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People living with HIV (PLWH), if infected with Coronavirus Disease 2019 (COVID-19), had an increased risk of mortality compared to people without HIV infection. They are considered as a priority group to receive COVID-19 vaccination. This cross-sectional online survey investigated the prevalence of and factors associated with COVID-19 vaccination uptake among 2740 PLWH aged 18–65 years in eight Chinese metropolitan cities between January and February 2021. As validated by requesting participants to send an image of receipt hiding personal identification, 6.2% of PLWH had taken up COVID-19 vaccination. Participants living in cities where individuals could make an appointment to receive COVID-19 vaccination reported significantly higher uptake than those living in cities without such allowance (11.0 vs. 2.9%, p < 0.001). Being a member of priority groups to receive vaccination, concerning about the side effects of COVID-19 vaccination and its interaction with HIV treatment, and exposing to information on the Internet/social media supporting PLWH to receive COVID-19 vaccination were significantly associated with COVID-19 vaccination uptake in both groups of participants. Receiving advice from the staff of community-based organizations supporting COVID-19 vaccination was associated with higher uptake among participants living in cities where individuals could make an appointment to receive such vaccination, while a shortage in COVID-19 vaccine supply was associated with a lower uptake among participants living in other cities. Our findings presented a snapshot of COVID-19 vaccination uptake among PLWH in the early phase of vaccine rollout in China. It provided a knowledge basis to formulate interventions promoting COVID-19 vaccination for PLWH.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) vaccination and other behavioural preventive measures can help to control the ongoing pandemic. Worldwide, COVID-19 vaccination programs started to rollout in December 2020. China initiated the nationwide COVID-19 vaccination program on December 15, 2020 (1, 2). The program was first scaled up in large cities. At the time when this study was conducted (January to February 2021), two COVID-19 vaccination delivery models were implemented simultaneously in China. Individuals could make an appointment to receive COVID-19 vaccination in some cities, whereas vaccination was mainly arranged by the employers, and did not allow individuals to make an appointment in other cities. People had the right to refuse the arrangement. Since the amount of vaccines was inadequate to cover the entire Chinese population during the early phase of rollout, priority was given to several subgroups with increased risks of COVID-19, including people who were working for pandemic control, border control, public transportation, cold-chain, and healthcare workers, as well as those who needed to travel abroad for work or study. Health risk groups (e.g., older adults, people with chronic conditions or immunodeficiency) were not listed as priority groups during the same period, partly due to the lack of sufficient evidence on immunogenicity and safety. Only two types of inactivated COVID-19 vaccines, the Sinovac CoronaVac and Sinopharm, were available during the study period. There were no differences in the availability or indications for these two inactivated vaccines during the study period. By the end of February 2021, 52.5 million doses of COVID-19 vaccines were administered in China (3).

A recent systematic review and meta-analysis suggested that as compared to people without HIV infection, people living with HIV (PLWH) had comparable risk of COVID-19 and risk of developing severe COVID-19 symptoms (4). PLWH, if infected with COVID-19, had an increased risk of mortality compared to those without HIV infection (4). COVID-19 vaccination was effective and safe for PLWH (5). The World Health Organization (WHO), the United States Department of Health and Human Services, the British HIV Association, and health authorities in Australia strongly recommend PLWH to receive COVID-19 vaccination regardless of their CD4+ T-cell counts (6–9). PLWH is one of the priority groups to receive COVID-19 vaccination in various countries (7–9). At the time when this study was conducted, people with immunodeficiency in China needed to seek advice from doctors about whether they should receive COVID-19 vaccination (10). The China national guideline on COVID-19 vaccination was updated 1 month after this study was completed and recommended COVID-19 vaccination to all PLWH (10).

The effectiveness of COVID-19 vaccination program is dependent on both the vaccines' effectiveness and people's willingness to be vaccinated. International health authorities advocate all people without a contraindication should receive COVID-19 vaccination (11). The WHO identified vaccine hesitancy as one major threat to global health (12). A systematic review reported that COVID-19 vaccine hesitancy was a global phenomenon (13, 14). Globally, the number of new COVID-19 cases is rising. Vaccine hesitancy constitutes a threat to tackling the pandemic (15).

