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OBJECTIVE: To present a combined analysis of the
pregnancy outcomes for women aged up to 45 years
enrolled in five phase III clinical studies of the prophy-
lactic quadrivalent human papillomavirus 6/11/16/18
vaccine.

METHODS: Twenty thousand five hundred fifty-one
women aged 15–45 years received quadrivalent HPV vac-
cine or placebo at day 1 and months 2 and 6. Urine
pregnancy tests were performed immediately before each
injection; participants testing positive were not vaccinated.
Women who became pregnant after enrollment were dis-
continued from further vaccination until resolution of preg-
nancy. All pregnancies were followed for outcomes.

RESULTS: During the studies, 1,796 vaccine and 1,824
placebo recipients became pregnant, resulting in 2,008 and
2,029 pregnancies with known outcomes. No significant
differences were noted overall for the proportions of preg-
nancies resulting in live birth, fetal loss, or spontaneous
abortion. A total of 40 neonates born to vaccinated women
and 30 neonates born to women given placebo had one or
more congenital anomalies (P�.20). The anomalies were
diverse and consistent with those most commonly ob-
served in the general population. The vaccine was well
tolerated among women who became pregnant.

CONCLUSION: Administration of quadrivalent human
papillomavirus vaccine to women who became pregnant
during the phase III clinical trials did not appear to
negatively affect pregnancy outcomes. The vaccine is a
U.S. Food and Drug Administration pregnancy category B
medication (animal studies revealed no evidence of fetal
harm, but there are no adequate and well-controlled
studies in pregnant women); however, vaccination is not
recommended during pregnancy. Postlicensure surveil-
lance is ongoing.

See related editorial on page 1168.
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LEVEL OF EVIDENCE: II

Worldwide, cervical cancer is the second most
common cause of death from cancer among

women.1 In addition to cervical cancer, infection with
high–oncogenic risk types of human papillomavirus
(HPV), such as HPV16 and HPV18, may lead to
cancer of the vulva, vagina, anus, penis, and orophar-
ynx. Infections with low–oncogenic risk HPV such as
HPV6 and HPV11 can cause genital warts and recur-
rent respiratory papillomatosis.1 Multinational phase
III trials of a quadrivalent HPV vaccine (HPV6/11/
16/18 vaccine) have shown that women who are
DNA negative to one or more of the four vaccine
HPV types before vaccination obtain up to 100%
protection from HPV6/11/16/18-related cervical,
vulvar, or vaginal intraepithelial neoplasia, cervical
adenocarcinoma in situ, and genital warts.2–4 In June
2006, the HPV6/11/16/18 vaccine was licensed in the
United States, Australia, and subsequently in the
European Union. It has since been approved in more
than 100 countries and more than 50 million doses
have been distributed globally as of June 2009. The
vaccine is made up of non-DNA containing, nonin-
fectious virus-like particles that are not capable of
causing HPV-related disease.

The target population for the HPV6/11/16/18
vaccine includes women in their childbearing years.
To minimize the risk of exposure during pregnancy,

all clinical trial participants were asked during the
informed consent process to agree to use effective
birth control during the vaccination phase, and each
had a pregnancy test before each vaccination. Those
with a positive pregnancy test were not vaccinated,
and those who became pregnant were not to return
for subsequent visits until after resolution of the
pregnancy. All pregnancies (those that occurred inad-
vertently during the vaccination phase and those that
occurred after the receipt of all three doses) were
followed for outcome and were reviewed by the U.S.
Food and Drug Administration (FDA). Human data,
supported by extensive toxicology studies in animals
resulted in the FDA classification of the vaccine as a
pregnancy category B medication, which is given to
medicines that have not been studied in pregnant
humans but do not appear to cause harm to the fetus
in animal studies. Here we provide an updated,
combined analysis of the pregnancy outcomes for the
women enrolled in the five phase III clinical studies of
the HPV vaccine. As it is not known whether vaccine
antigens or antibodies induced by the HPV6/11/
16/18 vaccine are excreted in human milk, we also
report adverse events in infants who were potentially
exposed to HPV vaccine during lactation.

