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Summary
Background Vaccines have been demonstrated to protect against high-risk human papillomavirus infection (HPV),
including HPV-16/18, and cervical lesions among HIV negative women. However, their efficacy remains uncertain
for people living with HIV (PLHIV).We systematically reviewed available evidence on HPV vaccine on immunologi-
cal, virological, or other biological outcomes in PLHIV.

MethodsWe searched five electronic databases (PubMed, Medline and Embase, clinicaltrials.gov and the WHO clin-
ical trial database) for longitudinal prospective studies reporting immunogenicity, virological, cytological, histologi-
cal, clinical or safety endpoints following prophylactic HPV vaccination among PLHIV. We included studies
published by February 11th, 2021. We summarized results, assessed study quality, and conducted meta-analysis and
subgroup analyses, where possible.

Findings We identified 43 publications stemming from 18 independent studies (Ns=18), evaluating the quadrivalent
(Ns=15), bivalent (Ns=4) and nonavalent (Ns=1) vaccines. A high proportion seroconverted for the HPV vaccine types.
Pooled proportion seropositive by 28 weeks following 3 doses with the bivalent, quadrivalent, and nonavalent vac-
cines were 0.99 (95% confidence interval: 0.95-1.00, Ns=1), 0.99 (0.98-1.00, Ns=9), and 1.00 (0.99-1.00, Ns=1) for
HPV-16 and 0.99 (0.96-1.00, Ns=1), 0.94 (0.91-0.96, Ns=9), and 1.00 (0.99-1.00, Ns=1) for HPV-18, respectively.
Seropositivity remained high among people who received 3 doses despite some declines in antibody titers and lower
seropositivity over time, especially for HPV-18, for the quadrivalent than the bivalent vaccine, and for HIV positive
than negative individuals. Seropositivity for HPV-18 at 29−99 weeks among PLHIV was 0.72 (0.66-0.79, Ns=8)
and 0.96 (0.92-0.99, Ns=2) after 3 doses of the quadrivalent and bivalent vaccine, respectively and 0.94 (0.90-0.98,
Ns=3) among HIV-negative historical controls. Evidence suggests that the seropositivity after vaccination declines
over time but it can lasts at least 2−4 years. The vaccines were deemed safe among PLHIV with few serious adverse
events. Evidence of HPV vaccine efficacy against acquisition of HPV infection and/or associated disease from the
eight trials available was inconclusive due to the low quality.

Interpretation PLHIV have a robust and safe immune response to HPV vaccination. Antibody titers and seropositiv-
ity rates decline over time but remain high. The lack of a formal correlate of protection and efficacy results preclude
definitive conclusions on the clinical benefits. Nevertheless, given the burden of HPV disease in PLHIV, although
the protection may be shorter or less robust against HPV-18, the robust immune response suggests that PLHIV may
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benefit from receiving HPV vaccination after acquiring HIV. Better quality studies are needed to demonstrate the
clinical efficacy among PLHIV.
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Research in context

Evidence before this study

There are four licensed HPV vaccines, which are effec-
tive in preventing cervical cancer caused by the most
common high-risk HPV infections. Cervical cancer inci-
dence in women living with HIV is 6 times higher than
for women without HIV, but there remains uncertainty
regarding the vaccine effectiveness among people with
HIV. We searched PubMed, Medline and Embase for
peer-reviewed articles without language restrictions.
We used terms for HIV, HPV, HPV-associated disease,
and HPV vaccines, and included studies published up to
February 11th, 2021. We identified five systematic
reviews including two reviews with quantitative sum-
maries of data. The studies summarized evidence from
up to seven randomised controlled trials (RCTs). The
reviews suggested the HPV vaccines were safe and
immunogenic across different populations. Despite
highlighting heterogeneity across studies, none of the
reviews evaluated the influence of vaccine type, vaccine
dose, timing of measurement, or baseline serostatus.

Added value of this study

We identified 43 publications stemming from 18 inde-
pendent prospective longitudinal studies, including 20
new publications and 2 new longitudinal studies com-
pared to previous systematic reviews. We demonstrate
that people with HIV develop a robust initial immune
response following HPV vaccination and that vaccines
were regarded as safe for all three vaccine types evalu-
ated. Among people living with HIV (PLHIV), who were
seronegative for the vaccine type HPV infection prior to
vaccination, seroconversion rates were high 28 weeks
after receiving the first vaccine dose: more than 94% of
PLHIV seroconverted for HPV-16/18 across three vac-
cines. Seropositivity remained high among people who
received 3 doses despite some declines in antibody
titers, with more pronounced decline among PLHIV as
compared to people without HIV. We conducted sub-
group and meta-regression analyses to assess heteroge-
neity by vaccine, participant, and study characteristics.
Four trials reported immunogenicity results by HIV dis-
ease stage. There is modest evidence to suggest that
antibody titers and seroconversion rates were lower
among PLHIV who had lower CD4 cell counts or who
had detectable HIV plasma viral loads.

Our findings demonstrate important data gaps in
the evidence-base for vaccine effectiveness against HPV
infections and associated disease among PLHIV. The
few studies identified offered low quality evidence with
only 2 clinical trials including a placebo arm. Issues with
measurement of the outcome, and baseline serostatus
limit the inferences that can be drawn.

