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Abstract

Purpose This study aimed to explore whether the coronavirus disease (COVID-19) vaccination of both partners in infertile
couples, different types of COVID-19 vaccines, and the interval between complete vaccination and oocyte retrieval or embryo
transfer (ET) affect the quality of embryos and pregnancy rates in in vitro fertilization (IVF).

Methods This was a prospective cohort study, comprising 735 infertile couples conducted between December 6, 2021, and
March 31, 2022, in a single university hospital-based IVF center. The patients were divided into different groups according
to the vaccination status of both partners in infertile couples, type of vaccine, and interval between complete vaccination
and IVF treatment. The embryo quality and pregnancy rates were compared among different groups.

Results The results showed that embryo quality and pregnancy rates had no significant differences among different groups.
The multivariate regression model showed that the vaccination status of both infertile couples, types of vaccines, and intervals
had no significant effects on the clinical pregnancy rate.

Conclusions The vaccination status of both partners in infertile couples, different types of vaccines, and time intervals have
no effect on embryo quality and pregnancy rates in IVF. This is the first study to compare the vaccination status of both
partners in infertile couples and the impact of different vaccine types on pregnancy rates and embryo quality in detail. Our
findings provide evidence of vaccine safety for infertile couples wishing to undergo IVF treatment. This evidence is crucial
for decision-making by clinicians and policymakers involved in IVF cycles.
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Introduction susceptibility of the population to the virus, the develop-
ment and use of vaccines have become a critical strategy in
As of April 3, 2022, a total of 489,642,060 and 483,750 con-  controlling the spread of the virus. Currently, three types of
firmed coronavirus disease (COVID-19) cases were reported ~ COVID-19 vaccines are approved for use in China, including
globally and in China, respectively [1]. Due to the general  inactivated vaccine products, adenovirus vector vaccines,

and recombinant subunit vaccines. As of March 31, 2022,
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China had administered 3.27 billion COVID-19 vaccine
doses, with a total of 1.28 billion people vaccinated, repre-
senting 90.63% of the country’s total population; 1.24 billion
people have completed vaccination; and the number of peo-
ple vaccinated in the whole process accounted for 88.11%
of the total population of the country [2].

Based on the understanding of vaccine safety, candidates for the
inactivated vaccines promoted in China also include people who
are planning to become pregnant or receive assisted reproductive
technology (ART) treatment [3]. The latest consensus documents
published globally do not restrict COVID-19 vaccination of people
of childbearing age [4, 5]. However, media doubts about vaccine
safety, such as claims that the vaccine may cause female infertility
[6], have emerged. These have caused concern among women who
are planning to conceive, leading them to delay their conception
plans [7, 8]. One reason for the vaccine safety concerns is that there
may be homology between the placental syncytin-1 protein and
the COVID-19 spike protein targeted by the vaccine, which could
lead to infertility [9]. However, immunology experts questioned
that the sequence similarity between proteins is extremely limited
and unlikely to cause cross-reactivity [9, 10]. Nonetheless, because
of these concerns, it is crucial to explore the vaccination status of
couples who plan to get pregnant.

Vaccination rates in the population planning pregnancies are
low due to concerns about reproductive function and potential
offspring safety. Therefore, it is crucial to explore the impact
of COVID-19 vaccination on embryo quality and pregnancy
outcomes in infertile patients treated with ART. Orvieto et al.
were the first to report the effect of mRNA vaccines on embryo
quality and IVF outcomes [11]. A few studies on the effects of
mRNA vaccines on embryo quality and pregnancy outcomes
have been conducted in the USA and Israel [12—15]. To date,
only one study has investigated the effect of inactivated vaccines
on embryo quality and pregnancy outcomes in infertile patients
treated with ART [16]. However, the study did not include vac-
cinations in both partners in the infertile couple. Moreover, the
study only analyzed inactivated vaccines and excluded the other
two types of vaccines approved for use in China [16]. There-
fore, the current study aimed to investigate the (1) impact of
the vaccination status of both partners in infertile couples on
IVF embryo quality and pregnancy rates, (2) effect of different
types of COVID-19 vaccines on embryo quality and pregnancy
rates, and (3) effect of the interval between complete vaccination
and oocyte retrieval on embryo quality and the interval between
complete vaccination and ET on pregnancy rates.

Materials and methods
Study design

This prospective cohort study was conducted at the Repro-
ductive Medicine Centre affiliated to a university hospital.

@ Springer

This study established the vaccination status of both partners
in infertile couples treated with IVF and assessed its impact
on embryo quality and pregnancy outcomes. A total of 735
infertile couples participated in the survey between Decem-
ber 6, 2021, and March 31, 2022.

