLWH with detectable HIV-VL had a lower risk of 
SARS-CoV-2 infection than those with undetectable 

Table 1 Characteristics of PLWH and HIV-negative people 
enrolled in the study (N = 2,254)

PLWH People living with HIV, CD4 count  CD4+ T lymphocyte count, ART  
Antiretroviral therapy, NNRTI Non-nucleoside reverse transcriptase inhibitor, 
LPV/r Lopinavir/ritonavir, INSTIs Integrase strand transfer inhibitors
a refers to three doses of inactivated COVID-19 vaccines plus one dose of 
recombinant adenovirus type 5 (AD5)-vectored COVID-19 vaccine, Convidecia. 
Data are median (IQR) or n (%)

PLWH
(n = 890)

HIV‑negative
(n = 1364)

p value

Male 753 (84.6) 375 (27.5)  < 0.001

Age, years, median (IQR) 36 (30–47.25) 36 (31–45) 0.613

COVID-19 vaccination, n (%)  < 0.001

 One dose/two doses 166 (18.6) 282 (20.7)

 Three doses 655 (73.6) 884 (64.8)

 Four  dosesa 9 (1.0) 112 (8.2)

 Unvaccinated 60 (6.7) 86 (6.3)

 Diabetes, n (%) 27 (3.0) 34 (2.5) 0.507

 Cardiovascular and  
     cerebrovascular diseases, n (%)

73 (8.2) 129 (9.4) 0.327

 Chronic lung diseases, n (%) 26 (2.9) 31 (2.3) 0.340

 Chronic kidney diseases,  
     n (%)

12 (1.3) 17 (1.2) 0.850

 Chronic liver Diseases, n (%) 42 (4.7) 29 (2.1) 0.001

CD4 T count [cells/µL, n (%)]

 0–199 71 (8.0) ·· ··

 200–349 144 (16.2) ·· ··

 350–499 203 (22.8) ·· ··

  ≥ 500 332 (37.3) ·· ··

Unknown 140 (15.7) ·· ··

HIV viral load, n (%)

 Undetectable 620 (69.6) ·· ··

 Detectable 105 (11.8) ·· ··

 Unknown 165 (18.5) ·· ··

On ART, n (%) 856 (96.2) ·· ··

ART regimens, n (%)

 None 34 (3.8) ·· ··

 NNRTI 464 (52.1) ·· ··

 LPV/r 65 (7.3) ·· ··

 INSTIs 377 (42.3) ·· ··
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HIV-VL (aOR 0.59, 95%CI 0.36–0.97). Compared with 
PLWH receiving one/two doses of COVID-19 vaccines, 
there is no significant difference in the risk of SARS-
CoV-2 infection among PLWH receiving three doses of 
COVID-19 vaccines and among PLWH receiving four 
doses of COVID-19 vaccines. In addition, having differ-
ent comorbidities on ART, different ART regimens, and 
CD4 count had no significant association with the risk of 
SARS-CoV-2 infection (Fig. 1).

Factors associated with SARS‑CoV‑2 infection 
among HIV‑negative people
As shown in Fig. 2, female participants have an increased 
risk of SARS-CoV-2 infection than male participants 
(aOR 1.81, 95%CI 1.30–2.53). Compared to HIV-nega-
tive people receiving one/two doses of COVID-19 vac-
cines, those receiving four doses of COVID-19 vaccines 
had a decreased risk of SARS-CoV-2 infection (aOR 0.14, 
95%CI 0.085–0.25).

Discussion
Realizing the risk and risk factors associated with the 
Omicron variant infection among PLWH is essential for 
COVID-19 management in China. By filling this knowl-
edge gap, our study found that PLWH had a significantly 
lower prevalence of Omicron variant infection than HIV-
negative people, and PLWH with older age and detecta-
ble HIV-VL had decreased risk of SARS-CoV-2 infection.