Therefore, it is helpful for governments to plan interventions to reduce vaccine hesitancy. In order to promote the COVID-19 vaccination of PLWH, it is necessary to understand their facilitators and barriers to take up COVID-19 vaccination. However, most studies investigating COVID-19 vaccination hesitancy were conducted among the general population and medical professionals (13, 16), and the findings might not be applicable to PLWH. Our literature review identified three studies investigated the willingness to receive COVID-19 vaccination among PLWH in the United States, France and China (17–19). In France and the United States, the proportion of PLWH who were willing to receive COVID-19 vaccination was comparable to those of the general population (France: 72.3% in PLWH vs. 52–76% in the general population; the United States: 68% in PLWH vs. 44–75% in the general population) (17, 18, 20). Our published study showed that 57.2% of unvaccinated PLWH in China were willing to receive COVID-19 vaccination, which was lower than that of the general population (19, 20). Concerns about their health, and the belief that COVID-19 vaccination should be mandatory and important for people with chronic disease were associated with higher willingness to receive COVID-19 vaccination, while previous history of vaccination refusal, mistrust in public health information, and concerns related to side effects were shown to be barriers (17–19). Receiving advice supportive of COVID-19 vaccination for PLWH was associated with higher willingness to receive such vaccination (19). However, there were no studies looking at the actual uptake of COVID-19 vaccination among PLWH. Factors associated with the willingness and actual uptake of COVID-19 vaccination might be different (21). Investigating the willingness and actual uptake of COVID-19 vaccination has different implications. Understanding the willingness and associated factors would inform planning of future health promotion, while looking at the actual uptake provides a snapshot of the implementation of the vaccination program.

This study applied the socio-ecological model as the conceptual framework to explain factors associated with actual uptake of COVID-19 vaccination among PLWH (22). The model considers determinants of a health behavior at the individual, interpersonal and social-structural levels (22). Interventions addressing determinants of a health behavior at multiple levels are more likely to be successful. Previous studies on COVID-19 supported the applicability of the socio-ecological model (23).

This study investigated the prevalence of COVID-19 vaccination uptake among PLWH in China. This study investigated whether factors at different levels (socio-structural, interpersonal, and individual levels) associated with the actual uptake of COVID-19 vaccination were the same in cities with different vaccination delivery models (allowing and not allowing individuals to make an appointment) to receive such vaccine. Our hypotheses were: (1) prevalence of actual uptake of COVID-19 vaccination would be different in cities with different vaccination delivery models, and (2) factors associated with actual uptake would be different under different delivery models.



METHODS


Study Design and Context

This is a multicenter cross-sectional online survey conducted between January and February 2021. The study sites covered eight conveniently selected large Chinese cities, including two in the North (Tianjin and Beijing), two in the Northeast (Shenyang, Hohhot), one in the East (Nanjing), and three in the South (Nanning, Guangzhou and Shenzhen). We selected these cities as the COVID-19 vaccination program was first scaled up in these cities. At the time of this study, people in Beijing, Guangzhou, and Shenzhen could make an appointment to receive COVID-19 vaccination. In these cities, people could download a smartphone application developed by the health bureau to schedule their COVID-19 vaccination. In the other five cities, vaccination was arranged by employers and did not allow individuals to make an appointment. Starting from February 2020, the number of daily-confirmed cases continued to decline and the country recorded zero local new cases on March 18, 2020. The number of daily-confirmed local cases remained low (0–12) between March 19 and June 12, 2020. Between June and November 2020, several small-scale outbreaks happened in Beijing (363 cases from June 11 to July 7, 2020), Xinjiang (826 cases between July and September 2020, 78 cases between July and August 2020), Dalian (99 cases between July and August 2020), and Qingdao (14 cases in October 2020). Between November 2020 and February 2021, more than 14 provinces in China reported outbreak and recorded 2286 local cases. The situation of COVID-19 in China between February 2020 and February 2021 was shown in Figure 1.
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FIGURE 1. The situation of COVID-19 in China between February 2020 and February 2021.




Study Population

Study participants were individuals aged 18–65 years who received confirmatory diagnosis with HIV and were living in one of the eight cities at the time of the survey. Individuals who were illiterate and unable to complete the questionnaire survey, unwilling to provide informed consent, or with known contraindications of COVID-19 vaccination (e.g., pregnant and/or lactating women, people with severe allergy to previous vaccination) were excluded. We excluded participants aged over 65 years, as COVID-19 vaccination was not approved for this age group at the time of the survey. The study participants of this study were different from our published study on willingness to receive COVID-19 vaccination (18). This study was conducted among all PLWH, while the published paper focused on a sub-sample of this study who had never received COVID-19 vaccination (18).



