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Background. We compared the immunogenicity and reactogenicity of Cervarix or Gardasil human papilloma-
virus (HPV) vaccines in adults infected with the human immunodeficiency virus (HIV).

Methods. This was a double-blind, controlled trial randomizing HIV-positive adults to receive 3 doses of
Cervarix or Gardasil at 0, 1.5, and 6 months. Immunogenicity was evaluated for up to 12 months. Neutralizing
anti–HPV-16/18 antibodies were measured by pseudovirion-based neutralization assay. Laboratory tests and diary
cards were used for safety assessment. The HPV-DNA status of the participants was determined before and after
immunization.

Results. Ninety-two participants were included in the study. Anti–HPV-18 antibody titers were higher in the
Cervarix group compared with the Gardasil group at 7 and 12 months. No significant differences in anti–HPV-16
antibody titers were found among vaccine groups. Among Cervarix vaccinees, women had higher anti–HPV-16/
18 antibody titers compared to men. No sex-specific differences in antibody titers were found in the Gardasil
group. Mild injection site reactions were more common in the Cervarix group than in the Gardasil group (91.1%
vs 69.6%; P = .02). No serious adverse events occurred.

Conclusions. Both vaccines were immunogenic and well tolerated. Compared with Gardasil, Cervarix
induced superior vaccine responses among HIV-infected women, whereas in HIV-infected men the difference in
immunogenicity was less pronounced.

Clinical Trials Registration. NCT01386164.
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Persistent infection with oncogenic human papilloma-
virus (HPV) genotypes cause approximately 600 000
cancers worldwide every year, including cervical
cancer, anal cancer, vulvar and vaginal cancers, penile
cancer, and certain oropharyngeal cancers [1–3]. Most

HPV-associated cancers are caused by genotypes 16
and 18 [4, 5] and the 2 commercially available HPV
vaccines, Cervarix (GlaxoSmithKline) and Gardasil
(Merck), both protect against these oncogenic HPV
types. Gardasil additionally covers HPV-6 and -11, the
major causative agents of genital warts [6–8].

People infected with human immunodeficiency virus
(HIV) have a highly increased risk of developing HPV-
associated cancers [9]. Despite the increasing use of
highly active antiretroviral therapy (HAART) as routine
treatment in HIV-infected individuals and establish-
ment of screening programs for precancerous cervical
lesions, the incidence of cervical cancer among HIV-
infected women has not declined in recent years [10].
Additionally, the incidence of anal cancer is steadily
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increasing in HIV-infected men and women [11–13] and some
countries, including the United States and Australia, now rec-
ommend routine HPV vaccination of HIV-infected individuals.
However, little is known about immunity induced by HPV vac-
cination in HIV-infected adults.

Both HPV vaccines are based on virus-like particles using
type-specific HPV L1 capsid protein as vaccine antigen. Cer-
varix is formulated with an aluminum salt– and Toll-like recep-
tor (TLR) 4 agonist–based adjuvant system called AS04, and
Gardasil is formulated with amorphous aluminum hydroxy-
phosphate sulfate as adjuvant [7, 14]. The vaccines are best ad-
ministered before sexual debut, and vaccination does not clear
existing HPV infections [15]. However, recent trials show that
adults also benefit from vaccination if they have no preexisting
infection with vaccine-type HPVs [16, 17] and that vaccination
reduces the risk of subsequent HPV-associated disease among
people treated surgically for precancerous cervical and anal
lesions [18, 19].

The exact mechanisms of vaccine-induced protection have
not been established, but neutralizing antibodies are believed to
be of crucial importance [20–22], and higher antibody titers
following immunization may be a surrogate marker for pro-
longed protection [23, 24]. In healthy women, Cervarix was
shown to induce higher antibody titers against HPV-16 and
-18 compared to Gardasil [23, 24].

