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Abstract

Background: Major birth defects are important infant outcomes that have not been well studied
in the post-marketing surveillance of vaccines given to pregnant women. We assessed the presence
of major birth defects following vaccination in the Vaccine Adverse Event Reporting System, a
national spontaneous reporting system used to monitor the safety of vaccines in the United States.

Methods: We searched the VAERS database for reports of major birth defects during 1/1/1990
through 12/31/2014. We excluded birth defects from vaccines that had been studied in pregnancy
registries or other epidemiological studies.

Results: We identified 50 reports of major birth defects; in 28 reports, the vaccine was given
during the first trimester. Birth defects accounted for 0.03% of all reports received by VAERS
during the study period; reported defects affected predominately the musculoskeletal (N=10) or
nervous (N=10) systems. No unusual clusters or specific birth defects were identified after any
vaccine evaluated.

Conclusion: This review of the VAERS database found that major birth defects were
infrequently reported, with no particular condition reported disproportionally.
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Introduction

Major birth defects constitute important infant outcomes that have been assessed in a few
post-licensure safety studies for vaccines given during pregnancy, such as influenza and
tetanus toxoid, reduced diphtheria toxoid and acellular pertussis, adsorbed (A) (Tdap)
vaccines [1,2]. In addition, other vaccines that are not recommended or contraindicated in
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pregnancy have also been studied in pregnancy registries (e.g., measles, mumps, rubella
vaccine (MMR), human papillomavirus vaccine (quadrivalent) (4vHPV), anthrax) [3-7].
These safety studies have found no associations between the selected vaccines and major
birth defects. However, for vaccines not studied in pregnancy registries there are limited data
on birth defects. Studies on the safety of Tdap, hepatitis A, and meningococcal vaccines in
pregnancy reports from VAERS did not identify a pattern of concern for birth defects
following these vaccines [8-10]. However, specific birth defects can be rare events, making
their pharmacovigilance monitoring difficult. Exploring a national spontaneous reporting
database, such as VAERS, more specifically to identify birth defects after maternal
vaccination has the potential to identify concerns or associations between birth defects and
certain vaccines. In addition, studying vaccines that are not routinely recommended in
pregnancy is important since in many cases, the woman is vaccinated before she realizes she
is pregnant and most birth defects occur early in pregnancy. The objective of this study is to
assess VAERS reports of major birth defects after selected maternal vaccines and to describe
the characteristics of these reports.

Vaccine Adverse Event Reporting System (VAERS)

VAERS is a national spontaneous reporting system established in 1990 that is co-
administered by the Centers for Disease Control and Prevention (CDC) and the Food and
Drug Administration [11]. It has been described in more detail elsewhere. Briefly, VAERS
data are monitored to detect new, unexpected, or rare vaccine adverse events (AES), monitor
increases in known AEs, or detect possible safety signals which may be further investigated
in defined populations in other studies [11]. VAERS is not designed to assess causal
associations between vaccines and AEs. While the VAERS report form collects demographic
and health information, including information about the vaccination and AE experience [11],
it does not specifically collect information on pregnancy status. However, this information
may be included in free text fields. AE signs and symptoms recorded in each VAERS report
are coded by trained staff using an internationally standardized terminology from the
Medical Dictionary for Regulatory Activities (MedDRA) [12]. A symptom, sign or hon-
medical condition (e.g., social unrest) may be coded with a MedDRA code, also referred to
as a “‘preferred term’. Reports may be coded as serious if the AE resulted in any of the
following: death, hospitalization, prolonged hospitalization, life threatening illness, or
permanent disability [13]. Medical records for serious reports in VAERS are routinely
requested by a contractor and reviewed by physicians.

