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Abstract 

Background:  Unsubstantiated concerns have been raised on the potential correlation between severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) vaccination and infertility, leading to vaccine hesitancy in reproductive-
aged population. Herein, we aim to evaluate the impact of inactivated SARS-CoV-2 vaccination on embryo ploidy, 
which is a critical indicator for embryo quality and pregnancy chance.

Methods:  This was a retrospective cohort study of 133 patients who underwent preimplantation genetic testing for 
aneuploidy (PGT-A) cycles with next-generation sequencing technology from June 1st 2021 to March 17th 2022 at 
a tertiary-care medical center in China. Women fully vaccinated with two doses of Sinopharm or Sinovac inactivated 
vaccines (n = 66) were compared with unvaccinated women (n = 67). The primary outcome was the euploidy rate per 
cycle. Multivariate linear and logistic regression analyses were performed to adjust for potential confounders.

Results:  The euploidy rate was similar between vaccinated and unvaccinated groups (23.2 ± 24.6% vs. 22.6 ± 25.9%, 
P = 0.768), with an adjusted β of 0.01 (95% confidence interval [CI]: -0.08–0.10). After frozen-thawed single euploid 
blastocyst transfer, the two groups were also comparable in clinical pregnancy rate (75.0% vs. 60.0%, P = 0.289), with 
an adjusted odds ratio of 6.21 (95% CI: 0.76–50.88). No significant associations were observed between vaccination 
and cycle characteristics or other laboratory and pregnancy outcomes.

Conclusions:  Inactivated SARS-CoV-2 vaccination had no detrimental impact on embryo ploidy during in vitro 
fertilization treatment. Our finding provides further reassurance for vaccinated women who are planning to conceive. 
Future prospective cohort studies with larger datasets and longer follow-up are needed to confirm the conclusion.
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Background
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused nearly 500 million cases of coronavi-
rus disease 19 (COVID-19), with more than six million 
deaths attributed to it [1]. To reduce morbidity and mor-
tality, nationwide vaccination programs have been pro-
moted around the world. As of 4 April 2022, a total 
of 11.2 billion vaccine doses have been administered 
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globally, including 3.2 billion doses in Chinese main-
land [1, 2]. Compared with messenger ribonucleic acid 
(mRNA) and viral-vector vaccines in other countries, 
inactivated SARS-CoV-2 vaccines are predominantly 
used in China for its mature production technology, easy 
storage requirement and comparably high efficacy [3].

Despite reassuring safety profiles reported in clini-
cal trials [3–5], vaccine hesitancy in reproductive-aged 
population has been heightened due to the spread of 
misinformation on social media platforms claiming a 
negative effect of COVID-19 vaccine on fertility [6, 7]. 
In the 48  days following Emergency Use Authorization, 
internet search volume in Google related to COVID‐19 
vaccine and fertility significantly increased by 207.56% to 
2943.7% [8], implying the need of scientific evidences to 
address public concern.

Several studies to date have found no association 
between mRNA COVID-19 vaccine and sperm parame-
ters [9–12], follicular function [13–17] as well as embryo 
development [14, 15]. With a specific focus on in  vitro 
fertilization (IVF) cycles using preimplantation genetic 
testing for aneuploidy (PGT-A), one study further dem-
onstrated similar euploidy rate after mRNA COVID-19 
vaccination on adjusted analysis [17]. Nonetheless, it 
remains unclear whether inactivated SARS-CoV-2 vac-
cine results in any measurable influence on the status of 
euploidy, which is a critical indicator for both embryo 
quality and pregnancy chance [18].

The objective of the present work was to evaluate the 
effect of inactivated SARS-CoV-2 vaccination on blasto-
cyst ploidy in patients undergoing PGT-A cycles.

Materials and methods
Study design and population
This retrospective cohort study was conducted at the 
Center for Reproductive Medicine, Jiangxi Maternal and 
Child Health Hospital. From June 1st 2021 to March 
17th 2022, all infertile patients who underwent oocyte 
retrieval cycles with PGT-A were reviewed for eligibil-
ity and followed-up for pregnancy outcomes until June 
10th 2022. The indications for PGT-A included advanced 
maternal age (≥ 38 years old), recurrent pregnancy loss, 
recurrent implantation failure and others, such as severe 
male factor and previous conception with aneuploidy.

