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Abstract
Background

There is continuing public concern about the safety of COVID-19 vaccination during pregnancy. While
there is no compelling biological reason to expect that mMRNA COVID-19 vaccination (either preconception
or during pregnancy) presents a risk to pregnancy, data are limited. It is, however, well documented that
SARS-CoV-2 infection during pregnancy is associated with severe illness and increased risk of adverse
pregnancy outcomes. Among recognized pregnancies in high-income countries, 11-16% end in
spontaneous abortion (SAB).

Methods

People enrolled in v-safe, a voluntary smartphone-based surveillance system, who received a COVID-19
vaccine preconception or during pregnancy were contacted by telephone to enroll in the v-safe pregnancy
registry. V-safe pregnancy registry participants who received at least one dose of an mRNA COVID-19
vaccine preconception or prior to 20 weeks’ gestation and who did not report a pregnancy loss before 6
completed weeks' gestation were included in this analysis to assess the cumulative risk of SAB using Life
Table methods.

Results

Among 2,456 pregnant persons who received an mRNA COVID-19 vaccine preconception or prior to 20
weeks' gestation, the cumulative risk of SAB from 6-19 weeks’ gestation was 14.1% (95% Cl: 12.1,
16.1%). Using direct age standardization to the selected reference population, the age-standardized
cumulative risk of SAB was 12.8% (95% CI: 10.8-14.8%).

Conclusions

When compared to the expected range of SABs in recognized pregnancies, these data suggest receipt of
an mRNA COVID-19 vaccine preconception or during pregnancy is not associated with an increased risk
of SAB. These findings add to accumulating evidence that mRNA COVID-19 vaccines during pregnancy
are safe.

Introduction

Pregnancy increases the risk for severe COVID-19 illness, and COVID-19 during pregnancy is associated

with increased risk of preterm birth and may be associated with increased risk for other adverse maternal

and neonatal outcomes.’"3 Spontaneous abortion (SAB, often defined as pregnancy loss occurring from

6 to < 20 weeks’ gestation) is a common pregnancy outcome. Risk of SAB is highest in the first 12 weeks,
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substantially decreasing after the first trimester, and increases significantly with maternal age and co-
morbidities.*~” Among recognized pregnancies in high income countries, 11-16% result in SAB. 4710
Initial data published from the v-safe pregnancy registry included 104 reports of SAB as of March 30,
2021.1" This report provides additional follow-up data on surviving pregnancies and SABs, in order to
provide an estimate of risk. We estimate the cumulative risk of an SAB after receipt of an mRNA COVID-
19 vaccine preconception or during pregnancy prior to 20 weeks’ gestation to assess whether therisk is in
the range of previously reported background rates of SAB.

Methods
Study design

V-safe and the v-safe pregnancy registry have been described previously.!' =13 Briefly, v-safe is a
smartphone-based tool available for all people who have received a COVID-19 vaccination in the United
States. Enrollment is voluntary, and participants complete web surveys which include questions about
pregnancy status at the time of vaccination and since vaccination.'? Persons who report that they were
pregnant at the time of vaccination or since vaccination and are 18 years or older are contacted by
telephone and invited to enroll in the v-safe pregnancy registry. Enrolled participants receive a telephone
follow-up each trimester, during the postpartum period, and three months following live births.® This
activity was reviewed by the Centers for Disease Control and Prevention (CDC) and was conducted
consistent with applicable federal law and CDC policy; the activity met requirements of public health
surveillance as defined in 45 CFR 46.102.1%

Participants

Data were analyzed from participants with a singleton pregnancy who received at least one dose of an
mRNA COVID-19 vaccine preconception (30 days before the first day of the last menstrual period through
14 days after) or during pregnancy prior to 20 weeks’ gestation, and who had not reported a pregnancy
loss before 6 completed weeks’ gestation. The inclusion of participants pregnant at 6 completed weeks’
gestation reflects when pregnancies are generally recognized and is consistent with previous literature
estimating SAB in the general population.>8-10.15

Given that the Janssen adenoviral vector COVID-19 vaccine is a different type of vaccine than mRNA
COVID-19 vaccines, participants enrolled in the v-safe pregnancy registry who had received the Janssen
vaccine (n =272) were not included in this analysis. At this time, there are limited data available on
pregnancy outcomes in these participants because the Janssen vaccine was granted Emergency Use
Authorization (EUA) several months after the mRNA COVID-19 vaccines.

