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Methods: Patients undergoing ART treatments in the Reproductive Medicine Center, Tongji Hospital,
Wauhan, from May 2020 to February 2021 were enrolled. Seventy of them were positive for serum SARS-

gg%gr?; CoV-2 antibodies (IgG and/or IgM), and 3973 patients had negative results. Propensity score matching
SARS CoV-2 with a ratio of 1:3 was performed, and there were 65 females in the case group and 195 females in the
Fertility evaluation control group.

IVF outcome

Findings: The ovarian reserves and ovarian responses between groups after matching were similar. The
proportions of mature oocytes, damaged oocytes, fertilized oocytes, cleavage embryos, high-quality em-
bryos, and available blastocysts were also similar, despite a slight decrease in the blastocyst formation
rate in the case group. In addition, there were no significant differences in terms of the biochemical
pregnancy rate, clinical pregnancy rate, early miscarriage rate, or implantation rate.

Interpretation: There is no evidence that a history of asymptomatic or mild SARS-CoV-2 infection in fe-
males may negatively affect female fertility, embryo laboratory outcomes, or clinical outcomes in ART

treatments.
© 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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low grade of the evidence hierarchy. Moreover, these previ- that the impact of the virus infection on the fertility function
ously relevant studies only compared the fertility evaluation and germ cells by analyzing the ART data from the largest IVF
center in Wuhan. Propensity score matching was performed,
and our data suggested no evidence that a history of asymp-
tomatic or mild SARS-COV-2 infection caused impairment of
* Corresponding author. female fertility, embryo laboratory outcomes, or clinical out-
E-mail address: leijintjh@163.com (L. Jin). comes in ART treatments.
T These authors contributed equally to this work.

https://doi.org/10.1016/j.eclinm.2021.101013
2589-5370/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.eclinm.2021.101013
http://www.ScienceDirect.com
http://www.elsevier.com/locate/eclinm
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:leijintjh@163.com
https://doi.org/10.1016/j.eclinm.2021.101013
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Wang, Q. Yang, X. Ren et al.

Implication of all the available evidence

The findings suggested no evidence that a history of
asymptomatic or mild SARS-CoV-2 infection in females
caused impairment of female fertility, embryo laboratory out-
comes, or clinical outcomes in ART treatments. To some ex-
tent, this study provides an observational evidence that the
impact of the SARS-CoV-2 on oocytes and embryos may be
limited in females with a history of asymptomatic or mild
SARS-CoV-2 infection, while the effects of moderate or se-
vere infection on female fertility need to be considered and
further investigated.

1. Introduction

The coronavirus disease 2019 (COVID-19) outbreak, mediated by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection, has led to a serious and expanding pandemic and panic
worldwide. This virus can not only induce severe respiratory dis-
eases but also a variety of histopathological changes in multiple
systems and organs, including the kidney [1], brain [2], and liver
[3]. Evidence also showed that the testis [4] and ovary [5] might
also be potential targeted organs of the virus infection. Although
COVID-19 is not regarded as a sexually transmitted disease, some
studies still show an ovarian or testicular functional effect in re-
covered patients with COVID-19 [6].

During the COVID-19 crisis, there was a heated debate on the
impact of virus infection on human fertility. Some studies found
that semen parameters were altered in infected males [7] and
resulted in a higher serum luteinizing hormone (LH) level [8].
In addition, a recent study indicated that there was no associa-
tion between the virus infection and obstetric complications [9].
In contrast, many other studies emphasized on the possibility of
the SARS-CoV-2 infection impairing sperm and oocyte function
[10,11]. However, despite an abundance of recent publications, the
effects of SARS-CoV-2 infections on fertility, and the outcomes of in
vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), and
many other assisted reproductive technology (ART) treatments are
still not fully elucidated. Moreover, due to the limitation of samples
and controls, most of the existing studies on this topic are specu-
lative and have a low grade of the evidence hierarchy. Currently,
none of them has investigated the impacts of the virus infection
on the fertility function and germ cells by analyzing the IVF data.

Therefore, in the current study, we collected IVF data from our
center, the largest IVF center in Wuhan, where the first COVID-19
case was reported, to investigate the impacts of asymptomatic or
mild SARS-CoV-2 infection on female fertility and laboratory and
clinical outcomes in ART treatments.

