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Abstract

Background—Quadrivalent human papillomavirus vaccine (QHPV) is >95% effective in

preventing infection with vaccine-type human papillomavirus. The safety and immunogenicity of

QHPV are unknown in HIV-infected children.

Methods—HIV-infected children (N = 126)—age >7 to <12 years, with a CD4% ≥15—and on

stable antiretroviral therapy if CD4% was <25—were blindly assigned to receive a dose of QHPV

or placebo (3:1 ratio) at 0, 8, and 24 weeks. Adverse events were evaluated after each dose. Serum

antibody against QHPV antigens was measured by a competitive Luminex immunoassay 1 month

after the third QHPV dose.

Results—The safety profile of QHPV was similar in the 2 study arms and to that previously

reported for QHPV recipients. QHPV did not alter the CD4% or plasma HIV RNA.

Seroconversion to all 4 antigens occurred in >96% of QHPV recipients and in no placebo
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recipients. Geometric mean titer was >27 to 262 times greater than the seropositivity cutoff value,

depending on the antigen, but was 30%–50% lower against types 6 and 18 than those of age-

similar historical controls.

Conclusions—QHPV was safe and immunogenic in this cohort of HIV-infected children.

Efficacy trials are warranted.
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Introduction

Human papillomavirus (HPV) is the primary cause of cervical cancer and is responsible for

40%–90% of anal, vulvar, vaginal, penile, and oropharyngeal cancers.1 The oncogenic

potential of HPV is type specific; approximately 70% of cervical cancers are caused by HPV

types 16 and 18,2 which are also the predominant types associated with anogenital and

oropharyngeal cancers.1–3 In contrast, HPV types 6 and 11 are associated with 90% of

genital warts and rarely cause anogenital cancers.4

A woman's lifetime risk of acquiring HPV infection is >80%; most infections occur within

3–4 years after sexual debut.5,6 Most HPV infections are transient. However, persistence of

HPV 16 and 18 is essential for the development of cervical dysplasia, including cervical

intraepithelial neoplasia (CIN) 3 and cancer.7,8 The prevalence of HPV and CIN 2/3 is

severalfold higher in HIV-infected women than in uninfected women.9 HPV infections

persist longer in HIV-infected women.10 Low-grade squamous intraepithelial lesions in

HIV-infected adolescents are likely to persist longer than in HIV-uninfected girls, and HIV-

infected girls are 3-fold more likely to develop high-grade squamous intraepithelial lesion.11

Because this high rate of high-grade squamous intraepithelial lesion has not been

demonstrated in adults, these findings suggest that HIV-infected girls are particularly

vulnerable.12

HPV infection also leads to a 7-fold increase in penile cancer and a 60-fold increase in anal

cancer in HIV-infected men compared with uninfected men.13 HIV-infected adults also have

high rates of genital warts, which are often recalcitrant to conventional therapies.14,15

Two HPV preventive vaccines (Gardasil; Merck and Co, Inc, Whitehouse Station, NJ;

Cervarix; GlaxoSmithKline, Rixensart, Belgium) are licensed. Both vaccines contain

viruslike particles (VLP) of HPV types 16 and 18 that stimulate type-specific neutralizing

antibodies, which are thought to prevent HPV infection.16,17 Gardasil also contains HPV

types 6 and 11 VLPs.16 In immunocompetent women, Gardasil is 98%–100% effective in

preventing precancerous lesions of the cervix, vulva, and vagina and is very effective in

preventing genital warts in men and women.18–22

The immunologic response to Gardasil in HIV-infected patients is unknown. This study was

undertaken to evaluate the safety and immunogenicity of Gardasil in preadolescent girls and

boys with HIV infection.

Methods

Subject Population

Children >7 to <12 years with HIV infection could enroll if their baseline CD4% was ≥15.

At least 3 months of highly active antiretroviral therapy (HAART) was required for subjects

with a CD4% <25. Exclusion criteria included other immunosuppressive diseases or
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medications, other significant acute or chronic illness, other vaccinations within 2–3 weeks

(depending on vaccine type) before or after study vaccine, significant abnormalities in

hematologic or chemistry tests, and receipt of blood-derived products within 6 months

before or during the study. The protocol was approved by the local ethical review

committees. Parents or guardians of subjects provided written informed consent.

Vaccine

Quadrivalent human papillomavirus vaccine (QHPV) (types 6, 11, 16, and 18) recombinant

vaccine (Gardasil) or identical placebo, 0.5 mL, was administered by intramuscular

injection.

