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Capsule- In the present study of patients undergoing frozen-thawed embryo transfer 

(FET) before and during the COVID-19 pandemic, COVID-19 immunity does not 

affect endometrial receptivity in the immediate subsequent FET cycles.  

  



Abstract 

Objective: We aim to evaluate the effect of patients' immunization following 

COVID-19 infection or mRNA SARS-CoV-2 vaccine on endometrial receptivity, as 

assessed by their performance in frozen-thawed embryo transfer (FET).  

Patients and Methods: A single-center cohort, retrospective analysis of all 

consecutive patients that underwent FET cycles in our center. The study group 

(immune- group) consisted of patients treated during the COVID-19 pandemic 

(between January 2021 to August 2021), who either recovered from COVID-19 

infection or received the mRNA SARS-CoV-2 vaccine. The control group consisted 

of patients who were treated during the COVID-19 pandemic (between January 2021 

to August 2021), but were not infected nor received the mRNA SARS-CoV-2 vaccine 

(not-immune2021 group) and those patients treated between January 2019 to August 

2019 (prior to the pandemic) (not-immune2019 group). Data on patient age and 

variables related to infertility treatment were collected from the patient records.  

Main outcome measures: Ongoing pregnancy rates and FET cycles' characteristics. 

Results: During the study periods, 428 patients underwent 672 FET cycles. The 

immune group consisted of 141 patients who underwent 264 FET cycles, while the 

non-immune2021 and 2019 groups consisted of 93 and 194 patients, undergoing 125 

and 283 FET cycles respectively. Patients' characteristics and the types of endometrial 

preparations were comparable between the study groups. Implantation rate, clinical 

and ongoing pregnancy rates per transfer were similar between the immune and non-

immune2021 and non-immune2019 groups.   

Conclusions: COVID-19 infection or vaccination did not affect patients' performance 

or implantation in their subsequent FET cycle.  

Key words: COVID-19; vaccination; frozen-thawed embryo transfer; endometrial 

receptivity; IVF.  

   



Introduction 

The coronavirus disease (COVID-19), first reported in Wuhan, China in December 

2019, was rapidly spread globally. On march 2020, it was declared by the world 

health organization (WHO) as a public health emergency pandemic of international 

concern (1-3).  

Coronavirus disease is caused by a single, positive-strand RNA virus SARS-

CoV-2 comprises a spike protein (S), a membrane protein, an envelope protein, 

nucleocapsids, hemagglutinin–esterase dimers and its genetic material (4). The S 

protein is responsible for SARS-CoV-2’s high affinity for human angiotensin-

converting enzyme 2 (ACE2) receptor allowing the viral entry into cells (5). Some 

studies focused on gene expression of the ACE2 receptor in the endometrium in order 

to determine the risk of endometrium infection resulted with low expression of ACE2 

in the uterus surrounding (6-7).   

Israel was one of the first country that widely vaccinated its population using 

the mRNA vaccines (Pfizer-BioNTech COVID-19 Vaccine), which allows a large 

portion of the population to become vaccinated along with the population recovering 

from the SARS-CoV-2 virus. This allowed for a comprehensive examination of the 

effect of the vaccine or COVID-19 disease on a woman's fertility potential. Recently, 

we assessed the influence of COVID-19 infection and mRNA SARS-CoV-2 vaccine 

on the stimulation characteristics and embryological variables of patients undergoing 

IVF treatments (8-9). While both COVID-19 infection and mRNA SARS-CoV-2 

vaccine did not affect patients' performance or ovarian reserve in their immediate 

subsequent IVF cycle, COVID-19 infection was demonstrated to cause a significant 

reduction in the proportion of top quality embryos (TQEs)(8). 

Prompt by the aforementioned information and the possible detrimental effect 

of SARS-CoV-2 on the endometrium, we aim to evaluate the effect of patients' 

immunization following COVID-19 infection or mRNA SARS-CoV-2 vaccine on 

frozen-thawed embryo transfer (FET) cycles outcome. 

 

  



Materials and methods 

A single-center cohort, retrospective analysis of all consecutive patients attending our 

IVF center due to different causes of infertility, that underwent FET cycles between 

January 2019 to August 2019 and January 2021 to August 2021. The study was 

approved by the institutional research ethics board of Sheba Medical Center. 

The study group (immune- group) consisted of patients treated during the 

COVID-19 pandemic (between January 2021 to August 2021), who either recovered 

from COVID-19 infection or received the mRNA SARS-CoV-2 vaccine. The control 

group consisted of patients who were treated during the COVID-19 pandemic 

(between January 2021 to August 2021), but were not infected nor received the 

mRNA SARS-CoV-2 vaccine (not-immune2021 group) and those patients treated 

between January 2019 to August 2019 (prior to the pandemic) (not-immune2019 

group). 

The selection of type of endometrial preparation used was the decision of the 

treating physician and largely dependent on the fashion at the time. Endometrial 

preparation and transfer procedure were performed as previously described (10).  

Moreover, the elimination of bias in this selection, for the purpose of this study, was 

achieved by including only patients between 18–38 years old. None of the embryos 

underwent PGT-A, which is not a common practice in our country. 

Embryo were cryopreseved by vitrification, using a vitrification kit (SAGE 

Vitrification Kit, SAGE Media, USA), on cleavage or blastocyst stages. The 

vitrification-warming method was performed as previously describes (11). Only High 

quality embryos (HQE) were considered for vitrification. The number of embryos 

transferred complied with the Israeli national minister of health guidelines and was 

confirmed by patient approval or request. According to our laboratory procedure, 

HQE eligible for vitrification had the following morphological criteria: Cleaved 

embryos- 6-8 cells on day 3, with up to 10% fragmentation, absence of vacuoles and 

up to minimal asymmetric blastomeres; Grading of blastocyst was according Gardner 

method (12-13), based on the assessment of the inner cell mass and trophectoderm 

appearance. Only type A and B blastocysts were vitrified. 