MATERIALS AND METHODS
We combined the raw data from five phase III clinical
trials of the HPV6/11/16/18 vaccine (Table 1). All
clinical trials of the vaccine in which women became
pregnant are included. The study populations, inclu-
sion/exclusion criteria, and results from the primary
hypotheses have been described previously, following

Table 1. Protocol Descriptions*

Protocol (Age
Range)

Median Follow-Up
(y, 25–75th
Percentiles)

HPV6/11/16/18 Vaccine Placebo

Received 1 or
More Doses (n)

Became
Pregnant (n)

Received 1 or
More Doses (n)

Became
Pregnant (n)

013 (FUTURE I,
16–24 y)

3.7 (3.5–3.9) 2,717 548 2,725 531

015 (FUTURE II,
15–26 y)†

3.6 (3.5–3.8) 6,082 1,092 6,075 1,125

016‡ (10–23 y) 0.6 (0.6–1.0) 1,017 11§ No placebo arm No placebo arm
018� (9–15 y) 3.1 (3.0–3.3) 615 6 321 2
019 (FUTURE III,

24–45 y)
2.4 (2.0–2.5) 1,910 139 1,907 166

HPV, human papillomavirus.
* All studies are completed with the exception of protocol 019, which is ongoing. The cutoff date for protocol 019 was July 13, 2007.
† Protocol 015 (FUTURE II) enrolled two 15-year-old girls.
‡ Protocol 016 was a noninferiority immunogenicity study designed to bridge the efficacy findings in young women to preadolescent

and adolescent girls and boys; therefore, there was no placebo arm.
§ All pregnancies in protocol 016 were in girls and women aged 16 or older at enrollment.
� Protocol 018 was unique in that the safety comparator for the HPV6/11/16/18 vaccine was a non–aluminum-containing saline placebo

and participants were randomly assigned in a 2:1 ratio.
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the Consolidated Standards of Reporting Trials.2,3,5–7 For
each study, the range of follow-up, with 25th to 75th
percentiles is provided in Table 1. All were in accor-
dance with established practices for conducting vaccine
clinical studies and followed existing Good Clinical
Practice guidelines. An Institutional Review Board at
each site approved the protocol. Written informed con-
sent was obtained from each participant or legal guardian.

The HPV6/11/16/18 vaccine (Gardasil/Silgard;
Merck and Co., Inc., Whitehouse Station, NJ) is
composed of the L1 major capsid proteins of HPV6
(20 micrograms), HPV11 (40 micrograms), HPV16
(40 micrograms), and HPV18 (20 micrograms), syn-
thesized in Saccharomyces cerevisiae.8 The vaccine con-
tains a proprietary amorphous aluminum hydroxy-
phosphate sulfate adjuvant that is currently used in
other vaccines manufactured by Merck and Co., Inc,
for which more than 300 million doses have been
distributed globally.

All women were required to use birth control
during the vaccination phase (day 1 through month
7). All participants were evaluated for pregnancy
before the administration of each dose of HPV6/11/
16/18 vaccine or placebo using �-hCG assays sensi-
tive to 25 international units before any vaccination at
the investigative site: test results must have been
available before vaccine administration. Any woman
with a positive pregnancy test was not vaccinated. If a
woman were to inadvertently become pregnant be-
fore receiving all three doses, she was not to return for
subsequent visits until the resolution of the pregnancy
(term or preterm delivery, spontaneous pregnancy
loss, elective termination, etc.). The investigator main-
tained regular contact with the woman for the pur-
pose of pregnancy assessment. Irrespective of preg-
nancy outcome, at the resolution of pregnancy, the
woman resumed the study visits starting with the visit
that was pending before pregnancy. The woman was
eligible to complete the vaccination series, starting at
a minimum of 2 weeks after resolution of pregnancy
and normalization of �-hCG levels. If pregnancy was
detected after completion of the vaccine series, the
woman completed the study visits and procedures per
protocol and at the investigator’s discretion.

Breastfeeding was not a contraindication to en-
rollment or vaccination. Administration of HPV6/11/
16/18 vaccine or placebo to nursing mothers was
reported and followed for outcome. All serious ad-
verse experiences were collected for both the mother
and her infant(s) from the time of the infant’s possible
vaccine exposure via breast milk, until the infant was
weaned, or until breast milk made up less than 50% of
the infant’s diet.

Adverse pregnancy outcomes were defined as preg-
nancies resulting in a fetal loss, including spontaneous
abortion, elective abortion, late fetal death, ectopic
pregnancy, or unknown. Available information on
aborted fetuses with regard to whether the fetus was
normal or abnormal (congenital or other anomaly, or
other medical conditions) was also collected.