The inclusion criteria were as follows: (1) women and men
aged 2044 and 20-55 years, respectively; (2) couples who were
diagnosed with infertility and intended to undergo ART treat-
ment, including IVF, intracytoplasmic sperm injection (ICSI),
fresh embryo transfer (fresh ET), and frozen embryo transfer
(frozen ET); and (3) the first ET cycle. The exclusion criteria
were the following: (1) acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection in one or both partners in a cou-
ple; (2) only one dose of vaccination; (3) uterine malformations
confirmed by three-dimensional ultrasound or hysteroscopy,
including septate uterus, unicornuate uterus, double uterus,
submucosal uterine fibroids, or intramural fibroids larger than
5 cm; (4) intrauterine adhesions; (5) untreated hydrosalpinx vis-
ible under ultrasound; (6) using freezing and thawing eggs; (7)
using sperm from a sperm bank; (8) sperm extraction through
surgery; (9) chromosomal karyotype abnormalities in one or
both partners in couples; (10) combined with medical diseases,
such as hypertension, heart disease, diabetes, liver and kidney
disease, and severe anemia, and history of venous thrombosis,
pulmonary embolism, cerebrovascular events, and malignant
tumor; (11) loss to follow-up or data missing; and (12) presence
of any factor that could affect the evaluation of the results. All
patients voluntarily participated in this study. The participants
were not paid to participate in the study.

IVF protocol

Clinicians chose controlled ovarian stimulation (COS) proto-
cols, including antagonist, long, short, and microstimulation
programs, according to the patient’s age, ovarian function, basic
hormone levels, and causes of infertility. The dose of the drug
was adjusted according to serum hormone levels and follicu-
lar development under ultrasound. When two of the dominant
follicles reached 18 mm or one exceeded 20 mm, the human
chorionic gonadotropin (HCG) or decapeptyl trigger was used.
Transvaginal ultrasound-guided oocyte retrieval was performed
36-38 h later. The method of fertilization (IVF or ICSI) was
selected according to the condition of the man’s semen and
whether there was a history of fertilization failure. The transfer
strategy (fresh ET or frozen ET) was formulated considering
factors such as endometrial thickness, HCG daily serum hor-
mone level, and ovarian hyperstimulation risk.

Data collection

First, data on the following baseline and cycle character-
istics were collected: age, body mass index (BMI), type of
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infertility, infertility diagnosis, serum hormone levels, COS
protocol, gonadotrophin (Gn) dosage, COS duration, and
fertilization methods.

Second, data on laboratory parameters and pregnancy
outcomes were collected. The laboratory parameters
included the number of oocytes retrieved, two pro-nuclei
(2PN) embryos, cleavage, high-quality embryos, and blas-
tocysts formation. The pregnancy outcomes included the
biochemical pregnancy rate (BPR) and clinical pregnancy
rate (CPR). A high-quality embryo was defined as seven
or more blastomeres on day 3, equally sized blastomeres,
and < 10% fragmentation. The blastocyst formation rate was
defined as the number of blastocysts formed on days 5 and
6/number of cultured D3 cleavage stage embryos. Clinical
pregnancy referred to the 4 weeks (+2 days) after ET, where
the intrauterine gestational sac, fetal pole, and fetal heartbeat
could be detected by vaginal ultrasound examination. The
CPR was calculated as follows: CPR =number of pregnant
mothers with clinical pregnancy/women enrolled in the cor-
responding group who had undergone ET X 100%.

All infertile couples were screened for COVID-19 infection,
including nasopharyngeal swab testing, symptom question-
naires, epidemiological investigations, and temperature checks,
prior to each patient visit. The vaccine administration infor-
mation, including vaccine manufacturer, type, dose, date, and
batch number, were ascertained using immunization records
through a mobile app (such as the client of the state council, the
health codes of various provinces and cities, including Liaoshi-
tong, Jiankangbao, Suishenma, Longjiangma, and Jijiangma)
when the patients agreed to participate in this study.

Grouping criteria

1) Grouping according to the vaccination status of both
partners in infertile couples: group A, both partners in
infertile couples had received two doses of COVID-19
vaccines; group B, infertile women who were vaccinated
with two doses, and the male partners were unvacci-
nated; group C, infertile men who received two doses of
the vaccine but the female partners were unvaccinated;
and group D, neither spouse had been vaccinated.

2) Grouping by vaccine manufacturer and type (inactivated
virus vaccines, adenovirus vector vaccines, or recom-
binant subunit vaccines): group I, inactivated SARS-
CoV-2 vaccine (Sinopharm; Beijing/Wuhan Institute of
Biological Products); group II, inactivated SARS-CoV-2
vaccine (Sinovac; Beijing Sinovac Biotech Co., Ltd.);
group III, recombinant tandem-repeat dimeric receptor-
binding domain-based protein subunit vaccine (ZF2001;
Anhui Zhifei Longcom Biopharmaceutical,Institute of
Microbiology, Chinese Academy of Sciences); and
group IV, unvaccinated.