Recruitment and Data Collection

Details of the recruitment and data collection were described by a published study focusing on a subgroup of unvaccinated PLWH of the study participants (19). Eight community-based organizations (CBOs) providing services to PLWH, one in each city, facilitated the recruitment through their networks. These CBOs have been working closely with HIV clinical service providers. WeChat, a live chat application, is the most common communication tool for the CBOs to connect with PLWH clients. CBO staff posted the study information in the WeChat groups involving PLWH clients and invited eligible PLWH to participate. They also sent out reminders through the WeChat groups. The CBO staff and prospective participants were asked not to disseminate the study information to anyone outside the PLWH WeChat groups. Interested PLWH could contact the staff through private WeChat messages or telephone calls. CBO staff screened prospective participants using the eligibility criteria, introduced the study purpose and procedures, answered questions, and explained the confidentiality of study participation. Participation in this study was voluntary, and participants could refuse to answer any of the questions and withdraw from the study at any time without any consequences. Participants signed an electronic consent form sent via WeChat messages. A link to access an online self-administered questionnaire was sent to the consented participants.

The questionnaire was developed using Golden Data, a commonly used, encrypted web-based survey platform in China. Each individual WeChat account was allowed to access the online questionnaire only once to avoid duplicate responses. The Golden Data tool performed completeness check before the questionnaire was submitted. Participants could review and change their responses when they completed the questionnaire. The survey took about 13–15 min to complete. An electronic coupon with a value of 20 Chinese yuan (3.1 US dollar) was sent to the participant upon the completion of a survey. A unique ID was assigned to each participant, which was to delink the study database from personal identifying data. All data collected by the online survey were stored in the Golden Data server and protected by a password. Only the designated research team members had access to the database. Signed electronic consent forms were kept separately from the empirical data and stored in a password-protected computer or a locked cabinet in the same locked office. The Institutional Review Boards of Changzhi Medical College (RT2021003) approved this study.



Measurements
 
Background Characteristics

Participants were asked to report socio-demographic characteristics, lifestyles (smoking and alcohol drinking), height and weight, presence of chronic conditions, history of other vaccination in the past 3 years, and characteristics related to HIV infection.



COVID-19 Vaccination Uptake

Participants reported whether they had taken up any COVID-19 vaccination. Self-reported uptake of COVID-19 vaccination was validated by requesting participants to send the research team an image of their receipt hiding personal identification through WeChat. Some supplementary information was collected from vaccinated participants, including number of doses and types of COVID-19 vaccines received, presence of side effects and severity of such side effects.



Socio-Structural-, Individual-, and Interpersonal-level Variables Related to COVID-19 Vaccination

The research team interviewed CDC staff who are responsible for implementing COVID-19 vaccination program about the delivery model and whether there was a shortage in COVID-19 vaccines during the project period in different study sites. Participants were asked whether they belonged to any of the priority groups to receive COVID-19 vaccination listed by the National Health Commission during the project period.

At individual level, this study measured perceptions based on the Theory of Planned Behaviour (TPB), which postulates that in order to perform a behaviour, one would evaluate the pros and cons of the behaviour (positive and negative attitudes), consider whether their significant others would support such behaviour (perceived subjective norm), and appraise how much control one has over the behaviour (perceived behavioural control) (24). The TPB was commonly used to explain a health behaviour and guide the behavioural intervention (25, 26), it has been successfully used to explain the willingness to receive COVID-19 vaccination among Chinese people (27). Four scales were constructed based on the TPB for this study. They were: (1) the five-item Positive Attitude Scale, (2) the five-item Negative Attitude Scale, (3) the four-item Perceived Subjective Norm Scale, and (4) the five-item Perceived Behavioral Control Scale. These scales were formed by summing up individual item score (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, & 5 = strongly agree).

For interpersonal-level variables, participants were asked whether they received advice given by clinical doctors, CBO staff, friends and family members, and other PLWH regarding COVID-19 vaccination. Participants were also asked the overall opinion regarding COVID-19 vaccination they found on the Internet or social media (responses categories: 1=against taking up COVID-19 vaccination, 2 = no advice/neutral, and 3 = supportive to take up COVID-19 vaccination).




