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Background.  The burden of human papillomavirus (HPV) in human immunodeficiency virus (HIV)-infected persons and solid 
organ transplant (SOT) recipients is high. Clinical trials on HPV vaccines in persons living with HIV and particularly in SOT recipi-
ents have been sparse to date, included low numbers of participants, and none of them assessed the 9-valent HPV (9vHPV) vaccine. 
We investigated the immunogenicity with respect to HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 and the safety of the 9vHPV vac-
cine in persons living with HIV and recipients of a kidney, lung, or heart transplant.

Methods.  This is a phase III investigator-initiated study in 100 persons living with HIV (age 18–45 years) and 171 SOT recipients 
(age 18–55 years). The 9vHPV vaccine was administered at day 1, month 2, and month 6. Primary outcome was seroconversion rates 
to the 9vHPV types at month 7. Secondary outcomes were geometric mean titers (GMTs) and frequency of adverse events (AEs).

Results.  All HIV-infected participants seroconverted for all HPV types, but seroconversion ranged from 46% for HPV45 to 72% 
for HPV58 in SOT recipients. GMTs ranged from 180 to 2985 mMU/mL in HIV-positive participants and from 17 to 170 mMU/mL 
in SOT recipients, depending on the HPV type. Injection-site AEs occurred in 62% of participants but were mostly mild or moderate 
in intensity. None of the reported serious adverse events were deemed vaccine related. No patients died during the study.

Conclusions.  Immunogenicity of the 9vHPV vaccine is high in persons living with HIV but suboptimal in SOT recipients. The 
vaccine is safe and well tolerated in both groups.

Keywords.   human papillomavirus; 9-valent HPV vaccine; persons living with HIV; solid organ transplant recipients.

Human papillomavirus (HPV) is the most common sexually 
transmitted disease and causes about 5% of all cancers world-
wide. HPV causes not only cervical cancer but also anal, vag-
inal, vulvar, penile, and oropharyngeal and mouth cancers [1].

Compared to healthy persons, HPV tends to persist longer 
among human immunodeficiency virus (HIV)-infected persons 
and solid organ transplant (SOT) recipients due to decreased 
CD4+ counts and immunosuppressive treatment, respectively. 
This leads to more frequent genital warts and HPV-related can-
cers [2–4]. A  meta-analysis reported incidence rates of HPV 
cancers that are 6.5 times higher for vaginal cancer and 28.8 

times higher for anal cancer in persons living with HIV; and 
15.8 times higher for penile cancer and 22.8 times higher for 
vaginal cancer in solid organ transplant (SOT) recipients com-
pared to the general population [5].

So far, 3 preventive HPV vaccines have been authorized: a bi-
valent vaccine against HPV types 16 and 18, a quadrivalent vac-
cine (qHPV) against HPV types 6, 11, 16, and 18, and a 9-valent 
HPV (9vHPV) vaccine against HPV types 6, 11, 16, 18, 31, 33, 
45, 52, and 58. Compared to the qHPV vaccine, the 9vHPV vac-
cine contains 5 additional virus-like particles (VLPs) of onco-
genic HPV types [6]. The 9vHPV vaccine proved to have more 
than 95% efficacy in healthy boys and girls (9–15 years of age) 
and men and women (16–26 years of age) [7–10].

Many countries recommend HPV vaccination in young 
girls and some also in boys. Additionally, some countries like 
the United States and Belgium recommend HPV vaccination 
for immunocompromised individuals (including those with 
HIV infection) [11, 12]. However, studies on HPV vaccination 
in persons living with HIV and SOT recipients are scarce, and 
none of these studies have evaluated the 9vHPV vaccine yet. 
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The few published studies on the bivalent or qHPV vaccine 
showed suboptimal immunogenicity in adult SOT recipients, 
but results were better in HIV-infected patients with a reason-
able CD4 count (>200 cells/mm2) [13, 14]. In the current study, 
we assessed the immunogenicity and safety of a 9vHPV vaccine 
in both persons living with HIV and SOT recipients.

