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Abstract

The U.S. Centers for Disease Control and Prevention (CDC) developed and implemented the
CDC COVID-19 Vaccine Pregnancy Registry (C19VPR) to monitor vaccine safety. Potential
participants who received a COVID-19 vaccine in pregnancy or up to 30 days prior to their
pregnancy-associated last menstrual period were eligible to participate in the registry, which
monitored health outcomes of participants and their infants through phone interviews and review
of available medical records. Data for select outcomes, including birth defects, were reviewed

by clinicians. In certain cases, medical records through phone interviews and review of available
medical records. Data for select outcomes, including birth defects, were reviewed by clinicians. In
certain cases, medical records were used to confirm and add detail to participant-reported health
conditions.

This paper serves as a description of CDC C19VPR protocol. We describe the development and
implementation for each data collection aspect of the registry (i.e., participant phone interviews,
clinical review, and medical record abstraction), data management, and strengths and limitations.
We also describe the demographics and vaccinations received among eligible and enrolled
participants. There were 123,609 potential participants 18-54 years of age identified from January
2021 through mid-June 2021; 23,339 were eligible and enrolled into the registry. Among these,
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85.3 % consented to medical record review for themselves and/or their infants. Participants were
majority non-Hispanic White (79.1 %), residents of urban areas (93.3 %), and 48.3 % were
between 30 and 34 years of age. Most participants completed the primary series of vaccination by
the end of pregnancy (89.7 %). Many participants were healthcare personnel (44.8 %), possibly
due to the phased roll-out of the vaccination program.

The registry continues to provide important information about the safety of COVID-19 vaccination
among pregnant people, a population with higher risk of poor outcomes from COVID-19 who
were not included in preauthorization clinical trials. Lessons learned from the registry may guide
development and implementation of future vaccine safety monitoring efforts for pregnant people
and their infants.

Keywords

COVID-19; COVID-19 vaccine; Vaccine safety; Vaccination; Immunization; Pregnancy
surveillance; Pregnancy

1. Background

Vaccination is a key public health tool to mitigate morbidity and mortality from COVID-19
disease caused by infection with the SARS-CoV-2 virus [1] COVID-19 vaccines were
initially administered after the U.S. Food and Drug Administration (FDA) granted
Emergency Use Authorizations (EUA) in December 2020 following expedited vaccine
development and clinical trial processes [2]. The U.S. Centers for Disease Control and
Prevention (CDC) and the FDA planned for robust and extensive vaccine safety monitoring
by utilizing existing monitoring systems (e.g., Vaccine Adverse Event Reporting System

and Vaccine Safety Datalink) and implementing new safety monitoring systems, (e.g.,

v-safe after vaccination health checkerSM (v-safe) [3] and the CDC COVID-19 Vaccine
Pregnancy Registry (C19VPR) [4]) to rapidly identify and assess potential safety issues.
Though developmental and reproductive toxicity (DART) studies using animal models were
found to be reassuring, pregnant people were excluded from pre-authorization clinical trials,
resulting in initially limited data about COVID-19 vaccine safety in human pregnancy

[5]. The FDA required postmarketing safety monitoring in pregnant people, including

both passive surveillance and sponsor conducted active surveillance (e.g., the COVID-19
Vaccines International Pregnancy Exposure Registry (C-VIPER), Organization of Teratology
Information Specialists (OTIS)/MotherToBaby Pregnancy Registry) and database studies [6—
8]. However, initial lack of data about the safety of COVID-19 vaccination during pregnancy
may have contributed to relatively low uptake of COVID-19 vaccine among pregnant people
and people who could become pregnant, as safety concerns were a leading reason for
vaccine hesitancy among pregnant people [9-11].