Design

Subjects were stratified by their CD4% nadir and CD4% at screening into 3 groups: group 1:

CD4% nadir < 15 and CD4% ≥ 15 at screening; group 2: CD4% nadir ≥ 15 and CD4%

between ≥15 and <25 at screening; and group 3: CD4% nadir ≥ 25 and CD4% ≥ 25 at

screening. Nadir was defined as the lowest CD4% ever recorded for the subject. QHPV or

placebo was assigned randomly, in a double-blinded fashion, in a 3:1 ratio, to 40 subjects in

each group at entry (90 receive QHPV; 30 receive placebo). Each subject received the same

assigned study vaccine 8 and 24 weeks later.

Safety Assessment

Clinical—Subjects were observed in clinic for 30 minutes post vaccination. A report card

of relevant signs and symptoms was maintained by the caregiver for 15 days after each

injection. Body temperature was recorded for 5 days beginning after the injection.

Telephone contact with the caregiver was made on the third day after each injection to

inquire about reactions. The caregiver was instructed to immediately report unusual

injection site reactions. A clinic visit was required within 24 hours whenever the study

coordinator considered that a reaction might be ≥grade 3 (Division of AIDS Table for

Grading the Severity of Adverse Events:

http://rcc.tech-res.com/safetyandpharmacyvigilance).

Clinical Laboratory—Routine hematologic and chemistry screens were performed at the

study site's laboratory at entry, 4 weeks after the first dose, and just before and 4 weeks after

the next 2 doses. CD4% and CD4 number were determined at entry, 8 weeks after the first

dose, 4 weeks after the second dose, and just before and 4 weeks after the third dose.

Immunologic Assessment

Serum antibody against the HPV antigens6,11,16,18 was determined at entry and 4 weeks

after the third dose of vaccine. Antibody response in the postvaccination sample was the

predefined primary immunologic endpoint.

Laboratory Determinations

Assay for Serum Antibody Against HPV Antigens—Serum anti-HPV 6, 11, 16, and

18 antibody was measured using a competitive Luminex immunoassay (cLIA; reported in

milli-Merck Units [mMU]/mL).6,11,16,18,23,24 Seropositivity was defined as an anti-HPV

titer ≥20, 16, 20, and 24 mMU/mL, for HPV types 6, 11, 16, and 18, respectively.24

CD4 Number and Percent—Analysis of CD4 lymphocyte phenotypes (CD3/4, CD3/8,

and CD19) was performed at the participating sites in laboratories that were certified by the

Division of AIDS Immunology Quality Assurance Program.
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HIV RNA in Plasma—The plasma HIV RNA concentration was determined by the

standard or ultrasensitive AMPLICOR HIV-1 MONITOR Test (version 1.5 RNA

polymerase chain reaction assay; Roche Diagnostics, Indianapolis, IN).

Statistics

Safety—Graded adverse events (AEs) (≥1 for injection reactions; ≥2 for all others) that

occurred within 14 days of each vaccination were grouped into 5 defined toxicity categories.

Within each category, the AE with the worst grade for each subject was counted. The worst

grade of AEs for each subject within 14 days of any vaccination was calculated for

comparisons between groups and between treatment arms. Ungraded diagnoses were

described separately.

Immunogenicity—For QHPV cLIA titers lower than the detection limit, the values 3.5, 4,

5.5, and 5 were assigned for HPV types 6, 11, 16, and 18, respectively. Seroconversion was

defined as change from seronegative results at baseline to seropositive results at week 28.

The QHPV cLIA geometric mean titers (GMTs) were summarized by treatment group, and

95% confidence intervals (CIs) were calculated. Univariate linear regression analyses were

performed to identify predictors of week 28 QHPV cLIA titers. For categorical variables

having >2 categories, Tukey–Kramer simulation-based adjusted P values were used for

pairwise comparisons when F tests were significant (P < 0.05). Variables identified as at

least marginally significant (P < 0.1) predictors of week 28 QHPV cLIA titer were included

in the multivariate linear regression analyses.

Results

Safety

The age, gender, and ethnicity of 126 vaccinated subjects (Table 1) were similar between

groups (except black, non-Hispanics in group 2) and between treatment arms within groups.

CD4% was highest in group 3, in accordance with the stratification. CD4 count and CD4%

were similar between treatment arms when all the groups were combined, as was plasma

HIV viral load.

Table 2 indicates the type and frequency of AEs reported within 14 days after the first dose

of QHPV. AEs were infrequent and their occurrence was similar in QHPV and placebo

recipients, except for more frequent (P = 0.19) injection site reactions in QHPV recipients.