Both vaccines are reportedly safe and immunogenic in HIV-
infected individuals with high seroconversion rates, albeit lower
antibody titers than in age-matched HIV-negative persons [25–
29]. To our knowledge, no studies have reported comparative
immunogenicity and safety data on Cervarix and Gardasil in
HIV-infected persons, and no efficacy studies have been pub-
lished using either vaccine. We and others have shown that
TLR9-adjuvanted vaccines induce superior antibody responses
in HIV-infected individuals [30, 31]. Thus, the TLR4-directed
adjuvant in Cervarix may be particularly useful in this popula-
tion, but sex-specific differences in TLR signaling and altered
TLR4 responsiveness in HIV-infected individuals may affect
vaccine responses [32, 33].

This study was undertaken to compare the immunogenicity
and reactogenicity of Cervarix and Gardasil in HIV-infected
adult men and women.

METHODS

Study Design
This was an investigator-initiated, randomized, double-blind,
head-to-head trial randomizing persons with HIV to vaccination
with either Cervarix or Gardasil. The study protocol was ap-
proved by the Danish Medicines Agency, the Regional Ethical
Committee, and the Danish Data Protection Agency. The study
was monitored for regulatory compliance and data quality by the
Division of Good Clinical Practice at Aarhus University Hospital.

Setting and Participants
The study was conducted at the Department of Infectious Dis-
eases, Aarhus University Hospital, Denmark. HIV-positive
patients seen at the outpatient clinic during 2011 were invited
by letter to participate. Consenting HIV-seropositive volunteers
18 years or older were eligible for enrollment. We excluded indi-
viduals who (1) had previously been vaccinated against HPV, (2)
had a history of malignancy or autoimmune disease, (3) had re-
ceived systemic immunosuppressive treatment, (4) had previous-
ly had an allergic reaction to vaccination, (5) were pregnant,
breastfeeding, or unwilling to use reliable contraception methods
for the duration of the trial, and/or (6) had an HIV RNA level of
>200 copies/mL if receiving antiretroviral treatment.

Randomization and Intervention
Participants were stratified according to use of HAART and sex
and thereafter randomized 1:1 in blocks of 4 to receive Cervarix
or Gardasil. Random allocation sequences were computer-
generated by the hospital pharmacy. Participants were assigned
their study identification number according to the chronologi-
cal order in which they were enrolled. Participants and investi-
gators were masked to the assigned vaccine throughout the
study.

Prefilled vaccines were provided by the hospital pharmacy.
Participants received vaccination with either Cervarix or Gar-
dasil at months 0, 1.5, and 6 and they were seen at month 7 and
12 for immunogenicity and safety follow-up. Trained study
nurses administered all vaccines by intramuscular injection
into the left or right arm. Before any trial procedures, blood
samples were collected for immunogenicity measurements and
safety laboratory tests, including HIV RNA, CD4+ cell count,
hemoglobin, erythrocyte volume fraction, white blood cell
count, alkaline phosphatase, alanine aminotransferase, and cre-
atinine parameters.

Assessment of Neutralizing Antibodies
Serum samples were heat-inactivated for 60 minutes at 56°C
and stored at –80°C before shipment for blinded analysis at the
joint Chemical Biology Core Facility of the German Cancer Re-
search Center and the European Molecular Biology Laboratory,
Heidelberg, Germany, using a pseudovirion-based neutraliza-
tion assay (PBNA). Pseudovirions (PSVs) were prepared and
closely quality-monitored as previously described [34–36]. All
liquid handling and plate reading was done using automated
devices and plate readers (PerkinElmer) [37]. Serum samples were
diluted 10 times in 3-fold increments in complete Dulbecco’s
modified Eagle medium cell culture medium in 384-well poly-
propylene plates to achieve a final serum dilution in the PBNA of
1:40 to 1:787 320. Two microliters of diluted serum and 18 µL
PSVs diluted in cell culture medium was mixed in 384-well assay
plates. After 1 hour of incubation at room temperature, 20 µL
HeLa T cells was added at a final density of 1500 cells/well and
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incubated for 2 days at 37°C/5% CO2. Finally, 20 µL/well glow
substrate solution (PJK) was added and the luminescence read
in an Envision plate reader. Triplicate plates originating from
the same serum dilution were used for each HPV type. Inhibi-
tion (%) was calculated by normalization of the luminescence
to the mean of the negative control wells on each plate. The
median of the triplicate values was used for curve fitting, and
the calculation of the effective dilution giving a 50% inhibition
value for each serum was performed in ActivityBase (IDBS).

