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% Check for updates People living with HIV (PLHIV) are at higher risk of poor outcomes of
SARS-CoV-2infection. Here we report the pooled prevalence of COVID-19
vaccine acceptance/uptake and determinants among this vulnerable
population of PLHIV based on a systematic review and meta-analysis of
studies published by 25 August 2023. Among the 54 included studies
(N=167,485 participants), 53 (N =166,455) provided data on vaccine
acceptance rate, while 27 (N =150,926) provided uptake data. The global
prevalences of COVID-19 vaccine acceptance and uptake were 67.0% and
56.6%, respectively. Acceptance and uptake rates were 86.6% and 90.1% for
the European Region, 74.9% and 71.6% for the Region of the Americas, 62.3%
and 78.9% for the South-East Asian Region, 64.6% and 19.3% for the Eastern
Mediterranean Region, 58.0% and 35.5% for the African Region, and 57.4%
and 44.0% for the Western Pacific Region. The acceptance rate increased
from 65.9%in 2020 to 71.0% in 2022, and the uptake rate increased from
55.9%in2021t0 58.1%in 2022. Men, PLHIV aged >40 years and those who
hadrecently received the influenza vaccine were more likely to accept and
receive the COVID-19 vaccine. Factors associated with lower uptake included
Black race, other races (Latinx/Hispanic/mixed race), low education level
and being unemployed. Vaccine-related factors associated with higher
acceptanceincluded belief in vaccine effectiveness, vaccine trust, perceived
high susceptibility to SARS-CoV-2 infection and fear of potential COVID-19
effectin PLHIV. Sustained efforts and targeted interventions are needed to
reduce regional disparities in COVID-19 vaccine uptake among PLHIV.

Vaccination against severe acute respiratory syndrome coronavirus  (refs.3-6), including the more lethal Delta (B.1.617.2) variant”®. More-
2 (SARS-CoV-2) has been identified as one of the most potent public  over, arecentstudy showed that COVID-19 vaccines are more effective
health interventiontools for containing the COVID-19 pandemic'>.Evi-  thannaturalimmunity at preventing all-cause emergency department
dence has shown the effectiveness of the vaccines against SARS-CoV-2  visits, hospitalizations and deaths’. Despite these cumulative benefits,
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Fig.1| PRISMA flow diagram of the literature search. From a total of 5,739
studies identified (following both the initial and updated literature review in

the select databases), we screened 4,462 studies for eligibility, removed 1,263
duplicates, and excluded 4,422 studies (1) not reporting COVID-19 vaccine
acceptance/uptake rates and/or determinants, (2) reporting only on conditional
acceptance (including willingness to pay for vaccination), (3) not reporting on

PLHIV, (4) that were COVID-19 vaccination clinical trials with no report on the
proportion of COVID-19 vaccine acceptance and/or uptake and (5) that employed
acontinuous variable for evaluating COVID-19 vaccine acceptability. Therefore,
we finally included a total of 54 eligible studies for this systematic literature
review and meta-analysis.

the available evidence demonstrates a recent global rise in “vaccine
hesitancy”"’, defined by the World Health Organization (WHO) as “a
delayintheacceptance or refusal of vaccination despite the availability
of vaccination services”" and ranked among the top ten major threats to
global health™. This unprecedented rise in vaccine hesitancy witnessed
during the ongoing COVID-19 pandemic is believed to be largely due
to COVID-19-related ‘infodemic™ ", a phenomenon defined by WHO
as ‘too muchinformationincluding false or misleading informationin
digital and physical environments during a disease outbreak™.
Given their compromised immune function, people living with
humanimmunodeficiency virus (PLHIV) (especially those with subop-
timal viral suppression/low CD4 count) have a higher risk of contract-
ing infectious diseases and experiencing severe outcomes following
exposure than non-HIV-infected people'®. Specifically, evidence
has indicated that, compared with non-HIV-infected people, PLHIV
have a higher risk of SARS-CoV-2 hospitalizations'** and death'*,
The safety, efficacy and immunogenicity of the COVID-19 vaccines,
which were developed to help mitigate the enormous global burden
of morbidity and mortality associated with SARS-CoV-2, have been
proven**¢ and vaccines employing mRNA technologies (such as
the BNT162b2 and the mRNA-1273 vaccines) have been shown to be
superior interms of efficacy***. The safety, efficacy and immunogenic-
ity of the COVID-19 vaccines have been established even in patients
with background immunosuppressive states”*, including PLHIV*°,
Despite this cumulative evidence, COVID-19 acceptance/hesitancy
and uptake remained highly variable among PLHIV across different
WHO regions and sociodemographic contexts of the world, withsome
evidence evensuggesting a higher rate of COVID-19 vaccine hesitancy
among PLHIV than among people not living with HIV**2, Moreover,
previous systematic reviews and meta-analytic studies of COVID-19

33-42 43-45
’

vaccine acceptability have been conducted globally**~*, regionally’
nationally***andin certain cohorts*~, including children****. How-
ever, none of these reviews specifically evaluated COVID-19 vaccine
acceptability and uptake and their respective determinants among
PLHIV, a population that is highly susceptible to and heavily affected
by SARS-CoV-2infection.

We therefore conducted this systematic review and meta-analysis
to evaluate the prevalence rates and time trends of COVID-19 vaccine
acceptance and uptake among PLHIV. We further evaluated the pooled
vaccine uptake rates among PLHIV who indicated their willingness to
acceptthevaccine and assessed the factors associated with COVID-19
vaccine acceptance/uptake.

Results

Study identification and selection

Ofthe 3,256 studies screened, 54 studies qualified for inclusion and
were analysed (Fig. 1). The characteristics of the included studies are
provided in Supplementary Table 1.