Statistical Analysis
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Descriptive analyses were performed. Gestational age at vaccination was calculated using the self-
reported date of vaccination, and either self-reported estimated due date or date of the first day of the last
menstrual period. When participants reported an SAB, the date of SAB was recorded based on clinical
diagnosis when provided by the participant.

Life table methods were used to calculate the cumulative risk of SAB by gestational week.8 16

Participants who received an mRNA COVID-19 vaccine in the preconception period or before 6 weeks’ of
pregnancy were entered into the analysis at 6 weeks’ gestation whereas participants who received their
first eligible dose at or after 6 weeks’ gestation entered the analysis in the week they received their first
eligible dose. Participants who did not have contact with the v-safe pregnancy registry at or after 20
weeks' gestation were censored at the time of last contact, and participants who reported other
pregnancy outcomes (i.e., ectopic and molar pregnancies, induced abortions) were censored at the date
of the outcome. The cumulative risk of SAB for a given gestational week was calculated by taking the
product of the week-specific SAB risk and the cumulative risk of SAB at the preceding week for each week
up to the week of interest. Log normal confidence intervals were calculated for cumulative risk of SAB at
each gestational week. The cumulative SAB risk was also age-standardized using risk of SAB by age
group from Magnus et al., 2019.° Standard errors of the age-adjusted cumulative risk of SAB were
estimated by dividing the age-adjusted rate by the square root of the number of SABs, and 95%

confidence intervals were calculated.’”

We conducted a sensitivity analysis to estimate the maximum possible risk of SAB in our cohort by
assuming all participants who we were not able to contact in the second trimester experienced an SAB
immediately after last contact. Statistical analyses were conducted using SAS software, version 9.4.

Results

As of July 19, 2021, 5,086 participants were enrolled in the v-safe pregnancy registry, of whom 5,063
reported a singleton pregnancy. Of these, 2,491 participants received at least one mRNA COVID-19
vaccine dose preconception or prior to 20 weeks’ gestation. A total of 35 participants self-reported a
pregnancy loss (33 SAB and 2 ectopic pregnancies) at less than 6 weeks’ gestation and were excluded
from the analysis. As a result, 2,456 people met criteria for inclusion as outlined in Figure 1.

The cohort consisted of mostly non-Hispanic white (78.3%) persons who identified as healthcare
personnel (88.8%) with most participants aged 30-34 years (49.1%) or 35-39 years (28.2%) (Table 1).
Among eligible participants, 27.5% had experienced at least one prior SAB and 9.1% had experienced at
least two prior SABs. Over half of participants (52.7%) received the Pfizer-BioNTech vaccine and 47.3%
received the Moderna vaccine. Date of first eligible vaccination ranged from December 14, 2020 through
April 3,2021, and 90% of participants received two doses of an mRNA COVID-19 vaccine.

Of the 2,456 participants in the cohort, 2,020 were known to be pregnant at 20 weeks’ gestation. The
pregnancy status at 20 weeks’ gestation was unknown for 253 pregnant people (65 could not be
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contacted for second trimester follow-up and 188 completed second trimester follow-up before 20 weeks'’
gestation). A total of 165 participants self-reported an SAB, of which 154 occurred prior to 14 weeks’
gestation.