Assessment of HPV DNA Status
Anal and cervical swabs for HPV DNA testing were collected at
baseline and at month 7 by inserting a Regular FLOQSwab
(Copan Diagnostics) into the anal canal or the cervix uteri.
Swabs were placed into tubes containing UTM-RT transport
medium (Copan Diagnostics). One milliliter of each sample
was spun down (5minutes at 14 000 rpm), supernatants were re-
moved, and cell pellets were resuspended in 180 µL phosphate-
buffered saline and 20 µL Proteinase K (Roche Diagnostics).
Samples were mixed and incubated for 1 hour at 56°C and 1
hour at 90°C. HPV DNA was purified using a MagNA Pure LC
96 and MagNA Pure LC Total Nucleic Acid Isolation Kit
(Roche Diagnostics, Switzerland). Five microliters of purified
DNA was used for the PCR amplification in concordance with
the manufacturer’s specifications with subsequent microarray
detection for any of 35 defined HPV genotypes included in the
Genomica CLART HPV2 Genotyping micro array (Genomica).

Assessment of Safety
Participants were observed for 30 minutes after each immuni-
zation to evaluate immediate adverse events. Solicited adverse
events occurring during the first 4 days after each immuniza-
tion (injection site pain, swelling, erythema, fever, headache,
nausea, myalgia, arthralgia and rash) and other signs of illness
and/or changes in medication occurring within 15 days after
immunization were recorded on diary cards. Solicited and un-
solicited adverse events, as well as laboratory tests, were graded
according to the common toxicity criteria version 2.0. All solic-
ited local (injection site) and influenza-like (fever, arthralgia,
chills, and fatigue) reactions were considered causally related to
vaccination. Other adverse events were evaluated by the
primary investigator and graded as “unlikely” or “probably”
related to the study vaccines.

Statistical Analysis
The primary objective was to compare the serological anti–
HPV-16 and -18 neutralizing antibody titers among vaccine
groups at month 7. Secondary objectives were to compare anti-
body titers at month 12 and to stratify vaccine responses by
baseline HPV serology among HPV DNA–negative partici-
pants. We powered our trial to detect a ≥35% difference in
mean geometric mean titers (GMTs) between the 2 vaccine

groups at month 7. Setting type I error probability (α) to .05
(2-sided), type II error probability (β) to .10 (power = 1–β = .90),
and assuming a standard deviation of 50% of the mean GMT,
we found that 43 patients per group were required to detect this
difference.

Continuous variables were summarized using medians with
interquartile ranges. Dichotomous and categorical variables
were summarized using numbers and percentages. We con-
ducted per-protocol analyses of all randomized subjects for
whom immunogenicity data were available at baseline and a
subsequent timepoint.

We calculated crude GMTs on the primary endpoints. An
adjusted estimate was obtained using a multivariate linear re-
gression that included the following variables: current smoker,
baseline CD4+ cell count, current use of HAART (yes or no),
body mass index, sex, age, type-specific baseline HPV antibody
titer, and HPV DNA status. Finally, as the AS04 adjuvant may
have differential effects in men and women, we conducted the
above-mentioned analysis stratified on sex. Incident and persis-
tent HPV-16 and -18 infection was summarized according to
vaccine group.

We used the χ2 test to compare GMTs and the proportion of
adverse events between the vaccine groups. We used 2-way t
test to analyze for baseline group differences and temporal
changes in CD4+ cell count and log-transformed HIV RNA
from baseline, and performed subanalyses of the 2 variables
stratified according to HAART use. We used Stata software,
version 12.2 (StataCorp), for statistical analyses.

