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Abstract

Background: The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus is continually evolving, and the worldwide
epidemic is still ongoing. There is conflicting evidence regarding how SAS-CoV-2 infection affects the outcomes of assisted reproductive
technology (ART). The aim of this study was to investigate whether the outcomes of in vitro fertilization (IVF) treatment were affected
during the acute period of SARS-CoV-2 infection or immediately after recovery from coronavirus disease 2019 (COVID-19). Methods:
In this retrospective cohort study, SARS-CoV-2-infected couples who underwent IVF treatment at Wuhan Union Hospital within the
first three months following the lifting of the pandemic policy in mainland China were propensity-score matched (PSM) to uninfected
couples who received IVF during the dynamic COVID-zero policy. Following matching, 358 and 698 patients were assigned to the
SARS-CoV-2-infected and uninfected groups, respectively. The laboratory and clinical outcomes of the two groups were compared.
Results: The blastocyst formation rates were considerably lower in the infected group than in the uninfected group. Stratification by
time from SARS-CoV-2 infection to oocyte retrieval (<30, 31~60, 61~90 and >90 days) revealed that both blastocyst formation and
available blastocyst rates were significantly decreased when oocyte retrieval was performed 31~60 days after SARS-CoV-2 infection.
However, after the first embryo transfer cycle, there were no significant differences in the rates of embryo implantation, biochemical
pregnancy, clinical pregnancy or early abortion between the two matched cohorts. Conclusions: SARS-CoV-2 infection had no effect on
clinical outcomes after the first embryo transfer cycle; however, the rate of blastocyst formation was considerably lower in couples who
received IVF treatment 31~60 days after SARS-CoV-2 infection, indicating that SARS-CoV-2 infection may continue to impair embryo
developmental potential.
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1. Introduction fore, the effects of SARS-CoV-2 infection on the pregnancy
outcomes of in vitro fertilization/intracytoplasmic sperm in-
jection (IVF/ICSI) have been the focus of attention for ART

staff and patients.

The World Health Organization (WHO) declared that
coronavirus disease 2019 (COVID-19) was no longer a pub-
lic health emergency of international concern (PHEIC) on 5
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May 2023. severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) is still evolving [ 1], resulting in new cases
and reinfections in the population [2-4]. As SARS-CoV-2
is a new virus, we still need to improve our understand-
ing of it, especially its effects on human reproduction and
assisted reproductive technology (ART) [5]. Currently,
it is believed that the SARS-CoV-2 virus damages cells
or tissues by infecting and replicating in cells, which re-
quires the expression of SARS-CoV-2 receptors, such as
angiotensin converting enzyme 2 (ACE2), basigin (BSG),
transmembrane serine protease 2 (TMPRSS2) and cathep-
sin L (CTSL) [6,7]. It is noteworthy that all the aforemen-
tioned viral receptor mRNAs are expressed in most of the
human female reproductive tract, including the ovaries (in-
cluding follicular granulosa cells) [8] and endometrium [9].
A few studies have also shown that ACE2, BSG, and/or
TMPRSS2 genes and proteins are expressed in human
oocytes, fertilized eggs, and blastocysts [10—12]. There-

A retrospective study from Israel showed that IVF
treatment within one year after SARS-CoV-2 infection did
not affect the pregnancy outcomes after fresh embryo trans-
fer. It should be noted that this study did not mention
whether or not the control group was thoroughly screened
for SARS-CoV-2 infection [13]. Several studies, however,
have revealed that the rate of high-quality embryos [14] and
retrieved oocytes [ 15] was decreased in patients who under-
went [VF treatment after getting infected with SARS-CoV-
2 virus. Another study discovered that when only the male
partner was infected with SARS-CoV-2, the blastocyst for-
mation rate was reduced, even though the IVF procedure
was performed more than 4 months after SARS-CoV-2 in-
fection [16]. It should be noted that all of these studies had
small sample sizes and did not conduct stratified analyses
of the time from SARS-CoV-2 infection to oocyte retrieval.
As a result, the impact of SARS-CoV-2 infection on IVF
treatment outcomes remains unclear. The clinical and labo-
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ratory results of patients who underwent IVF treatment dur-
ing the acute infection period, in particular, were mostly
from case reports [17,18].

Due to China’s effective and strict epidemic preven-
tion and control policy, ART services in mainland China
were carried out in a nonepidemic state from the beginning
0of 2020 to November 2022. However, with the attenuated
pathogenicity of the omicron subvariants and increasing
vaccination coverage, the dynamic zero-COVID policy was
terminated in mainland China on 7 December 2022 [19].
A wave of SARS-CoV-2 infections was reported in main-
land China from December 2022 to January 2023 [4,20].
This infection wave was mainly caused by the SARS-CoV-
2 omicron variants BF.7 and BA.5.2 [21]. During this time,
our center also treated more SARS-CoV-2-infected cou-
ples, providing a good observation sample. Thus, in the
present study, we collected IVF data from SARS-CoV-2-
infected couples who underwent IVF treatment from 7 De-
cember 2022 to 7 March 2023 in order to assess the impact
of SARS-CoV-2 infection on embryo development and IVF
clinical outcomes.