People who experience SARS-CoV-2 infection during pregnancy have an increased risk
of adverse outcomes, including stillbirth, preterm delivery, intensive care unit admission,
mechanical ventilation, and death, and their infants have an increased risk of neonatal
intensive care unit admission and neonatal death [12,13]. The exclusion of pregnhant
people from COVID-19 vaccine clinical trials heightened the importance of monitoring
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vaccine safety among pregnant people in the post-authorization period and led to the

rapid development and implementation of the CDC C19VPR. Throughout data acquisition,
analyses of preliminary data were conducted to inform CDC’s COVID-19 Vaccine Safety
Technical Work Group (VaST) and Advisory Committee on Immunization Practices (ACIP)
[14,15]. As of November 2023, data collection and analyses remain ongoing. This review
describes (1) methodology of the CDC C19VPR including participant identification,
eligibility criteria, interview methodology, clinical review, and medical record acquisition
and abstraction and (2) response rates and characteristics of enrolled participants.

2. Registry overview

The CDC C19VPR is a voluntary registry evaluating participant, pregnancy, and infant
outcomes related to pregnancies during which a primary series COVID-19 vaccine was
received. Participants were enrolled beginning in January 2021 and initial data collection
(Phase 1) ended in August 2022. Extended follow-up (Phase 2) among participants who
expressed interest in continued participation began in November 2022. This paper focuses
on the methods for Phase 1, which are largely applicable to Phase 2. The registry aimed

to monitor a broad range of pregnancy outcomes (e.g., spontaneous abortion, stillbirth,
preterm birth), infant outcomes (e.g., infant death and infant medical conditions, including
birth defects) and pregnancy-related conditions (e.g., hypertensive disorders of pregnancy).
Fig. 1 illustrates the different components of the registry. In brief, interview data were
collected through standardized, structured phone interviews by trained interviewers. Medical
records, selectively requested, were abstracted, and reviewed by clinicians to classify and/or
validate participant-reported outcomes (e.g., stillbirths, hypertensive disorders of pregnancy,
birth defects). Due to the complexity of birth defect classification criteria that often require
consideration of nuanced details (e.g., anatomic location, timing of diagnosis, treatment),
fetal and infant health data (both participant-reported and medical record) underwent a
multi-step clinical review process to systematically identify and classify birth defects. Data
were protected through strict safety measures.! Registry operating procedures were refined
over time as experience was gained in the emergency response setting; methods described
reflect those used for the majority of the registry cohort unless otherwise specified. This
activity was reviewed by the CDC, conducted consistent with applicable federal law

and CDC policy, and met requirements of public health surveillance as defined in 45

CFR 46.102(1)(2). An Assurance of Confidentiality was obtained to protect sensitive and
potentially identifiable participant information [16].

3. Methods

3.1.

Identifying potential participants (Fig. 1, Box 1)

V-safe is a voluntary, smart-phone based active surveillance system developed by CDC
during the COVID-19 pandemic to monitor for adverse events after receipt of COVID-19

Linterview and medical record data are housed in separate Research Electronic Data Capture (REDCap) projects (Version 10.0.8,
Vanderbilt University 2023) in CDC’s secure access management services (SAMS) environment and transferred to the secure server at
regularly scheduled intervals to a secure server. REDCap user rights ensured that only approved team members have access to the data,
including restricted ability to download Personal Identifiable Information (PII). All medical records were maintained on an encrypted
network server with limited, controlled user access within the CDC secure network.
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vaccines [3]. V-safe sends enrolled participants surveys at scheduled intervals following
vaccination to screen for adverse health effects. From December 15, 2020 through June 20,
2021, 123,609 v-safe participants, ages 18-54 years, who indicated that they were “female,”
“other,” or preferred not to say were asked about their pregnancy status after each reported
COVID-19 vaccination; those reporting a positive pregnancy test were identified as potential
registry participants and were subsequently contacted, to screen for eligibility.

Enrollment in the registry began January 11, 2021. A total of 123,609 potential participants
were contacted. Table 1 details initial contact disposition of potential participants. Initially,
potential participants were called by CDC emergency response staff. In May 2021, a
Pregnancy Follow-up Survey (PFUS) was sent through v-safe to confirm pregnancy and

to better identify likely participants among potential participants who had not yet been
reached; potential participants who indicated that they were not pregnant around the time
of vaccination or were not interested in participating in the registry were removed from the
list of potential participants. Beginning in July 2021, a contractor conducted the remaining
participant interviews. In total, 65,076 potential participants were contacted via phone to
assess eligibility.