We found that the prevalence of Omicron variant 
infection was lower among PLWH than HIV-negative 

adults. A prospective observational cohort study includ-
ing 5683 PLWH on ART in Barcelona showed that the 
standardized incidence rate ratios of confirmed or con-
firmed/probable COVID-19 in PLWH were 38% (95%CI 
27%-52%) and 33% (95%CI 21%-50%), respectively rela-
tive to the general population [14]. Another prospec-
tive cohort study conducted in Spain evolving 77,590 
HIV-positive persons receiving ART estimated that the 
age- and sex-standardized risk of confirmed COVID-
19 infection among PLWH (30/10,000) was lower com-
pared to the general population (41.7/10,000) [15]. All 
these data was consistent with our data that PLWH had 
a lower incidence of SARS-CoV-2 infection than the gen-
eral population. One possible explanation is that asymp-
tomatic SARS-CoV-2 infection may be more common 
among PLWH than those without HIV [16], and some 
PLWH with asymptomatic infection may not be cap-
tured and remain undiagnosed. The another explanation 
is that ART may be associated with the lower incidence 
of SARS-CoV-2 infection. Studies have found that HIV-
infected patients receiving tenofovir disoproxil fumarate 
(TDF)-based regimens had lower risk for COVID-19 
diagnosis [17]. Additionally, PLWH may be more cau-
tious and vigilant about COVID-19 prevention measures 
than those without HIV, especially after adjusting the 
"zero COVID" strategy in China [9, 10].

This study did not observe an increased risk of omicron 
variant infection among PLWH with lower CD4 counts. 
At the same time, PLWH with detectable HIV-VL had 
a decreased risk of infection. Previous studies reported 
that neither the CD4 count nor HIV viral load was asso-
ciated with the incidence of COVID-19 in PLWH, sug-
gesting that PLWH with immunosuppression may have 
no increased risk of SARS-CoV-2 infection [18–20]. 
However, most PLWH enrolled in these studies reached 
virological suppression, so the association between HIV-
VL and the risk of SARS-CoV-2 infection should be con-
sidered cautiously. Whether CD4 count and HIV-VL play 
a role in SARS-CoV-2 infection needs further prospective 
investigation among PLWH.

Our study suggested that three doses of inactivated 
COVID-19 vaccination did not prevent omicron variant 
infection than one/two doses of inactivated vaccination 
among either PLWH or HIV-negative people. Although 
growing evidence showed that the third dose of COVID-
19 vaccine could induce rapid and stronger humoral 
immune responses against SARS-CoV-2 among PLWH 
and those without HIV [21–23], a protective effect was 
not found for omicron variant infection among both 
PLWH and HIV-negative people enrolled in our study. 
One potential reason is that the protective effect of the 
third dose of inactivated COVID-19 vaccine nay have 
waned since participants completed their three-dose 

Table 2 Risk factors associated with SARS-CoV-2 infection 
among PLWH and HIV-negative people (N = 2,254)

a refers to three doses of inactivated COVID-19 vaccines plus one dose of inhaled 
recombinant adenovirus type 5 (AD5)-vectored COVID-19 vaccine, Convidecia

aOR (95%CI) p value

Sex

 Male (ref )

  Female 1.39 (1.05–1.83) 0.019
  Age, years 0.98 (0.97–0.99) 0.005
  HIV infection 0.56 (0.42–0.75)  < 0.001
COVID-19 vaccination

 One dose/two doses (ref )

