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Provincial Key Laboratory of Major Obstetric Diseases, The Third A�liated Hospital of Guangzhou

Medical University, Guangzhou, China, 2Key Laboratory for Reproductive Medicine of Guangdong

Province, The Third A�liated Hospital of Guangzhou Medical University, Guangzhou, China

Background: Vaccine hesitancy was found in couples seeking artificial

reproductive technology (ART) services. As the main vaccine used in China,

investigations into the influence of inactivated coronavirus disease 2019

(COVID-19) vaccines on human fertility is needed.

Methods: This retrospective cohort study included data on COVID-19

vaccination, clinical characteristics, and reproductive outcome of 1,000

intrauterine insemination (IUI) cycles in 653 couples from March 2021 to

March 2022 in a single university hospital-based center for reproductive

medicine. The IUI cycles were divided into two categories based on sperm

source, including 725 cycles in 492 women undergoing artificial insemination

with their husband’s sperm (AIH) and 275 cycles in 161 women undergoing

artificial insemination with donor sperm (AID). Women were then divided

into two groups. The vaccine exposed group included women vaccinated

prior to insemination and the unexposed group included women who were

not vaccinated or vaccinated after insemination. Reproductive outcomes

including ongoing pregnancy rate, clinical pregnancy rate, andmiscarriage rate

were assessed.

Results: Inactivated COVID-19 vaccinated women prior to intrauterine

insemination in AIH cycles have comparable ongoing pregnancy rate (11.1 vs.

10.3%, P= 0.73), clinical pregnancy rate (12.5 vs. 11.3%, P= 0.60) as compared

with unvaccinated counterparts. Similarly, there were no significant di�erences

in ongoing pregnancy rate (20.9 vs. 28.1%, P = 0.17), clinical pregnancy rate

(21.7 vs. 28.8%, P = 0.19) between vaccine exposed and unexposed groups in

AID cycles. Multivariable logistic regression analyses showed that inactivated

COVID-19 vaccination status cannot independently influence the reproductive

outcomes of AIH and AID cycles. Subgroup analysis of vaccine exposed cycles

showed that doses of vaccination and Interval between the last dose of

vaccination and insemination have no influence on the reproductive outcomes

of AIH cycles.
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Conclusions: No negative e�ects were found on female fertility in IUI

cycles following exposure to the inactivated COVID-19 vaccine. These

findings indirectly reflect the safety of inactivated COVID-19 vaccine toward

reproductive health and help to mitigate vaccine hesitancy among people

planning to conceive.
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Introduction

The outbreak of Coronavirus disease 2019 (COVID-19) has

developed into a global pandemic recognized by the World

Health Organization (WHO) on the 11th of March 2020 and

continues to pose a great threat to public health and safety

(1). As of March 2022, over 455 million confirmed cases and

almost 6 million deaths had been reported globally (2). COVID-

19 is caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) wild-type strain and its variants, a novel positive-

stranded RNA virus belonging to the Coronaviridae family (3).

Because of the vulnerability of SARS-CoV-2, the development of

safe and effective vaccines has become the most urgent goal for

the scientific community. Globally, various vaccines are being

developed, including live-attenuated virus vaccines, inactivated

virus vaccines, protein subunit vaccines, replication-deficient

vectors, and genetic vaccines (DNA and RNA) (4). According to

data from the WHO, there are at least 149 vaccine candidates in

clinical phases, 40 of which have reached Phase III trials based on

different vaccine platforms (5). Inactivated vaccines are the most

commonly used in China because three double-dose inactivated

vaccines (Sinovac and SinoPharm) have been approved for

Abbreviations: ART, Artificial reproductive technology; COVID-19,

Coronavirus disease 2019; IUI, Intrauterine insemination; AIH, Artificial

insemination with their husband’s sperm; AID, Artificial insemination

with donor sperm; WHO, World Health Organization; SARS-CoV-2,

Severe acute respiratory syndrome coronavirus 2; ACE2, Angiotensin-

converting enzyme 2; ESHRE, European Society of Human Reproduction

and Embryology; ASRM, American Society for Reproductive Medicine;

