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In Vitro Fertilization and Early Pregnancy
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OBJECTIVE: To assess whether coronavirus disease 2019
(COVID-19) mRNA vaccination is associated with con-
trolled ovarian hyperstimulation or early pregnancy
outcomes.

METHODS: This retrospective cohort study included
patients who underwent controlled ovarian hyperstimula-
tion or single euploid frozen-thawed embryo transfer at a
single academic center. Patients fully vaccinated with a
COVID-19 mRNA vaccine were compared with unvacci-
nated patients who cycled during the same time period.
The primary outcome was the fertilization rate for con-
trolled ovarian hyperstimulation and the clinical pregnancy
rate for frozen-thawed embryo transfer. Secondary out-
comes for controlled ovarian hyperstimulation included
eggs retrieved, mature oocytes retrieved, mature oocytes
ratio, blastulation rate, and euploid rate. Secondary out-
comes for frozen-thawed embryo transfer included preg-
nancy rate, ongoing pregnancy rate, biochemical pregnancy
loss rate, and clinical pregnancy loss rate.
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RESULTS: Among 222 vaccinated patients and 983 unvacci-
nated patients who underwent controlled ovarian hyperstim-
ulation cycles between February and September 2021, there
was no association on adjusted analysis between COVID-19
vaccination and fertilization rate (3=0.020.02, P=.20) or any
of the secondary outcomes assessed: eggs retrieved
(B=0.01x0.57, P=99), mature oocytes retrieved
(3=0.26+0.47, P=58), mature oocytes ratio (3=0.02%0.01,
P=.12), blastulation rate (3=0.02%0.02, P=.27), or euploid rate
(3=0.05+0.03, P=.08). Among 214 vaccinated patients and
733 unvaccinated patients undergoing single euploid frozen-
thawed embryo transfer, adjusted analysis demonstrated no
significant association between vaccination and clinical preg-
nancy (adjusted odds ratio [aOR] 0.79, 95% CI 0.54-1.16) or
any of the secondary outcomes: pregnancy (aOR 0.88, 95% Cl
0.58-1.33), ongoing pregnancy (aOR 0.90, 95% CI 0.61-1.31),
biochemical pregnancy loss (@OR 1.21, 95% CI 0.69-2.14), or
clinical pregnancy loss (@OR 1.02, 95% CI 0.51-2.06).
CONCLUSION: Administration of COVID-19 mRNA
vaccines was not associated with an adverse effect on
stimulation or early pregnancy outcomes after IVF. Our
findings contribute to the growing body of evidence
regarding the safety of COVID-19 vaccination in women
who are trying to conceive.

(Obstet Gynecol 2022;139:1-8)

DOI: 10.1097/A0G.0000000000004713

he dissemination of the coronavirus disease 2019

(COVID-19) vaccine has led to a gradual emergence
from the global COVID-19 pandemic. Pregnant individ-
uals may be at increased risk for morbidity and mortality
from severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, and vaccination has been
shown to be effective in pregnant women in lowering
the incidence of severe disease.! > Data on vaccine safety
profiles in pregnancy are increasing, yet vaccination
rates among pregnant women remain low.10-14
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Vaccine hesitancy can be attributed in part to a
concern regarding possible homology between the
SARS-CoV-2 spike protein targeted by the vaccine
and the placental syncitin-1 protein, potentially result-
ing in infertility.!> This theory was discredited by
immunology experts, because any sequence similarity
between the proteins is extremely limited and unlikely
to cause cross-reactivity.!>10

Studies to date have found no association of the
COVID-19 mRNA vaccine with markers of fertility,
including oocyte and embryo development; however,
these included small numbers of participants.!”-!®
Emerging data regarding early pregnancy outcomes
among vaccinated women are reassuring, yet those
studies consisted of small sample sizes or of case-
control or observational registry data that do not
fully capture fertilization rates, implantation rates, or
unrecognized early pregnancy losses.®!9-2! One study
has assessed outcomes after euploid embryo transfers
among a small cohort of participants.!® Robust clini-
cal studies examining a relationship between the
COVID-19 mRNA vaccines and in vitro fertilization
(IVF) outcomes are limited. The objective of our
study was to assess the association between COVID-
19 mRNA vaccination and ovarian stimulation and
early pregnancy outcomes in patients undergoing
IVF.