2. Methods
2.1. Study population and design

We performed a single-center retrospective cohort study, in-
cluding women undergoing IVF/ICSI treatment between May 2020
and February 2021. All data were collected from the Reproductive
Medicine Center, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology. Patients who have all of
the following characteristics were included: (a) negative for poly-
merase chain reaction (PCR) test for detecting SARS-Cov-2 RNA and
(b) positive for serum SARS-CoV-2 antibodies. The exclusion crite-
ria were as follows: (a) missed important information; (b) lost to
follow up; (c) oocyte donation cycles; (d) oocyte totally or partly
freezing cycles; and (e) males with a history of SARS-CoV-2 infec-
tion. Data in this study were retrieved from the electronic medi-
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cal record system. All cycles were categorized into two groups ac-
cording to the results of the serum SARS-CoV-2 antibody test. To
eliminate the imbalance of the number and distribution of samples
between groups, a propensity score matching, which is extremely
useful for confounding control in observational studies [12], was
performed.

2.2. IVF/ICSI protocols and embryo culture

The controlled ovarian stimulation (COS) protocols carried out
in our IVF center were categorized into the gonadotropin-releasing
hormone (GnRH) agonist protocol, the GnRH antagonist protocol,
and other protocols, including mild stimulation and luteal phase
stimulation protocols. The details of COS protocols were previously
presented and well described [13]. When two to three dominant
follicles with a diameter over 18 mm could be observed, 10,000 IU
recombinant human chorionic gonadotrophin (HCG) was adminis-
tered as a trigger. Oocyte retrieval was then performed 36-38 h
later.

Oocytes were fertilized through either conventional IVF or ICSI.
Pronuclei (PN) evaluation was performed 16-18 h after insemina-
tion. The fertilized oocytes were cultured in G1-plus medium (Vit-
rolife, Gothenburg, Sweden) to cleavage stage embryos until day 3.
Then one or two good-quality embryos were selected to be freshly
transferred. The surplus embryos continued to be cultured to the
blastocyst stage in G2-plus medium (Vitrolife, Gothenburg, Swe-
den) until day 5 or 6; the available blastocysts were then cryop-
reserved. The morphologic parameters of the cleavage stage em-
bryos were recorded as previously described [14], and the three
main parameters were as follows: (a) the number of blastomeres;
(b) the percentage of fragmentation; and (c) the variation in blas-
tomere symmetry. If there were multinucleation or defects in the
zona pellucida and cytoplasm, they were emphasized. High-quality
embryos (HQE) at the cleavage stage were defined as follows: (a)
normally fertilized embryos with 4,5 cells on day 2 or 8-10 cells
on day 3; (b) <15% fragmentation; (c) uniform blastomeres; (d)
absence of multinucleation; (e) absence of zona pellucida defects;
(f) absence of perivitelline space granularity and (g) no inclusions
in cytoplasm [14]. Blastocyst morphology evaluation was based on
the Gardner scoring system [15]. Available blastocysts were defined
as those at stage 3 and above on day 5 or day 6 with a score B and
above of inner cell mass. Specifically, the whole IVF operations for
patients who tested as positive for serum SARS-CoV-2 antibodies
were processed in an independent space with special incubators.
The embryos were also cryopreserved in a separate liquid nitrogen
tank.

2.3. Serum SARS-CoV-2 antibody test and PCR tests for detecting
SARS-CoV-2 RNA

Generally, the patients in IVF cycles have experienced routine
serum SARS-CoV-2 antibody (IgG and IgM) tests and PCR tests
for detecting SARS-CoV-2 RNA for at least three times, namely in
the first visit to our center, before the COS procedure, and before
oocyte retrieval. In addition to these two tests, digital chest radio-
graphs were also performed for all the patients to screen for any
pulmonary lesions.