MATERIALS AND METHODS

Study Design and Population

This is a single center, open-label, investigator-initiated phase III 
study (protocol V503-044-IC, NCT03525210) in persons living 
with HIV and SOT recipients to evaluate the immunogenicity 
with respect to HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 
and safety/tolerability of the 9vHPV vaccine (Gardasil®9; Merck 
Sharp & Dohme [MSD]). One hundred HIV-infected persons 
(age 18–45 years) and 171 SOT (kidney, heart, lung transplant) 
recipients (age 18–55 years) were enrolled between April 2018 
and January 2019 in the outpatient clinic of the University 
Hospitals Leuven, Belgium (Figure 1). We allowed older ages in 
the SOT group to avoid recruitment issues because the SOT re-
cipients followed in the hospital were generally older than the 
HIV-infected persons and because SOT recipients remain at in-
creased risk for persistent HPV infection at a later age due to 
immunosuppressive treatment. The university hospital is a ter-
tiary referral hospital in which approximately 900 HIV-infected 

persons and 415 heart, 590 lung, and 700 kidney transplant re-
cipients were followed at study onset. All participants had to be 
in a stable health condition apart from being infected with HIV 
or having a solid organ transplant. Further requirements for in-
clusion were no history of previous HPV vaccination, positive 
HPV test, positive Papanicolaou (pap) test, or any HPV-related 
disease. To facilitate recruitment and because we assess baseline 
seropositivity, a protocol modification in January 2019 allowed 
a history of genital warts in HIV-infected persons. In addition, 
HIV-infected participants were required to have a CD4+ T-cell 
count of at least 200 cells/µL at the latest check-up (<16 months 
ago). Organ transplantation had to be performed at least 
12 months prior to the first vaccination, and the SOT recipients 
could not have had an acute rejection in the 6 months prior to the 
first vaccination. Signed informed consent was obtained from all 
participants. The study was approved by the Ethics Committee 
Research of UZ/KU Leuven, Belgium (S60879).

Vaccine

The 9vHPV vaccine was administered intramuscularly in a 0-, 
1-, 6-months schedule. A urine pregnancy test was taken before 
each vaccination in female participants.

Immunogenicity Assessment

The primary immunogenicity outcome of this study was serocon-
version, which is a change in serostatus of anti-HPV antibodies 

Figure 1.  Study flow for all patients who provided informed consent. Abbreviations: HIV, human immunodeficiency virus; HTX, heart transplantation; LTX, lung transplan-
tation; RTX, renal transplantation. a Serum samples were centrifuged at 365 g instead of 1942 g. bReceived an inactivated vaccine within ±14 days of study vaccination. 
cReceived an inactivated influenza vaccine within ±7 days of study vaccination.
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from seronegative at baseline to seropositive at month 7. The sec-
ondary outcome was geometric mean titers (GMTs). Serology 
testing was performed on serum samples collected at day 1 and 
month 7 using a competitive Luminex® immunoassay (cLIA), as 
previously described [15]. Patients were defined as seropositive for 
anti-HPV 6, 11, 16, 18, 31, 33, 45, 52, 58 if they had titers above 50, 
29, 41, 59, 29, 22, 15, 20, 15 milli-Merck Units (mMU), respectively.

Immunogenicity of the 9vHPV vaccine was assessed using 
the per-protocol immunogenicity (PPI) population. This in-
cluded all patients who received 3 vaccine doses of 9vHPV vac-
cine within prespecified acceptable intervals, were seronegative 
to a particular HPV type at baseline, had serology results based 
on serum samples collected within prespecified acceptable day 
ranges, and had no other protocol deviations that could inter-
fere with the subject’s immune response to the 9vHPV vaccine. 
Data on all type-specific naive subjects with serology (ANSS) 
population are added in Supplementary materials. For the 
ANSS population, protocol deviations that could interfere with 
the subject’s immune response were not taken into account.

Safety Assessment

Patients were observed for 15 minutes after each vaccination 
for immediate reactions. Solicited injection-site adverse events 
(AEs) and daily evening temperatures were recorded on diary 
cards from day 1 until day 5 following each vaccination and so-
licited systemic and other AEs from day 1 to day 15. Serious ad-
verse events (SAEs) were recorded throughout the study (from 
day 1 until month 7). All patients who received at least 1 dose 
and who had safety follow-up data for at least 1 dose of the vac-
cine were included in the safety analysis.