  Three doses 1.02 (0.75–1.38) 0.879

  Four  dosesa 0.18 (0.11–0.28)  < 0.001
  Unvaccinated 0.65 (0.40–1.06) 0.089

  Diabetes 0.86 (0.45–1.65) 0.662

  Cardiovascular and  
         cerebrovascular diseases

0.92 (0.58–1.46) 0.745

  Chronic lung diseases 1.09 (0.52–2.28) 0.811

  Chronic kidney diseases 0.51 (0.21–1.23) 0.137

  Chronic liver Diseases 0.78 (0.41–1.46) 0.443
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regimen one year ago [24]. The second potential reason 
is that most participants received inactivated COVID-
19 vaccines that were not specifically targeted against 
the Omicron variant. For example, a study performed 
in Shanghai during the Omicron BA.2 wave even found 
that the nAb titers against the Omicron variants were 
significantly lower in individuals receiving three doses of 
vaccines than in individuals receiving two doses of vac-
cines [25]. Hence, in the current situation, PLWH and 
HIV-negative people may not benefit from three doses of 
inactivated COVID-19 vaccination to avoid the omicron 
variant infection, while vaccines designed to prevent the 
omicron variant infection are needed.

Compared with one/two doses of COVID-19 vac-
cination, we indicated that three doses of inactivated 
vaccination plus one dose of inhaled recombinant AD5-
vectored vaccination protects against the Omicron 

variant infection among HIV-negative people. The effect 
of four doses of mRNA COVID-19 vaccines on reducing 
the rate of the Omicron variant infection have been veri-
fied by two large real-world studies in Israel [26, 27]. For 
individuals who had previously received one or two doses 
of CoronaVac, heterologous boosting with recombinant 
AD5-vectored vaccine could elicit significantly increased 
nAbs against SARS-CoV-2 than homologous boosting 
with CoronaVac [28]. All of those data supported that the 
fourth dose of inhaled recombinant AD5-vectored vac-
cination should be implemented to prevent the omicron 
variant infection.

This study has several limitations that need to take 
into consideration. First, selection bias may exist in this 
study, especially for sampling HIV-negative adults. How-
ever, we have minimized the bias by randomly distribut-
ing the online questionnaire to HIV-negative people and 

Fig. 1 Risk factors associated with SARS-CoV-2 infection among PLWH (N = 890). §refers to three doses of inactivated COVID-19 vaccines plus one 
dose of inhaled recombinant adenovirus type 5 (AD5)-vectored COVID-19 vaccine, Convidecia. PLWH = people living with HIV. CD4 count =  CD4+ T 
lymphocyte count, ART = antiretroviral therapy. NNRTI = non-nucleoside reverse transcriptase inhibitor, LPV/r = lopinavir/ritonavir, INSTIs = integrase 
strand transfer inhibitors
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increasing the response rate by improving the quality of 
the online questionnaire. Second, not all individuals with 
asymptomatic infection performed the SARS-CoV-2 
nucleic acid testing or rapid antigen test, and cases with 
asymptomatic infection may be missed. Thus, the preva-
lence of SARS-Co-V-2 infection may be underestimated, 
especially among HIV-negative people. Third, residual 
or unmeasured confounding may exist in the risk factors 
analyses of COVID-19. Moreover, the online question-
naire was distributed to all PLWH managed by Wuchang 
District Center for Disease Control and Prevention, but 
not to all HIV-negative people in Wuchang District. 
Therefore, selection bias existed, which might influence 
the results to some extent.

Conclusions
Our study provided the evidence that PLWH have lower 
prevalence of Omicron variant infection than HIV-neg-
ative people, and PLWH with younger age and virologi-
cal suppression should strengthen the prevention against 
SARS-CoV-2 infection. To our knowledge, this is the first 
study to investigate the prevalence of SARS-CoV-2 infec-
tion among PLWH by comparison with HIV-negative 
people during the Omicron wave after the "zero COVID" 
strategy ended. Our findings warrant further investiga-
tion in the interaction between SARS-CoV-2 and HIV, 
and in the role of ART and immunosuppression to quan-
tify the risks of SARS-CoV-2 infection among PLWH in 
different situations.

