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Background: Kidney transplant (KT) recipients have higher incidence of malignancies,

including Human Papillomavirus (HPV)-associated cancers. Thus, HPV vaccines may

have an important role in preventing HPV-related disease in this population; however,

immunogenicity and safety data are lacking.

Objective: To examine the immunological response and tolerability to HPV vaccination

in pediatric KT recipients compared to future KT candidates.

Methods: The quadrivalent HPV vaccine was administered to girls and boys age 9–18

recruited from seven centers part of the Pediatric Nephrology Research Consortium.

Subjects were recruited for three groups: (1) CKD: chronic kidney disease stages 3, 4,

and 5 not on dialysis; (2) Dialysis; (3) KT recipients. The outcome consisted of antibody

concentrations against HPV 6, 11, 16, and 18. Geometric mean titers (GMTs) and

seroconversion rates were compared. Vaccine tolerability was assessed.

Results: Sixty-five participants were recruited: 18 in the CKD, 18 in the dialysis, and

29 into the KT groups. KT patients had significantly lower GMTs after vaccination for all

serotypes. The percentages of subjects who reached seroconversion were overall lower

for the KT group, reaching statistical significance for HPV 6, 11, and 18. Comparing

immunosuppressed subjects (anyone taking immunosuppression medications, whether

KT recipient or not) with the non-immunosuppressed participants, the former had

significantly lower GMTs for all the HPV serotypes and lower seroconversion rates for

HPV 6, 11, and 18. KT females had higher GMTs and seroconversion rates for certain

serotypes. There were no adverse events in either group.

Conclusions: HPV vaccine was well-tolerated in this population. Pediatric KT recipients

had in general lower GMTs and seroconversion rates compared to their peers with CKD
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or on dialysis. Immunosuppression played a role in the lack of seroconversion. Our

results emphasize the importance of advocating for HPV vaccination prior to KT and

acknowledge its safety post transplantation. Future studies are needed to investigate the

effect of a supplemental dose of HPV vaccine in KT recipients who do not seroconvert

and to evaluate the long-term persistence of antibodies post-KT.

Keywords: HPV—human papillomavirus, vaccination, kidney transplantation, chronic kidney disease, dialysis,

pediatric

INTRODUCTION

Solid organ transplant (SOT) recipients are at increased risk for
malignancies in both pediatric and adult populations (1–3), with
an elevated risk of dying of their cancer, even after adjustment
for stage and treatment (4). Pediatric and adult kidney transplant
(KT) recipients carry similar risk and malignancies are third
most common cause of mortality within this population (5,
6). Specifically, female KT recipients have an increased risk
of cervical cancer up to 14-fold, vulvar cancer up to 50-fold
and anal cancers up to 100-fold (7, 8). In addition, male SOT
recipients have an increased risk for penile cancers (9). Human
papillomavirus (HPV) 16 and to a much lesser extent HPV
18 are responsible for the majority of these cancers (10). In
addition, HPV 16 is also responsible for a large proportion
of oral pharyngeal cancers (11). Not only that HPV infections
are the most prevalent sexually transmitted infections in the
US (12), but non-carcinogenic HPV types, HPV 6 and 11, can
be associated with genital warts and can be difficult to treat
in the face of immunosuppression (13). Immunosuppressed
individuals, including transplant recipients, have higher rates
of HPV infections (14–16), greater likelihood of persistent
infections (17, 18) and higher rates of HPV clinical disease,
including cancer (9, 19, 20). Thus, preventing HPV infections
in this population is critical. HPV-related vaccine trials have
been shown to prevent HPV infection in immunocompetent
individuals when the vaccine is given prior to viral exposure
(21). In addition, more recent studies have demonstrated a true
reduction in abnormal Pap smears and cervical cancers with use
of HPV vaccine (22, 23). Because HPV is sexually transmitted
and often acquired soon after the onset of sexual activity (24),
vaccination should ideally occur before sexual debut.