Injection site reactions were mainly grade 1 and not more frequent after the second or third

dose. AEs not differ between groups. The AE profile was very similar after each vaccine

dose, except for an increase in indirect bilirubin values after the last 2 doses, which was

attributed by the site investigators to antiretroviral treatment with atazanavir.

Table 3 indicates the worst grade for signs, symptoms, and laboratory abnormalities in each

subject summed over all 3 doses of vaccine or placebo. There were minor, generally

nonsignificant, differences in frequency or severity of events between the arms when the

data were combined, except for grade 1 events, which were largely due to injection site

reactions. Within in each group, AEs were similar in frequency in each arm. The number of

grade 2 and 3 AEs was greater after the second dose, but these were almost entirely due to

preanalytic artifact (delay before serum separation for glucose determination) or indirect

hyperbilirubinemia attributed to atazanavir therapy. Injection site reactions were not more

common or severe after the second or third vaccination. There were 7 subjects with only

grade 3 events; one subject had only a grade 4 event; and 1 subject had a grade 3 and grade

4 event. No grade 3 or 4 events were considered by the investigators to be treatment related.

Fifteen AEs could not be graded (10 received QHPV; 5 received placebo). All were either
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preexisting (eg, attention-deficit/hyperactivity disorder) or were common childhood diseases

(eg, otitis, urinary tract infection).

The plasma HIV viral load did not trend in any clinically significant manner above the

baseline after any vaccine dose in any group in either treatment arm and was similar

between treatment arms at all time points (data not shown). The CD4% after each dose of

QHPV did not differ significantly between treatment arms (see Figure 1, Supplemental

Digital Content 1, http://links.lww.com/QAI/A53, which demonstrates that CD4% is not

altered by QHPV administration).

Immunogenicity

Four subjects had HPV-specific antibody at baseline; only one had an antibody level that

was 2-fold higher than the cutoff value. These 4 subjects were excluded from analysis of

their immune response to these antigens. Seroconversion occurred in all the QHPV

recipients, except for 3 subjects in group 1 who failed to seroconvert to HPV type 18

[seroconversion by QHPV recipients was 354 of 357 type-specific determinations (99%),

whereas 1 of 27 placebo recipients (4%) seroconverted to HPV type 16; seroconversion by

placebo recipients was 1 of 108 type-specific determinations (<1%)] (Table 4). The baseline

GMT for any antibody type was below the cutoff value. The GMTs in vaccine recipients at

28 days after the third dose of vaccine, for all groups combined, were at least 27, 85, 262,

and 38 times greater than seropositivity cutoffs for HPV types 6, 11, 16, and 18, respectively

(Table 5). There was no statistically significant difference between groups for GMT against

any antigen.

Table 6 displays the GMTs from all groups combined, together with published information

on GMTs achieved after vaccinating HIV-uninfected children of the same age.25,26 The

GMTs achieved by vaccinating HIV-infected children were 30%–50% lower for vaccine

types 6 and 18 than those achieved in the comparator group, and the 95% CIs around the

response estimates of these 2 groups did not overlap on either of these 2 antigens.

Univariate Linear Regression Analysis

This considered the effects of the following on the primary endpoint antibody level: age,

immunologic group, gender, ethnicity, and nadir CD4%. Also evaluated were parameters

measured at the time of each dose: CD4%, CD4 count, CD8%, CD8 count, and viral load.

There were significant correlations across HPV serotypes of higher HPV type-specific

antibody level with lower HIV viral load (<5000 copies/mL vs >5000 copies/mL) and lower

CD8% and number (P = 0.01–0.04, depending on HPV type). There were no consistent

correlations with CD4% at the time of vaccination. Hispanic subjects had lower antibody

levels against types 16 and 18 than black subjects and lower antibody levels against all 4

serotypes than non-Hispanic white subjects.

Multivariate Linear Regression Analysis

Factors of at least borderline significance across all serotypes (HIV viral load, CD8%, and

ethnicity) in the univariate analysis were incorporated into the multivariate linear regression

analysis. After adjustment, Hispanic subjects had significantly lower levels for type 18 than

black subjects and also had lower levels against types 6, 11, and 18 than the non-Hispanic

white subjects.

Discussion

The safety profile of QHPV administered to HIV-infected children was excellent. AEs were

similar between vaccine and placebo recipients, regardless of immunologic group or

Levin et al. Page 5

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 February 3.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

http://links.lww.com/QAI/A53


administration of multiple sequential doses of QHPV. The safety of QHPV in HIV-infected

children was very similar to that reported for HIV-uninfected children who were 9–15 years

of age.25,26 Administration of this vaccine—which is the first VLP-based vaccine studied in

HIV-infected individuals—did not alter the CD4 status or HIV viral load of the vaccinee.