2. Materials and Methods
2.1 Study Population and Design

In this retrospective cohort study, all couples who un-
derwent their first or second cycle of IVF or ICSI treatment
at Union Hospital, Tongji Medical College, Huazhong Uni-
versity of Science and Technology from 7 December 2022
to 7 March 2023 were enrolled. Couples in which both
partners were infected with SARS-CoV-2 on or before the
trigger day (based on polymerase chain reaction (PCR) as-
says for SARS-CoV-2 RNA detection in nasopharyngeal
swabs) and the female partner’s age was between 21 and
50 years were included as the SARS-CoV-2-positive group.
To avoid the possibility of unknown and asymptomatic in-
cubation periods, the current study also enrolled all couples
who underwent their first or second cycle of IVF or ICSI
treatment in our center from 1 June 2021 to 30 November
2022 (during which the dynamic zero-COVID policy was
implemented in mainland China). Couples with no history
of SARS-CoV-2 infection and in which the female partner’s
age was 21-50 years were included as the SARS-CoV-2-
negative (control) group. Couples in both groups under-
went at least two PCR tests to detect SARS-CoV-2 RNA
during controlled ovarian stimulation (COS), namely, be-
fore COS and on the trigger day. Before COS, the female
partner had a pulmonary computed tomography (CT) test
to rule out the presence of infectious lesions in the lungs.
Moreover, a careful medical history was obtained and a
COVID-19 questionnaire survey was performed for all pa-
tients before the initiation of COS. Patients who lacked crit-
ical information, were lost to follow-up, used donor eggs or
sperm, had whole or partial oocyte freezing, or had preim-
plantation genetic testing cycles were all excluded. To es-
tablish groups with comparable characteristics, propensity

score matching was performed at a ratio of 1:2 between the
infected and uninfected groups. The present study was ap-
proved by the Ethical Committee of Union Hospital (no.
2023-S0462), and individual consent for this retrospective
analysis was waived.

2.2 Ovarian Stimulation

In this study, most patients underwent the
gonadotropin-releasing hormone (GnRH) agonist pro-
tocol or the GnRH antagonist protocol. A few patients
underwent the clomiphene-primed ovarian stimulation
(CPOS) protocol and luteal phase stimulation protocol. For
the GnRH agonist protocol, tripreilin acetate was injected
at 0.05 mg/d (Ferring Pharmaceuticals, Kiel, German) at
the middle luteal stage of the previous cycle for pituitary
downregulation. When the downregulation standard was
reached (serum luteinizing hormone level <5 IU/L, serum
estradiol level <50 pg/mL, endometrial thickness <10
mm, no functional ovarian cysts), urine follicle-stimulating
hormone (uFSH) (Zhuhai Lizon Pharmaceutical, Zhuhai,
Guangdong, China) or recombinant follicle-stimulating
hormone (rFSH) (Merck Serono, Aubonne, Switzerland)
was initiated at 150-225 U. Adjustments were made
according to the ovarian response. For the GnRH an-
tagonist protocol, ovarian stimulation was initiated with
150-225 IU uFSH or rFSH daily. If at least one of
the following criteria were met, the GnRH antagonist
(0.25 mg, Cetrotide, 0.25 mg subcutaneous (SC); Merck
Serono, Aubonne, Switzerland) was given daily to prevent
premature ovulation: at least one dominant follicle >14
mm; serum Estradiol (E2) level >500 pg/mL; or serum
luteinizing hormone (LH) level >10 [U/L. When bilateral
ovaries had >2~3 follicles with diameters >18 mm,
10,000 IU human chorionic gonadotropin (hCG) (Zhuhai
Lizon Pharmaceutical, Zhuhai, Guangdong, China) or 250
mg Ovidrel (Merck Serono, Aubonne, Switzerland) was
administered to trigger oocyte maturation. Transvaginal
oocyte retrieval was conducted under ultrasound guidance
34-36 hours after hCG injection. For patients diagnosed
with SARS-CoV-2 infection on trigger day, medical staff
performed oocyte retrieval in an independent operating
room under strict protective procedures, and “freeze-all”
strategy was implemented.

2.3 Fertilization and Embryo Evaluation

Fertilization was done using IVF or ICSI, depending
on the quality of the male partner’s sperm. For IVF fer-
tilization, approximately 20,000 motile sperm were added
to each oocyte. ICSI was carried out if the percentage
of normal sperm was less than 1% or the total amount of
motile sperm was less than 5 x 105/mL. When two pronu-
clei (2PN) developed 16—18 hours after insemination, it was
considered normal fertilization. Embryos were evaluated
after 72 hours of in vitro culture based on blastomere even-
ness and the embryo fragmentation rate [22]. Embryos with
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6-8 blastomeres and a fragmentation rate of less than 20%
were considered as top-quality embryos. Some embryos
were cultured into blastocysts for an additional 2—4 days.
Blastocysts were evaluated using Gardner’s grading scale
[23]. Throughout the study period, the staff at the center,
as well as the culture conditions and culture medium in the
embryo laboratory, remained unchanged.

2.4 Fresh and Frozen Embryo Transfer

Embryo transfer was performed under abdominal ul-
trasound guidance, with a maximum of 2 cleavage-stage
embryos or blastocysts transferred each time. The “freeze-
all” strategy was employed for couples in the acute stage
of SARS-CoV-2 infection. If the couples met the criteria
for fresh embryo transfer, embryo transfer was performed
on Day 3, 5 or 6 after oocyte retrieval. The surplus em-
bryos were further cultured in G2-PLUS medium (Vitrolife,
Gothenburg, Sweden) up to Day 5-7 until they reached the
blastocyst stage, and the available blastocysts were frozen
by vitrification. For frozen embryo transfer, most of the en-
rolled patients underwent hormone replacement cycles to
prepare the endometrium. The details of the vitrification
procedure and endometrial preparation were described pre-
viously [24].

