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ABSTRACT
Background: This exploratory analysis was conducted to characterize the level of HPV types 6/11 antibodies
in peripartum maternal blood and in cord blood of infants born to women who received 9-valent HPV
(9vHPV) vaccine or quadrivalent HPV (qHPV) vaccine in a pivotal efficacy study (V503-001, NCT 00543543).
Methods: A total of 21 mother-infant pairs had evaluable HPV 6/11 results available for analysis. HPV6/
11 antibodies were assessed using competitive Luminex immunoassay. The distribution of the ratios of
infant to mother anti-HPV antibodies (i.e., infant-anti-HPV/mother- anti-HPV) was summarized.
Results: All mothers and infants were seropositive to HPV 6 and HPV 11. Anti-HPV 6/11 geometric mean titers
(GMTs) in peripartum maternal blood and in cord blood of infant born to study participants were highly
correlated. A 100% of infants born to seropositive mothers were also seropositive. The GMT ratios of
peripartum maternal blood vs. those in cord blood were HPV 6: 1.23 [0.43, 3.49] and HPV 11: 1.29 [0.54, 3.07]
in the 9vHPV vaccine group andHPV 6: 1.33 [0.41, 4.29] and HPV 11: 1.19 [0.45, 3.13] in the qHPV vaccine group,
respectively.
Conclusions: These results indicate that antibodies induced by the 9vHPV vaccine cross the placenta,
which could potentially be beneficial against HPV6/11 infection and related disease such as recurrent
respiratory papillomatosis.
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Introduction

A 9-valent HPV (types 6/11/16/18/31/33/45/52/58) vaccine
(9vHPV vaccine, Gardasil 9TM, Merck & Co., Inc., Kenilworth,
NJ, USA) has been licensed for the prevention of cervical, vulvar,
vaginal and anal cancers and precancers related to HPV16/18/
31/33/45/52/58 and genital warts due to HPV6/11. In a clinical
study conducted in young women, 16–26 years of age at enroll-
ment, the 9vHPV vaccine prevented HPV31/33/45/52/58-
related high-grade cervical, vulvar and vaginal disease, and
induced non-inferior HPV6/11/16/18 antibody responses com-
pared to the previously licensed quadrivalent HPV (types 6/11/
16/18) (qHPV) vaccine [1, 2]. One exploratory immunogenicity
objective of the study was to assess transfer of HPV antibodies
from mother to infant, by measuring HPV6/11 antibodies in
maternal serum and cord blood samples. The results of these
analyses are reported here.

Methods

Study design

These data were derived from an exploratory immuno-
genicity objective of a randomized, double-blinded, and

controlled with qHPV vaccine, dose-ranging, tolerability,
immunogenicity, and efficacy study of the 9vHPV vaccine
in 16- to 26-year-old women (Protocol V503-001;
NCT00543543). This study enrolled ~ 14,000 women
between the ages of 16 and 26 years from 105 study sites
located in 18 countries. An institutional review board for
each study site approved the protocol and written
informed consent was obtained from all participants.
Participants were randomized to receive 3 doses of
9vHPV or qHPV vaccine at day 1, month 2 and month
6, and were subsequently followed for efficacy and immu-
nogenicity. The design and the key primary and secondary
results of the study have been reported.1,2

As part of the enrollment criteria for the study, participants
were not pregnant at the time of enrollment, and had to use
an effective contraception method during the vaccination
period (from Day 1 through Month 7). Participants could
become pregnant during the post-vaccination follow-up per-
iod. Participants who inadvertently became pregnant prior to
receiving the 3 doses of vaccine did not receive additional
doses until ≥ 4 weeks after resolution of pregnancy and
normalization of β-hCG levels. Participants, who became
pregnant during the study could be considered for these
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analyses if they were followed by a study investigator through
their pregnancy and delivery, and provided consent to parti-
cipate in maternal blood draw and cord blood collection.

Sample collection and immunogenicity assessment

Maternal serum samples (“mother anti-HPV result”) were
obtained at the time of infant delivery from a study participant
who became pregnant during the study and gave birth to an
infant who contributed a cord blood sample (“infant anti-HPV
result”). These samples were referred to as a “mother-infant
pair”. Mother-infant pair sample levels of vaccine-type epitope-
specific neutralizing anti-HPV 6/11 antibodies were analyzed
with a competitive Luminex based Immunoassay (cLIA) devel-
oped by Merck Research Laboratories, as described previously.3

Data analysis

All mother-infant pairs with valid anti-HPV 6 or anti-HPV 11
antibodymeasurements at the time of birth were included in these
analyses. Seropositivity rates for HPV 6/11 are presented descrip-
tively. Geometric mean titers (GMTs) and GMT ratios (mother/
infant) with associated 95% confidence intervals were computed.
All of these evaluations were exploratory in nature; therefore, no
statistical tests of hypotheses were performed. Non overlapping
95% confidence intervals were used as indicators of differences of
immune response. Two-dimensional scatter plots were generated
to show graphically the mother (vertical axis) and infant (hor-
izontal axis) pair of anti-HPV 6 and 11 antibodies. The concor-
dance between the mother and infant anti-HPV antibodies was
measured using the Pearson correlation coefficient.