Characteristics of the studies

Thisreportincluded 54 studies (cumulative sample size, 167,485 partici-
pants), with men constituting the majority of the participantsin 30 of
theincluded studies****, The smallest sample size among the included
studies was 15 (ref. 85), and the largest was 101,205 (ref. 82). A major-
ity of theincluded studies (33 studies) were started and completed in
theyear 2021, and only 4 studies were started and completed in 2020
(refs. 68,78,86,87). Furthermore, 7 studies began in 2020 but were
completed in 2021 (refs. 63,71,73,76,85,88,89), while 5 studies began
in 2021 but were completed in 2022 (refs. 79,82,90-92), and 5 studies
were started and completed in 2022 (refs. 81,84,93-95). In terms of
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Fig.2| Assessment of publication bias among studies reporting each of the
three outcomes. a, Begg’s funnel plot of included studies reporting acceptance
rate (N =53 studies). b, Egger graph of included studies reporting acceptance rate
(P=0.068) (N=53studies). ¢, Begg’s funnel plot of included studies reporting
uptake rate (N=27studies). d, Egger graph of included studies reporting uptake
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rate (P=0.027) (N =27 studies). e, Begg's funnel plot of studies reporting uptake
ratein PLHIV who indicated acceptance (N =13 studies). f, Egger graph of studies
reporting uptake among accepting group (P=0.192) (N =13 studies). All the
statistical tests were two-sided. ES, effect size; SE, standard error; SND, standard
normal distribution.

publication year, 2 studies were published in2020 (refs. 68,86), 11 were
published 2021 (refs.32,57,58,60,62,64,66,68-70,88),26 were published
in2022 (refs. 31,56,59,61,63,65,67,71-73,75-77,79,86,87,89,90,96-103)
and 15 studies were published in 2023 (refs. 80-85,91-95,104-107).
The included studies spanned across all WHO regions, with 11
studies from the African Region (AFR) (South Africa, Uganda, Nigeria,
Ethiopia, Zimbabwe, Sierra Leone and Malawi)©¢71899093-9598,100,10L105
18 from the Region of the Americas (AMR) (Canada, the United States
and Latin AmeriCa)31,61,63,68,72,73,76,78,82,84786,91,92,96,99,104,107’ 6 from the EUrO'
pean Region (EUR) (France, Ireland, Spain, and the UK)®0¢*798897106
1from the Eastern Mediterranean Region (EMR) (Egypt, Saudi Arabia
and Tunisia)™, 4 from the South-East Asian Region (SEAR) (India and

Indonesia)®**%#1°2and 10 from the Western Pacific Region (WPR) (Aus-
traliaand China)?>°¢-586567697075778L103 Two were multiregional studies
(MRS) that involved PLHIV from multiple WHO regions®”*”. By country,
the United States had the highest number of studies (N =14) (refs. 61,
63,68,73,76,78,82,85,86,91,92,96,99,107), followed by China (N =11)
(refs.32,56-59,65,67,69,70,81,103), followed by Nigeria (N = 4) (refs. 90,
98,101,105). Stratified by study design, the majority (N =45) of the
studies were cross-sectional?!?>566063.65-81,838486-90,93-9698-106 Qne study
employed a retrospective medical charts review®, and four studies
did not report their sampling technique®-*>*"'7, With regard to
sampling method, 10 studies employed probability sampling
techniques®»*°%¢7718397-99 139 employed non-probability sampling
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teChniq ue532,57*63,65,68*70,72*81,84*87,89,90,92*96,100*106 and 5 dld not l‘eport thel r
sampling technique®**>*1%7_ A majority of the studies (N=26) were
con d u Cted Onl i n e31,57760,63,65,67,69,70,72777,8l,82,84,86,87,91,92,99,106,107. H oweve r, 24
Stud ieS Used fa ce-to _fa ce inte rviews32,56,()1,64,66,68,71,78780,85,88790,‘)3798,100,1037105’
while 4 combined online and face-to-face interviews

Theacceptance rates for the COVID-19 vaccine among PLHIV were
repo l‘ted by 39 St u d iesﬂ,56,58*6(),62,64,66,67,7()77'5,75,76,78781 ,83,86-88,90,92,93,95,96,98-105

83,96,101,102

while 26 studies reported the rates of vaccination
(U ptake)32,56758,61,65,74,75,77,79,81,82,84,85,89,91,92,94,96,97,99,100,102,1057107’ although
1study® reported neither intention to accept nor the actual uptake.
Amongstudies thatused amultivariable regression analysis, 19 reported
faCtOl‘S associated With acceptance'ﬂ,56,59,6[),66,68,70,71,73,74,76,83,95,96,987100,1[)3,1()4’
11studiesreported factors associated with uptake®¢56%81.849197,99100104107
and 7 reported factors associated with hesitancy®>**638190939,

Risk of publication bias

No evidence of publication bias was observed by visual inspection
of Begg’s funnel plot (Fig. 2a) or by using Egger’s test (P= 0.068) for
studies evaluating acceptance (Fig. 2b). However, slight evidence of
publication bias was observed among studies reporting uptake rates
using both Begg’s funnel plot (Fig. 2c) and Egger’s test (P = 0.027)
(Fig. 2d). No evidence of publication bias was observed by visual
inspection of Begg’s funnel plot (Fig. 2e) or by using Egger’s test
(P=0.137) (Fig. 2f) for studies reporting uptake rates among PLHIV
who indicated acceptance.

Sensitivity analyses

Theleave-one-out sensitivity analysis showed that the reported pooled
rate of COVID-19 vaccine acceptance was not individually influenced
by a single study, with the pooled rates varying between 65.0% (95%
confidenceinterval (Cl), 59.0-71.0%; P= 0.000) and 67.0% (95% Cl, 60.1-
72.0%; P=0.000) across the sequential iterations of the leave-one-out
analysis (Supplementary Fig.1). Also, across all sequential iterations, we
did not observe evidence of an overriding influence of asingle study on
the pooled uptake rate, with the pooled rates ranging from 54.0% (95%
Cl, 44.0-64.0%; P=0.000) to 58.0% (95% Cl, 48.0-68.0%; P=0.000)
across all iterations (Supplementary Fig. 2). Similarly, there was no
evidence of an overriding influence of a single study on the pooled
uptake rate among PLHIV who indicated acceptance, with the pooled
rates varying between 52.0% (95% Cl, 38.0-67.0%; P= 0.000) and 58.0%
(95% Cl, 45.0-72.0%; P=0.000) across all the sequential iterations
(Supplementary Fig. 3).