3) Grouping was done according to time interval from
complete vaccination to oocyte retrieval or ET. Labo-
ratory parameters were compared by group by time
interval from complete vaccination to oocyte retrieval.
Pregnancy outcomes were compared by group by
time interval from complete vaccination to first ET:
group 1, <3 months; group 2, 3—6 months; group
3,> 6 months; and group 4, unvaccinated.

Statistical analysis

Data analysis was performed using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, N.Y.,
USA). Categorical variables are summarized as counts
and percentages, and continuous variables are expressed
as means and standard deviations (SDs). Propensity score
matching (PSM) was performed to balance baseline
characteristics between the vaccinated and unvaccinated
groups at a ratio of 1:2. Continuous variables of base-
line characteristics between vaccinated and unvaccinated
groups were compared by independent samples ¢ test, and
categorical variables were compared by chi-square test.
Differences in IVF laboratory parameters within each
group were analyzed using one-way analysis of variance
(ANOVA) with post hoc multiple comparisons assuming
equal variances (Bonferroni) and not assuming equal vari-
ances (Dunnett T3). In the chi-square test, z test was used
to compare proportions (Bonferroni method). Pregnancy
outcomes within each group were analyzed using the chi-
square test. Effect sizes were used to evaluate the strength
of each statistical analysis and were measured with 5 for
ANOVA and Cramer V for chi-square (y?) tests. The larger
the value, the greater the difference. The critical points
for the small, medium, and large effect sizes for 5> are
0.01, 0.06, and 0.14 and for Cramer V are 0.20, 0.50, and
0.80, respectively. A multivariate regression model was
used to explore the factors that affect the CPR. All tests
were two-tailed, and a p value < 0.05 indicated statistical
significance.

Results
Infertile couples’ demographic characteristics

A total of 735 (221 vaccinated and 514 unvaccinated)
infertile couples were included in this study. Table 1 shows
the baseline characteristics of the participants. After PSM,
there were 214 and 340 couples in the vaccinated and
unvaccinated groups, respectively. The propensity score
distributions are presented in Fig. 1. No significant differ-
ences were found in age, BMI, type of infertility, infertility
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causes, hormone level, cycle characteristics, and fertiliza-
tion methods between the two groups after PSM (Table 1).

Impact of the vaccination status of both partners
in infertile couples on embryo quality
and pregnancy rates

According to the vaccination status of both partners in infer-
tile couples, the participants were divided into four groups:
group A, 155 couples; group B, 19 couples; group C, 40
couples; and group D, 340 couples. There were no signifi-
cant differences in laboratory results (number of oocytes
retrieved, fertilization rate, cleavage rate, high-quality

Table 1 Demographic characteristics of the participants

embryos rate, and blastocyst formation rate) among the four
groups (p>0.05). The embryos transfer stage (cleavage or
blastocyte) and type (fresh or frozen) had significant differ-
ences among the four groups (p <0.05). However, no sig-
nificant differences were noted in biochemical and clinical
pregnancy rates among the four groups (p > 0.05) (Table 2).

Impact of different types of vaccines on embryo
quality and pregnancy rates

The infertile women were divided into four groups accord-
ing to vaccine manufacturer and type: group I, 63 women,;

Before PSM pvalue  After PSM p value
Vaccinated (n=221) Unvaccinated (n=514) Vaccinated (n=214) Unvaccinated (n=340)
Female baseline characteristics
Age (years) 33.15+3.55 32.11+4.21 <0.01%* 33.04+3.46 32.69+4.19 0.30
BMI (kg/m?) 23.57+3.45 23.26+3.56 0.21 23.57+3.46 23.60+3.57 0.92
Type of infertility (n, %) 0.94 0.21
Primary 140 (63.3) 324 (63.0) 136 (63.6) 198 (58.2)
Secondary 81 (36.7) 190 (37.0) 78 (36.4) 142 (41.8)
Infertility cause (n, %) <0.01%* 0.24
Male factor 20 (9.0) 103 (20.0) 20 (9.3) 54 (15.9)
Tubal factor 93 (42.1) 126 (24.5) 83 (38.8) 119 (35.0)
Multifactor 23 (10.4) 41 (8.0) 29 (13.6) 44 (12.9)
Endometriosis 17 (7.7) 24 (4.7) 15 (7.0) 154.4)
Couple 59 (26.7) 210 (40.9) 59 (27.6) 100 (29.4)
Unexplained 94.1) 10 (1.9) 8 (3.7 8(2.4)
FSH 10.27 +44.63 9.18 +£46.35 0.20 10.32+45.35 10.26 +56.92 0.99
LH 7.60+9.36 6.95+6.81 0.41 7.54+9.48 6.73+6.78 0.24
AMH 4.01+3.86 4.48+3.74 <0.01%% 4.00+3.77 4.14+3.70 0.66
E, on the trigger day 324536 +£2419.23  4290.73 £3591.38 0.01%* 3295.68+£2438.92  3646.43+2761.86 0.13
Male baseline characteristics
Age (years) 34.25+4.33 33.49+4.77 0.02%* 34.20+4.36 33.90+4.63 0.44
BMI (kg/m?) 26.11+4.10 25.66+3.65 0.30 26.02+4.00 25.62+3.73 0.24
Cycle characteristics
COH protocol (1, %) 0.09 0.05
GnRH antagonist 143 (64.7) 331 (64.4) 139 (65.0) 208 (61.2)
Mild stimulation 11 (5.0) 11 2.1) 11(5.1) 5(1.5)
Long agonist 37 (16.7) 117 (22.8) 36 (16.8) 81 (23.8)
Short agonist 8(3.6) 15(2.9) 8.7 12 (3.5)
Others 22 (10.0) 40 (7.8) 20 (9.3) 34 (10.0)
Total Gn dosage (IU) 2679.30+784.91 2534.17 +£879.64 <0.01%* 2643.93+751.62 2657.98 +908.20 0.85
COH duration (days) 9.99+2.10 9.80+2.00 0.111 9.93+2.08 9.91+1.81 0.90
Fertilization methods (n, %) 0.01%* 0.31
IVF 119 (53.8) 222 (43.2) 117 (54.7) 172 (50.6)
ICSI 69 (31.2) 223 (43.4) 66 (30.8) 126 (37.1)
IVF+I1CSI 33 (14.9) 69 (13.4) 31 (14.5) 42 (12.4)