CDC, Centers for Disease Control and Prevention; JCVI, Joint Committee

on Vaccination and Immunization; IVF-ET, In vitro fertilization embryo

transfer; AFC, Antral follicular count; AMH, Anti-Müllerian hormone; BMI,

Body mass index; COS, Controlled ovarian stimulation; FSH, Follicle-

stimulating hormone; PR, progressive motility; TMSC, Total motile

sperm count; HMG, Human menopausal gonadotropin; LH, Luteinizing

hormone; hCG, Human chorionic gonadotropin; IQR, Interquartile

range; SD, Standard deviation; RR, Risk ratio; CI, Confidence interval; GI,

Generalized estimating equation.

emergency use. After being adopted in a nationwide anti-

COVID-19 vaccination program, over 3,100 million doses of

inactivated vaccines were administered in mainland China (6).

Studies have shown that the SARS-CoV-2 virus initiates

infection through the interaction of its spike proteins with

the human angiotensin-converting enzyme 2(ACE2) receptors

(7), which are abundant in the ovarian and testicular tissue

of the human reproductive system (8, 9). This highlights the

potential for detrimental effects on the future fertility of people

infected with SARS-CoV-2. It is also particularly concerning

for the uptake of COVID-19 vaccines, given its importance for

people of child-bearing age. Based on our understanding of

the immune response to inactivated vaccines and the efficacy

and safety data from clinical trials (10–13), current guidelines

from various world organizations do not restrict COVID-19

vaccination from people trying to conceive or undergoing

ART. However, given the lack of information on the specific

effects of COVID-19 vaccination on reproduction, there is no

consensus on the need to postpone conception after vaccination.

Guidelines from the European Society of Human Reproduction

and Embryology (ESHRE) and the Chinese Expert Group

recommend postponing ART for at least a few days after

administration of the vaccine to allow the immune response

to settle (14). Conversely, other organizations such as the

American Society for Reproductive Medicine (ASRM), the

Centers for Disease Control and Prevention (CDC), and the

Joint Committee on Vaccination and Immunization (JCVI) do

not stress this point (15). Additionally, we found that couples

seeking artificial reproductive technology (ART) services in our

reproductive center focused more on the effect of COVID-19

vaccination on ART and future pregnancy, which led to vaccine

hesitancy and extremely low vaccination coverage.

Intrauterine insemination (IUI) also known as artificial

insemination, is the first-line treatment for unexplained and

male-factor infertility. With this treatment, the sperm from

a partner or donor is prepared and inseminated directly

into the uterus around the time of ovulation, representing

the relatively natural fertilization process compared to In

vitro fertilization embryo transfer (IVF-ET) (16). Therefore,

this study aims to identify the effect of inactivated COVID-

19 vaccines on reproductive outcomes in a cohort of

women undergoing IUI cycles to increase confidence and
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reduce hesitancy toward these vaccines in women trying to

fall pregnant.

Materials and methods

Study design and participants

A retrospective cohort study was conducted at the Center

for Reproductive Medicine of the Third Affiliated Hospital of

Guangzhou Medical University (Guangzhou, China). Women

who had undergone IUI cycles from March 2021 to March

2022 were enrolled. Inclusion criteria included: (i) at least 12

months of infertility, (ii) regular menstruation (21–35 days),

and (iii) normal uterine cavity with at least one patent fallopian

tube (established by hysterosalpingography or laparoscopy).

Exclusion criteria included: (i) advanced maternal age (older

than 40 years), (ii) no COVID-19 vaccination data, (iii) cycle

cancellation due to a low ovarian response (lack of development

of lead follicle at least >14mm), ovulation from the side of

known tubal occlusion, multifollicular response and premature

ovulation, and (iv) presence of other infertility factors including

severe endometriosis e(ASRM grade III-IV), decreased ovarian

reserve function (antral follicular count (AFC) <5–7 follicles or

anti-Müllerian hormone (AMH) <0.5–1.1 ng/ml), endometrial

disorders (polyps or submucosal fibroids) and hydrosalpinx.