METHODS

This retrospective cohort study was conducted at a
single academic center. The study included patients
who underwent controlled ovarian hyperstimulation
or single euploid frozen-thawed embryo transfer.
Controlled ovarian hyperstimulation cycles and
frozen-thawed embryo transfer cycles were assessed
separately as independent cohorts. The study groups
for the controlled ovarian hyperstimulation and
frozen-thawed embryo transfer cohorts consisted of
fully vaccinated patients, defined as patients who
received two doses of the Pfizer-BioNTech (Pfizer)
or Moderna COVID-19 vaccine 14 days or more
before the start of medications for their controlled
ovarian hyperstimulation or frozen-thawed embryo
transfer cycle. The control groups consisted of unvac-
cinated patients undergoing controlled ovarian hyper-
stimulation or frozen-thawed embryo transfer,
respectively, during the same time period. Patients
who started cycle medications less than 14 days from
the second dose of an mRINA vaccine or who received
the Johnson & Johnson/Janssen vaccine were
excluded from the study. The first fully vaccinated
patients began cycling in February 2021; therefore,
all cycles from February through September 2021
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were included. In each cohort, only the first cycle
for each patient during this timeframe was included
in the analysis.

The controlled ovarian hyperstimulation cohort
included patients undergoing stimulation for IVF. Data
collected included oocyte, fertilization, and embryo
development parameters, as well as results of preim-
plantation genetic testing for aneuploidy among cycles
in which testing was performed. Embryos from the
controlled ovarian hyperstimulation cohort may have
been cryopreserved or transferred fresh; embryo trans-
fers from this cohort were not assessed. The frozen-
thawed embryo transfer cohort consisted of patients
undergoing single embryo transfer of a tested euploid
embryo that had been biopsied and cryopreserved in a
prior cycle; early pregnancy outcomes were assessed
among this cohort. All cycles from both cohorts
underwent intracytoplasmic sperm injection. Oocyte
cryopreservation cycles, in which fertilization and
embryo generation were not performed, were not
included. Cancelled cycles and conventional insemina-
tion cycles were excluded. Fresh embryo transfers were
not included in the analysis.

Controlled ovarian stimulation was performed as
previously described.?2?3 Ovarian follicle growth was
measured with transvaginal ultrasonography. Re-
combinant or purified human chorionic gonadotropin
(hCG), leuprolide acetate, or a combination were used
to induce final oocyte maturation once two or more
follicles reached a mean diameter of 18 mm or more.
Oocyte retrieval was performed 36 hours later under
transvaginal ultrasonography guidance. Intracytoplas-
mic sperm injection was performed on metaphase II
oocytes (mature oocytes). For cycles with preimplan-
tation genetic testing for aneuploidy, trophectoderm
biopsy was performed on days 5, 6, or 7 of embryo
development once embryos achieved an adequate
morphologic grade (modified Gardner morphologic
score 4CC or higher), and then embryos were vitrified
as described previously.?* Preimplantation genetic
testing for aneuploidy was performed using Next
Generation Sequencing as previously described.*

For frozen-thawed embryo transfer cycles, endo-
metrial preparation was performed using oral estra-
diol administered twice daily for 4 days, followed by
three times daily.2* Endometrial thickness and echo-
texture were assessed with transvaginal ultrasonogra-
phy; when a minimum measurement of 7 mm was
achieved, daily progesterone was given through intra-
muscular or oral and vaginal routes. Progesterone
supplementation was administered for 5 days, after
which embryo thawing and transfer were performed.
A single euploid embryo was transferred in all cycles.
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Serum hCG levels were analyzed 8-9 days after
embryo transfer and repeated 2-3 days later if posi-
tive (serum hCG 2.5 milli-international units/mL or
higher). Transvaginal ultrasonography was performed
1 week after confirmed hCG rise, followed by weekly
monitoring until discharge from the practice at 8-9
weeks of gestation. Clinical pregnancy was defined
as visualization of an intrauterine gestational sac on
transvaginal ultrasonography in the presence of a pos-
itive pregnancy test result.