Note: *p<0.05, *%p <0.01
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L 50
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Fig. 1 Propensity score matching of vaccinated and unvaccinated couples before and after matching

group II, 100 women; group III, 11 women; and group IV,
380 women. Significant differences were observed in ET
embryo quality and type (fresh or frozen) among the four
groups (p <0.05). No significant differences were found in
other laboratory results and pregnancy outcomes among the
four groups (p >0.05) (Table 3).

Impact of the interval between complete
vaccination and oocyte retrieval on embryo quality
and the interval between complete vaccination
and ET on pregnancy rates

The infertile women were then divided into four groups
according to the time interval from complete vaccina-
tion to oocyte retrieval: group 1, 33 women; group 2, 103
women; group 3, 38women; and group 4, 380 women.
Significant differences were noted in cleavage rate among
the four groups (p <0.05). No significant differences
were detected in other laboratory results among the four

groups (p > 0.05) (Table 4). The infertile women were
further divided into four groups according to the time
interval from complete vaccination to first ET: group 1,
14 women; group 2, 80 women; group 3, 42 women; and
group 4, 359 women. The embryo transfer stage (cleav-
age or blastocyte) and type (fresh or frozen) had signifi-
cant differences among the four groups (p <0.05). No
significant differences were found in pregnancy outcomes
among the four groups (p > 0.05) (Table 4).

Multivariate regression analysis for the relevant
factors that affect the CPR

The multivariable logistic regression models were
used to analyze relevant factors that affect the CPR.
The results reveal that infertile couples’ age, number
of embryos available, number of embryos transferred,
embryo stage of ET (cleavage or blastocyte), and quality
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Table 2 Impact of the vaccination status of both partners in infertile couples on IVF laboratory parameters and pregnancy outcomes

Group A (n=155)

Group B (n=19)

Group C (n=40)

Group D (n=340)