Antibodies against both the envelope (E) and nucleocapsid (N)
proteins of SARS-CoV-2 in serum samples were measured using
chemiluminescence kits purchased from YHLO Biotech, Shenzhen,
China, according to the manufacturer’s instructions (C86095G,
C86095M) [16]. An antibody level > 10 AU/mL was considered pos-
itive. The sensitivities of the kits for IgG and IgM tests were 98.5%
and 84.3%, respectively. The specificities for IgG and IgM were 100%
and 98.5%, respectively.
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Nasopharyngeal swabs were performed to collect samples
for PCR tests for detecting SARS-CoV-2 RNA. The total viral
RNA of the specimen was isolated for SARS-CoV-2 infection de-
tection using real-time PCR (RT-PCR) kits (20203400749) from
DA AN GENE, Guangzhou, China. The open reading frame 1lab
(ORF1ab) and N genes were the target genes and were simul-
taneously amplified. The primers were as follows: ORFlab:
5'-CCCTGTGGGTTTTACACTTAA-3" (F), 5'-ACGATTGTGCATCAGCTGA-
3 (R); N: 5'-GGGGAACTTCTCCTGCTAGAAT-3' (F), 5'-
CAGACATTTTGCTCTCAAGCTG-3’ (R). The conditions of the RT-PCR
assay were 50 °C for 2 min and 95 °C for 2 min, followed by
45 cycles of denaturation at 95 °C for 5 s and extension and
fluorescence collection at 60 °C for 10 s [17]. Ct values of less
than 30 for both genes were defined as positive. The analytical
sensitivity was 500 copies/mL.

2.4. Outcome assessments

The fertility evaluation consists of the ovarian reserve and
the ovarian response. For the ovarian reserve, the serum levels
of follicle-stimulating hormone (FSH) and anti-Miillerian hormone
(AMH) were measured at days 2-3 of the menstrual periods, and
the basal antral follicle count (AFC) were measured by transvagi-
nal ultrasound. For the ovarian response, we included the total
dosage and duration of gonadotrophins (Gn) in the process of the
stimulation, the number of large follicles on HCG day (>14 mm),
the number of oocytes retrieved, and the ovarian response grad-
ing based on the POSEIDON classification [18]. AMH and AFC were
the primary outcomes. FSH (range of quantitation 0.2-200 mIU/mL,
intra-assay variability 3.5%) and AMH (range of quantitation 0.01-
23 ng/mlL, intra-assay variability 2.9%) were detected using elec-
trochemiluminescent immunoassays (Roche, Switzerland), accord-
ing to the manufacturer’s instructions [19].

For laboratory outcomes, the normal fertilization (2PN) rate and
available blastocyst rate were the primary outcomes. The mature
oocyte (metaphase II) rate, damaged oocyte rate, cleavage rate,
HQE rate, and blastocyst formation rate were the secondary out-
comes. The computing methods were also well described previ-
ously [13]. In brief, the mature oocyte rate was the number of
metaphase II oocytes divided by the number of oocytes retrieved;
the damaged oocyte rate was the number of damaged or degen-
erated oocytes divided by the number of oocytes retrieved; the
normal fertilization rate was the number of 2PN oocytes divided
by the number of metaphase II oocytes; the cleavage rate was the
number of cleavage stage embryos developed from 2PN oocytes di-
vided by the number of 2PN oocytes; the HQE rate was the num-
ber of HQE at the cleavage stage divided by the number of cleavage
stage embryos; the blastocyst formation rate was the number of
blastocysts divided by the number of day 3 embryos for extended
culture; the available blastocyst rate was the number of good qual-
ity blastocysts for cryopreservation divided by the number of blas-
tocysts formed.

For clinical outcomes, the clinical pregnancy rate was the pri-
mary outcome. The implantation rate, biochemical pregnancy rate,
and early miscarriage rate were the secondary outcomes. Serum
HCG levels were measured 14 days after embryo transfer. The
implantation indicated the ultrasound visualization of gestational
sacs, and the implantation rate was the number of gestational sacs
observed divided by the number of embryos transferred. An active
fetal heart in the uterus by transvaginal ultrasound approximately
five weeks after embryo transfer was regarded as a clinical preg-
nancy. Biochemical pregnancy was defined as a positive result of
HCG measurement without ultrasonographic visualization of clini-
cal pregnancy. The denominator of both the clinical and biochem-
ical pregnancy rates was the number of embryo transfer cycles.
Early miscarriage referred to the loss of fetal heart within the first
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three months, and the denominator of the early miscarriage rate
was the number of clinical pregnancy cycles.

2.5. Statistical analyses

All data analyses were performed using Statistical Package for
Social Sciences software (version 26.0; SPSS, IBM, USA). Since
none of the continuous variables was normally distributed using
Kolmogorov-Smirnova or Shapiro-Wilk normality tests, the con-
tinuous variables were presented as medians (first quartile, third
quartile), while the categorical variables were presented as% (n).
The differences in baseline characteristics between the groups
were analyzed using the nonparametric rank-sum test (Mann-
Whitney U test) for continuous variables, and the chi-squared test
or Fisher’s exact test for categorical variables as appropriate.