Sample Size Planning

The target sample size was 2500. We estimated that 10% of the participants received COVID-19 vaccination. Given a statistical power of 0.80 and an alpha value of 0.05 and assuming the uptake rate of COVID-19 vaccination in the reference group (without a facilitating condition) to be 2–8%, the sample size could detect the smallest odds ratios (OR) of 1.47 between people with and without such facilitating conditions (PASS 11.0, NCSS LLS).



Data Analysis

Self-reported uptake of any COVID-19 vaccination was used as the dependent variable. Since the associated factors under different COVID-19 vaccination delivery models would be largely different, this study investigated factors associated with the dependent variable in two sub-samples. Total scores of the Positive Attitude Scale, the Negative Attitude Scale, the Perceived Subjective Norm Scale, and the Perceived Behavioral Control Scale were used as independent variables in data analysis. Univariate logistic regression models first assessed the significance of the association between each variable and the dependent variable. Variables with P < 0.05 in univariate analysis were entered in a multivariate logistic regression model. Crude odds ratios (OR), adjusted odds ratios (AOR) and their 95% confidence interval (CI) are obtained. SPSS version 26.0 (IBM Corp, Armonk, NY) was used for data analysis, with P<0.05 considered statistically significant.




RESULTS


Background Characteristics

Out of 10,845 PLWH being approached, 8,692 accessed the online survey, and 2740 completed the online survey. Over half of the participants were younger than 40 years (74.4%), were male at birth (94.5%), were currently single (67.8%), received tertiary education (62.9%), were employed full-time (70.5%), had a monthly income <5000 Chinese Yuan (US$ 770) (57.8%), and with basic health insurance only (75.2%). Among the participants, 27.5% were current smokers, 19.6% were current drinkers, 33.3% reported having at least one chronic condition, 6% were using chronic diseases medications, and 23.0% had a history of other vaccination in the past year. Based on self-reported data on height and weight, over one quarter of the participants were overweight (BMI: 24.0–27.9, 22.0%) or obesity (BMI≥28, 5.0%), while 9.0% were underweight (BMI<18.5). Regarding characteristics related to HIV infection, 17.1% of the participants received their diagnosis within – year, 97.4% were on ART, 68.7% reported undetectable HIV viral load, and 47.0% reported their CD4+ T-cell count level was above 500/μl (Table 1).


Table 1. Background characteristics of the participants (n = 2740).
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COVID-19 Vaccination Uptake

Among the participants, 6.2% (n = 170) self-reported had taken up at least one dose of COVID-19 vaccine (one dose: n = 74, 2.7%; both doses: n = 9 6, 3.5%). All these participants were able to provide the receipt for verification. The prevalence of COVID-19 vaccination uptake ranged from 1.4% in Shenyang to 17.3% in Beijing. Among vaccinated participants (n = 170), 62 (36.5%) received Sinopharm, 58 (34.1%) received Sinovac CoronaVac, and 40 (23.5%) of them were not sure about which vaccine they received. Side effects of COVID-19 vaccination were reported by 55.9% of the participants. Common side effects included pain at injection site (n = 65, 38.2%), fatigue, headache, dizziness or drowsiness (n = 28, 16.5%), muscle pain or joint pain (n = 15, 8.8%), and redness, swelling, itching, induration or rash at injection site (n = 7, 4.1%). Very few vaccinated participants perceived their side effects to be serious (n = 2, 1.2%) (Table 2).


Table 2. Supplemental information related to COVID-19 vaccination uptake.
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Socio-structural Level, Individual-level, and Interpersonal-level Variables Related to COVID-19 Vaccination

According to CDC staff who were responsible for implementing COVID-19 vaccination program in different study sites, people in Beijing, Guangzhou and Shenzhen could make an appointment to receive COVID-19 vaccination during the project period, while COVID-19 vaccination in the other five cities was arranged by the employers and did not allow individuals to make an appointment. A shortage of COVID-19 vaccines was encountered in Shenyang, Guangzhou, and Shenzhen. Among the participants, 20% identified themselves as priority groups to receive COVID-19 vaccination. The Cronbach's alpha of the scales based on the TPB ranged from 0.83 to 0.92, single factors were identified by exploratory factor analysis, explaining for 61.1–76.4% of total variance (Table 3).


Table 3. Responses to survey items measuring socio-structural level, individual-level, and interpersonal-level variables (n = 2740).
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Factors Associated With COVID-19 Vaccination Uptake

Participants living in cities where individuals could make an appointment to receive COVID-19 vaccination reported significantly higher uptake than those living in cities without such allowance (11.0 vs. 2.9%, p < 0.001).