Implications of all the available evidence

PLHIV can develop a robust humoral immune response
following HPV vaccination. The vaccine is safe and well
tolerated, with few serious adverse events. Evidence of
vaccine efficacy on biological outcomes following vacci-
nation was generally of low quality. The evidence-base
is lacking from well-designed studies that account for
the underlying HPV infection status, timing of infection,
and have a sample size and follow-up time that are
appropriate for estimation of efficacy of HPV vaccine in
PLHIV. The evidence of a robust immune response gen-
erated among all PLHIV who have received HPV vacci-
nation supports cervical cancer elimination efforts to
increase HPV vaccination coverage including in high
HIV prevalence settings.
Introduction
The Human Papilloma Virus (HPV) is a common sexu-
ally transmitted infection. High-risk (HR) oncogenic
HPV types cause cervical cancer and other anogenital
cancers in women and men.1−3 Currently there are four
licensed HPV vaccines (Cervarix, Gardasil, Gardasil-9,
Cecolin),4,5 which protect against acquisition of HR-
HPV-16 and HPV-18. Cervarix and Cecolin (recently
approved) are bivalent HPV vaccines whereas Gardasil
is a quadrivalent vaccine. The nonavalent vaccine (Garda-
sil-9) also protects against five additional HR-types
(HPV31/33/45/52/58).6 HPV-16/18 and HPV-16/18/31/33/
45/52/58 cause approximately 70% and 90% of all cervi-
cal cancer cases, respectively.7 In addition, HPV-16 and
18 also cause the large majority of anal cancers in men
www.thelancet.com Vol 52 October, 2022
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and women8 and HPV-6 and 11 cause over 90% of geni-
tal warts.9

HPV vaccination produces a long-term immune
response lasting at least 8−14 years in the general popu-
lation.10−13 Since the first HPV vaccine was licensed in
2006, HPV vaccination programmes have been imple-
mented in approximately 100 countries.14,15 Epidemio-
logical studies have shown reductions in the prevalence
of HPV vaccine types and high-grade cervical intraepi-
thelial neoplasia (CIN2+) in young women 5 to 9 years
as well as declines in anogenital warts diagnoses after
the introduction of national vaccination campaigns.14,16

Declines in anogenital warts diagnoses in women and
men following vaccination have also been observed.14 In
2020, the World Health Organization (WHO)’s Mem-
ber States adopted the Global strategy for cervical cancer
elimination as a public health problem. Reaching the
WHO’s elimination target requires countries to reach
90% coverage of HPV vaccination in girls, 70% cover-
age of cervical cancer screening, and 90% treatment
and management of both precancerous lesions and
invasive cancer cases.17

The burden of HPV-associated diseases is dispropor-
tionately concentrated in low- and middle-income coun-
tries, where approximately 80% of cervical cancer
diagnoses and deaths occurred in 2020.3,15,18,19 Sub-
Saharan Africa has the highest burden of HPV infections
and cervical cancer diagnoses worldwide, with age-stand-
ardised cervical cancer incidence and mortality rates
approximately three times larger than the global aver-
age.20 The concomitant burden of HIV contributes to the
disparity.21,22 It is estimated that 23% and 53% of cervical
cancer cases are attributable to HIV in eastern and south-
ern Africa, respectively, compared to 5% globally.21

Meta-analyses of longitudinal studies suggest that
HIV amplifies HPV-associated disease burden in multi-
ple ways.22 Compared to HIV-negative people, people
living with HIV (PLHIV) are at increased risk of acquir-
ing HPV infection, developing precancerous lesions
and are less likely to clear their HPV infection and their
precancerous lesions regress more slowly.21−24 WLHIV
have a six-fold risk of developing cervical cancer com-
pared to women without HIV.21 Higher rates of anal
cancer are also observed in PLHIV, particularly among
men who have sex with men.25

The efficacy of HPV vaccination in individuals without
HIV has been evaluated in large randomized controlled
trials (RCTs) and summarized in systematic reviews.26−29

A similar evidence-base does not exist for PLHIV; instead
several small immunogenicity studies have been
conducted.30,31 Few studies have assessed vaccine impact
on HPV-related biological outcomes among PLHIV.31,32

Five systematic reviews of the bivalent or quadrivalent
HPV vaccines among PLHIV based on searches con-
ducted before 2019 have been published33−37; none
included results on Gardasil-9. Three narrative reviews
summarized safety and immunogenicity results34,35,37 and
www.thelancet.com Vol 52 October, 2022
biological outcomes37 from seven RCTs or less. Only two
reviews provided a quantitative summary33,36 of HPV sero-
conversion following vaccination from fourteen studies33

and differences in adverse events (AEs) or geometric
mean antibody titers (GMTs) between vaccine and placebo
groups from three33 and four RCTs.36 The reviews suggest
the vaccines are safe and immunogenic. Despite
highlighting heterogeneity across studies, none of
the reviews formally assessed the influence of vac-
cine type, number of vaccine doses, timing of mea-
surement or baseline serostatus.

The WHO has adopted HPV vaccine and cervical
cancer-screening based strategies to accelerate cervical
cancer elimination. Given the elevated risk of anogenital
cancers among PLHIV, the purpose of the study is to
evaluate the efficacy of HPV vaccination in PLHIV to
inform clinical and public health guidelines and identify
where important data gaps remain. We conducted a sys-
tematic review and meta-analysis to provide summary
estimates in three domains: immunogenicity, safety,
and efficacy of HPV vaccination in PLHIV taking into
account baseline HPV DNA and/or HPV serostatus,
when possible. We also conducted subgroup analyses
by age, sex, vaccine type and dose, and HIV disease sta-
tus from available data.
Methods
This systematic review reporting follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).38 The review has not been registered and
the protocol has not been published.

Search Strategy and data extraction
We searched for peer-reviewed articles in PubMed,
Medline and Embase using terms for HIV, HPV, HPV-
associated diseases and for any of the HPV vaccines
published by February 11th, 2021 (full search terms in
Supplement Table S1). We also searched clinicaltrials.
gov and the WHO clinical trial database for online
records of published or unpublished trial results on
HPV vaccination in PLHIV.39,40

Peer-reviewed articles and online clinical trial
records (henceforth referred to as ‘publications’) were
eligible for inclusion if they reported prospectively col-
lected longitudinal data from clinical trials with one or
more arms on the safety, immunogenicity, or any rele-
vant HPV related biological endpoints following prophy-
lactic vaccination of PLHIV with any of the licensed
HPV vaccines. Studies were included regardless of how
many vaccine doses were given, but we excluded studies
if they did not report results by dose (i.e. studies were
excluded if the seropositivity results included a mix of
people with different number of doses received). Mathe-
matical modeling studies, qualitative studies or litera-
ture reviews, studies that did not report outcomes by
HIV status, retrospective studies, and studies which did
3
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not report any immunogenicity results by HPV type
were excluded. No language, date, or location restric-
tions were placed. We first screened publication titles
and abstracts for inclusion. Full texts of selected publica-
tions were then retrieved to confirm eligibility. Finally,
the references of publications were searched to identify
any additional ones.