Abbreviations
PLWH  People living with HIV
HIV-VL  HIV-viral load

AD5  Adenovirus type 5
WHO  World Health Organization
WHO  World Health Organization
CDC  Center for disease control and prevention
ART   Antiretroviral therapy
NNRTI  Non-nucleoside reverse transcriptase inhibitor
LPV/r  Lopinavir/ritonavir
INSTIs  Integrase strand transfer inhibitors
CD4 count  CD4+ T lymphocyte count
IQR  Interquartile range
TDF  Tenofovir disoproxil fumarate

Acknowledgements
We would like to thank the participants for their contributions to the study.

Authors’ contributions
KL and JY conceptualized the study. SW, WG, JL, FM and SZ contributed to 
data collection. SW performed data analysis. YT, WG, KL, WT and JY wrote the 
manuscript. YT, SW, WG, JL, WT and KL have accessed and verified the underly-
ing data. YT, SW, WG, WT, KL and JY had full access to all the data in the study. 
The corresponding authors had final responsibility for the decision to submit 
for publication.

Funding
This work was supported by Medical Science and Technology Innova-
tion Platform Support Project of Zhongnan Hospital, Wuhan University 
(PTXM2020008), Science and Technology Innovation Cultivation Fund of 
Zhongnan Hospital, Wuhan University (cxpy2017043). Medical Science 
Advancement Program (Basic Medical Sciences) of Wuhan University 
(TFJC2018004). Non-profit Central Research Institute Fund of Chinese Acad-
emy of Medical Sciences (2020-PT320-004).

Availability of data and materials
The original contributions presented in the study are included in the article. 
Further inquiries can be directed to the corresponding authors.

Declarations

Ethics approval and consent to participate
This study was approved by the Research and Ethics Committee of Zhongnan 
Hospital, Wuhan University, P. R. China (2020079K-1). All individuals voluntarily 
participated in the study and signed the informed consent form electronically. 
The study was performed in accordance with the guidelines of the Declara-
tion of Helsinki and relevant regulations.

Fig. 2 Risk factors associated with SARS-CoV-2 infection among HIV-negative people (N = 1,364). §refers to three doses of inactivated COVID-19 
vaccines plus one dose of inhaled recombinant adenovirus type 5 (AD5)-vectored COVID-19 vaccine, Convidecia



Page 7 of 7Tan et al. BMC Infectious Diseases          (2023) 23:795  

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Infectious Diseases, Zhongnan Hospital of Wuhan Univer-
sity, Wuhan 430071, China. 2 Wuhan Research Center for Infectious Diseases 
and Cancer, Chinese Academy of Medical Sciences, Wuhan, China. 3 Depart-
ment of Nosocomial Infection Management, Zhongnan Hospital of Wuhan 
University, Wuhan, China. 4 Department of Pathology, Zhongnan Hospital 
of Wuhan University, Wuhan, China. 5 Department of Pathology, School of Basic 
Medical Sciences, Wuhan University, Wuhan, China. 6 Wuchang District Center 
for Disease Control and Prevention, Wuhan, China. 7 University of North Caro-
lina Project-China, Guangzhou, China. 8 Hubei Engineering Center for Infec-
tious Disease Prevention, Control and Treatment, Wuhan, China. 9 Jiangnan 
University Medical Center, Wuxi 214122, China. 

Received: 3 May 2023   Accepted: 30 October 2023

References
 1. Xinhua. China Focus: China releases measures to optimize COVID-19 

response; https:// engli sh. news. cn/ 20221 111/ d4399 114a0 82438 eaac3 
2d08a 02bf5 8d/c. html (2022).

 2. Xinhua. China Focus: COVID-19 response further optimized with 10 new 
measures; https:// engli sh. news. cn/ 20221 207/ ca014 c043b f2472 8b8dc 
bc019 8565f df/c. html (2022).

 3. Li K, Shi J, Liu X, Ward MP, Wang Z, Liu R, et al. Early warning signals 
for Omicron outbreaks in China: A retrospective study. J Med Virol. 
2023;95(1):e28341. https:// doi. org/ 10. 1002/ jmv. 28341.

