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Abstract
Purpose The effects of SARS-CoV-2 infections on the outcome of assisted reproduction techniques (ART) were studied in 
a retrospective cohort study.
Methods The outcome of 1581 treatment cycles with embryo transfer at a university fertility center in Germany was com-
pared in years before and during the COVID-19 pandemic. For 335 treatment cycles in 2022 a detailed analysis was carried 
out depending on infection and immunization status of both partners.
Results ART cycles did not differ in most of the parameters examined between 2018–2022. In spite of comparable clinical 
pregnancy rates, there was a significantly higher miscarriage rate at 34.6% (27/78) in 2022, compared to 19.7% (29/147) 
in the pre-pandemic years of 2018–2019 (p = 0.014). In 37.0% of the treatment cycles (124/335) 2022 at least one partner 
reported a SARS-CoV-2-Infection 6 months before ART, mostly with the virus variant Omicron. Clinical pregnancy rates 
were lower in cycles without infection. Comparing women with confirmed infection to no infection, a significantly higher 
risk of miscarriage was seen (62.5% vs. 26.2%, p = 0.009). In treatment cycles of partners with basic immunization against 
SARS-CoV-2 a statistically significant increase of pregnancy rates was seen comparing to cycles with both unvaccinated 
partners (p = 0.011).
Conclusion The results indicate a negative impact of SARS-CoV-2-infections up to 6 months on ART treatment, in particular 
an increased risk of miscarriage. Vaccination was associated with a better outcome of ART treatment.
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What does this study add to the clinical work 

This study shows an impaired outcome after 
assisted reproduction in 2022 compared to the years 
before the pandemic in a single center. A signifi-
cantly lower clinical pregnancy rate was found in 
ART cycles after SARS-CoV-2 infection in the 
6-month period before treatment compared with 
couples without confirmed infection, additionally a 
significantly higher risk for miscarriages was found 
in women with SARS-CoV-2 infections.

Introduction

During the COVID-19 pandemic the highest number of con-
firmed infections in the population in Germany occurred in 
2022. Regional and national news published daily updated 
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numbers of confirmed infections with SARS-CoV-2. In total, 
almost 2 million confirmed coronavirus infections were reg-
istered in Saxony by May 2023 in a population of 4 million 
inhabitants.1 At the same time, 68.8% of the population of 
Saxony aged 18–59 years had been vaccinated at least once 
since December 2020, 67.5% received basic immunization 
with 2 vaccinations, a first booster was given in 44.3% and 
a second booster in 3.4%.2 The wave of SARS-CoV-2-infec-
tions with the strongest impact on public life, such as restric-
tions on daily life, intensive care treatment of infected per-
sons and the highest relatively virus-associated death rate, 
occurred in Saxony in winter of 2020/2021, before vaccina-
tions were established. However, most infections occurred 
from winter 2021/2022 onwards (Fig. 1).

Based on official data publications, it was possible to 
determine which waves of infection were significantly 
caused by which virus variants (Fig. 1). For the year 2022 
this was mainly the virus variant Omicron and to a lesser 
extent the variant Delta. During the COVID-19 pandemic 
treatments with assisted reproductive techniques (ART) 
with in vitro fertilization (IVF) or intracytoplasmic sperm 
injection (ICSI) were performed at a University Hospital in 
Saxony in comparable numbers as in previous years, except 
for 6 weeks during spring 2020. First couples showed con-
firmed SARS-CoV-2 infections before or during treatment 
in winter 2021/2022.

In the early phases of the pandemic, international guide-
lines advised against performing fertility treatment except 
in urgent cases, due to infection control and the potential 
impact of SARS-CoV-2 infections on pregnancy outcomes 
[1]. In September 2020, three international societies of 
reproductive medicine released a consensus statement, 
acknowledging the need for assisted reproduction [1]. After 
careful evaluation of local conditions and well-being of 
patients, along with adherence to governmental regulations 
to reduce the risk of viral transmission and counseling of 
the infertile couples, ART was recommended. Additionally, 
research on the potential impact of SARS-CoV-2 on repro-
duction was encouraged.

Current studies have not shown consistent results con-
cerning the effects of SARS-CoV-2 infections on the out-
come of fertility treatment or early pregnancy. However, a 
negative impact of SARS-CoV-2 infections on parameters 
of sperm quality up to 3 months after infection has been 
demonstrated [2]. This was also confirmed in a prospective 
study of 120 men after SARS-CoV-2 infections [3]; fever 
and severity of symptoms had no impact on sperm quality. 

The German registry CRONOS prospectively collects data 
on SARS-CoV-2 infections in pregnancy [4]. In this registry, 
infections in early pregnancy can also be reported, yet a pos-
sible reporting bias with predominance of later and severe 
infections in pregnancy should be considered.