3.2. Eligibility (Fig. 1, Box 2)

Potential participants were asked to confirm their identity and provide verbal consent for
participation in the registry. Those who did not confirm date of birth or the vaccination dates
they provided to v-safe were excluded due to inability to verify their identity (Table 2).
Interviewers determined eligibility by assessing pregnancy timing relative to vaccine timing
(Table 2). Potential participants who did not speak English or Spanish were excluded due to
resource limitations.

Prior to eligibility screening, gestational age at time of registry-eligible vaccination was
unknown, as this information was not collected in v-safe. Potential participants who received
at least one primary series COVID-19 vaccination available in the United States under

EUA (i.e., Pfizer-BioNTech, Moderna, or Janssen) between the 30th day prior to their last
menstrual period (LMP) and the end of their pregnancy were eligible to participate in

the registry. A primary series dose was defined as the first or second dose of an original
monovalent mRNA vaccine (i.e., Moderna or Pfizer-BioNTech) or the first dose of the
Janssen vaccine. Menstrual cycles are variable and date of LMP is often unknown or
estimated [17]. Thus, eligibility was based on timing of vaccination relative to participant-
reported LMP or LMP calculated from participant-reported estimated due date (EDD).

Participants could report more than one pregnancy around the time of vaccination (e.g.,

a pregnancy at the time of first vaccination ending in spontaneous abortion followed by

a subsequent pregnancy at the time of second vaccination). Eligibility was determined
independently for each pregnancy and a separate record was created for each eligible
pregnancy. Potential participants were called six times at least 3—4 days apart at varying
times before they were considered unreachable. After initial contact, potential participants
could have one of the following mutually exclusive dispositions: (a) eligible and enrolled,
(b) eligible but declined enrollment, (c) not eligible, or (d) refused participation before
eligibility was determined.
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Interview (Fig. 1, Box 2)

Interview forms were developed to be administered by phone at multiple timepoints: once
during each trimester following enrollment (1 to 3 interviews), approximately 4-8 weeks
after end of pregnancy (1 interview), and, for livebirths, when the infant was at least three
months old (1 interview) (Fig. 2). At each interview before the EDD, participants were asked
whether they were still pregnant and, based on their response, applicable interview forms
were completed.

When the registry began contacting potential participants, enrollment was predominantly
prior to pregnancy outcome; these participants were considered “prospective participants.”
As the volume of potentially eligible participants identified by v-safe increased, many
participants’ pregnancies had already ended by the time they were contacted for enrollment,
making data collection retrospective relative to pregnancy outcome (“retrospective
participants”). Among retrospective participants, median weeks since end of pregnancy
was 26.4 (IQR = 20.9 weeks), regardless of outcome (data not shown). Duration of

the enrollment call was considerably longer (20-40 min) for retrospective participants
compared with prospective participants (15-20 min), as retrospective data collection
required completion of more forms during each interview (Fig. 2).

Research Electronic Data Capture (REDCap) (Version 13.1.14, Vanderbilt University
2023) was used to create a series of forms and serve as an interactive structured script

and data entry platform for interviewers. Branching logic was used to ensure questions
were appropriate based on participants’ previous responses. Prior to beginning each
interview, interviewers verified the participant’s identity, and participants were reminded
that participation was voluntary. Question domains were separated into the following eight
REDCap forms:

1. Eligibility

Participant medical history and demographics
Pregnancy health and concerns

Pregnancy outcome?

Birth hospitalization

Participant postpartum health

Infant follow-up?

© N o g &~ w D

Neonatal/infant death?

For each interview following the enrollment call, up to four call attempts were made. If
contact was made with the participant but they could not complete the interview at that
time, the number of call attempts was reset to maximize participation. Text messaging

was used to notify participants the day before first call attempts, scheduled callbacks, and
final call attempts. Prospective participants were considered lost to follow-up (LTFU) if the

2Separate pregnancy outcome, infant follow-up, and neonatal/infant death forms were completed for each fetus or infant in multiple
gestation pregnancies.

