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ABSTRACT

Objective
To examine the effect of the bivalent human 
papillomavirus (HPV) vaccine on miscarriage.
Design
Observational long term follow-up of a randomized, 
double blinded trial combined with an independent 
unvaccinated population based cohort.
Setting
Single center study in Costa Rica.
Participants
7466 women in the trial and 2836 women in the 
unvaccinated cohort enrolled at the end of the 
randomized trial and in parallel with the observational 
trial component.
Intervention
Women in the trial were assigned to receive three 
doses of bivalent HPV vaccine (n=3727) or the control 
hepatitis A vaccine (n=3739). Crossover bivalent HPV 
vaccination occurred in the hepatitis A vaccine arm at 
the end of the trial. Women in the unvaccinated cohort 
received (n=2836) no vaccination.
Main outcome measure
Risk of miscarriage, defined by the US Centers for 
Disease Control and Prevention as fetal loss within 20 
weeks of gestation, in pregnancies exposed to bivalent 
HPV vaccination in less than 90 days and any time 
from vaccination compared with pregnancies exposed 
to hepatitis A vaccine and pregnancies in the 
unvaccinated cohort.
Results
Of 3394 pregnancies conceived at any time since 
bivalent HPV vaccination, 381 pregnancies were 

conceived less than 90 days from vaccination. 
Unexposed pregnancies comprised 2507 pregnancies 
conceived after hepatitis A vaccination and 720 
conceived in the unvaccinated cohort. Miscarriages 
occurred in 451 (13.3%) of all exposed pregnancies, 
in 50 (13.1%) of the pregnancies conceived less than 
90 days from bivalent HPV vaccination, and in 414 
(12.8%) of the unexposed pregnancies, of which 316 
(12.6%) were in the hepatitis A vaccine group and 98 
(13.6%) in the unvaccinated cohort. The relative risk 
of miscarriage for pregnancies conceived less than 
90 days from vaccination compared with all unexposed 
pregnancies was 1.02 (95% confidence interval 0.78 
to 1.34, one sided P=0.436) in unadjusted analyses. 
Results were similar after adjusting for age at 
vaccination (relative risk 1.15, one sided P=0.17), age at 
conception (1.03, P=0.422), and calendar year (1.06, 
P=0.358), and in stratified analyses. Among 
pregnancies conceived at any time from bivalent HPV 
vaccination, exposure was not associated with an 
increased risk of miscarriage overall or in subgroups, 
except for miscarriages at weeks 13-20 of gestation 
(relative risk 1.35, 95% confidence interval 1.02 to 1.77, 
one sided P=0.017).
Conclusions
There is no evidence that bivalent HPV vaccination 
affects the risk of miscarriage for pregnancies 
conceived less than 90 days from vaccination. The 
increased risk estimate for miscarriages in a subgroup 
of pregnancies conceived any time after vaccination 
may be an artifact of a thorough set of sensitivity 
analyses, but since a genuine association cannot 
totally be ruled out, this signal should nevertheless be 
explored further in existing and future studies.
Trial registration
Clinicaltrials.gov NCT00128661 and NCT01086709.

Introduction
Prophylactic vaccination against the human papilloma-
virus (HPV) is now recommended as part of the vacci-
nation schedules in many countries, with millions of 
women worldwide receiving either the bivalent vaccine 
against HPV types 16 and 18 or the quadrivalent vac-
cine against types 6, 11, 16, and 18.1-3  No major safety 
concerns for either vaccine have been documented in 
prelicensure or post-licensure studies to date,4 5  as is 
also reflected in recent reports by the US Agency for 
Health Research and Quality,6  the Institute of 
Medicine,7  the Advisory Committee on Immunization 

What is already known on this topic
Bivalent vaccination against human papillomavirus types 16 and 18 is part of the 
recommended immunization schedule in many countries
Previous studies could not rule out on effect on miscarriage of the bivalent vaccine, 
especially for pregnancies conceived less than 90 days after vaccination

What this study adds
There is no increased risk of miscarriage for pregnancies conceived less than 90 
days or any time after vaccination
An observed increased risk for miscarriages in gestation weeks 13-20 may be a 
random finding as a result of thorough examination of several possible scenarios, 
but it should be further explored in existing and future studies
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Practices of the Centers for Disease Control and Preven-
tion,2  and the World Health Organization.8

Nevertheless, in 2010 the data safety monitoring 
board of the randomized bivalent HPV vaccination 
Costa Rica HPV Vaccine Trial (CVT) raised concerns 
about the effect of vaccination on the risk of miscarriage 
in the parallel PApilloma TRIal against Cancer In young 
Adults (PATRICIA). In a pooled analysis of the two trials, 
Wacholder and colleagues found no evidence support-
ing an increased risk of miscarriage for pregnancies 
conceived at least 90 days after vaccination using the 
bivalent HPV vaccine.9 Their observation of an imbal-
ance in miscarriage rates for pregnancies conceived 
within 90 days from vaccination in the bivalent HPV 
vaccination arm compared with the control arm (13.7% 
v 9.2%, one sided P=0.033) did not allow investigators to 
“completely rule out the possibility of an increased risk 
among pregnancies conceived within three months of 
vaccination.”9  Although the primary target of HPV vac-
cination are girls aged 11-13 years (depending on the 
country), national immunization schedules in many 
countries recommend vaccination for females until the 
age of 25 or 26 years.2 10  Hence substantial numbers of 
women of reproductive age around the world are antic-
ipated to be exposed to vaccination with the bivalent 
HPV vaccine. Pregnancy related adverse effects of any 
magnitude in these women are of primary importance 
from both a clinical practice and a public health point 
of view as they can affect personal decisions about vac-
cination, thus mitigating the benefits of vaccination—
that is, the prevention of clinically relevant endpoints 
of precancerous lesions and cervical cancer.11 12

Currently, evidence on a causal effect of HPV vaccina-
tion on miscarriage warrants further investigation.6  To 
address potential concerns for the effect of vaccination 
with the bivalent HPV vaccine on miscarriage, we ana-
lyzed pregnancy outcomes in the trial phase and the 
post-trial follow-up of the Costa Rica HPV Vaccine Trial 
using a larger sample size with longer follow-up periods 
than in our previous interim analysis.9 We were able to 
include pregnancies from the randomized, blinded 
phase of the trial, pregnancies in the post-trial phase 
after women in the control arm were offered crossover 
vaccination with bivalent HPV vaccine thus permitting 
additional observations of miscarriage risk after vacci-
nation, and pregnancies in an unvaccinated cohort.