Among participants living in cities where individuals could make an appointment to receive COVID-19 vaccination (n = 1115), being a member of priority groups to receive vaccination (AOR: 1.88, 95%CI: 1.15, 3.09), receiving advice from CBO staff supporting COVID-19 vaccination (AOR: 2.06, 95%CI: 1.30, 3.26), and exposing to information on Internet/social media supporting PLWH to receive COVID-19 vaccination (AOR: 2.81, 95%CI: 1.74, 4.52) were associated with higher uptake. Shortage in COVID-19 vaccines (AOR: 0.21, 95%CI: 0.12, 0.38), and having negative attitudes toward COVID-19 vaccination (AOR: 0.85, 95%CI: 0.82, 0.89) were negatively associated with the uptake (Table 4).


Table 4. Factors associated with COVID-19 vaccination uptake among participants living in cities/provinces where they can and cannot make an appointment to receive COVID-19 vaccines.
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Among those living in cities where individuals could not make an appointment to receive COVID-19 vaccination (n = 1625), cohabited/married with an opposite-sex partner (AOR: 2.31, 95%CI: 1.14, 4.70), being a member of priority groups to receive vaccination (AOR: 2.40, 95%CI: 1.26, 4.56), having positive attitudes toward COVID-19 vaccination (AOR: 1.09, 95%CI: 1.01, 1.16), exposing to information on Internet/social media supporting PLWH to receive COVID-19 vaccination (AOR: 2.34, 95%CI: 1.24, 4.41) were associated with higher uptake. Without a full-time job (AOR: 0.34, 95%CI: 0.14, 0.82) and having negative attitudes toward COVID-19 vaccination (AOR: 0.88, 95%CI: 0.83, 0.93) were negatively associated with the dependent variable (Table 4).




DISCUSSION

To our knowledge, this is one of the first studies investigating COVID-19 vaccination uptake and its associated factors among PLWH in China. As compared to our published study looking at willingness to receive COVID-19 vaccination (18), this study has some different contributions. First, the findings represent the latest estimate of COVID-19 vaccination coverage in this group in the early phase of vaccine rollout, which provided a snapshot of the implementation of COVID-19 vaccination program among PLWH. Second, it addressed the research questions on whether the prevalence of actual uptake and factors associated with actual uptake were the same under different COVID-19 vaccination delivery models. Such information would inform policy makers' decision on which delivery model is more appropriate for PLWH, and provide knowledge basis to develop tailored strategies under each delivery model.

As compared to other countries, the COVID-19 pandemic was stable and under control in China between March 2020 and February 2021. It was possible that Chinese people perceived a lower risk of COVID-19. We found that the COVID-19 vaccination uptake was low (6.2%) and varied across cities (1.4–17.3%). Since there is no data on PLWH in other countries, we were not able to perform between-countries comparison. The COVID-19 vaccination coverage among PLWH was similar to that of the general population in the same cities during the same period. For example, 18% (3.63 million) and 3.6% (0.72 million) of the entire population in Beijing and Shenzhen received COVID-19 vaccination by February 2021, which was similar to our sampled PLWH in these two cities (17.3 and 3.2%) (28). There is a strong need to promote COVID-19 vaccination among both general population and specific sub-population at risk (e.g., PLWH).

Our first hypothesis was supported by the results, as COVID-19 vaccination uptake was much higher under the delivery model which allowed individuals to make an appointment to receive such vaccines. Such model might be easier for PLWH to transform motivation into actual behavior, as they do not have to wait for employer's arrangements. To our knowledge, more cities are switching their delivery model by allowing individuals to make appointments.

Our second hypothesis was partially supported by the results as some factors associated with actual uptake of COVID-19 vaccination was different under different vaccination delivery models. In cities where COVID-19 vaccination was mainly arranged by employers, more attention should be given to people without a full-time job as they could not benefit from such arrangement. Increasing positive attitudes toward COVID-19 vaccination may be an effective strategy to increase vaccination coverage among PLWH in these cities, as it was a facilitator. However, such strategy may not be applicable in cities where individuals could make an appointment to receive COVID-19 vaccination. It is possible that people would consider different factors when they proactively seek a service and when they decide to refuse an arrangement. Shortage in vaccine supply was a barrier of uptake in cities where individuals could make an appointment to receive COVID-19 vaccination, but not for the other delivery model. Allowing individuals to make appointments may result in a surge in the demand. Cities should ensure sufficient vaccine supply before they decide to switch to this delivery model. Shortage of vaccine might overwhelm any other barriers to take up COVID-19 vaccination. The findings also supported that CBO played an important role by motivating PLWH to receive COVID-19 vaccination when individuals could make an appointment to do so. Therefore, it is necessary for the government to empower more capable CBO workers to carry out publicity and education on the necessity and significance of PLWH in the future.