RESULTS

Study Population
Of the 512 individuals invited to participate, 121 signed up and
were screened for eligibility, and 92 of these were subsequently
enrolled in the trial between 10 August and 2 November 2011
(Figure 1). The trial ended on 3 December 2012 when the last
participant was seen for follow-up. Two participants did not
complete the 3-dose vaccination series: 1 withdrew her consent
and 1 was inappropriately enrolled (medical condition incom-
patible with intramuscular injections). One was lost to follow-
up and missed the 12-month visit. The Gardasil group had a
higher proportion of smokers than the Cervarix group (16 vs 6;
P = .026). The 2 groups were similar in immune status and all
other baseline characteristics at the time of inclusion in the
study (Table 1). Baseline characteristics did not differ signifi-
cantly between men and women .

Immunogenicity
Primary endpoints are shown in Figure 2. Both vaccines in-
creased HPV-16 GMTs from baseline to 7 and 12 months, and
no significant differences in anti-HPV-16 antibody titers were
found between vaccine groups. Anti-HPV-18 GMTs were
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higher in the Cervarix group compared with the Gardasil group
at 7 and 12 months. The GMT ratio was 4.31 at 7 months (95%
confidence interval [CI], 2.21–8.40) and 4.15 at 12 months
(95% CI, 1.95–8.84). Adjustment for potential confounders
(current smoker, baseline CD4+ cell count, current use of
HAART, body mass index, sex, age, type-specific baseline HPV
antibody titer, and HPV DNA status) did not affect the results.

An analysis of antibody titers according to baseline serosta-
tus and anogenital DNA status is shown in Table 2. Again, we
found no significant differences in anti–HPV-16 antibody
titers between vaccine groups. Among those seronegative and
HPV-18 DNA negative at baseline, anti–HPV-18 antibody
titers were higher in the Cervarix group than in the Gardasil

group. The GMT ratio was 7.60 at 7 months (95% CI, 2.56–
22.5) and 8.90 at 12 months (95% CI, 2.56–31.0).

Results of an analysis stratifying antibody responses by sex
are shown in Figure 3. Among participants vaccinated with
Cervarix, women had 3.16-fold (95% CI, 1.56- to 6.40-fold)
higher anti-HPV-16 antibody titers at 7 months, and 4.43-fold
(95% CI, 1.85- to 10.6-fold) higher anti–HPV-16 antibody
titers at 12 months when compared to men. Anti–HPV-18 an-
tibody titers in the Cervarix group were 2.07-fold (95% CI, .88-
to 4.85-fold) and 3.57-fold (95% CI, 1.36- to 9.34-fold) higher
among female compared to male participants. We found no
differences in antibody titers between men and women in the
Gardasil group.

Figure 1. Disposition of study participants. Abbreviations: HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus.
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Among female participants, anti-HPV-16 GMTs were 2.98-
fold (95% CI, .76-fold to 11.6-fold) and 3.90-fold (95% CI,
1.05- to 14.6-fold) higher in the Cervarix compared to the

Gardasil group at 7 and 12 months, and anti–HPV-18 GMTs
were 3.93-fold (95% CI, 1.02- to 15.2-fold) and 6.02-fold (1.05-
to 14.6-fold) higher in the Cervarix compared to the Gardasil
group at 7 and 12 months, respectively.

Among male participants, We found no significant differ-
ences in anti-HPV-16 GMTs between the vaccine groups. Anti-
HPV-18 titers were 4.54-fold (95% CI, 2.15- to 9.59-fold) and
3.55-fold (95% CI, 1.48- to 8.53-fold) higher in the Cervarix
group than in the Gardasil group at 7 and 12 months, respec-
tively. Adjustment for potential confounders (current smoker,
baseline CD4+ cell count, current use of HAART, body mass
index, sex, age, type-specific baseline HPV antibody titer, and
HPV-DNA status) did not affect sex-specific results.