Screening for SARS-CoV-2 infection was per-
formed before each patient visit and procedure and
included symptom questionnaires, temperature
checks, and vaccination status once vaccines became
available. Proof of vaccination was required if appli-
cable, and vaccination type and dates were entered
into the medical record. Testing for SARS-CoV-2
infection was not routinely performed.

Data were collected as part of routine clinical
practice and extracted from the electronic medical
record. The database enforces several validation and
normalization standards, including data type rules and
out-of-bound triggers that prevent inaccurate data
entry. Further checks on the integrity of the data
were also explored as part of initial exploratory and
descriptive analysis.

The primary outcome when assessing controlled
ovarian hyperstimulation cycles was fertilization rate
(fertilized eggs out of mature oocytes injected with
sperm). Secondary outcomes included oocytes retrieved,
mature oocytes retrieved, mature oocytes ratio (mature
oocytes/total oocytes retrieved), blastulation rate (blas-
tocysts out of fertilized eggs), and euploid rate (euploid
embryos out of embryos biopsied). The primary out-
come when assessing frozen-thawed embryo transfer
was clinical pregnancy rate per transfer (clinical preg-
nancies out of all frozen-thawed embryo transfer).
Secondary outcomes included pregnancy rate (positive
hCG out of all frozen-thawed embryo transfer), ongoing
pregnancy rate (discharged to obstetrician out of all
frozen-thawed embryo transfer), biochemical loss rate
(loss after positive hCG before detection of clinical
pregnancy out of all pregnancies), and clinical preg-
nancy loss rate (loss after detection of clinical pregnancy
out of all clinical pregnancies).

Categorical variables were compared using x? tests
and Fisher exact tests, and continuous variables were
compared using Student’s ¢ test. Shapiro-Wilk test was
used to test for normality, and nonparametric variables
were assessed using Wilcoxon rank-sum test. Multivari-
able linear and logistic regression were used to control
for confounding variables. Beta coefficients from linear
regression models were examined to present the change
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in outcomes for a 1-unit change in predictor value mea-
surements. Odds ratios from logistic regression models
were used to present the strength of associations
between predictors and outcomes. Potential con-
founders were determined a priori. For controlled ovar-
ian hyperstimulation cycles, covariates included in the
adjusted analysis were age, body mass index (BMI, cal-
culated as weight in kilograms divided by height in
meters squared), serum anti-miillerian hormone level,
gravidity, parity, and stimulation type. For frozen-
thawed embryo transfer cycles, covariates included in
the adjusted analysis were age, BMI, anti-miillerian hor-
mone level, gravidity, parity, endometrial thickness,
embryo biopsy day, expansion, inner cell mass grade,
and trophectoderm grade.

For our primary outcome of fertilization rate
among controlled ovarian hyperstimulation cycles, a
sample size of 138 patients was required to detect an
absolute difference of 15% in fertilization rates with
80% power and alpha of 0.05. This was determined
with the assumption of a fertilization rate of 80%
based on prior data from our center. For our primary
outcome of clinical pregnancy rates among frozen-
thawed embryo transfer cycles, a sample size of 171
single euploid frozen-thawed embryo transfers per
group was required to detect an absolute difference of
15% in clinical pregnancy rates with 80% power and
alpha of 0.05, based on 64% clinical pregnancy rates
in our center. All P values were two-sided, with a
significance level of <.05.

Propensity score matching in a 1:1 ratio was
performed to corroborate the results of adjusted
analysis for each cohort. The controlled ovarian
hyperstimulation cohort was matched according to
age, BMI, anti-miillerian hormone level, gravidity,
parity, and stimulation type. The frozen-thawed
embryo transfer cohort was matched according to
age, BMI, anti-miillerian hormone level, gravidity,
parity, and endometrial thickness.