We searched the VAERS database for reports of birth defects in pregnant women who
received a vaccine during pregnancy from January 1, 1990 through December 31, 2014. We
conducted an automated search using methods previously published [8-10]. Briefly, we
searched for MedDRA terms—*“Drug Exposure During Pregnancy,” “Maternal Exposure
During Pregnancy,” and “Exposure During Pregnancy”—in two System Organ Classes:
“Pregnancy, Puerperium, and Perinatal Conditions” and “Congenital, Familial and Genetic
Disorders.” Reports that had at least one of these criteria were included in the dataset for
further evaluation. Non-US and duplicate reports were excluded.
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All US reports identified in the VAERS database using the search criteria above during the
study period were reviewed by CDC medical officers to assess if they were indeed birth
defects. Birth defects after (human papilloma virus) HPV, varicella, MMR, and anthrax were
excluded from further analysis for two reasons: i) the safety of these vaccines has been
studied and described in their respective pregnancy registries or through epidemiological
studies; and ii) a substantial number of reports studied in pregnancy registries have also been
submitted to VAERS; therefore, including these vaccines would duplicate the previous
analyses and potentially lead to a distorted picture of the safety profile of these vaccines. For
example, for 4vHPV, as many as 72% of pregnancy reports received by VAERS were from
the manufacturer pregnancy registry [14]. A medical officer with expertise in birth defects
was consulted to assist in the assessment of those reports where it was not clear if a birth
defect was present and to classify them as major or minor defects. We identified the birth
defect based on the description provided in the VAERS form and/or in the medical record, if
it was available. We categorized each birth defect into a classification based on the organs
and/or systems affected. If several birth defects affecting different systems were described,
we classified those as multiple body systems.

Gestational ages at the time of vaccination and at the time of the AE were calculated based
on the information provided in the VAERS form or medical record. We used the following
definition for trimesters: first (0-13 weeks), second (14-27 weeks), and third (28+ weeks)
[15].

Data mining

We used empirical Bayesian (EB) data mining [16] to identify birth defects reported more
frequently than expected following any vaccine in the VAERS database. We used published
criteria [17,18] to identify, with a high degree of confidence, vaccine-event pairs reported at
least twice as frequently as would be expected (i.e., lower bound of the 90% confidence
interval surrounding the EB geometric mean [EBO5] >2). We clinically reviewed those
reports containing preferred terms for birth defects that exceeded the data mining threshold
noted above.

Because VAERS is a routine surveillance system that does not meet the definition of
research, this investigation was not subject to institutional review board review and informed
consent requirements.

Results

During the period January 1, 1990 through December 31, 2014, VAERS received 440,529
reports, 158 (0.03%) of which were reports of major birth defects. Major vaccine types
included: HPV (67), varicella vaccine (VAR) (25), MMR (12), anthrax (4), trivalent
inactivated influenza vaccine (11V3) (19), (Tdap) (7), tetanus and diphtheria toxoids
adsorbed (A) (Td) (1), diphtheria and tetanus toxoids adsorbed (P) (DT) (2), diphtheria and
tetanus toxoids and acellular pertussis vaccine adsorbed (P) (DTaP) (1), hepatitis A (Hep A)
or B (Hep B) (7), influenza H1N1 inactivated (5), quadrivalent meningococcal conjugate
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vaccine (MenACWY) (3), quadrivalent inactivated influenza vaccine (11V4) (1), typhoid (1),
rubella (1), mumps (1), measles (1). One hundred eight reports of birth defects after HPV4,
varicella, MMR, and anthrax vaccines were excluded from further analysis. Table 2 shows
the body systems and specific conditions for the 50 remaining reports of major birth defects.
Data mining analysis did not reveal disproportionate reporting for any birth defect in the
VVAERS database

Discussion

We found that over a 25-year reporting period, major birth defects were infrequently
reported to VAERS, comprising 0.03% of all reports. We excluded from further analysis
reports after HPV, varicella, MMR and anthrax vaccines since pregnancy registries or
epidemiological studies have been implemented and conducted to assess the risk of birth
defects following administration of these vaccines. For the other vaccines that we evaluated,
we did not find increased or disproportionate reporting for any specific major birth defect
during the study period. A limited number of studies have assessed the risk of birth defects
after vaccination and have had reassuring findings. Most studies evaluated birth defects after
influenza vaccines and have found no safety concerns [19-22]. A smaller number of studies
have assessed Tdap vaccines given to pregnant women and no associations with birth defects
have been noted [23-25]. A recent study in the Vaccine Safety Datalink found no increased
risk of any birth defect among pregnant women vaccinated with Tdap [26]. A limitation of
many of these studies is the heterogeneity in the definitions used for birth defects across
studies, and the limited number of studies where the vaccine was given during the first
trimester. For many studies, the relatively small sample size of pregnant women makes it
difficult to assess for specific birth defects, which tend to be rare [21-22].