For each included publication, we extracted available
estimates or data to derive estimates. Where possible,
study estimates were extracted by baseline HPV status,
and were categorized as “unknown HPV status” other-
wise. We included the following outcomes in the study:
immunogenicity (proportion seropositive, GMTs),
HPV-related biological endpoints (e.g., virological, histo-
logical, clinical) and vaccine safety (e.g., AEs). We
extracted data on endpoints specific to the HPV types
included in the vaccines (e.g., only HPV-16/18 for
the bivalent vaccine and HPV6/11/16/18 for the quadri-
valent). We also extracted information on study and
participant characteristics such as sex, age, use of antire-
troviral therapy (ART), CD4 cell count, location, study
design, follow-up time, and number of vaccine doses.

The search and screening of the publications was
done independently by two reviewers (LS and MEB or
NS), using Covidence software.41 Data were extracted by
LS or NS and then reviewed by MEB, NS or LS; differen-
ces were resolved by consensus.
Data analysis
Results were presented as forest plots (seropositivity),
line graphs (GMT) or tabulations (other outcomes) by
timing of the measurement after administration of the
first vaccine dose (i.e., 28 weeks, 29-99 weeks, ≥100
weeks) and by baseline HPV seropositivity status, by
vaccine type, and by relevant participant characteristics
where possible.

When multiple publications reported on the same
outcome from one trial (i.e., from the same population),
we selected results, in order of priority, from the i) peer-
reviewed article, ii) the publication providing the longest
follow-up data, or iii) the publication with the largest
sample size to use in pooled estimates. Most studies
reported immunogenicity and GMT results based on
the competitive Luminex immunoassay (cLIA), and
cLIA results were favored in pooled estimates in studies
reporting estimates from multiple assays. For publica-
tions that reported on HPV seronegative participants at
baseline without reporting baseline GMT levels, we
used the cLIA assay cut-off for HPV seropositivity as
baseline value. We grouped results based on cLIA, LIA
and ELISA assays together as they produced qualita-
tively comparable GMT results and presented results
based on neutralization assays separately as they pro-
duced substantially higher GMT values.

We pooled independent estimates of seropositivity
results following vaccination using DerSimonian-Laird
random effects models,42 stratified by number of doses
received and timing of measurement, and presented
them separately for participants HPV negative at base-
line and of “unknown HPV status”. For meta-analyses
of seropositivity after vaccination, outcomes using pro-
portions were transformed using arcsine transforma-
tion and 95% confidence intervals (95%CI) were
calculated, with results presented on the original scale.43

We assessed heterogeneity across estimates using the I2

statistic.44 We also performed subgroup analyses by par-
ticipant and study characteristics (e.g., sex, age, HIV
treatment status, region) using meta-regression, com-
bining HPV seronegative and seropositive at baseline
for the subgroup analyses. All analyses, and figures
were created using ‘R’ version 1.2.1355, and the ‘metafor’
package was used for meta-analyses.45

The main analyses on seroconversion (seropositivity
among those seronegative at baseline) and GMT titers
focused on results from participants who were HPV
seronegative for the vaccine-type at baseline and subse-
quently seroconverted since this represent the most reli-
able evidence on the immune response to vaccination.
In addition, and for completion, we also analysed data
for the participants who were HPV seropositive or had
unknown serostatus for the vaccine type HPV at base-
line for completion. We conducted subgroup analyses
for the outcomes by age, sex, vaccine, and HIV disease
indicators.

Study quality
We tailored the Newcastle-Ottawa-Scale to our specific
research question to evaluate study quality and risk of
bias (across domains of study design, selection bias,
misclassification bias, measurement error and internal
validity) separately for the three main types of outcomes
seropositivity and antibody titers (based on 12 criteria),
biological endpoints (based on 15 criteria), allocating
one point per criteria as detailed in Supplement Table
S2A-B. The scale was applied independently by two
researchers (LS & MMR) and differences were resolved
by a third researcher (MCB).

Role of the funding source
The study was partly funded by the World Health Orga-
nization. WHO contributed to study design, and inter-
pretation of the results. The other funding sources had
no role in this work. LS and MMR had full access to all
the data used in the study and had final responsibility
for the decision to submit for publication.
Results

Search results
Of the 3843 peer-reviewed articles identified through
our literature searches, 76 underwent full text review
and 32 met our inclusion criteria (Figure 1).
www.thelancet.com Vol 52 October, 2022



Figure 1. Search results and study selection.
Abbreviations: Np = Number of publications, Ns= Number of Studies.

Articles
We identified 37 online trial records from the trial data-
base searches, of which 11 reported additional informa-
tion to peer-reviewed articles and were included. Only
one online trial record did not have a peer-reviewed arti-
cle associated with it.46 In total, we included 43 publica-
tions (Number of publications Np=32 published articles
and 11 online trial records) from 18 independent pro-
spective longitudinal studies (Number of studies,
Ns=18), with approximately 3900 participants.

Table 1 summarises the study and participant charac-
teristics of the included trials (10 controlled trials and 8
www.thelancet.com Vol 52 October, 2022
single arm trials). Supplement Table S3 presents addi-
tional details for each publication. Most studies were
conducted either in the Americas (Ns=8) or Europe
(Ns=5), evaluated the quadrivalent (Ns=15) rather than
the bivalent (Ns=4) or nonavalent (Ns=1) vaccines, and
evaluated three doses (Ns=18) rather than four doses
(Ns=3). No studies of Cecolin vaccine, nor studies evalu-
ating one or two doses, in PLHIV were found. Con-
trolled trials compared the quadrivalent (Ns=4) or
bivalent vaccines (Ns=1) to a placebo, the bivalent to the
quadrivalent vaccine (Ns=2), three versus four doses
5



Single arm trials (Longitudinal studies) Controlled trials

Number

(Ns = 8)

References

(Np = 22)

Number

(Ns = 10)

References

(Np = 21)

