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Abstract 

Purpose  The study aimed to investigate the potential influence of COVID-19 infection on embryo implantation 
and early development in women undergoing frozen embryo transfer (FET), with a specific focus on infections occur-
ring at different periods around FET.

Methods  A retrospective analysis was performed on women who had undergone FET during a period marked 
by a significant surge in COVID-19 infection in Shanghai. All enrolled women experienced their first documented 
COVID-19 infection around the time of FET, ensuring that infections did not occur prior to oocyte retrieval. Partici-
pants were categorized into six groups based on the timing of infection: uninfected, ≥ 60 days, < 60 days before FET, 
0–14 days, 15–28 days, and 29–70 days after FET. Clinical outcomes were compared across these groups.

Results  The infection rate among the total of 709 cases was 78.28%. Infected individuals exhibited either asympto-
matic or mild symptoms. The ongoing pregnancy rates for the first four groups were 40.7%, 44.4%, 40.5%, and 34.2% 
(P = 0.709) respectively, biochemical pregnancy rates (59.1% vs. 61.1% vs. 67.6% vs. 55.7%, P = 0.471) and clinical 
pregnancy rates (49.6% vs. 55.6% vs. 55.4% vs. 48.1%, P = 0.749), all showed no significant differences. Early spontane-
ous abortion rates across all six groups were 18.3%, 20.0%, 25.0%, 28.9%, 5.4%, and 19.0% respectively, with no signifi-
cant differences (P = 0.113). Multivariable logistic analysis revealed no significant correlation between the infection 
and ongoing pregnancy.

Conclusion  Asymptomatic or mild COVID-19 infections occurring around FET do not appear to have a significant 
adverse impact on early pregnancy outcomes.
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Introduction
Novel coronavirus pneumonia, caused by COVID-19, 
emerged as a global infectious disease subsequent to the 
severe acute respiratory syndrome (SARS) outbreak. Pri-
marily affecting the respiratory tract [1], the COVID-19 
infection swiftly disseminated worldwide. Shanghai, a 
major city in China, implemented rigorous measures to 
curb virus transmission since the first confirmed case on 
January 20, 2020. In order to detect patients in time, the 
government organized free nucleic acid or antigen tests 
for people in the city almost every 3 days. By the lat-
ter half of 2022, with the waning virulence of the virus, 
the national epidemic prevention strategy transitioned 
towards achieving herd immunity. During this period, a 
substantial number of asymptomatic and mildly infected 
individuals emerged in Shanghai, estimated to encom-
pass over half of the city’s population, leading to the rapid 
attainment of herd immunity.

Studies have indicated that pregnant women infected 
with COVID-19 during the middle and late stages 
of pregnancy seldom exhibit severe symptoms, with 
minimal risk of vertical transmission [2]. Nonetheless, 
COVID-19 infection during these stages may adversely 
impact pregnancy, perinatal outcomes, and newborns, 
resulting in preterm delivery, pre-eclampsia, increased 
rates of caesarean sections, and heightened requirements 
for perinatal intensive care [2, 3]. Given the increased risk 
of preterm birth, pregnancy complications, and related 
factors, neonatal COVID-19 infection poses a significant 
threat to newborns’ lives [2, 3].

The impacts of COVID-19 infection on pregnancy 
planning, maternal health, and perinatal outcomes 
undergoing assisted reproductive therapy (ART) are 
subjects of ongoing discussion. Existing research has 
explored the outcomes of women receiving embryo 
transfers during the global COVID-19 pandemic, reveal-
ing no significant differences in early pregnancy loss 
and ongoing pregnancy rates among groups (display-
ing symptoms suggestive of COVID-19 infection, those 
exposed to infected individuals, and those with positive 
COVID-19 tests) [4]. Throughout the pandemic, ART 
treatment outcomes for infertility patients appeared 
unaffected, apart from an initial increase in cancellation 
rates [5–8]. However, these studies, characterized by 
their observational nature, limited infection rates, small 
scale, and variable timing of COVID-19 infection con-
cerning ART treatment, exhibit considerable heterogene-
ity and diminished credibility.

Given the challenge of swiftly eradicating infectious 
diseases and the prospect of their enduring coexistence, 
it is imperative to acknowledge that patients severely 
affected by COVID-19 cannot undergo immediate ART 
treatments. Yet, questions persist regarding the potential 

risks associated with asymptomatic or mild COVID-19 
infection during the pandemic. Should embryo transfers 
be postponed? When is the optimal time for conception? 
Insufficient studies exist to address these queries compre-
hensively. The high infection rate witnessed in Shanghai 
from late 2022 to January 2023 offers a unique opportu-
nity for this study. The research objective is to investigate 
the impact of asymptomatic or mild COVID-19 infec-
tion occurring at different periods before or after frozen 
embryo transfer (FET) on clinical outcomes, and to pro-
vide valuable recommendations for pregnancy assistance 
strategies during future infectious disease pandemics.