The efficacy and safety of the HPV vaccine in certain
immunocompromised populations, such as pediatric chronic
kidney disease (CKD), dialysis and KT recipients, has not been
well-studied. This is a population at increased risk for infections
and HPV related sequelae; in addition, they appear to also
be at high risk for not getting vaccinated due to lack of data
and less immediate concerns about sexual activity when ill and

Abbreviations: SOT, solid organ transplant; KT, kidney transplant; HPV, human

papilloma virus; CKD, chronic kidney disease; GFR, glomerular filtration rate;

eGFR, estimated GFR calculated using the modified Schwartz formula (0.413 ×

height in cm/serum creatinine in mg/dL); T1, time 1 (day 1 of enrollment prior to

dose 1 of the vaccine administration); T2, time 2 (one month after vaccine series

was completed); VRC, vaccination report card; AEs, adverse events; SD, standard

deviation; IQR, interquartile range.

awaiting transplant, as has been shown in other patients with
severe chronic illnesses (25, 26). The goal of this study was
to examine the immunological response and tolerability of the
quadrivalent HPV vaccine in both female and male pediatric
patients with CKD, on dialysis and with a KT. The primary
hypothesis was that all these populations will mount an immune
response to the vaccine. Our secondary hypothesis was that
pediatric patients with CKD 3, 4, 5 and on dialysis, therefore
future KT candidates, will respond to the HPV vaccination better
than the KT recipients.

MATERIALS AND METHODS

Study Population
Males and females ages 9–18 years were recruited from
seven collaborating large medical centers in the Pediatric
Nephrology Research Consortium: Riley Hospital for Children in
Indianapolis, IN, Primary Children’s Hospital in Salt Lake City,
UT, Medical University of South Carolina Children’s Hospital
in Charleston, SC, University of Minnesota Masonic Children’s
Hospital in Minneapolis, MN, Kentucky Children’s Hospital in
Lexington, KY, C.S. Mott Children’s Hospital in Ann Arbor, MI
and Nationwide Children’s Hospital in Columbus, OH. Subjects
were recruited in three cohorts:

– Group 1 (CKD) included patients with CKD stages 3
[glomerular filtration rate (GFR) 30–59 mL/min per 1.73 m2],
4 (GFR 15–29 mL/min per 1.73 m2) or 5 not on dialysis (GFR
<15 mL/min/1.73 m2, but not on dialysis).

– Group 2 (Dialysis) included patients on either chronic
hemodialysis or peritoneal dialysis.

– Group 3 (KT) included patients who had received a KT
at least 6 months prior to enrollment, in keeping with the
recommendations of the American Society of Transplantation
that inactivated vaccines may be resumed 3–6 months after a
SOT (27).

Exclusion criteria were: pregnancy (self-reported), post-
transplant lymphoproliferative disorder, active infectious
diseases, fever, bleeding disorders, having received blood
products in the past 6 months and hypersensitivity to any of the
vaccine components.

Study Design
All participants who met eligibility criteria and who had not
been vaccinated against HPVwere approached within the dialysis
units or clinics by a study coordinator at each site. Study
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coordinators discussed the study and consent was obtained from
the parent/guardian and assent from the participant. Medical
records were used to abstract age, gender, race, and estimated
GFR (eGFR) using the modified Schwartz formula (0.413 ×

height in cm/serum creatinine in mg/dL). For the CKD 3, 4,
5 and dialysis patients, it was documented whether they were
on immunosuppression medications for their respective primary
kidney diseases. The rationale for doing so was to perform sub-
analyses to determine whether patients on immunosuppression
medications (including KT recipients, but also patients with CKD
3, 4, and 5 taking immunosuppression medications to treat their
primary disease) had a weaker immune response to the HPV
vaccine compared to the rest. In addition, for KT patients, type of
donor (living vs. deceased), number of transplants and time since
most recent transplant were recorded. HPV quadrivalent vaccine
(Gardasil R©, Merck & Co., Inc.) was administered to each study
participant per protocol according to the Advisory Committee
on Immunization Practices recommendations at the time (28).
Dose 1 of the HPV vaccine was administered to each study
participant on day 1 of enrollment, after obtaining a baseline
blood sample for antibody testing. Dose 2 was targeted to be
administered at month 2 and dose 3 at month 6. The minimum
interval between dose 1 and 2 of the vaccine was 4 weeks. The
minimum recommended interval between dose 2 and 3 of the
vaccine was 12 weeks. No subject received dose 2 or 3 more than
4 weeks later than initially targeted date. The Institutional Review
Board of each participating center approved the study.