The week-specific and cumulative risk of SAB from 6-19 weeks’ gestation along with their 95% confidence
intervals are tabulated in Table 2. The cumulative risk of SAB from 6-19 weeks’ gestation was 14.1% (95%
Cl: 12.1-16.1%). When stratified by age, the cumulative risk of SAB from 6-19 weeks’ increased with
increasing age: 9.8% (95% CI: 5.9-12.4%) among participants aged 20-29 years, 13.0% (95% CI: 10.1-
15.8%) among participants aged 30-34 years, 16.7% (95% Cl: 12.5-20.6%) among participants aged 35-39
years, and 28.8% (95% Cl: 16.8-39.1%) among participants 40 years and older. Using direct age
standardization to the selected reference population?, the age-standardized cumulative risk of SAB from
6-19 weeks’ gestation in the v-safe pregnancy registry was 12.8% (95% Cl: 10.8-14.8%) (data not shown).
In the sensitivity analysis, under the extreme assumption that all 65 participants with last contact in the
first trimester experienced an SAB, the cumulative risk of SAB from 6-19 weeks’ gestation was 18.8%
(95% Cl: 16.6-20.9%) and was 18.5% (95% Cl: 16.1-20.8%) after age standardization (data not shown).
Age standardization had less of an effect on our sensitivity analysis than our primary analysis, because
participants who were unable to be reached in the second trimester were younger than those with second
trimester follow-up (data not shown).

Discussion

While SARS-CoV-2 infection during pregnancy is associated with severe illness and adverse obstetrical
outcomes’ 3, COVID-19 vaccines were not expressly studied in pregnant people prior to availability in the
United States under an EUA. While there is no compelling biological mechanism to expect that mRNA
COVID-19 vaccines present a risk to pregnancy, data have been limited to guide pregnant people and
healthcare professionals about vaccination in the preconception period and during pregnancy. In this
report, we calculated the cumulative risk of SAB from 6—19 weeks’ gestation for people in the v-safe
pregnancy registry who received an mRNA COVID-19 vaccine preconception or in pregnancy. These
findings add to the accumulating evidence about the safety of COVID-19 vaccination in pregnancy.'’ 18
Previous studies estimating cumulative risk of SAB in the general population have reported similar
estimates as our study.*"'9 However, the median age of our study population is higher than in the
reference studies.” 10 Given that maternal age is a known risk factor SAB, this may have skewed our
overall risk of SABs higher. When we age-standardized our estimate, the cumulative risk fell from 14.1%
(95% Cl: 12.1-16.1%) to 12.8% (95% CI: 10.8—14.8%). Consistent with previous studies that estimated

week-specific SAB risk, our week-specific risk of SAB decreased after 12 weeks’ gestation.8: 19

Our sensitivity analysis resulted in an-age standardized risk of 18.5% (95% Cl: 16.1-20.8% under the
extreme assumption that all 65 pregnant people whom we were unable to contact during the second
trimester experienced an SAB. It is possible that some of those not contacted in the second trimester did
have an SAB, but it is highly unlikely that all did, especially given that these 65 participants were
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significantly younger than those with second trimester follow-up. Data in this report are preliminary, and
active follow-up through the v-safe pregnancy registry is ongoing. Several limitations should be noted.
First, the cohort does not include a comparison group of unvaccinated pregnant people. Additionally, the
cohort is relatively homogenous with respect to racial and ethnic groups and occupation with 78% of
participants non-Hispanic White and 89% healthcare personnel. Furthermore, data were collected both
prospectively and retrospectively. Previous estimates of SAB proportions relied on prospective studies,”
8-10 in which pregnant people were enrolled before or at the start of pregnancy and followed over time to
assess pregnancy outcomes, providing less biased estimates. Additionally, all data were self-reported,
including vaccine administration dates, pregnancy status, estimated delivery date or gestational age, and
pregnancy outcome. Given the voluntary nature of the registry, enrollment biases are likely. Pregnant
people who experienced an SAB may have been more likely to enroll in the v-safe pregnancy registry,
which would overestimate the risk. Inconsistencies in ability to obtain follow-up information may have
also affected the incidence as some may not have been willing to complete their scheduled follow-up
interviews if they experienced an SAB. Our sensitivity analysis accounted for that possibility.