The propensity scores were estimated using a logistic regression
model based on the characteristics including female age (years),
female body mass index (BMI, kg/m?), experienced IVF/ICSI times,
infertility duration (years), infertility type (primary and secondary),
infertility causes (female factor, male factor, both female and male
factor, and unexplained), COS protocols (GnRH agonist protocol,
GnRH antagonist protocol, and other protocols), and operation
types (IVF, ICSI, and rescue ICSI (R-ICSI)). Matching without re-
placement was performed based on the nearest neighbor random
matching algorithm with a match ratio of 1:3 and a match toler-
ance of 0.02. Two-tailed hypothesis tests were conducted, and a
P-value < 0.05 was considered statistically significant.

2.6. Ethical approval

All procedures performed in studies involving human partici-
pants followed the standards of the Ethical Committee of Tongji
Medical College ([2020]S066), and all enrolled participants pro-
vided written informed consent.

2.7. Role of the funding source

The funders had no role in study design, data collection, data
analysis, data interpretation, writing of the article, or the decision
to submit for publication. The corresponding authors had full ac-
cess to all the data in the study and had final responsibility for the
decision to submit for publication.

3. Results
3.1. Basal clinical characteristics

Of all the IVF/ICSI cycles from May 2020 to February 2021 in
our IVF center, 4043 cycles were included. According to the re-
sults of serum SARS-CoV-2 antibody tests, these patients were sub-
sequently classified into the IgG/IgM - (control, n = 3973) and
IgG/IgM + (case, n = 70) groups. (Fig. 1). Overall, compared with
the females in the case group, women in the control group had
a higher BMI (P = 0.034) and experienced fewer IVF/ICSI proce-
dures (P = 0.021), despite similar results of female ages, infertil-
ity durations, infertility types, infertility causes, COS protocols, and
operation types (Table 1). Subsequently, propensity score match-
ing was performed to minimize the imbalance of baseline charac-
teristics. One hundred ninety-five couples remained in the control
group after matching, and 65 remained in the case group. Among
these participants, the majority (n = 45, 69.2%) were asymptomatic
patients without any relevant clinical symptoms or radiological
changes of the lung during the pandemic. The others (n = 20,
30.8%) had mild SARS-CoV-2 infection (a positive result of PCR
test for detecting SARS-CoV-2 RNA and mild symptoms, such as
fever, cough, or sore throat, yet without any radiological changes
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Included:

Cycles from May 2020
to February 2021

Excluded:
Missed important information

1. Negative for nucleic acid tests
2. Positive for serum SARS-COV-2
antibodies tests

Lost to follow up
Oocyte donation cycles
Oocyte totally or partly freezing cycles

ARERORRE

Males with a history of SRAS-COV-2 infection

Control group (IgG/IgM -)
n=3973

Propensity
score
matching

Case group (IgG/IgM +)
n=70

Control group (IgG/IgM -)
n=195

Case group (IgG/IgM +)
n=65

1

Fertility evaluation:
Ovarian reserve,
ovarian response. ..

Laboratory outcomes:
Mature oocyte rate, normal fertilization
rate, HQE rate, BC formation rate,
available BC rate...

Clinical outcomes:
clinical pregnancy rate, biochemical
pregnancy rate, early miscarriage rate,
implantation rate. ..

Fig. 1.. flowchart of the study. Note: HQE, high quality embryo; BC, blastocyst.

Table 1.
Baseline characteristics before and after matching.
Unmatched Matched
Control n = 3973 Case n = 70 Pvalue  Control n = 195 Case n = 65 P value