Anogenital HPV DNA Detection at 7 Months
Eighty participants had available anogenital HPV DNA detec-
tion at both baseline and 7 months. Table 3 summarizes

Table 1. Baseline Characteristics of the Study Population

Characteristic
Cervarix Group

(n = 45)
Gardasil Group

(n = 46)

Sex

Male 30 (66.7) 31 (67.4)

Female 15 (33.3) 15 (32.6)

Race

White 38 (84.4) 37 (80.4)

Other 7 (15.6) 9 (19.6)

Age, y, median (IQR) 47.0 (38.6–54.2) 44.5 (38.2–51.9)

Body mass index, kg/m2,
median (IQR)

23.8 (21.8–26.7) 24.1 (21.0–26.4)

Current smoker 6 (13.3) 16 (34.8)

CD4+ cell count, cells/µL,
median (IQR)

600 (470–750) 585 (440–760)

Undergoing HAART

Yes 40 (88.9) 40 (87.0)

No 5 (11.1) 6 (13.0)

HIV RNA level, log10 copies/mL, median (IQR)

In patients receiving HAART 1.28 1.28

In patients not receiving HAART 4.97 (4.81–5.32) 4.58 (3.85–5.22)

HPV serostatus and HPV DNA statusa

HPV-16

Seronegative, HPV DNA
negative

22 (51.2) 19 (44.2)

Seronegative, HPV DNA
positive

0 2 (4.6)

Seropositive, HPV DNA
negative

17 (39.5) 15 (34.9)

Seropositive, HPV DNA
positive

4 (9.3) 7 (16.3)

HPV-18

Seronegative, HPV DNA
negative

22 (51.2) 18 (41.9)

Seronegative, HPV DNA
positive

0 1 (2.3)

Seropositive, HPV DNA
negative

19 (44.2) 20 (46.5)

Seropositive, HPV DNA
positive

2 (4.6) 4 (9.3)

HPV-16 and -18

Both seronegative,
HPV DNA negative

16 (37.2) 15 (34.9)

Both seronegative, HPV
DNA positive

0 0

Both seropositive, HPV DNA
negative

13 (30.2) 12 (27.9)

Both seropositive, HPV DNA
positive

1 (2.3) 2 (4.6)

Data are presented as No. (%) of patients unless otherwise indicated.

Abbreviations: HAART, highly active antiretroviral therapy; HIV, human
immunodeficiency virus; HPV, human papillomavirus; IQR, interquartile range.
a Two participants in the Cervarix group and 3 participants in the Gardasil group
with inconclusive baseline HPV DNA status are not included.

Figure 2. Human papillomavirus (HPV) serotype-specific neutralizing
antibody geometric mean titers (GMTs). HPV serotype-specific neutralizing
antibody GMTs were computed using the log10 transformation of ED50
values for anti–HPV-16 and HPV-18 serum neutralizing antibodies as mea-
sured by pseudovirion neutralization assay at months 0, 1.5, 6, 7, and 12.
**P < .001, ***P < .0001. One study participant from the Cervarix group
withdrew after the second visit, and 1 study participant from the Gardasil
group was lost to follow-up after the fourth visit. Abbreviation: ED50,
effective dilution giving a 50% inhibition.
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incident and persistent HPV-16 and -18 infection. All incident
HPV-16/18 infections occurred among male participants.

Safety
No serious adverse events were detected in this study. Both vac-
cines were generally well tolerated and very few mild systemic
reactions were observed (Table 4). Injection site reactions were
more common in the Cervarix group than in the Gardasil
group (91.1% vs 69.6%; P = .02). No sex-related differences in
injection site reactions were detected (data not shown).

DISCUSSION

In the present study, we found that Cervarix was significantly
more immunogenic than Gardasil in HIV-infected women.
However, this difference in immunogenicity was less pro-
nounced in HIV-infected men where the 2 vaccines induced

similar antibody responses against HPV-16 but higher anti–
HPV-18 antibodies for Cervarix than Gardasil. Mild injection
site reactions were more common in the Cervarix group, but
the overall reactogenicity of both vaccines was acceptable for
both patients and physicians. Collectively, our findings suggest
that Cervarix is superior to Gardasil in terms of inducing pro-
tective immunity against oncogenic HPV-16 and HPV-18 in-
fection in HIV-infected women. However, whether this difference
translates into enhanced or prolonged protection against cervical
cancer is still unknown.