Despite the limitations noted above and the inherent challenges of registry data without a comparison
group, these data suggest that the cumulative risk of an SAB from 6—19 weeks’ gestation after receipt of
an mRNA COVID-19 vaccine is within the expected range based on previous SAB studies. Confirmation of
these results is needed from observational studies that include unvaccinated pregnant people. Our data
as of July 19, 2021 are reassuring and do not suggest an increased risk of SAB following receipt of an
mRNA COVID-19 vaccine in the preconception period or during pregnancy.
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Tables

Table 1. Pregnancy Status at 20 Weeks’ Gestation among Pregnant People Receiving mRNA
COVID-19 Vaccines in the Preconception Period and through 20 Weeks’ Gestation, CDC v-safe
COVID-19 Vaccine Pregnancy Registry: December 14, 2020—July 19, 2021
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Self-reported Ongoing Participants with ongoing Other pregnancy
SAB*6-19 weeks’ pregnanciesTat20 pregnancy atcontact priorto 20  loss 6-19 weeks
All gestation weeks’ gestation weeks’ gestation gestation
Characteristics n % n %+ n %+ n %~ n %+
Total 2456 165 2022 253 16
Age at 1st eligible
vaccine dose (years)
20-29 432 176 23 13.9 343 17.0 64 25.3 2 12.5
30-34 1205 49.1 71 43.0 1020 50.4 108 42.7 6 37.5
35-39 693 28.2 54 32.7 561 27.7 72 28.5 6 37.5
40+ 126 5.1 17 10.3 98 4.8 9 3.6 2 12.5
Race and Hispanic
origin
Non-Hispanic Black 35 14 5 3.0 23 1.1 6 2.4 1 6.3
Non-Hispanic White 1923 78.3 113 68.5 1613 79.8 185 73.1 12 75.0
Hispanic 220 9.0 21 12.7 159 7.9 39 154 1 6.3
Non-Hispanic 7 0.3 0 0.0 6 0.3 1 0.4 0 0.0
American
Indian/Alaskan
Native
Non-Hispanic Native 8 03 0 0.0 6 0.3 2 0.8 0 0.0
Hawaiian/Pacific
Islander
Non-Hispanic Asian 210 8.6 17 10.3 179 8.9 13 5.1 1 6.3
Non-Hispanic 48 2.0 7 4.2 34 1.7 6 2.4 1 6.3
multiple races
Missing 5 02 2 1.2 2 0.1 1 0.4 0 0.0
Self-reported vaccine
priority group
Non-healthcare 148 6.0 6 3.6 110 5.4 30 11.9 2 12.5
essential worker
Healthcare 2180 88.8 149 90.3 1822 90.1 196 77.5 13 81.3
personnel’
Vaccine type
Moderna 1162 47.3 85 51.5 944 46.7 126 49.8 7 43.8
Pfizer-BioNTech 1294 52.7 80 48.5 1078 53.3 127 50.2 9 56.3
Number of vaccine
doses reported
1 245 10.0 39 23.6 183 9.1 18 7.1 5 31.3
2 2211 90.0 126 76.4 1839 90.9 235 92.9 11 68.8

Timing of Dose 1
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Self-reported
SAB*6-19 weeks’ pregnancies” at 20