Outcomes
The primary outcome was the antibody response to each of
the four HPV serotypes contained within the vaccine (6, 11,
16, 18). Serum was collected from all subjects on day 1 of
enrollment prior to dose 1 of the vaccine administration [Time
1 (T1)] and at month 7 (or 1 month after vaccine series was
completed) [Time 2 (T2)]. Anti-HPV responses were measured
using a competitive Luminex Immunoassay performed by PPD
Vaccines and Biologics (Wayne, PA) and expressed as geometric
mean titers (GMTs). A participant was considered to have
seroconverted if no antibody titers were found at enrollment
and antibody levels post immunization were above the sero-
status cutoffs for HPV types 6, 11, 16, and 18, as determined
by the assay developer (GMTs ≥ 20, ≥16, ≥20, and ≥24mM
units/mL, respectively).

Secondary analyses evaluated the potential effect of other
variables on antibody response to the HPV vaccine, such
as age, gender, race, eGFR and use of immunosuppression
medications. Within the transplanted group, donor type (living
vs. deceased), number of transplants and time from transplant
were also evaluated.

In addition, although the sample size was small, data was
collected regarding safety of the HPV vaccine in this patient
population, since it has not been well-studied. All subjects
received a vaccination report card (VRC) after each vaccine dose
administration. On the VRC, the parent/guardian was asked to
record the subject’s oral evening temperature daily for 5 days.
In addition, injection-site and systemic adverse events (AEs)
for a total of 15 days after each vaccination were recorded

by parent/guardian. For injection-site erythema and swelling,
subjects were instructed by the VRC to measure an injection-site
reaction at its greatest width (“maximum size”) from edge to edge
in maximum units ranging from 0 to >7 inches (17.5 cm) on the
VRC, rounding up to the next unit if in between 2 units [each unit
on the VRC measured ∼1 inch (2.5 cm)]. For all AEs, subjects
were instructed by the VRC to estimate the severity of AEs
as mild (awareness of symptom but easily tolerated), moderate
(discomfort enough to cause interference with usual activities),
or severe (incapacitating with inability to work or do usual
activity). Serious AEs were collected for the whole duration of the
study regardless of causality and were followed for outcome. In
addition, for KT recipients, data was specifically collected on any
biopsy-proven acute rejection episodes after T1 up to 6 months
after the last dose of the vaccine administration.

Statistical Analyses
Basic demographic and clinical characteristics are presented as
means [standard deviations (SD)] for age, median [interquartile
range (IQR)] for eGFR due to non-linearity, and frequencies
(percentages) for categorical variables (sex, race, use of
immunosuppression medications), with analyses comparing
groups performed with ANOVA, Kruskal–Wallis, and Chi–
Square tests, respectively. The two main outcomes of serotiter
and seroconversion were assessed to determine if there were
significant differences between groups at T2. Serotiter values
were analyzed using Kruskal–Wallis non-parametric tests and
seroconversion proportions using Fisher’s Exact tests, with
descriptive statistics being given as medians (IQRs) and
frequencies (percentages), respectively. Pairwise comparisons
were made for serotiter levels using a Bonferroni adjusted p-
0.0167 to control for inflated type I error rates. Similar analyses,
for demographics and the two outcome variables, were also
performed comparing those who were on immunosuppression
medications vs. those who were not, with similar analyses,
using Student’s t-tests, Wilcoxon rank-sum tests, and Fisher’s
Exact tests. All analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC) and all analytic assumptions were verified.
Non-inferiority analyses were also performed, but all were non-
significant due to the extremely low power due to our small
sample size (results not presented).