This study was undertaken in girls and boys younger than 12 years with the assumption that

QHPV would be optimally utilized in HIV-infected girls (and possibly boys) before sexual

debut. As expected, less than 4% of subjects had detectable HPV antibody to any vaccine

HPV type at baseline, and only 1 of 30 placebo recipients developed antibody to a single

type during the study.

The rate of seroconversion in this HIV-infected cohort was excellent and consistent with

previous reports in young HIV-uninfected children.25,26 Although the GMTs achieved were

>27 to >262-fold higher than the seropositivity cutoff, depending on HPV type, antibody

levels achieved against HPV types 6 and 18 in these HIV-infected children were 30%–50%

lower than those achieved in historical controls. However, the level of HPV type 6 antibody

achieved after QHPV vaccination in HIV-infected children equaled that achieved in HIV-

uninfected women 16–26 years old, in whom the vaccine is very efficacious, and antibody

levels against the other 3 vaccine types were approximately 2-fold higher than in older

healthy vaccine recipients.27

The magnitude of the HPV type–specific antibody responses is important because vaccine-

induced protection is thought to be mediated primarily through neutralizing antibodies that

reach mucosal and external genital surfaces. Because these antibodies at these locations are

explained in part by transudation of HPV type–specific antibody from serum,28–31 it is

likely that the higher the serum levels of HPV-specific antibody, the greater the amount of

antibody present in the genital mucosa. Although there is some decline in antibody levels

measured by cLIA in immune competent women within the first 2 years after vaccination,

levels subsequently stabilized for HPV 11 and 16 up to an additional 3 years.27 HPV 6 and

18 antibody levels continue to decline with time after vaccination. However, there is no

evidence that efficacy through 5 years of follow-up has waned among those with declining

levels,32 and no minimum level of protective antibody has been defined. An anamnestic

response was shown at 5 years post vaccination.33 Nevertheless, it is uncertain if vaccine-

induced immunity will be lifelong. There is some evidence suggesting that naturally

acquired HPV-specific antibodies might decline to a level that will permit reinfection or

allow reactivation.34 As this is the first study in HIV-infected persons, the vaccinees in this

study will receive a fourth dose of QHPV at 72 weeks after their third dose of vaccine to

determine the magnitude of any anamnestic response.

The information obtained from this and a follow-up study will inform future strategies for

preventing HPV infection in HIV-infected children. It is important to note that any strategy

is likely to be defined by the clinical status of vaccinees. The subjects in this study were

receiving HAART if their CD4% was <25% at entry; the mean CD4% at entry was 29 for

group 1, which was the most immune compromised. The extent of immune reconstitution in

all study groups probably explains the similar results between the study groups and why the

regression analyses did not indicate a correlation of immune response to CD4 status. Recent

trials of childhood vaccines in HIV-infected children indicate that immune responses are

readily detected in vaccinees who are receiving HAART, although, as shown here, they are

not always normal. Apparently, the nature of immune reconstitution after HAART for HIV

infection does not ensure a normal immune system. We previously documented in children

strong associations between plasma HIV viral load and primary responses to the live

attenuated varicella-zoster vaccine35 and to live attenuated or inactivated seasonal influenza

vaccines.36 Other investigators correlated deficient antibody production in HIV-infected
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individuals with overrepresentation of transitional/immature B-cell subpopulations

expressing low CD21 and/or CD2737,38 or underrepresentation of memory B cells

expressing adequate levels of CD21, CD27, or immunoglobulins on their surface.39–41

Despite the lower responses, our results with QHPV add to the evidence obtained with other

vaccines that children on HAART with >15%CD4 cells, and children with >25%CD4 cells,

irrespective of HAART, will develop strong responses to vaccine immunogens.35,36,42,43

This trial confirms the safety and immunogenicity of QHPV in HIV-infected persons and is

supportive of an efficacy trial in HIV-infected children in resource-poor countries where

QHPV is not yet standard of care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE 6

Antibody Responses to QHPV in HIV-Infected Children Compared With HIV-Uninfected

Historical Controls

HIV Infected HIV Uninfected

Age 9–12, Present Study Age 9–12, Published

Serotype n GMT (95% CI) n GMT (95% CI)

6 63 535 (387 to 739) 563 1053 (974 to 1138)

11 65 1321 (1025 to 1702) 563 1587 (1469 to 1715)

16 65 4987 (3685 to 6751) 560 6444 (5840 to 7110)

18 65 845 (547 to 1306) 565 1558 (1416 to 1716)

Published data are from Block et al25 and Reisinger et al.26

n indicates subjects in each of the comparator groups.
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