If a woman’s fetus experienced death in utero,
stillbirth, a congenital or other anomaly, or neonatal
death, the sponsor was granted access to the woman’s
and fetus’s or neonate’s medical records for review, after
a release of medical information form was signed by the
woman. We considered all congenital anomalies as
reported by investigators, including but not limited to
malformations, deformations in which uterine constraint
or other mechanical force alters otherwise normal fetal
tissue (eg, some congenital hip dysplasia and talipes),
chromosomal abnormalities (eg, trisomy 21), and anom-
alies that have been associated with teratogens. Detailed
reports for pregnancies that resulted in an anomaly at
any time during the studies were reviewed by up to five
independent experts in teratology. Each of the 70 cases
was assessed using a form that included questions re-
garding 1) pathogenesis of the anomaly (known or
unknown, and description of pathogenesis); 2) whether
the anomaly is viewed as a major or minor malforma-
tion, is typically seen with environmental insults, could
be characterized as a single-gene, chromosomal defect,
or as having a diverse etiology; 3) gestational age at
which a particular abnormality would usually occur;
and 4) likelihood of relationship to study vaccination.
The experts provided written opinion reports summa-
rizing their findings. After review of the cases while
blinded to treatment group, the experts were provided
the same data in an unblinded fashion (with knowledge
of treatment assignment) and again provided expert
opinion reports. The experts independently reviewed
the first 25 cases that had occurred before the FDA’s
approval of the vaccine in 2006. A similar adjudication
was performed for the 45 subsequent cases.

All trials evaluated safety by observing participants
for at least 30 minutes after each injection. Vaccination
report card aided surveillance was used in all studies,
with the exception of protocol 015, where it was used in
only a subset (n�916) of women.3 The vaccination
report card was used to collect adverse experiences,
serious and nonserious, and any use of concomitant
vaccines or medications on days 1–15 after vaccination.
Those women in protocol 015 who did not use a
vaccination report card were evaluated using a general
surveillance method in which questions were asked at
each visit to determine if any serious adverse experi-
ences had occurred. The investigator was responsible
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for determining seriousness, action taken, and relation-
ship of the adverse experience to study vaccine. Serious
adverse experiences were to be recorded at any time
during the studies if the event resulted in death or was
considered by the investigator to be related to vaccine/
placebo or a study procedure. Mandatory worksheets
were completed to ensure that none went unreported.

Two populations were considered for evaluations
of safety: 1) the overall safety population (ie, all
enrolled women, regardless of method of surveil-
lance) and 2) the enrolled women who were followed
using the vaccination report card–aided surveillance
method. Adverse experiences that occurred among
women who became pregnant during the trials were
summarized as frequencies and percentages accord-
ing to study group (using the number of participants
with follow-up as the denominator) and the type of
adverse experience reported, considering all visits for
the administration of a dose of vaccine or placebo. In
this article, safety evaluations focus on all women who
became pregnant at any time during the study (sys-
temic and serious adverse experiences) and those
women who became pregnant and who were fol-
lowed using vaccination report card–aided surveil-
lance (injection-site adverse experiences and fever).

The studies were powered to address the pre-
specified primary hypotheses regarding efficacy,
safety, and immunogenicity. They were neither de-
signed nor powered to investigate the association
between vaccination and infant outcome. Formal
hypothesis testing was not prespecified, and no ad-
justments for multiplicity were made. Risk differences
and nominal P values were calculated using the
methods of Meittinen and Nurimen.9 Kaplan Meier
curves were generated for both vaccine groups, plot-
ting the time from last vaccine exposure to conception
for pregnancies resulting in anomalies.10

RESULTS
Across the phase III trials, 1,796 women in the HPV6/
11/16/18 group and 1,824 women in the placebo group
became pregnant. The majority of the pregnancies
occurred in FUTURE I, II, and III and were in women
aged 16–45 (10,126 vaccine, 10,425 placebo) (Table 1).
Pregnancy outcomes for the individual studies can be
found in supplementary Tables 1–5, available in the
Appendix online at http://links.lww.com/AOG/A136.

Baseline demographic characteristics of the women
who became pregnant during the trials were well bal-
anced between the vaccine and placebo group (Table 2).

