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Introduction: There are over 79 million prevalent cases of human papillomavirus (HPV) 

in the United States (1).  Chronic cases of HPV can cause cervical, vulvar, vaginal, 

penile, anal, and oropharyngeal cancers (2).  Nine-valent human papillomavirus vaccine 

(9vHPV) can protect against the most prevalent disease types (3).  Although the HPV 

vaccine has not been causally associated with adverse outcomes of pregnancy or adverse 

events (AEs) in the developing fetus, it is not recommended that pregnant women receive 

it (4, 5).  However, some women of childbearing age might be inadvertently exposed 

during catchup vaccination (5-7).  This study aims to assess the safety of 9vHPV 

administration during pregnancy.  

 

 

Methods: We searched the Vaccine Adverse Event Reporting System (VAERS) 

database, a national post-licensure vaccine safety surveillance system, for reports of 

pregnant women vaccinated with 9vHPV in the United States between December 10, 

2014 and December 31, 2017 (8).  Reports and corresponding medical records (when 

available) were reviewed.  AEs were characterized as primary maternal, secondary 

maternal, primary infant, or secondary infant.  Primary maternal AEs were further 

classified as pregnancy-specific or nonpregnancy-specific.  Vaccination errors were 

noted.  Frequencies and percentages of AEs and vaccination errors were computed, and 

disproportionate reporting of AEs was assessed using proportional reporting ratios 

(PRRs) (9, 10). 

 

 

Results: A total of 80 pregnancy reports were identified.  Sixty reports (73.2%) did not 

describe an AE and were submitted due to vaccine exposure during pregnancy.  The most 

frequently reported pregnancy-specific AE was spontaneous abortion (n = 3; 3.7%), 

followed by vaginal bleeding (n = 2; 2.4%).  Among nonpregnancy-specific AEs, 

injection site reaction (n = 3; 3.7%) was most common.  Just over one-fifth of reports 

described a vaccination error (n = 17; 21.3%).  The PRR analyses comparing 9vHPV and 

4vHPV vaccines, as well as 9vHPV and inactivated influenza vaccines, did not reveal 

disproportional reporting for any AE.  Only codes for non-clinically important events 

exceeded the PRR threshold. 

 

 

Discussion: No AE clusters or patterns of concern were observed among these pregnancy 

reports.  CDC routinely monitors the safety of 9vHPV in the U.S. and will continue to 

monitor the safety of this vaccine in pregnancy (11). 
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Background 

Human papillomavirus (HPV) is estimated to account for over 70% of sexually 

transmitted infections in the United States (1).  As such, it is the most common sexually 

transmitted infection, with over 79 million prevalent, and 14 million annual incident, 

cases (1).  The average lifetime probability of acquiring HPV is over 80%, with estimated 

annual probability of acquiring a new infection peaking between the ages of 20 and 24 

(25%) (1, 12). 

Many cases of HPV are asymptomatic, and individuals that acquire the infection 

often spontaneously clear it without health consequences (13).  However, chronic cases 

of HPV can cause poor health outcomes such as cervical, vulvar, vaginal, penile, anal, 

and oropharyngeal cancers, as well as genital warts (2).  Cancer registry data from 2008 

to 2012 indicated that the most common cancer occurring at an anatomic site associated 

with HPV (i.e., HPV-associated cancer) among females was cervical carcinoma and 

among males was oropharyngeal squamous cell cancer (14).  These data also suggested 

that, annually, nearly 39,000 cases of HPV-associated cancer are diagnosed, equating to 

an incidence rate of 11.7 per 100,000 people (14).  Approximately 79% of these cases are 

estimated to be attributable to HPV infection (14). 

There are over 150 HPV types, 13 of which can cause precancers or cancer (14, 

15).  The majority (80%) of cases of HPV-associated cancer caused by HPV are 

attributable to types 16 and 18 (14).  HPV types 31, 33, 45, 52, and 58 account for an 

additional 12% of these cancers (14).  An additional two common HPV types, 6 and 11, 

are non-oncogenic but cause 86% of genital warts cases and, rarely, cases of laryngeal 

papillomas (3, 16). 
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Fortunately, vaccines are available that can protect against the most prevalent 

oncogenic and non-oncogenic disease types (3).  Nine-valent human papillomavirus 

vaccine (9vHPV) was approved by the Food and Drug Administration (FDA) in 

December 2014 and recommended by the Advisory Committee on Immunization 

Practices (ACIP) in February 2015 (17, 18).  Previously, quadrivalent (4vHPV) and 

bivalent (2vHPV) forms of the vaccine had been licensed for use (3).  2vHPV prevents 

disease caused by HPV types 16 and 18; 4vHPV additionally offers protection against 

HPV types 6 and 11 (19, 20).  9vHPV includes HPV types 31, 33, 45, 52, and 58, as well 

as those contained in the other two HPV vaccines (21). 

Infection with the HPV types against which these three vaccines offer protection 

is not uncommon in the population.  A cross-sectional study analyzing National Health 

and Nutrition Examination Survey (NHANES) data collected on 4,943 individuals from 

the two years immediately prior to HPV vaccine introduction (2005 and 2006) suggested 

high levels of natural exposure (22).  Average seroprevalence among individuals ages 14 

to 59 for any (i.e., oncogenic or non-oncogenic) of the nine HPV types included in 