2.5 SARS-CoV-2 Nucleic Acid Tests

Real-time polymerase chain reaction (RT-PCR)
(Mingde Biotechnology Co., Ltd., Wuhan, Hubei, China)
was carried out to detect the presence of SARS-CoV-2
RNA in the specimens collected from nasopharyngeal
swabs. The open reading frame lab (ORFlab) and N
genes of SARS-CoV-2 were the target genes for RT-PCR.
A cycle threshold (Ct) of less than 37 denoted positive
SARS-CoV-2 findings.

2.6 Outcome Measures

The important quality control indices during COS and
in vitro embryo culture and pregnancy outcomes in the
first trimester were analyzed and compared between the
two groups. The primary outcome measure was the clin-
ical pregnancy rate after the first embryo transfer cycle.
The secondary outcome measures included the number of
oocytes retrieved, the number of mature oocytes, the num-
ber of normal fertilizations, the blastocyst formation rate,
the number of available embryos, and early pregnancy loss.
The above measures were calculated according to our previ-
ous report [24]. The high-quality embryo rate was defined
as the number of high-quality embryos on Day 3 divided by
the number of normally fertilized cleavage embryos. The
blastocyst formation rate was defined as the number of blas-
tocysts formed divided by the number of normally fertilized
oocytes. The available blastocyst rate was calculated by di-
viding the number of blastocysts available for cryopreser-
vation and transfer by the number of normally fertilized
oocytes. The presence of a gestational sac four weeks after
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embryo transfer was recognized as a clinical pregnancy. A
biochemical pregnancy was defined as a serum-hCG level
>5 mU/mL. The number of embryo transfer cycles was the
denominator of the clinical pregnancy rate and biochemical
pregnancy rate.

2.7 Statistical Analyses

Kolmogorov—Smirnov or Shapiro—Wilk normality
tests were used for all continuous variables. Variables with
a normal distribution are presented as = + s. Statistical
comparison was performed by Student’s ¢ test. Variables
that did not conform to a normal distribution are given as
the median + interquartile range (IQR), and differences be-
tween groups were compared by the Mann—Whitney U test.
Categorical variables are presented as the n (%), and statis-
tical comparisons were performed using the chi-square test.

Standard propensity score matching was conducted
using nearest neighbor matching with a caliper of 0.02. The
following baseline characteristics were matched without re-
placement at a ratio of 1:2: female age (years), female
body mass index (BMI, kg/m?), basal follicle stimulating
hormone level (FSH, mIU/mL), basal anti-Miillerian hor-
mone level (AMH, ng/mL), type of infertility (primary or
secondary), duration of infertility (years), cause of infer-
tility, insemination method (IVF or ICSI), and COS pro-
tocol (GnRH agonist protocol, GnRH antagonist protocol,
and other protocols). Women who were not matched were
excluded from the analyses. To explore the variables that
influence blastocyst formation rate, the logistic regression
model was used. Baseline variables that were deemed clin-
ically relevant or had a univariate relationship to the out-
come were integrated into a multivariate logistic regression
model. Given the limited number of events, variables for
inclusion were carefully chosen to assure the final model’s
parsimony. Two-tailed p values < 0.05 were considered
statistically significant. The Statistical Package for Social
Sciences software (SPSS Inc., Version 24.0, Chicago, IL,
USA) and R version 4.1.0 (R Core Team, Vienna, Austria)
were used for data analyses.

3. Results

Among those who underwent IVF/ICSI at our cen-
ter between 7 December 2022 and 7 March 2023, a to-
tal of 386 couples met the inclusion and exclusion crite-
ria, and both partners were infected with SARS-CoV-2 on
or before the trigger day. A total of 2660 uninfected pa-
tients who underwent IVF/ICSI between 1 June 2021 and
30 November 2022 and met the exclusion and inclusion cri-
teria were selected as controls. Following propensity score
matching, 358 patients were assigned to the infected group
and 698 patients to the uninfected group (Fig. 1). Table 1
shows the baseline characteristics of the couples follow-
ing matching. There were no significant differences in any
baseline characteristics between the two groups (p > 0.05).
Fig. 2 depicts the distribution of propensity scores and stan-
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Table 1. Baseline characteristics of the women in the infected and uninfected groups before and after matching.

Before propensity score matching

After propensity score matching

Characteristic Uninfected group Infected group Uninfected group Infected group
p value p value
(n=2660) (n=386) (n=698) (n=1358)

Age of the woman (years) 32(29,35) 33 (30, 35) 0.004 32 (30, 35) 33 (30, 35) 0.631

Infertility duration (years) 3(1.5,4) 3(1.5,4) 0.971 3(1.5,4.13) 3(1.5,4.0) 0.951

Primary infertility, n (%) 1359 (51.09%) 190 (49.22%) 0.493 350 (50.14%) 189 (52.79%) 0.415

Cycle number, n (%) 0.221 0.158

First cycle 2106 (79.17%) 316 (81.87%) 609 (87.25%) 301 (84.08%)

Repeated cycles 554 (20.83) 70 (18.13%) 89 (12.75%) 57 (15.92%)

AMH (ng/mL) 3.07 (1.70, 5.25) 3.24(1.92,5.21) 0.132 3.42 (1.87,6.17) 3.23(1.94,5.17) 0.319

Basal FSH level (IU/L) 7.19 (5.94, 8.74) 7.21(5.77, 8.67) 0.487 7.02 (5.87, 8.47) 7.10 (5.70, 8.64) 0.100

Body mass index (kg/m?) 22.50 (20.43,25.16) 22.84(20.99,24.97) 0.177 22.65(20.66, 25.23) 22.83 (20.99, 24.97) 0.610

Cause of infertility, n (%) 0.006 0.955
Tubal 997 (37.48%) 143 (37.05%) 260 (37.25%) 138 (38.55%)

Male factor 205 (7.71%) 32 (8.29%) 54 (7.74%) 28 (7.82%)