Vaccine. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Madni et al.

Page 6

participant was unreachable at two consecutive interview points (e.g., 2nd trimester and 3rd
trimester interviews); no additional calls were made. Eligible retrospective participants were
considered LTFU if they did not complete at least two forms and were then unable to be
reached again.

Interviewers requested participants’ verbal consent3 to obtain medical records for the
eligible pregnancy (prenatal through six weeks post-pregnancy) and, among live births, for
the infant (birth through three months of life). If consent was given, contact information
was collected for participants’ prenatal care providers and delivery facilities, and for infants’
primary care providers.

Participants who requested to be withdrawn from the registry after enroliment were given
the option to have their data excluded from future analyses; no additional call attempts were
made. Participants who were LTFU or withdrew from the registry and did not request data
exclusion contributed partial data. All Phase 1 interviews were completed by July 26, 2022.

There were limitations to the registry’s interview methodology. Given the initial paucity

of safety data about COVID-19 vaccines among pregnant people, the registry sought to
gather information about a broad range of participant, pregnancy, and infant outcomes

by asking general questions about specific conditions (e.g., “Was your baby diagnosed

with any medical conditions for which he or she sees a healthcare provider?” rather than
“Was your baby diagnosed with [a specific condition]?”). Thus, conditions may have gone
unreported, possibly because the condition had resolved, or the participant did not recall it or
believe it to be serious enough to warrant reporting. Some participants reported complicated
health information, which may not have been comprehensively described by the participant,
recorded by the interviewer, or entirely captured in a standardized, structured interview
form. Weekly data cleaning and quality assessments were used to identify challenges and
improve the interview process through additional training and interview updates.

3.4. Clinical review of interview data for birth defects (Fig. 1, Box 3)

Given the complexity of birth defect identification, interview data were reviewed by
clinicians in a multi-step process (“clinical review”) to determine presence of birth defects
among fetuses or infants. Participants reporting any of the following were selected for
clinical review of interview data for birth defects:

. Concern for a birth defect at any gestational age
. Pregnancy loss = 14 weeks’ gestation

. Induced abortion

. Infant medical condition

. Infant referral to a clinical specialist

3verbal consent was obtained, as CDC is a public health authority defined by the Health Insurance Portability and Accountability
Act (HIPAA), Standards for Privacy of Individually Identifiable Health Information; Final Rule (Privacy Rule) [45 CFR §164.501].
Pursuant to 45 CFR §164.512(b) of the Privacy Rule, healthcare providers may disclose, without individual authorization, protected
health information to public health authorities for the purpose of conducting public health surveillance, investigations, and

interventions.
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. Infant hospital admission, not including birth hospitalization
. Infant death

Interview data were exported from REDCap into a Microsoft Access database, referred to
as V-POINT (Vaccination in Pregnancy of Interest Navigation Tool), designed to facilitate
clinical review for the registry. Each fetal or infant condition reported was classified as (a)
a major birth defect, (b) a possible/probable birth defect, (c) a minor birth defect, or (d) not
a birth defect the criteria established in the 2021 Metropolitan Atlanta Congenital Defects
Program (MACDP) Code Defect List as a guide [18]. MACDP is a population-based active
surveillance system established by the CDC, Emory University, and the Georgia Mental
Health Institute that ascertains structural and chromosomal anomalies among live births,
stillbirths, and induced abortions. MACDP was developed to be applied to medical record
data [18,19]; therefore, CDC birth defect experts established additional considerations for
several birth defects for classification of registry participant-reported data. All conditions
classified as a major, possible/probable, or minor birth defect were assigned an MACDP
code. Classifications were based on certainty of the description provided by the participant,
treatment, specialist referrals, and timing of diagnosis (e.g., prenatal versus postnatal, age of
sign/symptom onset).

Data for each participant were reviewed by two clinicians. Discrepancies between clinicians’
classifications were discussed by the reviewing clinicians and resolved. Unresolved
discrepancies and nonspecific or unclear descriptions were reviewed by birth defect experts;
classifications were modified as necessary. Medical records were requested when additional
information was required to determine more accurate classification or specific coding of a
condition.