Further subanalyses were performed in each
cohort comparing individuals who received the Pfizer
and Moderna vaccines with individuals in the control
group, respectively, as well as comparing the two
vaccine types with one another.

SAS 9.4 and SAS Studio were used for statistical
analysis. This study was approved by the Institutional
Review Board of the Icahn School of Medicine at
Mount Sinai, with a waiver of consent for retrospec-
tive analysis of de-identified data.

RESULTS

A total of 1,678 individuals who underwent controlled
ovarian hyperstimulation and 1,271 who underwent
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single euploid frozen-thawed embryo transfer were
identified (Fig. 1). Vaccination uptake rates per month
ranged from 2.7% in February 2021 to 30.7% in May
2021 and were slightly higher in the frozen-thawed
embryo transfer cohort compared with the controlled
ovarian hyperstimulation cohort (Appendix 1, avail-
able online at http://links.lww.com/AOG/C592).

The controlled ovarian hyperstimulation cohort
included 222 fully vaccinated patients and 983 unvac-
cinated patients. Baseline demographics, cycle char-
acteristics, and cycle outcomes among the controlled
ovarian hyperstimulation cohort are shown in Table 1.
The control group had a higher parity compared with
the vaccinated group. The vaccinated group had a
higher percentage of antagonist and a lower percent-
age of flare protocol usage compared with the control
group.

The primary outcome of fertilization rate for the
controlled ovarian hyperstimulation cohort was sim-
ilar between the vaccinated and unvaccinated groups
(80.7% [95% CI 78.4-83.0] vs 78.7% [95% CI 77.5-
80.0]). No differences were observed between vacci-
nated and unvaccinated patients on univariate analy-
sis in the secondary outcomes of eggs retrieved,
mature oocytes retrieved, mature oocytes ratio, or
blastulation rate. In cycles in which preimplantation
genetic testing for aneuploidy was performed, vacci-
nated patients had a higher proportion of euploid
embryos compared with unvaccinated patients
(48.8% [95% CI 44.1-53.6] vs 42.5% [95% CI 40.2-
44.9]) (Table 1).

Multivariable linear regression was performed,
controlling for age, BMI, anti-miillerian hormone
level, gravidity, parity, and stimulation type. No sig-

Controlled ovarian
hyperstimulation with
ICSI cycles,
February—September 2021
(n=1,678)

Excluded (n=185)
Partially vaccinated with
»  mRNAvaccine: 124

Received J&J/Janssen

vaccine: 61
Cycles among Cycles among
fully vaccinated patients unvaccinated patients
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nificant association was seen on adjusted analysis
between vaccination and the primary outcome of fer-
tilization rate (8=0.02+0.02, P=.20) or any of the
secondary outcomes assessed: eggs retrieved
(3=0.01%0.57, P=.99); mature oocytes retrieved
(3=0.26+0.47, P=.58); mature oocytes ratio
(B=0.02=0.01, P=12); blastulation rate
(B=0.02+0.02, P=.27); euploid rate (38=0.05%0.03,
P=.08).

In a sensitivity analysis in which the controlled
ovarian hyperstimulation cohort was propensity
score-matched, there was no association between
COVID-19 vaccination and fertilization rates or any
of the secondary outcomes (Appendix 2, available on-
line at http://links.lww.com/AOG/C592). Controlled
ovarian hyperstimulation cycle outcomes were as-
sessed among patients who received the Pfizer
(n=119) or Moderna (n=103) vaccine compared with
the control group, respectively, as well as comparing
patients who received the Pfizer or Moderna vaccine
with one another. No differences were seen among the
groups in the primary or secondary outcomes on
adjusted analysis.

The single euploid frozen-thawed embryo trans-
fer cohort included 214 vaccinated patients and 733
unvaccinated patients (Table 2). The control group in
this cohort had higher parity and a greater endome-
trial thickness compared with the vaccinated group.