Anovulatory 285 (10.71%) 33 (8.55%) 67 (9.60) 33 (9.22%)

Unexplained 640 (24.06%) 99 (25.65%) 197 (28.22%) 96 (26.82%)

Diminished ovarian reserve 345 (12.97%) 44 (11.40%) 79 (11.32%) 38 (10.61%)

Endometriosis 162 (6.09%) 22 (5.70%) 31 (4.44%) 21 (5.87%)

Mixed factors 26 (0.98%) 13 (3.37%) 10 (1.43%) 4 (1.12%)

OS protocol, n (%) <0.001 0.809
GnRH-agonist 1153 (43.35%) 93 (24.09%) 175 (25.07%) 93 (25.98%)
GnRH-antagonist 863 (32.44%) 226 (58.55%) 393 (56.30%) 204 (56.98%)

CPOS 644 (24.21%) 67 (17.36%) 130 (18.62%) 61 (17.04%)

Insemination method, n (%) 0.099 0.681
IVF 1828 (68.72%) 280 (72.54%) 499 (71.49%) 265 (74.02%)

ICSI 709 (26.65%) 84 (21.76%) 153 (21.92%) 72 (20.11%)

IVF+RICSI 123 (4.62%) 22 (5.70%) 46 (6.59%) 21 (5.87%)
Gonadotropins dosage (IU) 2325 (1800,2925) 2250 (1819,2700) 0.061 2300 (1800, 2850) 2250 (1800, 2700) 0.415
Gn duration (days) 9(8,11) 9(8,10) <0.001 9(8,10) 9(8,10) 0.161
E2 on trigger day (pg/mL) 2047 (1188,3362) 1720 (1108,2731) <0.001 1726 (973,2976) 1752 (1117, 2760) 0.864
Endometrial thickness (mm) 10 (8, 12) 10 (8, 12) 0.511 10 (8, 12) 10 (8, 12) 0.509

Note: Data are presented as the median (25th and 75th percentile) or number (%). Mann—Whitney U statistics were used for continuous

variables and chi-square tests were used for categorical variables. There were no significant differences after propensity score matching.

AMH, anti-Miillerian hormone; FSH, follicle-stimulating hormone; OS, ovarian stimulation; CPOS, clomiphene-primed ovarian stimulation;

ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; RICSI, early rescue intracytoplasmic sperm injection; E2, Estradiol; Gn,

gonadotropin; GnRH, gonadotropin-releasing hormone.

dard differences between groups before and after matching.
The overlap in density showed the distribution balance be-
tween the two groups, demonstrating that the patients were
well matched after propensity score matching. The clini-
cal manifestations of the 358 matched female partners after
infection with SARS-CoV-2 are presented in Supplemen-
tary Table 1. A total of 80.17% of the women (287) had
mild COVID-19, with fever, headache, muscle aches, sore
throat, and other symptoms but no lung imaging changes
[25]. A total of 9.5% of the women (34) had moderate
COVID-19, and they had typical lung imaging changes in
addition to the clinical symptoms previously described. A
total of 10.33% of the women (37) were asymptomatic and
were diagnosed by SARS-CoV-2 mRNA screening during
IVF treatment. None of the patients were diagnosed with
severe disease [26].
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For the oocyte and embryo outcomes, there were no
significant differences between the two groups in the aver-
age number of oocytes retrieved, the mature oocyte rates,
the normal fertilization rates, the abnormal fertilization
rates, and the cleavage rates. However, compared with
the uninfected (control) group, the blastocyst formation rate
in the infected group was significantly decreased [73.33%
(IQR 50.00%-92.31%) vs 66.67% (IQR 50.00%—-87.5%); p
< 0.05]. The available blastocyst rate and the high-quality
embryo rate on Day 3 both showed a downward trend (Ta-
ble 2). This indicates that embryo developmental potential
may be affected in SARS-CoV-2 patients.

The infected group was further stratified into sub-
groups by the interval from SARS-CoV-2 infection to
oocyte retrieval (30 days, 31~60 days, 61~90 days, and
>90 days). There were no significant differences in base-
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Table 2. Embryo laboratory outcomes after matching.

Uninfected group Infected group » value 95% CI
(n=698) (n=358)
Average no. of oocytes retrieved 11 (6, 16) 11 (6, 17) 0.646 —1.00-1.00
Mature oocyte rate, % 84.81(71.43,100)  82.35(69.23,94.12)  0.138 —0.03-0.00
Normal fertilization rate, % 57.14 (40.00, 75.00)  56.25(40.00,71.43)  0.501 -0.04-0.02
Abnormal fertilization rate, % 0.00 (0.00, 12.50) 0.00 (0.00, 14.29) 0.840 0.00-0.00
Cleavage rate, % 100 (100, 100) 100 (100, 100) 0.659 0.00-0.00
High-quality embryo rate, % 37.50 (11.46, 64.12)  44.44 (20.00, 66.67)  0.052 0.00-0.08
Blastocyst formation rate, % 73.33 (50.00,92.31)  66.67 (50.00, 87.50)  0.013 —0.08-0.00
Available blastocyst rate, % 62.50 (45.45,80.00)  60.00 (40.00, 80.00)  0.438 —0.05-0.00

Note: 95% CI, 95% confidence interval.

Continuous variables are presented as the median (25th and 75th percentile), while categorical variables are

presented as the % (n); p < 0.05 was considered statistically significant.

Mature oocyte rate = Total number of mature oocytes/the total number of oocytes retrieved x 100%.
Two pronuclei (2PN) fertilization rate = the number of 2PN oocyte on day 1 / (total number of IVF fertilized
oocytes + total number of MII oocytes injected) x 100%.