In this study we used a different approach by looking at VAERS, a spontaneous reporting
system, to assess for possible increased occurrence of birth defects. An advantage of VAERS
is that it is a national system, useful for studying rare adverse events following vaccination.
The limitations of this system have been amply discussed elsewhere [11]. However, the
spontaneous nature of VAERS, whereby conditions are reported after they occur and are
recognized as possibly related to the vaccine, leads to underreporting of adverse events. For
birth defects, there may be significant underreporting not only because of the spontaneous
nature of VAERS, but also due to the period of time between vaccination and delivery, and
the fact that many defects are not necessarily obvious or symptomatic immediately after
birth. VAERS does not collect data on the number of vaccinees; therefore it is not possible to
calculate the incidence or prevalence of adverse events. An approach to circumvent this
problem is to assess for disproportionate reporting of an adverse event using data mining
analysis. In this study we used empirical Bayesian data mining, which did not detect
disproportionate reporting of a preferred term denoting a birth defect following any
vaccination.

In conclusion, this review of the VAERS database for selected vaccines administered during
pregnancy found no increased reporting for any birth defect. Further studies evaluating rates
of birth defects following Tdap and influenza vaccinations will provide more specific

Birth Defects Res. Author manuscript; available in PMC 2019 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moro et al. Page 5
information on the occurrence of these events after recommended vaccines during
pregnancy.
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Table 1.

Characteristics of reports of major birth defects (N=50) ! reported to VAERS, 1990 - 2014

Maternal age in years, median (range) 28 (17-37)
Trimester of pregnancy at time of vaccination (N=45)
First trimester (0-13 weeks), n (%) 28 (62.2)
Second trimester (14-27 weeks), n (%) 14 (31.1)
Third trimester (28+ weeks), n (%) 3(6.7)

Type of vaccine given

[N
S

Trivalent inactivated influenza vaccine (11V3)

Tetanus toxoid, reduced diphtheria toxoid and acellular pertussis vaccine, adsorbed(Tdap)
Hepatitis B

2009 monovalent HIN1 inactivated influenza vaccine
Quadrivalent meningococcal conjugate vaccine (MCV4)
Quadrivalent inactivated influenza vaccine (11\VV4)
Measles

Measles, rubella

Mumps

Rubella

Oral typhoid

e e = = = I S B < )

iy
w

Vaccines given in combination with others ™

fBirth defects of vaccines already adequately studied in pregnancy registries or special studies were excluded (i.e., HPV4, varicella, MMR,
anthrax)

*
Included: two 113, Tdap and one each of 11V3, PPV; 113, HPV4; 113, HIN1 inactivated; 11V3, DTaP; DT, MMR; DT, IPV, MMR; MMR, Td;
HPV4, Tdap; MNQ, Tdap; Hib-HepB, Varicella; HPV4, HepA
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Table 2.

Number of infants with specific major birth defects and the body systems affected in reports submitted to

VAERS, 1990-2014

Page 8

Body system

N. vaccinated first trimester

=z

Musculoskeletal system
« Polydactyly
« Clubbed feet
* Amelia (born without legs)
« One hand missing
« Congenital trigger finger
« Plagiocephaly
« Absent right radius

6

N
PRRRPRPNWS

Nervous system
« Hydrocephalus
« Anencephaly
« Agenesis of corpus callosum
« Spina bifida
« Encephalocele Microcephaly

=
PNNRPEPNWoS

Circulatory system
« \entricular septal defect
« Tetralogy of Fallot
« Pulmonary hypertension, arteriovenous malformation
« Hypoplastic left ventricle
« Congenital heart disease
« Pulmonary atresia

PRRPRRPRPPEPO

Multiple body systems

« Pilonidal sinus; mildly deformed left ear lobe; left index finger with only half nail bed; mild
micrognathia & nevus flammeus

« Hypospadias; undescended testicle; skeletal abnormalities

« Ventricular and atrial septal defects; renal cyst

« Myotonic dystrophy/arthrogryposis; dilated bowel, possible bowel obstruction; cystic hygroma

« Congenital brain anomaly (not specified); claw hand

« Cleft lip and palate; echogenic focus in left cardiac ventricle

OOFrRrOFrON PORPRFRPFPOM ONORFREF W POORRFPEDN

PRRRPRPPRPO

Chromosomal abnormalities, not elsewhere classified
« Down syndrome
« Possible Down syndrome
« Trisomy 12
* Trisomy 18

PRRPEA

Eye, ear, face and neck
« Congenital deafness
« Right eye congenital glaucoma and cataract

=W

Urinary system
« Hydronephrosis
« vEctopic kidney

N W

Digestive system
« Pyloric stenosis
« Pyloric stenosis/imperforate anus

=W

Respiratory system
« Congenital cystic adenomatoid malformation of the lung

I

Cleft lip and palate
« Cleft lip
« Pierre Robin sequence

Ok oo PN w oK Ll ol NS RPOORFrRN

PN

Total

N
©
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