9vHPV was 40.5% for females and 19.4% for males (22).  Seroprevalence for any of the 

seven oncogenic HPV types included in this vaccine was 30.0% and 11.9% among 

females and males, respectively (22).  For 4vHPV, a separate study analyzing additional 

years of NHANES data (2003-2006) collected on 8,767 individuals found average 

seroprevalence for the four included HPV types to be 31.8% for women and 12.9% for 

men (23).  Finally, for 2vHPV, the previously mentioned study that analyzed 9vHPV 

found average seroprevalence for HPV types 16 and 18 was 18.3% among females and 

6.6% among males (22). 
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HPV vaccines exhibit excellent immunogenic profiles and are highly effective at 

preventing disease (24-27).  With regard to immunogenicity, at least 99.5% of women not 

previously infected with HPV types covered by each of 9vHPV, 4vHPV, and 2vHPV 

undergo seroconversion to the included vaccine types within one month after 

administration of the third dose (24-26).  With regard to vaccine effectiveness, several 

randomized, international, double-blind controlled trials have contributed to current 

knowledge (24-26, 28).   One study of 14,215 women between the ages of 16 and 26 

found that, among women administered 9vHPV who did not have serological and/or 

DNA evidence of infection with HPV types 6, 11, 16, 18, 31, 33, 45, 52, or 58 at baseline 

or month 7 (representative of the beginning and end of the vaccination period), there was 

a 96.7% reduction in risk of high-grade cervical, vulvar, and vaginal disease associated 

with HPV types 31, 33, 45, 52, and 58, compared to 4vHPV (25).  Similarly, there was a 

96.3% reduction in risk of high-grade (grade 2 or 3) cervical epithelial neoplasia, 

adenocarcinoma in situ, and invasive cervical carcinoma (a substitute endpoint for 

cervical cancer) related to these five HPV types when comparing groups administered 

these two vaccines (25, 26). 

For 4vHPV, a separate study of 5,455 women between the ages of 16 and 24 

found that, among women who did not have virologic evidence of infection with HPV 

types 6, 11, 16, or 18 at baseline through month 7, efficacy in preventing vulvar, vaginal, 

perineal, and perianal intraepithelial lesions or warts caused by HPV types included in the 

vaccine was 100%, compared to placebo (24).  An additional study of 12,167 women 

between the ages of 15 to 26 found that, among women who did not have virologic 

evidence of infection with HPV type 16 or 18 at baseline or month 7, administration of 
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4vHPV led to a 98% reduction in risk of high-grade cervical intraepithelial neoplasia, 

adenocarcinoma in situ, and invasive cervical carcinoma associated with HPV types 16 or 

18, compared to placebo (28).  Finally, for 2vHPV, a study of 16,162 women between the 

ages of 15 to 25 years found that, among women who did not have serologic and/or DNA 

evidence of infection with HPV type 16 or 18 at baseline or month 6, bivalent HPV 

vaccine led to a 92.9% reduction in risk of high-grade cervical intraepithelial neoplasia, 

adenocarcinoma in situ, and invasive carcinoma associated with these HPV types, 

compared to hepatitis A vaccine (26). 

HPV vaccination is recommended at age 11 or 12 for both males and females (4, 

17, 29).  In June 2006 (females) and October 2011 (males), ACIP recommended a three-

dose immunization schedule, with the doses administered at 0, 2, and 6 months (4, 29).  

In October 2016, ACIP updated its recommendations for females and males age nine 

through 14 (30).  Individuals beginning the vaccine series in this age range should now 

follow a two-dose schedule, with the doses administered between six and 12 months apart 

(30).  The recommendation to follow a three-dose schedule still holds for those initiating 

the vaccine series upon or after turning 15, as well as for immunocompromised 

individuals (30).  ACIP additionally recommends HPV vaccination for females between 

the ages of 13 and 26, and males between the ages of 13 and 21, not previously 

administered vaccine or who received insufficient doses (4, 17, 29).  Although it is not 

recommended that pregnant women receive the HPV vaccine, some women of 

childbearing age might be inadvertently exposed during this catchup vaccination (5-7). 

The three HPV vaccines are considered to have an acceptable safety record in the 

general population, with the most common adverse events (AEs) being mild in nature 
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(31).  Pooled clinical trial data submitted to the FDA for vaccine approval suggested the 

most common local AE following 2vHPV, 4vHPV, and 9vHPV vaccination is injection 

site pain (19-21).  For 2vHPV, 91.8% of females age 10-25 experienced injection site 

pain following vaccination, compared to 87.2% of subjects administered an adjuvant 

control, in studies with a combined total of over 23,500 subjects (19).  Seven clinical 

trials of 4vHPV with a combined total of over 18,000 subjects showed slightly lower 

proportions; 83.9% of females age 9-26 experienced injection site pain following 

vaccination, compared to 75.4% of subjects administered an adjuvant control (20).  

Finally, in seven clinical trials of 9vHPV with a combined total of over 15,500 subjects, 

89.3% and 89.9% of females age 9-15 and 16-26, respectively, experienced injection site 

pain following vaccination (21).   

For systemic AEs, fatigue was most common following vaccination with 2vHPV 

and headache was most common following vaccination with 4vHPV and 9vHPV (19-21).  

For 2vHPV, 55.0% of females experienced fatigue within 7 days of vaccination, 

compared to 53.6% of subjects administered an adjuvant control (19).  For 4vHPV, 

28.2% of females age 9-26 experienced headache within one to 15 days after vaccination, 

compared to 28.4% of subjects administered an adjuvant control or saline placebo (20).  

Finally, for 9vHPV, 11.4% and 14.6% of females age 9-15 and 16-26, respectively, 

experienced headache within one to 15 days after vaccination with any dose of 9vHPV 

(21). 

Serious AEs occurred in 6.4%, 0.8%, and 2.3% of subjects following 

administration of 2vHPV, 4vHPV, and 9vHPV respectively (19-21).  Death following 

HPV vaccination was rare; only 0.05% of subjects administered 2vHPV and 0.1% of 
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subjects administered 4vHPV died (19, 20).  The most common cause of death for both 

groups was motor vehicle accident (19, 20).  For 9vHPV, fewer than 0.05% of subjects 

died, and no deaths were considered vaccine-related (21). 