Materials and methods
Study design
This retrospective study focused on women undergo-
ing FET at the Assisted Reproduction Center of the 
International Peace Maternity & Child Health Hospi-
tal (IPMCH) between October 1, 2022, and January 31, 
2023. The subjects were followed up for up to 70 days 
after FET for information on COVID-19 infection and 
pregnancy outcomes. Ethical approval and consent were 
obtained from the Ethics Committee of IPMCH (No. 
GKLW-A-2023–029-01).

Survey of COVID‑19 infection
Information pertaining to COVID-19 infection, includ-
ing infection date, symptoms, severity, detection method, 
and disease progression, was documented. In cases of 
clinical pregnancy after FET, the intensity and duration 
of morning sickness and instances of vaginal bleeding 
were recorded. Positive COVID-19 nasal (or throat) swab 
nucleic acid report, or positive self-test antigen result 
was necessary to confirm COVID-19 infection,when 
accompanied by at least two symptoms associated with 
COVID-19 infection including fever, cough, sore throat, 
runny nose, diarrhea, shortness of breath, muscle aches, 
loss of taste or smell, etc. Individuals who receive out-
patient treatment for symptom relief and do not require 
hospitalization were diagnosed with a mild infection. 
[4, 9]. Refer to Fig.  1 for the study flowchart. Previous 
COVID-19 vaccination status of the women was also 
recorded.

As COVID-19 infections occur throughout the pre- 
and post-transfer periods, in order to study the impact 
of COVID-19 infections on biochemical, clinical, and 
ongoing pregnancy rates, participants were categorized 
into four groups based on the timing of infection: unin-
fected, ≥ 60 days before FET, < 60 days before FET, and 
0–14 days after FET. Subsequently, in order to study the 
impact of COVID-19 infections on pregnancy loss within 
a pregnant cohort, the women were then divided into 
six groups:uninfected, ≥ 60 days before FET, < 60 days 
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before FET, 0–14 days after FET, 15–28 days after FET, 
and 29–70 days after FET. It should be noted that the size 
of the uninfected group varied at different checkpoints, 
contingent upon the specific objectives of the analysis.

Embryo assessment and cryopreservation
Oocytes were inseminated using conventional in  vitro 
fertilization (IVF) or intracytoplasmic sperm injection 
(ICSI) methods. Embryo morphology was evaluated 
between Day 2 and Day 6 post-oocyte retrieval, and each 
embryo was graded according to the Istanbul consensus 
[10]. Embryos with good and fair grades were cryopre-
served through vitrification.

FET and luteal support
Various protocols were performed for FET cycles, includ-
ing hormone replacement with or without down-regu-
lation, ovarian stimulation, and natural cycles. Cleavage 
stage embryos were transferred on the second or third 
day after ovulation or progesterone administration if 
the endometrial thickness was ≥ 7mm. Blastocysts were 
transferred on the fifth or sixth day. The number (no 
more than two) of embryos transferred was determined 
based on clinician recommendations and patient pref-
erence. Luteal support was provided for 14 days after 
transfer, and then serum human chorionic gonadotro-
pin (hCG) level was measured. Support continued for 

women with hCG levels > 10 IU/L, and clinical pregnancy 
was confirmed via transvaginal ultrasound (TVUS) per-
formed 2–3 weeks later. Patients with clinical pregnancy 
were followed up for up to 70 days post-transfer, and 
luteal support extended for a minimum of 10 gestational 
weeks.

Definition of outcomes
The primary outcome, ongoing pregnancy, was defined 
as an intrauterine live fetus beyond 12 weeks’ gestation. 
Secondary outcomes encompassed biochemical preg-
nancy (serum hCG level > 10 IU/L), clinical pregnancy 
(gestational sac presence on TVUS with rising hCG), 
loss of biochemical pregnancy (hCG reduction to normal 
before clinical pregnancy is established after biochemi-
cal pregnancy), and early spontaneous abortion (embry-
onic death or absence of fetal heartbeat post clinical 
pregnancy).

Statistical analysis
SPSS software (IBM Corp.Armonk, NY, USA, V13.0) 
was used for data analysis. Numerical variables were 
presented as mean and standard deviation (SD), and cat-
egorical variables as number and percentage. ANOVA 
test compared groups for numerical variables, while 
Kruskal–Wallis test compared non-normally distributed 
data. Chi-squared test compared rates among groups. 