Effect size p value

(Vorn)
Age (female) 32.90+3.29 33.00+4.68 33.60+3.49 32.69+4.19 0.004 0.57
Age (male) 34.17+4.20 33.84+5.57 34.48+4.42 33.90+4.63 0.002 0.84
BMI (female) 23.45+3.54 23.98+3.28 23.83+3.30 23.60+3.57 0.001 0.89
BMI (male) 26.18+3.90 2597+4.35 25.42+4.27 25.62+3.73 0.005 0.46
No. of oocytes retrieved 11.51+£7.72 12.74+8.99 11.10+7.24 11.43+6.84 0.001 0.87
No. of 2PN 7.46+5.28 8.16+£6.73 7.28+£5.02 7.75+£4.74 0.001 0.86
No. of cleaved embryos 7.44+5.23 8.05+6.52 7.23+4.92 7.71+4.68 0.001 0.87
No. of embryos available 6.35+4.75 7.16+6.11 6.43+4.68 6.71+4.50 0.002 0.81
No. of good quality embryos on day 3  4.49+3.81 5.00+4.61 4.88+4.08 4.53+3.70 0.001 0.90
Normal fertilization rate 0.68+0.21 0.68+0.24 0.67+0.20 0.71+0.20 0.006 0.34
Cleavage rate 1.00+0.04 0.99+0.02 1.00+0.01 1.00+0.02 0.001 0.95
Good quality embryo rate 0.58+0.30 0.67+0.22 0.65+0.30 0.64+0.54 0.004 0.50
Blastocyst formation rate 0.65+0.27 0.73+0.26 0.59+0.27 0.64+0.30 0.005 0.54
No. of good quality blastocyte 2.88+2.69 4.15+4.78 293+2.12 2.86+2.94 0.006 0.48
No. of ET cycle (n) 132 16 32 327
Endometrial thickness of ET (mm) 10.93+2.41 9.60+1.62 10.53+1.84 10.44+2.30 0.014 0.07
No. of embryos transferred 1.48+£0.50 1.38 +£0.50 1.22+0.42 1.43+0.50 0.015 0.05
ET cycle type, n (%) 0.182 <0.05"
Fresh ET 70 (53.03) 8 (50.00) 14 (43.75) 108 (33.03)
Frozen ET 62 (46.97) 8 (50.00) 18 (56.25) 219 (66.97)
Embryo stage at ET, n (%) 0.150 <0.05"
Cleavage 86 (65.15) 8 (50.00) 11 (34.38) 175 (53.52)
Blastocyst 46 (34.85) 8 (50.00) 21 (65.63) 152 (46.48)
Quality of transferred embryos, n (%) 0.110 0.06
High 107 (81.06) 14 (87.50) 29 (90.63) 287 (87.77)
High+ middle 16 (12.12) 2 (12.50) 0 16 (4.89)
Middle 9(6.82) 0 3(9.38) 24 (7.34)
Biochemical pregnancy rate, n/N (%)  89/132 (67.42) 8/16 (50.00) 21/32 (65.63) 211/327 (64.53) 0.062 0.58
Clinical pregnancy rate, n/N (%) 70/132 (53.03) 7/16 (43.75) 16/32 (50.00) 170/327 (51.99) 0.033 0.91

Note:*p<0.05

of transferred embryos were significantly correlated with
CPR (p <0.05). However, the vaccination status of infer-
tile couples, types of vaccines, and intervals had no sig-
nificant effects on CPR (p > 0.05) (Table 5).

Discussion

This prospective cohort study showed that the vaccina-
tion status of both partners in infertile couples (both vac-
cinated, only one vaccinated, and neither vaccinated) had
no significant effect on embryo quality and pregnancy
outcomes in IVF cycles. To our best knowledge, this is
the first study to report the impact of COVID-19 vaccina-
tion of infertile couples on IVF outcomes. No significant
differences in IVF outcomes were found according to the
vaccination status of both partners in infertile couples;

@ Springer

therefore, we only included infertile women in the stud-
ies of vaccine types and intervals. Our study found that
the type of vaccine and the interval of vaccination had no
significant effect on IVF outcomes. This is the first pro-
spective study to compare the effects of different types of
COVID-19 vaccines on pregnancy outcomes of infertile
couples.

There is a paucity of studies on the impact of COVID-19
vaccination of infertile patients on IVF outcomes, and some
studies conducted in reproductive centers in the USA and
Israel have revealed the safety of mRNA vaccines [11-15].
However, in China, there is only one recent retrospective
study of infertile women receiving inactivated vaccines [16].
The abovementioned studies included only infertile women,
and the current study is the first to provide first-hand evi-
dence on the impact of the vaccination status of both part-
ners in infertile couples on IVF.
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Tabel 3 IVF laboratory parameters and pregnancy outcomes according to different types of vaccines

Group I (n=63)

Group II (n=100)

Group Il (n=11)

Group IV (n=380)