From the 1,127 infertile couples identified (1,936 cycles), 916

women (1,554 cycles) underwent artificial insemination with

their husband’s sperm (AIH), and 213 women (382 cycles)

underwent artificial insemination with donor sperm (AID),

primarily due to severe male factor infertility (17). These people

were further screened by the above exclusion criteria. Finally,

725 AIH cycles and 275 AID cycles were included in the study

and each was divided into two groups. The vaccine exposed

group included women vaccinated prior to insemination and

consisted of 335 AIH cycles and 115 AID cycles. The unexposed

group included women who were not vaccinated or vaccinated

after insemination and consisted of 390 AIH cycles and 160 AID

cycles (Figure 1).

The baseline clinical characteristics and cycle variables were

collected from a fertility department database. Vaccination

status was determined by telephone follow-up. General patient

information such as female age, body mass index (BMI), type

of pregnancy, infertility duration, treatment cycle type, IUI

indication, and cycle number was recorded. The indications

for IUI were divided into male factors, unexplained or other

factors, while treatment cycle types were divided into cycles with

controlled ovarian stimulation (COS) and natural cycles. Cycle

variables cover an index that reflects ovarian function, including

basal follicle-stimulating hormone (FSH) level, AMH level, and

bilateral AFC; male sperm parameters including progressive

motility (PR) after processing and the total motile sperm count

(TMSC) after processing; and the numbers of dominant follicles

and endometrial thickness on the day of hCG administration.

Vaccination status included the male partner vaccinated or not,

the doses of vaccination, and the interval between the last dose

vaccination and insemination in exposed cycles.

This study was approved by the local Ethics Committee of

the Third Affiliated Hospital of Guangzhou Medical University.

IUI protocol

Details of the IUI protocol have been described previously

(18). A transvaginal ultrasound was performed on cycle day 35

to exclude ovarian cysts larger than 30mm. According to the

maternal age and ovarian reserve testing, the women started

intramuscular injections of human menopausal gonadotropin

(HMG, Livzon, Zhuhai, China), ranging from 37.5 to 75 IU to

control ovarian stimulation. These injections continued daily

until ovulation of at least one follicle ≥17mm in diameter.

The trigger criteria for ovulation were: (i) the leading follicle

was ≥17mm in diameter, (ii) the serum luteinizing hormone

(LH) was elevated and the leading follicle was at least 14mm in

diameter, (iii) the serum P concentrations were ≥1.5 pg/l and

the leading follicle was at least 14mm in diameter. If one of

these three criteria were observed, ovulation was triggered with

human chorionic gonadotropin (hCG) ranging from 5,000 IU to

10,000 IU.

Insemination was performed 12–36 h after hCG injection.

The sperm was collected by masturbation after 2–7 days of

sexual abstinence. Sperm samples in the AID cycles were

obtained from the Human Sperm bank of Guangdong Province.

Sperm from each washed semen sample were counted and

evaluated for motility, and 0.2–0.5mL was introduced into the

woman’s uterus by syringe.

Ovulation was identified by free fluid in the Douglas pouch

and visible corpus luteum and/or the disappearance of the

follicle during a transvaginal ultrasound. After insemination,

micronized progesterone (200mg vaginal capsule, twice daily)

was used for luteal support. The serum β-HCG level was tested

for pregnancy 2 weeks later.

The primary response variable for this study was the ongoing

pregnancy confirmed by intrauterine pregnancy beyond 12

weeks’ gestation through transvaginal ultrasound examination,

and clinical pregnancy defined as the presence of a yolk sac with

heartbeat at 7 weeks gestation. Secondary outcomes included

rates of biochemical pregnancy, early miscarriage, and ectopic

pregnancy. Biochemical pregnancy was determined as the

detection of serum level of HCG more than 10 mIU/ml 14 days

after operation. Biochemical pregnancy loss was determined

as elevated HCG levels but no detectable gestational sac was

observed with transvaginal sonography 4 weeks following

operation. Early miscarriages were those pregnancy losses with

detectable intrauterine gestational sacs within gestational 12

weeks. Ectopic pregnancy was identified as embryos implant
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FIGURE 1

Study flowchart.

at any other sites except for intrauterine cavity. Biochemical

pregnancy loss rate, spontaneous miscarriage rate, and ectopic

pregnancy rate were calculated based on the number of women

with biochemical pregnancy.