The primary outcome of clinical pregnancy rate
in the frozen-thawed embryo transfer cohort was
similar between the vaccinated and unvaccinated
groups (59.5% [95% CI 52.7-66.3] vs 63.7% [95%
CI 60.2-67.3]). No significant differences were seen
between vaccinated and unvaccinated patients in the

Single euploid frozen-
thawed embryo
transfer cycles,

February—September 2021
(n=1,271)

Excluded (n=98)
Partially vaccinated with
»  mRNA vaccine: 62

Received J&J/Janssen

vaccine: 36
Cycles among Cycles among
fully vaccinated patients unvaccinated patients
(n=273) (n=900)

Repeated Repeated
cycles < > cycles
(n=59) (n=167)

(n=272) (n=1,221)
Repeated Repeated
cycles < » cycles
(n=50) (n=238)
v v

Included cycles among fully
vaccinated patients
(n=222)

Included cycles among
unvaccinated patients
(n=983)

A v

Included cycles among fully Included cycles among

vaccinated patients unvaccinated patients
(n=214) (n=733)

Fig. 1. Flow diagrams of patient inclusion. ICSI, intracytoplasmic sperm injection.
Aharon. COVID-19 Vaccination and IVF Outcomes. Obstet Gynecol 2022.
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Unvaccinated Patients Undergoing Controlled Ovarian Hyperstimulation

Variable Vaccinated (n=222) Unvaccinated (n=983) P
Age (y) 36.7*x4.4 37.1%£45 .19
BMI (kg/m?) 243*4.6 24.9+5.0 .30
AMH (ng/mL) 2.9%29 2.7%2.6 .38
AFC 14.9£10.1 13.9£8.5 33
Gravidity 0.0 (0.0-7.0) 0.0 (0.0-8.0) .30
Parity 0.0 (0.0-3.0) 0.0 (0.0-4.0) .01
Stimulation protocol .02

Antagonist 92.3 86.2 .01

Flare 6.3 12.8 .005

Down-regulation 1.4 1.0 71
Cumulative gonadotropin dosage (international units) 3,954.0%1,392.5 3,927.3%+1,317.9 .78
Estradiol at trigger (pg/mL) 2,559.4+1,371.2 2,513.7%1,256.1 .91
Embryo biopsy for PGT-A 79.7 78.6 .72
Average biopsy day* .28

5 59.9 54.2

6 36.7 40.1

7 3.4 5.7
Fertilization rate (%) 80.7 [78.4-83.0] 78.7 [77.5-80.0] .39
No. of eggs retrieved 15.9 [14.4-17.5] 15.0 [14.4-15.6] .64
No. of mature oocytes retrieved 12.2 [11.0-13.3] 11.2 [10.7-11.7] .20
Mature oocytes ratio (%) 77.2 [75.0-79.3] 74.7 [73.5-75.8] .18
Blastulation rate (%) 62.9 [59.4-66.4] 60.0 [58.2-61.7] .30
Euploid rate (%)* 48.8 [44.1-53.6] 42.5 [40.2-44.9] .02

BMI, body mass index; AMH, anti-miillerian hormone; AFC, antral follicle count; PGT-A, preimplantation genetic testing for aneuploidy.
Data are mean=SD, median (range), %, or mean [95% confidence limit] unless otherwise specified.

* Among cycles with embryo biopsy for PGT-A.

secondary outcomes of pregnancy rate, ongoing preg-
nancy rate, biochemical loss rate, or clinical preg-
nancy loss rate (Table 2, Fig. 2).

An adjusted analysis controlling for age, BMI,
anti-miillerian hormone level, gravidity, parity, endo-
metrial thickness, biopsy day, expansion, inner cell
mass grade, and trophectoderm grade demonstrated
no significant association between vaccination and the
odds of clinical pregnancy (adjusted odds ratio [aOR]
0.79, 95% CI 0.54-1.16) or with any of the secondary
outcomes assessed: pregnancy (aOR 0.88, 95% CI
0.58-1.33), ongoing pregnancy (aOR 0.90, 95% CI
0.61-1.31), biochemical pregnancy loss (aOR 1.21,
95% CI 0.69-2.14), or clinical pregnancy loss (aOR
1.02, 95% CI 0.51-2.06) (Table 3).