Table 2. Baseline Characteristics for Women Who Became Pregnant

HPV6/11/16/18 Vaccine
(n�1,796)

Placebo
(n�1,824)

Total
(N�3,620)

Region of origin
North America 316 (17.6) 345 (18.9) 661 (18.3)
Latin America 758 (42.2) 791 (43.4) 1,549 (42.8)
Europe 618 (34.4) 592 (32.5) 1,210 (33.4)
Asia-Pacific 104 (5.8) 96 (5.3) 200 (5.5)

Mean age �y (range)� 20.42 (9–45) 21.58 (9–46) 20.94 (9–46)
Mean body mass index* �kg/m2 (SD)� 23.34 (4.35) 23.56 (4.13) 23.45 (4.25)
Race/ethnicity

Black 90 (5.0) 108 (5.9) 198 (5.5)
White 901 (50.2) 873 (47.9) 1,774 (49.0)
Hispanic 408 (22.7) 444 (24.3) 852 (23.5)
Asian 105 (5.9) 89 (4.9) 194 (5.4)
Native American 1 (0.1) 3 (0.2) 4 (0.1)
Other 291 (16.2) 307 (16.8) 598 (16.5)

HPV status
Positive to HPV6, 11, 16 or 18 by serology 465 (25.9) 467 (25.6) 932 (25.7)
Positive to HPV6, 11, 16 or 18 by polymerase chain

reaction
299 (16.7) 284 (15.6) 583 (16.1)

History of spontaneous abortions or premature deliveries† 204 (11.4) 211 (11.6) 415 (11.5)
Smoking status at enrollment‡

Current smoker 492 (27.4) 515 (28.2) 1,007 (27.8)
Ex-smoker 139 (7.7) 142 (7.8) 281 (7.8)
Never smoked 1,159 (64.5) 1,165 (63.9) 2,324 (64.2)

HPV, human papillomavirus; SD, standard deviation.
Data are n (%) unless otherwise noted.
* Does not include protocol 019.
† Does not include protocol 018.
‡ Smoking status at day 1 only. Smoking status during pregnancy is not known.
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Of the 3,620 women who became pregnant, 521
(251 in the vaccine group, in the 270 placebo group)
reported more than one pregnancy during the studies.
The total number of fetuses and/or neonates with
known outcomes among all pregnancies at the time of
this report was 2,008 of 2,085 (96.3%) and 2,029 of 2,121
(95.6%) in the HPV6/11/16/18 vaccine and placebo
groups, respectively. Approximately 30% of pregnan-
cies with unknown outcomes were ongoing pregnancies
in FUTURE III. The remainder of the unknown out-
comes was in women who were lost to follow-up.

Table 3 describes the outcomes among live births
through the neonatal period (ie, the first 6 weeks of
life). No significant differences were seen for the
outcomes reported in Table 3, with the exception of

failure to progress for reasons for cesarean delivery
(P�.015, data not shown). The majority of the live
births were vaginal deliveries (72.1% in the vaccine
group, 73.3% in the placebo group). The most com-
mon reasons for a cesarean delivery in both groups
were repeat or elective cesarean delivery and failure
to progress or dystocia.

A total of 8.7% (175 of 2,008) and 9.4% (191 of
2,029) of pregnancies with known outcomes among
HPV6/11/16/18 vaccine and the placebo recipi-
ents, respectively, were electively terminated (Ta-
ble 3). There were no significant differences in the
rates of spontaneous abortions between the vacci-
nation groups (18.2% in the vaccine group, 19.5% in
the placebo group; P�.96). Late fetal deaths oc-

Table 3. Overall Pregnancy Outcome Summary

HPV6/11/16/18 Vaccine
(n�10,126)*

Placebo
(n�10,425)*

Risk Difference
(95% CI)

Total number of pregnancies 2,085 2,121
Total number of pregnancies with known outcome 2,008 2,029
Live births

Number of live births/number of pregnancies with
known outcome

1,447/2,008 (72.1) 1,424/2,029 (70.2) 1.9 (�0.9 to 4.7)

Normal 1,355/1,447 (93.6) 1,354/1,424 (95.1) �1.4 (�3.2 to 0.3)
Abnormal† 88/1,447 (6.1) 66/1,424 (4.6) 1.4 (�0.2 to 3.1)

Congenital or other anomaly‡ 31/1,447 (2.1) 20/1,424 (1.4) 0.7 (�0.2 to 1.8)
Other medical condition 62/1,447 (4.3) 46/1,424 (3.2) 1.1 (�0.3 to 2.5)

Unknown 4/1,447 (0.3) 4/1,424 (0.3) 0.0 (�0.5 to 0.5)
Method of delivery§

Cesarean 403/1,447 (27.9) 379/1,424 (26.6) 1.2 (�2.0 to 4.5)
Vaginal 1,043/1,447 (72.1) 1,044/1,424 (73.3) �1.2 (�4.5 to 2.0)