Fig. 1  Flowchart. COVID-19, coronavirus disease 2019; FET, frozen embryo transfer; hCG, human chorionic gonadotropin; TVUS, transvaginal 
ultrasound
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Multivariable logistic regression explored the correlation 
between COVID-19 infection periods and ongoing preg-
nancy. P-value less than 0.05 was considered significant.

Results
Between October 1, 2022, and January 31, 2023, a total 
of 742 FET cycles were conducted at our center. Infor-
mation on COVID-19 infection was collected for these 
women, with a loss rate of 4.45% (33 cases lost to follow-
up). Of all the women followed, 400 had received 1–3 
doses of the COVID-19 vaccine, while 309 had not. Since 
the Shanghai government had organized the city for 
free nucleic acid or antigen testing almost every 3 days 
from the onset of the outbreak until then, the timing of 
the onset of COVID-19 infection was clear. None of the 
women were infected with COVID-19 prior to oocyte 
retrieval. The subjects were followed for up to 70 days 
after FET. By the end of the study, there were 555 infec-
tions, resulting in a population infection rate of 78.28%. 
All infected individuals exhibited either asymptomatic or 
mild symptoms, and hospitalization due to COVID-19 
infection was not required.

No significant differences were observed among the 
four groups containing uninfected, ≥ 60 days before 
FET, < 60 days before FET, and 0–14 days after FET when 
regarding baseline characteristics, including female age 
at the time of oocyte collection, infertility duration, body 
mass index (BMI), vaccination status, type of infertility, 
infertility diagnosis, ART method, endometrial prepara-
tion protocols, stage of transferred embryos, and number 
of transferred embryos (P > 0.05) (Table 1).

Analysis of COVID‑19 impact on early pregnancy outcomes
To assess the impact of COVID-19 infection, pregnancy 
outcomes were compared across different groups. Bio-
chemical pregnancy rates in the uninfected group, ≥ 60 
days before FET, < 60 days before FET, and 0–14 days 
after FET were 59.1%, 61.1%, 67.6%, and 55.7%, respec-
tively, with no significant differences (P = 0.471). Simi-
larly, clinical pregnancy rates (49.6%, 55.6%, 55.4%, 
and 48.1%) and ongoing pregnancy rates (40.7%, 44.4%, 
40.5%, and 34.2%) did not significantly vary among these 
groups (P = 0.749 for clinical pregnancy rates, P = 0.709 
for ongoing pregnancy rates) (Table 2).

Analysis of COVID‑19 impact on early pregnancy loss
Comparative analysis of biochemical pregnancy loss rates 
revealed no significant differences among the uninfected 
group, ≥ 60 days before FET, < 60 days before FET, 0–14 
days after FET, and 15–28 days after FET (P = 0.678). 
Similarly, early spontaneous abortion rates did not signif-
icantly differ across the six groups (18.3%, 20.0%, 25.0%, 
28.9%, 5.4%, and 19.0%, P = 0.113) (Table 3).

Multivariable logistic regression analysis
After adjusting for potential influencing factors, no sig-
nificant correlation was found between COVID-19 infec-
tion periods and ongoing pregnancy (P > 0.05). Factors 
significantly correlated with ongoing pregnancy included 
female age at the time of oocyte collection (OR = 0.948, 
95% CI = 0.909–0.989, P = 0.014), blastocyst trans-
fer (OR = 1.72, 95% CI = 1.174–2.520, P = 0.005), and 
the number of transferred embryos (OR = 1.955, 95% 
CI = 1.346–2.839, P < 0.001) (Table 4).

Analysis of COVID‑19 impact on early pregnancy adverse 
reactions
Among women achieving clinical pregnancy after FET 
(n = 355), there were no statistically significant differ-
ences in the incidence and severity of morning sickness 
or the occurrence of vaginal bleeding among the six 
groups (P > 0.05) (Table 5).

Discussion
Previous studies have explored the impact of COVID-19 
infection on pregnancy outcomes, with some focusing 
on the recovery period post-infection and its effects on 
oocyte maturation, embryo quality and ART outcomes 
[8]. Our study aimed to investigate the potential effect of 
COVID-19 infection on embryo implantation and early 
development, and uniquely, concentrated on women 
who received FET and were not infected prior to oocyte 
retrieval, thereby excluding the effect of COVID-19 
infection on oocytes. This study benefited from the clear 
timeline of both FET and COVID-19 infection, ensur-
ing precise categorization of infected individuals. The 
infection rate in our study population was notably high 
(78.28%), allowing for a comprehensive analysis of the 
impact of COVID-19 infection at various periods.