Methods
Study population
The design of the Costa Rica HPV Vaccine Trial and the 
eligibility criteria have been described in detail else-
where.13-15 In the current analysis we included data from 
the randomized, blinded phase of the trial and the post-
trial long term follow-up study, in which participants 
were no longer randomized. In brief, the trial is a dou-
ble blind randomized controlled trial that evaluated the 
efficacy of the bivalent HPV vaccine.

Women aged 18-25 years in Guanacaste, Costa Rica, 
who met the eligibility criteria (see supplementary file), 
were enrolled from June 2004 to December 2005. They 
were randomly assigned to either the experimental 

bivalent HPV L1 virus-like particle ASO4 vaccine 
(n=3727 women) or the control hepatitis A vaccine 
(n=3739 women). Women in both arms were scheduled 
to receive three doses of the respective intervention 
(one dose at baseline, one month, and six months) and 
were followed annually for four years. In accordance 
with the consent form, participants were unblinded to 
their vaccine status at the end of the blinded phase of 
the trial and offered crossover vaccination. This 
included a hepatitis B vaccine and the study vaccine 
(bivalent HPV or hepatitis A) that they did not receive at 
enrolment into the trial (see supplementary file).

After completion of the four year follow-up period of 
the trial phase, a non-randomized, observational post-
trial long term follow-up study was implemented, with 
the goal of extending follow-up for an additional six 
years (see supplementary file).15

In addition, we enrolled an unvaccinated cohort 
(n=2836) to allow continued evaluation of efficacy and 
safety of the vaccine despite the loss of the original con-
trol arm owing to crossover. Enrolment in the unvacci-
nated cohort was contemporaneous with the final study 
visit of the randomized, blinded phase. Women were 
frequency matched by birth year and geographic area to 
the originally randomized women and were sampled 
randomly from a local census (n=22 240). Women’s 
characteristics and predicted future risk of acquisition 
of cervical HPV in years 4-10 were similar to those of 
women in the hepatitis A vaccine arm.15

Endpoints
The primary endpoint was miscarriage, defined as preg-
nancy loss within 20 weeks of gestation, estimated 
based on the last reported menstrual period. We used 
20 weeks as the upper threshold to characterize an in 
utero pregnancy loss as miscarriage following the defi-
nitions set by the National Center for Health Statistics of 
the US Centers for Disease Control and Prevention.9 16 17 
We excluded molar and ectopic pregnancies, which are 
rare and likely to have different causes from those of 
most miscarriages. We also did not consider pregnancy 
terminations (induced abortions), as these are not legal 
in Costa Rica. We also examined two secondary end-
points: total number of conceived pregnancies regard-
less of their resolution status, and live births.

The unit of analysis was pregnancies. We handled 
each of two or more pregnancies from the same woman 
as an independent event. For the endpoint of miscar-
riage, we included all resolved pregnancies by the 20th 
week of gestation occurring in the two arms during the 
first phase of the trial and all pregnancies that occurred 
in the long term follow-up study from date of exit from 
the first phase through the data freeze date of 20 Decem-
ber 2013 (year 4 of the long term follow-up study). For 
the endpoint of live births, we included all resolved 
pregnancies where outcome was other than loss; 
whereas for the endpoint of total number of conceived 
pregnancies, we included all conceptions regardless of 
their subsequent resolution. We calculated the time 
between conception and vaccination as the number of 
days between the estimated conception of a pregnancy 
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and the nearest vaccination that was administered 
before the end of the pregnancy. Conception date was 
estimated as 14 days after the last menstrual period. We 
excluded pregnancies for which the last menstrual 
period was missing.

Pregnancy determination
Participants had to be using some form of contracep-
tion, including abstinence, at least one month before 
the application of the vaccine and be willing to use it 
until two months after the last dose. During the first 
phase of the trial and crossover vaccination, women 
who either were known to be pregnant or had a positive 
pregnancy test at the time of enrolment were deferred 
until three months post partum. If pregnancy was 
reported or detected at another vaccination visit the 
mother was not eligible to receive further vaccines. Sim-
ilarly, a woman was not eligible for subsequent vaccina-
tions after a reported miscarriage.

In the blinded phase of the trial, a β human chorionic 
gonadotropin pregnancy test was performed in all 
women before vaccination with either bivalent HPV or 
hepatitis A. At crossover, a pregnancy test was per-
formed for women accepting bivalent HPV vaccination. 
No pregnancy test was performed for the crossover hep-
atitis A or bivalent HPV vaccination, since there is no 
evidence that these vaccines affect pregnancy outcomes. 
No such test is required in routine clinical practice.6

Comparison groups for exposed and unexposed 
pregnancies
Exposed and unexposed pregnancies for the miscar-
riage endpoint are described in detail in the supple-
mentary file. Exposed to bivalent HPV vaccine were 
pregnancies in women initially randomized to bivalent 
HPV vaccine in the main trial with conception dates 
either in that trial or in the long term follow-up study, 
and pregnancies exposed to bivalent HPV vaccine as a 
result of the crossover. Unexposed were all pregnancies 
in women initially randomized to the hepatitis A virus 
arm during the main trial, pregnancies not exposed to 
bivalent HPV crossover vaccination, and pregnancies in 
the unvaccinated cohort.