Limitations of clinical review included reliance on participant-reported information and
interviewer documentation; interview data was often missing details pertinent to birth defect
classification. Participant-report of birth defects is not standard methodology used by birth
defect surveillance programs [18,20]. While the process to develop and refine criteria

for registry purposes was iterative, protocols and procedures were implemented to ensure
consistent coding and classification. Nuanced details, such as whether a prenatally detected
condition resolved during pregnancy or was still present after birth, were often not reported,
resulting in possible/probable classifications that required medical records or additional
participant follow-up for adjudication.

3.5. Medical record abstraction (Fig. 1, Box 4)

Medical records were requested and abstracted for select participants and infants to validate
and classify priority participant-reported conditions and outcomes. Among participants who
consented to medical record release for themselves and/or their infants, medical records
were requested and abstracted for participants who reported any of the following:

. Pregnancy loss = 14 weeks’ gestation
. Neonatal or infant death
. Hypertensive disorder during pregnancy, delivery, or postpartum
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. Participant admission into the intensive care unit during birth hospitalization

Fetal/infant conditions, including birth defects Participant records were requested for the
pregnancy of interest through six weeks after the pregnancy ended, and infant records were
requested for birth through three months of age. Requests for medical records were sent
to each facility/provider once a week up to four times before records were considered
unobtainable. Requests for medical records began in August 2021. As of November 2023,
records were requested for 4,351 participants and 3,816 infants; of these, medical records
were obtained for 84.8 % and 73.4 %, respectively. Requested records were unobtainable
for various reasons: incorrect clinical facility/provider information, inability of facility to
verify participant as their patient, or lack of response from the facility. For participants
whose medical records could not be obtained and who reported a complex outcome (e.g.,
pregnancy loss = 17 weeks, infant death), CDC clinicians called the provider to verbally
verify the reported outcome.

All medical record abstractors had a clinical background (e.g., physicians and nurses) and
received standardized training on review and abstraction of data from medical records.
Abstracted conditions were identified through provider diagnoses noted in the records and
not solely ICD-10 codes, as ICD-10 codes are not always reflective of a confirmed diagnosis
or specific condition. Abstractors followed a comprehensive protocol that contained explicit
abstraction instructions for each variable. The following information was abstracted and
entered into REDCap:

. Types of records received
. Participant medical history

. Family history of birth defects

. Medication use during pregnancy

. Substance use during pregnancy

. Obstetrical information

. Gestational conditions

. Fetal imaging

. Genetic testing

. Pregnancy outcome

. Participant hospitalization or ICU admission
. Delivery and postpartum complications

. NICU admission

. Placental pathology

. Anthropometric measurements
. Infant medical conditions and infections
. Infant referrals and consultations

Vaccine. Author manuscript; available in PMC 2024 May 01.
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. Infant hospitalization
. Infant radiology reports
. Autopsy reports

REDCap was configured to notify abstractors of potential data entry errors, and quality
control assessments were performed weekly. To evaluate accuracy and completeness of
abstractions, up to 25 % of medical recordswere randomly selected for re-abstraction.
Discrepancies were reconciled and used to inform clarifications to abstraction guidance.
Discrepancy rates will be published within specific analyses to reflect how accurate medical
record abstraction was by topic due to the breadth of data abstracted.

Medical record data are considered the gold standard for classifying and confirming
pregnhancy outcomes and medical conditions [21,22]. For the registry, abstraction was
performed manually, making it time-consuming and resource intensive. There are variations
in the structure and format of medical records received from thousands of clinics and
hospitals nationally, with many facilities using different versions of electronic health
records; some records were handwritten, making them difficult to read, and some records
contained inconsistent information within the record related to the outcome of interest.
Reliance on facilities and providers to send medical records also resulted in challenges
to timely abstraction. Another limitation was the incompleteness of obtained medical
records for an entire pregnancydue to the multiple clinical facilities involved in prenatal,
delivery, and infant care, potentially limiting understanding of the full clinical context of
conditions that required classification. Abstractors were instructed to avoid using clinical
judgement in abstraction of diagnoses; however, a degree of subjectivity was sometimes
unavoidable, especially in cases where there was inconsistent information within medical
records. Medical record acquisition and abstraction are still in progress at the time of
publication, with completion expected in 2024.