Statistical analysis

The mean ± standard deviation (SD), median and

interquartile range (IQR 25 to 75%) were determined for

continuous variables, while categorical variables were expressed

as cycle numbers and percentages. A Mann-Whitney U-test

was used to compare the response variables between groups

for skewed data, and a t-test was used for normally-distributed

data. A chi-square test was used to compare qualitative data

between groups. Clinical pregnancy, biochemical pregnancy,

and miscarriage rates were compared for vaccine-exposed or

unexposed groups in AIH and AID cycles. First, the unadjusted

risk ratio (RR) and 95% confidence interval (CI) were calculated

for clinical pregnancies, using unexposed cycles as the reference.

A log-binomial regression model for multivariate analysis was

then performed, controlling for female age, BMI, infertility

duration, treatment cycle type, IUI indication, sperm parameters

after processing, ovarian reserve function, dominant follicles,

endometrial thickness on the day of hCG administration, and

the vaccination status of male partner. Next, a generalized

estimating equation (GEE) was used to examine the relationship

between individual factors and the outcome of ongoing

pregnancy, controlling for multiple cycles within the same

couple. RR and 95% CI were calculated for candidate factors.

A p-value of <0.05 indicated statistical significance. Statistical

analysis was performed in SPSS 28.0 software (IBM).

Results

FromMarch 2021 to March 2022, data from 1,000 IUI cycles

in 653 couples were included in this study, of which 725 were

cycles with partner sperm (492 couples) and 275 were cycles

with donor sperm (161 couples). There were 335 AIH cycles

in the COVID-19 vaccine-exposed group and 390 cycles in

the unexposed group. Similarly, 115 AID cycles were in the

COVID-19 vaccine-exposed group, and 160 cycles were in the

unexposed group. Table 1 summarizes baseline characteristics

per artificial insemination cycle stratified by vaccine exposed

or not. The mean female age was 31.2 ± 3.6 years in AIH

cycles and 29.6 ± 3.5 years in AID cycles. There were no

statistically significant differences in the female age, BMI,

infertility duration, distribution of infertility types, treatment

Frontiers in PublicHealth 04 frontiersin.org

https://doi.org/10.3389/fpubh.2022.966826
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al. 10.3389/fpubh.2022.966826

TABLE 1 Baseline characteristics per artificial insemination cycles with husband or donor semen stratified by vaccination exposed or not.

Variables AIH cycles AID cycles

Exposed group Unexposed group P-value Exposed group Unexposed group P-value

No. of cycles 335 390 115 160

Female age, mean (SD), y 31.2 (3.8) 31.2 (3.6) 0.95 30.5 (2.4) 29.4 (3.8) 0.02

BMI, mean (SD), kg/m2 21.9 (3.3) 22.0 (3.4) 0.74 22.0 (2.7) 21.2 (2.8) 0.09

Type of infertility, n (%) 0.87 0.09

Primary infertility 218 (65.9) 252 (65.3) 102 (88.7) 130 (81.3)

Secondary infertility 113 (34.1) 134 (34.7) 13 (11.3) 30 (18.8)

Infertility duration, median, median (IQR), y 3 (2–4) 3 (2–4) 0.53 4 (2–5) 4 (2–5) 0.67

Treatment cycle type, n (%) 0.55 0.08

Natural 169 (50.4) 188 (48.2) 73 (66.1) 89 (55.6)

COS 166 (49.6) 202 (51.8) 39 (33.9) 71 (44.4)

IUI indication, n (%) 0.06 0.63

Unexplained/other 146 (44.6) 199 (51.6) 4(3.5) 4 (2.5)

Male factors 185 (55.4) 187 (48.4) 111 (96.5) 156 (97.5)

Cycle number, n (%) 0.06 0.08

First 197 (58.8) 253 (64.9) 56 (48.7) 60 (37.5)

Second 117 (34.9) 127 (32.6) 40 (34.8) 49 (30.6)

Third or more 21 (6.3) 10 (2.6) 19 (16.6) 51 (31.8)

Male partner vaccination, n (%) 326 (98.2) 197 (51.6) <0.01

TABLE 2 Vaccination status of vaccines exposed group.