In a sensitivity analysis, after propensity score
matching for the frozen-thawed embryo transfer
cohort, there was no association between COVID-
19 vaccination and clinical pregnancy rates (vacci-
nated vs unvaccinated: 59.5% [95% CI 52.7-66.3] vs
63.2% [95% CI 56.7-69.8], P=.44; odds ratio 0.86,
95% CI 0.58-1.27) or any of the secondary outcomes
(Appendix 3, available online at http://links.lww.
com/AOG/C592). No differences were seen in pri-
mary or secondary frozen-thawed embryo transfer

VOL. 139, NO. 4, APRIL 2022

outcomes among patients who received the Pfizer
(n=119) or Moderna (n=95) vaccine when compared
with the control group, respectively, or when com-
pared with one another, on multivariate analysis.

DISCUSSION

Patients vaccinated with the Pfizer or Moderna
COVID-19 vaccine had similar responses to ovarian
stimulation and similar pregnancy outcomes com-
pared with unvaccinated patients. These findings
provide reassurance that reproductive potential does
not appear to be affected by COVID-19 mRNA
vaccination in patients who undergo IVF.

Our data contribute to the ever-increasing evi-
dence that COVID-19 vaccines do not negatively
affect fertility or pregnancy. Clinical trials have gener-
ated reassuring observations, including the rates of
pregnancies among vaccinated and unvaccinated
women during the original vaccine trials.!> Data from
the Centers for Disease Control and Prevention’s V-
safe COVID vaccine registry and the Vaccine Adverse
Event Reporting System have demonstrated similar
incidences of pregnancy loss and other adverse preg-
nancy and neonatal outcomes in vaccinated patients
compared with a historical control group.”8 Similarly,
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Table 2. Baseline Demographics, Cycle Characteristics, and Pregnancy Outcomes Among Vaccinated and
Unvaccinated Patients Undergoing Single Euploid Frozen Embryo Transfer

Variable Vaccinated (n=214) Unvaccinated (n=733) P
Age (y) 36.5+3.7 36.5+4.1 .99
Oocyte age (y) 35.7%3.6 35.5*4.1 .54
BMI (kg/m?) 24.0+4.3 24.9x5.0 .06
AMH (ng/mL) 3.3%29 3.3%3.0 .83
AFC 14.4+9.4 13.9x9.7 .54
Gravidity 1.0 (0.0-7.0) 1.0 (0.0-9.0) .07
Parity 0.0 (0.0-3.0) 0.0 (0.0-4.0) .01
Endometrial thickness (mm) 9.6+2.2 10.0+2.4 .02
Embryo biopsy day .64

5 55.1 52.0

6 40.2 421

7 4.7 5.9
Expansion .93

4 46.7 45.3

5 25.7 26.5

6 27.6 28.2
ICM grade .84

A 75.8 76.4

B 19.4 18.1

C 4.8 5.5
TE grade .90

A 41.0 42.7

B 39.5 38.2

C 19.5 19.1
Clinical pregnancy rate (%) 59.5 [52.7-66.3] 63.7 [60.2-67.3] 27
Pregnancy rate (%) 73.8 [67.9-79.8] 74.9 [71.8-78.0] .75
Ongoing pregnancy rate (%) 47.5 [40.4-54.5] 53.6 [49.7-57.4] 13
Biochemical loss rate (%) 17.1 [11.2-23.0] 13.8 [10.9-16.7] .30
Clinical loss rate (%) 18.0 [11.1-24.9] 12.0 [9.0-15.0] .08

BMI, body mass index; AMH, anti-millerian hormone; AFC, antral follicle count; ICM, inner cell mass; TE, trophectoderm.
Data are mean=SD, median (range), %, or mean [95% confidence limit] unless otherwise specified.

two large case—control studies found no association
between vaccination and spontaneous abortion.?%2!
Those studies may be limited by assessing only clini-
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80