High-quality embryo rate = the high quality embryo number on day 3 / normal fertilization cleavage embryo

number x 100%.

Blastocyst formation rate = the number of blastocysts formed / the number of normally fertilized oocytes.

Available blastocyst rate = the number of blastocysts available for cryopreservation and or transfer / the

number of normally fertilized oocytes.

line demographic characteristics, ovarian stimulation pro-
cess and egg quality among subgroups. However, couples
who underwent IVF 31~60 days after SARS-CoV-2 infec-
tion had a significantly higher rate of early rescue ICSI and
a significantly lower rate of high-quality embryos on Day 3,
blastocyst formation, and available blastocysts compared to
the other three subgroups and the uninfected control group.
Blastocyst formation was not significantly affected in pa-
tients who underwent IVF within 30 days or more than 60
days after SARS-CoV-2 infection. After the first embryo
transfer, there were no significant differences in the rates
of embryo implantation, biochemical pregnancy, clinical
pregnancy and early pregnancy loss among the subgroups
(Table 3).

To exclude possible confounding factors of the blas-
tocyst formation rate, we further conducted a linear-
regression analysis including patient age, number of
IVF/ICSI cycles, body mass index, ovarian stimulation pro-
tocol, fertilization method, type of infertility, cause of infer-
tility, number of mature oocytes, and D3 high-quality em-
bryo rate. The results also suggested that SARS-CoV-2 in-
fection, together with female age, number of IVF/ICSI cy-
cles and the D3 high-quality embryo rate, was a significant
predictor of the blastocyst formation rate (Supplementary
Table 2). More notably, the linear regression analysis
model for blastocyst formation rate stratified by the inter-
val from SARS-CoV-2 infection to oocyte retrieval further
strengthened the univariate results, with 31~60 days after
SARS-CoV-2 infection remaining a significant variable (p
< 0.001, 95% CI —0.211 — —0.074). Alternatively, IVF

within 30 days or more than 60 days following SARS-CoV-
2 infection was not a significant predictor of the blastocyst
formation rate (Table 4).

For clinical pregnancy outcomes, 290 couples in the
infected group (99 couples underwent fresh embryo trans-
fer) and 607 couples in the matched uninfected group (139
couples underwent fresh embryo transfer) completed the
first cycle of embryo transfer. There was no significant dif-
ference in embryo implantation rate (54.88% vs 49.54%),
biochemical pregnancy rate (68.62% vs 65.56%), clinical
pregnancy rate (58.62% vs 57.01%), or early abortion rate
(10.59% vs 10.98%) after the first cycle of embryo transfer
between the two groups (Table 5).

4. Discussion

In the current study, we enrolled SARS-CoV-2-
infected couples who underwent IVF treatment during the
first three months after the public health control measures
were adjusted in mainland China. These infected couples
were matched to uninfected couples who underwent IVF
treatment during the period of the dynamic zero-COVID-
19 policy in mainland China. IVF treatment outcomes were
compared between the two groups, and the results showed
that the blastocyst formation and available blastocyst rates
were significantly decreased in couples who underwent IVF
treatment 31~60 days after SARS-CoV-2 infection, imply-
ing that there is a potential adverse effect of SARS-CoV-2
on embryo development.

Several pathogens, such as hepatitis virus, human im-
munodeficiency virus, and Zika virus [27], may have vari-
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Table 3. Subgroup analysis based on the time interval from SARS-CoV-2 infection to oocyte retrieval.

Characteristic <30d (n=69) 31~60 d (n=69) 61~90d (n=119) >90d (n=101) p value
Age of the woman (years) 32 (29, 34) 32 (30, 36) 33 (30, 35) 33 (30, 35.5) 0.710
Infertility duration (years) 3.00 (1.00, 3.50) 2.00 (2.00, 4.00) 3.00 (1.00, 5.00) 3.00 (2.00, 5.00) 0.302
Primary infertility, n (%) 31 (44.93) 34 (49.28) 56 (47.06) 56 (55.45) 0.514
Cycle number, n (%)

First cycle 59 (85.51) 56 (81.16) 101 (84.87) 85 (84.16) 0.896

Repeated cycles 10 (14.50) 13 (18.84) 18 (15.13) 16 (15.84) 0.896
AMH (ng/mL) 3.49 (1.79, 6.11) 3.56 (2.03,4.97) 3.31(1.95,5.36) 2.93 (1.65,4.73) 0.561
Basal FSH level (IU/L) 6.74 (5.33,8.91) 6.84 (5.47,8.41) 6.97 (5.87, 8.60) 7.48 (6.21, 8.75) 0.171
Body mass index (kg/m?) 22.70 (20.83,24.35)  23.02(21.29,24.83) 22.84(21.18,25.62) 22.73 (20.78, 24.97) 0.536
Cause of infertility, n (%)

Tubal 31 (44.93) 26 (37.68) 39 (32.77) 43 (42.57) 0.251

Male factor 4 (5.80) 3 (4.35) 12 (10.08) 9(8.91) 0.465

Anovulatory 8 (11.59) 7 (10.15) 13 (10.92) 5(4.95) 0.369

Unexplained 15 (21.74) 23(33.33) 28 (23.53) 29 (28.71) 0.355

Diminished ovarian reserve 8 (11.59) 5(7.25) 15 (12.61) 9(8.91) 0.635

Endometriosis 3 (4.35) 5(7.25) 9(7.56) 5(4.95) 0.635

Mixed factors 0.000 0.000 3(2.52) 1(0.99) 0.460
OS protocol, n (%) <0.001

GnRH-agonist 23(33.33) 19 (27.54) 24 (20.17) 27 (26.73)