Variables AIH cycles AID cycles P-value

Doses of vaccination, % (n) 0.33

Single dose prior to insemination 23.3 (78/335) 27.8 (32/115)

Double doses prior to insemination 72.5 (243/335) 70.4 (81/115)

Three doses prior to insemination 4.2 (14/335) 1.8 (2/115)

Interval between the last dose and insemination, %(n) 0.73

<3 months 27.8 (93/335) 26.1 (30/115)

≥3 months 72.2 (242/335) 73.9 (85/115)

cycle types, IUI indication, or cycle number between vaccine-

exposed and unexposed groups in AIH cycles (P > 0.05). In AID

cycles, women with vaccine exposure were significantly older

than those unexposed (30.5 vs. 29.4, P = 0.02).Other baseline

characteristics did not differ significantly. The vaccination

coverage of women seeking for IUI treatments was 45%. The

vaccine coverage rate of male partner in the female vaccine-

exposed group was significantly higher than in the unexposed

group in AIH cycles (98.2 vs. 51.6%, P < 0.01).

Table 2 shows the vaccination status of vaccines exposed

group both in AIH and AID cycles. There were no statistically

significant differences between AIH and AID cycles in the

distribution portion of the vaccination doses as well as the

interval between the last dose vaccination and insemination (P

> 0.05). For women vaccinated before insemination, Over 70%

of them have been vaccinated double doses before undergoing

intrauterine insemination, and the interval between the last dose

vaccination and insemination was more than 3 months.

There were no statistically significant differences between

vaccine-exposed and unexposed groups in the indexes

representing female ovarian function, sperm parameters after

processing, dominant follicles, or endometrial thickness on

the day of hCG administration in AIH cycles (P > 0.05). The

only significant difference found in AID cycles was PR after

processing, which was higher in the exposed group than in the

unexposed group (84.2 vs. 78.1%, P < 0.01, Table 3).

Table 4 shows the frequencies and adjusted RR for

reproductive outcomes of artificial insemination cycles stratified

by vaccine-exposed or unexposed. In AIH cycles, there were

no significant differences in reproductive outcomes between
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TABLE 3 Cycle variables per artificial insemination cycles with husband or donor semen stratified by vaccination exposed or not.

Variables AIH cycles AID cycles

Exposed group Unexposed group P-value Exposed group Unexposed group P-value

Ovarian reserve function,

median (IQR)

Basal FSH level, mIU/mL 5.65 (5.0–6.90) 5.68 (4.87–6.46) 0.61 5.03 (4.75–6.71) 5.30 (4.54–6.27) 0.71

AMH level, ng/mL 4.15 (2.79–5.88) 4.21 (2.75–6.56) 0.17 3.66 (2.61–5.53) 3.99 (2.48–6.41) 0.84

Bilateral AFC 19 (15–25) 20 (15–26) 0.83 19 (14–29) 20 (16–25) 0.25

Sperm parameters, median

(IQR)

PR after processing, % 93.8 (91.3–96.2) 94.0 (90.5–96.0) 0.38 84.2 (75.6–87.7) 78.1 (72.6–82.8) < 0.01

TMSC after processing, 106 26.44 (17.19–39.97) 29.39 (16.74–44.63) 0.51 13.39 (11.07–15.99) 12.86 (11.15–15.47) 0.13

Dominant follicles, median

(IQR)

1 (1) 1 (1) 0.98 1 (1) 1 (1, 2) 0.16

Endometrial thickness on the

day of hCG administration,

median (IQR), mm

9.4 (8.6–11) 9.8 (8.4–11) 0.93 9.0 (7.3–10.0) 9.5 (8.8–10.4) 0.11

TABLE 4 Reproductive outcome of artificial insemination with husband or donor semen stratified by vaccine exposed or not.