For the endpoints of miscarriage and live births, in 
the main analysis we focused on pregnancies exposed 
to bivalent HPV vaccine in the time window with the 
highest prior probability of an effect—that is, pregnan-
cies with an estimated conception date up to 12 weeks 
(<90 days) before or after vaccination. Hence we 
compared the miscarriage rates among pregnancies 
conceived from 89 days before to 89 days after the near-
est bivalent HPV vaccination to the miscarriage rates 
among all unexposed pregnancies. In this analysis we 
excluded pregnancies with an estimated date of con-
ception of 90 days or more from vaccination. For the 
unexposed groups we assumed that the miscarriage 
rate for pregnancies after hepatitis A vaccination is con-
stant and independent of (that is, unrelated to) the time 
of vaccination as in the unvaccinated cohort, since we 
have no prior evidence that hepatitis A vaccine, which 
has been given to millions of women around the world, 

might have any effect (beneficial or harmful) on miscar-
riage.18-20 To fully explore a more extended possible 
effect of bivalent HPV vaccine on miscarriage risk, we 
examined the miscarriage risk for pregnancies con-
ceived at any time point relative to bivalent HPV vacci-
nation (that is, without restricting to those in the 89 day 
window before or after vaccination) compared with all 
unexposed pregnancies.

For the endpoint of total number of conceived preg-
nancies, the analyses of pregnancy rates pertain to the 
number of conceptions regardless of their subsequent 
resolution. Vaccination with bivalent HPV could affect 
conception only if it precedes conception. Thus, preg-
nancies with an estimated conception date after vacci-
nation are considered exposed, whereas pregnancies 
with an estimated conception date before vaccination 
are considered unexposed. Women receiving hepatitis 
A vaccine and those in the unvaccinated cohort are also 
considered unexposed.

Subgroup and stratified analyses
In subgroup analyses we restricted to pregnancies con-
ceived less than 90 days before or after vaccination in 
both exposure groups—that is, less than 90 days before 
or after bivalent HPV vaccination and less than 90 days 
before or after hepatitis A vaccination. This analysis 
excluded the unvaccinated cohort, for which no vacci-
nation had been performed and thus no time window 
could be specified. We also restricted the endpoint of 
miscarriage according to gestational age when the mis-
carriage occurred (0-6, 7-12, and 13-20 weeks). We strat-
ified our analyses to evaluate possible effect 
modification by maternal age at conception (18-22, 
23-26, and ≥27 years old), age at vaccination (18-22, 
23-26, and ≥27 years old), and age at enrolment to the 
first phase of the trial (18-22, 23-26, and ≥27 years old).

Sensitivity analyses
To be sure that we did not miss a clinically important 
effect in a subgroup, we performed a series of sensitivity 
analyses. To explore the impact of including the unvac-
cinated cohort in the unexposed pregnancies, we esti-
mated the miscarriage risk after excluding pregnancies 
in the unvaccinated cohort. To evaluate our assumption 
that the miscarriage rate after hepatitis A vaccination is 
the same as in the unvaccinated cohort, we compared 
the rates in these two groups. To rule out an effect of 
hepatitis A vaccine, we excluded pregnancies in the 
hepatitis A vaccine group using the unvaccinated 
cohort as the reference group. To rule out an effect of 
the inoculation regardless of antigen, and to rule out an 
effect of hepatitis A vaccine, we also considered the 
miscarriage rate in pregnancies by the same time win-
dows as for the bivalent HPV vaccine pregnancies (<90 
days v ≥90 days) in women who received hepatitis A 
vaccine but not bivalent HPV vaccine, and using the 
unvaccinated cohort as the reference group.

Finally, we examined the risk of miscarriage based on 
the number of doses (one, two, or three) of bivalent HPV 
vaccine that a woman received during the time window 
of less than 90 days between estimated conception and 
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vaccination by counting the number of doses adminis-
tered in less than 90 days before or after the estimated 
conception; and at any time before the end of preg-
nancy by counting the number of doses received before 
the date of pregnancy resolution.

Statistical analysis
We performed all analyses under the intention to treat 
principle. For the metric of the effect of bivalent HPV 
vaccination on miscarriage we used the relative risk and 
corresponding 95% confidence intervals (see supple-
mentary file). Based on these regressions we estimated 
the predicted probability and 95% confidence intervals 
thereof of miscarriage for vaccinated and unvaccinated 
women taking random variation into account. Addi-
tionally, we used generalized estimating equations, 
which allow the pregnancy outcomes from the same 
woman to be unconditionally correlated; the two meth-
ods gave practically identical estimates and 95% confi-
dence intervals. The rates of live births and the ratios 
thereof were estimated in the same way. To estimate the 
effect of bivalent HPV vaccine on the total number of 
pregnancies, we computed the rates of total number of 
pregnancies using a denominator of person time (see 
supplementary file).

We performed analyses with and without adjust-
ments for well known and suspected confounders. 
There are few well established risk factors for miscar-
riage,21  and even fewer that could confound the asso-
ciation between bivalent HPV vaccination and 
miscarriage. Covariates included age at conception 
(18-22, 23-26, 27-30, and >30 years old), calendar year 
of conception (two year intervals), and age at vacci-
nation (18-22, 23-26, and ≥27 years old). Maternal age 
at conception is unlikely to be a meaningful adjust-
ment variable because the age of women during the 
long term follow-up is 22-29 years. We also did not 
adjust for history of pregnancy loss because an ear-
lier and a subsequent pregnancy loss can share 
causal risk factors.22

For analyses involving bivalent HPV vaccination, 
reported P values are one sided because a protective 
effect of the vaccination against miscarriage does not 
constitute a safety concern; thus we considered associ-
ations to be statistically significant when one sided 
P values were <0.025. P values for estimates of miscar-
riage among unexposed pregnancies are two sided. 
Owing to the exploratory nature and the number of 
subgroup analyses, results should be interpreted with 
caution, as nominally significant associations may arise 
by chance alone.23 Analyses were done in SAS 9.2.