Routinely, screening for COVID-19 was carried out for 
each patient before treatment initiation, including symp-
tom questionnaire, temperature measurement, chest 
X-ray film, polymerase chain reaction test for SARS-
CoV-2 RNA, as well as survey for past infection history 
and vaccination status. For vaccinated patients, we fur-
ther collected information on vaccine type, manufac-
turer, dose, date and location, which were ascertained via 
official records in national (e.g., Alipay and WeChat) as 

well as local (e.g., Ganfutong and Changtongma) mobile 
applets. Patients were classified into the study group 
if they received two doses of Sinopharm or Sinovac 
COVID-19 vaccines with an interval of three weeks or 
longer, while the control group consisted of unvaccinated 
patients. Cycles involving one of the following criteria 
were excluded from the study: 1) history of SARS-CoV-2 
infection; 2) partial vaccination without the second dose; 
3) administration of other types of COVID-19 vaccines, 
namely viral-vector vaccine (CanSino) and protein-
based vaccine (ZF2001) in China [19, 20]; 4) cycles using 
donor oocyte/sperm for fertilization or cleavage-stage 
embryo for biopsy; 5) parental abnormalities in chro-
mosomal structures or diagnosis of monogenic diseases; 
and 6) missing data in the electronic medical records. 
To avoid confounding, only the first cycle was retained 
for analysis in cases of two or more PGT-A cycles from 
the same patient. No loss to follow-up was found during 
the timeframe. This study was approved by the Repro-
ductive Medicine Ethics Committee of Jiangxi Maternal 
and Child Health Hospital (No. 2022–01), with informed 
contents obtained from patients for de-identified data 
use in scientific research.

IVF procedures
Controlled ovarian stimulation was performed as 
described elsewhere [21, 22], including early-follicular 
phase long-acting gonadotropin-releasing hormone 
(GnRH) agonist long protocol, mid-luteal phase short-
acting GnRH agonist long protocol, flexible GnRH antag-
onist protocol and progestin-primed ovarian stimulation 
protocol. Follicular growth was monitored by transvagi-
nal ultrasonography and serum sex hormone measure-
ment. Once the leading follicle reached 20  mm or two 
follicles reached 18 mm in diameter, recombinant human 
chorionic gonadotropin (hCG; Ovidrel, Merck Serono, 
Switzerland), or a combination of urinary hCG (Lizhu 
Pharmaceuticals, China) and triptorelin acetate (Deca-
peptyl, Ferring Pharmaceuticals, Germany) was adminis-
trated to induce final oocyte maturation. Oocyte retrieval 
was performed 36–38 h after triggering.

To avoid contamination with sperm deoxyribonucleic 
acid (DNA), all metaphase II (MII) oocytes were insemi-
nated via intracytoplasmic sperm injection after denu-
dation, followed by pronuclei (PN) assessment 16–18  h 
later. Embryos were cultured to the blastocyst stage in 
sequential G1-plus/G2-plus medium (Vitrolife, Swe-
den) at 37 °C under a 6.5% CO2 and 5% O2 atmosphere. 
On day 5 or 6, morphological scoring was performed 
based on the Gardner and Schoolcraft’s system, includ-
ing expansion degree, inner cell mass and trophectoderm 
development [23]. Blastocyst with a grading over 4CC 
was considered as usable for further biopsy.
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After embryo stabilization by holding pipette, approxi-
mately 3–7 trophectoderm cells were aspirated using 
a biopsy pipette (30-mm internal diameter) and dis-
sected with laser pulsation (Saturn 5 Active, Research 
Instruments, UK). The isolated cells were then sub-
jected to whole genome amplification with commercial 
kits (Basecare Medical Device, China). The amplified 
products were fragmented to an average size of 170  bp 
and end-ligated using sequencing adaptors with identi-
fiable barcodes for the Ion Proton platform. Next-gen-
eration sequencing (NGS) was performed in DA8600 
(Daan Gene, China) and the copy number variation 
of each embryo was analyzed. Results of PGT-A were 
reported as euploid, aneuploid and mosaic in occurrence 
of < 30%, > 70% and 30–70% of abnormal cells, respec-
tively. Biopsied blastocysts were all cryopreserved by 
vitrification.