Meta-analysis of the COVID-19 vaccine acceptance rates
Theresults of the meta-analysis of the prevalence of COVID-19 vaccine
acceptance among PLHIV are shown in Fig. 3a. The pooled global
acceptancerate of the COVID-19 vaccine among PLHIV from 53 studies,
withacumulative sample size 0f 166,455, was 67.0% (95% Cl, 62.0-71.9%)
(Supplementary Fig. 4). The prevalence of acceptance, however,
increased from 65.9% (95% ClI, 55.0-76.0%) in 2020 to 71.0% (95% ClI,
57.2-832%) in 2022 (Supplementary Fig. 5).

Stratified by WHO region (Fig. 4a), EUR had the highest prevalence
at 86.6% (95% Cl, 73.5-95.8%), followed by AMR with 74.9% (95% ClI,
68.0-81.2%), then EMR with 64.6% (95% Cl, 60.5-68.5%), then SEAR with

Fig. 3 | Forest plots of the results of arandom-effects model meta-analysis of
the prevalence rates including subgroup analyses for the three proportion
outcomes pooled using inverse variance weights. a, Prevalence of COVID-19
vaccine acceptance among PLHIV (N = 53 studies, N = 166,455 participants).

b, Prevalence of COVID-19 vaccine uptake among PLHIV (N = 27 studies,
N=150,926 participants). ¢, Prevalence of COVID-19 vaccine uptake among
PLHIV who indicated acceptance (N =13 studies, N = 6,564 participants). Each
solid square represents the effect size of each characteristic, while the ends of
the horizontal lines represent lower (left) and upper (right) Cls. All statistics
were based on a two-sided t-test. PPR, pooled prevalence rate.

62.3% (95% Cl, 33.8-86.9%), AFR with 58.0% (95% Cl, 40.3-74.7%) and
WPR with 57.4% (95% Cl,41.2-72.9%) (Supplementary Fig. 6). The pooled
acceptance rate of MRS was 65.4% (95% Cl, 64.3-66.5%) (Supplementary
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Fig. 6). Furthermore, the pooled acceptance rate among studies that
used face-to-faceinterviews (61.1%; 95% Cl, 53.4-68.4%), was lower than
the pooled rate among studies that used online interviews (69.6%; 95%
Cl, 62.0-76.7%) (Supplementary Fig. 7). Similarly, the pooled accept-
ance rate among studies that used non-probability sampling tech-
niques (66.4%; 95% Cl, 57.9-74.3%) was lower than the rate among
studies that used probability sampling techniques (62.4%; 95% Cl,
55.0-69.6%) (Supplementary Fig. 8).

Meta-analysis of the COVID-19 vaccine uptake rates
Theresults of the meta-analysis of the prevalence of COVID-19 vaccine
uptake among PLHIV are shown in Fig. 3b. Overall, 27 studies, with a
cumulative sample size 0f150,926, reported the rate of vaccine uptake.
The global uptake prevalence among these studies was 56.6% (95% Cl,
48.5-64.5%) (Supplementary Fig. 9). Stratified by year of study, the
pooled uptake prevalence increased from 55.9% (95% Cl, 42.0-69.3%)
in2021t058.1% (95 Cl, 39.7-75.4%) in 2022 (Supplementary Fig. 10).
Stratified by WHO region (Fig. 4b), uptake was highest in EUR
(90.1%; 95% Cl, 86.3-93.4%), followed by SEAR (78.9%; 95% ClI, 73.4~
83.6%), then AMR (71.6%; 95% Cl, 61.6-80.7%), WPR (44.0%; 95% ClI,
20.2-69.4%), AFR (35.5%; 95% Cl, 13.6-61.3%) and EMR (19.3%; 95%
Cl,16.2-22.8%) (Supplementary Fig. 11). The uptake prevalence from
one MRS was 65.0% (95% Cl, 63.9-66.1%) (Supplementary Fig. 11). Fur-
thermore, uptake was substantially higher among studies employing
onlineinterviews (60.4%; 95% Cl, 48.7-71.6%) than among studies using
face-to-face interviews (50.2%; 95% Cl, 38.9-61.5%) (Supplementary
Fig.12). The pooled uptake prevalence was also higher among studies
that used probability sampling techniques (62.9%; 95% Cl, 59.1-66.7%)
than among those that used non-probability sampling (52.3%; 95% ClI,
39.1-65.3%) (Supplementary Fig.13).

Meta-analysis of the COVID-19 vaccine uptake rates among
PLHIV who indicated acceptance

Theresults of the meta-analysis of the prevalence of COVID-19 vaccine
uptake among PLHIVwhoindicated acceptance areshowninFig.3c. The
global vaccine uptake among PLHIV who indicated acceptance, which
was reported in 13 studies with a cumulative sample size of 6,186, was
71.3% (95% Cl, 53.3-86.4%) (Supplementary Fig. 14).

Stratified by WHO region (Fig. 4c), uptake among PLHIV who
indicated acceptance was 91.9% (95% Cl, 86.5-95.3%) in EUR, 89.4%
(95%Cl, 84.7-92.9%) in SEAR, 78.8% (95% Cl, 40.7-99.5%) in AMR, 71.7%
(95% Cl, 31.3-98.1%) in WPR, 60.3% (95% Cl, 24.8-90.5%) in AFR and
29.8% (95% Cl, 25.2-34.8%) in EMR (Supplementary Fig. 15). Stratified
by study year, uptake was 76.3% (95% Cl, 47.5-95.8%) in 2022 and 67.6%
(95% Cl, 40.8-89.4%) in 2021 (Supplementary Fig. 16). The uptake
reported among studies using face-to-face interviews (69.6%; 95% ClI,
38.5-93.1%) was lower than the rate reported by online studies (72.7%;
95% Cl,45.6-92.9%) (Supplementary Fig.17). Only one study reporting
uptake rate used the probability sampling technique. The uptake rate
from this study (74.4%; 95% Cl, 70.0-78.3%) was slightly higher than
the pooled uptake rate of studies that used non-probability sampling
techniques (71.0%; 95% Cl, 51.1-87.5%) (Supplementary Fig. 18). Supple-
mentary Figs.19-39 contain the meta-analysis results (peer-reviewed
articles only) of all the three study outcomes (acceptance, uptake and
uptake among PLHIV who indicated acceptance).