Variables Exposed cycles, % (n) Unexposed cycles, % (n) P–value Adjusted*

RR (95% CI) P–value

AIH

Biochemical pregnancy 13.1 (44/335) 12.8 (50/390) 0.90 1.085 (0.688–1.711) 0.73

Clinical pregnancy 12.5 (42/335) 11.3 (44/390) 0.60 1.189 (0.740–1.912) 0.47

Ongoing pregnancy 11.0 (37/335) 10.3 (40/390) 0.73 1.128 (0.684–1.860) 0.64

Biochemical pregnancy loss 4.5 (2/44) 12.0 (6/50) 0.28#

Early miscarriage 6.8 (3/44) 8.0 (4/50) 1.00#

Ectopic pregnancy 4.5 (2/44) 0 (0) 0.22#

AID

Biochemical pregnancy 22.6 (26/115) 30.6 (49/160) 0.14 0.721 (0.401–1.295) 0.27

Clinical pregnancy 20.9 (24/115) 28.8 (46/160) 0.19 0.759 (0.416–1.383) 0.37

Ongoing pregnancy 20.9 (24/115) 28.1 (45/160) 0.17 0.751 (0.408–1.380) 0.36

Biochemical pregnancy loss 7.7 (2/26) 6.1 (3/49) 1.00#

Early miscarriage 0 (0) 2.0 (1/49) 1.00#

Ectopic pregnancy 0 (0) 0 (0) 1.00#

*Adjusted for female age, BMI, infertility duration, treatment cycle type, IUI indication, sperm parameters after processing, ovarian reserve function, dominant follicles, and endometrial

thickness on the day of hCG administration.
#Fisher exact test was used.

groups (11.0 vs. 10.3% for ongoing pregnancy rate, P = 0.73;

12.5 vs. 11.3% for clinical pregnancy rate, P = 0.60). The

rates of biochemical pregnancy (13.1 vs. 12.8%, P = 0.90) and

biochemical pregnancy loss (4.5 vs. 12.0%, P= 0.28) were similar

in the vaccine exposed group compared with the unexposed

group. In AID cycles, the rates of reproductive outcomes were

slightly lower in the exposed group, but this difference was not

statistically significant (20.9 vs. 28.1% for ongoing pregnancy

rate, P = 0.17; 21.7 vs. 28.8% for clinical pregnancy rate,

P = 0.19; 22.6 vs. 30.6% for biochemical pregnancy rate, P

= 0.14). Multivariable logistic regression analyses showed no

independent influence of vaccine exposed on the reproductive

outcomes of AIH and AID cycles (Adjusted RR 1.128 for

ongoing pregnancy rate in AIH cycles, 95% CI 0.684 to 1.860;

Adjusted RR 0.751 for ongoing pregnancy rate in AID cycles,

95% CI 0.408 to 1.380). The rates of biochemical pregnancy

loss (7.7 vs. 6.1%, P = 1.00) were similar between groups. Early

miscarriage occurred 3/44 (6.8%), 4/50 (8.0%), and 1/49 (2.0%)
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TABLE 5 Subgroup analysis of reproductive outcomes of artificial insemination with husband within exposed cycles.

Biochemical Clinical Ongoing Biochemical Miscarriage

pregnancy pregnancy pregnancy pregnancy loss

Doses of vaccination, % (n)

Single dose prior to insemination 17.9 (14/78) 16.7 (13/78) 14.1 (11/78) 7.1 (1/14) 7.1 (1/14)

Double dose or more prior to insemination 11.7 (30/257) 11.3 (29/257) 10.1 (26/257) 3.3 (1/30) 6.7 (2/30)

P-value 0.15 0.21 0.33 0.54* 1.00*

Interval between the last dose and insemination

<3 months 18.3 (17/93) 16.1 (15/93) 14.0 (13/93) 11.7 (2/17) 0 (0)

≥3 months 11.2 (27/242) 11.2 (27/242) 9.9 (24/242) 0 (0) 11.1 (3/27)

P-value 0.08 0.22 0.29 0.14* 0.27*

*Fisher exact test was used.

in the exposed group of AIH cycles, the unexposed group of

AIH cycles, and the unexposed group of AID cycles, respectively.

Ectopic pregnancy occurred 2/44 (4.5%) in the exposed group of

AIH cycles.

Subgroup analysis of vaccination status among vaccinated

women in AIH cycles on reproductive outcomes was performed.