Data on patient age and variables related to infertility treatment were collected 

from the patient records. Clinical outcomes were assessed and compared between the 



study groups. Clinical pregnancy was defined as visualization of a gestational sac and 

fetal cardiac activity on transvaginal ultrasound. Embryo implantation rate was 

defined as the number of gestational sacs observed, divided by the number of embryos 

transferred. Primary outcome measure was clinical pregnancy rate. Secondary 

outcome measures were FET cycle characteristics and implantation rate. 

In order to investigate the effect of SARS-CoV-2 vaccination/infection on 

FET cycles outcome, a sample size of 290 participants was estimated to be sufficient 

to reveal a difference ongoing pregnancy rate from a baseline of 20% to a proposed 

30% after vaccination/infection with a type 1 error (alpha) of 5% and a type 2 error 

(beta) of 80%.  

Continuous variables were tested for normal distribution before using 

parametric statistics. For multiple comparisons, One-Way ANOVA with post hoc 

Bonferroni and Kruskal-Wallis tests were used whenever appropriate. Categorical 

variables were analyzed with chi-square test. Significance was accepted at P < 0.05. 

Statistical analyses were conducted using the IBM Statistical Package for the Social 

Sciences (IBM SPSS v.23; IBM Corporation Inc, Armonk, NY, USA) 

 

  



Results 

During the study periods, 428 patients underwent 672 FET cycles. Patients were 

divided accordingly into three groups: The immune group consisted of 141 patients 

who underwent 264 FET cycles, while the non-immune 2021 and 2019 groups 

consisted of 93 and 194 patients, undergoing 125 and 283 FET cycles respectively. 

Tables 1 and 2 detail the baseline clinical characteristics, etiology of infertility 

and the clinical outcomes of the 3 different FET groups in the two study periods. 

Mean patients' age, BMI and the prevalence of smoking were comparable between the 

study groups. The types of endometrial preparation were based mostly on spontaneous 

natural cycles (86% across all groups), and were comparable between the different 

study groups. Moreover, mean endometrium thickness, peak E2 and progesterone 

levels were similar in the 3 study groups. 

Implantation rate (23.2% vs 24.1% vs 20.3%), positive -hCG (28% vs 28.8% 

vs 26.5%) and clinical pregnancy rates (25.6% vs 26.4% vs 22.8%) per transfer were 

similar between the immune and non-immune2021 and non-immune2019 groups 

(respectively). 

Immuned patients were further divided into 2 subgroups, post-infection and 

post-vaccination. No in-between subgroup differences, nor between these subgroups 

and the two not immune control groups, were observed in patients' clinical 

characteristics, nor FET cycles characteristics and clinical outcomes (Table 1 & 2).   

 

   



Discussion 

In the present study of patients undergoing FET prior and during the COVID-19 

pandemic, we observed no difference in clinical outcome, reflecting no detrimental 

effect of previous infection or vaccination on endometrial receptivity, with an 

acceptable ongoing pregnancy rate (25% per transfer). 

These observations are in accordance with what is already known regarding 

vaccination during pregnancy. Pregnant women receiving flu vaccination for 

example, were found to benefit beyond the simple prevention of maternal infection 

including the reduction of still birth (14). This might be secondary to the immune 

activation.  Induction of immune system pathways that favor immunological tolerance 

has long been considered a possible path to improved embryo implantation and reduce 

miscarriages, though the topic is still somewhat controversial (15-17). 

Nowadays, the impact of SARS-CoV-2 on endometrial receptivity is  

unknown. COVID-19 might damage endometrial epithelial cells and affect early 

embryo implantation (18). Moreover, a study by Henarejos-Castillo et al. assessed (7) 

endometrial susceptibility to SARS-CoV-2 infection by measuring several 

endometrial genes expression and observed, that overall, the endometrium appears to 

have low susceptibility to SARS-CoV-2 infection due to 

low ACE2 and transmembrane protease serine protease-2 expression. 

A recent study by our group could not demonstrate any effect of COVID-19 

infection on the ovarian stimulation characteristics and embryological variables of 

patients undergoing IVF treatments, except for a reduced proportion of top quality 

embryos (8). Moreover, following mRNA SARS-CoV-2 vaccine, we could not 

observe any detrimental effect on ovarian stimulation characteristics, embryological 

variables nor the proportion of top quality embryos.  

Following the previous studies on the effect of COVID-19 infection and 

vaccination on folliculogenesis and embryonic development, the present study 

concentrates on endometrial receptivity and implantation. It further clarifies the safety 

of ART treatment post infection and vaccination.    

The limitations of our study is the small sample size and the short period of 

follow-up. The strength of the study is its being conducted in a single center by 

professional consistent team on a large study group.  Moreover, to the best of our 



knowledge this study is the first to assess the influence of COVID-19 infection or 

vaccination on FET cycles.   

In conclusions, COVID-19 infection or vaccination did not affect patients' 

performance or implantation in their subsequent FET cycle. Unfounded claims in 

popular media linked a possible correlation between the SARS-CoV-2 vaccine and 

potential infertility. Such false claims by anti-vaccine activists aim to incite fear and 

deter public opinion from vaccination, with the consequent jeopardizing the 

vaccination plan and the end to the pandemic. Our results refute such claims and 

strengthen the notion that the SARS-CoV-2 vaccine is safe and should be 

recommended to fertility seeking couples. Future larger studies with longer follow-up 

will be needed to validate our observations.  
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