Regional acceptance/uptake rates among PLHIV versus the
general population

Table 1 shows a comparison of COVID-19 vaccine acceptance rates
among PLHIV and the general populationineach WHO region. There
isevidence of substantial variability in acceptance rates across regions
amongboth the general population (meanacceptancerate, 67.0;s.d.,
8.4; range, 55.4-74.9%) and the PLHIV population (mean acceptance
rate, 67.03; s.d., 11.4; range, 57.4-86.6%). However, the variability in
regional uptake ratesamong PLHIV (mean uptake rate, 56.6;s.d.,27.7;

range, 19.3-90.1%) is substantially higher than that of the general
population (mean acceptancerate, 40.6;s.d., 9.7; range, 25.7-52.0%)
(Table 2).

Meta-analysis of the factors associated with COVID-19 vaccine
acceptance

Table 3 shows the results of individual meta-analyses of the factors asso-
ciated with COVID-19 vaccine acceptance. Men had a higher likelihood
of acceptance than women (odds ratio (OR), 2.06; 95% CI, 1.16-3.66).
Conversely, PLHIV aged less than 40 years had significantly lower odds
of acceptance than those aged 40 years and above (OR, 0.70; 95% Cl,
0.54-0.90). Also, compared with those with secondary and higher lev-
elsof education, PLHIV having a primary level of education and below
had a lower likelihood of acceptance (OR, 0.60; 95% CI, 0.40-0.89).
Similarly, compared with PLHIV belonging to the white race, Black
PLHIV had a significantly lower likelihood of acceptance (OR, 0.50;
95% Cl,0.27-0.94). However, compared with PLHIV who reside inurban
settings, those who reside in rural settings had a significantly higher
likelihood of acceptance (OR, 1.69; 96% Cl, 1.33-2.14). Furthermore,
PLHIV who are concerned about the safety of the COVID-19 vaccine
had alower likelihood of acceptance than those who are not (OR, 0.41;
95% Cl,0.32-0.53), whereas PLHIV who believe in the effectiveness of
the COVID-19 vaccine (OR, 1.80;95% Cl, 1.27-2.56) and those who trust
the vaccine (OR, 15.17;95% Cl, 9.16-25.12) had significantly higher odds
ofacceptance. Also, PLHIV who perceive that they are at anincreased
susceptibility of contracting COVID-19 (OR, 1.34;95% CI,1.07-1.68) and
those who are fearful of the potential effect of COVID-19 on PLHIV (OR,
2.01;95%Cl,1.60-2.54) had higher odds of acceptance. Furthermore, we
found that PLHIV with a history of recent influenza vaccination uptake
had asignificantly higher likelihood of acceptance than those who have
norecentinfluenzavaccine uptake history (OR, 2.01;95% Cl, 1.60-2.54).
Supplementary Figs. 40-56 contain the outputs of the meta-analyses
of the determinants of COVID-19 vaccine acceptance in PLHIV.

Meta-analysis of the factors associated with COVID-19 vaccine
uptake

Table 4 shows the results of meta-analyses of the factors associated with
COVID-19 vaccine uptake. We found that men had significantly higher
odds of vaccine uptake than women (OR, 1.55; 95% CI,1.27-1.89). Also,
compared with those aged 40 years and above, PLHIV aged below 40
years had significantly lower odds of vaccine uptake (OR, 0.58; 95%
Cl, 0.53-0.64). PLHIV who have attained at least a secondary level
of education had a higher likelihood of uptake than those with only
primary education or below (OR, 0.50; 95% CI, 0.41-0.61), and being
unemployed was associated with alower likelihood of vaccine uptake
(OR, 0.56;95% CI, 0.43-0.73). Furthermore, compared with PLHIV
belonging to the white race, Black PLHIV (OR, 0.60; 95% CI, 0.52-0.70)
aswellasPLHIV belonging to other races (Latinx/Hispanic/mixed race)
had a significantly lower likelihood of vaccine uptake (OR, 0.31; 95%
Cl,0.28-0.34). Conversely, PLHIV who have recently been vaccinated
againstinfluenzahad asignificantly higher likelihood of COVID-19 vac-
cineuptake (OR, 6.73;95% Cl, 6.11-7.14). Supplementary Figs. 57-63 con-
tain the results of the meta-analyses of the determinants of COVID-19
vaccine uptake among PLHIV.

Discussion

Thisstudyevaluatedthepooledprevalenceanddeterminantsof COVID-19
vaccine acceptance and uptake among the vulnerable population of
PLHIV. The overall acceptance rate of the COVID-19 vaccine across the
53 studies reporting acceptance rates was approximately 67%. This
aggregate acceptance rate varied when studies were stratified on the
basis of WHO region, with the highest rate observed among PLHIV in
EUR (86.6%), followed by AMR (74.9%), while the lowest acceptance
rates were observed among PLHIV in AFR (58.0%) and WPR (57.4%).
The aggregate uptake rate among studies reporting vaccinationrates
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a Acceptance rates of the COVID-19 vaccine among PLHIV according to WHO region

Acceptance rate (%)

57.40 86.60

b Uptake rates of the COVID-19 vaccine among PLHIV according to WHO region

Uptake rate (%)

19.30 90.10

Uptake in acceptants (%)

29.80 91.90

Fig. 4| Global map showing the regional pooled prevalence of COVID-19 COVID-19 vaccine among PLHIV who indicated acceptance according to WHO
vaccine acceptance/uptake. a, Acceptance rates of the COVID-19 vaccine global regions. Darker areas signify higher rates, and lighter areas signify lower
among PLHIV according to WHO global regions. b, Uptake rates of the COVID-19 rates. Maps adapted from OpenStreetMap under a Creative Commons licence
vaccine among PLHIV according to WHO global regions. ¢, Uptake rates of the CCBY-SA2.0.
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Table 1| COVID-19 vaccine acceptance rate of PLHIV across
the six WHO regions compared to rates in the general
population of the same region

WHO Study-derived regional Regional acceptance rates in the

region acceptance rates of general population (based on
PLHIV (%) re-analysis of a previous systematic

review)* (%)

AFR 58.0 (95% Cl, 40.3-74.7)  55.4(95% Cl, 51.1-59.7)