For frozen-thawed embryo transfer (FET), hormone 
replacement therapy was used for endometrial prepara-
tion as previously described [24]. Oral estradiol valerate 
(4–6 mg/d; Progynova, Bayer, Germany) was commenced 
from the 3rd day of menstruation. After 7  days, ultra-
sound examination was carried out to ensure the absence 
of dominant follicle and the estradiol dose was adjusted 
according to endometrial thickness (EMT). When 
an EMT of 7  mm was achieved with a minimal treat-
ment duration for 12 days, daily progesterone was given 
through intramuscular (80 mg/d; Xianju Pharma, China) 
or oral (20  mg/d; Duphaston, Abbott Biologicals, USA) 
and vaginal (90  mg/d; Crinone, Merck Serono, Swit-
zerland) routes. FET was scheduled at 5  days following 
endometrial transformation and single euploid blastocyst 
was transferred in all cycles.

Outcome measures and definitions
The primary outcome of the study was euploidy rate 
per ovarian stimulation cycle, defined as the ratio of the 
number of euploid embryos to the number of biopsied 
embryos. Other laboratory outcomes included oocyte 
retrieval rate (retrieved oocytes out of ≥ 14 mm follicles 
on trigger day), mature oocyte rate (MII oocytes out of 
retrieved oocytes), normal fertilization rate (2PN oocytes 
out of MII oocytes), cleavage rate (day 3 embryos devel-
oped from 2PN oocytes out of 2PN oocytes), blastulation 
rate (blastocysts out of day 3 embryos for extended cul-
ture), aneuploidy rate (aneuploid embryos out of biop-
sied embryos), and mosaicism rate (mosaic embryos out 
of biopsied embryos).

We also evaluated pregnancy outcomes in subsequent 
euploid FET cycles. Biochemical pregnancy was defined 
as positive hCG test with serum concentration ≥ 5 mIU/
mL after blastocyst transfer for 10–12  days. Clinical 
pregnancy was identified as the presence of gestational 

sac with fetal heart beat at one month following transfer. 
Biochemical pregnancy loss rate was calculated as loss of 
positive hCG before detection of clinical pregnancy out 
of all biochemical pregnancies.

Statistical analysis
For continuous variables, data were expressed as means 
with standard deviations and assessed for distribution 
using the Shapiro–Wilk test. Data complying with nor-
mality were compared by Student’s t-test, while Mann–
Whitney U-test was used for non-normal data. For 
categorical variables, data were presented as numbers 
with percentages, and between-group differences were 
compared by Pearson’s Chi-square test or Fisher’s exact 
test as appropriate.

In order to evaluate the independent effect of inacti-
vated SARS-CoV-2 vaccination, multivariate regression 
analyses were further performed to control for poten-
tial confounders determined a priori. For embryo ploidy 
outcomes, β coefficients and 95% confidence intervals 
(CIs) were estimated from generalized linear regression 
models. Adjusted covariates included parental age and 
body mass index (BMI), male vaccination status, infer-
tility type, duration and diseases, anti-müllerian hor-
mone (AMH) level, antral follicle count (AFC), ovarian 
stimulation protocol, and indication for PGT-A. For FET 
pregnancy outcomes, odds ratios (ORs) and 95% CIs 
were calculated from Firth’s penalized likelihood logistic 
regression models. Covariates included in the adjusted 
analysis were female age and BMI, male vaccination sta-
tus, infertility type, duration and diseases, AMH, AFC, 
EMT, embryo developmental stage, expansion grade, 
inner cell mass grade, and trophectoderm grade. SPSS 
version 20.0 (SPSS Inc., USA) and SAS version 9.4 (SAS 
Institute, USA) were used for all data analyses. All tests 
were two-tailed and P < 0.05 was considered to be statisti-
cally significant.

Results
In total, 133 patients fulfilled the eligibility criteria, 
including 66 fully vaccinated and 67 unvaccinated 
patients. For vaccinated women, the time interval from 
second-dose completion to IVF cycle initiation ranged 
between 7 and 317 days (mean: 126.5 ± 64.0 days).