Statistical Analysis

A sample size of 100 HIV-infected participants was calculated 
based on the expectation of having at least 80% seronegative 
samples for each of the 9 HPV types prior to vaccination. 
This allowed to estimate an anticipated seroconversion rate of 
95–99% for HPV types 6, 11, and 16 with a margin of error of 
±4.8%–2.2%, and an anticipated seroconversion rate of 90% for 
HPV type 18 with a margin of error of ±6.6% [16]. Furthermore, 
a sample size of 170 SOT patients was calculated based on an 
expected seroconversion rate of 60% and a desired precision of 
±7.5% [14].

Seroconversion rates for HPV types 6, 11, 16, 18, 31, 33, 45, 
52, and 58 and GMTs are listed with exact binomial 95% confi-
dence intervals (CI). Predictors of seroconversion were assessed 
with multiple logistic regression in the SOT patients. In the HIV 
group we analyzed predictors of the log transformed titers with 
multiple linear regression analysis because all subjects were se-
ropositive after vaccination.

The prevalence of AEs and safety measures is given with 
an exact binomial 95% CI and compared with historical con-
trols using an exact binomial test for proportions. Because the 
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majority of enrolled patients were male (75%) and the safety 
profile of the 9vHPV vaccine has been shown to be more de-
pendent on gender than on age [17], historical safety data from 
males between 16 and 26 were used as comparator [18]. A test 
probability of 5% was considered statistically significant. All 
data were analyzed with R software version 3.6 (R Foundation 
for Statistical Computing, Vienna, Austria, 2019).

RESULTS

Patient Characteristics

In total, 287 patients were screened, of whom 271 were enrolled 
in the study, 100 in the HIV group and 171 in the SOT group 
(56 with a renal transplant (RTX), 57 with a heart transplant 
(HTX), and 58 with a lung transplant (LTX) (Figure 1). Table 1 
shows the baseline characteristics of the patients in each group. 
The mean age at the first visit was 38.9 years in the HIV group 
and 46.7 years in the SOT group. In total, 85.0% were male in 
the HIV group and 69.0% in the SOT group.

In the HIV group 8% had history of genital warts. One person 
from the SOT group had a history of genital warts, which was 
only revealed at visit 2 and was subsequently excluded from 
the PPI analysis. Among the HIV-infected subjects, 99% had 
plasma RNA levels below the detection limit (<1.6 log copies/
mL) and 98% used antiretroviral therapy (ART) at time of 
the first vaccination. In the SOT group, the most frequently 
used immunosuppressive agents were mycophenolate mofetil 
(90.1%), tacrolimus (73.1%), and methylprednisolone (48.5%), 
and most patients (98.2%) used a combination of 2 or 3 agents 
(Table 1).

Overall, 75.0% of HIV-infected participants and 27.5% of 
SOT patients were seropositive at baseline for at least 1 vaccine 
HPV type. In the HIV group, the seropositivity rate for each 
individual HPV type was more than 15%, except for HPV52 
(6%), and reached 34.0% for HPV6. In contrast, seropositivity 
at baseline was below 10% for all HPV types in the SOT group.

Immunogenicity

Table 2 shows GMTs and seroconversion rates of the PPI popu-
lation. Whereas all HIV-infected participants seroconverted for 
all HPV types, seroconversion ranged from 46% for HPV45 to 
72% for HPV58 in SOT recipients. Seroconversion rates were 
particularly low in lung transplant patients for HPV types 18 
(38%), 31 (43%), and 45 (32%). The GMTs ranged from 180 
to 2985 mMU/mL in HIV-infected participants and from 17 to 
170 mMU/mL in SOT recipients, depending on the HPV type. 
GMTs and seroconversion rates of the ANSS population are 
comparable (Supplementary Table 1).

Table 3 shows the predictors of seroconversion in SOT recipi-
ents of the PPI population. Since this could not be assessed in 
the HIV group because all patients seroconverted, predictors of 
log transformed titers are given. In the HIV group, significant 

higher log titers were reached in patients with an Black origin 
compared to White for all HPV type except 6 and 11. There was 
no clear effect of the CD4 count, except for lower titers with 
increased CD4 count for HPV45. In the SOT group, serocon-
version was higher in women for HPV31 and decreased with 
higher body mass index (BMI) for HPV6. Moreover, serocon-
version was lower for all studied HPV types when the patient 
received mycophenolate mofetil or tacrolimus, albeit only sig-
nificant for mycophenolate mofetil.