In this study, no significant differences were found in 
embryo implantation and early development, includ-
ing biochemical pregnancy rate, clinical pregnancy rate, 
and ongoing pregnancy rate, among the four groups 
(uninfected, ≥ 60 days before FET, < 60 days before FET, 
0–14 days after FET). These findings suggest that even 
asymptomatic or mild COVID-19 infection, occurring 
during the critical period of embryo implantation (0–14 
days after transplantation), does not significantly impact 
embryo implantation into the endometrium. Moreover, 
it implies that such infections do not affect early embryo 
development or maternal endometrial receptivity [12]. 
Multivariable logistic regression analysis reinforced 
these findings, revealing that ongoing pregnancy rate 
was significantly correlated with factors such as mater-
nal age, stage of transferred embryos, and the number of 
transferred embryos, while COVID-19 infection did not 
exhibit a significant correlation. It is consistent with the 
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Table 1  General characteristics of participants

BMI Body mass index, FET Frozen embryo transfer, IVF In vitro fertilization, ICSI Intracytoplasmic sperm injection, N Number, PGT Preimplantation genetic testing
a The participants’ COVID-19 infection history was checked at the time point of Day 14 after embryo transfer
b Female age at the time of oocyte collection

Uninfected Period of Coivd-19 infectiona P

 ≥ 60 days before FET  < 60 days before FET 0—14 days after FET

N 538 18 74 79

Age (years)b 34.06 ± 4.41 32.83 ± 5.57 33.88 ± 4.21 34.75 ± 4.62 0.341

Infertility duration (years) 2.66 ± 2.35 2.75 ± 2.03 2.96 ± 2.26 2.69 ± 2.38 0.781

BMI (kg/m2) 23.32 ± 3.17 22.22 ± 3.28 21.65 ± 3.09 22.71 ± 3.23 0.217

Vaccination status (n, %) 0.162

Vaccinated 299 (55.6) 14 (77.8) 46 (62.2) 41 (51.9)

Unvaccinated 239 (44.4) 4 (22.2) 28 (37.8) 38 (48.1)

Type of infertility (n, %) 0.749

Primary 308 (57.5) 12 (66.7) 40 (54.1) 47 (60.3)

Secondary 228 (42.5) 6 (33.3) 34 (45.9) 31 (39.7)

Infertility diagnosis (n, %) 0.176

Tubal factor 178 (33.1) 5 (27.8) 30 (40.5) 24 (30.4)

Ovulatory dysfunction 41 (7.6) 2 (11.1) 4 (5.4) 12 (15.2)

Diminished ovarian reserve 41 (7.6) 1 (5.6) 5 (6.8) 10 (12.7)

Endometriosis 28 (5.2) 1 (5.6) 6 (8.1) 3 (3.8)

Male factor 82 (15.2) 7 (38.9) 8 (10.8) 7 (8.9)

Both factors 118 (21.9) 2 (11.1) 13 (13.6) 18 (22.8)

Unexplained 50 (9.3) 0 (0) 8 (10.8) 5 (6.3)

ART method (n, %) 0.610

IVF 290 (53.9) 8 (44.4) 43 (58.1) 48 (61.5)

ICSI 181 (33.6) 9 (50.0) 23 (31.1) 21 (26.9)

PGT 67 (12.5) 1 (5.6) 8 (10.8) 9 (11.5)

Endometrial preparation (n, %) 0.066

Natrual cycle 92 (17.1) 2 (11.1) 4 (5.4) 10 (12.7)

Hormone replacement 120 (22.3) 6 (33.3) 20 (27.0) 27 (34.2)

Hormone replacement with down-regulation 288 (53.5) 9 (50.0) 41 (55.4) 34 (43.0)

Ovarian stimulation 38 (7.1) 1 (5.6) 9 (12.2) 8 (10.1)

Stage of transferred embryos (n, %) 0.133

Cleavage 222 (41.3) 7 (38.9) 20 (27.0) 30 (38.0)

Blastocyst 316 (58.7) 11 (61.1) 54 (73.0) 49 (62.0)

Number of transferred embryos (n, %) 0.127

One 335 (62.3) 8 (44.4) 53 (71.6) 53 (67.1)

Two 203 (37.7) 10 (55.6) 21 (28.4) 26 (32.9)

Table 2  Comparison of pregnancy outcomes between groups with different periods of Covid-19 infection

FET Frozen embryo transfer, N Number
a The participants’ COVID-19 infection history was checked at the time point of Day 14 after embryo transfer

Uninfected Period of Covid-19 infectiona χ2 P

 ≥ 60 days before 
FET

 < 60 days before 
FET

0—14 days after 
FET

N 538 18 74 79

Biochemical pregnancy (n, %) 318 (59.1) 11 (61.1) 50 (67.6) 44 (55.7) 2.522 0.471

Clinical pregnancy (n, %) 267 (49.6) 10 (55.6) 41 (55.4) 38 (48.1) 1.218 0.749

Ongoing pregnancy (n, %) 219 (40.7) 8 (44.4) 30 (40.5) 27 (34.2) 1.383 0.709
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outcomes of related studies [13, 14]. Additionally, our 
study indicated that asymptomatic or mild COVID-19 
infection did not increase the occurrence of early preg-
nancy adverse reactions, such as severe morning sickness 
or vaginal bleeding, following the establishment of early 
clinical pregnancy.Comparison with prior studies high-
lights the unique aspects of our research.