As presented in Table 5, the reproductive outcomes were slightly

poor in the group taken double dose or more inactivated

COVID-19 vaccines than the group that took a single dose

vaccine prior to intrauterine insemination, but this difference

was not statistically significant (10.1 vs. 14.1% for ongoing

pregnancy rate, P = 0.33; 11.3 vs. 16.7% for clinical pregnancy

rate, P = 0.21; and 6.7 vs. 7.1% for miscarriage rate, P = 1.00).

Similarly, the reproductive outcomes were slightly poor in the

group that had undergone intrauterine insemination more than

3 months later after taking the last dose of COVID-19 vaccine

than the group that within 3 months (9.9 vs. 14.0% for ongoing

pregnancy rate, P = 0.29; 11.2 vs. 16.1% for clinical pregnancy

rate, P = 0.22; and 11.1 vs. 0% for miscarriage rate, P = 0.27).

The predictors in the GEE model for ongoing pregnancy

are presented in Table 6. After controlling bias from multiple

cycles within the same couple, no independent influence factor

was found to predict the reproductive outcome of AIH cycles,

including COVID-19 vaccine exposed.

Discussion

This cohort study was designed to identify potential

detrimental effects of the inactivated COVID-19 vaccine on

female fertility during IUI cycles and found no significant effects

on clinical pregnancy rates in either AIH or AID cycles.

The public health impact of the COVID-19 pandemic is

beyond everybody’s imagination 2 years after the first case was

reported. China’s early physical epidemic prevention measures,

such as strictly blocking the transmission chain of SARS-CoV-2,

have achieved great success in limiting the domestic epidemic

of COVID-19. Given the integration of the world economy,

TABLE 6 Adjusted binary logistic regression model for predictors of

ongoing pregnancy of artificial insemination with husband semen (725

cycles in 492 couples) using generalized estimating equations.

Factor Adjusted RR (95% CI) P-value

Female vaccine exposed 1.060 (0.591–1.901) 0.85

Male partner vaccinated 0.729 (0.370–1.435) 0.36

Female age, y 1.022 (0.957–1.092) 0.51

BMI, kg/m2 0.968 (0.904–1.036) 0.34

Infertility duration, m 0.953 (0.824–1.103) 0.52

Treatment cycle type

Natural Ref.

COS 0.684 (0.421–1.111) 0.13

IUI indication

Unexplained/other Ref.

Male factors 0.870 (0.530–1.427) 0.58

and the need to open the country to the outside world, the

full implementation and promotion of vaccination was the

only solution. However, any resulting reproductive issues must

be known and considered by reproductive medical workers.

To date, there have been no reports of female reproductive

system damage in COVID-19 patients, but indirect evidence

suggests that COVID-19 may infect female ovarian tissue

and granulosa cells through ACE2 receptors, reducing ovarian

function and oocyte quality (9, 19, 20). Based on existing

research on the potential impact of SARS-CoV-2 infection on

female fertility, national guidelines recommend that women

with pregnancy planning be actively vaccinated against COVID-

19. However, these recommendations have not been accepted

by the population. On the one hand, our follow-up data

showed that the vaccination coverage of COVID-19 is far

from establishing herd immunity in couples undergoing ART

(21). On the other hand, Flynn et al. (22) investigated the

impact of the COVID-19 pandemic on human pregnancy-

planning behaviors through an online questionnaire and found
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that 53% of subjects reported that COVID-19 had affected

their pregnancy plans, among which 72% chose to postpone

pregnancy. These abnormal behaviors may be attributed to

the lack of knowledge about the potential effects of COVID-

19 vaccination, which led to much apprehension and caution

among patients planning to conceive.