GnRH-antagonist 30 (43.48) 32 (46.38) 73 (61.35) 69 (68.32)

CPOS 16 (23.19) 18 (26.09) 22 (18.49) 5(4.95)
Insemination method, n (%) 0.009

IVF 44 (63.77) 42 (60.87) 94 (80.34) 83 (83.00)

ICSI 19 (27.54) 20 (28.99) 18 (15.39) 14 (14.00)

IVF+RICSI 6 (8.70) 7 (10.15) 5(4.27) 3(3.00)
Gonadotropins dosage (IU) 2175 (1750, 2888) 2325 (1950, 2663) 2175 (1800, 2700) 2250 (1813, 2700) 0.628
Gn duration (days) 9(8,10) 9(8,10) 9(8,10) 9 (8, 10) 0.576
E2 on trigger day (pg/mL) 2037 (1310, 3281) 1860 (1179, 2705) 1681 (1087, 2570) 1622 (984.9, 2683) 0.075
Average no. of oocytes retrieved ~ 10.00 (6.00, 16.50) 10.00 (6.00, 17.50) 12.00 (6.00, 17.00) 11.00 (6.00, 17.00) 0.986
Mature oocyte rate, % 0.81(0.70, 0.91) 0.83 (0.67, 0.95) 0.83(0.72, 0.95) 0.82 (0.67, 1.00) 0.814
Normal fertilization rate, % 0.53(0.37,0.70) 0.58 (0.38, 0.73) 0.60 (0.46, 0.72) 0.54 (0.39, 0.75) 0.278
Abnormal fertilization rate, % 0 (0, 15.04) 0 (0, 12.50) 5.13 (0, 13.33) 5.28 (0, 15.38) 0.331
Cleavage rate, % 100 (100, 100) 100 (100, 100) 100 (100, 100) 100 (100, 100) 0.654
High-quality embryo rate, % 50.00 (33.33, 65.91) 33.33 (0, 53.33) 50.00 (29.64, 66.67)  45.56 (15.42, 66.67) 0.011
Blastocyst formation rate, % 73.68 (50.00, 100) 50.00 (31.67, 83.33)  69.23 (55.56, 87.50)  66.67 (50.00, 83.33) 0.012
Available blastocyst rate, % 66.67 (50.00, 89.44)  50.00 (20.00, 71.71)  66.67 (50.00, 81.82)  60.00 (40.00, 72.32) 0.003
High-quality blastocyst rate, % 0(0,28.57) 0(0,29.67) 20.00 (0, 40.00) 3.57 (0, 42.14) 0.109
Implantation rate, % 56.94 (41/72) 57.63 (34/59) 56.44 (57/101) 48.24 (41/85) 0.593
Biochemical pregnancy rate, % 70.97 (44/62) 75.93 (41/54) 67.35 (66/98) 64.47 (49/76) 0.537
Clinical pregnancy rate, % 61.29 (38/62) 62.96 (34/54) 58.16 (57/98) 53.95 (41/76) 0.730
Early pregnancy loss rate, % 13.16 (5/38) 5.88 (2/34) 15.79 (9/57) 7.32 (3/41) 0.430

Note: Data are presented as the median (25th and 75th percentile) or number (%). Mann—Whitney U statistics were used for continuous

variables and chi-square tests were used for categorical variables. SARS-CoV-2, acute respiratory syndrome coronavirus-2.

able impacts on the physiopathology of the reproductive
organs, leading to infertility or poor ART outcomes [28].
Therefore, when the new SARS-CoV-2 virus emerged and
spread globally, researchers focused on the impact of infec-
tion with this virus on human reproduction and ART out-
comes [5]. The effects of SARS-CoV-2 infection on the
laboratory and clinical outcomes of ART have not yet been
consistently documented in the literature [14,29-31]. An
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unclear infection status, the inability to correctly measure
the time between SARS-CoV-2 infection and ART treat-
ment, and the absence of a stratification analysis on the
time of oocyte retrieval relative to SARS-CoV-2 infection
could all be contributing factors. For instance, the preg-
nancy outcomes of patients who underwent IVF treatment
before and during the COVID-19 pandemic were compared
in the retrospective studies of Huri ef al. [30] and Rageh et
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Table 4. Linear regression analysis of the variables for the blastocyst formation rate based on the SARS-CoV-2 infection