Ages (years) 31.0 (29.0, 35.0) 32.0 (29.8,36.0) 0374 32.0 (29.0, 35.0)  31.0 (29.0, 34.0) 0.718
BMI (kg/m?) 21.9 (21.1, 22.4) 21.2 (194, 23.2)  0.034 21.9(20.8,22.4) 20.6 (19.1,23.3) 0.064
ART times 1(1,1) 1(1,2) 0.021 1(1,2) 1(1,2) 0.477
Infertility durations (years) 3(1,4) 3(1,4) 0.955 3(1,4) 3(1,4) 0.845
Infertility types 0.844 0.255
Primary (%) 66.0 (2623) 67.1 (47) 64.6 (126) 72.3 (47)
Secondary (%) 34.0 (1350) 32.9 (23) 35.4 (69) 27.7 (18)
Infertility causes 0.340 0.731
Female factor (%) 60.1 (2388) 57.1 (40) 53.8 (105) 53.8 (35)
male factor (%) 13.1 (520) 8.6 (6) 6.2 (12) 9.2 (6)
both female and male factors (%)  21.5 (853) 30.0 (21) 36.9 (72) 32.3 (21)
unexplained (%) 5.3 (212) 4.3 (3) 3.1 (6) 4.6 (3)
COS protocols 0.637 0.447
GnRH agonist protocol (%) 37.0 (1469) 34.3 (24) 37.9 (74) 36.9 (24)
GnRH antagonist protocol (%) 52.2 (2074) 51.4 (36) 47.2 (92) 53.8 (35)
Other protocol? (%) 10.8 (430) 14.3 (10) 14.9 (29) 9.2 (6)
Operation types 0.159 0.830
IVF (%) 61.7 (2450) 54.3 (38) 54.4 (106) 53.8 (35)
ICSI (%) 34.0 (1353) 443 (31) 42.1 (82) 44.6 (29)
R-ICSI (%) 4.3 (170) 1.4 (1) 3.6 (7) 1.5 (1)

Note: BMI, body mass index; ART, assisted reproductive technique; COS, controlled ovarian stimulation; GnRH, gonadotrophin releasing hor-
mone; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; R-ICSI, rescue intracytoplasmic sperm injection;
Continuous variables were presented as the median (first quartile, third quartile).

Categorical variables were presented as% (n).
P < 0.05 was considered statistically significant.

a0ther protocol: including mild stimulation and luteal phase stimulation protocols.

of the lung). These patients were diagnosed between January and
March 2020. It was at least four months from the first diagnosis of
SARS-CoV-2 infection to ART treatments. Moreover, for the patients
with mild infection, there were 10 fresh embryo transfer cycles
(10/20, 50.0%), and 4 of them (4/10, 40.0%) became pregnant. For
asymptomatic patients, there were 22 fresh embryo transfer cy-
cles (22/45, 48.9%), and 9 of them (9/22, 40.9%) became pregnant.
There was no significant difference (P = 1.000) between the pa-
tients with mild and asymptomatic infection in terms of the clini-
cal pregnancy rate. The distribution of propensity scores and stan-
dard deviations before and after matching are presented in Fig. 2.

The distributions of propensity scores of the control group and the
case group exhibited a better overlap in densities after matching
than before matching. This result indicated that a large group of
patients was well matched after matching, revealing a balance be-
tween the compared cohorts. The basal characteristics after match-
ing are also presented in Table 1, and none of them demonstrated
a significant difference between groups.

3.2. Fertility evaluations

Data on the fertility performance are shown in Table 2. For
ovarian reserve, the serum levels of FSH, AMH, and the basal AFC
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Fig. 2.. Propensity score matching for the control group and the case group. A,B The distribution of propensity scores before and after matching between the groups. C,D The

distribution of standard differences before and after matching between the groups.

Table 2.
Fertility evaluation before and after matching.
Unmatched Matched
Control n = 3973 Casen =70 Pvalue  Control n = 195 Case n = 65 P value

FSH (IU/L) 7.5 (6.3, 9.1) 7.6 (6.5, 9.0) 0.828 7.6 (6.4, 9.3) 7.5 (6.4, 9.1) 0.644
AMH (ng/mL) 2.6 (1.3, 4.6) 2.7 (1.3, 4.7) 0.789 2.5 (1.1, 4.3) 2.8 (1.5, 4.9) 0.247
AFC 10.0 (6.0, 16.5) 10.0 (5.0, 18.0) 0.750 10.0 (6.0, 17.0) 10.0 (7.0, 18.5) 0.151
Gn duration (days) 9.0 (8.0, 11.0) 10.0 (8.0, 11.0) 0.092 10 (9.0, 11.0) 10.0 (8.0, 11.0) 0.276
Gn dosage (IU) 2400.0 (1800.0, 3000.0)  2475.0 (1873.1, 3084.4)  0.362 2437.5 (1897.5, 3075.0)  2400.0 (1848.8, 3056.3)  0.914
NO. of large follicles on HCG day 9.0 (5.0, 13.0) 9.0 (5.0, 13.3) 0.761 9.0 (5.0, 13.0) 9.0 (5.5, 14.0) 0.322
NO. of oocytes retrieved 11.0 (6.0, 16.0) 11.0 (5.0, 14.0) 0.352 11.0 (5.0, 16.0) 11.0 (6.0, 14.5) 0.804
Ovarian response grading' 0.696 0.666
Adequate 46.6 (1853) 44.3 (31) 44.6 (87) 47.7 (31)
Poor 53.4 (2120) 55.7 (39) 55.4 (108) 52.3 (34)