In addition, some similar strategies might be useful for promoting COVID-19 vaccination uptake under both delivery models. At socio-structural level, future intervention should give more attention to PLWH outside the priority groups as they reported lower COVID-19 vaccination uptake. In the initial phase of COVID-19 vaccination rollout and due to the insufficient supply, the government had to give COVID-19 vaccination to individuals at higher risk of COVID-19 first. To address the supply issue, China has rapidly increased its vaccine production capacity (29). It is necessary to shift the focus by emphasizing the importance of herd community targeting the entire population. About half of the participants had negative attitudes related to side effects, risk of exposing their PLWH identity, and potential interactions between COVID-19 vaccination and HIV infection/ART. It is necessary to remove these concerns, as they were barriers of COVID-19 vaccination uptake. Health communication messages should emphasize that ART and COVID-19 vaccination would not have negative impact on each other. Moreover, it is suggested that the health department should establish an online platform for the side effects and antiviral treatment effects of PLWH after receiving the COVID-19 vaccine to eliminate their concerns of COVID-19 vaccination with direct evidence and improve the coverage rate of the vaccine. Positive testimonials from vaccinated PLWH should be useful to remove their concerns related to side effects and privacy. Information about whether PLWH should receive COVID-19 vaccination are mixed on Internet/social media. Similar to the findings in the general population (27), exposure to information on the Internet or social media supporting PLWH to receive COVID-19 vaccination was a facilitator. Previous studies suggested that official web-based media operated by governmental organizations were considered as a credible source of information among Chinese people during the pandemic (30). Government should consider disseminating clear recommendation for PLWH to receive COVID-19 vaccination, and correct the misconception that PLWH could not benefit from such vaccination through these media outlets.

In this study, self-reported COVID-19 vaccination uptake was validated by the research team, which improved the reliability of the primary outcome. The study also has the strengths of covering multiple study sites in different geographic regions of China, a large sample size, and considering variables at all three levels suggested by the socio-ecological model. The findings extended the application of the socio-ecological model and provided empirical insights to inform COVID-19 vaccination promotion strategies. This study also had some limitations. First, this was a cross-sectional survey and could not establish causal relationships. Second, participants were recruited in large Chinese cities. As compared to representative samples of PLWH in China, higher proportion of our participants were male, younger, on ART, and with short duration since HIV diagnosis (31–33). Generalization should be made cautiously to PLWH in China. Third, we were not able to collect information from those who refused to complete the survey. Selection bias existed. Fourth, most items and scales used in this study were self-constructed based on those used in the general population. The reliability of these scales was acceptable. However, they were not used or validated in previous studies. Moreover, participants self-reported whether they belonged to a priority group to receive COVID-19 vaccination. Since we did not ask about participants' occupation and employers, we were not able to confirm whether such self-identification was correct. Furthermore, policies and situation related to COVID-19 vaccination had been changing rapidly; our findings were most applicable to the early phase of COVID-19 vaccination rollout in China. Currently, many low- and middle-income countries with high HIV disease burden were still in the early phase of COVID-19 vaccination rollout (34). Our findings have some reference values for these countries.



CONCLUSIONS

Our findings presented a snapshot of COVID-19 vaccination uptake among PLWH in the early phase of vaccine rollout in China. The socioecological model was useful to explain COVID-19 vaccination uptake among PLWH. The associated factors were not the same under different delivery models. This study provided a knowledge basis to formulate interventions promoting COVID-19 vaccination for PLWH. In order to promote COVID-19 vaccination uptake among PLWH, health authorities should provide clear recommendations of COVID-19 vaccination for PLWH, consider listing PLWH as a priority group to receive COVID-19 vaccination after obtaining sufficient evidence on immunogenicity and safety. Future programs should make use of the settings of hospitals and CBO, as PLWH need to visit these organizations for regular follow-ups. During the follow-up, staff of these organizations could address PLWH's concerns related to the interactions between COVID-19 vaccination and HIV.
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