HPV vaccines are not recommended during pregnancy (5).  Although the vaccine 

has not been causally associated with adverse outcomes of pregnancy or AEs in the 

developing fetus, data on vaccination during pregnancy are limited (4).  Prior studies 

assessing AEs following 2vHPV and 4vHPV administration during pregnancy have not 

revealed any concerning patterns of pregnancy-specific or infant/neonatal outcomes 

following vaccine administration (6, 7, 32-36), with the exception of one study of 4vHPV 

(37).   

To assess AEs following administration of 2vHPV in the general population, as 

well as specifically among pregnant women, Angelo et al. conducted a pooled analysis of 

data from 42 clinical studies in 40 countries (34).  The results did not indicate a 

statistically significant difference in risk of spontaneous abortion among those 

administered 2vHPV from 60 days before pregnancy through the end of pregnancy and 

those administered a control (34).  Percentages of birth defects, mean birth weight, and 

mean gestational age at time of delivery were found to be similar for newborns of women 

in both groups (34).  In another study of 2vHPV, Baril et al. analyzed Clinical Practice 

Research Datalink General Practice Online Database medical records of 1,169 women 

between the ages of 15 and 25 living in the United Kingdom (35).  Overall hazards of 

spontaneous abortion (according to the U.S. definition) did not differ statistically 

significantly between the unexposed group (those administered 2vHPV four to 18 months 

before pregnancy) and either exposed group (those administered 2vHPV from 30 days 
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before pregnancy through 45 days after pregnancy and those administered 2vHPV from 

30 days before pregnancy through 90 days after pregnancy) (35).  The odds of preterm 

birth, small size for gestational age, and birth defects among unexposed women were not 

found to differ statistically significantly from those in either exposed group (35).  Finally, 

Panagiotou et al. analyzed data from a randomized control trial of 4,864 women (7,466 

pregnancies) between the ages of 18 and 25 living in Costa Rica, as well as 2,836 

unvaccinated women, to assess rates of spontaneous abortion following 2vHPV 

administration (36).  Overall, no statistically significant differences in risk were observed 

between the unexposed groups (women vaccinated with Hepatitis A vaccine and 

unvaccinated women) and either exposed group (those administered 2vHPV from 89 

days before conception through 89 days after conception and those administered 2vHPV 

at any time point relative to conception) (36).  

Studies of 4vHPV have yielded similar findings.  Goss et al. analyzed 1,752 

prospective reports of 4vHPV exposure during pregnancy from the United States, 

Canada, and France submitted to the vaccine manufacturer (Merck and Co., Inc.) registry 

(7).  This study did not find any concerning patterns of spontaneous abortions, fetal 

deaths, or birth defects following vaccine administration (7).  Similarly, no unusual 

patterns of these, or other (e.g., stillbirth, breech presentation), pregnancy-specific or 

infant/neonatal outcomes were observed by Moro et al. in a study that analyzed 147 non-

manufacturer AE reports submitted to the Vaccine Adverse Event Reporting System 

(VAERS), a national post-licensure vaccine safety surveillance system (6, 38).  

Additionally, no concerning patterns of non-pregnancy specific outcomes (e.g. fever, 

nausea) were observed (6).   
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In a study by Scheller et al., data from the Danish Childhood Vaccine Database, 

Danish National Prescription Registry, and other Danish health and demographic 

registries were linked in part to determine HPV vaccination status for all women who 

were pregnant in Denmark during the study period (32).  Vaccinated pregnant women 

and unvaccinated pregnant women were matched, allowing for the calculation of hazard 

and prevalence odds ratios (32).  The study did not find a statistically significant 

difference in risk of spontaneous abortion, preterm birth, major birth defects, small size 

for gestational age, or low birth weight between women who did and did not receive 

4vHPV during pregnancy (32).  Finally, Lipkind et al. used Vaccine Safety Datalink data 

to compare outcomes of women who received 4vHPV during pregnancy or during the 

periconceptional period to those who received at least one dose of 4vHPV four to 18 

months prior to becoming pregnant but not while pregnant or in the periconceptional 

period (33).  The study found that the risks of preterm birth, major birth defects, small 

size for gestational age, and adverse maternal obstetric outcomes did not differ 

statistically significantly between groups (33).  To our knowledge, only one study has 

found a noticeable difference in percentages of spontaneous abortions between African 

American women administered 2vHPV and a placebo (20.0% vs. 6.4%) (37).  However, 

it is possible that differences in baseline characteristics between the two groups may have 

contributed to this finding (37).    

Overall, these multiple studies of 2vHPV and 4vHPV have yielded consistent 

findings that are informative for healthcare providers and pregnant women alike.  

However, 9vHPV should be evaluated separately.  Nine-valent HPV vaccine has been the 

only HPV vaccine distributed in the United States since late 2016 (30).  Additionally, 
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while vaccination with both 2vHPV and 4vHPV has been shown to induce inflammatory 

nodules in mice, histological, injection site cytokine, and serum cytokine patterns have 

diverged for these two vaccines, potentially due in part to adjuvant differences (39, 40).  

9vHPV, which has a different adjuvant quantity/formulation than either of the other two 

vaccines, may elicit unique inflammatory responses (3). 

To our knowledge, no studies have addressed inflammatory response in pregnant 

women following HPV vaccination.  However, results from a descriptive study of 46 

pregnant women receiving trivalent influenza virus vaccine illustrate the potential for 

vaccination to elicit inflammatory responses in this group (41).  The authors reported 

statistically significant increases in C-reactive protein (CRP) one and two days after 

vaccination, as well as a marginally significant increase in TNF-α two days after 

vaccination (41).  Observed associations between pregnancy and decreased inflammatory 

responses in human and animal models have been interpreted as illustrating a possible 

mechanism by which the maternal immune system may avoid rejecting a fetus (41-47).  

Inflammation, therefore, could be positively correlated with risk of AEs among pregnant 

women (41, 48-51). 