A study from Israel with a smaller sample size (n = 82) 
assessed the impact of COVID-19 infection on pregnancy 

rates in FET. It reported a lower clinical pregnancy rate 
for women who underwent embryo transfer within 
60 days post-infection compared to those who waited 
longer. Therefore, the authors recommended to delay 
embryo transfer for at least 60 days after COVID-19 
recovery in FET cycles for women with limited embryo 
number [15]. However, our study, conducted during a 
concentrated outbreak period, featured a larger sample 
size and a higher population infection rate. Notably, the 
lowest clinical pregnancy rate in infected individuals in 
our study was 48.1%, substantially higher than the rates 
reported in previous studies. This discrepancy led us to 
speculate that asymptomatic or mild COVID-19 infec-
tion at various periods before and after FET does not 
significantly impair the pregnancy rate of FET. Conse-
quently, delaying pregnancy plans for prior infection 
might not be necessary. However, these conclusions are 
preliminary and require cautious interpretation, urging 
further research for clarification.

During the global COVID-19 pandemic, various stud-
ies have explored the relationship between COVID-19 
infection and pregnancy outcomes, presenting diverse 
findings. A prospective cohort study in the UK dem-
onstrated an increased risk of early abortion in women 
infected with COVID-19 before 13 weeks’ gestation [16]. 
However, a retrospective cohort study in New York City 
did not find an elevated rate of pregnancy failure within 
the first trimester among women infected with COVID-
19 who achieved pregnancy through ART [4]. Similarly, 
a single-center study in Iran found no negative impact on 
ART outcomes despite symptoms of infection occurring 
before or after the ART cycle [5]. In India, a retrospective 
analysis showed no differences in pregnancy outcomes 
between the pre-pandemic and pandemic periods of 

Table 3  Comparison of pregnancy loss rates between groups with different periods of Covid-19 infection

FET Frozen embryo transfer, N/A Not applicable
a At the time point of Day 70 after embryo transfer, the COVID-19 infection history was checked for participants with positive hCG tests
b Only women with a positive hCG test were included in the analysis (n = 423)
c Only women in clinical pregnancy were included in the analysis (n = 356)
d, e One case of ectopic pregnancy was excluded from the statistical analysis

Uninfected Period of Covid-19 infectiona χ2 P

 ≥ 60 days before 
FET

 < 60 days before 
FET

0—14 days after 
FET

15—28 
days after 
FET

29—70 days after 
FET

Biochemi-
cal preg-
nancy loss 
(n, %)b

47/277 (17.0) 1/11 (9.1) 9/50 (18.0) 6/44 (13.6) 4/41 (9.8) N/A 2.315 0.678

Early spon-
taneous 
abortion (n, 
%)c

15/82 (18.3) 2/10 (20.0) 10/40 (25.0)d 11/38 (28.9) 2/37 (5.4) 28/147 (19.0)e 8.914 0.113

Table 4  Multivariable logistic regression of the correlation 
between Covid-19 infection periods and ongoing pregnancy

The analysis was adjusted for age, infertility duration, body mass index, 
vaccination status, infertility type, infertility diagnosis, ART method, endometrial 
preparation protocol, endometrial thickness, endometrial type, stage of 
transferred embryos and number of transferred embryos

ART​ Assisted reproductive technology, FET Frozen embryo transfer
a Female age at the time of oocyte collection

B OR 95% CI P

Period of infection

  Uninfected Contrast

   ≥ 60 days before FET 0.056 1.058 0.365—3.068 0.918

   < 60 days before FET -0.002 0.998 0.539—1.851 0.996

  0—14 days after FET -0.355 0.701 0.366—1.341 0.283

  15—28 days after FET 0.313 1.367 0.717—2.605 0.342

  29—70 days after FET -0.082 0.921 0.595—1.425 0.712

  Age (years)a -0.054 0.947 0.908—0.989 0.013

Stage of transferred embryos

  Cleavage Contrast

  Blastocyst 0.540 1.716 1.172—2.515 0.006

Number of transferred embryos (n)

  One Contrast

  Two 0.667 1.949 1.342—2.831  < 0.001
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COVID-19, suggesting that the virus did not significantly 
affect pregnancy results [6].