AMR 74.9 (95% Cl, 68.0-81.2)  71.5(95% Cl, 69.8-73.2)

EMR 64.6 (95% Cl, 60.5-68.5) 57.3 (95% Cl, 53.4-61.3)

EUR 86.6 (95% Cl, 73.5-95.8)  711(95% Cl, 67.7-74.4)

SEAR 62.3(95% Cl, 33.8-86.9) 74.9 (95% Cl, 69.5-80.0)

WPR 57.4 (95% Cl, 41.2-72.9) 72.0 (95% Cl, 68.5-75.2)

Table 2 | COVID-19 vaccine uptake rate of PLHIV across the
six WHO regions compared to the WHO-reported uptake
rate among the general population of the same region

WHO Study-derived Regional uptake rates in the general
region regional uptakerate  population (based on the results of a
among PLHIV (%) previous systematic review)” (%)
AFR 35.5(95% Cl, 39.7(95% Cl, 22.4-58.4)
13.6-61.3)
AMR 71.6 (95% ClI, 45.0 (95% Cl, 37.0-53.1)
61.6-80.7)
EMR 19.3(95% Cl, 25.7 (95% Cl, 14.9-38.3)
16.2-22.8)
EUR 90.1(95% ClI, 52.0 (95% Cl, 41.2-62.7)
86.3-93.4)
SEAR 78.9 (95% ClI, 47.4 (95% Cl, 28.9-66.2)
73.4-83.6)
WPR 44.0 (95% Cl, 33.7(95% Cl, 22.2-46.2)
20.2-69.4)

was approximately 56.6%, with variations across WHO regions: 90.1%
inEUR, 71.6% in AMR, 35.5% in AFR and 44.0% in WPR.

The aggregate acceptance:uptake ratio for the COVID-19 vaccine
observed among PLHIVinthe present review (67.0%:56.6%) is compa-
rable to that of the general population (67.8%:42.3%) (ref. 108). Only
71.3% of PLHIV who indicated their acceptance actually received at least
asingle dose of the COVID-19 vaccine, demonstrating the presence of a
substantial gap between vaccine acceptance and uptake. Lack of access
tothe COVID-19 vaccine may hinder the ability of those who indicated
their willingness to accept the vaccine toreceiveit, therebyincreasing
the gap between willingness to accept and actual uptake'®", Future
studies should evaluate the extent to which lack of vaccine access con-
tributes to the observed acceptance-uptake gap. Also, because prior
studies have demonstrated the existence of sociodemographic dis-
paritiesinaccess to the COVID-19 vaccines™ ™, future studies should
alsoinvestigate the extent to which sociodemographic differencesin
vaccine accessibility may contribute to differences in COVID-19 vac-
cine uptake rates among those who are already willing to accept the
vaccine. Also, changes in individuals’ attitudes towards vaccines (for
example, due to recent exposure to misinformation) may explain the
observed gap between acceptance and uptake rates. Forexample, one
randomized controlled trial found that recent exposure to misinfor-
mation led to a drop in willingness to be vaccinated by more than 6%
inboth the United States and the United Kingdom among people who
wereinitially willing to be vaccinated against COVID-19 (ref.119). Amore
proactive escalation of vaccination campaign efforts may therefore be
needed toreduce the wide gap between acceptance and actual uptake.
Furthermore, gaps between vaccine acceptance and uptake rates have

beenreportedinother health-related interventions?°"'*, particularly
in relation to missed opportunity for vaccination'?, Overall, research s
needed to understand and quantify the magnitude of the root causes
of non-uptake among those who have demonstrated their willingness
toreceive the vaccine.

This review also found substantial regional variability in the
acceptance rates of the COVID-19 vaccine among PLHIV, with accept-
anceratesranging from 57.4%in WPR to 86.6%in EUR. Notably,in WPR,
the acceptance rate observed among the general population (72.0%)
was substantially higher than the rate among PLHIV (57.4%), whereas in
EUR, the acceptancerateamongPLHIV (86.6%) was substantially higher
thanthat ofthe general population (71.1%). However, in all other WHO
regions, the COVID-19 vaccine acceptance rates among PLHIV and the
general population were similar, suggesting that the inter-regional vari-
ability in vaccine acceptance rate observed among PLHIV is probably
afunction of acceptance variability among the general population. In
contrast, our meta-analysis of uptake rates demonstrated evidence
of substantially wider regional variability among PLHIV (mean uptake
rate, 56.6;s.d.,27.7; range, 19.3-90.1%) than in the general population
(meanacceptancerate, 40.6;s.d.,9.7; range, 25.7-52.0%). This observed
variability in uptake rate may have been occasioned by the highly vari-
able vaccination rollout among WHO member countries, with some
countries such as the United Kingdom starting national vaccination
programmes as early as December 2020, and others, especially some
low-income and middle-income countries, commencing vaccination
after April 2021'7"%%, Also, global inequities in access to and distribu-
tion of the COVID-19 vaccination may have substantially contributed
to inter-regional variability in vaccine uptake rate. Nonetheless, the
uptake rate of all six WHO regions was below WHO’s target of 100%
COVID-19 vaccination among immunocompromised populations such
as PLHIV. Vaccination campaigns should therefore prioritize PLHIV,
particularly in regions where the uptake rate is much lower than the
general population’s 70% target coverage'”.

Sociodemographic and regional variations in vaccination
rates have been shown to play a leading role in the spread of new
SARS-CoV-2 strains and the emergence of new waves across the
globe°'*2, Similar to previous studies®*>*"*1517 oyr study indi-
cates that women (versus men), Black people and people of other
races (Latinx/Hispanic/mixed race) (versus white), unemployed
(versus employed) individuals, younger adults (<40 years versus
>40years), and those with alower level of education are significantly
less likely to receive at least one dose of the COVID-19 vaccine. These
findings demonstrate that sociodemographic factors contribute to
variationsinvaccine uptake rates, signifying the need for policymak-
ers to identify and address the sociodemographic determinants of
uptake of the COVID-19 vaccine. Among other measures, vaccine
confidence campaigns targeting sociodemographic subgroups
with a lower likelihood of uptake and ensuring equitable access to
and distribution of COVID-19 vaccines may substantially improve
vaccine uptake among PLHIV.