A) Study characteristics

WHO region

Africa 1 30,72 1 73,74

America 4 32,46,47,51−53,55,58,60,75−79 4 50,54,57,61,62,64,80,81

Europe 1 82 4 31,56,83−89

Asia 1 59,90 0 �
Mix 1 49,49,91 1 92,93

Study year (mid-point)

2000-2010 3 30,32,47,52,53,59,60,75,77−79 2 50,62,73,81

Post 2010 4 46,51,55,58,72,76,81,90 8 31,54,56,57,61,64,80,83−89,92,93

Not reported 1 82 0 �
Vaccine type

Nonavalent 0 � 1 88,89

Quadrivalent 8 30,32,46−49,51−53,55,

58−60,72,75−79,82,

90,91

7 31,50,54,56,57,61,62,64,81,

83−87,92,93

Bivalent 0 � 4 31,73,74,80,83,84,87,92,93

Vaccine doses

3 doses 8 31,46,47,50,54,57,59,61,62,64,72

−74,77,80,81,83−87

10 32,48,52,53,60,78,88,89,92,93

4 doses 1 75,78 2 54,62,64,81

Study design

Randomized controlled trials: N/A � 7 31,50,54,56,57,61,62,64,73,74,

81,83−85,87,92,93

Quadrivalent vaccine vs Placebo N/A � 4 50,54,56,57,61,62,64,81,85

Bivalent vaccine vs Placebo N/A � 1 73,74

Quadrivalent vs Bivalent vaccines N/A � 2 31,83,84,87,92,93

Three vs four doses of quadrivalent vaccine N/A 2 54,62,64

Non randomized controlled trials:+ N/A � 3 80,86,88,89

Trials with historical controls (HIV positive unvaccinated,

HIV negative vaccinated or HIV negative unvaccinated)

5 30,51,52,55,58,72,79 2 50,54

Number of trial participants (at entry)

Median across studies (IQR) 150 (99-307) 97 (91−219)

Follow-up duration

<1 year 3 50,80,85 4 30,49,51,55,58,75,79,81,82,88−90

1-2 years 6 31,46,59,73,74,77,83,84,86,87 2 76,92,93

>2 years (maximum: 8 years) 3 47,54,57,61,62,64,72,81 4 48,49,51−53,55,56,58,60,76,81,90

B) Participant characteristics

Sex

Female 5 47−49, 51−53, 55, 58−60,

76,77,82,90,91

2 73,74,92,93

Male 2 32,46,75,78,79 2 56,80,85

Female and Male 1 30,72 6 31,50,54,57,61,62,64,81,83,84,86−89

Age category/

Children (≤18 years)] 3 30,55,72,82 2 50,54,62,64,81

Adults (>18 years) 3 32,46,51,75,77−79 6 31,56,57,61,73,74,80,

83−85,87−89

Mix of adults and children 4 47−49,52,53,58−60,76,90,91 2 86,92,93

Proportion of participants on ART (Baseline)

100% 1 82 1 87

67-99% 3 30,32,55,58,72,78,79 6 31,54,56,57,62,64,83−85,88

25-66% 2 48,52,53,59,60,91 1 93

Table 1 (Continued)
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Single arm trials (Longitudinal studies) Controlled trials

Number

(Ns = 8)

References

(Np = 22)

Number

(Ns = 10)

References

(Np = 21)

<25% 0 � 1 74

Not reported 5 46,47,49,51,75−77,90 7 50,61,73,80,81,86,89,92

Baseline CD4 count (Mean or Median)

<350 cells/mm3 1 48,49,91 0 �
350−500 cells/mm3 1 47 1 74

>500 cells/mm3 4 30,32,51,52,55,58,59,72,76,78,79 8 31,50,54,56,57,61,62,64,81,

83−88,93

Not reported 4 53,60,75,77,82,90 4 73,80,89,92

C) Study outcomes

Immunogenicity

Seropositivitya:

Stratified by:

5 30,32,48,49,51−53,55,59,

60,72,75,78,79,81

9 31,50,54,62,73,74,80,81,83,84,

86,88,89,92,93

CD4 count/nadir 1 49 1 50

ART status 1 53 0 �
Viral suppression 0 � 0 �

Geometric mean antibody titre (GMT):

Stratified by:

6 30,32,46,48,49,51−53,55,

72,75,77−79,91

6 31,50,54,74,81,84,87,88,92,93

CD4 count/nadir 1 49 1 50

ART status 1 53 0 �
Viral suppression 1 55 0 �

Biological outcomes

Genital warts 2 46,58 0 �
Anogenital DNA infection 4 32,46,47,49,58,59 3 31,56,57,84

Cytology (anal/cervical) 0 � 2 56,57,61

Histology (CIN2+) 1 58 0 �
Safety

AEs (possibly, probably or definitely related to vaccine) 3 32,46,52,53,59,60,75,78,79 2 50,57,61,62,81

Any AEs 7 30,32,46−49,51−53,55,

58−60,72,75,76,78,79,90,91

7 31,50,56,57,61,62,73,74,81,

84,85,87−79,92,93

(S)AEs 7
30,32,46,48,49,52,53,

55,59,60,72,75,77−79,90,91

7 31,50,56,57,61,62,73,74,

81,83−85,87−89,92,93

Table 1: Summary of the study and participant characteristics of the Ns = 18 independent trials included (Details of the Np = 43
publications included are presented in Supplement Table S3).

a The proportion of the population that is seropositive for any of the HPV vaccine types at any point in time regardless of baseline HPV status; (S)

AEs = (serious) Adverse Events, CIN = Cervical intraepithelial neoplasia; Np: Number of publications; Ns: Number of independent trials; //Children if partici-

pants are < 18 years old and adults if ≥ 18 years old; ] Range between 7 and 18 years old; ❖ Historical control group based on participants recruited in a different

study, time, location; +All compare vaccine in HIV positive and negative participants.