Table  1 displays the demographic features accord-
ing to female vaccination status. The control group had 
a significantly longer duration of infertility (3.7 ± 3.3 
vs. 2.6 ± 2.5  years, P = 0.042) and higher proportion of 
unvaccinated males (68.7% vs. 21.2%, P < 0.001) compared 
with the vaccinated group. No significant differences 
were observed in parental age, parental BMI, infertility 
type and diseases, ovarian reserve, semen quality, stimu-
lation protocol, and PGT-A indications. All patients were 
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of Han ethnicity, and no couples reported a prior SARS-
CoV-2 infection history.

Cycle characteristics and laboratory outcomes are 
presented in Table  2. The primary outcome of euploidy 
rate was similar between vaccinated and unvaccinated 
women (23.2 ± 24.6% vs. 22.6 ± 25.9%, P = 0.768), in 
accordance with the similar number of euploid embryos 
(1.0 ± 1.3 vs. 1.0 ± 1.3, P = 0.954). Consistently, there were 
no significant differences in the number and proportion 

of both aneuploid and mosaic embryos. Other laboratory 
outcomes, including mature oocyte ratio, normal fer-
tilization rate and blastulation rate, were also compara-
ble between the two groups. No differences were seen in 
cycle characteristics with regard to length of stimulation, 
total gonadotropin dose, sex hormone profile and num-
ber of ≥ 14 mm follicles on trigger day.

Table  3 demonstrates the relationship between vac-
cination status and embryo ploidy outcomes on crude 

Table 1  Demographic features of the study groups

Data are presented as mean ± standard deviation or number (percentage)

BMI body mass index, AMH anti-müllerian hormone, GnRH gonadotropin-releasing hormone, MLSL mid-luteal phase short-acting GnRH agonist long protocol, 
EFLL early-follicular phase long-acting GnRH agonist long protocol, PPOS progestin-primed ovarian stimulation protocol, PGT-A preimplantation genetic testing for 
aneuploidy

Vaccinated (n = 66) Unvaccinated (n = 67) P-value

Female age (years) 37.7 ± 5.2 37.7 ± 4.5 0.867

Female BMI (kg/m2) 21.9 ± 2.1 22.6 ± 2.7 0.127

Infertility duration (years) 2.6 ± 2.5 3.7 ± 3.3 0.042

Infertility type, n (%) 0.563

 Primary 5 (7.6) 7 (10.5)

 Secondary 61 (92.4) 60 (89.6)

Infertility diseases

 Tubal factor, n (%) 27 (40.9) 25 (37.3) 0.671

 Male factor, n (%) 13 (19.7) 9 (13.4) 0.331

 Ovulatory dysfunction, n (%) 4 (6.1) 4 (6.0) 1.000

 Diminished ovarian reserve, n (%) 20 (30.3) 27 (40.3) 0.228

 Endometriosis, n (%) 2 (3.0) 4 (6.0) 0.414

 Uterine factor, n (%) 7 (10.6) 9 (13.4) 0.616

AMH (ng/mL) 2.8 ± 1.8 3.1 ± 2.5 0.698

Antral follicle count 11.4 ± 5.1 10.6 ± 5.0 0.604

Male age (years) 39.8 ± 6.6 38.7 ± 6.0 0.394

Male BMI (kg/m2) 24.6 ± 5.1 24.3 ± 5.0 0.508

Male vaccination status, n (%)  < 0.001

 Unvaccinated 14 (21.2) 46 (68.7)

 Partially vaccinated 3 (4.6) 4 (6.0)

 Fully vaccinated 49 (74.2) 17 (25.4)

Total semen volume (mL) 2.7 ± 1.1 3.0 ± 1.0 0.074

Sperm concentration (106/mL) 73 ± 48.8 67.4 ± 50.2 0.366

Progressive sperm motility (%) 36.9 ± 14.8 33 ± 15.0 0.150

Normal sperm morphology (%) 5.4 ± 1.4 5.5 ± 1.5 0.882

Ovarian stimulation protocol, n (%) 0.997

 GnRH antagonist 22 (33.3) 22 (32.8)

 MLSL 26 (39.4) 26 (38.8)

 EFLL 8 (12.1) 9 (13.4)

 PPOS 10 (15.2) 10 (14.9)

Indication for PGT-A, n (%) 0.919

 Advanced maternal age 33 (50.0) 31 (46.3)