Initial pre-licensure clinical study data did not indicate an increased risk of 

spontaneous abortion or major birth defect when 9vHPV was inadvertently administered 

to pregnant women (21).  However, these data were limited by insufficient power to 

study less common pregnancy-specific conditions.  This study aims to assess the 

frequency of these and other adverse outcomes within a larger patient population to 

gauge the safety of 9vHPV administration during pregnancy. 
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Introduction: There are over 79 million prevalent cases of human papillomavirus (HPV) 

in the United States (1).  Chronic cases of HPV can cause cervical, vulvar, vaginal, 

penile, anal, and oropharyngeal cancers (2).  Nine-valent human papillomavirus vaccine 

(9vHPV) can protect against the most prevalent disease types (3).  Although the HPV 

vaccine has not been causally associated with adverse outcomes of pregnancy or adverse 

events (AEs) in the developing fetus, it is not recommended that pregnant women receive 

it (4, 5).  However, some women of childbearing age might be inadvertently exposed 

during catchup vaccination (5-7).  This study aims to assess the safety of 9vHPV 

administration during pregnancy.  

 

Methods: We searched the Vaccine Adverse Event Reporting System (VAERS) 

database, a national post-licensure vaccine safety surveillance system, for reports of 
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pregnant women vaccinated with 9vHPV in the United States between December 10, 

2014 and December 31, 2017 (8).  Reports and corresponding medical records (when 

available) were reviewed.  AEs were characterized as primary maternal, secondary 

maternal, primary infant, or secondary infant.  Primary maternal AEs were further 

classified as pregnancy-specific or nonpregnancy-specific.  Vaccination errors were 

noted.  Frequencies and percentages of AEs and vaccination errors were computed, and 

disproportionate reporting of AEs was assessed using proportional reporting ratios 

(PRRs) (9, 10). 

 

Results: A total of 80 pregnancy reports were identified.  Sixty reports (73.2%) did not 

describe an AE and were submitted due to vaccine exposure during pregnancy.  The most 

frequently reported pregnancy-specific AE was spontaneous abortion (n = 3; 3.7%), 

followed by vaginal bleeding (n = 2; 2.4%).  Among nonpregnancy-specific AEs, 

injection site reaction (n = 3; 3.7%) was most common.  Just over one-fifth of reports 

described a vaccination error (n = 17; 21.3%).  The PRR analyses comparing 9vHPV and 

4vHPV vaccines, as well as 9vHPV and inactivated influenza vaccines, did not reveal 

disproportional reporting for any AE.  Only codes for non-clinically important events 

exceeded the PRR threshold. 

 

Discussion: No AE clusters or patterns of concern were observed among these pregnancy 

reports.  CDC routinely monitors the safety of 9vHPV in the U.S. and will continue to 

monitor the safety of this vaccine in pregnancy (11). 
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Introduction 

Human papillomavirus (HPV) is estimated to account for over 70% of sexually 

transmitted infections in the United States (1).  As such, it is the most common sexually 

transmitted infection, with over 79 million prevalent, and 14 million annual incident, 

cases (1).  The average lifetime probability of acquiring HPV is over 80% (12). 

Many cases of HPV are asymptomatic, and individuals that acquire the infection 

often spontaneously clear it without health consequences (13).  However, chronic cases 

of HPV can cause poor health outcomes such as cervical, vulvar, vaginal, penile, anal, 

and oropharyngeal cancers (2).  Eighty percent of cases of HPV-associated cancer caused 

by HPV are attributable to types 16 and 18 (14).  HPV types 31, 33, 45, 52, and 58 

account for an additional 12% of these cancers (14).  An additional two common HPV 

types, 6 and 11, are non-oncogenic but cause 86% of genital warts cases and, rarely, 

cases of laryngeal papillomas (3, 16). 

Fortunately, vaccines are available that can protect against the most prevalent 

oncogenic and non-oncogenic disease types (3).  Nine-valent human papillomavirus 

vaccine (9vHPV) was approved by the Food and Drug Administration (FDA) in 

December 2014 and recommended by the Advisory Committee on Immunization 

Practices (ACIP) in February 2015 (17, 18).  It includes HPV types 6, 11, 16, 18, 31, 33, 

45, 52, and 58 (21).  Previously, quadrivalent (4vHPV) and bivalent (2vHPV) forms of 

the vaccine had been licensed for use (3).   

The three HPV vaccines are considered to have an acceptable safety record in the 

general population, with the most common adverse events (AEs) being mild in nature 

(31).  Pooled clinical trial data submitted to the FDA for vaccine approval suggested the 
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most common local AE following 2vHPV, 4vHPV, and 9vHPV vaccination is injection 

site pain (19-21).  Fatigue is the most common systemic AE following vaccination with 

2vHPV, and headache is the most common systemic AE following vaccination with 

4vHPV and 9vHPV (19-21).   

Although the HPV vaccine has not been causally associated with adverse 

outcomes of pregnancy or AEs in the developing fetus, it is not recommended that 

pregnant women receive the HPV vaccine (4, 5).  However, some women of childbearing 

age might be inadvertently exposed during catchup vaccination (5-7).  Prior studies 

assessing AEs following 2vHPV and 4vHPV administration during pregnancy have not 

revealed concerning patterns of pregnancy-specific or infant/neonatal outcomes following 

vaccine administration (6, 7, 32, 33).  However, 9vHPV should be evaluated separately.  

Nine-valent HPV vaccine has been the only HPV vaccine distributed in the United States 

since late 2016 (30).  Additionally, while vaccination with both 2vHPV and 4vHPV has 

been shown to induce inflammatory nodules in mice, histological, injection site cytokine, 

and serum cytokine patterns have diverged for these two vaccines, potentially due in part 

to adjuvant differences (39, 40).  9vHPV, which has a different adjuvant 

quantity/formulation than either of the other two vaccines, may elicit unique 

inflammatory responses (3).   