Our study, encompassing a larger participant pool 
with a higher infection rate, aligned with these findings, 
indicating that COVID-19 infection in early pregnancy 
around the FET cycle did not significantly adversely 
affect early pregnancy outcomes. Notably, the study also 
suggested that COVID-19 may not cross the placenta 
readily, reducing the likelihood of vertical transmission in 
mid- to late pregnancy [2, 17], and there is no evidence 
that the virus infects embryos in early pregnancy. These 
findings are consistent with previous research and are in 
line with current knowledge of the effects of COVID-19 
on pregnancy.

A comprehensive analysis of existing literature, includ-
ing 148 papers collected from PUBMED/MEDLINE and 
the COVID-19 database of the World Health Organiza-
tion, indicated that due to the increased time of wait-
ing for fertility treatment and the suspension of fertility 
services, the pandemic’s psychological burden on cou-
ples seeking fertility treatment was substantial [12]. The 
pandemic also had a profound impact on ART live births 
in the United States, with an estimated loss of approxi-
mately 25,143 live births due to the suspension of ART 
activities and the economic recession associated with the 
pandemic [18]. Considering these factors, there has been 
an ongoing debate about the optimal interval between 
COVID-19 infection and ART treatment to achieve 
the best pregnancy outcome. The stratified analysis of 
our study showed that no significant differences were 
observed in the effects on early embryo implantation and 
development as well as early pregnancy adverse reac-
tions, between individuals infected with COVID-19 at 
different periods and uninfected individuals. We believe 

that there is no need to delay pregnancy plans for possi-
ble asymptomatic or mild COVID-19 infections.

Our study, characterized by its large sample size, high 
population infection rate, and clear infection timeline, 
stands as a robust contribution to this discussion. By 
closely examining critical periods related to FET and 
pregnancy establishment, it provides substantial statisti-
cal evidence supporting the notion that asymptomatic or 
mild COVID-19 infections, even during different periods 
before and after FET as well as in early pregnancy, do not 
significantly impact early pregnancy outcomes. This find-
ing holds even in the context of the pandemic when the 
virus’s virulence weakens. Consequently, individuals with 
asymptomatic or mild infections can confidently pursue 
pregnancy through natural conception or ART.

Our study has some limitations. The study may be 
affected by retrospective bias, and there might be limi-
tations in the quality and scope of the available data. 
In addition, this study has limitations regarding the 
response of individuals of Asian ethnicity to viral infec-
tion. There are no quantitative data on the effect of viral 
infection, such as measurement of virus titer, assessment 
of reproductive biological samples (eg follicular fluid, 
endometrium, etc.). Therefore, more related detailed 
characteristics should be collected and well-designed 
studies are needed in the future.

Conclusion
Our study, carried out during a period when the viru-
lence of the SARS coronavirus had weakened but 
widespread transmission persisted, suggests that asymp-
tomatic or mild COVID-19 infections occurring around 
the time of FET do not significantly impact early preg-
nancy outcomes. Consequently, it may not be necessary 

Table 5  Comparison of early pregnancy adverse reactions between groups with different periods of Covid-19 infectiona

FET Frozen embryo transfer, N Number
a Only women in clinical pregnancy were included in the analysis
b The severity of morning sickness was determined based on the following criteria: (1) Individuals experiencing no nausea or only mild nausea without vomiting 
were categorized as having no symptoms of early pregnancy; (2) persistent vomiting (≥ 3 times per day), weight loss of ≥ 5% relative to pre-pregnancy weight, and a 
positive urine ketone body test were classified as moderate to severe (with complications referred to as severe), necessitating clinical intervention [11]; (3) those not 
meeting the above criteria and not requiring medicinal treatment were classified as having mild symptoms

Uninfected Period of Covid-19 infection χ2 P

 ≥ 60 days 
before FET

 < 60 days 
before FET

0—14 days 
after FET

15—28 days 
after FET

29—70 days 
after FET

N 81 10 41 38 37 148

Severity of morning 
sicknessb (n, %)

10.222 0.35

None 46 (56.8) 4 (40.0) 17 (41.5) 16 (42.1) 11 (29.7) 60 (40.5)

Mild 33 (40.7) 6 (60.0) 23 (56.1) 21 (55.3) 24 (64.9) 83 (56.1)

Moderate to severe 2 (2.5) 0 (0) 1 (2.4) 1 (2.6) 2 (5.4) 5 (3.4)

Bleeding (n, %) 32 (39.5) 4 (40.0) 17 (41.5) 13 (34.2) 17 (45.9) 67 (45.3) 2.068 0.845
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for individuals to postpone their pregnancy plans due to 
the risk of asymptomatic or mild COVID-19 infections.