RESULTS

A total of 72 subjects were enrolled: 28 from Riley Hospital for
Children in Indianapolis; 15 from Primary Children’s Hospital
in Salt Lake City; 9 from University of Minnesota Masonic
Children’s Hospital in Minneapolis; 9 from Medical University
of South Carolina Children’s Hospital in Charleston; 5 from
Kentucky Children’s Hospital in Lexington; 5 from C.S. Mott
Children’s Hospital in Ann Arbor; 1 from Nationwide Children’s
Hospital in Columbus. A total of 65 participants completed
the study: 18 participants in the CKD group, 18 participants
in the dialysis group and 29 participants in the KT group (7
subjects were excluded for either not receiving all three doses
of the vaccine or for not doing both serology collections). The
average age of enrollment was 13.6 years (SD 2.6) and little
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TABLE 1 | Demographics and renal status at enrollment*.

Overall

(n = 65)

CKD

(n = 18)

Dialysis

(n = 18)

Transplant

(n = 29)

p-value**

Age [years; mean (SD)] 13.6 (2.6) 12.9 (2.7) 14.9 (2.5) 13.2 (2.4) 0.055

Sex [Male; N (%)] 34 (54.8) 12 (70.6) 4 (25.0) 18 (62.1) 0.018

Race [N (%)]

Asian 2 (3.2) 0 (0) 2 (12.5) 0 (0) 0.006

Black 11 (17.5) 2 (11.1) 2 (12.5) 7 (24.1)

Hispanic 9 (14.3) 2 (11.1) 6 (37.5) 1 (3.5)

White 41 (65.1) 14 (77.8) 6 (37.5) 21 (72.4)

Use of immunosuppression

medications [N (%)]

38 (61.3) 1 (5.9) 8 (50.0) 29 (100) <0.001

eGFR [mL/min/1.73 m2]

[median (IQR)]

31.6 (12.8, 61.9) 30.0 (20.6, 31.6) 9.6 (6.6, 11.2) 63.1 (45.7, 85.6) <0.001

*Values are means (standard deviation) for age, frequencies (percentages) for categorical variables, and median (IQR) for eGFR; **p-values are from ANOVA, Fisher’s Exact, and

Kruskal–Wallis tests, respectively. Frequencies may not add to column totals due to missing data.

TABLE 2 | Antibody responses to HPV vaccine (GMTs)—continuous variable by groups*.

CKD (n = 18) Dialysis (n = 18) Transplant (n = 29) p-value**

HPV 6# 869 (128, 1739);

539.67

217.5 (137, 326);

205.37

115 (12, 590);

113.16

0.016

HPV 11 1694.5 (622, 2740);

1208.30

431.5 (180, 996);

370.08

83 (13, 675);

110.13

0.001

HPV 16 5639.5 (934, 9189);

4390.79

1581.5 (436, 3404);

1709.62

436 (74, 4316);

508.43

0.011

HPV 18 1406.5 (150, 5121);

1039.62

331.5 (69, 622);

266.45

52 (9, 497);

91.30

0.004

*Values are medians (IQRs); mean GMTs at T2. **p-values are from Kruskal–Wallis non-parametric tests. #HPV 6 analyses had sample sizes of 17, 16 and 29, respectively, as those who

were not naïve at baseline were excluded for that particular outcome’s analysis. Post-hoc pairwise comparisons were made with Wilcoxon rank-sum tests, using a p-value of 0.017 for

significance to control for inflated type I error rate; pairwise comparisons indicate the significant associations are driven by the difference between CKD and KT groups, although CKD

and dialysis groups were also different for HPV type 11.

over one half were males (N = 34, 54.8%). The majority of
participants were white (N = 41, 65.1%) or black (N = 11, 17.5%).
Table 1 compares the demographics of the three groups with
differences demonstrated among the three groups in regards to
sex, race, eGFR and use of immunosuppression medications. All
the KT patients were taking immunosuppression medications;
in addition, some of the patients in the other two groups
were also taking immunosuppression medications to treat the
immune-mediated diseases leading to CKD or dialysis). Within
the KT group (n = 29) the median (range) time since first
transplant was 3.9 years (3.6, 10.5), about half (51.9%) had
received a kidney from a living donor, one individual had had
two transplants; two KT recipients reported events of rejection
during the study enrollment.