Initial pre-licensure clinical study data did not indicate an increased risk of 

spontaneous abortion or major birth defect when 9vHPV was inadvertently administered 

to pregnant women (21).  However, these data were limited by insufficient power to 

study less common pregnancy-specific conditions.  This study aims to assess the 
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frequency of these and other adverse outcomes within a larger patient population to 

gauge the safety of 9vHPV administration during pregnancy.  

 

 

 

Methods 

Data source 

The Vaccine Adverse Event Reporting System (VAERS) is a national post-

licensure vaccine safety surveillance system jointly operated by the Centers for Disease 

Control and Prevention (CDC) and the Food and Drug Administration (FDA) (8).  One of 

its main purposes is to identify possible vaccine safety signals, such as those that may be 

missed in pre-licensure clinical trials given an AE’s rare nature (8, 52, 53).  

Manufacturers are required to report all post-vaccination AEs of which they become 

aware, while healthcare providers are required to report those AEs from the vaccine 

injury table and are encouraged to report any AE they believe may be causally associated 

with the vaccine (8, 54, 55).  Others, such as parents of patients and patients themselves, 

are encouraged to report voluntarily (8).  AEs described in VAERS reports are often 

temporarily associated with vaccination and may or may not include conditions caused by 

vaccination (8, 56).  VAERS is not designed to assess for causality between an AE and a 

vaccine, and only rarely can the AE be assessed in VAERS (8, 56).  Additionally, not all 

reports describe AEs, and some may describe a vaccination error (e.g., vaccine 

administered to patient of inappropriate age). The signs, symptoms, and vaccination 

errors described in each report are coded with one or more terms using a clinically 

validated international medical terminology dictionary known as the Medical Dictionary 

for Regulatory Activities (MedDRA) (57).  Report severity is determined on the basis of 
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criteria established by the Code of Federal Regulations (55).  AEs that result in death, 

hospitalization, prolongation of hospitalization, life-threatening illness, or disability or 

permanent damage are categorized as serious (55). 

 

Report search 

We searched the VAERS database for reports of pregnant women vaccinated with 

9vHPV in the United States between December 10, 2014 and December 31, 2017 

(received by January 12, 2018).  The following search strategies were used: (1) looked 

for MedDRA preferred terms containing any of the following: “drug exposure during 

pregnancy,” “exposure during pregnancy,” and “maternal exposure during pregnancy,” 

(2) performed a text string search for the term “preg” within the symptom description, 

illness at time of vaccination, and pre-existing illness variables, and (3) looked for reports 

for which the reporter had answered “yes” to the question “Is the report about vaccine(s) 

given to a pregnant woman?” (6). 

 

Report review 

All reports and corresponding medical records (when available) were reviewed to 

extract information on pregnancy status at time of vaccination, AEs, AE severity, 

vaccination errors, and date of last menstrual period or expected date of delivery (6).  Our 

search strategy yielded information on vaccination date, maternal age at time of 

vaccination, vaccines administered concomitantly, and reporter type.  Reports that 

indicated a patient was not pregnant at the time of vaccination or received 9vHPV more 

than a month prior to becoming pregnant were excluded (6).  
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AEs were characterized as primary maternal, secondary maternal, primary infant, 

or secondary infant AEs.  Primary AEs were the main diagnoses determined by the 

reviewer based on information in the VAERS report and/or medical records (when 

available).  If multiple maternal and/or infant AEs were reported for the same person, the 

one with the greatest clinical significance was selected as primary and the others were 

listed as secondary (6).  Reports of women receiving 9vHPV after experiencing AEs or 

that described AEs associated with administration of an HPV vaccine other than 9vHPV 

were excluded.  Primary maternal AEs were further classified as pregnancy-specific or 

nonpregnancy-specific.  Pregnancy-specific AEs of interest included spontaneous 

abortion (fetal demise < 20 weeks gestation), stillbirth (fetal demise ≥ 20 weeks 

gestation), and preterm delivery (live birth ≤ 37 weeks gestation) (58, 59).  No specific 

assessment was made to investigate causality between reported AEs and 9vHPV (6). 

Vaccination errors were noted when explicitly mentioned by the reporter or after 

review of the VAERS report.  These errors were defined as follows: wrong drug 

administered (patient was administered 9vHPV when she should have been administered 

a different vaccine), drug administered to a patient of inappropriate age (patient was over 

the age of 26 when administered her first dose of HPV vaccine), inappropriate schedule 

of drug administration (doses of HPV vaccine did not follow the recommended 0, 2, and 

6 month schedule or 0 and 6-12 month schedule, depending on the age of the patient), 

and extra dose administered (patient had already received three doses of HPV vaccine) 

(4, 30, 60). 

Gestational age at the time of vaccination was calculated based on the date of a 

woman’s last menstrual period, expected date of delivery, or gestational age noted by the 
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reporter if neither of the other dates were given (61).  This value was used to determine 

trimester of pregnancy, which was defined as follows: first (0-13 weeks), second (14-27 

weeks), third (28+ weeks) (62). 

 

Report analysis 

Frequencies and percentages of AEs and vaccination errors were computed using 

SAS version 9.4 (SAS Institute Inc., Cary, NC).  We assessed disproportionate reporting 

of AEs using proportional reporting ratios (PRRs), with the goal of determining whether 

any safety signals existed for 9vHPV (9, 10).  This method compared proportions of 

MedDRA terms after 9vHPV administration during pregnancy to proportions of the same 

MedDRA terms after both 4vHPV and inactivated influenza vaccine administration 

during pregnancy (9).  For the comparison between 9vHPV and 4vHPV, reports that 

indicated vaccination with both HPV vaccines were excluded.  For the comparison 

between 9vHPV and influenza vaccine, reports of 9vHPV vaccination were excluded 

from the numerator if influenza vaccine was co-administered.  Similarly, reports of 

influenza vaccination were excluded from the denominator if 9vHPV or 4vHPV was co-

administered.  4vHPV is the precursor of 9vHPV and, because of their similar indications 

and composition, it was the natural comparison vaccine to use for 9vHPV (3).  Influenza 

vaccines are recommended to be administered at any time during pregnancy, and their 

safety profile in pregnancy is better known than for most other vaccines (63, 64). 