Note:

FSH, follicle stimulation hormone; AMH, anti-Miillerian hormone; AFC, antral follicle counting; Gn, gonadotropin; HCG, human chorionic gonadotrophin.

Continuous variables were presented as the median (first quartile, third quartile).
Categorical variables were presented as% (n).
! The ovarian response grading was based on the POSEIDON classification.

at days 2-3 of the menstrual periods were the three most fre-
quent and efficient markers. The matched data showed no differ-
ences between groups in terms of FSH, AMH, and AFC. For ovar-
ian response, Gn dosage, Gn duration, the number of large folli-
cles on HCG day, and the number of oocytes retrieved were similar
between groups. Moreover, according to the POSEIDON classifica-
tion, there were also no significant differences in the percentages
of adequate and poor ovarian responses between the groups after
matching.

3.3. Laboratory outcomes

Laboratory outcomes were presented in Table 3. The propor-
tions of mature oocytes (mature oocyte rate) and damaged oocytes
(damaged oocyte rate) were similar between groups. Additionally,
the normal fertilization ability of mature oocytes (normal fertil-
ization rate) and the cleavage ability of sequent embryos (cleav-
age rate) showed no differences. Interestingly, women with a his-
tory of SARS-CoV-2 infection had a lower blastocyst formation rate
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Table 3.
Laboratory outcomes before and after matching.
Unmatched Matched
Control n = 3973 Casen =70 Pvalue Controln=195 Casen =65 P value
No. of oocytes retrieved 47,104 777 2205 765
Mature oocyte rate (%) 83.9 (39,524) 83.3 (647) 0.658 83.0 (1831) 83.3 (637) 0.911
Normal fertilization rate (%) 70.6 (27,890) 71.9 (465) 0.487 68.8 (1259) 71.9 (458) 0.147
Damaged oocyte rate (%) 3.2 (1520) 2.3 (18) 0.181 3.5 (78) 2.2 (17) 0.074
Cleavage rate (%) 97.8 (27,281) 98.5 (458) 0.345 98.3 (1238) 98.7 (452) 0.669
HQE rate (%) 48.1 (13,133) 45.2 (207) 0.211 46.6 (577) 45.4 (205) 0.647
Blastocyst formation rate (%)  70.0 (16,125) 60.9 (240) <0.001 67.9 (672) 61.2 (240) 0.020
Available blastocyst rate (%) 70.9 (11,438) 72.9 (175) 0.520 68.3 (459) 72.9 (175) 0.192
Note:.
HQE, high quality embryo.
Categorical variables were presented as% (n).
P < 0.05 was considered statistically significant.
Table 4.
Clinical outcomes before and after matching.
Unmatched Matched
Control n = 3973 Casen=70 Pvalue Controln=195 Casen =65 P value
ET cycles 2134 32 110 32
No. of embryo transferred 2355 35 126 35
1 (%) 88.1 (1881) 90.6 (29) 1.000 85.5 (94) 90.6 (29) 0.565
2 (%) 11.9 (253) 9.4 (3) 14.5 (16) 9.4 (3)
Biochemical pregnancy rate (%) 7.0 (149) 3.1 (1) 0.722 5.5 (6) 3.1 (1) 1.000
Early miscarriage rate (%) 11.4 (114) 7.1 (1) 1.000 1.9 (1) 7.1 (1) 0.372
Clinical pregnancy rate (%) 46.9 (1000) 43.8 (14) 0.726 49.1 (54) 43.8 (14) 0.595
Implantation rate (%) 44.0 (1036) 40.0 (14) 0.637 45.2 (57) 40.0 (14) 0.581

Note:.
ET, embryo transfer.
Categorical variables were presented as% (n).