Articles
(Ns=2), or vaccination between HIV positive and HIV-
negative individuals (Ns=3; Table 1A). In addition, five
single arm trials and two RCTs also included historical
controls of (un)vaccinated HIV-negative individuals or
unvaccinated PLHIV. Studies were small (median trial
sample size: 97 for the controlled trials, 150 for the sin-
gle arm trials) with average follow-up duration of
1-2 years and the longest follow-up of 8 years.47

Trials included females only (Ns=7), males only (Ns=4)
or both sexes (Ns=7), and children aged between 7 and
18 years old (Ns=5), adults aged >18 years old (Ns=9), or a
mixed age population (Ns=6) (Table 1B). Most trials
reported on immunogenicity results (seropositivity:
www.thelancet.com Vol 52 October, 2022
Ns=14; antibody titers: Ns=12) (Table 1C). All eight trials
that reported biological endpoints following vaccination
were among adults or mixed age participants (i.e., none
in only children). Fifteen trials reported varied levels of
information on HIV treatment and/or CD4 cell counts at
baseline but very few reported outcomes stratified by
HIV disease indicators. Information on the safety of the
vaccine was reported for fifteen trials.
Study quality
The quality assessments for each outcome are presented
in Supplement Tables S9-S10 based on the criteria in
7
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Table S2A-B. Most studies were conducted in relatively
healthy PLHIV and/or PLHIV receiving ART; few stud-
ies included patients with low CD4 cells counts or
untreated HIV limiting the representativeness of results
for all PLHIV (e.g., of the studies reporting a baseline
CD4 count, two studies reported a mean or median
CD4 below 500 cells/mL; Table 1, Supplement Tables
S3, S9-S10). Immunogenicity outcomes received higher
quality scores than biological outcomes: Two seroposi-
tivity and two GMT titers outcome estimates scored less
than 9 out of a maximum of 12 points whereas 14 bio-
logical outcome estimates scored less than 12 out of a
maximum of 16 points. Estimates of seropositivity fol-
lowing vaccination among seronegative individuals
received the highest scores (9-12), as the baseline status
means the group is less likely to suffer from misclas-
sification bias, and these estimates were used in our
main analysis (Figure 2). For biological outcomes,
scores were lost across different bias domains; most
scores were lost due to the lack of a valid comparable
control group (study had problems with internal
validity), small sample sizes or lack of sample size
calculation (measurement error), and poor specificity
of the outcome (i.e., not specific to the HPV types
included in the vaccine tested, measurement error),
affecting the interpretability and the validity of bio-
logical results and/or power to detect differences.
Given the lower quality of biological outcomes, we
did not pool results for biological outcomes, and we
present a summary of main results in Supplement
Table S6, and full results in Table S7.

Immunogenicity results − seropositivity
Almost all HPV seronegative PLHIV seroconverted to
vaccine specific types and remained seropositive 28
weeks after the first vaccine dose (Figure 2A-D). The
summary estimate of proportion of PLHIV who sero-
converted by 28 weeks for the quadrivalent vaccine were
0.99 (95%CI: 0.98-1.00, Ns=9, I2=57%), 0.94 (95%CI:
0.91-0.96, Ns=9, I2=67%), 0.99 (95%CI: 0.97-1.00,
Ns=8, I2=74%), and 0.98 (95%CI: 0.97-0.99, Ns=8,
I2=42%), for HPV-16, HPV-18, HPV-6, and HPV-11,
respectively. Similarly, high seroconversion levels for
HPV-16 and HPV-18 were reported for the bivalent vac-
cine (0.99, 95%CI: 0.95-1.00 and 0.99, 95%CI: 0.96-
1.00, Ns=1, respectively) and for the nonavalent vaccine
(1.00, 95%CI: 0.98-1.00 and 1.00, 95%CI: 0.99-1.00,
Ns=1, respectively), and for the five additional HR-HPV
types included in the nonavalent vaccines (Supplement
Table S3).

Seropositivity levels after the third dose remained
high despite some declines over time, the decline was
greater for HPV-18 and with the quadrivalent vaccine
(29-99 weeks: 0.72, 95%CI: 0.66-0.79, Ns=8, I2=72%)
than the bivalent vaccine (29-99 weeks: 0.96, 95%CI:
0.92-0.99, Ns=2, I2=0%) (Figure 2B). Consequently,
increases in seropositivity after a fourth vaccine dose
were more pronounced for HPV-18 with the quadriva-
lent vaccine, with higher seropositivity observed at
≥100 weeks (29-99 weeks: 0.78, 95%CI: 0.71-0.84,
Ns=2, I2=0% vs ≥100 weeks: 0.87, 95%CI: 0.59-1.00,
Ns=2, I2=94%) (Figure 2B). No information was avail-
able for the nonavalent vaccine after 28 weeks. Sero-
positivity results for PLHIV with mixed seropositive
HPV status at baseline were similar to those HPV sero-
negative at baseline (Supplement Figure S1A-D). For
the quadrivalent vaccine, the heterogeneity across stud-
ies for pooled estimates for HPV-18 and HPV-6 (I2 val-
ues) was larger than for HPV-16 and HPV-11.
Heterogeneity was also higher across study estimates
for pooled estimates with timing between 29 and 99
(I2=58-85%).

In subgroup analyses (combining HPV seronega-
tive and seropositive at baseline), results were gener-
ally similar by sex, age, and region across HPV types
and timing of measurements (Supplement Table
S4A-D). The only statistically significant differences
were that the proportion who were seropositive for
HPV-18 after 3 doses was higher for participants
receiving the bivalent vaccine than the quadrivalent
vaccine at week 28 and weeks 29−99. Seropositivity
results between adults and children were similar
albeit potentially seropositivity after vaccination was
a little lower in adults. However, the number of esti-
mates pooled in the subgroup analyses pooled was
low, which also reduces ability to detect differences
between subgroups. It was not possible to conduct
subgroup analysis by CD4 level, viral suppression or
being on ART or not given the few estimates and/or
the heterogeneity in exposure categories used.