However, the characteristics of pregnant women receiving influenza vaccines are 

different from those of pregnant women receiving 9vHPV since the indication and 

circumstances in which exposure occurs differ for these vaccines (3, 6, 63).  
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For both vaccine comparisons, we used VAERS reports identified for previous 

studies (6, 65, 66).  For the 4vHPV comparison, we ran two separate analyses, one of 

which included, and one of which excluded, manufacturer reports, for the sake of 

comparability with a similar previous study (6).  For the inactivated influenza vaccine 

comparison, reports for which live vaccines were administered concomitantly with 

influenza vaccines were excluded as these are contraindicated during pregnancy (67).  

MedDRA terms with disproportionately higher reporting after 9vHPV compared to 

4vHPV were assessed using the criteria of Evans et al. (PRR ≥ 2, Yates χ2 ≥ 4, and at 

least 3 reports in the 9vHPV group) (9).  VAERS is a routine, government-sponsored 

surveillance system that does not meet the definition of research as stipulated in 45 CFR 

46.102(d) (6, 68).  Therefore, this investigation was not subject to institutional review 

board review or informed consent requirements (6). 

 

 

 

Results 

Our search strategy yielded a total of 127 reports of pregnant women vaccinated 

with 9vHPV in the United States between December 10, 2014 and December 31, 2017.  

Forty-seven reports were excluded because either the report did not meet study criteria (n 

= 44) or because the vaccine timing was inappropriate for the study (n = 3) (Figure 1).  

Therefore, a total of 80 true pregnancy reports were identified and reviewed, two of 

which described both maternal and infant AEs, which were considered separately.  The 

greatest number of reports were received in 2016 (Figure 2).  Nearly all reports were 

submitted by the vaccine manufacturer (n = 62; 77.5%) or healthcare provider (n = 16; 
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20.0%) (Table 1).  In three-fourths of the reports, 9vHPV was administered during the 

first trimester of pregnancy (n = 45; 75%) (Table 1).  Median age of gestation was 6.1 

weeks and median maternal age at the time of vaccination was 21.5 years (Table 1).  

Additional demographic and report characteristics are described in Table 1. 

 Sixty reports (73.2%) did not describe an AE and were submitted due to vaccine 

exposure during pregnancy (Table 2).  No maternal or infant deaths were reported.  The 

most frequently reported pregnancy-specific AE was spontaneous abortion (n = 3; 3.7%), 

followed by vaginal bleeding (n = 2; 2.4%) (Table 1).  Among nonpregnancy-specific 

AEs, injection site reaction (n = 3; 3.7%) was most common (Table 2).  Three infant AEs 

were reported (Table 2). 

 Just over one-fifth of reports described a vaccination error (n = 17; 21.3%).  Of 

these, only six reported an AE, which included: injection site reaction (n = 2), 

spontaneous abortion (n = 1), polyhydramnios (n = 1), proteinuria (n = 1), and an 

unspecified AE (n = 1).  Five reports (29.4%) each indicated incorrect vaccine 

administration, vaccine administration to a patient of inappropriate age, and inappropriate 

schedule of vaccine administration (Table 3).  Among reports for which the wrong 

vaccine was administered, four (23.5%) indicated that the patient should have received 

Tdap and one (5.9%) indicated the patient should have received influenza vaccine.  Two 

of these reports (11.8%) additionally indicated that 9vHPV was administered to a woman 

greater than age 30.  Among reports for which the sole vaccination error was vaccine 

administration to a patient of inappropriate age, two (11.8%) indicated 9vHPV was 

administered to a patient age 27-30, two (11.8%) indicated a patient age 31-35, and one 

(5.9%) indicated a patient age 36-40. Among reports for which an extra dose of vaccine 
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was administered, one (5.9%) indicated the patient had previously received three doses of 

4vHPV and one (5.9%) indicated the patient had previously received three doses of 

9vHPV. 

 The PRR analyses comparing 9vHPV and 4vHPV vaccines, as well as 9vHPV 

and inactivated influenza vaccines, did not reveal disproportional reporting for any AE.  

Only MedDRA codes for non-clinically important events exceeded the PRR threshold 

(e.g. “exposure during pregnancy,” “no adverse event,” “pregnancy test urine positive”) 

(Table 4). 

 

 

 

Discussion 

During the period of this review, VAERS received 2,068 reports of females who 

were administered 9vHPV, of which 4% were pregnant.  No AE clusters or patterns of 

concern were observed among these pregnancy reports.  Nearly three-fourths of reports 

did not describe an AE and were likely submitted because 9vHPV is not recommended in 

pregnant women (5).  Most 9vHPV pregnancy reports were received during 2016 and 

2017, and, when considered alongside 4vHPV reporting trends, illustrate a Weber-like 

effect, likely due to past media attention surrounding 4vHPV (Figure 2) (69, 70).  The 

Weber effect is an epidemiologic phenomenon whereby reporting rates peak in the 

second year following the marketing of a new product (or product perceived to be new) 

and then decline, despite constant prescribing rates (69).  Similar phenomena have been 

observed with other vaccines (65). 