The findings from our subgroup analyses indicate that the pooled
acceptance rate in 2022 (71.0%) was higher than the rates in 2021
(66.0%) and 2020 (65.9%), and the uptake rate in 2022 (58.1%) was
higher than the uptake rate in 2021 (55.9%). Similarly, among PLHIV
whoindicated acceptance, the uptake was higherin 2022 thanin 2021
(76.3% versus 67.6%). This rising trend in the rate of acceptance of
the COVID-19 vaccine over time was also observed in previous global
studies, where the acceptance rate rose from 71.5% (ref. 133) in 2020
t0 75.2% (ref.134) in 2021, and to 79.1% (ref. 135) in 2022. This implies
thattheimprovementinthe acceptance of the COVID-19 vaccine over
time among PLHIV is commensurate with that of the general popula-
tion. Also, thisincrease in COVID-19 vaccine acceptance over time may
reflect a positive change in the public’s attitude towards vaccination
due to deliberate vaccination campaign efforts or a gradual increase
in access to COVID-19 vaccination globally'*"'?5,
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Table 3 | Results of meta-analyses of determinants of COVID-19 vaccine acceptance

Outcome No. of studies and references WHO region(s) OR (95% Cl) P P within
represented

Gender (men versus women) 16, refs. AFR, AMR, EUR, 2.06 (1.16-3.66) 0.01 95%
58-60,62,66,70-73,90,93,95,98,99,104,105 SEAR, WPR

Age (<40 years versus >40 9, refs. 32,58,60,70-72,90,93,98 AFR, AMR, EUR, WPR 0.70 (0.54-0.90) 0.006 70%

years)

Marital status (single/divorced/ 13, refs. 32,58,59,66,70,73,81,90,93,95,98,104,105  AFR, AMR, WPR 0.96 (0.80-1.15) 0.83 38%

widowed versus married/

cohabited)

Race (Black versus white) 2, refs. 73,99 AMR 0.50 (0.27-0.94) 0.03 75%

Race (others (Latinx/Hispanic/ 2, refs. 73,99 AMR 1.04 (0.49-2.20) 0.92 0%

mixed race) versus white)

Education (primary and below 14, refs. 32,56,58,59,62,66,70,81,90,93,95,98,9 AFR, AMR, SEAR, 0.60 (0.40-0.89) 0.01 93%

versus secondary and above) 9,104 WPR

Employment status 11, refs. 32,66,70,73,90,93,95,98,99,104,105 AFR, AMR, WPR 0.96 (0.66-1.31) 0.20 T7%

(unemployed versus employed)

Income (low versus medium/ 9, refs. 58,59,66,70,73,81,90,93,98 AFR, AMR, WPR 0.96 (0.74-1.24) 0.74 75%

high)

Residence (rural versus urban) 4, refs. 72,90,93,95 AFR, AMR 1.69 (1.33-2.14) <0.001 94%

Comorbidity (absent versus 9, refs. 58-60,66,70,72,81,98,104 AFR, AMR, EUR, WPR 0.81(0.49-1.34) 0.41 91%

present)

Vaccine safety concern (yes 4, refs. 56,60,62,98 AFR, EUR, SEAR, 0.41(0.32-0.53) <0.001 96%

versus no) WPR

Perceived vaccine effectiveness 3, refs. 56,60,98 AFR, EUR, WPR 1.80 (1.27-2.56) 0.001 93%

(yes versus no)

Vaccine trust (yes versus no) 3, refs. 60,62,104 AMR, EUR, SEAR 15.17 (9.16-25.12) <0.001 31%

Perceived susceptibility to 3, refs. 59,60,90 AFR, EUR, WPR 1.34 (1.07-1.68) 0.01 0%

COVID-19 (yes versus no)

Fear of COVID-19 effect on 4, refs. 59,60,71,98 AFR, EUR, WPR 2.01(1.60-2.54) <0.001 89%

PLHIV (yes versus no)

Know someone who died of 2, refs. 60,62 EUR, SEAR 1.06 (0.68-1.66) 0.78 82%

COVID-19 (yes versus no)

Recent of influenza vaccination 4, refs. 60,70-72 AFR, AMR, EUR, WPR 1.53(1.29-1.81) <0.001 36%

(yes versus no)

Bold font indicates statistical significance.

Table 4 | Results of meta-analyses of determinants of COVID-

19 vaccine uptake

Outcome No. of studies and references WHO region(s) OR (95% Cl) P P within
represented

Gender (men versus women) 6, refs. 58,61,64,69,84,99 AMR, EUR, WPR 1.55 (1.27-1.89) <0.001 33%

Age (<40 years versus 240 years) 4, refs. 58,61,69,84 AMR, WPR 0.58 (0.53-0.64) <0.001 96%

Marriage/cohabitation (single/divorced/ 2, refs. 58,69 WPR 0.86 (0.68-1.09) 0.21 68%

widowed versus married/cohabited)

Race (Black versus white) 3, refs. 61,84,99 AMR 0.60 (0.52-0.70) <0.001 66%

Race (others (Latinx/Hispanic/mixed 2, refs. 61,99 AMR 0.31(0.28-0.34) <0.001 91%

race) versus white)

Education (primary and below versus 5, refs. 58,69,81,84,99 AMR, WPR 0.50 (0.41-0.61) <0.001 73%

secondary and above)

Income (low versus medium/high) 2, refs. 58,84 AMR, WPR 0.91(0.61-1.34) 0.62 34%

Employment (unemployed versus 4, refs. 64,69,84,99 AMR, EUR, WPR 0.56 (0.43-0.73) 0.002 74%

employed)

Receipt of influenza vaccination (yes 2, refs. 61,69 AMR, WPR 6.73(6.11-714) <0.001 93%

versus no)

Bold font indicates statistical significance.