(P = 0.020), despite a comparable HQE rate and available blastocyst
rate.

3.4. Clinical outcomes of embryos transferred

There were 110 (56.4%) fresh ET cycles in the control group and
32 (49.3%) in the case group after matching (Table 4). Although
one or two embryos were transferred in each fresh ET cycle as
appropriate, the proportion of single-embryo-transfer cycles be-
tween the groups was similar. The propensity score match data
demonstrated that females with a history of asymptomatic and
mild SARS-CoV-2 infection had similar clinical outcomes of em-
bryos transferred with uninfected females. The biochemical preg-
nancy rate, early miscarriage rate and clinical pregnancy rate, and
implantation rate did not significantly differ between the matched
cohorts.

4. Discussion

The results of this retrospective cohort study demonstrated that
a history of asymptomatic or mild SARS-CoV-2 infection in females
might have no significant negative impact on ART treatments for
fertility performance, embryo laboratory outcomes, and clinical
outcomes, despite a slightly lower blastocyst formation rate. To
some extent, this study provides an observational evidence that
the impact of the SARS-CoV-2 on oocytes and embryos may be
limited in females with a history of asymptomatic or mild SARS-
CoV-2 infection.

The first COVID-19 case in Wuhan was reported in December
2019. Because of the Spring Festival, our center, the largest IVF cen-
ter in Wuhan, was closed on 22 January 2020, the day before the
government announced that Wuhan city was locked down. It was
not reopened until April, when the pandemic in Wuhan was sta-
ble. The first oocyte retrieval surgery in our center after the global

COVID-19 outbreak was conducted in May 2020. No previous stud-
ies have reported the impact of SARS-CoV-2 infection in females
on IVF outcomes. We have collected the IVF data of females with
a history of SARS-CoV-2 infection for 10 months, for the first time,
compared them with those of uninfected couples in the same pe-
riod. The fertility performance, embryo laboratory outcomes, and
clinical outcomes were compared. No obvious differences were ob-
served between these two groups after matching in terms of FSH,
AMH, AFC, mature oocyte rate, damaged oocyte rate, normal fertil-
ization rate, cleavage rate, HQE rate, available blastocyst rate, clin-
ical pregnancy rate, biochemical pregnancy rate, early miscarriage
rate, and implantation rate. However, there was a slight decrease
in the blastocyst formation rate in the case group.

In the initial stage of the pandemic, the American Society for
Reproductive Medicine (ASRM) issued guidance that appealed to
suspending most ART treatments except for the most urgent cases,
as did the recommendation from the European Society for Human
Reproduction and Embryology (ESHRE) [20]. With the recent suc-
cessful control of the pandemic spread, full reproductive care is
advised to resume by these societies. However, there are no suf-
ficient scientific data to ensure the safety of gametes or embryos
resulting from a maternal, paternal, or both infections. A cohort
study has assessed SARS-CoV-2 in human semen, and their find-
ings suggested that semen parameters were altered after a moder-
ate infection [7]. Similarly, a recent systematic review also demon-
strated that potential male fertility issues might be induced by
SARS-CoV-2 infection [21], which was reinforced by many other
studies [22-24]. However, in regard to females, most studies sug-
gested that SARS-CoV-2 infection was unlikely to have a long-term
adverse effect on female reproductive function [25], according to
our clinically observed results. A recent cross-sectional study has
also demonstrated that sex-related hormones, such as FSH and
AMH, showed no significant difference between COVID-19 patients
and controls, which confirmed the results of the fertility evalua-
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tion in our study [19]. However, until now, limited studies with
good designs have been performed to provide direct evidence of
the possible effect of the virus on gamete, embryo, and female fer-
tility.