Effect size p value

(Vorn’)
Age (female) 33.54+3.75 32.63+£3.25 31.91+£3.18 3278 +4.13 0.006 0.40
Age (male) 3490+4.25 33.84+4.36 32.45+4.48 33.96+4.61 0.007 0.27
BMI (female) 23.98+3.33 23.29+3.54 22.83+£4.16 23.63+3.54 0.004 0.56
BMI (male) 25.80+3.22 26.50+4.40 25.10+3.13 25.60+3.79 0.009 0.20
No. of oocytes retrieved 12.59+8.56 10.95+7.16 12.55+£9.65 11.39+6.88 0.004 0.51
No. of 2PN 8.14+5.71 7.09+5.23 8.18+5.86 7.710£4.77 0.004 0.57
No. of cleaved embryos 8.08 £5.58 7.07+5.18 8.18+5.86 7.66+4.71 0.004 0.58
No. of embryos available 6.97+5.29 6.04+4.62 7.09+5.28 6.68+4.51 0.004 0.55
No. of good quality embryos on day 3  4.95+4.21 4.30+3.77 445+3.17 4.57+3.74 0.002 0.64
Normal fertilization rate 0.66+0.18 0.68+0.23 0.70+£0.21 0.70+£0.20 0.005 0.48
Cleavage rate 1.00+0.01 1.00£0.05 1.00+£0.00 1.00+£0.02 0.001 0.96
Good quality embryo rate 0.58+0.30 0.59+0.30 0.60+0.26 0.64+0.52 0.003 0.50
Blastocyst formation rate 0.63+0.27 0.68+0.27 0.63+0.23 0.64+0.30 0.003 0.78
No. of good quality blastocyte 2.70+2.73 3.15+£3.20 4.40+2.30 2.87+2.87 0.005 0.55
No. of ET cycle (n) 53 86 9 359
Endometrial thickness of ET (mm) 10.52+2.49 10.91+2.17 11.17+3.48 10.45+2.26 0.007 0.33
No. of embryos transferred 1.43+0.50 1.50+0.50 1.44+0.53 1.42+0.49 0.004 0.57
ET cycle type, n (%) 0.185 <0.05"
Fresh ET 24 (45.28) 49 (56.98) 5(55.56) 122 (33.98)
Frozen ET 29 (54.72) 37 (43.02) 4 (44.44) 237 (66.02)
Embryo stage at ET, n (%) 0.110 0.10
Cleavage 33 (62.26) 56 (65.12) 5(55.56) 186 (51.81)
Blastocyst 20 (37.74) 30 (34.88) 4 (44.44) 173 (48.19)
Quality of transferred embryos, n (%) 0.144 <0.05"
High 47 (88.68) 68 (79.07) 6 (66.67) 316 (88.02)
High+ middle 3 (5.66) 12 (13.95) 3(33.33) 16 (4.46)
Middle 3 (5.66) 6 (6.98) 0 27 (7.52)
Biochemical pregnancy rate, n/N (%)  36/53 (67.92) 57/86 (66.28) 4/9 (44.44) 232/359 (64.62) 0.062 0.58
Clinical pregnancy rate, n/N (%) 27/53 (50.94) 47/86 (54.65) 3/9 (33.32) 186/359 (51.81) 0.055 0.68

Note:*p<0.05
Impact of COVID-19 vaccine on pregnancy outcomes

A retrospective study conducted in the USA compared the
pregnancy outcomes of 214 infertile patients vaccinated
with BioNTech/Pfizer (BNT162b2) or Moderna (mRNA-
1273) vaccines and 733 infertile patients who had not been
vaccinated. The results showed no significant differences in
CPR, BPR, and ongoing pregnancy rates between the two
groups [12]. A study conducted in Israel analyzed the effect
of patients’ immunization after COVID-19 infection or vac-
cination with an mRNA vaccine on FET. The study com-
pared the pregnancy outcomes of SARS-CoV-2-infected,
vaccinated, and unvaccinated patients and found no signifi-
cant difference in CPR, implantation rate, and ongoing preg-
nancy rate among the groups [13]. Moreover, a prospective
observational cohort study also conducted in Israel com-
pared pregnancy outcomes among 37 Pfizer-BioNTech-vac-
cinated and 22 unvaccinated infertile patients and found no

difference in CPR [14]. Another study conducted in the USA
analyzed the effects of BioNTech/Pfizer (BNT162b2) and
Moderna (mRNA-1273) vaccines on FET pregnancy out-
comes. The study included 20 infected, 35 vaccinated, and
88 unvaccinated and uninfected individuals, and there was
no significant difference in CPR, BPR, and ongoing preg-
nancy rates among the three groups [15]. A retrospective
study conducted in China compared the pregnancy outcomes
of 66 infertile women vaccinated with inactivated vaccines
and matched 236 unvaccinated patients. The study found
that CPR, BPR, and implantation rates were not significantly
different between the two groups [16]. Furthermore, this was
also the first study on the effects of inactivated vaccines on
IVF-ET pregnancy outcomes in China [16]. However, the
study had some limitations: The sample size was small, and
it included only infertile women and only fresh ET. Con-
sistent with the studies above, the current study found no
effect of vaccination on pregnancy outcomes. Based on the
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Table 4 IVF laboratory parameters according to the time interval between complete vaccination and oocyte retrieval

Group 1 Group 2 Group 3 Group 4 Effect size  p value
(Vorn’)