All participants were seronegative for all four of the vaccine
HPV types at enrollment, except for three participants who
were not naïve for HPV 6, and thus excluded from serotiter
and seroconversion analyses for that particular HPV type only.
Serotiters for all HPV types were detected post-vaccination
at T2, with KT patients having significantly lower GMTs for
all serotypes; pairwise comparisons indicated the significant
associations were driven by the difference between CKD and KT

groups, although CKD and dialysis groups were also different for
HPV type 11 (Table 2). Examination of the seroconversion rates
based on manufacturer cutoffs showed significant heterogeneity
between the groups (Table 3). The seroconversion rates post-
vaccination were significantly lower for the transplanted group
for three of the serotypes (HPV 6, 11, and 18). Although not
statistically different, seroconversion rates were also lower for the
HPV 16 serotype.

All variables found to be different among the three treatment
groups were examined directly with the two outcome variables,
GMTs at T2 and seroconversion. Age, sex, race, and eGFR
were found to have no association with GMTs at T2 or actual
seroconversion. However, when only the KT population was
examined, being a female KT-recipient was associated with
greater GMTs at T2 for HPV 6 and 11 only (p = 0.020 and
0.046, respectively) and with higher seroconversion rates for
HPV 18 only (90.9 vs. 44.4% for females and males, respectively;
p = 0.020). Although statistically significant, this is difficult to
interpret clinically with the inconsistencies among the various
HPV types and small numbers for multiple analyses.

Comparing subjects who were using immunosuppression
medications (including KT recipients, as well as CKD 3,
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TABLE 3 | Seroconversion rates—categorical variable by groups*.

CKD

(n = 18)

Dialysis

(n = 18)

Transplant

(n = 29)

p-value**

HPV 6# 17 (100) 15 (93.8) 21 (72.4) 0.017

HPV 11 18 (100) 16 (88.9) 20 (69.0) 0.010

HPV 16 18 (100) 17 (94.4) 26 (89.7) 0.570

HPV 18 17 (94.4) 15 (83.3) 18 (62.1) 0.032

*Values are frequencies (percentages) of participants who seroconverted, defined as being

HPV naïve at T1 and having GMTs ≥20, ≥16, ≥20 and ≥24milli-Merck units/mL for HPV

types 6, 11, 16, and 18, respectively at T2. **p-values are from Fisher’s Exact tests. #HPV

6 analyses had sample sizes of 17, 16, and 29, respectively as those who were not naïve

at baseline were excluded for that particular outcome’s analysis.

4, and 5 on immunosuppression medications to treat their
primary kidney conditions) vs. not, the immunosuppression
medication-using group had significantly lower serotiters for
all four HPV serotypes at T2 and lower seroconversion rates
for HPV 6, 11, and 18 (Table 4). The immunosuppression
medications used in the transplant population included
prednisone, tacrolimus, cyclosporine A and mycophenolate
mofetil. The immunosuppression medications used to treat
the primary kidney diseases in the CKD and dialysis patients
included prednisone, tacrolimus, mycophenolate mofetil
and azathioprine. Unlike in the KT population, when the
male vs. female differences were examined specifically in the
immunosuppression medication-using group, no differences
were seen.

Within the transplant population, neither the donor
type, neither time since transplant, nor the number of
transplants, made any difference in terms of GMTs at T2
or seroconversion rates.

As for the AEs, they were minimal, limited to only mild
local reactions. Two patients underwent acute rejection episodes
within 6 months following the last dose of the vaccine. However,
upon review of chart data, these events were considered to be
likely related to medication non-adherence.

DISCUSSION

American Society of Transplantation recommends that HPV
vaccine be given to all SOT candidates and recipients in
the recommended age-group (27). However, the efficacy and
tolerability of the HPV vaccine in such populations, as well as
the optimal timing to do so, are not completely understood. Our
results demonstrated that the HPV vaccine was well-tolerated
and an adequate immune response for all four HPV types
was observed with CKD and dialysis patients. However, the
immune response was slightly lower within the transplanted
population and immunosuppressant medications had an effect
on lack of seroconversion. HPV vaccine acceptance by patients
and their parents/guardians has always been problematic even in
the general population (29, 30) and probably more so in these
specific groups, where data is scant (26). Our study provides
further evidence that patients who are likely to need a KT in
the future respond best to the HPV vaccine pre-transplantation,

TABLE 4 | Comparison between subjects who used immunosuppression

medications vs. subjects not on immunosuppression medications*.