Much about the crisis, including its implications for fertility and
IVF outcomes, is still unidentified, making the exact mechanism
enigmatic. SARS-CoV-2 gains access to the host cells mainly by at-
tachment to the angiotensin-converting enzyme 2 (ACE2) receptor
and further proteolytic cleavage and activation by the transmem-
brane protease serine 2 (TMPRSS2) [26]. Several studies have re-
ported the absence of these crucial receptors on human spermato-
zoa 23], oocytes [27], and embryos [28], making gamete infection
possible at an extremely low probability during the IVF procedure,
which was consistent with the results of our study. However, other
studies have also suggested the significant role of oxidative stress
in SARS-CoV-2 infection [29,30] at the molecular level. Increased
oxidative stress activates pathogenic mechanisms in female fertility
[31], alters the epigenetics of oocytes [32], and finally has a nega-
tive impact on oocyte quality [33], which may act as one possible
explanation of why the blastocyst formation rate was much higher
in the control group than in the case group in our study, despite
the equivalent results of other parameters. However, ACE2 recep-
tors have also been reported to be present in preovulatory follicles
in rats [34], human ovaries [35], and human germ cells. Therefore,
a possible adverse impact of the virus on the embryos through an
indirect interaction cannot be ruled out [36].

As a serious stressor, infertility diagnosis and treatment can
arouse devastating psychological disorders [37] and emotional
problems [38] in women who are unable to conceive. The COVID-
19 pandemic has also greatly changed the attitudes of infertile cou-
ples toward fertility, fertility advisers, and fertility clinics [39,40].
The psychological impact of fertility treatment suspensions during
the COVID-19 crisis should also be considered [41]. Numerous fer-
tility centers worldwide were forced to be out of service because
of the uncontrolled pandemic [42]. In the post-COVID-19 era, vac-
cinations against SARS-CoV-2 are likely to become general and es-
sential [43]. Fertility is the fundamental right of women of repro-
ductive age, and concerns about the impact of vaccines on fertil-
ity have never ceased for a minute, although currently, no evi-
dence has shown that vaccines can affect fertility [44]. Our find-
ings are promising, indicating that a positive result for the serum
IgG and/or IgM test in females has no significant negative impact
on IVF outcomes and attenuates negative emotions related to fer-
tility treatment during the pandemic. As fertility health providers,
we encouraged infertile or subfertile couples to ask for help from
professional fertility institutions as soon as appropriate, once the
local pandemic was stable.

Moreover, what should be considered is the subtle difference in
the blastocyst formation rate between the groups presented in our
study. The embryonic genome is fully activated in the blastocyst
stage, and whether this difference may result in a potential effect
on epigenetic modifications in females with a history of SARS-CoV-
2 infection needs further observation. Therefore, a larger sample
size is urgently needed to check our results, and a close follow-up
of the outcomes of gravidas and neonates is also necessary.

There are still several limitations in the current study. First,
it was a retrospective cohort study conducted in a single-center,
which may cause Berkson’s bias and limit the generalizability of
our conclusions. In addition, although our center is the largest IVF
center in Wuhan city, even in Hubei Province, the sample size of
70 was still small. More data from multiple centers worldwide are
needed to support our findings. Due to the sample size limitation,
the results of subgroup analyses (such as the severity of infection,
the time interval between the first diagnosis and ART treatment,
etc.) were not accurate nor reliable. Thus, we would like to in-
crease the sample size and perform subgroup analyses in the fu-
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ture. Another limitation that stems from our study was the lack
of data on live birth outcomes. In the future, we will follow up
with the participants, collect the data on the pregnancy outcomes,
and draw a more reliable conclusion. A further limitation was that
our participants in the case group were not in the onset period.
Most participants had only mild clinical symptoms or were asymp-
tomatic patients, which may not reflect the true effect of a his-
tory of SARS-CoV-2 infection on IVF outcomes. Further studies are
needed to investigate the long-term consequences of the pandemic
among couples receiving infertility treatment. In addition, due to
the limitation of the sample sizes, we cannot classify subgroups
to investigate the influences of different characteristics (such as
the severity, the complications, the time of recovery, etc.) of the
virus infection on the IVF outcomes. Moreover, the studied popula-
tion presented heterogeneity in the baseline characteristics, such as
infertility etiology and COS protocols, which could represent con-
founding factors and jeopardize the final outcomes.

In conclusion, the findings suggested no evidence that a history
of asymptomatic or mild SARS-CoV-2 infection in females caused
impairment of female fertility, embryo laboratory outcomes, or
clinical outcomes in ART treatments. To some extent, this study
provides an observational evidence that the impact of the SARS-
CoV-2 on oocytes and embryos may be limited in females with a
history of asymptomatic or mild SARS-CoV-2 infection, while the
effects of moderate or severe infection on female fertility need to
be considered and further investigated.
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