Current vaccines have already advanced into clinical trials,

and published data mainly include inactivated virus vaccines,

virus-vectored vaccines, and mRNA vaccines. The latter two

were gene-based vaccines that deliver genes encoding viral

antigens to host cells for in vivo production, which target a

single protein or protein fragments of SARS-CoV-2 (23). In

contrast, inactivated virus vaccines are physically or chemically

inactivated but preserve the integrity of the virus particle,

using the whole virus as vaccine targets. The targeted immune

response of an inactivated vaccine is usually humoral and

cellular, with little reactogenicity, resulting in a high safety

profile (4). As for mRNA vaccines, several studies have indirectly

illustrated their safety in terms of fertility. A recent report

using the v-safe safety monitoring system data showed that

4,800 people had a positive pregnancy test after receiving the

first dose of an mRNA COVID-19 vaccine (24). A randomized,

blinded Pfizer-BioNTech trial also showed a similar number

of women conceived after receiving the vaccine as those who

received the placebo (15). Morris et al. (25) found no difference

in implantation rates among SARS-CoV-2 vaccine seropositive,

infection seropositive, and seronegative women following in

vitro fertilization frozen embryo transfer cycles. Similarly,

two observational studies have assessed the influence of the

mRNA SARS-CoV-2 vaccine (BNT162b2) on IVF treatments,

and neither the before-after study (26) nor the cohort study

(27) demonstrated any detrimental effect on the patients’

performance and ovarian reserve in IVF cycles. In addition,

researchers found no significant changes in sperm characteristics

before or after two doses of a COVID-19 mRNA vaccine

among cohorts of healthy men (28, 29). Despite these findings,

investigations into the effect of inactivated COVID-19 vaccines,

the main vaccine used in China, have not been done.

This study is the first to evaluate the possible effect of

inactivated COVID-19 vaccines on human reproduction, using

the IUI cycle as a model. This is an effective method to study

the impact of one factor on implantation, on the one hand,

the fertilization process of it is relatively natural compared

to IVF-ET, on the other hand, the process of IUI bypass

many of the variables that normally impact the ability to

conceive like ovulation and sperm selection compared to natural

conception process (30). When grouping the subjects, we played

close attention to the relative time between vaccination and

insemination and chose a more rigorous grouping method

instead of just dividing people into vaccinated and unvaccinated

groups. We classify people vaccinated after insemination as

vaccine unexposed group because at that time the vaccine could

be considered no longer affect the process of early pregnancy.

Besides, the follow-up period of our study was the period

when vaccination was just started in China, at that time,

sperm samples stored in the sperm bank must have come

from unvaccinated donors. Since the sperm samples in AID

cycles were from the sperm bank, the donor can be regarded

as not affected by the vaccine. Therefore, the AID cycle is a

particularly effective model for studying the effect of vaccines on

female fertility by excluding any interference of male vaccination

on reproductive outcomes. Although our data showed a 25%

reduction in ongoing pregnancy rates in the vaccine exposure

group compared to the control group during the AID cycle,

there was no significant difference. The small sample size in

this group limited the statistical efficacy of the AID cycle and

was unable to provide conclusive results with the existing data

set. However, considering the unique features of the AID cycle

compared with the AIH cycle, relevant clinical data are still listed

for researchers’ reference.

There are several limitations of this study. Firstly, the sample

size was too small to allow an in-depth stratified analysis of

vaccination status with a convincing conclusion, and this will

be rectified in future studies. Secondly, retrospective studies

are subject to bias, and although variables linked to IUI

success in prior studies were included in the GEE analysis,

it was impossible to identify and control for all confounding

variables. Thirdly, the participants in the present study were

women undergoing ART treatments and do not represent those

undergoing natural conception. Finally, due to the lack of data

on the timing of male vaccination, it was impossible to judge

whether the husband had been vaccinated before IUI treatment,

which may lead to inaccurate results even after adjusting for

the vaccination status of male partner in AIH cycles. However,

these defects were partly compensated by data from AID cycles

because it was known that the semen from the sperm bank had

no vaccine exposure.

Conclusions

This study provides a unique contribution to the effect

of inactivated COVID-19 vaccine on female ability to

conceive under a relatively rigorous design, including

choosing IUI cycles as the fertility model, strict inclusion

and exclusion criteria, and the application of GEE adjusted

for confounding covariates based on an extensive data set

of baseline and in-cycle characteristics. The present study

shows no negative effects on female fertility in IUI cycles

following exposure to the inactivated COVID-19 vaccine. These

findings indirectly reflect the safety of inactivated COVID-19

vaccine toward reproductive health and add an extra step

toward reducing vaccine hesitancy (31) among people planning

to conceive.
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