False positive report probability
We evaluated how a positive association between biva-
lent HPV vaccine and miscarriage risk might be true by 
estimating the false positive report probability.24 This 
method computes the probability of no true effect of 
bivalent HPV vaccine on miscarriage given a claim of 
positivity based on the P value, given the prior probabil-
ity of a real association, and the statistical power to find 
an effect under a specified alternative hypothesis. 

A detailed description of the method and its interpreta-
tion is provided in the supplementary file.

Meta-analysis of CVT and parallel PATRICIA trial
To update our previous report,9  we performed a 
meta-analysis of the estimates of miscarriage risk in the 
Costa Rica HPV Trial and parallel PApilloma TRIal 
against Cancer In young Adults (PATRICIA) trial. To 
avoid the use of overlapping data from the Costa Rica 
HPV Trial, we estimated the relative risk of miscarriage 
less than 90 days from bivalent HPV vaccination and 
overall for exposed and unexposed pregnancies, using 
data accrued after the original report.9  We synthesized 
this estimate with the published pooled miscarriage rel-
ative risk from PATRICIA and the Costa Rica HPV Trial9 
using fixed effect meta-analysis with Mantel-Haenszel 
weights. Heterogeneity was assessed with Cochran’s Q 
and was quantified with the I2 metric.25 Meta-analysis 
was done in STATA 13.

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
the design and implementation of the study. There are 
no plans to involve patients in dissemination.

Results
Miscarriage
A total of 6621 exposed (n=3394) and unexposed 
(n=3227) pregnancies from 4864 women were included 
in the analysis (fig 1 ). Table 1, supplementary table 1, 
and supplementary fig 1 show the number of eligible 
pregnancies and corresponding miscarriages. A total of 
3394 pregnancies were conceived at any time from 
bivalent HPV vaccination, with 451 ending in miscar-
riage (13.3%, 95% confidence interval 12.2% to 14.4%). 
Among those, 381 pregnancies were conceived less 
than 90 days from bivalent HPV vaccination, of which 
50 ended in miscarriage (13.1%, 95% confidence inter-
val 9.7% to 16.5%). The distribution of conception dates 
in relation to the vaccination date for exposed 
pregnancies and miscarriages thereof is shown in 
supplementary table 2. Overall, 3327 pregnancies were 
unexposed to bivalent HPV vaccination, of which 414 
ended in miscarriage (12.8%, 95% confidence interval 
11.7% to 14.0%).

Bivalent HPV vaccination <90 days from conception
Vaccination with bivalent HPV less than 90 days 
from conception was not associated with an 
increased risk of miscarriage in either unadjusted 
analyses or when adjusting for age at conception, 
calendar year, and age at vaccination (table 2). The 
corresponding predicted risks were similar for vacci-
nated and unvaccinated women (see supplementary 
fig 2A). Similarly, no association between bivalent 
HPV vaccination and miscarriage risk was seen when 
we restricted the analysis to miscarriages that 
occurred at 0-6, 7-12, and 13-20 weeks of gestation, as 
well as in analyses stratified by age at conception, age 
at enrolment, and age at vaccination. Results were 
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similar using generalized estimating equations with 
practically identical 95% confidence intervals (see 
supplementary table 3).

In subgroup analyses focusing on pregnancies con-
ceived less than 90 days from both bivalent HPV and 

hepatitis A vaccinations, the miscarriage rate in preg-
nancies conceived less than 90 days from bivalent HPV 
vaccination (13.1%) was slightly lower than in those 
conceived less than 90 days from hepatitis A vaccina-
tion (13.6%), with no evidence of association between 

Allocated to hepatitis A vaccine (n=3739; 2225 pregnancies)Allocated to bivalent HPV vaccine (n=3727; 2279 pregnancies)

Pregnancies not exposed to bivalent HPV vaccine (n=3227)Pregnancies exposed to bivalent HPV vaccine (n=3394)

Women randomised in CVT (n=7466)

Crossover to bivalent HPV vaccination
(n=2236; 431 pregnancies)

No crossover to bivalent HPV vaccination
(n=535; 239 pregnancies)

Included in long term follow-up study
(n=2792; 727 pregnancies)

Included in long term follow-up study
(n=2771; 670 pregnancies)

Pregnancies with resolution
a�er crossover (n=388)

Pregnancies with resolution
before crossover (n=43)

Not eligible for long term
follow-up or not enrolled (n=935)

Unvaccinated cohort
(n=2836; 720 pregnancies)Not eligible for long term

follow-up or not enrolled (n=968)

End of randomised phase

Beginning of long term follow-up study*

Fig 1 | E xposed and unexposed pregnancies in Costa Rica HPV Vaccine Trial (CVT) and long term follow-up study. Shown 
are relative risks of miscarriage for pregnancies conceived any time since vaccination with bivalent human papillomavirus 
(HPV) vaccine in the previously published pooled analysis of CVT and parallel PApilloma TRIal against Cancer In young 
Adults (PATRICIA)9  and in update of CVT, including data acquired after our previous report9 as well as corresponding fixed 
effect summary relative risks. Data are shown overall and by gestational age of miscarriage. *Long term follow-up study 
was implemented for all women enrolled in trial (except those living in Puntarenas)

Table 1 |  Outcomes for pregnancies conceived less than 90 days and at any time since bivalent human papillomavirus (HPV) vaccination, and for 
unexposed pregnancies conceived at any time since vaccination with hepatitis A vaccine and in the unvaccinated control group, overall and by subgroup

Category and 
subgroup

Exposed to bivalent HPV vaccine Unexposed to bivalent HPV vaccine
<90 days from  
vaccination

Any time from  
vaccination

Hepatitis  
A vaccine

Unvaccinated  
cohort

Hepatitis A vaccine and 
unvaccinated cohort

No of 
pregnancies

Miscarriage 
rate (%)

No of 
pregnancies

Miscarriage 
rate (%)