Percentage
o o o o

o

738749
63.7

70 59.5 536
6 47.5
5
4
3 171138
2

10

0

Pregnancy Clinical
pregnancy

cally recognized pregnancies and pregnancy losses.
Pregnancies after IVI are closely tracked; this study
therefore captures early implantation and biochemical

B Vaccinated
W Unvaccinated

18.0
12.0
Fig. 2. Single euploid frozen-thawed
embryo transfer outcomes between
fully vaccinated and unvaccinated

patients. Error bars represent 95%

Ongoing Biochemical Clinical Cls.

pregnancy loss
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Table 3. Association of Vaccination With Single Euploid Frozen Embryo Transfer Outcomes on Unadjusted

and Adjusted Analysis*

Outcome Unadjusted OR (95% Cl) Adjusted OR (95% CI)
Clinical pregnancy 0.84 (0.61-1.15 0.79 (0.54-1.16)
Pregnancy 0.95 (0.67-1.34 0.88 (0.58-1.33)
Ongoing pregnancy 0.78

Biochemical pregnancy loss

Clinical pregnancy loss 1.61

1.28 (0.79-2.07

) (
) (
0.57-1.08) 0.90 (0.61-1.31)
) (
0.94-2.76) (

1.21 (0.69-2.14)
1.02 (0.51-2.06)

OR, odds ratio.

* Adjusted for age, body mass index, anti-miillerian hormone level, gravidity, parity, endometrial thickness, biopsy day, expansion, inner

cell mass grade, and trophectoderm grade.

pregnancies in addition to clinical pregnancy losses that
may be unrecognized or underreported in the general
population or in registry studies.

This study’s results are also consistent with studies to
date of IVF outcomes in vaccinated patients. No differ-
ences were observed among 32 patients in follicular ste-
roidogenesis, response to IVF trigger medications, and
oocyte quality biomarkers when comparing individuals
with anti-SARS-CoV-2 immunoglobulin G from vacci-
nation or prior infection and seronegative individuals in a
control group.!® Outcomes of IVF stimulation, including
oocytes and mature oocytes retrieved, fertilization rate,
and ratio of top-quality embryos per fertilized oocyte,
were similar among 36 couples assessed before and after
COVID-19 mRNA vaccination.!” One study assessing
55 patients with anti-SARS-CoV-2 spike immunoglobu-
lin G reactivity compared with nonreactive patients
found no differences in chemical, clinical, or ongoing
pregnancy rates after frozen embryo transfer.!¥

Our study provides further evidence indicating the
safety of COVID-19 vaccination for patients who are
planning pregnancy or are currently pregnant. By
analyzing controlled ovarian hyperstimulation out-
comes, we can assess a potenu'al association of vaccina-
tion with markers of oocyte and embryo quality and
development. By evaluating only euploid frozen-thawed
embryo transfers, our study excludes a number of
confounding variables that may affect pregnancy and
pregnancy loss rates. Our control group cycled during
the same time period, using the same protocols and
techniques. Both the study and control groups were
subject to the same environmental exposures, including
exposure to SARS-CoV-2 in the community. The
inclusion of only the first cycle for each patient served
to minimize potential bias from repeated frozen-thawed
embryo transfer cycles, which would necessarily be due
to failed transfer cycles during this short timeframe, and
to remove partial crossover between the groups.

This study is not without its limitations, includ-
ing its retrospective design. We did not assess
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antibody levels or test for SARS-CoV-2 infection
in our patient population as part of our routine
clinical practice; therefore, we do not know how
many patients in the control group may have been
exposed to SARS-CoV-2 and developed natural
antibodies. Additionally, owing to the recent avail-
ability of vaccination, data on live birth rates and
neonatal outcomes are currently limited and were
not assessed as part of this study but will be an
important focus of future studies.

The administration of COVID-19 mRNA vaccines
was not associated with oocyte or embryo development,
implantation, or early pregnancy loss in patients under-
going IVF in our study. These findings provide addi-
tional reassuring data that COVID-19 vaccination does
not adversely affect fertility or early pregnancy out-
comes and contribute to the growing body of evidence
that the risk-to-benefit ratio supports vaccination in
women who are pregnant or trying to conceive.
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