Inclusion of data from patients who were seropositive at 
baseline in the multiple linear regression models, with an ad-
ditional dichotomous variable for seropositivity at baseline, 
showed higher log titers in participants who were seropositive 
at baseline (Supplementary Table 3). This was significant for all 
HPV types, except for HPV52 in the HIV group (P = .6). Month 
7 GMTs were also 1.2- to 2.6-fold higher in HIV-infected parti-
cipants and 3.0- to 12.5-fold higher in SOT recipients who were 
seropositive at baseline. The description of day 1 and month 7 
GMTs in patients who were seropositive at baseline is provided 
as Supplementary data (Supplementary Table 2).

Safety

A summary of the AEs that occurred within 15 days after vac-
cination is given in Table 4. Over the course of the study, 80.8% 
of the HIV-infected participants and 74.7% of SOT recipients 
reported at least 1 AE within 15  days after vaccination. The 
most commonly reported AEs were injection-site AEs, which 
occurred in 69.7% of HIV-infected participants and 57.6% of 
SOT recipients. It included pain, swelling, and erythema and 
was reported by 67.7%, 7.1%, and 10.1% of HIV-infected parti-
cipants and 54.7, 8.2%, and 5.9% of SOT recipients, respectively. 
Injection-site AEs were mostly mild or moderate in intensity. 
Vaccine-related systemic AEs were reported by 24.4% of HIV-
infected participants and 20.6% of SOT recipients. Headache 
was the most prevalent vaccine-related systemic AE and was re-
ported by 9.1% of HIV-infected participants and 8.2% of SOT 
recipients.

SAEs are listed by patient group in Table 5. Overall, 8 SAEs 
were reported within 15 days after vaccination. All these SAEs 
occurred in the SOT group. Throughout the study, 58 SAEs 
were reported, of which 54 occurred in the SOT group. Within 
the SOT group, hospitalization due to infection was the most 
frequently reported SAE (10.6%). None of the SAEs were con-
sidered vaccine related.

None of the 6 study discontinuations were due to AEs. No 
patients died during the study. One patient became pregnant 
during the study and was subsequently excluded by the inves-
tigator. The pregnancy resulted in a live birth with no known 
congenital abnormalities.

The safety profile of Gardasil®9 is generally similar to that of 
healthy historical controls, but injection-site reactions were re-
ported less frequently compared to historical controls (69.7 % 
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in the HIV group, 57.6% SOT group, and 79.0 % in the histor-
ical controls, P < .05 for HIV, and P < .001 for SOT) (Table 4).

DISCUSSION

This is the first study to our knowledge that reports on safety 
and immunogenicity of a 9vHPV vaccine in HIV-infected per-
sons and SOT recipients. All HIV-infected participants sero-
converted after vaccination, whereas among SOT recipients, 
seroconversion ranged from about 45% to 70% depending on 
the HPV type. The 9vHPV vaccine was safe and well tolerated 
in both patient groups.

All participants in the HIV group had a CD4-count of at least 
200 cells/µL and had viral loads below the detection limit. This 
is known to contribute to better immunogenicity [19], which is 
likely why they all seroconverted as reported in healthy women 
and men between the age of 16 and 26 years [7–10]. Similarly, 
high seroconversion rates were also found in a study with a 
qHPV vaccine in HIV-infected women aged 13–45 years with 
CD4+ counts above 200 cells/µL. They found seroconversion 
rates of 95% to 100% for HPV6, HPV11, and HPV16 and from 
85% to 100% for HPV18 [16].

The log titers in our study were generally higher in HIV-
infected participants of Black origin compared to White parti-
cipants. This is in agreement with findings from a study with the 
qHPV vaccine in men between the 16 and 26 years [20].The ab-
sence of a clear effect of CD4 count in one direction for all HPV 
types in our study might be due to the inclusion of patients with 
CD4-counts of over 200 cells/µL only.