 Recurrent pregnancy loss 24 (36.4) 24 (35.8)

 Recurrent implantation failure 5 (7.6) 7 (10.5)

 Other 4 (6.1) 5 (7.5)
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and adjusted analysis. After controlling for potential 
confounding factors, inactivated SARS-CoV-2 vaccina-
tion remained unassociated with euploidy rate (adjusted 
β = 0.01, 95% CI: −  0.08–0.10) and number of euploid 
embryos (adjusted β = 0.02, 95% CI: − 0.41–0.44). Simi-
larly, we did not detect significantly increased risks in the 
number of aneuploid embryos (adjusted β = − 0.10, 95% 
CI: −  0.63–0.42), number of mosaic embryos (adjusted 

β = −  0.67, 95% CI: −  1.41–0.07), aneuploidy rate 
(adjusted β = 0.03, 95% CI: − 0.09–0.15), and mosaicism 
rate (adjusted β = − 0.04, 95% CI: − 0.14–0.06).

Pregnancy outcomes of subsequent single euploid 
FET cycles are shown in Table  4. A total of 45 patients 
completed 20 transfers in the vaccinated group and 25 
transfers in the unvaccinated group. All baseline char-
acteristics were comparably distributed, including 

Table 2  Cycle characteristics and laboratory outcomes grouped by the vaccination status

Data are presented as mean ± standard deviation

LH luteinizing hormone, E2 estradiol, P progesterone, MII metaphase II, 2PN two pronuclei

Vaccinated (n = 66) Unvaccinated (n = 67) P-value

Stimulation duration (days) 9.2 ± 1.3 9.5 ± 1.7 0.321

Total gonadotropin dose (IU) 2105.3 ± 476.7 2167.5 ± 563.9 0.764

LH level on trigger day (mIU/mL) 3.1 ± 2.4 2.7 ± 1.7 0.521

E2 level on trigger day (pg/mL) 2026.4 ± 1328.2 2005.7 ± 1150.2 0.721

P level on trigger day (ng/mL) 0.6 ± 0.7 0.5 ± 0.4 0.693

No. of ≥ 14 mm follicles on trigger day 8.2 ± 4.5 8.9 ± 4.1 0.269

No. of oocytes retrieved 12.2 ± 7.5 12.2 ± 6.9 0.948

No. of MII oocytes 9.3 ± 5.7 9.5 ± 5.5 0.878

No. of 2PN oocytes 8.2 ± 4.9 8.2 ± 5.2 0.923

No. of cleaved embryos 8.0 ± 4.9 8.0 ± 5.1 0.912

No. of usable blastocysts 3.8 ± 2.6 4.0 ± 3.4 0.841

No. of biopsied blastocysts 3.4 ± 2.0 3.7 ± 3.0 0.805

No. of aneuploid embryos 1.7 ± 1.4 1.6 ± 1.5 0.749

No. of mosaic embryos 0.7 ± 1.0 1.0 ± 1.3 0.222

No. of euploid embryos 1.0 ± 1.3 1.0 ± 1.3 0.954

Oocyte retrieval rate (%) 156.0 ± 70.6 135.5 ± 38.4 0.186

Mature oocyte rate (%) 79.3 ± 13.5 78.3 ± 13.8 0.883

Normal fertilization rate (%) 88.0 ± 14.7 86.3 ± 14.4 0.357

Cleavage rate (%) 97.9 ± 4.9 96.9 ± 9.8 0.886

Blastulation rate (%) 56.8 ± 20.9 58.2 ± 21.2 0.549

Aneuploidy rate (%) 57.4 ± 37.8 53.6 ± 35.3 0.563

Mosaicism rate (%) 19.4 ± 25.9 23.8 ± 28.5 0.406

Euploidy rate (%) 23.2 ± 24.6 22.6 ± 25.9 0.768

Table 3  Association between vaccination and embryo ploidy on crude and adjusted analysis

CI, confidence interval
* Adjusted for parental age and body mass index, male vaccination status, infertility type, duration and diseases, anti-müllerian hormone, antral follicle count, ovarian 
stimulation protocol, and indication for PGT-A