 4. Lin YF, Wu X, Li Y, Bian J, Li K, Jiang Y, et al. Impact of combination preven-
tative interventions on hospitalization and death under the pandemic of 
SARS-CoV-2 Omicron variant in China[J]. J Med Virol. 2023;95(1):e28335. 
https:// doi. org/ 10. 1002/ jmv. 28335.

 5. WHO. WHO Coronavirus (COVID-19) Dashboard-Overview, 2022. https:// 
covid 19. who. int/

 6. Leung K, Lau EHY, Wong CKH, Leung GM, Wu JT. Estimating the 
transmission dynamics of SARS-CoV-2 Omicron BF.7 in Beijing after the 
adjustment of zero-COVID policy in November - December 2022(J). Nat 
Med,2023,29(3):579–582. https:// doi. org/ 10. 1038/ s41591- 023- 02212-y.

 7. D’Souza G, Tong W, Gustafson D, et al. SARS-CoV-2 Infection Among Peo-
ple Living With HIV Compared With People Without HIV: Survey Results 
From the MACS-WIHS Combined Cohort Study. J Acquir Immune Defic 
Syndr. 2022;89(1):1–8. https:// doi. org/ 10. 1097/ QAI. 00000 00000 002822.

 8. Ssentongo P, Heilbrunn ES, Ssentongo AE, et al. Epidemiology and 
outcomes of COVID-19 in HIV-infected individuals: a systematic review 
and meta-analysis. Sci Rep. 2021;11(1):6283. https:// doi. org/ 10. 1038/ 
s41598- 021- 85359-3.

 9. Spinelli MA, Lynch KL, Yun C, et al. SARS-CoV-2 seroprevalence, and IgG 
concentration and pseudovirus neutralising antibody titres after infec-
tion, compared by HIV status: a matched case-control observational 
study. Lancet HIV. 2021;8(6):e334–41. https:// doi. org/ 10. 1016/ S2352- 
3018(21) 00072-2.

 10. Wang Y, Xie Y, Hu S, et al. Systematic Review and Meta-Analyses of The 
Interaction Between HIV Infection And COVID-19: Two Years’ Evidence 
Summary. Front Immunol. 2022;13:864838. https:// doi. org/ 10. 3389/ 
fimmu. 2022. 864838.

 11. Bhaskaran K, Rentsch CT, MacKenna B, Schultze A, Mehrkar A, Bates CJ, 
et al. HIV infection and COVID-19 death: a population-based cohort 
analysis of UK primary care data and linked national death registrations 
within the OpenSAFELY platform. Lancet HIV. 2021;8(1):e24–32. https:// 
doi. org/ 10. 1016/ S2352- 3018(20) 30305-2.

 12. Western Cape Department of Health in collaboration with the National 
Institute for Communicable Diseases, South Africa. Risk Factors for 
Coronavirus Disease 2019 (COVID-19) Death in a Population Cohort 
Study from the Western Cape Province, South Africa. Clin Infect 
Dis,2021,73(7):e2005-e2015. https:// doi. org/ 10. 1093/ cid/ ciaa1 198.

 13. National Health Commission of the People’s Republic of China. Diagnosis 
and treatment plan for COVID-19 (trial version 9) (J). Chinese Journal of 
Clinical Infectious Diseases, 2022,15(02):81–89. https:// doi. org/ 10. 1097/ 
ID9. 00000 00000 000059

 14. Inciarte A, Gonzalez-Cordon A, Rojas J, et al. Clinical characteristics, risk 
factors, and incidence of symptomatic coronavirus disease 2019 in a large 
cohort of adults living with HIV: a single-center, prospective observa-
tional study(J). AIDS. 2020;34(12):1775–80. https:// doi. org/ 10. 1097/ QAD. 
00000 00000 002643.