3.6. Clinical review of medical record data for birth defects (Fig. 1, Box 5)

Additional clinical review for birth defects was conducted using medical record data.
Clinicians reviewed medical record data to confirm or update the interview-based
classification of potential birth defects for the following: (1) conditions identified through
clinical review of interview data for which medical records were abstracted (2) conditions
newly identified during medical record abstraction. Conditions were not re-reviewed if
medical records could not be obtained or if interview data alone were sufficient for

birth defect classification and medical records were not requested. The same protocol for
classifying birth defects, as described above, was utilized during clinical reviews based on
medical records.

If a condition was reported by the participant, and medical records could not confirm or rule
out whether the condition was a birth defect, classification and coding based on interview
data alone were retained. Similarly, if medical records were not available, final classification
was based on interview data alone. Clinical review based on medical record data was limited
by availability, completeness, and quality of medical records.
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3.7. Validation of participant-reported data (Fig. 1, Box 6)

For select outcomes of interest that have very specific clinical diagnostic criteria and,
therefore, may be less accurately reported by patients (e.g., stillbirths and hypertensive
disorders of pregnancy), participant-reported outcomes are being compared to medical
record data, if available. Validation efforts remain in process as of November 2023, as
medical records are still being acquired and abstracted. For example, to characterize
stillbirths accurately based on clinical definitions, medical records were requested for
participants who reported their pregnancy outcome as any of the following: (a) a “stillbirth”
at any gestational age, (b) a “miscarriage” at or after 17 weeks’ gestation, or (c) a “live
birth” with an infant death within 1 day of delivery. Clinicians used the National Center

for Health Statistics and American College of Obstetrics and Gynecology’s definition of
stillbirth [23] (fetal loss at =20 weeks’ gestation) and data found in medical records (e.g.,
APGAR scores, presence of heartbeat) to verify whether the participant-reported outcome
aligned with the outcome documented in medical records and correctly classify the outcome.
For other outcomes, such as hypertensive disorders of pregnancy, medical record data will
be used to validate and understand the quality of participant-reported data. If a medical
condition or pregnancy outcome reported by the participant could not be confirmed or ruled
out through available medical records, or in select cases from healthcare providers’ verbal
confirmation, classification and coding based on interview data alone was retained.

3.8. Data analysis (Fig. 1, Box 7)

Data analysis is ongoing. During data collection, the registry regularly monitored outcomes
of interest (e.g., spontaneous abortion, stillbirth, birth defects, neonatal death) by comparing
data from the enrolled cohort to published background rates [4,14,24]. Background

rates were used to assess whether reported incidences of outcomes in this vaccinated

cohort exceeded reported incidences in unvaccinated cohorts, both before and during the
COVID-19 pandemic [25-28].

4. Cohort description and response rates

Among the 65,076 potential participants contacted via phone to assess eligibility, 38,955
(59.9 %) were unreachable, resulting in a response rate of 40.1 % (Table 2). Among

the 26,121 potential participants reached by phone, 23,461 (89.8 %) were eligible and
enrolled, 1,403 (5.4 %) were not eligible, and 1,257 (4.8 %) refused participation (Table
2). The participation rate among those who were reached was 95.2 % (24,867/26,121),
including potential participants who were eligible and enrolled and potential participants
who were not eligible but participated to the maximum extent possible. Among eligible
and enrolled participants, 59 (0.3 %) withdrew from participation and 717 (3.1 %) were
lost to follow-up. Although participants were deemed eligible during the initial call based
on LMP (participant-reported or estimated from participant-reported EDD), these dates
may not always be a reliable indicator of the beginning of a pregnancy. For example,
fetal measurements during early ultrasounds sometimes indicate a gestational age that is
inconsistent with LMP, resulting in updated pregnancy dating. Therefore, we compared
an updated calculated LMP# and LMP from the initial call and found that 90 (0.4 %)
participants received their registry-eligible vaccination more than 30 days prior to the
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updated, calculated LMP. Although these participants were interviewed for the registry, they
were later deemed ineligible for analysis (Table 2).