Immuno

suppression

medications use

(n = 38)

No Immuno

suppression

medication use

(n = 24)

p-value**

Age [years; mean (SD)] 13.5 (2.4) 13.6 (3.1) 0.904

Sex [Male; N (%)] 19 (50.0) 14 (60.9) 0.440

Race [N (%)]

Asian 1 (2.6) 1 (4.2) 0.030

Black 9 (23.7) 2 (8.3)

Hispanic 2 (5.3) 7 (29.2)

White 26 (68.4) 14 (58.3)

eGFR [mL/min/1.73 m2 ]

[median (IQR)]

56.7 (20.4, 69.4) 21.4 (9.8, 31.1) <0.001

GMTs at T2 [median (IQR)]

HPV 6# 120 (19, 564) 362.5 (140.5, 1216) 0.005

HPV 11 121 (13, 675) 1247 (522, 2028.5) <0.001

HPV 16 436 (89, 3404) 4751.5 (1829, 9091) <0.001

HPV 18 50 (9, 497) 963.5 (396, 4243.5) <0.001

Seroconversion [N (%)]

HPV 6# 26 (74.3) 24 (100) 0.008

HPV 11 27 (71.1) 24 (100) 0.004

HPV 16 34 (89.5) 24 (100) 0.151

HPV 18 24 (63.2) 23 (95.8) 0.005

*Values are means (standard deviation) for age; frequencies (percentages) for sex, race,

and seroconversion; median (IQR) for eGFR and for GMTs. **p-values are from Student’s

t-test, Fisher’s Exact tests, and Wilcoxon tests, respectively. Frequencies may not add

to column totals due to missing data. The total number of subjects in this analysis was

38 + 24 = 62, as opposed to 65 subjects in the other analyses. This is due to missing

medication information from the data collection forms on three subjects. #HPV 6 analyses

had sample sizes of 35 and 24, respectively, as those who were not naïve at baseline were

excluded for that particular outcome’s analysis.

while with CKD or on dialysis. As the majority of causes of
end-stage renal disease in pediatrics are congenital diseases
in which the kidney function slowly deteriorates over time,
pediatric nephrologists often have the advantage of being able
to better plan a KT (whether preemptive or not) considering
multiple aspects, including vaccinations, compared to their adult
nephrologist colleagues (26). This study showed that girls and
boys with CKD and on dialysis had stronger immunologic
responses to the HPV vaccine compared to those who were
already transplanted. Therefore, this study should help pediatric
nephrologists and pediatricians in their work with patients
and families to pursue and complete the administration of
HPV vaccine ideally prior to transplant whenever possible, but
also post-transplant in cases where it was not given prior to
KT. Is is to be noted that in 2015 the Advisory Committee
on Immunization Practices (ACIP) recommended the 9-valent
HPV vaccine (9vHPV) (Gardasil 9, Merck and Co., Inc.) as an
alternative to the quadrivalent vaccine (31). The 9-valent vaccine
was found to be safe, provided more extensive serotype coverage
and it was even found to be cost-saving when compared with the
quadrivalent vaccine, therefore it is currently more widely used
(31). Our study was initiated well before 2015, hence the use of
the quadrivalent vaccine.
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It is important for the HPV vaccine to be given before HPV
infection is acquired, meaning before the onset of sexual activity
(28). This is the rationale behind the fact that the HPV vaccine
is recommended to be given at 11–12 years of age, although
it can be administered starting at age 9 (28). In the US, the
proportion of males who reported having sexual intercourse
before age 13 years varied from 5 to 25% across metropolitan
sites (32), hence the need to vaccinate at a young age, designed
to capture most teenagers before becoming sexually active. In
our study, the onset of sexual activity was not assessed out of
concerns that in a multisite trial, the investigators could not
assure patient confidentiality relative to their parents/caregivers
for all participants. However, obtaining this information in future
studies would be helpful in assessing clinical risk and outcomes
in patients with chronic diseases (33, 34). In children with CKD
and on dialysis, contrary to what was believed in the past, recent
cohort studies have shown that growth and sexual maturation
are only slightly delayed compared to healthy subjects (35).
Although there is lack of specific data, given the circumstances,
it is plausible that adolescents with CKD or on dialysis are not far
behind from their peers in terms of their onset of sexual activity.
It is therefore of concern that in our study the mean age of
subjects was 13.6 (SD 2.6), meaning that our patient population
was vaccinated on average later than the recommended age.