 15. Del Amo J, Polo R, Moreno S, Díaz A, Martínez E, Arribas JR, et al. Inci-
dence and Severity of COVID-19 in HIV-Positive Persons Receiving Antiret-
roviral Therapy : A Cohort Study[J]. Ann Intern Med. 2020;173(7):536–41. 
https:// doi. org/ 10. 7326/ M20- 3689.

 16. Wu M, Ming F, Wu S, Liu Y, Zhang X, Guo W, et al. Risk of SARS-CoV-2 
Infection Among People Living With HIV in Wuhan, China(J). Front Public 
Health. 2022;10:833783. https:// doi. org/ 10. 3389/ fpubh. 2022. 833783.

 17. Mellor MM, Bast AC, Jones NR, Roberts NW, Ordóñez-Mena JM, Reith AJM, 
et al. Risk of adverse coronavirus disease 2019 outcomes for people living 
with HIV. AIDS. 2021;35(4):F1–10. https:// doi. org/ 10. 1097/ QAD. 00000 
00000 002836.

 18. Vizcarra P, Pérez-Elías MJ, Quereda C, et al. Description of COVID-19 in 
HIV-infected individuals: a single-centre, prospective cohort. Lancet HIV. 
2020;7(8):e554–64. https:// doi. org/ 10. 1016/ S2352- 3018(20) 30164-8.

 19. Huang J, Xie N, Hu X, et al. Epidemiological, Virological and Serological 
Features of Coronavirus Disease 2019 (COVID-19) Cases in People Living 
With Human Immunodeficiency Virus in Wuhan: A Population-based 
Cohort Study(J). Clin Infect Dis. 2021;73(7):e2086–94. https:// doi. org/ 10. 
1093/ cid/ ciaa1 186.

 20. Nomah DK, Reyes-Urueña J, Díaz Y, et al. Sociodemographic, clinical, and 
immunological factors associated with SARS-CoV-2 diagnosis and severe 
COVID-19 outcomes in people living with HIV: a retrospective cohort 
study(J). Lancet HIV. 2021;8(11):e701–10. https:// doi. org/ 10. 1016/ S2352- 
3018(21) 00240-X.

 21. Park JH, Chung H, Kim MC, et al. Immune Responses against the Omicron 
Variant of SARS-CoV-2 after a Third Dose of COVID-19 Vaccine in Patients 
Living with Human Immunodeficiency Virus (PLWH): Comparison with 
Healthcare Workers. Vaccines (Basel). 2022;10(12):2129. https:// doi. org/ 10. 
3390/ vacci nes10 122129.

 22. Lapointe H R, Mwimanzi F, Cheung P K, et al. People with HIV receiving 
suppressive antiretroviral therapy show typical antibody durability after 
dual COVID-19 vaccination, and strong third dose responses. J Infect 
Dis,2022:jiac229. https:// doi. org/ 10. 1093/ infdis/ jiac2 29.

 23. Liang XM, Xu QY, Jia ZJ, Wu MJ, Liu YY, Lin LR, et al. A Third Dose of an 
Inactivated Vaccine Dramatically Increased the Levels and Decay Times 
of Anti-SARS-CoV-2 Antibodies, but Disappointingly Declined Again: A 
Prospective, Longitudinal, Cohort Study at 18 Serial Time Points Over 368 
Days. Front Immunol. 2022;13:876037. https:// doi. org/ 10. 3389/ fimmu. 
2022. 876037.

 24. Xu QY, Li QL, Jia ZJ, et al. Is the fourth COVID-19 vaccine dose urgently 
needed? Revelation from a prospective cohort study. J Infect. 
2022;85(3):e66–8. https:// doi. org/ 10. 1016/j. jinf. 2022. 06. 003.

 25. Gao B, He L, Bao Y, et al. Repeated vaccination of inactivated SARS-CoV-2 
vaccine dampens neutralizing antibodies against Omicron variants in 
breakthrough infection(J). Cell Res. 2023;33(3):258–61. https:// doi. org/ 10. 
1038/ s41422- 023- 00781-8.