Though potential participants were identified through v-safe, the CDC C19VPR participants
were not a representative sample of v-safe participants overall, as almost half of v-safe
participants were 50 years of age or older [3]) CDC C19VPR participants were largely
non-Hispanic White (79.1 %), aged 30 through 34 years (48.3 %), and resided in an urban
area (93.3 %) (Fig. 3). Participant residences included all 50 states, Washington D.C., and
Puerto Rico (data not shown). When asked if they were part of a vaccination priority group,
a large proportion of the cohort (44.8 %) identified as healthcare personnel (data not shown),
likely due to the coincidence of the registry enroliment period and the phased roll-out of the
vaccination program. Among 23,249 analytically eligible participants, 16 contributed two
eligible pregnancies, resulting in 23,265 pregnancies available for analysis. For the majority
of pregnancies, participants received an mRNA vaccine as their first dose (i.e., Moderna

or Pfizer-BioNTech) (96.9 %), completed the primary series of vaccination by the end of
pregnancy (90.1 %), and received two doses of a COVID-19 vaccine in pregnancy (78.5 %)
(Table 3. Overall, 85.3 % of participants consented to medical record release for themselves,
their infants, or both; consent was obtained for 84.4 % of participants and 79.3 % of live
born infants. All analyses were conducted using SAS (version 9.4; SAS Institute).

5. Discussion

The identification of potential participants through v-safe, a new active surveillance system
developed during the pandemic resulted in a large, national pregnancy registry implemented
for a novel vaccine. A key strength of the C19VPR was the ability, through v-safe, to
directly engage a large population of pregnant people distributed nationwide shortly after
COVID-19 vaccines became available and nearly immediately after people chose to be
vaccinated. The registry provided some of the earliest, real-time data used to inform

public health and clinical recommendations, which was essential since pregnant people
were excluded from pre-authorization clinical trials. As data accrued, the registry routinely
evaluated data for potential safety signals and reported the findings [14,15]. The registry
continues to provide data used for updates at public ACIP meetings as additional data are
obtained. While some vaccine safety surveillance programs, such as VAERS, rely only on
reports of adverse events, the registry collects comprehensive data about participant and
infant health outcomes among all participants in the cohort. This methodology allows for
both identification of potential safety concerns and confirmation of a lack of safety concerns
over the course of and after pregnancy. High participation and medical record consent rates
as well as the low rate of loss to follow-up indicate that the registry was able to effectively
enroll and obtain full participation from the majority of reachable potential participants.

Though participation was high among reachable potential participants, a limitation of the
registry was its large number of unreachable potential participants (N = 38,948; 59.9 %).
Attempts were made to encourage potential participants to respond, including programming

4Updated calculated LMP was based on participant-reported gestational age and date of pregnancy outcome where available. If both
pregnancy outcome date and gestational age were not available, the most recently reported EDD was used to calculate LMP.
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interviewers’ caller IDs and using text message alerts. The low response rate may be due

in part to the sensitive nature of pregnancy-related conversations or to the inability of

the registry to disclose its full purpose in text notifications. Due to privacy concerns, text
communication about the registry did not include mention of pregnancy. The identification
of potential C19VPR participants through v-safe resulted in a convenience sample of early
vaccine recipients. These characteristics may limit the generalizability of our findings.