No. of oocyte retrieval cycle 33 103 38 380
Age (female) 32.45+3.84 33.00+£3.27 33.08+3.64 3278 +4.13 0.001 0.87
Age (male) 33.55+3.98 34.15+4.42 34.63+4.53 33.96+4.61 0.002 0.75
BMI (female) 23.10+3.53 23.80+3.65 23.09+3.07 23.63+3.54 0.003 0.63
BMI (male) 27.42+5.12 25.65+3.63 26.42+3.38 25.60+3.79 0.015 0.05
No. of oocytes retrieved 9.67+6.44 11.81+7.82 12.92+8.85 11.39+6.88 0.007 0.27
No. of 2PN 5.85+4.45 7.71+£5.38 8.55+6.13 7.70£4.77 0.010 0.13
No. of cleaved embryos 5.85+4.45 7.70+5.32 8.42+6.01 7.66+4.71 0.010 0.15
No. of embryos available 4.97+4.12 6.64+4.85 7.18+5.50 6.68 +4.51 0.009 0.19
No. of good quality embryos on day 3 3.70+3.38 4.82+3.98 4.55+4.08 4.57+3.74 0.004 0.54
Normal fertilization rate 0.64+0.25 0.69+0.21 0.68+£0.20 0.70+£0.20 0.006 0.35
Cleavage rate 1.00+0.00 1.00+0.03 0.99+0.07 1.00+0.02 0.019 <0.05"
Good quality embryo rate 0.64+0.31 0.60+0.28 0.51+0.31 0.64+0.52 0.006 0.34
Blastocyst formation rate 0.68+0.28 0.65+0.26 0.68+0.30 0.64+0.30 0.002 0.86
No. of good quality blastocyte 2.72+2.24 2.87+3.11 3.78+3.10 2.87+2.87 0.006 0.53
No. of ET cycle 14 80 42 359
Age (female) 33.50+3.82 32.24+2.94 34.02+3.96 32.74+4.20 0.012 0.11
Age (male) 33.07+4.58 33.59+4.29 35.43+4.39 33.95+4.69 0.011 0.15
BMI (female) 23.23+2.25 23.48+3.53 23.46+3.67 23.54+3.50 0.001 0.99
BMI (male) 28.14+5.47 25.82+3.92 25.87+3.56 25.61+3.76 0.012 0.11
Endometrial thickness on the day of ET (mm)  12.00+2.77 10.97+2.44 9.92+1.85 10.45+2.26 0.025 <0.05*
No. of embryos transferred 1.64+0.50 1.54+0.50 1.38+0.49 1.42+0.49 0.014 0.07
ET cycle type, n (%) 0.202 <0.05%*
Fresh ET 10 (71.43) 45 (56.25) 15 (35.71) 122 (33.98)
Frozen ET 4 (28.57) 35 (43.75) 27 (64.29) 237 (66.02)
Embryo stage at ET, n (%) 0.161 <0.05*
Cleavage 11 (78.57) 56 (70.00) 20 (47.62) 186 (51.81)
Blastocyst 3(21.43) 24 (30.00) 22 (52.38) 173 (48.19)
Quality of transferred embryos, n (%) 0.103 0.11
High 12 (85.71) 65 (81.25) 35(83.33) 316 (88.02)
High + middle 1(7.14) 11 (13.75) 4 (9.52) 16 (4.46)
Middle 1(7.14) 4 (5.00) 3(7.14) 27 (7.52)
Biochemical pregnancy rate, n/N (%) 11/14 (78.57)  53/80 (66.28) 24/42 (57.14)  232/359 (64.62)  0.068 0.51
Clinical pregnancy rate, n/N (%) 9/14 (64.29) 39/80 (48.75)  22/42(52.38)  186/359 (51.81)  0.049 0.76

Note:*p<0.05

abovementioned research, the current study is the first to
report the effect of vaccination of both partners in infertile
couples (both partners, only the woman, and only the man)
on pregnancy outcomes.

Impact of COVID-19 vaccine on embryo quality

The findings of our study were consistent with those of
Huang et al. [16] who found that COVID-19 vaccination
had no effect on the quality of IVF embryos. A self-con-
trolled before-and-after study which included 36 infertile
patients has found that the number of oocytes retrieved,
MII oocyte, fertilization rate, and embryo quality did not
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decrease after two doses of an mRNA vaccine, compared
with the previous cycle without vaccination [11]. This sug-
gests that the vaccine has no adverse effect on the patient’s
ovarian reserve and gamete/embryo development. Orvieto
et al. [11] believe that since IVF treatment is performed
7-85 days after vaccination, gametes obtained at this stage
are exposed to a vaccine-induced generalized inflammatory
response rather than an active infection-induced inflamma-
tory response. However, neither of these responses inter-
feres with the complex process of follicle formation and
spermatogenesis [11]. Another study compared oocyte and
embryo quality in 9 patients with COVID-19, 9 patients
vaccinated with the BNT162b2 mRNA vaccine, and 14
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Table 5 Multivariate regression Items OR 95% CI p value
analysis for the relevant
factors that affect the CPR Age (female) 1.08 1.00-1.17 0.04*
(I=pregnant, 0=nonpregnant) . 1e 093  0.87-0.99 0.03"
BMI (female) 1.01 0.95-1.06 0.82
BMI (male) 0.98 0.93-1.03 0.36
FSH 0.98 0.92-1.03 0.41
AMH 1.02 0.95-1.09 0.59
Fertilization methods
IVF 1.00
ICSI 1.08 0.70-1.66 0.73
IVF+ICSI 0.88 0.47-1.62 0.67
Endometrial thickness on the day of ET 1.01 0.93-1.10 0.83
No. of embryos available 0.93 0.88-0.99 0.01
Good quality embryo rate 0.69 0.34-1.40 0.30
No. of embryos transferred
One 1.00
Two 0.39 0.19-0.76 0.01"
ET cycle type
Fresh ET 1.00
Frozen ET 0.99 0.64-1.53 0.97
Embryo stage at ET
Cleavage 1.00
Blastocyst 0.44 0.21-0.90 0.03"
Quality of transferred embryos
High 1.00
High + middle 2.70 1.15-6.35 0.02"
Middle 4.50 1.60-12.65 <0.01"
Vaccination status of both partners in infertile couples
Neither vaccinated 1.00
Only infertile men vaccinated 1.04 0.47-2.30 0.92
Only infertile women vaccinated 0.59 0.12-2.82 0.51
Both partners vaccinated 0.48 0.13-1.82 0.28
Vaccine manufacturer and type
Unvaccinated 1.00
ZF2001 1.00 - -
Sinovac 0.75 0.34-1.64 0.47
Sinopharm 1.78 0.35-9.17 0.49
Time interval from complete vaccination to ET
Unvaccinated 1.00
<3 months 1.00 - -
3—-6 months 2.45 0.66-9.03 0.18
> 6 months 2.34 0.58-9.503 0.24