Among reports describing an AE, the pregnancy-specific conditions most 

frequently reported were spontaneous abortion and vaginal bleeding, both of which are 



21 
 

relatively common during pregnancy generally.  Estimates suggest that between 10% and 

20% of pregnancies result in spontaneous abortion and approximately 12% of pregnant 

women experience vaginal bleeding (71-73).  A previous review of 4vHPV pregnancy 

reports in VAERS also found that spontaneous abortion was the most commonly reported 

pregnancy-specific AE (6).  Additionally, data from the Merck pregnancy registry for 

4vHPV indicated that rates of spontaneous abortion were not higher than background 

rates in the general pregnant population (7). 

Among nonpregnancy-specific AEs, the most commonly reported condition was 

injection site reaction, which is a known side effect of 9vHPV (21).  All other reported 

AEs were diverse in nature and only affected a single mother or infant.  While 

vaccination errors were not uncommon, only about a third of reports indicating a 

vaccination error also described an AE, the most common of which was of minimal 

concern (injection site reaction). 

 The proportional reporting ratio analyses did not yield any clinically important 

safety signals.  4vHPV was chosen for comparison to 9vHPV given the vaccine 

similarities in terms of recommended vaccination ages, recommendation that pregnant 

women do not receive the vaccine, and likelihood that most inadvertent vaccination 

would occur during the first trimester, when women may be unaware of their pregnancy 

status (3, 6).  Influenza vaccine does not represent an ideal comparison group given that, 

unlike 9vHPV, it is recommended for all individuals 6 months of age and older, as well 

as at any time during pregnancy, and therefore is likely to be administered in roughly 

equal proportions across all three trimesters (3, 63).  However, it was included as a 

comparison vaccine in the PRR analysis given its reassuring safety record (74).  
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Disproportionate reporting was only observed for non-clinically important MedDRA 

codes, but it is important to note that MedDRA preferred terms (PTs) may change over 

time and certain PTs may not have been in use during all vaccination time periods (Paige 

Lewis, CDC, “Personal Communication,” 2018).  Awareness of this change is important 

in interpreting observed reporting patterns.  For example, the PT “exposure during 

pregnancy” was more frequently reported after 9vHPV than 4vHPV; however, this 

finding may be explained by the fact that this PT did not exist from 2006-2012 (Paige 

Lewis, CDC, “Personal Communication,” 2018). 

 The results of this study are in line with those of initial pre-licensure 9vHPV 

clinical study data, which did not indicate increased risks of spontaneous abortion or 

major birth defect when the vaccine was inadvertently administered to pregnant women 

(21).  They are also in line with prior studies assessing AEs following 4vHPV 

administration during pregnancy that have not revealed any concerning patterns of 

pregnancy-specific or infant/neonatal outcomes following vaccine administration (6, 7, 

32, 33).  An analysis of prospective reports of vaccine exposure during pregnancy from 

the United States, Canada, and France submitted to the vaccine manufacturer (Merck and 

Co., Inc.) registry did not find any concerning patterns of spontaneous abortions, fetal 

deaths, or birth defects following vaccine administration (7).  An analysis of data from 

the Danish Childhood Vaccine Database, Danish National Prescription Registry, and 

other Danish health and demographic registries did not indicate a statistically significant 

difference in risk of spontaneous abortion, preterm birth, major birth defects, small size 

for gestational age, or low birth weight between women who did and did not receive 

4vHPV during pregnancy (32).  Finally, a Vaccine Safety Datalink study comparing 
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outcomes of women who received 4vHPV during pregnancy or during the 

periconceptional period to those who received at least one dose of 4vHPV four to 18 

months prior to becoming pregnant but not while pregnant or in the periconceptional 

period found that the risks of preterm birth, major birth defects, small size for gestational 

age, and adverse maternal obstetric outcomes did not differ statistically significantly 

between groups (33).  To our knowledge, only one study has found substantial 

differences in percentages of spontaneous abortions between African American women 

administered 4vHPV and a placebo (20.0% vs. 6.4%) (37).  However, it is possible that 

differences in baseline characteristics between the two groups may have contributed to 

this finding (37).  Overall, studies of 4vHPV have failed to demonstrate higher risks of 

AEs following vaccination during pregnancy, and the current study replicates this finding 

with 9vHPV. 

VAERS strengths lie in its flexibility and ability to quickly detect rare and/or 

previously unrecognized AEs (75).  This national system can provide near real-time 

information on the safety of vaccines (38).  However, it has a number of important 

limitations, which in this study included lack of complete data and accuracy of reports 

(8).  For example, some individuals who submitted the VAERS form did not supply all 

information relevant to the study (e.g., last menstrual period, which would have allowed 

for the calculation of gestational age at time of vaccination and trimester of pregnancy).  

VAERS does not collect information on the number of 9vHPV pregnant vaccinees; 

therefore, it is not possible to calculate rates of AEs among pregnant women receiving 

9vHPV (38).  Underreporting or overreporting can be problematic, the first due to the 

voluntary nature of report submission and the second due to media attention and/or the 
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severity of the AE; serious reports are thought to be reported more frequently than non-

serious reports (8, 38).  In our study, the relatively small number of spontaneous abortion 

reports submitted likely represents substantial underreporting of this event, given the 

relative frequency of this event during pregnancy (71, 72). 

 

Conclusion 

9vHPV is not recommended during pregnancy; however, because of the age 

group in which it is indicated, may be inadvertently administered to pregnant women (5).  