Fetal loss
Number of fetal losses/number of pregnancies with

known outcome
559/2,008 (27.8) 602/2,029 (29.7) �1.8 (�4.6 to 1.0)

Type of loss
Spontaneous abortion 366/559 (65.5) 395/602 (65.6) �0.1 (�5.6 to 5.3)
Late fetal death 17/559 (3.0) 15/602 (2.5) 0.5 (�1.4 to 2.6)
Elective abortion 175/559 (31.3) 191/602 (31.7) �0.4 (�5.8 to 4.9)
Unknown 1/559 (0.2) 1/602 (0.2) 0.3 (�2.9 to 3.4)

Fetal outcome
Normal 31/559 (5.5) 27/602 (4.5) 1.1 (�1.5 to 3.7)
Abnormal� 13/559 (2.3) 22/602 (3.7) �1.3 (�3.4 to 0.7)

Congenital or other anomaly‡ 2/559 (0.4) 3/602 (0.5) �0.1 (�1.1 to 0.9)
Other medical condition 10/559 (1.8) 16/602 (2.6) �0.9 (�2.7 to 0.9)

Unknown 515/559 (91.8) 553/602 (91.4) 0.3 (�2.9 to 3.4)
Ectopic pregnancy 2/2,008 (0.1) 3/2,029 (0.15) —

HPV, human papillomavirus; CI, confidence interval.
* Women aged 16–45, thus excluding sexually naive adolescents from protocols 016 and 018.
† Five neonates in the vaccine group appear in both categories �congenital or other anomaly� and �other medical condition.�
‡ This table presents those cases that were detected at the time of pregnancy resolution; however, some anomalies may be detected in

utero or postnatally. Figure 1 presents an accounting of all anomalies. There were 70 infants/fetuses with one or more anomalies (40
�2.0%� in the vaccine group, 30 �1.5%� in the placebo group, P�.20).

§ One woman in the quadrivalent vaccine group and one woman in the placebo group reported a live birth whose method of delivery
was unknown.

� One vaccine recipient reported an abnormal fetal outcome with no further information. One placebo recipient reported two fetal
losses with no further information. A second placebo recipient reported an abnormal fetal outcome with no further information.
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curred with a frequency of less than 1% in both
groups (P�.57).

We considered all congenital anomalies as reported
by the study investigators. Table 3 presents those cases
that were detected at the time of pregnancy resolution;
however, some anomalies may be detected in utero or
after discharge from the hospital. Figure 1 presents an
accounting of all anomalies. There were 70 infants/
fetuses with one or more anomalies (40 infants [2.0%] in
the vaccine group, 30 infants [1.5%] in the placebo
group; P�.20). In Figure 1, each anomaly is counted
once, and the total number of anomalies is greater than
the number of infants, as 10 infants (five from vaccine
recipients and five from placebo recipients) had more

than one anomaly. The conclusions drawn from a
review by specialists blinded to treatment group were
that the types of anomalies observed were diverse and
consistent with those generally observed in pregnancy
outcomes among young women and that none were
vaccine-related.

As shown in Figure 2A and B, the pregnancies
that resulted in an anomaly were distributed across
the entire study period in both the vaccine and
placebo arms, with no apparent clustering with re-
spect to the timing of vaccine exposure relative to the
estimated date of conception. Kaplan Meier curves
were generated for both vaccine groups, plotting the
time from last vaccine exposure to conception for

Congenital megacolon

Accessory auricle

Anotia

Hip dysplasia

Talipes

Limb malformation
Polydactyly

Birth defects: meningocele and bilateral renal agenesis
Congenital anomaly

Fetal disorder

Exomphalus/umbilical hernia
Gastroschisis

Hernia, congenital

Trisomy 21
Partial trisomy 16 and partial monosomy 9

Pyloric stenosis (not otherwise specified, congenital, hypertrophic) 

Glucose-6-phosphate-dehydrogenase deficiency 
 Thalassemia alpha

Congenital hydronephrosis
Renal aplasia

 Liver disorder ("congenital left liver")

Cryptorchidism

Adrenal neoplasm

Ankyloglossia, congenital

Congenital musculoskeletal anomaly
Congenital hip deformity

Chondrodystrophy
Adactyly

Amniotic band syndrome

Ventricular septal defect
Tricuspid valve incompetence

Persistent fetal circulation/patent ductus arteriosus
Heart disease, congenital

Fallot’s tetralogy
Congenital pulmonary valve atresia

Cardiac septal defect
Cardiac murmur

Atrioventricular septal defect
Atrial septal defect

Anomalous pulmonary venous connection

Branchial cyst
Choanal atresia

Cleft lip
Cleft lip and palate

Craniosynostosis: Crouzon disease
Ear malformation

Eyelid ptosis, congenital
Hypoacusis, unilateral

Laryngomalacia
Low-set ears

Mandibulofacial dysostosis

Craniofacial/ears, 
nose, and throat

(11 vaccine; 6 placebo)