Finally, similar to previous reviews among certain immunocom-
promised groups*"” and other vaccines?***"'*, this review found
that participants’ vaccine-related perceptions and attitudes (including
scepticism about vaccine efficacy, concern about vaccine safety, prior

influenza vaccination history, perceived heightened susceptibility to
SARS-CoV-2 infection and fear of contracting the infection) are sig-
nificantly predictive of COVID-19 vaccine acceptability and uptake. We
want to note that not all PLHIV are the same. It is reasonable to expect
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that PLHIV on antiretroviral therapy with an undetectable viral load,
compared with those with uncontrolled HIV, may be more likely to
have concerns about the safety of the COVID-19 vaccine among PLHIV.
Future studies are therefore needed to evaluate the extent to which
inter-regional disparities in access to antiretroviral therapy contrib-
ute to regional variations in vaccine acceptance and uptake among
PLHIV. Nonetheless, interventions aimed at maximizing COVID-19
vaccine acceptance and uptake among PLHIV should prioritize health
education about the proven safety and efficacy of the COVID-19 vac-
cinesamong PLHIV and individuals with otherimmune-compromising
conditions***?¢2%3014314¢ ‘Fyrthermore, interventions should address
theroot causes of poor attitudes towards the COVID-19 vaccine, includ-
ing the ongoing unprecedented proliferation of misleading and false
informationin the digital and physical media, termed an “infodemic™"
by WHO'®. Among other measures, promoting personal health behav-
iours'>"*¢, maintaining the HIV care continuum'”"*° and incentivizing
the uptake of the COVID-19 vaccine among PLHIV (especially among
those with socio-economically disadvantaged backgrounds) may help
bolster vaccination and combat hesitancy.

Strengths and limitations

This systematic review has some strengths and limitations. First, we
report the pooled estimate of the rate of uptake of the COVID-19 vac-
cine specifically among those who indicated acceptance, not just the
overalluptakerate. Second, approximately 90% of the included studies
scored high in terms of methodological rigor, and up to one fourth of
theincluded studies employed a probability sampling technique. Third,
we performed aseries of stratified analyses to account for differencesin
sampling and data collection methods, yet our estimates of the preva-
lence of vaccine uptake and acceptance remained relatively similar.
Fifth, when we excluded the two non-peer-reviewed’**® articles from
our analyses, publication bias remained absent, and the prevalence
rates of allthe analyses remained similar (Supplementary Figs.19-39).
The mainlimitations of this review relate to those of theincluded stud-
ies. First, the cross-sectional nature of most of the included studies
precludes our ability to establish causal relationships. Also, many of
the studies used an online medium for questionnaire administration
rather than face-to-face interviews, which may have resulted in the
non-participation of PLHIV without access to the internet, a group
that may account for a high proportion of the population of PLHIV,
particularly those in Africa.

Conclusion

There is substantial regional variation in the rates of acceptance and
uptake of the COVID-19 vaccine among PLHIV, and approximately one
third of PLHIV who were willing to accept the vaccine were yet to be vac-
cinated. Low levels of education, unemployment, and poor perception
of and attitude towards the COVID-19 vaccines are among the main
predictors of lower acceptance and undervaccination among PLHIV.
Interventions at the global, national and local levels should therefore
seek to address these barriers in order to improve acceptance and
uptake of the COVID-19 vaccine among PLHIV.

Methods
This review was performed inaccordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)*' guidelines.
The PRISMA checklist of thisstudyis containedinSupplementary Table 2.
The study protocol was registered with the International Prospective
Register for Systematic Review (PROSPERO ID: CRD42022353575).
Between10 and15January 2023, we searched multiple electronic
databases, including PubMed, Scopus, Cochrane Database of Systematic
Reviews, Cochrane Central Register of Controlled Trials, APA PsycInfo,
CINAHL and Google Scholar, to identify studies assessing COVID-19
vaccine acceptance, uptake and hesitancy among PLHIV. We further
updated our literature search to 25 August 2023 (following editorial

recommendation). A detailed search strategy was developed for Pub-
Med and adapted for the other databases (Supplementary Table 3).
We used a combination of Boolean operators (AND’ and ‘OR’), Medi-
cal Subject Headings, key terms and wildcards to expand the search.
The search terminologies used included ‘coronavirus’, ‘COVID-19’,
‘SARS-CoV-2’,‘vaccine’, ‘vaccination’, ‘HIV’,‘AIDS’, “acceptance’, ‘willing-
ness’, ‘intention’, ‘uptake’, ‘hesitancy’, ‘refusal’, ‘determinants’, “associ-
ated factors’ and ‘predictors’.

Inclusion and exclusion criteria
For the prevalence of acceptance/uptake, we followed the CoCoPop
(condition, context, population)™? guideline for the review of preva-
lence/incidence studies and included any study that evaluated and
reported the rates of COVID-19 vaccine acceptance, uptake and/or
hesitancy among PLHIV. To evaluate the factors associated with accept-
ance/uptake, we included any study that provided information on
the predictors of COVID-19 vaccine acceptance and/or uptake among
PLHIV in line with the PEO (population, exposure, outcome)"* guide-
line. We only included original full-text articles, preprints and abstracts
evaluating any of our outcomes of interest (prevalence rates or factors
associated with COVID-19 vaccine acceptability in PLHIV) that were
reported in the English language. Preprints were included because
evidence has shown that they are reliable in health decision-making
during disease outbreaks, including the COVID-19 pandemic®>™*,
Records were excluded if they (1) did not provide information
about any of our primary outcomes of interest, (2) evaluated and pro-
vided information on conditional acceptance only, such as willingness
to pay for the vaccine; (3) employed only continuous variables for
measuring acceptability; or (4) were COVID-19 vaccination clinical trials
withnoreportofthe proportions of the COVID-19 vaccine acceptability.

Study selection and eligibility

Following a literature search in the select databases, 1,993 articles
were screened. Using the Rayyan QCRI (Qatar Computing Research
Institute)™, the studies were independently screened on the basis of
title, thenabstract and full text by two investigators (S.K.S.and M.S.M.),
and two senior authors (F.L.T.-A.and A.T.B.) resolved all discrepancies.
Of the 1,993 studies screened, 167 were found to be eligible, and 40
studies were included in the analysis on the basis of our pre-specified
inclusion and exclusion criteria (Fig. 1). In addition, we searched the
databases between January and 25 August 2023 for relevant studies
published within this period, and 2,483 articles were retrieved, of which
14 were eligible and included to update our initial search (Fig. 1). The
total number of studies included in this review after this update was
therefore 54 (Fig.1).