No of 
pregnancies

Miscarriage 
rate (%)

No of 
pregnancies

Miscarriage 
rate (%)

No of 
pregnancies

Miscarriage 
rate (%)

Age at vaccination (years):
Overall 381 50 (13.1) 3394 451 (13.3) 2507 316 (12.6) 720 98 (13.6) 3227 414 (12.8)
Gestational age of miscarriage (weeks):
  0-6 381 7 (1.8) 3394 73 (2.2) 2507 62 (2.3) 720 16 (2.2) 3227 78 (2.4)
  7-12 381 31 (8.1) 3394 259 (7.6) 2507 196 (7.8) 720 56 (7.8) 3227 252 (7.8)
  13-20 381 12 (3.1) 3394 119 (3.5) 2507 58 (2.3) 720 26 (3.6) 3227 84 (2.6)
Age at conception (years):
  18-22 168 25 (14.9) 868 111 (12.8) 893 104 (11.6) 11 3 (27.3) 904 107 (11.8)
  23-26 138 20 (14.5) 1548 222 (14.3) 1136 154 (13.6) 310 35 (11.3) 1446 189 (13.1)
  27-30 64 4 (6.3) 840 101 (12.) 463 56 (12.1) 319 44 (13.8) 782 100 (12.8)
  >30 11 1 (9.1) 137 17 (12.4) 15 2 (13.3) 80 16 (20.0) 95 18 (18.9)
Age at enrolment (years):
  18-22 267 36 (13.5) 2422 316 (13.1) 1817 217 (11.9) 60 11 (18.3) 1877 228 (12.1)
  23-26 114 14 (12.3) 971 135 (13.9) 690 99 (14.3) 391 46 (11.8) 1081 145 (13.4)
  ≥27 0 — 1 0 (0) 0 — 269 41 (15.2) 269 41 (15.2)
  18-22 171 25 (14.6) 2011 259 (12.9) 1675 202 (12.1) NA NA 1675 202 (12.1)
  23-26 135 20 (14.8) 1176 169 (14.4) 832 114 (13.7) NA NA 832 114 (13.7)
  ≥27 75 5 (6.7) 207 23 (11.1) 0 — NA NA 0 —
NA=not applicable because no vaccination was performed in the unvaccinated cohort; NP=not pertinent because the miscarriage rate in the bivalent HPV vaccine group was smaller than in the 
control group.
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bivalent HPV vaccination and miscarriage in any of the 
analyses (see supplementary table 4).

Bivalent HPV vaccination any time from conception
In both unadjusted and adjusted analyses there was no 
effect of bivalent HPV vaccination for pregnancies con-
ceived any time from vaccination (table 2); results were 
the same when we stratified on age at conception, age 
at enrolment, and age at vaccination. The correspond-
ing predicted risks were similar for vaccinated and 
unvaccinated women (see supplementary fig 2B). When 
we restricted our endpoint to the gestational week of 
miscarriage, bivalent HPV vaccination had no effect on 
risk of miscarriage in weeks 0-6 or 7-12 of gestation. The 
risk of miscarriage was increased in weeks 13-20 of ges-
tation (relative risk 1.35, 95% confidence interval 1.02 to 
1.77, one sided P=0.017). Results were similar using gen-
eralized estimating equations with practically identical 
95% confidence intervals (see supplementary table 5). 
Applying the method of false positive report probability, 
the value was consistently greater than 0.1 for any plau-
sible prior probability and relative risk (see supplemen-
tary table 6), suggesting that the association may be an 
artifact of a thorough set of sensitivity and subgroup 
analyses, although a genuine association cannot be 
totally ruled out.

Sensitivity analyses
The results remained practically unchanged when 
excluding pregnancies in the unvaccinated cohort and 
pregnancies exposed to hepatitis A vaccine (table 2) 
from the unexposed pregnancies. The nominally 
significant association pertained to an increased risk of 
miscarriage at weeks 13-20 of gestation for pregnancies 
conceived any time since bivalent HPV vaccination 
compared with pregnancies exposed to hepatitis A vac-
cine (relative risk 1.52, 95% confidence interval 1.11 to 
2.07; one sided P=0.004). If we assume prior probabili-
ties of 0.1 or more and relative risk of 2.00 or more in the 
false positive report probability analysis (see supple-
mentary table 6), the effect of bivalent HPV vaccination 
on miscarriage becomes noteworthy (false positive 
report probability <0.1). Such a high relative risk may be 
thought unlikely however, as it would presumably have 
been detected in previous randomized and observa-
tional studies.

The miscarriage rate among pregnancies conceived 
any time since hepatitis A vaccination was slightly 
lower than the rate in the unvaccinated cohort (12.6% 
v 13.6%, P=0.475; see supplementary table 7). For 
pregnancies conceived less than 90 days from hepati-
tis A vaccination (see supplementary table 8), the risk 
of miscarriage was increased for ages 23-26 years at 
conception (relative risk 1.98, 95% confidence interval 
1.15 to 3.42, P=0.014) and ages 23-26 years at enrolment 
(relative risk 1.87, 95% confidence interval 1.08 to 3.25, 
P=0.026). Similar results were obtained when compar-
ing miscarriage rates for pregnancies conceived less 
than 90 days with those conceived 90 days or more 
after hepatitis A vaccination (see supplementary 
table 9).

There was no association between bivalent HPV vac-
cination and miscarriage for pregnancies exposed to 
one dose (see supplementary tables 10, 12, and 15) or 
two doses (see supplementary tables 11, 13, and 16). 
With three doses of bivalent HPV vaccination before the 
pregnancy resolution, the risk of miscarriage was 
increased within a few subgroups: for pregnancies con-
ceived less than 90 days from vaccination for women 
aged 18-22 years at enrolment (relative risk 1.63, 95% 
confidence interval 1.07 to 2.48, one sided P=0.012; see 
supplementary table 14) and for pregnancies at weeks 
13-20 of gestation regardless of the time between con-
ception and vaccination (relative risk 1.38, 95% confi-
dence interval 1.03 to 1.85, one sided P=0.014; see 
supplementary table 17). As shown in supplementary 
table 6, the false positive report probability was greater 
than 0.1 for the first association under any plausible 
prior probability or relative risk, whereas a relative risk 
would have to be at least 1.50 and the prior probabilities 
0.1 or more for the second association to be likely to be 
true.