Cardiac
(10 vaccine; 12 placebo)

Orthopedic/musculoskeletal
(7 vaccine; 7 placebo)

Congenital malformation
not otherwise specified
(2 vaccine; 1 placebo)

Abdominal wall defect
(2 vaccine; 6 placebo)

Chromosomal 
(2 vaccine)

Gastrointestinal
(3 vaccine; 1 placebo)

Hematologic 
(1 vaccine; 1 placebo)

Renal
(2 vaccine; 2 placebo)

Hepatic 
(1 placebo)

Reproductive tract (1 vaccine)

Neoplasms (benign, malignant, 
and unspecified)

(1 vaccine)

Infants with given anomaly (n)

2                          4     

HPV6/11/16/18 vaccine       Placebo

Fig. 1. Listing of anomalies by vac-
cination group. There were 70 ne-
onates/fetuses with one or more
anomaly (2.0% vaccine, 1.5% pla-
cebo, P�.20). Each anomaly is
counted once, and the total num-
ber of anomalies is greater than the
number of neonates, as 10 neo-
nates (five from vaccine recipients
and five from placebo recipients)
had more than one anomaly. HPV,
human papillomavirus.
Garland. HPV6/11/16/18 Vaccine
Safety in Pregnant Women. Obstet
Gynecol 2009.
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pregnancies resulting in anomalies (Fig. 3). As shown
in Figure 3, the pattern of timing of the anomalies was
similar between the vaccine and placebo groups.

As women were asked to use effective birth control
only during the vaccination phase, the majority of the
estimated dates of conceptions occurred at least 6
months after receiving a vaccination (1,589 of 2,085
[76%] in the vaccine group, 1,632 of 2,121 [77%] in the
placebo group). In a previous report, Koutsky et al3

considered pregnancies with estimated dates of concep-
tion within 30 days of any vaccination3 to assess whether
there is an underlying high-risk period after conception

(supplementary Table 6, available in the Appendix
online at http://links.lww.com/AOG/A136). Since the
Koutsky report, there have been no additional partici-
pants with an estimated date of conception within 30
days of vaccination in protocol 013, 015, 016, and 018.
However, in protocol 019, there were 38 women (14 in
the vaccine group, 24 in the placebo group) with esti-
mated dates of conception within 30 days of vaccination
(supplementary Table 6, available in the Appendix
online at http://links.lww.com/AOG/A136); thus, of the
total number of pregnancies, those with an estimated
date of conception within 30 days of any vaccination
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comprise only 6.3% (266 of 4,206). Among these 266
pregnancies, there were six neonates born with a con-
genital anomaly (five in the vaccine group compared
with one in the placebo group; risk difference 3.2%, 95%
confidence interval �0.5% to 6.9%). The congenital
anomalies observed in these six neonates were relatively
common and pathogenetically unrelated, suggesting a
variety of causes. The rate of spontaneous abortion
among pregnancies with an estimated date of concep-
tion with 30 days of any vaccination was 18.2% (vaccine
group) and 21% (placebo group).

The most common “other medical conditions”
among infants born to mothers who received HPV6/
11/16/18 vaccine or placebo were prematurity (21 cases
in the vaccine group compared with 18 cases in the
placebo group), respiratory distress (seven compared
with 10), jaundice (six compared with seven), small
gestational age (five compared with four), and neonatal
infections (seven compared with four).

The vaccine was generally well tolerated among
women who became pregnant. Among women who
became pregnant at any time during the study and who
were followed using vaccination report card–aided sur-
veillance (775 in the vaccine group, 770 in the placebo
group), vaccine recipients had a higher incidence of
injection-site adverse experiences than placebo recipi-
ents (82.7% in the vaccine group, 74.0% in the placebo
group). The most common injection-site adverse expe-
riences were bruising, erythema, pain, pruritis, and
swelling. Vaccine recipients also had a higher incidence
of fever (37.8°C [100°F] or higher) compared with
placebo recipients (18.1% in the vaccine group, 14.3% in
the placebo group). Systemic adverse experiences (all
women who became pregnant, regardless of surveil-
lance) were comparable (31.7% in the vaccine group,
31.3% in the placebo group). The most common sys-

temic clinical adverse experiences reported were head-
ache, pyrexia, and nausea. It should be noted however,
that the majority of the women became pregnant more
than 6 months after receiving the three doses of vaccine
or placebo. Women who received the HPV6/11/16/18
vaccine during pregnancy or within 30 days before
conception (range 30 days before to 48 days after the
estimated date of conception) had similar incidences of
injection-site (74.7%) and systemic adverse experiences
(33.6%).