Crude β (95% CI) Adjusted β (95% CI)* Adjusted 
P-value*

No. of aneuploid embryos 0.06 (-0.42–0.53) -0.10 (-0.63–0.42) 0.696

No. of mosaic embryos -0.30 (-0.70–0.09) -0.67 (-1.41–0.07) 0.076

No. of euploid embryos 0.03 (-0.41–0.47) 0.02 (-0.41–0.44) 0.942

Aneuploidy rate (%) 0.04 (-0.09–0.16) 0.03 (-0.09–0.15) 0.629

Mosaicism rate (%) -0.04 (-0.14–0.05) -0.04 (-0.14–0.06) 0.445

Euploidy rate (%) 0.01 (-0.08–0.09) 0.01 (-0.08–0.10) 0.850
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maternal age and BMI, infertility type, duration and 
diseases, AMH, AFC, EMT, as well as male vaccination 
status, embryo stage, and morphological grade. Clini-
cal pregnancy rate was 75.0% and 60.0% in vaccinated 
and unvaccinated patients respectively (P = 0.289), with 
an adjusted OR of 6.21 (95% CI: 0.76–50.88) (Table  5). 
Similarly, the rates of biochemical pregnancy (80.0% vs. 
76.0%, P = 0.748) and biochemical pregnancy loss (6.3% 

vs. 21.1%, P = 0.213) did not differ significantly between 
the two groups, which remained consistent in adjusted 
analysis.

Discussion
The results of our retrospective cohort study revealed 
that inactivated SARS-CoV-2 vaccination in females had 
no detrimental impact on embryo ploidy during IVF 

Table 4  Pregnancy outcomes following single euploid blastocyst transfer

Data are presented as mean ± standard deviation or number (percentage)

BMI body mass index, AMH anti-müllerian hormone

Vaccinated (n = 20) Unvaccinated (n = 25) P-value

Female age (years) 36.1 ± 4.7 35.9 ± 4.6 0.721

Female BMI (kg/m2) 21.7 ± 1.9 22.3 ± 2.6 0.268

Infertility duration (years) 2.1 ± 1.7 3.5 ± 3.2 0.177

Infertility type, n (%) 0.617

 Primary 1 (5.0) 3 (12.0)

 Secondary 19 (95.0) 22 (88.0)

Infertility diseases

 Tubal factor, n (%) 7 (35.0) 7 (28.0) 0.614

 Male factor, n (%) 4 (20.0) 2 (8.0) 0.383

 Ovulatory dysfunction, n (%) 1 (5.0) 0 (0) 0.444

 Diminished ovarian reserve, n (%) 3 (15.0) 4 (16.0) 1.000

 Endometriosis, n (%) 0 (0) 1 (4.0) 1.000

 Uterine factor, n (%) 1 (5.0) 2 (8.0) 1.000

AMH (ng/mL) 3.5 ± 2.1 3.4 ± 2.4 0.679

Antral follicle count 13.5 ± 5.8 12.8 ± 4.5 0.819

Endometrial thickness (mm) 9.9 ± 2.4 9.0 ± 1.4 0.249

Male vaccination status, n (%) 0.083

 Unvaccinated 7 (35.0) 16 (64.0)

 Partially vaccinated 1 (5.0) 2 (8.0)

 Fully vaccinated 12 (60.0) 7 (28.0)

Embryo developmental stage, n (%) 0.945

 Day 5 13 (65.0) 16 (64.0)

 Day 6 7 (35.0) 9 (36.0)

Expansion grade, n (%) 0.958

 4 17 (85.0) 22 (88.0)

 5 2 (10.0) 2 (8.0)

 6 1 (5.0) 1 (4.0)

Inner cell mass grade, n (%) 0.617

 A 0 (0) 1 (4.0)

 B 19 (95.0) 21 (84.0)

 C 1 (5.0) 3 (12.0)

Trophectoderm grade, n (%) 0.633

 A 0 (0) 1 (4.0)

 B 12 (60.0) 17 (68.0)

 C 8 (40.0) 7 (28.0)

Biochemical pregnancy, n (%) 16 (80.0) 19 (76.0) 0.748

Biochemical pregnancy loss, n/N (%) 1 (6.3) 4 (21.1) 0.213

Clinical pregnancy, n (%) 15 (75.0) 15 (60.0) 0.289
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treatment. Early pregnancy outcomes were also unaltered 
in subsequent euploid blastocyst transfer cycles, which 
provides further reassurance for vaccinated women who 
are planning to conceive.