Our study showed for the first time both in boys and girls that
overall, transplant patients had a decreased response to the HPV
vaccine compared to CKD and dialysis patients, likely related to
their state ofmedication-induced immunosuppression. However,
specifically for HPV 16, seroconversion rates were not found to
be significantly lower for KT patients and neither were they found
to be lower for patients taking immunosuppression medications.
Although power may have biased this result, it is also somewhat
reassuring since the majority of HPV cancers are associated with
type 16. At the very least, the data supports ongoing vaccination
in this group due to the fact that the majority of individuals did
effectively respond to the vaccine. Review of literature revealed
that the first studies to look into HPV vaccine responses in
immunosuppressed populations was in HIV-positive cohorts,
which showed promising results, as 95–100% of the subjects
demonstrated seroconversion (36–38). Thus, seroconversion was
not much lower than in healthy populations (39). Surprisingly,
the first study of the immunogenicity of the HPV vaccine in SOT
recipients was done in a cohort of 47 adults (females and males)
and reportedmuch lower rates of seroconversion: 63.2, 68.4, 63.2,
and 52.6% for HPV 6, 11, 16, and 18, respectively (40). Somewhat
similarly, in pediatrics, a study of a cohort of 57 patients (females
only) aged 9–21 years old with CKD, on dialysis, or post-KT,
showed that among patients with transplants, the percentages
achieving seropositivity were significantly lower compared to
CKD and dialysis patients: 63.6, 63.6, and 72.7% for HPV 6, 11,
and 18, respectively (41). Our study included both girls and boys
age 10 to 16 with CKD, on dialysis, or post-KT and showed lower
seroconversion rates: 72.4, 69.0, and 62.1% for HPV 6, 11, and 18,
respectively, in transplant patients, thus demonstrating similar
results for the first time in boys, as well.

In this study, it is likely that the entire population was
affected by varying levels of immunosuppression, regardless of

the study group. Indeed, patients with CKD and more so the
ones on dialysis have been shown to have various degrees of
immunosuppression, whether caused by defects in neutrophil
function, antigen processing, cell-mediated immunity, or
antibody-mediated immunity (42, 43). Antibody responses
to certain vaccines have been found to be attenuated in this
patient population for certain vaccines, such as the measles,
mumps and rubella (44). On the contrary, for other vaccines
immune responses have been found to be similar to the general
population (45). In the case of HPV vaccine, a study on pediatric
and adult patients with CKD 4, 5, and on dialysis showed 98.2,
100, 100, and 98.2% serocoversion for HPV genotypes 6, 11,
16, and 18, respectively (46). These values are comparable to
the data generated in healthy adult women large populations,
which reported 99.7, 99.5, 99.7, and 99.2% seropositivity for
HPV genotypes 6, 11, 16, and 18, respectively (39). Our study
also reported robust immune responses in the CKD and
dialysis pediatric patients. Although there was a non-statistically
significant tendency to less robust responses for dialysis patients
compared to CKD, this was probably explained by the fact
that half of the dialysis patients were on immunosuppressive
medications for their kidney conditions. In addition, we have
found no difference in terms of HPV vaccine responses between
patients on hemodialysis vs. peritoneal dialysis in our study
population (data not presented). It is likely that being on
anti-rejection medications creates a more profound state of
immunosuppression in transplant recipients than the immune
dysregulation seen in CKD or while on dialysis, since KT patients
had less robust immune responses to the HPV vaccine in our
study. Likewise, patients with CKD or on dialysis who were
on immunosuppression medications for their primary kidney
diseases, which are in fact similar to anti-rejection medications,
also demonstrated poorer seroconversion rates.