Immunogenicity results − average antibody titers over
time
Antibody titers increased by week 28 and were higher
for HPV-16 than HPV-18 and HPV-6/11 in those receiv-
ing the quadrivalent vaccine as shown in Figure 3. GMT
levels for HPV-16 at week 28 tended to be slightly
higher for children than adults (Figure 3). GMT levels
declined over time after 28 weeks (with three doses) for
the four HPV vaccine types, especially for HPV-18.
However, none of the average GMT measures fell below
the seropositivity cut-off. Two studies reported results
after a fourth dose (administered after 72 or 128 weeks)
of the quadrivalent vaccine showed an increase in anti-
body titers for all four HPV vaccine types at 96 or 128
weeks in children and adults (Figure 3). One trial evalu-
ating the nonavalent vaccine among men reported simi-
lar increases at 28 weeks, albeit more modest than in
some of the other trials on the quadrivalent vaccine
(Supplement Figure S2). Finally, average GMT levels
for HPV-18 were higher in participants receiving the
bivalent than the quadrivalent vaccine (Supplement Fig-
ures S2, S4). Supplement Figures S2, S3, S4 present
additional results for each study.
www.thelancet.com Vol 52 October, 2022



Figure 2. Seropositivity to A) HPV-16, B) HPV-18, C) HPV-6 and D) HPV-11 following vaccination with the bivalent (bHPV),
quadrivalent (qHPV), or nonavalent (9vHPV) vaccines among PLHIV who were seronegative for the specific HPV type at
baseline (Number of independent trials, Ns =13). Estimates are stratified by number of doses and timing of measurement since the
first dose in the vaccination schedule. One asterisk(*) indicates which study estimates were included in pooled estimates (one per
study - the longest follow up time). Two asterisks (**) indicates there was only single estimate for a given vaccine type, which was
not pooled. Vaccine types are colour-coded: black = qHPV, teal = bHPV, and orange = 9vHPV. Abbreviations: Both (B), female (F) or
male (M); N= Trial sample size; BR=Brazil, CAN=Canada, Den=Denmark, IND=India, KEN=Kenya, PR= Puerto Rico, SA=South Africa,
USA=United States of America; Age ranges are in years; cLIA= chemiluminescence immunoassay, Neutr. assay = neutralization assay,
IgG-LIA = line immunoassay, PBNA = pseudovirion-based neutralisation assay.
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Figure 2. Continued
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Immunogenicity results - by HIV status or disease
stage
Differences in seropositivity between HIV negative and
PLHIV after three doses were small albeit statistically
significant for HPV-16, HPV-18 (28 weeks, 29-99
weeks) and HPV-6 (29-99 weeks) (Supplement Figure
S5A-D). The difference in the pooled proportion sero-
positive between HIV negative and PLHIV was largest
at 29-99 weeks for HPV-18 (0.94, 95%CI: 0.90-0.98,
Ns=3, I2=68% vs 0.72, 95%CI: 0.60-0.82, Ns=5,
I2=78%, p-value<0.001) and remained relatively small
for HPV-16 (1.00, 95%CI:0.99-1.00, Ns=3, I2=32% vs
0.97, 95%CI: 0.93-0.99, Ns=5, I2=39, p-value<0.001).

Antibody titers following vaccination declined for
both HIV-negative participants and PLHIV but declined
further among PLHIV participants over time
www.thelancet.com Vol 52 October, 2022



Figure 2. Continued
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(Supplement Figure S7, Table S5). For example, the
HIV-positive versus negative ratio of GMT levels at 28
weeks across studies ranged between 0.4-0.8 for HPV-
16 (Ns=5) and 0.3-0.8 for HPV-18 (Ns=5).

Only four studies reported seroconversion and/or
GMT levels stratified by HIV disease stage (CD4-cell
counts,49,49 CD4 cell count percentages/fraction,50

plasma viral suppression51) or ART status52,53
www.thelancet.com Vol 52 October, 2022
(Supplement Figure S6A-D, supplement table S11).
One trial reported high GMT titers at 28 weeks for
PLHIV in any CD4-cell counts subgroups although
GMT titers and the proportion that seroconverted fol-
lowing vaccination were lower for PLHIV with CD4
≤200 (HPV-16, HPV-18, HPV-6, HPV-11: 0.93, 0.75,
0.84, 0.92 if CD4 ≤200 cells/mL and 0.99, 0.91, 0.96,
0.98 if >350 cells/mL, respectively, Ns=2, Supplement
11



Figure 2. Continued

Articles

12
Table S3).48,89 A second trial reported a positive and sig-
nificant correlation between high CD4% and antibody
titers but did not provide stratified estimates54 whereas
a third trial found no difference in antibody titers by
CD4% nadir51 (Supplement Figure S6A-D). Finally, a
fourth trial reported higher seropositivity rates and anti-
body titers in PLHIV on ART than not on ART52,53 while
another one reported higher antibody titers for all four
HPV vaccine types among PLHIV virally suppressed
compared to non-suppressed.55

Biological endpoints
Results on various biological outcomes among PLHIV
following vaccination were available from two RCTs
with placebo arms,56,57 one RCT comparing the bivalent
and quadrivalent vaccine,31 two trials with historical
controls46,58 and three single arm trials without
control,32,49,59 Studies were conducted among women
(Ns=2), men (Ns=3), or both (Ns=3), and among study
participants HPV negative at baseline (Ns=7) or with
unknown baseline HPV status (Ns=3). (Supplement
Table S6; additional details in S7). No results were avail-
able for children. No results by HIV disease stage or
ART status were available. Estimates of biological out-
comes were generally deemed of low quality following
our study quality assessment. Main study limitations
included failure to specify the HPV vaccine type present
in abnormal cytology samples, define baseline HPV
www.thelancet.com Vol 52 October, 2022



Figure 3. Average geometric mean antibody titre (GMT) for A) HPV-16, B) HPV-18, C) HPV-6, D) HPV-11 over time after administration of the quadrivalent vaccine in different
PLHIV study populations (children: <18, adults: ≥18, and mix: both children & adults), stratified by baseline HPV status and type of test (Ns = 11 trials). On each panel, each line
(or unique data point when only one time point was reported) is the mean from a different study. Ns on each panel indicate the number of studies included. Arrows indicate timing of vac-
cine doses. Dotted line indicates cut-off value for seropositivity for the cLIA assay. Mean (range) GMT levels (excluding neutralization assay results) at 28 weeks across studies are higher for
HPV-16 (mean: 2239, range 504-5173 mMu/ml).