Results

There were a total of 21 participants (9vHPV vaccine: 9 pairs;
qHPV vaccine: 12 pairs) with available mother-infant pair
serology data that were considered for the antibody analysis.
Of the available 21 mother-infant pairs, 18 mother-infant
pairs (n = 7: 9vHPV vaccine and n = 11: qHPV vaccine,
respectively) had evaluable results for HPV type 6 and all 21
mother-infant pairs had evaluable results for HPV type 11.

Most participants to this analysis became pregnant after
receiving dose 3. However, one participant became pregnant
shortly after vaccination dose 1, delivered the infant 9 months
after dose 1, resumed vaccination thereafter, and completed
the third vaccination dose approximately 5 months after the
infant was born. Among the participants whose mother-infant
pairs were used in the correlation analysis, the median time
after vaccine dose 3 when the maternal serum and cord blood
samples were obtained was 16 months (range, -5 to 29 months;
interquartile range, 10–21 months). Relative to day 1, the
median time after vaccine dose 1 when the maternal serum
and cord blood samples were obtained was 22 months (range,
9–34 months; interquartile range, 15–27 months).

Table 1 shows the summary of immunogenicity for mothers
and infants by vaccination group. All mothers who received the
(9vHPV or qHPV) vaccine were seropositive to HPV 6 and 11
and all the paired infant samples were seropositive to those
HPV types as well. Thus, 100% of the immunized mother-
infant pairs were seropositive to HPV types 6 and 11. GMTs
for the mothers were not significantly different from the GMTs
for the infants for both HPV types and vaccine groups. GMTs
were comparable between the two vaccine groups, for mothers,
as well as for infants. The 95% confidence intervals of asso-
ciated GMT ratios that compare the fold difference between
maternal and infant GMTs included 1 for both vaccine groups,
which illustrates the concordant mother and infant HPV 6 and
11 antibody titers with both vaccines.

Figure 1 shows the 2-dimensional scatter plot of the HPV
cLIA data points (x = cord blood anti-HPV result, y = maternal
serum anti-HPV result) for each of HPV types 6 and 11 by
vaccine group. The data indicate that HPV titers in maternal
serum samples are highly positively correlated with anti-HPV
titers from infant cord blood samples. Pearson correlation
coefficients of 0.94 and 0.93 were calculated for HPV-6 and
11 in the 9vHPV vaccine group and 0.99 and 0.77 for HPV 6
and 11 in qHPV vaccine group.

Discussion

The results of this exploratory analysis indicate that anti-HPV
type 6 and type 11 antibodies induced by the prophylactic

Table 1. Summary of geometric mean titers (GMTs) and mother-infant pair serostatus by vaccination group.

Mother (Comparison
group A)

Infant (Comparison
group B)

Estimated fold
difference

Mother – Infant
pair Infants serostatus*

Group
HPV
type n GMT (95%C.I.) n GMT (95%C.I.)

Group A/Group B
(95%C.I.) n

Mothers
Serostatus*

Positive m
(%)

Negative m
(%)

9vHPV (N = 7099) HPV 6 9 170.3
(85.4, 339.5)

7 138.4
(63.3, 302.8)

1.23
(0.43, 3.49)

7 Positive 7 (100) 0 (0)
Negative 0 (0) 0(0)

HPV11 9 138.5
(73.7, 260.3)

10 107.5
(59.1, 195.6)

1.29
(0.54, 3.07)

9 Positive 9 (100) 0(0)
Negative 0(0) 0(0)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
qHPV (N = 7105) HPV 6 11 288.4

(122.0, 681.9)
13 216.2

(98.0, 477.2)
1.33

(0.41, 4.29)
11 Positive 11 (100) 0(0)

Negative 0 (0) 0(0)
HPV11 12 110.9

(55.1, 223.1)
13 93.3

(47.7, 182.7)
1.19

(0.45, 3.13)
12 Positive 12 (100) 0(0)

Negative 0 (0) 0(0)

*Serostatus HPV 6 and 11 was evaluated using HPV cLIA; seropositive ≥ 30 and 16 milliMerck units/mL, respectively.
cLIA, competitive Luminex Immunoassay.
N = Number of subjects randomized to the respective vaccination group that received at least 1 dose of the vaccine (9vHPV or qHPV).
n = Number of mother- infant pairs contributing to the analysis (i.e., number of mother-infant pairs with a valid cLIA result for both mother and infant for the HPV
type being analyzed).