Overall, 117 participants (54 women who received
HPV6/11/16/18 vaccine and 63 women who received
placebo) who became pregnant at any time during the
study reported 1 or more serious adverse experiences.
Two women reported serious adverse experiences that
were determined by the investigator to be related to
study therapy; however, these serious adverse experi-
ences occurred before pregnancy: headache and hyper-
tension which occurred 18 days before the estimated
date of conception (HPV6/11/16/18 vaccine arm), and
chills, headache, and pyrexia, which occurred approxi-
mately 1 year before the estimated date of conception
(placebo arm). The three most common serious adverse
experiences reported among women who became preg-
nant during the study were premature labor, threatened
abortion, and cephalopelvic disproportion.

Two women who became pregnant died during the
study. These two deaths (as were all deaths that occurred
during the trials) were classified by the investigator as
not related to study treatment or procedures. The cause
of death in the vaccine arm was interstitial myocarditis,
septic shock, pelvic/mesenteric thrombophlebitis, dis-
seminated intravascular coagulation (363 days after dose
3), and the cause of death in the placebo arm was
sudden death postpartum from asphyxia of undeter-
mined pathology (255 days after dose 2).

Twenty neonates who were born before day 1 and
who were breastfed when the mother received the first
dose of vaccine or placebo experienced a serious ad-
verse experience (12 in the vaccine group, eight in the
placebo group). The most common infant serious ad-
verse experience in both groups was pneumonia.

One hundred twenty-eight and 97 neonates from
women who received HPV6/11/16/18 vaccine and
placebo, respectively, experienced a serious adverse
experience between birth and the first 6 weeks. The
three most common for both vaccination groups were
prematurity (36 vaccine, 20 placebo), neonatal jaundice
(26 in the vaccine group, 18 in the placebo group), and
neonatal respiratory distress syndrome (10 in the vac-
cine group, 12 in the placebo group). Three serious
adverse experiences among neonates born to vaccine
recipients were deemed by the study investigator as
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possibly vaccine-related: congenital Hirschsprung’s dis-
ease, congenital hydronephrosis, and meningitis and
sepsis (same neonate).

Sixteen neonates born to study participants who
received HPV6/11/16/18 vaccine experienced a se-
rious adverse experience during the lactation period.
The two most common were pneumonia/broncho-
pneumonia (five) and bronchiolitis (five). Four neo-
nates born to study participants who received placebo
experienced a serious adverse experience during the
nursing period: hematemesis, bronchiolitis, pyrexia,
and hyperbilirubinaemia.

Fifty-eight neonates born to HPV6/11/16/18 vac-
cine recipients and 51 neonates born to placebo
recipients experienced a serious adverse experience
that did not occur between birth through 6 weeks or
during nursing. The two most common in both
groups were pneumonia/bronchopneumonia (nine in
the vaccine group, 19 in the placebo group) and
bronchiolitis (seven in the vaccine group, nine in the
placebo group).

DISCUSSION
In the phase III clinical trials, the HPV6/11/16/18 did
not appear to negatively affect pregnancy outcomes.
There were no significant differences between the
vaccine and placebo arms with respect to the number
of live births or adverse outcomes. The majority of the
observed anomalies were relatively common, and
their prevalence rates within the study population
were consistent with the prevalence rates described in
surveillance registries and the literature.11,12 Rates of
spontaneous abortions were similar to those reported
in women who are actively followed for pregnancy.13

Vaccination was also generally well tolerated.
According to the Centers for Disease Control and