The observed seroconversion rates and GMTs in SOT 
patients are noticeably lower compared to data from 16 to 
26 year old healthy adults [7–10]. So far, only 4 studies have 
reported the immunogenicity of HPV vaccines in SOT pa-
tients, and all concerned the qHPV vaccine [14, 21–23]. 
These studies included only 17 to 47 transplant patients, 
and results were inconsistent. One study assessed serocon-
version in adult SOT patients and found 63%, 68%, 63.2%, 
and 52.6% seroconversion for HPV6/11/16/18, respectively, 
which is similar to the seroconversion rates of 64%, 71%, 
69%, and 52%, found with the 9vHPV vaccine in our study 
[14]. The seroconversion rates were particularly low in lung 
transplant patients who are usually more immunosuppressed 
and who took a combination of 3 immunosuppressive 
agents more often compared to kidney and heart recipients. 
Unsurprisingly, the use of mycophenolate mofetil deterior-
ated seroconversion and log titers and the use of tacrolimus 
decreased log titers of HPV6/16/18/31/58. Similarly, Kumar 
et  al found that failure to seroconvert was associated with 
higher serum levels of tacrolimus [14]. We could not test the 
effect of use of other immunosuppressive drugs in our sta-
tistical models due to the lack of a sufficiently large number 
of observations. Future research should assess whether a 

supplemental dose of the 9vHPV vaccine in SOT patients 
would increase immunogenicity in patients who did not se-
roconvert. Even though the immunogenicity with the 3-dose 
regimen is suboptimal, we still believe that vaccination of 
SOT patients is beneficial given the high burden of HPV di-
sease. More attention should also be paid to pretransplant 
vaccination, which we deem highly feasible as a high pro-
portion of patients are carefully evaluated at least a couple 
of months prior organ transplantation. Although a better 
immune response in transplant candidates has not yet been 
studied with the 9VHPV vaccine, this can be supported by 
a study with the qHPV vaccine in girls and young women, 
which showed a robust immune response in patients with 
chronic kidney disease but a suboptimal response kidney 
transplant recipients [22].

Importantly, HPV vaccination has no therapeutic effect on 
HPV infections at the time of vaccination. For this reason, it is 
important to vaccinate at young age and preferably before sexual 
onset. However, if vaccination has not yet occurred at later age, 
it can still prevent infection with not yet acquired HPV-types. 
This is valuable as for each individual HPV type, 65%–95% of 
the HIV-infected participants and more than 90% of SOT re-
cipients were seronegative at baseline. Furthermore, the GMTs 
in our study were almost 3-fold higher in HIV-infected persons 
and up to 12-fold higher in SOT patients who were seropositive 
at baseline, which indicates boosting of preexisting immunity.

The 9vHPV vaccine was well tolerated in both patient groups. 
The most commonly reported AEs were pain, swelling, and er-
ythema at the injection site, usually mild or moderate in inten-
sity, and headache. This is in accordance with data from 9vHPV 
vaccination studies in healthy individuals [17]. The frequency of 
injection-site AEs was lower in our study compared to healthy 
men between the age of 16 and 26 [10]. None of the SAEs were 
considered vaccine related. Although an SAE occurred in 16.5% 
of SOT recipients, the majority of SAEs happened due to in-
fection, which is related to their immunosuppressed state [18].

Some limitations of our study should be addressed. First, this 
is a monocentric study in which we did not include a healthy 
control group. We compared our data with historical controls 
with a different profile with respect to age and gender, both of 
which might influence immunogenicity and safety. Second, we 
only included HIV-infected persons with a CD4 count above 
200 cells/µL, and SOT patients were at median of 6 years post-
transplant, which is relatively late. This hampers extrapolation 
of the results to all HIV-infected people and SOT recipients, re-
spectively. Finally, the study design did not allow for assessment 
of vaccine efficacy.

We conclude that the immunogenicity of the 9vHPV vaccine 
is excellent in HIV-infected persons but suboptimal in SOT re-
cipients. The vaccine is safe and well tolerated in both groups. 
Given the high burden of HPV disease in HIV and SOT pa-
tients, the 9vHPV vaccine is beneficial because it covers a broad 
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range of HPV types. With regards to SOT recipients, we pro-
pose to vaccinate before transplantation.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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