Therefore, monitoring the safety of the vaccine in this subpopulation is important.  The 

findings of this study are reassuring as no clusters or concerning patterns of AEs were 

observed.  CDC routinely monitors the safety of 9vHPV in the U.S. and will continue to 

monitor the safety of this vaccine in pregnancy (11).(76) 
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Table 1. U.S. VAERSa Reports in Pregnant Women Following 9vHPV 
Administration, 2014-2017 (n = 80) 

Characteristic  

Maternal age in years, median (range)b 21.5 (12-38) 

Gestational age at time of vaccination in weeks, median (range)c 6.1 (0.0-37.1) 

Trimester of pregnancy at time of vaccination (n = 60)d  

First (0-13 weeks), n (%) 45 (75.0) 

Second (14-27 weeks), n (%) 7 (11.7) 

Third (28+ weeks), n (%) 8 (13.3) 

Serious reports, n (%)e 0 (0.0) 

Reports of 9vHPV given with other vaccines, n (%)f 20 (25.0) 

No. of reports of 9vHPV given with at least one live vaccine, n (%) 8 (10.0) 

Type of reporter  

Manufacturer, n (%) 62 (77.5) 

Healthcare provider, n (%) 16 (20.0) 

Other, n (%) 2 (2.5) 

a Vaccine Adverse Event Reporting System 

b Maternal age was missing for 18 reports 

c Gestational age at time of vaccination was either not reported or unknown for 25 reports 

d Trimester of pregnancy at time of vaccination was either not reported or unknown for 20 reports 

e Six reports were coded as serious; however, upon clinical review, it was determined that these 
described other medically important conditions that did not meet serious report criteria per the Code of 
Federal Regulations 

f Most common vaccines given concomitantly with 9vHPV were meningitis (Menactra) in 8 (15.4%) 
reports, hepatitis A in 7 (13.5%) reports, measles, mumps, and rubella in 7 (13.5%) reports, varicella in 
7 (13.5%) reports, and inactivated polio in 5 (9.6%) reports 
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Table 2. Primary Adverse Events in Pregnant Women 
and Infants Following Maternal 9vHPV Administration, 
VAERSa 2014-2017 (n = 80)b 

Adverse Events n % 

Pregnancy-specific outcomes   

Spontaneous abortion 3 3.7 

Vaginal bleeding 2 2.4 

Elective abortion 1 1.2 

Placenta previa 1 1.2 

Polyhydramnios 1 1.2 

Nausea/vomiting 1 1.2 

Total 9 11.0 

Nonpregnancy-specific outcomes   

Injection site reaction 3 3.7 

Malaise 1 1.2 

Elevated BMI during pregnancy 1 1.2 

Proteinuria 1 1.2 

Urinary tract infection 1 1.2 

Total 7 8.5 

Infant/neonatal outcomes   

Excessive weight loss 1 1.2 

Renal impairment and manifestations 1 1.2 

Shoulder dystocia 1 1.2 

Total 3 3.7 

Unspecified adverse event 3 3.7 

No adverse event 60 73.2 

a Vaccine Adverse Event Reporting System 

b Two reports included both maternal and infant adverse events 
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Table 3. 9vHPV Vaccination Errors in Pregnant Women, VAERSa 2014-2017 
(n = 17) 

Vaccination Error n % 

Wrong vaccine administeredb 5 29.4 

Vaccine administered to patient of inappropriate agec 5 29.4 

Inappropriate schedule of vaccine administrationd 5 29.4 

Extra dose administered 2 11.8 

a Vaccine Adverse Event Reporting System 

b Equivalent to MedDRA code "wrong drug administered" 

c Equivalent to MedDRA code "drug administered to patient of inappropriate age" 

d Equivalent to MedDRA code "inappropriate schedule of drug administration" 
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Table 4. Proportional Reporting Ratio (PRR) Analysis MedDRAa Code Signals for 

9vHPV (2014-2017) vs. 4vHPV (2006-2012) and 9vHPV (2014-2017) vs. Influenza 

(2010-2016) Comparisons, VAERSb 

MedDRA Codec 

9vHPV  

n (%) 

4vHPV 

n (%) 

Ratio of Proportions 

(95% CI) 

Exposure during pregnancy 75 (93.8) 4 (0.4) 217.27 (81.58 - 578.61) 

No adverse event 24 (30.0) 7 (0.8) 39.73 (17.67 - 89.34) 

Pregnancy test urine positive 13 (16.3) 8 (0.9) 18.83 (8.04 - 44.08) 

Ultrasound antenatal screen 4 (5.0) 4 (0.4) 11.59 (2.95 - 45.46) 

Wrong drug administeredd 5 (6.3) 10 (1.1) 5.79 (2.03 - 16.54) 

Human chorionic gonadotropin positive 4 (5.0) 0 (0.0) N/A 

Maternal exposure before pregnancy 3 (3.8) 0 (0.0) N/A 

    

 

9vHPV  

n (%) 

Influenza 

n (%) 

Ratio of Proportions 

(95% CI) 

Pregnancy test positive 14 (18.9) 8 (1.6) 12.01 (5.22 - 27.65) 

Pregnancy test urine positive 12 (16.2) 9 (1.8) 9.15 (3.99 - 20.97) 

No adverse event 22 (29.7) 59 (11.6) 2.56 (1.67 - 3.91) 

Exposure during pregnancy 70 (94.6) 237 (46.7) 2.03 (1.82 - 2.26) 

a Medical Dictionary for Regulatory Activities 

b Vaccine Adverse Event Reporting System 

c MedDRA preferred terms (PTs) may change over time and certain PTs may not have been in use during certain time 

periods 

d "Drug" refers to vaccine 
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Reports yielded by search 

strategy 

(n = 127) 

Reports included in the 
study 

(n = 80) 

Vaccine timing 
inappropriate for the study 

(n = 3) 

Vaccine administered >1 month 
prior to last menstrual period  

(n = 2) 

Vaccine administered after 
adverse event occurred  

(n = 1) 

Report did not meet the 
study inclusion criteria 

(n = 44) 

Woman who received HPV 
vaccine was not pregnant 

(n = 43) 

Woman who received HPV 
vaccine did not receive 9vHPV 

(n = 1) 

Figure 1. Flow Diagram of VAERS Reports Included and Excluded in this Study 
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Figure 2. Number of 9vHPV and 4vHPV Serious and Non-Serious Reports received in VAERS, 2006-2017 
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