interval.
. Unstandardized coefficients Standardized coefficients 95% CI Collinearity statistics
Variable p Value
Beta Std Error Beta Lower Upper Tolerance VIF
Constant 0.94 0.11 895 0.000 0.718 1.14
Age (years) —0.01 0.002 -0.11 -3.10 0.002 -0.01 —-0.002 0.75 1.34
The number of IVF cycles —0.09 0.03 —-0.11 -3.14 0.002 -0.15 -0.03 0.81 1.24
BMI (kg/m?) —-0.001 0.002 -0.02 -0.051 0.635 -0.006 0.004 0.94 1.06
AMH (ng/mL) 0.002 0.003 0.024 0.564 0.573 -0.004 0.008 0.524 1.909
Interval between infection
and oocyte retrieval (days)
Uninfected (Ref.) 1
<30d 0.003 0.04 0.003 0.08 0.939 -0.07 0.07 0.94 1.06
>30d, <60d —0.143 0.04 -0.13 -4.12 <0.001 -0.21 -0.07 0.95 1.06
>60d, <90d —0.024 0.03 —0.03 -0.86 0418 -0.08 0.03 0.94 1.06
>90d —-0.059 0.03 —0.06 -1.95 0.056 -0.12 0.002 0.94 1.07
OS protocol
GnRH-agonist (Ref.) 1 1
GnRH-antagonist 0.02 0.02 0.03 091 0399 -0.02 0.06 0.67 1.49
CPOS 0.05 0.03 0.07 1.59  0.104 -0.01 0.11 0.54 1.85
Insemination method
IVF (Ref) 1 1
ICSI -0.01 0.03 -0.01 -0.211 0.841 -0.06 0.05 0.64 1.57
IVF+RICIS —0.02 0.04 —-0.02 -0.576 0.572 -0.09 0.05 0.96 1.04
Type of infertility
Primary infertility (Ref.) 1 1
Secondary infertility 0.02 0.02 0.04 1.20  0.238 -0.02 0.06 0.85 1.18
Cause of infertility
Tubal (Ref.) 1
Endometriosis 0.02 0.04 0.02 0.53  0.579 -0.06 0.11 0.89 1.13
Male factor —-0.01 0.04 —-0.01 -0.26 0.775 -0.09 0.06 0.70 1.44
Diminished ovarian reserve —0.09 0.04 —-0.09 -2.46 0.015 -0.17 -0.02 0.68 1.46
Anovulatory 0.004 0.03 0.004 0.12  0.996 -0.07 0.07 0.75 1.33
Unexplained 0.02 0.02 0.03 080 0422 -0.03 0.06 0.78 1.29
Mixed factors -0.10 0.08 -0.04 -1.21 0.228 -0.27 0.06 0.90 1.12
Number of mature oocytes 0.000 0.001 0.008 0.24 0941 -0.003 0.003 0.75 1.33
High-quality embryo rate 0.25 0.03 0.23 8.58 <0.001 0.19 031 0.96 1.04
Note: BMI, body mass index; VIF, variance inflation factor; Ref., reference.
Table 5. Clinical outcomes after the first cycle of embryo transfer after matching.
Uninfected group  Infected group Zvalue  pvalue OR (95% CI)
(n=698) (n=358)
Single embryo transfer rate, % 85.67 (520/607)  88.62 (257/290) 1.215 0.224  0.76 (0.50-1.17)
Embryo transfer strategies, n (%) 0.4026 0.687  0.94 (0.70-1.26)
Fresh embryo transfer 199 (32.78) 99 (34.14)
Frozen embryo transfer 408 (67.22) 191 (65.86)
Implantation rate, % 5432 (377/694)  53.87 (174/323)  0.1349 0.893 1.02 (0.78-1.33)
Biochemical pregnancy rate, % 65.57 (398/607)  68.62 (199/290)  0.906 0.365  0.87 (0.65-1.17)
Clinical pregnancy rate, % 57.00 (346/607)  58.62 (170/290)  0.4588 0.646  0.94 (0.70-1.24)
Early pregnancy loss rate, % 10.98 (38/346) 10.59 (18/170) 0.1354 0.892 1.04 (0.57-1.94)
Ectopic pregnancy rate, % 1.15 (4/346) 0 / 0.307  0.00 (0.00-2.04)
No available embryo cycle rate 9.60 (67/698) 8.04 (32/398) 0.8657 0.387 1.21 (0.79-1.88)

Note: OR, odds ratio.
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al. [32], but the authors failed to clarify whether the cohorts
who underwent IVF treatment during the COVID-19 pan-
demic were infected with SARS-CoV-2. The largest ret-
rospective analysis of IVF outcomes in SARS-CoV-2 pa-
tients to date was reported in a 2022 report from Israel [13].
By comparing the IVF data of 121 patients previously in-
fected with COVID-19 and 121 uninfected patients, the re-
searchers discovered that IVF treatment within one year af-
ter SARS-CoV-2 infection had no effect on the outcomes
of fresh embryo transfer. Nonetheless, it should be high-
lighted that it was not made clear in this study whether the
control group underwent rigorous testing for SARS-CoV-
2 infection [13]. Furthermore, in another study, the same
group reported that patients with previous SARS-CoV-2 in-
fection who underwent frozen embryo transfer cycles with
oocytes retrieved prior to infection had lower pregnancy
rates, notably in those who had recovered fewer than 60
days before embryo transfer [33]. More importantly, the
clinical outcomes of patients who underwent IVF during
the acute period of SARS-CoV-2 infection are mostly de-
scribed in case reports [17,18]. As a result, more research
on the laboratory and clinical outcomes of ART in patients
during and after SARS-CoV-2 infection is needed.

We used propensity score matching in the current
study to eliminate the imbalance in the number and distri-
bution of participants between groups. As a result, our find-
ings are far more persuasive and dependable. Notably, the
blastocyst formation rates were significantly lower in cou-
ples who underwent IVF treatment 31-60 days after SARS-
CoV-2 infection than in uninfected couples [50% (31.67%,
0.83.33%) vs 73.33% (50.00%, 92.31%)] and were also sig-
nificantly lower than the benchmark value recommended
by the Vienna consensus, which suggests that the blasto-
cyst formation rate should be above 60% [34]. The rate of
blastocyst formation is an essential key performance indi-
cator (KPI) in embryo laboratories. This KPI is influenced
by the whole culture system [34], female age [35], oocyte
quality [36] and male sperm quality [37,38]. We thoroughly
checked the schedule of embryo laboratory staff and the cul-
ture medium used for embryo culture and discovered that
the above conditions were constant over the study period.
Furthermore, there was no difference in the age of female
partners across subgroups and the uninfected group. As a
result, we assumed that the lower rate of blastocyst forma-
tion in the subgroup who underwent IVF treatment 31~60
days after SARS-CoV-2 infection was due to SARS-CoV-
2 infection. Further linear retrospective analysis supported
this conclusion. The negative effects of SARS-CoV-2 in-
fection on embryo developmental potential have already
been reported in several small-sample retrospective studies.
An observational study reported that the proportion of high-
quality embryos in patients decreased after SARS-CoV-2
infection, according to a self-controlled analysis of 9 pa-
tients [14]. Another study found that couples undergoing
IVF treatment in which only the male partner was infected
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with the SARS-CoV-2 virus also had lower blastocyst for-
mation rates [16]. However, a recent prospective cohort
study by Chen ef al. [39] included 706 couples who un-
derwent IVF treatment between 1 December 2022 and 11
January 2023, when China’s epidemic control policy was
initially relaxed. Surprisingly, they reported that the in-
fected patients had more normally fertilized oocytes than
the noninfected patients, but no significant differences were
observed between the two groups in oocyte outcomes, such
as the number of oocytes retrieved, oocyte maturation rate
and normal fertilization rate (these observations were simi-
lar to the results obtained in the current study). It is crucial
to note, however, that the time of oocyte retrieval relative
to the time of SARS-CoV-2 infection was less than 2 weeks
in most patients in their study, and they also did not dis-
close the blastocyst formation rates or clinical pregnancy
outcomes of the infected women.