Abbreviations
ART​	� Assisted reproductive therapy
BMI	� Body mass index
CI	� Confidence interval
FET	� Frozen embryo transfer
HCG	� Human chorionic gonadotropin
IVF	� In vitro fertilization
ICSI	� Intracytoplasmic sperm injection
TVUS	� Transvaginal ultrasound

Acknowledgements
We gratefully acknowledge all the staff of the Assisted Reproduction Center 
of the International Peace Maternity & Child Health Hospital for their support 
and cooperation.

Authors’ contributions
XJC supervised the entire study, including the procedures, conception, design 
and completion.YX contributed to the data analysis and in the interpretation 
of the study data. YLK participated in the research design and was responsible 
for article writer and in revisions. LTC was responsible for all collection of data. 
CLZ participated in the interpretation of the study data and in revisions to the 
article. JX participated in the collection of data. All authors accept responsibil-
ity for the paper.

Funding
This research received no external funding.

Availability of data and materials
The data underlying this article will be shared upon reasonable requests to 
the corresponding author.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of IPMCH (No. GKLW-
A-2023–029-01). As this study is a retrospective study, it will not adversely 
affect the health of patients, nor will it involve the privacy and personal 
identity information of patients. The Ethics Committee of of IPMCH has waived 
the requirement of informed consent of patients.

Consent for publication
Not applicable.

Competing interests
All authors have declared that they have no competing interests.

Received: 19 February 2024   Accepted: 17 June 2024

References
	1.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of 

patients infected with 2019 novel coronavirus in Wuhan. China Lancet. 
2020;395:497–506. https://​doi.​org/​10.​1016/​s0140-​6736(20)​30183-5.

	2.	 Caparros-Gonzalez RA. Consecuencias maternas y neonatales de la 
infección por coronavirus COVID-19 durante el embarazo: una scoping 
review [Maternal and neonatal consequences of coronavirus COVID-19 
infection during pregnancy: a scoping review]. Rev Esp Salud Publica. 
2020;94:e202004033. https://​doi.​org/​10.​4321/​s1135-​57272​02000​01000​
25.

	3.	 Smith ER, Oakley E, Grandner GW, Ferguson K, Farooq F, Afshar Y, et al. 
Adverse maternal, fetal, and newborn outcomes among pregnant 
women with SARS-CoV-2 infection: an individual participant data 

meta-analysis. BMJ Glob Health. 2023;8:e009495. https://​doi.​org/​10.​1136/​
bmjgh-​2022-​009495.

	4.	 Bortoletto P, Romanski PA, Stewart J, Rosenwaks Z, Pfeifer SM. Incidence 
of first trimester pregnancy loss in the infertile population during the first 
wave of the coronavirus disease 2019 pandemic in New York City. Fertil 
Steril. 2021;2:209–14. https://​doi.​org/​10.​1016/j.​xfre.​2021.​04.​005.

	5.	 Hossein Rashidi B, Bandarian M, Bandarian F, Shahrokh Tehraninejad E, 
Jafarabadi M. The effect of COVID-19 pandemic on outcome of assisted 
reproductive technology: a report from a single infertility center. J Family 
Reprod Health. 2022;16:86–92. https://​doi.​org/​10.​18502/​jfrh.​v16i1.​8598.

	6.	 Banker M, Arora P, Banker J, Shah A, Gupta R, Shah S. Impact of COVID-19 
pandemic on clinical and embryological outcomes of assisted reproduc-
tive techniques. J Hum Reprod Sci. 2022;15:150–6. https://​doi.​org/​10.​
4103/​jhrs.​jhrs_​57_​22.

	7.	 Orvieto R, Segev-Zahav A, Aizer A. Does COVID-19 infection influence 
patients’ performance during IVF-ET cycle?: an observational study. 
Gynecol Endocrinol. 2021;37:895–7. https://​doi.​org/​10.​1080/​09513​590.​
2021.​19180​80.

	8.	 Youngster M, Avraham S, Yaakov O, Landau Rabbi M, Gat I, Yerushalmi G, 
et al. IVF under COVID-19: treatment outcomes of fresh ART cycles. Hum 
Reprod. 2022;37:947–53. https://​doi.​org/​10.​1093/​humrep/​deac0​43.

	9.	 van Kessel SAM, Olde Hartman TC, Lucassen PLBJ, van Jaarsveld CHM. 
Post-acute and long-COVID-19 symptoms in patients with mild diseases: 
a systematic review. Fam Pract. 2022;39(1):159-167. https://​doi.​org/​10.​
1093/​fampra/​cmab0​76.