Ploidy status of embryos has been recognized as a 
principal contributing factor in implantation failure 
and spontaneous abortion [18]. Generally, aneuploidy is 
caused by meiotic errors during gametogenesis, which 
generates nullisomic or disomic oocytes or sperms and 
later leads to abnormal numerical chromosomal constitu-
tion in embryos [25]. On the contrary, mosaicism results 
from mitotic segregation errors in cleaving embryos after 
fertilization, involving a variety of mechanisms such as 
anaphase lag, mitotic nondisjunction, inadvertent chro-
mosome demolition, and premature cell division before 
DNA duplication [26]. In IVF practice, different studies 
have shown that both ovarian stimulation parameters 
(e.g., stimulation protocol and treatment duration) and 
culture conditions (e.g., media type, pH, oxygen, osmo-
lality and temperature) are closely associated with the 
incidence of aneuploidy and mosaicism, apart from the 
major influence of maternal age [18, 27–29].

Administration of SARS-CoV-2 vaccine could induce 
high titers of antigen-specific neutralizing antibodies 
for CD8 + and Th1 type CD4 + T cells [30]. In addi-
tion to serum level changes, anti-SARS-CoV-2 IgG 
was also detected in the follicular fluid (FF) after vac-
cination [14, 16], suggesting the local involvement of 
ovary in immune response. More recently, Castiglione 
Morelli et  al. [31] found that vaccinated women had 
higher FF concentrations of Ala and Pro, while levels 
of lipids, trimethylamine N-oxide and tumor necro-
sis factor α were lower compared with non-vaccinated 
control. Therefore, these immunological, metabolic and 
inflammatory alterations may interfere with the process 
of oocyte growth, development and maturation during 
stimulation, consequently resulting in abnormal fertili-
zation and embryo ploidy [32, 33]. In this context, the 
present study was conducted based on a cohort of 133 
patients undergoing PGT-A cycles. Our results clearly 
demonstrated that female inactivated SARS-CoV-2 vac-
cination did not influence the number or proportion of 

euploid, aneuploid and mosaic blastocysts, implying a 
limited clinical significance of these biological changes.

To the best of our knowledge, only one prior study 
has explored the impact of mRNA COVID-19 vac-
cine (Pfizer or Moderna) on embryo ploidy [17]. In the 
retrospective cohort by Aharon et  al. [17], 222 fully 
vaccinated patients were compared with 983 unvacci-
nated patients, among whom the proportion of embryo 
biopsy for PGT-A was 79.7% and 78.6%, respectively. 
On crude analysis, the euploidy rate was significantly 
higher in vaccinated women (48.8% [95% CI 44.1–53.6] 
vs. 42.5% [95% CI 40.2–44.9]; P = 0.02), while no sig-
nificant association was found after controlling for age, 
BMI, AMH, gravidity, parity, and stimulation proto-
col (β = 0.05 ± 0.03; P = 0.08). Differently, patients in 
our cohort had a lower proportion of euploid embryos 
(28.6% [135/472]), which could be attributed to the spe-
cific application indications required for PGT-A such 
as advanced female age (48.1% [64/133]). Nonetheless, 
the results provide consistent evidence that inactivated 
SARS-CoV-2 vaccines similarly do not affect embryo 
ploidy in ovarian stimulation cycles.

Several studies to date have also assessed the IVF preg-
nancy outcomes following COVID-19 vaccination, with 
no significant differences observed in biochemical, clini-
cal or ongoing pregnancy rates [15–17, 34–36]. By ana-
lyzing euploid blastocyst transfer cycles, our cohort offers 
a unique opportunity to investigate independently the 
possible detrimental effect of vaccine-induced autoim-
munity on embryo implantation and pregnancy establish-
ment. Indeed, vaccination might promote the production 
of antiphospholipid antibodies, such as anti-cardiolipin, 
anti-b2 glycoprotein I and anti-phosphatidylserine/pro-
thrombin [37, 38]. More seriously, it could even trigger 
the development of immune thrombosis and thrombocy-
topenia in some cases [39]. These immunological changes 
have been shown to be closely related to female infertil-
ity, implantation failure as well as pregnancy loss [40]. 
Contrarily, our data showed no association of inactivated 
SARS-CoV-2 vaccines with early pregnancy outcomes 
after IVF, suggesting that the hypothesized autoimmune 
induction may be minimal and nonsignificant.