To our knowledge, this is the first clinical trial comparing
immunogenicity data of Cervarix and Gardasil in HIV-infected
individuals. One strength of the study was that all participants
and investigators were masked to the assigned test drugs
throughout the trial, leading to unbiased safety and immunoge-
nicity measurements. The study was adequately powered to
detect a 35% difference in GMTs between the vaccine groups,

Table 2. Geometric Mean Antibody Titers (GMTs) and GMT Ratios According to Baseline Seropositivity and Anogenital Human
Papillomavirus DNA Detection

HPV Type
Baseline HPV Serostatus

and DNA Status Month

Cervarix Group Gardasil Group

GMT Ratio (95% CI)No. GMT (95% CI) No. GMT (95% CI)

HPV-16 Seronegative,
HPV DNA negative

0 22 40 19 40 1
7 21 59 112 (33 571–104 084) 19 46 906 (17 126–128 473) 1.26 (.42–3.74)

12 21 14 027 (6768–29 068) 19 9363 (3911–22 415) 1.50 (.50–4.46)

Seronegative,
HPV DNA positive

0 0 2 40 a

7 0 2 93 422

12 0 2 44 848

Seropositive,
HPV DNA negative

0 17 500 (155–1616) 15 456 (190–1090) 1.10 (.26–4.60)
7 17 121 869 (74 049–200 572) 15 76 465 (41 846–139 725) 1.59 (.76–3.35)

12 17 54 980 (30 704–98 447) 14 25 589 (10 670–61 367) 2.15 (.81–5.68)

Seropositive,
HPV-DNA positive

0 4 770 a 7 1145 (320–4102) b

7 4 17 375 7 65 764 (26 101–165 697)

12 4 7917 7 27 106 (8435–87 105

HPV-18 Seronegative,
HPV DNA negative

0 22 40 18 40 1
7 21 24 368 (11 559–51 374) 18 3208 (1371–7507) 7.60 (2.56–22.5)

12 21 6135 (2588–14 544) 17 689 (264–1801) 8.90 (2.56–31.0)

Seronegative,
HPV DNA positive

0 0 1 40 a

7 0 1 347

12 0 1 64

Seropositive,
HPV DNA negative

0 19 179 (95–337) 20 262 (146–470) 0.68 (.30–1.57)
7 19 21 837 (12 756–37 383) 20 9342 (3997–21 834) 2.34 (.87–6.25)

12 19 6822 (3569–13 040) 20 3385 (1407–8143) 2.02 (.70–5.84)

Seropositive,
HPV-DNA positive

0 2 7290 a 4 640 a

7 2 19 149 4 10 965

12 2 13 432 4 5844

GMTs were computed using the log10 transformation of titers. GMT ratio is Cervarix GMT divided by Gardasil GMT. Two participants in the Cervarix group and 3
participants in the Gardasil group with inconclusive baseline HPV DNA status were not included in the analysis.

Abbreviations: CI, confidence interval; GMT, geometric mean titer; HPV, human papillomavirus.
a CIs not reported for subgroups with <5 participants.
b GMT ratios not calculated if 1 or more subgroups had <5 participants.
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and it is unlikely that the observed differences in antibody titers
were due to chance. The randomization was considered suc-
cessful because the 2 vaccine groups were comparable in size

and most baseline characteristics. The study was conducted at a
single trial site, minimizing variations in trial procedures and
blood sample analyses.

The study also had several limitations. First, the study was
not powered to compare the 2 vaccines on clinical endpoints
and, with only 15 female subjects per vaccine group, it was not
powered to detect sex-related differences. Serologic correlates
have not been established for protection against HPV infection,
and the significance of the magnitude of neutralizing antibody
titers remains elusive. We did not have long-term follow-up
and cannot predict decreases in antibody responses over time.
Finally, we had no HIV-negative controls and thus we cannot
directly compare immunogenicity of the HPV vaccines in HIV-
infected individuals to that in the general population.

A plausible explanation for the difference in immunogenicity
between Gardasil and Cervarix could be the vaccine adjuvants,
Cervarix being formulated with the highly immunogenic
TLR4-stimulating AS04 adjuvant system. The overall differ-
ence in antibody titers was significant for HPV-18 but not for
HPV-16, perhaps owing to the fact that Gardasil contains twice
as much HPV-16 antigen as Cervarix (40 µg vs 20 µg, respec-
tively) whereas both vaccines contain 20 µg of HPV-18 antigen.