A
rticles

w
w
w
.th

elan
cet.com

V
ol52

O
ctob

er,2022
13



Articles

14
DNA status, not reporting timing of measurement,
and/or poor comparability of what with the control
group. Furthermore, it was unclear if the analyses
accounted for the time lag required to mount an effec-
tive immune response against infection following vacci-
nation, and follow-up tended to be short compared to
the development of most outcomes. Thus, it was
unclear whether results reflected incident infection
acquired after having developed a full vaccine immune
response, an infection acquired before developing an
immune response, or persisting prevalent infections
present at baseline. Given the study quality limitations
highlighted above and the variety of anogenital end-
points reported (e.g., infections, cytology results, and
genital warts) at different time points following vaccina-
tion and the mixed, or lack of, information on past and
current exposure status to HPV of study participant at
baseline, it was not possible to pool results, and individ-
ual study results were difficult to interpret.
Safety of vaccine(s)
Trials reported on the occurrence of AEs (Ns=14), seri-
ous AEs (SAEs) (Ns=14), and AEs that were possibly,
probably, or definitely related to the vaccine (Ns=5) (Sup-
plement Table S7). Most results were for the quadriva-
lent vaccine (Ns=12) and from trials conducted in the
Americas (Ns=6). AEs are events such as diarrhoea,
injection site reactions or coughing, that are not catego-
rized as ‘serious’ whereas SAEs are commonly defined
as events that are life-threatening, require/extend hospi-
talization, or result in death.

All publications concluded that the bivalent, quadri-
valent, or nonavalent vaccines were as well tolerated and
safe for PLHIV, as for HIV-negative populations. Four
out of five trials reported the occurrence of AEs that
were possibly, probably, or definitely related to the vac-
cine in <0.5% of participants, whereas the fifth trial
reported at least one of these AE in 49% (34/69) of par-
ticipants.60 The difference was likely due to difference
in definition as the first 4 trials only reported ≥grade 3
AEs whereas the latter included any AE.

Most trials reported between 0-7% (Ns=13) of PLHIV
receiving either the bivalent, quadrivalent or nonavalent
vaccine experienced SAEs (Supplement Table S7B). In
addition, one placebo-controlled RCT of the quadriva-
lent vaccine reported 12% (33/288) of SAEs in the vac-
cine arm but similar frequency 16% (46/287) in the
placebo arm.61
Discussion
Our review demonstrates that PLHIV develop a robust
initial immune response following HPV vaccination
and that these vaccines are safe. Seroconversion rates
were high 28 weeks after receiving the first vaccine
dose, exceeding 94% for HPV-16/18/6/11 for all three
vaccines. Similar to HIV-negative people,28 seropositiv-
ity levels and antibody titers in PLHIV declined gradu-
ally over time, especially for HPV-18; a decline that was
less marked for the bivalent than the quadrivalent vac-
cine. Administration of a fourth vaccine dose of the
quadrivalent vaccine boosted antibody levels especially
for HPV-18, but only 2 publications had long term
results available.54,62 Although antibody levels tended to
be slightly lower for adults, seroconversion rates were
similar by sex or age groups in subgroup analyses. How-
ever, there was evidence of lower seropositivity levels
and antibody levels in PLHIV than in HIV-negative peo-
ple, and among PLHIV with low CD4 cell counts and/
or not receiving ART,49,53,55 although the evidence was
limited. Evidence of vaccine efficacy on biological out-
comes following vaccination was generally of low qual-
ity, inconclusive and difficult to interpret even for the
clinical trial with placebo since study limitations around
HPV distribution, prior HPV exposure and cytological
abnormalities present already at baseline in some
instances.

Current WHO guidance on HPV vaccination recom-
mends the administration of a 2-dose schedule of HPV
vaccines in females under the age of 15 years.63 A 3-dose
schedule is recommended for those ≥15 years, people
who are immunocompromised and/or PLHIV.63 None
of the studies included explored the effectiveness of a 2-
dose schedule in PLHIV. Studies comparing a third and
fourth dose schedule suggest that a fourth dose may
help sustain a longer immune response among
PLHIV.54,64 Although average antibody titers in PLHIV
appeared slightly lower compared to HIV-negative peo-
ple, they remained above the seropositivity cut-off level.
The significance of these lower antibody levels remains
ambiguous as levels required for clinical protection are
currently unknown.65 The lack of a formal correlate of
protection also hinders evaluation of the duration of
protection and the possible need for a booster dose. One
study in HIV-negative people65 has shown that declin-
ing antibody levels for HPV-18 over time do not neces-
sarily result in HPV-18 break-through infections, which
could also be true for PLHIV or PLHIV treated suffi-
ciently early with sufficiently reconstituted immunity
and functionality.66 The nonavalent vaccine has a
higher antigen concentration than the quadrivalent vac-
cine, and it was found non-inferior to the quadrivalent
vaccine in the general population with a higher GMT
titer achieved for HPV-18.67 Given the GMT titers in
PLHIV decline slightly faster than in HIV-negative peo-
ple, there may be added benefits achieved from the non-
avalent vaccine in this population, which warrant
further research.