Table 5  Association between vaccination and pregnancy outcomes on crude and adjusted analysis

OR odds ratio, CI confidence interval
* Adjusted for female age and body mass index, male vaccination status, infertility type, duration and diseases, anti-müllerian hormone, antral follicle count, 
endometrial thickness, embryo stage, expansion grade, inner cell mass grade, and trophectoderm grade

Crude OR (95% CI) Adjusted OR (95% CI)* Adjusted 
P-value*

Biochemical pregnancy 1.26 (0.30–5.28) 1.34 (0.23–7.84) 0.749

Biochemical pregnancy loss 0.25 (0.03–2.51) 0.46 (0.05–4.71) 0.512

Clinical pregnancy 2.00 (0.55–7.27) 6.21 (0.76–50.88) 0.089
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This study has some limitations that should be 
acknowledged. Firstly, potential bias and confounding 
factors are inherent of retrospective cohort studies. 
In this regard, vaccine data were collected via ascer-
tained immunization records to reduce recall bias by 
patients, and multivariate linear or logistic analyses 
were performed for adjusted estimates. Nonetheless, 
some possible confounders may still be missing such as 
serum and FF concentrations of SARS-CoV-2 neutraliz-
ing antibodies. Indeed, a recent study by Herrero et al. 
[41] suggested that the number of retrieved oocytes 
and mature oocytes decreased significantly with 
higher titers of SARS-CoV-2 IgG antibodies in recov-
ered COVID-19 patients. While further studies focus-
ing on patients receiving mRNA vaccines denied this 
relationship [14, 16], it remains for validation whether 
the conclusion applies to inactivated vaccines as well. 
In addition, the history of SARS-CoV-2 infection was 
determined by patient self-report rather than sero-
positivity measurement. Therefore, the bias caused by 
withholding information from patients could also pre-
sent a confounding risk since those unvaccinated but 
priorly infected patients should be deemed immunized 
as those vaccinated [42]. Secondly, our study was con-
ducted in a single center with small sample size, espe-
cially in terms of pregnancy outcomes. Although this 
guarantees the uniformity of clinical practice and labo-
ratory techniques between the two groups, the robust-
ness and generalizability of our conclusion are also 
limited. Based on a mean euploidy rate of 23% (± 25%) 
in our center, a sample size of 196 PGT-A patients was 
required to detect a mean difference of 10% in the pri-
mary outcome of euploidy rate with 80% power and 
type I error of 0.05. With regards to clinical pregnancy 
rate per euploid FET cycle, at least 164 patients should 
be included for each group to detect an absolute dif-
ference of 15%, based on a 67% clinical pregnancy rate 
from our prior data. Therefore, the current cohort with 
133 patients could be possibly underpowered to detect 
statistical differences in outcomes. Besides, we were 
unable to carry out further reliable subgroup analyses 
according to vaccine manufacturer and time interval 
from vaccination to cycle initiation. Thirdly, the ploidy 
status of each embryo was determined by PGT-A of 
trophectoderm biopsy. While the sensitivity and speci-
ficity of NGS method approach 100% for aneuploid and 
euploid embryos [43, 44], there remains a possibility 
of classification error with false-positive or false-nega-
tive results. Finally, owing to the recent application of 
SARS-CoV-2 vaccines, data on live birth rates as well 
as obstetrical and neonatal outcomes are currently 
unavailable, which deserve continuous monitoring in 
future studies.

Conclusions
In summary, our study demonstrated for the first 
time that administration of inactivated SARS-CoV-2 
vaccines was not associated with adverse effects on 
embryo ploidy status or early pregnancy outcomes after 
IVF. These findings contribute to the ever-increasing 
evidence regarding the reproductive safety of COVID-
19 vaccination in women who are planning to conceive. 
Further prospective cohort studies with larger sample 
size and longer follow-up duration are warranted to 
confirm the conclusion.
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