	10.	 Alpha Scientists in Reproductive Medicine and ESHRE Special Inter-
est Group of Embryology. The Istanbul consensus workshop on 
embryo assessment: proceedings of an expert meeting. Hum Reprod. 
2011;26:1270-1283. https://​doi.​org/​10.​1093/​humrep/​der037.

	11.	 Department of Obstetrics and Gynecology, Chinese Medical Association. 
Expert consensus on diagnosis and clinical management of hyperemesis 
gravidarum. Chin J Obstet Gynecol. 2015;50(11):801–4.

	12.	 Ata B, Vermeulen N, Mocanu E, Gianaroli L, Lundin K, Rautakallio-
Hokkanen S, et al. SARS-CoV-2, fertility and assisted reproduction. Hum 
Reprod Update. 2023;29:177–96. https://​doi.​org/​10.​1093/​humupd/​
dmac0​37.

	13.	 Preutthipan S, Amso N, Curtis P, Shaw RW. The influence of number 
of embryos transferred on pregnancy outcome in women undergo-
ing in vitro fertilization and embryo transfer (IVF-ET). J Med Assoc Thai. 
1996;79:613–7.

	14.	 Zhang WY, Johal JK, Gardner RM, Bavan B, Milki AA. The impact of euploid 
blastocyst morphology and maternal age on pregnancy and neonatal 
outcomes in natural cycle frozen embryo transfers. J Assist Reprod Genet. 
2022;39:647–54. https://​doi.​org/​10.​1007/​s10815-​022-​02423-1.

	15.	 Youngster M, Avraham S, Yaakov O, Landau Rabbi M, Gat I, Yerushalmi G, 
et al. The impact of past COVID-19 infection on pregnancy rates in frozen 
embryo transfer cycles. J Assist Reprod Genet. 2022;39:1565–70. https://​
doi.​org/​10.​1007/​s10815-​022-​02517-w.

	16.	 Balachandren N, Davies MC, Hall JA, Stephenson JM, David AL, Barrett G, 
et al. SARS-CoV-2 infection in the first trimester and the risk of early mis-
carriage: a UK population-based prospective cohort study of 3041 preg-
nancies conceived during the pandemic. Hum Reprod. 2022;37:1126–33. 
https://​doi.​org/​10.​1093/​humrep/​deac0​62.

	17.	 Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, et al. Clinical characteristics 
and intrauterine vertical transmission potential of COVID-19 infection in 
nine pregnant women: a retrospective review of medical records. Lancet. 
2020;395:809–15. https://​doi.​org/​10.​1016/​s0140-​6736(20)​30360-3.

	18.	 Gromski PS, Smith ADAC, Lawlor DA, Sharara FI, Nelson SM. 2008 financial 
crisis versus 2020 economic fallout: how COVID-19 might influence fertil-
ity treatment and live births. Reprod Biomed Online. 2021;42:1087–96. 
https://​doi.​org/​10.​1016/j.​rbmo.​2021.​03.​017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.4321/s1135-57272020000100025
https://doi.org/10.4321/s1135-57272020000100025
https://doi.org/10.1136/bmjgh-2022-009495
https://doi.org/10.1136/bmjgh-2022-009495
https://doi.org/10.1016/j.xfre.2021.04.005
https://doi.org/10.18502/jfrh.v16i1.8598
https://doi.org/10.4103/jhrs.jhrs_57_22
https://doi.org/10.4103/jhrs.jhrs_57_22
https://doi.org/10.1080/09513590.2021.1918080
https://doi.org/10.1080/09513590.2021.1918080
https://doi.org/10.1093/humrep/deac043
https://doi.org/10.1093/fampra/cmab076
https://doi.org/10.1093/fampra/cmab076
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1093/humupd/dmac037
https://doi.org/10.1093/humupd/dmac037
https://doi.org/10.1007/s10815-022-02423-1
https://doi.org/10.1007/s10815-022-02517-w
https://doi.org/10.1007/s10815-022-02517-w
https://doi.org/10.1093/humrep/deac062
https://doi.org/10.1016/s0140-6736(20)30360-3
https://doi.org/10.1016/j.rbmo.2021.03.017

	Influence of COVID-19 infection on early pregnancy outcomes in different periods around frozen embryo transfer
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Survey of COVID-19 infection
	Embryo assessment and cryopreservation
	FET and luteal support
	Definition of outcomes
	Statistical analysis

	Results
	Analysis of COVID-19 impact on early pregnancy outcomes
	Analysis of COVID-19 impact on early pregnancy loss
	Multivariable logistic regression analysis
	Analysis of COVID-19 impact on early pregnancy adverse reactions

	Discussion
	Conclusion
	Acknowledgements
	References