Prevention, the risk to a developing fetus from vaccina-
tion of the mother during pregnancy is primarily theo-
retical.14 In general, the administration of live attenuated
virus vaccines are contraindicated during pregnancy;
this includes vaccines against measles, mumps, poliomy-
elitis, rubella, yellow fever, and varicella. Based on the
current evidence, there is no excess risk from vaccinat-
ing pregnant women with inactivated virus or bacterial
vaccines or toxoids.15–20 The HPV6/11/16/18 vaccine is
produced by recombinantly expressing the major HPV
capsid protein (L1) for each of the four HPV types in S.
cerevisiae (yeast). It contains no viral DNA and is there-
fore noninfectious. The vaccine is adjuvanted with a
well-studied proprietary adjuvant used in other vaccines.
For example, hepatitis B vaccines, which are also man-
ufactured in yeast and adjuvanted with aluminum salts,
have been administered to millions of girls and women

without evidence of teratogenicity, and pregnancy is not
a contraindication to vaccination.14 Furthermore, nei-
ther the L1 major coat proteins of HPV nor antibodies
against these proteins are believed to be chemically or
pharmacologically related to known teratogens. Preclin-
ical testing data further support the safety of HPV
vaccine in pregnancy. Pregnant rats were administered
HPV6/11/16/18 vaccine in doses 300-fold greater (on a
mg/kg basis) than are given to humans, with no ob-
served adverse effects on mating, fertility, pregnancy,
parturition, lactation, embryonic–fetal, or preweaning
and postweaning development.21 There were no vac-
cine-related fetal malformations or other evidence of
teratogenesis noted in the reproductive studies.

The present study had several strengths. These
large multinational trials were unique in that they
were run in women of childbearing age. All pregnan-
cies were followed for outcome. All serious adverse
experiences were recorded, including those in preg-
nant women, nursing mothers, and neonates. In ad-
dition, up to five independent teratology experts
reviewed each of the congenital anomaly cases in a
blinded and unblinded fashion.

Although there are some advantages to the use of
data from phase III trials to investigate the association
between vaccination and adverse outcomes, the anal-
yses presented here are accompanied by some limi-
tations. They were neither designed nor powered to
study pregnancy outcomes with HPV vaccination.
This is especially true for the detection of a specific
malformation or group of malformations. Further-
more, formal hypothesis testing was not prespecified,
and no adjustments for multiplicity were made. Nom-
inal P values should be interpreted cautiously, as 1 of
every 20 comparisons would be expected to be
significant (P�.05) by chance.

The number and type of serious adverse experi-
ences that occurred among neonates were similar
between the vaccine and placebo groups. Administra-
tion of HPV6/11/16/18 vaccine did not appear to
affect the health of breastfeeding neonates of vacci-
nated mothers. It is not known whether vaccine
antigens or antibodies induced by the HPV6/11/
16/18 vaccine are excreted in human milk.

The vaccine was well tolerated in women who
became pregnant at any time during the studies and
had a similar safety profile to that observed in the
overall clinical trial population. For example, the
overall rate of injection site adverse experiences
among vaccine recipients in FUTURE I and II was
84.4%2 and 86.8%,3 respectively, compared with
82.6% for the subpopulation of women who became
pregnant at any time during the studies.
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The numbers of infants/fetuses with congenital
anomalies were numerically higher in the group that
received HPV6/11/16/18 vaccine compared with
placebo, but the difference was not significant
(P�.20). The independent experts determined that it
was unlikely that any of the congenital anomaly cases
was causally related to study vaccination. Addition-
ally, as early embryologic insult often results in spon-
taneous loss due to multiorgan involvement, our
findings suggest that administration of HPV6/11/
16/18 vaccine does not result in early embryologic
damage of sufficient severity as to cause spontaneous
loss. However, as the study had limited power to
detect differences, these findings should be consid-
ered preliminary. Given the inherent limitations of
the clinical trials to detect rare adverse events during
pregnancy, the vaccine’s manufacturer and marketers
(Merck and Co., Inc., and Sanofi Pasteur MSD), in
cooperation with relevant national authorities, have
established a pregnancy registry for the HPV6/11/
16/18 vaccine, which is conducted in the United
States, Canada, and France. The source of the registry
data are postmarketing reports of pregnancy exposures
that are spontaneously reported to the company. A
summary of the pregnancy outcomes which have been
reported to this registry since the vaccine’s approval in
June 2006 through May 2008 can be found in the
accompanying manuscript by Dana et al.22

In conclusion, HPV6/11/16/18 vaccine did not
appear to negatively affect pregnancy outcomes. Hence,
should a woman inadvertently be vaccinated during
pregnancy, these data may serve to inform clinical
practice and improve patient counseling. Longer-
term data are forthcoming in the postmarketing
setting. Although the vaccine is a pregnancy cate-
gory B medication, vaccination is not recom-
mended during pregnancy, as there are still limited
data on vaccination and pregnancy to date.
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