Outcomes and definitions

The primary outcomes of this systematic review and meta-analysis are
the prevalence of COVID-19 vaccine acceptance and vaccine uptake
among PLHIV. For this meta-analysis, we defined acceptance (similar to
aprevious meta-analysis)'°® as the willingness to be vaccinated against
COVID-19 (among unvaccinated people). Therefore, participants who
responded ‘Yes’, ‘Definitely’ or ‘Probably’ to the question evaluating
their willingness or intention to accept the COVID-19 vaccine were
considered to beinthe vaccine acceptance group. Vaccine uptake was
defined asthereceipt of at least asingle dose of the COVID-19 vaccine.
Forarticles that reported only the prevalence of uptake, we considered
thereported uptakerate asthe acceptancerate,inline witha previously
published study'®®. Prevalence of acceptance was calculated as the
number of participants in the acceptance group divided by the total
number of participants multiplied by 100. Accordingly, the prevalence
of vaccine uptake was calculated as the number of participants in the
uptake group divided by the total number of participants multiplied
by100. We further calculated the prevalence of vaccine uptake among
those who indicated willingness to accept the COVID-19 vaccine as
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the number of participants who received the vaccine divided by the
number of participants who indicated willingness to accept the
vaccine, multiplied by 100.

Data extraction

Theincluded articles from the literature search were initially entered
into Zotero software (version 6.0.15), where duplicates were detected
and removed. Subsequently, the Joanna Briggs Institute™® data extrac-
tion formwas used to extractall relevantdata fromallincluded articles
by two investigators (S.K.S. and M.S.M.). The information extracted
from the articles included the first author’s name, the year of pub-
lication, the study country, the study setting, the study design, the
samplesize, the sampling method, the study period, the participants’
demographic characteristics (age and sex), the total proportion of
those willing to be vaccinated, the total proportion of those who were
already vaccinated and the factors associated with vaccine acceptance.
Additionally, for each subcategory of each determinant of vaccine
acceptance and uptake (for example, male versus female), we extracted
the total number of participantsin each subcategory and the number
of participantsineach subcategory whoindicated vaccine acceptance
and/or uptake. At least two studies had to provide such data before a
determinant was considered for meta-analysis. All extracted data are
openly available at https://doi.org/10.17605/0OSF.1I0/5XGJE.

Critical appraisal (quality assessment) of the included studies
Allincluded studies wereindependently reviewed by two investigators
(S.K.S.and M.S.M.), whocritically appraised the studies’methodological
quality using the Joanna Briggs Institute™’ critical appraisal tool. This
checklist assesses the methodological rigor of astudy using nine unique
questions about the study’s sample frame, participants, sample size,
study setting, data analysis, methods for identifying conditions, meas-
urement procedures, statistical analysis and adequate response rate.
Astudywasgraded interms of quality on the basis of the overall score,
with greater than 70% indicating high quality, 50% to 70% indicating
moderate quality and less than 50% indicating low quality**"®. Differ-
encesinscoring betweenthe twoinvestigators (S.K.S.and M.S.M.) were
resolved by two senior authors (F.L.T.-A. and A.T.B.) by reviewing and
discussing the articles together before finally awarding a consensus
score (Supplementary Tables 4 and 5).

Statistical analysis

The aggregate rates of COVID-19 vaccine acceptance and uptake were
estimated from all studies with meta-analysis weighting. Studies that
reported both willingness to accept (among unvaccinated people)
and the actual uptake of COVID-19 vaccines were used to estimate the
uptake ratesamong PLHIV who indicated acceptance. All pooled pro-
portions were presented using forest plots. A random-effects model
was chosen due to the anticipated diversity of the study populations
and the variability in the timing of studies. The percentage of total
variation across studies due to heterogeneity was evaluated using the
P measure*'°°, which was categorized as low (0% to 25%), moderate
(26% to 75%) or substantial (76% to 100%).

Subgroup analysis was performed on the basis of WHO region
(AFR, AMR, EMR, EUR, SEAR and WPR), year of study, data collection
method, sampling method and method for questionnaire administra-
tion. Inthe subgroup analysis by region, studiesinvolving participants
from more than one WHO region with no exclusive outcome data per
country were treated independently as MRS. The Freeman-Tukey
doublearcsine transformation was enabled to prevent the exclusion of
some studies with proportions close to orat1. The pooled proportions
and weighted mean differences with their 95% Cls were presented, and
aPvalue of 0.05 was considered significant. To examine the potential
influence of each study on the pooled rates of COVID-19 vaccine accept-
ance and uptake, we performed a leave-one-out sensitivity analysis,
which involved an iterative exclusion of one study from the analysis

toreport the pooled estimates of vaccine acceptance/uptake without
that study. This process was repeated until all included studies had
beenindividually excluded.

The presence of publication bias among the included studies
was checked using Begg’s funnel plot' and Egger’s test'®. A value of
P>0.05 indicates the absence of statistically significant evidence of
publication bias. All meta-analyses of prevalence rates and publication
bias assessments were performed using the metaprop'® commandin
Stata version 15IC (StataCorp).

Furthermore, we performed a meta-analysis of the potential
determinants of acceptance and uptake using RevMan-5 software
(version 5.4.1, Nordic Cochrane Centre) where at least two studies
had provided the required data for the meta-analysis of a particular
determinant. Using the Mantel-Haenszel method, we calculated the
pooled effect estimates (ORs) of each determinant and their 95% Cls
using either random-effects or fixed-effects meta-analyses, depending
onthe degree of heterogeneity across the studies'**'*®, and presented
the results as forest plots. To derive the pooled estimate of vaccine
acceptance/uptake among the general population of each WHO region,
we conducted meta-analyses using data from a recently published
global meta-analysis of COVID-19 vaccine acceptance and uptake in
the general population'®®, Finally, we compared the mean and standard
deviation of the regional acceptance/uptake rates among PLHIV to
those of the general population using an F-test.

Reporting summary
Furtherinformation onresearch designisavailable in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
Allthe datasupporting the findings of thiswork canbe accessed viathe
Open Science Framework at https://doi.org/10.17605/0SF.I0/5XGJE.

Code availability
All the code for the data analysed in this work is openly available at
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