For example, our cohort is not representative of the U.S. population’s racial and ethnic
profile. The voluntary nature of both v-safe and the registry may contribute to biases that
are difficult to predict. For example, healthcare workers vaccinated early may represent a
healthier population, have greater healthcare access, and may be less likely to experience
negative pregnancy-related conditions/outcomes or infant health outcomes and more likely
to participate in the registry (healthy vaccinee bias) [29]. Conversely, participants may
have been vaccinated early due to underlying medical conditions (e.g., diabetes, heart
disease) that may increase the likelihood of negative pregnancy and infant health outcomes.
Furthermore, due to the voluntary nature of the registry, pregnant people who experienced
adverse outcomes themselves or in their infants may have been more inclined to participate
(i.e., selection bias) [30-32]. It is also possible that some potential participants who
experienced adverse outcomes (e.g., stillbirth, infant death) chose not to participate due to
the difficult nature of the conversation. In addition, participant-reported data may introduce
recall and misclassification biases regarding health outcomes (e.g., infant medical condition
details, gestational age at key outcomes).

Importantly, the registry does not include a control group of unvaccinated pregnant people as
enrollment was based on receipt of COVID-19 vaccine during or shortly before pregnancy.
Thus, contextualization of registry results relies on available background rates of outcomes.
Most published background rates reflect the pre-pandemic period; however, rates of some
perinatal outcomes (e.g., preterm birth, low birthweight, stillbirth) may have changed during
the pandemic [25-28].

6. Summary

As COVID-19 vaccines became publicly available, the C19VPR was rapidly developed and
implemented in January 2021 to monitor vaccine safety among pregnant people as a part of
CDC’s COVID-19 emergency response efforts. The registry continues to monitor the safety
of COVID-19 vaccination during pregnancy. Initial information collection for the registry
aimed to gather data through three months post-pregnancy; however, some participant and
infant health conditions (e.g., cardiomyopathy, birth defects) may be diagnosed beyond that
3-month postpartum period. As of November 2023, Phase 2 interviews were completed; data
collection included participant health through 15 months after end of pregnancy, and infant
health and COVID-19 vaccination through 15 months of age. Phase 2 clinical review and
medical record abstraction are in progress. The unique combination of participant-report,
medical record, and clinical review data allows for a comprehensive understanding of

the health of participants and their infants. While preliminary results have been reported,
analyses of the complete CDC C19VPR cohort are forthcoming.
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Experience gained from the CDC C19VPR may inform the development of similar large-
scale, post-authorization vaccine safety surveillance systems in the future. Launching v-

safe at the same time COVID-19 vaccines became available was paramount to the early
identification of pregnant people receiving a COVID-19 vaccine for inclusion in a pregnancy
registry. The ability to begin enrolling participants in the registry just two weeks after FDA’s
EUA of the initial COVID-19 vaccines and to scale up interview capacity led to rapid
acquisition of pregnancy-related data. The registry contributed essential data to fill the initial
information void created by the exclusion of pregnant people from pre-authorization clinical
trials and informed vaccine guidance for this high-risk population during an unprecedented
pandemic and global new vaccine implementation.
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Fig. 1.

CDC COVID-19 Vaccine Pregnancy Registry Data System Components and Data Flow.
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Fig. 2.

Dgta collection forms completed at each interview for Phase 1 of the CDC COVID-19
Vaccine Pregnancy Registry, by timing of enrollment.

* Participant refers to the pregnant person enrolled into the COVID-19 Vaccine Pregnancy
Registry through v-safe.

** Completed only for stillbirths and live births.

*** Completed only for live births.

t Completed only for live births where participant reported that the infant is no longer living.
Tt Call completed only for live births with infant still living at last contact.

1T Form completed only for live births with infant still living.

" Only one interview was possible for retrospectively enrolled participants if at the time of
the initial call the pregnancy did not result in a live birth, or the live-born infant had died, or
the infant was older than three months of age. A maximum of two interviews were possible
if the part icipant had a live birth and their infant was younger than three months old at the
time of the initial call
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Participant Age at First Vaccination* Urban resident

Fig. 3.
Demographic distribution among participants eligible and enrolled in the CDC COVID-19

Vaccine Pregnancy Registry, January 2021 — August 2022.

* Participant refers to the pregnant person enrolled into the COVID-19 Vaccine Pregnancy
Registry through v-safe.

** Other includes non-Hispanic (NH) American Indian or Alaskan Native (0.2%), NH
Native Hawaiian or Pacific Islander (0.1%), NH Multi-racial (2.4%), and Unknown (0.2%)
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