The SARS-CoV-2 host receptors ACE2 and TM-
PRSS2 have been found in ovarian tissues [40], oocyte
cumulus complexes [41], oocytes [42], and blastocysts
[10,43]. An in vitro study further revealed that fluores-
cent reporter virions pseudotyped with SARS-CoV-2 Spike
(S) glycoprotein can infect trophectoderm cells. However,
SARS-CoV-2 mRNA has yet to be found in infected pa-
tients’ follicular fluid [44], granulosa cells [18], oocytes
[45], or semen [46]. Therefore, we believe that the decrease
in the blastocyst formation rate in couples 31~60 days after
SARS-CoV-2 infection observed in the current study was
more likely due to indirect effects of SARS-CoV-2 infec-
tion. The decreased blastocyst formation rate may be at-
tributed to several potential causes. First, the SARS-CoV-2
virus can induce an upregulation of proinflammatory cy-
tokines and systemic oxidative stress in infected individuals
[47,48], which may damage the human gonads. It has been
reported that the menstrual cycles of women and semen
parameters of men significantly changed approximately 2
months after SARS-CoV-2 infection [49,50]. Approxi-
mately 30 days after SARS-CoV-2 infection, these dam-
aging effects on the gonads reach their peak [51]. Studies
have shown that sperm progressive motility and morphol-
ogy are closely connected with the blastocyst formation rate
[37,52]. In the current study, we also found a significant in-
crease in the proportion of early rescue ICSI in the 31~60
days post-SARS-CoV-2 infection. Second, during SARS-
CoV-2 infection, the body develops neutralizing antibod-
ies, which peak 3—4 weeks after infection [53,54]. A pre-
vious study showed that anti-SARS-CoV-2 Immunoglob-
ulin G (IgG) antibodies can be detected in follicular fluid
and in an in vitro experiment, the expression of steroidal
acute regulatory protein (StAR), estrogen receptor 5 (Erf3)
and vascular endothelial growth factor (VEGF) in granu-
losa cells was significantly reduced after the stimulation of
follicular fluid from recovered COVID-19 patients. It has
been suggested that SARS-CoV-2 infection affects the fol-
licular microenvironment and may have adverse effects on
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female reproductive outcomes. Although the clinical out-
comes of first-cycle embryo transfer in couples who under-
went [VF treatment within 31~60 days of SARS-CoV-2 in-
fection were unaffected, it remains to be seen whether the
decreased blastocyst formation rate in these patients will
have an effect on the cumulative live birth rate. Further-
more, long-term follow-up is required to clarify the off-
spring safety of IVF treatment at different times following
SARS-CoV-2 infection. Based on the potential effects of
SARS-CoV-2 infection on embryo development discovered
in our current work, we propose that uninfected couples be
urged to get vaccinated before undergoing IVF therapy [55].

There are some limitations in this study. First, it
was a retrospective study, so various confounding factors
are likely to affect the study results. The propensity-score
matched (PSM) approach was used in the current study, and
patients were matched for 9 basic characteristics at a ratio of
1:2 to exclude the influence of confounding factors as much
as possible. However, some known or unknown confound-
ing factors may still affect the statistical results. Second, to
rule out the possibility of unknown and asymptomatic incu-
bation periods, the current study included patients undergo-
ing IVF treatment at different times as controls, resulting in
the proportion of patients completing the first embryo trans-
fer being different between the two groups, which may have
an impact on the comparison of the clinical outcomes of the
patients in the two groups. Third, due to the short follow-
up period in the current study, data on the live birth rate of
SARS-CoV-2-infected and uninfected patients undergoing
IVF were lacking. In the future, we plan to continue follow
up with our study cohort to determine the impact of SARS-
CoV-2 infection on the cumulative live birth rate. Finally,
there were no severe COVID-19 infected patients included
in this study, which means that the results may not accu-
rately represent the overall impact of SARS-CoV-2 infec-
tion on IVF treatment.

5. Conclusions

The results of the current study demonstrated that
SARS-CoV-2 infection had no effect on the clinical preg-
nancy outcomes after the first embryo transfer cycle, but the
couples who underwent IVF treatment 31~60 after SARS-
CoV-2 infection had significantly lower blastocyst forma-
tion and blastocyst availability rates. Prospective studies
are needed to confirm these findings. However, until more
definitive evidence is available, it is appropriate to postpone
IVF beyond 2 months, if possible, in couples with SARS-
CoV-2 infection.
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