 26. Magen O, Waxman JG, Makov-Assif M, et al. Fourth Dose of BNT162b2 
mRNA Covid-19 Vaccine in a Nationwide Setting. N Engl J Med. 
2022;386(17):1603–14. https:// doi. org/ 10. 1056/ NEJMo a2201 688.

 27. Bar-On YM, Goldberg Y, Mandel M, et al. Protection by a Fourth Dose of 
BNT162b2 against Omicron in Israel. N Engl J Med. 2022;386(18):1712–20. 
https:// doi. org/ 10. 1056/ NEJMo a2201 570.

 28. Li J, Hou L, Guo X, et al. Heterologous AD5-nCOV plus CoronaVac versus 
homologous CoronaVac vaccination: a randomized phase 4 trial. Nat 
Med. 2022;28(2):401–9. https:// doi. org/ 10. 1038/ s41591- 021- 01677-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://english.news.cn/20221111/d4399114a082438eaac32d08a02bf58d/c.html
https://english.news.cn/20221111/d4399114a082438eaac32d08a02bf58d/c.html
https://english.news.cn/20221207/ca014c043bf24728b8dcbc0198565fdf/c.html
https://english.news.cn/20221207/ca014c043bf24728b8dcbc0198565fdf/c.html
https://doi.org/10.1002/jmv.28341
https://doi.org/10.1002/jmv.28335
https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1038/s41591-023-02212-y
https://doi.org/10.1097/QAI.0000000000002822
https://doi.org/10.1038/s41598-021-85359-3
https://doi.org/10.1038/s41598-021-85359-3
https://doi.org/10.1016/S2352-3018(21)00072-2
https://doi.org/10.1016/S2352-3018(21)00072-2
https://doi.org/10.3389/fimmu.2022.864838
https://doi.org/10.3389/fimmu.2022.864838
https://doi.org/10.1016/S2352-3018(20)30305-2
https://doi.org/10.1016/S2352-3018(20)30305-2
https://doi.org/10.1093/cid/ciaa1198
https://doi.org/10.1097/ID9.0000000000000059
https://doi.org/10.1097/ID9.0000000000000059
https://doi.org/10.1097/QAD.0000000000002643
https://doi.org/10.1097/QAD.0000000000002643
https://doi.org/10.7326/M20-3689
https://doi.org/10.3389/fpubh.2022.833783
https://doi.org/10.1097/QAD.0000000000002836
https://doi.org/10.1097/QAD.0000000000002836
https://doi.org/10.1016/S2352-3018(20)30164-8
https://doi.org/10.1093/cid/ciaa1186
https://doi.org/10.1093/cid/ciaa1186
https://doi.org/10.1016/S2352-3018(21)00240-X
https://doi.org/10.1016/S2352-3018(21)00240-X
https://doi.org/10.3390/vaccines10122129
https://doi.org/10.3390/vaccines10122129
https://doi.org/10.1093/infdis/jiac229
https://doi.org/10.3389/fimmu.2022.876037
https://doi.org/10.3389/fimmu.2022.876037
https://doi.org/10.1016/j.jinf.2022.06.003
https://doi.org/10.1038/s41422-023-00781-8
https://doi.org/10.1038/s41422-023-00781-8
https://doi.org/10.1056/NEJMoa2201688
https://doi.org/10.1056/NEJMoa2201570
https://doi.org/10.1038/s41591-021-01677-z

	Are people living with HIV have a low vulnerability to omicron variant infection: results from a cross-sectional study in China
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study participants
	Questionnaire and data collection
	Statistical analysis

	Results
	Participants’ characteristics
	Factors associated with SARS-CoV-2 infection among all the study participants
	Factors associated with SARS-CoV-2 infection among PLWH
	Factors associated with SARS-CoV-2 infection among HIV-negative people

	Discussion
	Conclusions
	Acknowledgements
	References