It is possible that girls and boys who are KT recipients respond
differently to the HPV vaccine. The quadrivalent HPV vaccine
was approved in the US in 2006 for use in girls/women only.
Subsequently, in 2009, the indication was extended to boys/men
as well. The few studies that compared the seroconversion rates
to HPV vaccine between males and females in the general
population have not shown any differences (47, 48). Our study
showed that overall there were no differences between males
and females in terms of HPV antibody responses. However,
when data was analyzed specifically for the KT recipients, male
subjects had lower GMTs at T2 for HPV 6 and 11 (but not
16 or 18) and lower seroconversion rates for HPV 18 (but not
for HPV6, HPV11, or HPV16) compared to females. Although
statistically significant, this is difficult to interpret clinically with
the inconsistencies among the various HPV types and small
numbers for multiple analyses. Interestingly enough, unlike in
the KT population, when the male vs. female differences were
examined specifically in the immunosuppression medication-
using group, no differences were seen. Sex-based differences
in immune function and responses to vaccination have been
described before, where females typically developed higher
antibody responses and experienced more adverse reactions
following vaccination than males for bacillus Calmette-Guerin,
measles, mumps, rubella, yellow fever and influenza vaccines
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(49, 50). In addition, men SOT recipients have a higher incidence
of malignancies, also suggesting the fact that SOT men could
become more immunosuppressed than women when treated
with anti-rejection medications (51). In any event, the fact
that male KT recipients tend to have lower antibody titers
and seroconversion rates for certain serotypes following HPV
vaccination, while of uncertain significance, still raises questions
about optimal vaccination strategies specifically in this patient
population, which has been already shown to also have lower
vaccination rates compared to females (52).

AEs reported were similar to those noted in prior studies,
limited to minor vaccine local skin reactions. Two patients
underwent acute rejection episodes within 6 months following
dose 3 of the HPV vaccine. In 2014, a study initiated HPV
vaccination in 14 pediatric KT recipients; unfortunately six
of them developed acute rejection shortly after the initiation
of the vaccine series, which lead to an early termination of
the study (53). In contrast, in 2016, only two of the 23
pediatric KT recipients of HPV vaccination were reported to
have acute rejection episodes (41). In our patient population,
we report a similar acute rejection burden; upon chart
review, it was felt that our two cases of acute rejection
were related to medication non-adherence, as opposed to
vaccine administration.

We acknowledge that our study has certain limitations. Like
in many pediatric SOT studies, our study was limited by its
small sample size. Unfortunately three subjects were missing
information on medication use in the data collection form and
some were not complete, thus impairing our ability to analyze
the effect of specific immunosuppresion medications. Indeed,
for specific vaccinations, for example influenza vaccination
in KT recipients, it has been demonstrated that different
imunosuppression regimens can influence the immune response
(54). In addition, our study lacked long-term follow up, as we
did not look into long-term HPV-vaccine induced antibody
persistence post-transplantation; other studies suggested that
there was a decline in titers over time (40). Lastly, we were unable
to determine factors beyond immunosuppression that may play
a role in preventing seroconversion in transplant recipients.
However, this is the largest and the only multicenter study that
examined the humoral response to the HPV vaccine in both girls
and boys with KTs, compared to CKD and on dialysis. It is also
the first study that compared the humoral response between girls
and boys in these populations. In addition, we included only data
for the subjects who were HPV naïve at baseline, had complete
data in terms of antibody titers and completed the entire three
dose vaccination series.

In conclusion, this study addresses the immune response to
the HPV vaccine in pediatric KT recipients, CKD and dialysis
patients, as well as its safety. The HPV vaccine was well-tolerated

in these populations. Pediatric KT recipients had in general
lower GMTs and seroconversion rates compared to their peers in
the CKD and dialysis groups. In addition, immunosuppression
(either due to the need to address immune-mediated diseases
of the native kidneys or to prevent rejection in KT) played a
role in the lack of seroconversion. Our results emphasize the
importance of advocating for HPV vaccination prior to KT and
acknowledge its safety post transplantation. However, questions
still remain. Specifically, studies to identify factors associated
with the lack of seroconversion in KT recipients are needed
for targeted interventions. In addition, future studies should
investigate the effect of a supplemental dose of HPV vaccine in
KT recipients who do not seroconvert. It would also be important
to evaluate the long-term persistence of antibodies post-KT and
the possible need for re-immunization post-KT.
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