m = Number of subjects seropositive to the HPV type being analyzed).
Percent = 100 x (m/n).
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HPV (9vHPV and qHPV) vaccination are transferred trans-
placentally from vaccinated mother to the unborn baby. For
each newborn infant whose mother was vaccinated with either
the 9vHPV or qHPV vaccine, 100% of the cord blood samples
were positive to HPV types 6 and 11 antibodies. Additionally,
the evaluation of anti-HPV 6 and anti-HPV 11 GMTs showed
a highly positive correlation between antibody levels in peri-
partum maternal blood and in cord blood of infant born to
study participants. These results demonstrate a similar immu-
nogenicity profile for the 2 vaccines. Similar findings were
previously reported in a previous publication for mothers-
infant pairs after administration of the qHPV vaccine.4

HPV 6 and HPV 11 are the causative agents of anogenital
warts and recurrent respiratory papillomatosis (RRP).5,6

Anogenital warts are a very common sexually transmitted
disease with an annual incidence of 0.1% to 0.2% in developed
countries, and possibly higher in developing countries.7 RRP
is a rare disease characterized by exophytic lesions in the
upper airway that can cause severe speech and respiratory
impairment, can be life-threatening, and require multiple
surgical interventions.8 Most cases of RRP are juvenile onset
(JORRP), occurring mostly between 2- 5 years of age with an
estimated incidence of 4 per 100,000.8–10 HPV infection of
children generally occurs at birth during the passage through
the birth canal of infected mothers, although transmission

prior to birth through the placenta can occur in some cases.8

In clinical studies, the qHPV vaccine was shown to prevent
HPV 6/11-related persistent infection11 and genital warts.12 A
clinical study to directly quantify the efficacy of the 9vHPV
vaccine in preventing RRP would be prohibitively large,
owing to the rare occurrence of JORRP and was out of
scope for this exploratory immunogenicity objective.

An estimation of the impact of prophylactic vaccination in
preventing HPV 6/11 related warts and RRP is available from
real-world studies. A 90% decline in the prevalence of genital
warts was observed four years after the implementation of the
qHPV vaccination program in Australia;13 moreover, a 90%
decrease of the prevalence of vaccine HPV types was reported
within 9 years of implementation of the vaccination program.14

A recent study also from Australia documents a significant
decline in the rates of new diagnosis of JORRP in Australia in
the 5–10 year period following the implementation of the
National HPV Vaccination program.15 In this study all incident
cases of JORRP were from mothers who were not vaccinated
prior to pregnancy (there were no incident cases in vaccinated
mothers). Even though there are no data to indicate that mater-
nal antibodies will be effective in preventing RRP, it is reasonable
to speculate that maternal transfer of HPV specific immunity
could be a mechanism of protection. In further support of this
idea, maternal immunization and transplacental transfer of

Figure 1. Scatter plots of the mother- infant HPV cLIA data points (x = cord blood anti-HPV result, y = maternal serum anti-HPV result) by vaccine group. Pearson
correlation coefficients of 0.94 and 0.93 were calculated for HPV 6 and 11 in the 9vHPV vaccine group and 0.99 and 0.77 for HPV 6 and 11 in the qHPV vaccine group.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3



antibody from mother to fetus has been shown to protect new-
borns and infants from many infections including those of the
upper airway, for example: respiratory syncytial virus, measles,
Streptococcus pneumoniae and Hemophilus influenza.16–18

Previous studies1,2 as well as this study have demonstrated
that the 9vHPV vaccine and the qHPV vaccine have similar
immunogenicity profiles with respect to the shared HPV types
6/11/16/18. Therefore, it is reasonable to assume that prophy-
lactic immunization with the 9vHPV vaccine will result in
protection similar to qHPV vaccine for HPV 6/11-related dis-
eases in real-world scenarios. Demonstration of highly corre-
lated antibody titers in peripartum maternal blood and cord
blood following 9vHPV or qHPV vaccination of the mother
prior to pregnancy provides evidence for trans-placental trans-
fer of anti HPV types 6 and 11 antibodies to the new born.

As a precautionary note, these results should not be consid-
ered as a basis for a maternal immunization program with HPV
vaccine. The qHPV and 9vHPV vaccine clinical programs were
not designed to provide a systematic assessment of the vaccine in
pregnant women; therefore, neither vaccine is indicated in preg-
nant women (even though results from clinical studies of the
qHPV and 9vHPV vaccines19,20 and post-licensure studies of the
qHPV vaccine21–24 have not shown evidence of adverse preg-
nancy outcomes following inadvertent HPV vaccine administra-
tion in pregnant women). Moreover, these results should not be
considered as a basis for HPV vaccination in neonates. HPV
vaccination is not indicated in children less than 9 years of age
and has not been studied in young children.

Durable effectiveness and sustained immunogenicity was
observed in long-term follow-up studies following HPV vac-
cine administration, thus indicating persistence of protective
antibody levels over time.25–27 Thus, female subjects who
received HPV vaccination during adolescence should be able
to transfer transplacentally protective levels of anti-HPV anti-
bodies when they become pregnant later in life. Such trans-
placental transfer of neutralizing antibodies against HPV
types 6 and 11 may potentially provide benefit against JORRP.
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