Note:*p<0.05

unvaccinated patients. The results showed no significant
differences among the three groups. Although the study
sample was small, the study provides first-hand evidence
on the impact of vaccination and infection on oocyte qual-
ity. The study assessed oocyte quality by follicular fluid
HSPG?2 concentration and found that anti-COVID-19 IgG
was present in serum and follicular fluid 13 days after the
first dose of the vaccine [17].

Controversy exists regarding gamete and embryo quality
studies in SARS-CoV-2-infected and vaccinated individuals. An
observational study has evaluated the impact of SARS-CoV-2
infection on gamete and embryo quality. The study has found no
significant differences in the number of MII oocytes in women,
the semen parameters in men, and fertilization rate after infection
with SARS-CoV-2 (two men, seven women). However, COVID-
19 influenced the high-quality embryo rate [18]. Moreover, a
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retrospective cohort study also conducted in Israel compared
IVF fresh cycle outcomes in 121 SARS-CoV-2-infected patients
with 121 unvaccinated and uninfected infertile patients. The study
found no significant differences in mature oocytes, fertilization,
freezing per cycle, and CPR between the two groups. However,
the number of oocytes retrieved was affected in patients with the
infection for more than 180 days [19].

Effects of vaccination interval on embryo quality
and pregnancy outcomes

The time interval between vaccination and IVF-ET is not consist-
ent among different national organizations. In China, guidelines
recommend IVF-ET treatment 1 month after vaccination [4]; the
European Society of Human Reproduction and Embryology rec-
ommends IVF-ET treatment after 2 months of vaccination [20];
the American Society of Reproductive Medicine recommends
that patients should be vaccinated as soon as possible, but oocyte
retrieval or ET should be avoided at least 3 days before and after
vaccination [21]. Huang et al. [16] divided infertile patients into
groups according to the vaccination interval (<1 month (n=37),
1-2 months (n=42),>2 months (n="71)) and have found no
significant differences in laboratory parameters and pregnancy
outcomes among the groups. In the current study, the interval
between vaccination and IVF of our patients was consistent with
the recommended guidelines in China. We divided the patients
into groups based on time interval (1-3 months, 3—6 months,
and > 6 months) from complete vaccination to oocyte retrieval
or ET and found no significant differences in embryo quality and
pregnancy outcomes among the groups. This also provides evi-
dence of vaccine safety for infertile patients who want to undergo
IVF treatment as soon as possible after vaccination.

Strengths and limitations

This was the first study to compare the effects of vaccination
on embryo quality and pregnancy outcomes in infertile cou-
ples. Furthermore, this study compared embryo quality and
pregnancy outcomes after vaccination with different types of
vaccines, which has not been previously explored. Most of the
previous studies were conducted in the USA and Israel and
included only mRNA vaccines. Prospective studies make data
more objective, less expensive, and more accurate. This study
provides strong evidence for the safety of COVID-19 vaccines
and strongly complements previous studies.

This study had some limitations. First, the sample size
was small. Second, this was a single-center study; thus, the
findings should be further confirmed by a multicenter large-
sample study. Third, this safety data is limited to people
using the inactivated vaccine produced in China. Moreover,
it is limited to vaccines taken 1 month or more away from
egg retrieval or embryo transfer.

@ Springer

Conclusions

There were no significant differences in IVF embryo quality
and pregnancy outcomes among infertile couples in which both,
only one, and neither of the partners was vaccinated against
COVID-19. Additionally, the type of vaccine used among infer-
tile women and time interval between vaccination and IVF had
no effect on pregnancy outcomes. Our findings provide evidence
of vaccine safety for infertile couples wishing to undergo IVF
treatment. This evidence is crucial for decision-making by clini-
cians and policymakers involved in IVF cycles.
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