Ongoing

Participants with ongoing
pregnancy at contact prior to 20

Other pregnancy
loss 6-19 weeks

All gestation weeks’ gestation weeks’ gestation gestation
Characteristics n % n %+ n %+ n %~ n %+
Preconception** 380 15.5 56 33.9 212 10.5 106 41.9 6 37.5
First trimester (>=2 1230 50.1 107 64.8 971 48.0 142 56.1 10 62.5
and <14 weeks)
Second trimester 846 34.4 2 1.2 839 41.5 5 2.0 0 0.0
(>=14 and <20
weeks”ﬁ)
Timing of Dose 2
(n=2211)
Preconception** 188 8.5 19 11.5 116 5.7 50 19.8 3 18.8
First trimester (>=2 885 40.0 91 55.2 642 31.8 145 57.3 7 43.8
and <14 weeks)
Second trimester 1125 50.9 4 2.4 1081 53.5 40 15.8 0 0.0
(>=14 and <28
weeks)
After pregnancy 13 0.6 12 7.3 0 0.0 0 0.0 1 6.3
outcome
Comorbidities and
past medical history
Obesityii 432 17.6 34 20.6 340 16.8 57 22.5 1 6.3
Pre-existing diabetes 27 1.1 2 1.2 23 1.1 2 0.8 0 0.0
Prior SAB 675 27.5 59 35.8 549 27.2 65 25.7 2 12.5
1 Prior SAB 452 67.0 33 20.0 373 18.4 44 17.4 2 12.5
2 ormore Prior SABs 223 33.0 26 15.8 176 8.7 21 8.3 0 0.0

*Spontaneous abortion

ﬁIHCI udes 19 live births, 5 stillbirths, 2 induced abortions after 20 gestational weeks, and 1996 pregnancies ongoing as oflast

interview

*Column percentages provide among each pregnancy outcome/status; these should not be interpreted as risk estimates

7LAny person serving in a healthcare setting who has the potential for direct or indirect exposure to patients or infectious materials

**Preconception defined as 4 weeks before last menstrual period up to 2 weeks after

””Second trimester vaccination for dose 1 limited to receipt at less than 20 weeks’ gestation per study criteria

*12 cases missing information to determine body mass index for obesity

Table 2. Risk of Spontaneous Abortion among v-safe Pregnancy Registry Participants,

December 14, 2020—]July 19, 2021
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Week-specific SAB* risk

Gestational Number at Self-reported Cumulative SAB risk (%, 95%
Age risk SAB* (%) cr’)
6.0 904 15 1.66 1.66 (0.83-2.48)
7.0 982 18 1.83 3.46 (2.30-4.61)
8.0 1032 37 3.59 6.92 (5.36-8.46)
9.0 1087 39 3.59 10.26 (8.44-12.04)
10.0 1118 19 1.70 11.79 (9.87-13.66)
11.0 1184 12 1.01 12.68 (10.72-14.60)
12.0 1274 9 0.71 13.30 (11.31-15.24)
13.0 1394 5 0.36 13.61 (11.61-15.57)
14.0 1534 0 --- --
15.0 1632 2 0.12 13.72 (11.71-15.68)
16.0 1742 2 0.11 13.81 (11.81-15.78)
17.0 1848 2 0.11 13.91 (11.90-15.87)
18.0 1941 3 0.15 14.04 (12.03-16.01)
19.0 2052 2 0.10 14.12 (12.11-16.09)

*Spontaneous abortion
TConfidence interval

Figures
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Figure. Inclusion Criteria: Receipt of mRNA COVID-19 vaccines preconception and during pregnancy and risk of self-
reported spontaneous abortions, CDC v-safe COVID-19 Vaccine Pregnancy Registry 2020-21

5086 Participants in the VSAFE
Pregnancy Registry

j 23 Participants with multiple
gestations

"
5063 Participants with singleton
gestations

[ r 272 Participants without an mRNA Vaccine }

'L 2300 Participants vaccinated at or after 20 weeks gestation

2451 Participants received mRNA vaccine at<20
weeks gestation

I r 35 Participants with self-reported pregnancy loss at ]

\—l 'L <6 weeks gestation

[ 2456 Participants pregnant 26 weeks gestation and ]

included in analysis

165 Spontaneous 2022 Pregnant as 253 Participants who were not interviewed at or after 20 gestational weeks 16 °”":rf
Abortions (54Bs)” of 20 weeks - 22 with last contact at 5-10 weeks nutc;jmes Ic:_ore
« 154 First Trimester SAB gestation + 43 with last contact at 11-13 weeks . m;:Ec:d :
+ 11 27 Trimester SAB + 188 with last contact at 14-19 weeks Vi
- 80ther
outcomes

Figure 1

*Percentage of SABs should not be calculated out of total participants included in the analysis and
interpreted as a risk. See text for full analysis of SAB risk
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