Meta-analysis with previous data
An additional 5138 exposed and unexposed pregnan-
cies occurred in the trial and post-trial phases (supple-
mentary text) after the publication of our previous 
report.9  The unadjusted relative risk of miscarriage for 
pregnancies conceived less than 90 days from bivalent 
HPV vaccination was 0.62 (95% confidence interval 0.35 
to 1.11). After meta-analysis with the previously pub-
lished pooled estimate (relative risk 1.49, 95% confi-
dence interval 1.04 to 2.15) from the parallel PATRICIA 
trial and Costa Rica HPV Vaccine Trial,9 the summary 
relative risk was 1.11 (95% confidence interval 0.82 to 
1.51; one sided P=0.243; I2=84.5%, P=0.011 for heteroge-
neity). For pregnancies conceived any time since vacci-
nation with bivalent HPV (fig 2), there was no risk of 
miscarriage overall or by gestational age except for mis-
carriages in weeks 13-20 of gestation (relative risk 1.34, 
95% confidence interval 1.03 to 1.73, one sided P=0.013).

Live births and total number of pregnancies
There was no association between bivalent HPV 
vaccination and rates of live births (table 3; see 
supplementary table 18) or rates of total pregnancies 
(relative risk 0.98, 95% confidence interval 0.93 to 
1.03; one sided P=0.177). See supplementary file for 
further information.

Discussion
A previous analysis of miscarriage risk in two large ran-
domized controlled clinical trials of human papilloma-
virus (HPV) vaccine found no evidence of an increased 
risk among pregnancies conceived at least 90 days after 
vaccination.9  That previous study, however, could not 
exclude the possibility that pregnancies conceived 
closer to the time of vaccination might be at increased 
risk.9 We have used new data from the extended 
follow-up of those clinical trial cohorts to explore this 
possible risk. The updated evidence provided here 
shows that vaccination with bivalent vaccine against 
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HPV types 16 and 18 is not associated with miscarriage 
for pregnancies conceived less than 90 days from vacci-
nation. Data from more than 6000 pregnancies from the 
randomized and post-trial phases of the Costa Rica HPV 
Vaccine Trial and a population based unvaccinated 
cohort do not support an increased risk of miscarriage 
in pregnancies conceived in this time window. Sensitiv-
ity, subgroup, and stratified analyses showed no effect 
of potential sources of systematic errors or subgroup 
specific effects (inclusion of the unvaccinated cohort, 
number of doses, age at conception, age at enrolment, 
gestational age of miscarriage). The present analysis 
did find an increased risk of miscarriage among one 
subgroup of pregnancies conceived at any time after 
vaccination—namely, 13-20 weeks of gestation. While 
this finding had not been suggested in the previous 
data, the result remained after meta-analysis of the new 
data with previously published results from the PATRI-
CIA trial. A small increase in risk for miscarriages in 
weeks 13-20 of gestation cannot totally be ruled out, 
though it is also compatible with chance.

Comparison with other studies
Two pooled analyses by the vaccine manufacturer did 
not find a difference in miscarriage risk for pregnancies 
conceived in a risk window of −30 to 45 days from biva-
lent HPV vaccination.26 27  Similarly, a lack of associa-
tion was observed in placebo controlled trials 
evaluating the efficacy and safety of the bivalent HPV 
vaccine.28 29  Nevertheless, a subgroup analysis in black 
women in the Females United to Unilaterally Reduce 
Endo/Ectocervical Disease (FUTURE) I/II trials showed 
an increased risk of miscarriage compared with unvac-
cinated pregnancies for the quadrivalent HPV vaccine 
that has a different adjuvant (amorphous aluminum 

hydroxyphosphate sulfate).30 However, no results were 
reported for restricting the endpoint by different peri-
ods of gestation as in our study, which did not confirm 
the overall increased miscarriage risk in FUTURE I/II 
using longer follow-up and a larger number of preg-
nancies.

A systematic review and evidence synthesis on vac-
cine safety by the US Agency for Health Research and 
Quality found insufficient evidence for causality 
between HPV vaccination and miscarriage risk.6 20  This 
review updated a previous report by the Institute of 
Medicine, which also concluded that the evidence for a 
causal relation between HPV vaccination and any major 
adverse event is inadequate.7 Our analyses investigat-
ing this association in an independent dataset not 
included in the previous reports further confirm that an 
effect of the HPV bivalent vaccine on miscarriage is 
highly unlikely. The evidence in the Agency for Health 
Research and Quality and Institute of Medicine reports 
was based on trials that used unvaccinated control 
groups (that is, women who did not receive any type of 
control vaccination), excluding studies that used hepa-
titis A vaccine or other vaccines as control interven-
tions. The conclusions of these reports are in agreement 
with our sensitivity analyses comparing the miscarriage 
rates in pregnancies exposed to bivalent HPV 
vaccination with pregnancies in the unvaccinated 
cohort, which found no difference in the miscarriage 
rates between the two groups.