Our review has some limitations, predominantly due
to the low quality of studies available and the heteroge-
neity of outcomes. Few studies reported on the bivalent
and nonavalent vaccines and no studies were included
on the recently approved bivalent Cecolin vaccine, thus
www.thelancet.com Vol 52 October, 2022
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the evidence is strongest for the quadrivalent vaccine.
The results may not be representative of all PLHIV
since studies enrolled relatively healthy PLHIV.
Although one study did not find any association
between antibody titers after HPV vaccination and HIV
disease stages determined by CD4 cell counts, possibly
due to the extent of immune reconstitution in all CD4
groups over the course of the study,50 other immunoge-
nicity studies reported higher seroconversion and
antibody titers in PLHIV with higher CD4 cell
counts,48−54 on ART,52,53 or virally supressed.51,55

These results are consistent with a recent study that
reported a 19% reduction in CIN2+ rates due to vaccina-
tion in women aged 18-26 years without immunosup-
pression history but a smaller reduction of 4% in
women with an immunosuppression history.68 More
research is needed on the influence of prior HPV expo-
sure and the role of immune suppression since both
could reduce the effectiveness/efficacy and duration of
protection with different dosing of the vaccine. Addi-
tional data on the short- and long-term immune
response by HIV disease stages, timing of ART initia-
tion, duration of HIV treatment, and viral suppression
would be required to investigate this question and deter-
mine the extent to which PLHIV diagnosed and/or
treated at different HIV disease stages can benefit from
vaccination and for how long.69 The pooled seropositiv-
ity results, varied in the level of heterogeneity present.
Our subgroup analyses did not find any evidence of a
difference of immune response by age, sex, region, vac-
cine type and timing of measurement, and suggest that
HPV vaccines produce a strong immune response
across the strata analyzed. However, we also found that
heterogeneity remained high in the subgroup analyses
indicating unexplained variation. Residual heterogene-
ity could also be due to type of assays used, variation in
unmeasured participant characteristics, variation in the
underlying HIV disease stage (ART status, CD4 cell
count) and remaining differences in the timing of mea-
surement since broad categories were considered. As
the study was done over several years, we did not ini-
tially consider registering the protocol it was rarely
requested when we started the review. Although it may
be deemed preferable to register a review protocol, we
believe that this does not affect the quality of our review
since we have described the methods and different
stages of the review and conducted the review according
to PRISMA reporting guidelines.

No strong conclusions on vaccine effectiveness in
PLHIV could be reached; trials reporting on biological
outcomes were scarce, reporting diverse and estimates
of low quality. These trials were not designed to esti-
mate efficacy as their primary outcome; few trials were
designed as a multi-arm-controlled trial, had sufficient
follow-up for some of the biological outcomes (e.g.,
CIN2+) to occur, and/or had sufficient sample size to
assess an efficacy outcome. Most studies were
www.thelancet.com Vol 52 October, 2022
conducted in the Americas or Europe, with only two tri-
als conducted in Africa, where some of the highest prev-
alence of both HPV and HIV infections and most
cervical cancer cases occur, highlighting important data
gaps, which limit the interpretation of results for Sub-
Saharan Africa.

Our systematic review and meta-analysis have sev-
eral strengths. Our review included 43 publications on
18 independent trials updates and extends previous
work by including 20 new publications and 2 new trials
compared to a previous systematic review.36 We evalu-
ated available evidence on several outcomes for all vac-
cine types. We reported updated pooled estimates of
seropositivity and conducted subgroup and meta-regres-
sion analyses to assess heterogeneity by vaccination,
participant, and study characteristics. Previous meta-
analysis suggested HPV antibody seroconversion above
90% across HPV vaccine types. However, they did not
differentiate between the vaccine used, number of
doses, or the timing of the measurements.33,36 We strat-
ified for these factors, which reduced heterogeneity
across pooled studies, and allowed for an in-depth quan-
titative evaluation of the immune response of the HPV
vaccines in PLHIV. We followed best practices in sum-
marizing evidence reducing the risk of publication bias:
we included unpublished results from trials registers,
we derived measures ourselves based on the reported
estimates when possible, and we evaluated sources of
bias by estimating study quality.

Our results have implications for public health policy.
Current evidence does not support the need for HIV test-
ing prior to vaccination since the vaccine appears safe
and immunogenic across age, sex and risk populations.
PLHIV could benefit from vaccination, since PLHIV can
elicit a robust immune response following vaccination,
PLHIV have a high HPV disease burden, and that 90%
of cervical and anal cancers are estimated to be due to
HPV-16/18/33/45/52/58.7,70 Though more (higher qual-
ity) data is needed on the long-term efficacy of HPV vacci-
nation in PLHIV, especially on HPV infection and
diseases, current results suggest that PLHIV could bene-
fit from being vaccinated against HPV even after acquir-
ing HIV if they have not previously been offered the
vaccine. More research is additionally needed to assess
the extent to which existing HPV infections prior to vacci-
nation may reduce the long-term efficacy of HPV vac-
cines among PLHIV who are highly burdened by HPV
infection. A previous mathematical modeling study sug-
gested that the nonavalent vaccine may reduce CIN2+
risk by 50-60% over four years in a cohort of WLHIV in
South Africa.71 However more research is needed to eval-
uate the potential population-level impact of vaccinating
PLHIV and determine the potential contribution of vacci-
nating PLHIV towards cervical cancer elimination and to
determine the best age, disease stage, and HIV treatment
status for vaccinating PLHIV. Furthermore, the best
model of vaccine delivery (e.g., at ART clinics, or at the
15
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time of HIV diagnosis) needs to be explored to minimize
the risk of HPV related cancer among PLHIV and to the
resulting population-level impact in the wider popula-
tion. PLHIV can develop a robust humoral immune
response following HPV vaccination. The vaccine was
found to be safe and well tolerated, with few serious
adverse events. We identified important data gaps on vac-
cine effectiveness against HPV infections or related dis-
ease. Antibody titers and seropositivity declined over time,
especially for HPV-18, and for the quadrivalent compared
to bivalent vaccine, and more so for PLHIV than HIV-neg-
ative people. Given the lack of a formalized correlate of
protection, additional data are needed to determine the
effectiveness and duration of protection on clinical out-
comes among PLHIV as well as the potential contribution
of vaccinating PLHIV on the way towards cervical elimina-
tion goals. Though quality of studies reporting biological
and clinical outcomes was limited, our results suggest that
PLHIV who have not been vaccinated against HPV prior
to acquiring HIV can still benefit from receiving the vac-
cine. This study adds to the evidence base that PLHIV
who were not vaccinated before they acquired HIV infec-
tion generate an immune response to the vaccine and
could benefit from HPV vaccination. However, the high
prevalence of HPV in adult PLHIV, may mean the bene-
fits of HPV vaccination could be lower in PLHIV but
more evidence is needed to confirm this. Similar to recom-
mendations for HPV vaccination of the general popula-
tion, vaccination before sexual debut is important.
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