The PBNA used in this study has increased sensitivity com-
pared to the traditional neutralization assays [37]. Accordingly,
we report higher titers than previously found among healthy

Figure 3. Human papillomavirus (HPV) serotype-specific neutralizing antibody geometric mean titers (GMTs) stratified according to sex. GMTs were
computed using the log10 transformation of ED50 values for anti–HPV-16 and anti–HPV-18 serum neutralizing antibodies measured by pseudovirion neutral-
ization assay at months 0. 7, and 12. *P < .05; **P < .001. One woman from the Cervarix group withdrew before month 7, and 1 man from the Gardasil
group was lost to follow-up before month 12. Abbreviation: ED50, effective dilution giving a 50% inhibition.

Table 3. Week 28 Human Papillomavirus DNA at 7 Months,
According to Baseline Results

Result at 7 mo

Cervarix Group,
Proportion (%)
of Participants

Gardasil Group,
Proportion (%)
of Participants

HPV-16 DNA detected
at 7 mo

All 4/39 (10) 8/41 (20)

Persistent infection 2/4 (50) 7/9 (78)
Incident infection 2/35 (6) 1/32 (3)

HPV-18 DNA detected
at 7 mo
All 3/39 (8) 4/41 (10)

Persistent infection 1/2 (50) 3/5 (60)

Incident infection 2/38 (5) 1/36 (3)

Results presented for those with known baseline HPV DNA status. Six HPV
DNA tests were either missing or inconclusive at 7 months. Persistent
infection is the number with DNA detected at 7 months among those with
DNA of the same type detected at study entry. Incident infection is the
number with DNA detected at 7 months among those with DNA of that type
not detected at entry.

Abbreviation: HPV, human papillomavirus.
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women [23]. The Cervarix/Gardasil antibody ratios among
HIV-infected women were comparable to those reported by
Einstein [23]. Until universal standards for HPV serology are
implemented, absolute comparison of neutralizing titers ob-
tained in different studies remains difficult. We cannot
compare the antibody titers to the available immunogenicity
data of Gardasil in HIV-infected individuals. We specifically
tested for antibodies with neutralizing activity giving a func-
tional titer, whereas the previously published studies have used
either a competitive Luminex-based immunoassay, presenting
data in milli-Merck units per milliliter [25–28], or an enzyme-
linked immunosorbent assay [29].

Sex differences in humoral responses to viral vaccinations in
particular have been reported in numerous studies and several
potential mechanistic explanations have been hypothesized,
that is, gonadal hormone levels and yet-undefined antigen-
specific interactions with the immune system [38, 39]. It was
surprising, however, that the observed sex-related differences in
antibody titers were only found among those vaccinated with
Cervarix. Some data suggest that AS04-adjuvanted vaccines
could have increased effect on women; for example, AS04-
adjuvanted genital herpes vaccination reduced the rate of ac-
quisition of genital herpes in women but had no effect in men
[40]. AS04 contains aTLR4-stimulating adjuvant (monophos-
phoryl lipid A), and TLR4 signaling pathways are altered by
HIV infection [33]. Sex-specific differences in TLR-induced
cytokine production in HIV-infected individuals have previ-
ously been described, women showing higher responses than
men [41]. Furthermore, TLR4 expression and responsiveness is
increased following administration of exogenous estradiol in
rodents [32], thus suggesting potential mechanisms behind the
observed differences in our study. Also, we cannot rule out that

the observed sex differences may be partially related to HIV
infection. Several studies have indicated that men and women
respond differently to both HIV infection and antiretroviral
therapy [42, 43]. Our study emphasizes the need to carefully
design and interpret clinical studies with enhanced focus on
differences between male and female participants.

Ultimately, this study supports the establishment of efficacy
trials to determine the impact of routine HPV vaccination on
the incidence of HPV-related cancers in HIV-infected adults, as
a supplement to cervical and anal cancer screening programs.
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