Possible explanations and implications for 
clinicians and policy makers
Miscarriage is a common outcome of pregnancy, occur-
ring in 10-15% of all clinically recognized pregnancies. 
Given the precautions taken to avoid vaccination of 

Overall
  CVT (update)
  CVT+PATRICIA
Summary estimate (I2=0%; P=0.407 for heterogeneity)
Gestational age of miscarriage
  0-6 weeks
  CVT (update)
  CVT+PATRICIA
Summary estimate (I2=1.4%; P=0.314 for heterogeneity)
  7-13 weeks
  CVT (update)
  CVT+PATRICIA
Summary estimate (I2=0%; P=0.861 for heterogeneity)
  13-20 weeks
  CVT (update)
  CVT+PATRICIA
Summary estimate (I2=0%; P=0.487 for heterogeneity)

1.02 (0.89 to 1.18)
1.13 (0.93 to 1.37)
1.06 (0.95 to 1.19)

0.86 (0.60 to 1.23)
1.14 (0.74 to 1.76)
0.96 (0.73 to 1.27)

0.99 (0.82 to 1.20)
1.02 (0.79 to 1.32)
1.00 (0.86 to 1.17)

1.26 (0.93 to 1.71)
1.53 (0.96 to 2.44)
1.34 (1.03 to 1.73)

0.5 1 2

Study

Decreased risk
with bivalent
HPV vaccine

Increased risk
with bivalent
HPV vaccine

Relative risk
(95% CI)Relative risk

(95% CI)

356/2657
197/1709
553/4366

56/2657
43/1709
99/4366
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Fig 2 |  Meta-analysis on risk of miscarriage for pregnancies conceived any time since vaccination with bivalent HPV 
overall and by gestational age in Costa Rica HPV Trial (CVT) and parallel PATRICIA trial
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pregnant women, these large clinical trials generated a 
relatively limited number of pregnancies for analysis—
especially when searching within possibly susceptible 
subgroups of pregnancies or women. The few positive 
associations between bivalent HPV vaccination and 
miscarriage risk found among the large number of sen-
sitivity and subgroup analyses should be interpreted 
with caution. There is no established pathophysiologi-
cal mechanism through which bivalent HPV vaccina-
tion would affect the risk of miscarriage. A theoretical 
argument involves alterations in the maternal immune 
system during early pregnancy31  caused by the ASO4 
adjuvant, which consists of aluminum phosphate and 
monophosphoryl lipid A. However, other ASO4 based 
vaccines have not been associated with miscarriage 
risk.32  More generally, evidence for a causal role of 
autoimmunity in itself on miscarriage risk is weak.21 
Meanwhile, the vaccine has not been associated with 
autoimmune conditions (such as antiphospholipid 
syndrome and thyroid autoimmunity) that have been 
linked to miscarriage.

The positive associations could reflect differences in 
the detection of early pregnancy among exposed and 
unexposed women, as at the time of crossover vaccina-
tion women were not required to undergo a pregnancy 
test before hepatitis A vaccination as in the blinded 
phase of the trial. This may have resulted in under-
detection—or detection only after the first trimester—of 
pregnancies and therefore under-detection of miscar-
riages in the unexposed group, thus leading to an artifi-
cial increase in miscarriage risk. Also, the relative risk 
changed direction (<1) when we compared the risks of 
miscarriage in pregnancies exposed to bivalent HPV 
vaccination with those in the unvaccinated cohort. 

According to the false positive report probability analy-
sis, the association is noteworthy only when the risk 
among pregnancies exposed to bivalent HPV vaccine is 
compared with risk among pregnancies exposed to hep-
atitis A vaccine.

Safety surveillance data from national immunization 
programs have suggested no difference in the rates of 
miscarriage between pregnancies in women vaccinated 
with bivalent HPV and the unvaccinated population.33  
That result is consistent with our findings that the mis-
carriage rates for exposed pregnancies and pregnancies 
in the unvaccinated cohort did not differ statistically 
significantly. Possible explanations of the increased 
miscarriage risk in pregnancies exposed to bivalent 
HPV vaccine compared with those exposed to hepatitis 
A vaccine include a reduced risk of miscarriage among 
women who received hepatitis A vaccine as suggested 
before27 or by chance. Indeed, the miscarriage rate in 
weeks 13-20 in pregnancies exposed to hepatitis A vac-
cine was not only lower than the risk among the preg-
nancies exposed to bivalent HPV vaccination but also 
lower than among the unvaccinated cohort.

Policy makers have issued reassuring reports on the 
safety of the two HPV vaccines, both overall and for 
pregnancy related outcomes specifically. The most 
recent evidence reviews used in recommendations from 
the Advisory Committee on Immunization Practices2  
and WHO8  conclude that the public health benefits of 
HPV vaccination outweigh potential harms. Our analy-
ses, which do not indicate an increased miscarriage risk 
either overall or for pregnancies conceived less than 
90 days after vaccination, provide additional support to 
these recommendations. Only about 3% of pregnancies 
end in miscarriage after the 12th week of gestation.31 34  

Table 3 | Number of resolved pregnancies, number of live births, and rates thereof for pregnancies unexposed to bivalent human papillomavirus (HPV) 
vaccination and for pregnancies exposed to such vaccination less than 90 days and at any time since vaccination

Analysis

All unexposed pregnancies Pregnancies conceived <90 days from HPV vaccination Pregnancies conceived any time after HPV vaccination
No of 
pregnancies

No of live 
births (%)

No of 
pregnancies

No of live 
births (%)

Relative risk  
(95% CI)

P 
value

No of 
pregnancies

No of live 
births (%)

Relative risk 
(95% CI)

P 
value

Overall
No adjustments 3188 2739 (85.9) 380 325 (85.5) 1.00 (0.95 to 1.04) 0.838 3353 2872 (85.7) 1.00 (0.98 to 1.02) 0.762
Adjusted for age 
at conception

3188 2739 (85.9) 380 325 (85.5) 0.99 (0.95 to 1.04) 0.742 3353 2872 (85.7) 1.00 (0.98 to 1.02) 0.782

Adjusted for 
calendar year

3188 2739 (85.9) 380 325 (85.5) 0.99 (0.95 to 1.04) 0.728 3353 2872 (85.7) 1.00 (0.98 to 1.02) 0.828

Adjusted for age 
at vaccination*

3188 2739 (85.9) 380 325 (85.5) 0.98 (0.93 to 1.03) 0.34 3353 2872 (85.7) 0.99 (0.97 to 1.01) 0.503

Stratified by:
Age at conception (years):
  18-22 903 786 (87.0) 168 141 (83.9) 0.96 (0.90 to 1.04) 0.313 867 750 (86.5) 0.99 (0.96 to 1.03) 0.739
  23-26 1437 1233 (85.8) 137 115 (83.9) 0.98 (0.91 to 1.06) 0.573 1540 1304 (84.7) 0.99 (0.96 to 1.02) 0.385
  27-30 764 655 (85.7) 64 59 (92.2) 1.08 (1.00 to 1.16) 0.065 816 705 (86.4) 1.01 (0.97 to 1.05) 0.703
  >30 84 65 (77.4) 11 10 (90.9) 1.17 (0.94 to 1.46) 0.151 129 112 (86.8) 1.12 (0.98 to 1.28) 0.092
Age at enrolment (years):
  18-22 1869 1619 (86.6) 266 227 (85.3) 0.99 (0.93 to 1.04) 0.58 2391 2057 (86) 0.99 (0.97 to 1.02) 0.576
  23-26 1063 908 (85.4) 114 98 (86.0) 1.01 (0.93 to 1.09) 0.873 961 814 (84.7) 0.99 (0.96 to 1.03) 0.652
  ≥27 256 212 (82.8) 0 — — — 1 1 (100.0) 1.20 (1.20 to 1.20) —
Age at vaccination (years)*:
  18-22 1669 1446 (86.6) 171 144 (84.2) 0.97 (0.91 to 1.04) 0.41 1991 1716 (86.2) 0.99 (0.97 to 1.02) 0.692
  23-26 830 708 (85.3) 134 112 (83.6) 0.98 (0.90 to 1.06) 0.619 1160 978 (84.3) 0.99 (0.95 to 1.03) 0.543
  ≥27 0 — 75 69 (92.0) — — 202 178 (88.1) — —
*Does not include unvaccinated cohort.
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Thus the absolute risk of miscarriage associated with 
bivalent HPV vaccination in weeks 13-20 after gestation 
is small (in our study, the absolute difference in miscar-
riage rates was 0.9% (that is, 3.5% minus 2.6%), table 1). 
In the event that such a small risk difference was to be 
established as real, even then it would have to be 
weighed against the well documented public health 
benefits of vaccination in preventing precancerous cer-
vical lesions.35

Limitations of this study
Our study has some limitations that should be acknowl-
edged. Firstly, there was differential determination of 
pregnancy before hepatitis A vaccination in the blinded 
phase compared with the long term follow-up study, as 
women who received crossover vaccination were not 
required to undergo a pregnancy test. This could result 
in fewer undetected pregnancies exposed to hepatitis A 
vaccine, thereby explaining the slightly increased risk 
of miscarriage after vaccination with bivalent HPV as 
well as the differences observed when excluding preg-
nancies exposed to hepatitis A vaccine from the unex-
posed pregnancies. Secondly, women never vaccinated 
with bivalent HPV were followed-up less frequently 
after the blinded trial phase than women who were vac-
cinated with bivalent HPV. This differential follow-up 
might increase the ascertainment of events in the 
pregnancies exposed to bivalent HPV vaccine, thereby 
overestimating the risk of miscarriage in this group. 
Thirdly, the post-trial crossover vaccination with either 
bivalent HPV or hepatitis A may have been influenced 
by many factors and could be subject to unmeasured 
confounding, as women were no longer randomized. 
Results, though, remained largely unchanged when we 
adjusted for potential confounders. Fourthly, there are 
limitations of false positive report probability analy-
ses.24 36  As with all bayesian methods, the false positive 
report probability approach incorporates subjectivity, 
particularly in assigning values for prior probabilities, 
and the final values are not equivalent to bayesian pos-
terior probabilities. Notwithstanding these limitations, 
false positive report probability has the advantage of 
formally combining “hard” evidence from studies with 
explicit (even if subjective) information. Finally, we 
considered pregnancies in the hepatitis A vaccine arm 
and those in the unvaccinated cohort, which was ascer-
tained outside the trial setting, but combining the two 
groups did not affect our inferences, as shown by sensi-
tivity analyses, which was anticipated as the two groups 
are comparable.15

Conclusions and implications for future research
We found no evidence to support the single question-
able positive finding of an increased risk of miscarriage 
from bivalent HPV vaccination reported previously 
for  pregnancies conceived less than 90 days after 
vaccination.9  The increased risk of miscarriage in one 
subgroup might be expected, given the thoroughness 
of our evaluation. Though there is no biological or 
pathophysiological mechanism to explain a potential 
association between HPV vaccination and miscarriage, 

it would be possible to explore this question further 
through systematic evaluations and synthesis of exist-
ing published and unpublished literature—in particu-
lar the clinical study reports from the vaccine 
manufacturers37 38  and independent reanalysis of trial 
data.39 40  Towards this end, recent data sharing poli-
cies by regulatory agencies in Europe41  and the United 
States42  could facilitate such efforts.43  Most trials on 
the bivalent and quadrivalent HPV vaccines have been 
conducted on adolescents and young adults, and 
hence the long term safety of the vaccines in 9-11 year 
old girls who are routinely vaccinated has not been 
extensively evaluated in randomized trials. Although 
no pregnancy related safety issues have been recog-
nized to date,44  and the comparative safety of most 
interventions for children and adult populations is on 
average the same,45 monitoring of the currently avail-
able immunization programs (through the Vaccine 
Adverse Event Reporting System, the Vaccine Safety 
Datalink, and the Vaccines and Medications in Preg-
nancy Surveillance System) could further establish the 
safety of the currently available HPV vaccines.

Available data support the safe continuation of HPV 
vaccination programs according to current guidelines. As 
with other vaccines,6 any concerns about possible adverse 
events must be weighed against the established benefits of 
vaccination for individuals and the community.
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