In spring 2022, the University Fertility Center noticed an 
unexpectedly high number of pregnancies after ART end-
ing in miscarriages. In order to clarify the question whether 
SARS-CoV-2 infections in the context of assisted reproduc-
tion could lead to an increase in miscarriage rate, an obser-
vational and questionnaire-based study was conducted. The 
infection and vaccination status of treated couples were also 
analyzed.

Methods

Between 01/2018 and 12/2022, in total 1716 ART cycles 
were performed at the university Hospital. Study-relevant 
clinical data were extracted from the clinical documentation 
system and the MediTEX program used for ART treatments. 
Data on SARS-CoV-2 infections and immunizations as well 
as the follow-up in pregnancy were collected by telephone 
interview conducted by 3 researchers (VE, MG, JS). The 
study protocol was approved by the local ethics committee 
(BO-EK-349082022).

A total of 1581 treatment cycles with stimulated or natu-
ral cycle and planned embryo transfer without gamete dona-
tion were included in the study (Fig. 2). Exclusion criteria 
were use of cryopreserved sperm, oocytes, and embryos and 
ART cycles with freeze-all after oocyte retrieval.

For further information see Supplementary Information. 
Two couples of 214 couples treated with ART in 2022 were 
not interviewed due to language difficulties. One couple was 
not reached. The response rate in the questionnaire study 
was 98.6%. The last follow-up in pregnancy was at 22 ges-
tational weeks. The birth rate could not be calculated in May 
2023 yet. The telephone interview using a structured ques-
tionnaire (see Supplementary Information) was conducted 
on average 3.3 ± 1.2 (0.5–5.2) months after ART and was 
repeated 3 months later during pregnancy. A SARS-CoV-2 
infection was considered as confirmed by positive polymer-
ase chain reaction (PCR) test from nasopharyngeal swab.

Statistics

Statistical analysis was performed using IBM SPSS version 
25 program (SPSS Inc., Chicago, IL, USA). Categorical data 
are presented as absolute and relative frequencies, metric 
data are presented as mean, standard deviation, minimum, 
and maximum, or alternatively as median with 25th and 
75th percentiles. Group comparisons for categorical vari-
ables were compared using Pearson's Chi-square tests. The 

1 https:// www. coron avirus. sachs en. de/ infek tions faelle- in- sachs en- 
4151. html#a- 8998, accessed 12 May 2023.
2 https:// www. coron avirus. sachs en. de/ ueber blick- coron aschu tzimp 
fungen- in- sachs en- 9874. html, accessed 26 May 2023.

https://www.coronavirus.sachsen.de/infektionsfaelle-in-sachsen-4151.html#a-8998
https://www.coronavirus.sachsen.de/infektionsfaelle-in-sachsen-4151.html#a-8998
https://www.coronavirus.sachsen.de/ueberblick-coronaschutzimpfungen-in-sachsen-9874.html
https://www.coronavirus.sachsen.de/ueberblick-coronaschutzimpfungen-in-sachsen-9874.html


307Archives of Gynecology and Obstetrics (2024) 309:305–313 

1 3

Fig. 1  Confirmed SARS-CoV-2-infections in Saxony (http:// www. 
coron avirus. sachs en. de, https:// www. coron avirus. sachs en. de/ infek 
tions faelle- in- sachs en- 4151. html#a- 8991, accessed 12 May 2023) 

and dominant virus variants (http:// www. coron avirus. sachs en. de, 
accessed 7 June 2022, no longer available in May 2023)

http://www.coronavirus.sachsen.de
http://www.coronavirus.sachsen.de
https://www.coronavirus.sachsen.de/infektionsfaelle-in-sachsen-4151.html#a-8991
https://www.coronavirus.sachsen.de/infektionsfaelle-in-sachsen-4151.html#a-8991
http://www.coronavirus.sachsen.de
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Shapiro–Wilk test was used to test for normal distribution 
of metric data. Non-normally distributed data were analyzed 
using the Mann–Whitney-U or Kruskal–Wallis test. In all 
statistical tests, a p-value < 0.05 was considered as statisti-
cally significant.

Results

ART treatments before and during the COVID‑19 
pandemic

A total of 1581 ART cycles from 2018 to 2022 were 
included for comparison. In 38.6% of cycles, oocyte retrieval 
was performed in the natural cycle (611/1581). Women 
were primarily infertile in 56.6% (895/1580) of cycles, and 
IVF was performed in 45.5% (719/1581). The mean age of 
patients was 35.8 ± 4.1 (23.1–49.5) years. There were no sig-
nificant differences in the number of cycles per year despite 
limited treatment options in 2020 during the beginning of 
the pandemic. Regarding the data from 2018 to 2022, the 
average clinical pregnancy rate per embryo transfer was 
30.4% (326/1073) and the miscarriage rate was 22.1% 
(71/321 intrauterine pregnancies) after ART. Comparing 
the yearly outcome parameter, there were significant differ-
ences in the number of embryos per transfer (p < 0.001) due 
to changes in standards at the center with the introduction of 
prolonged embryo culture in 2019. However, no significant 
difference was found considering the average clinical preg-
nancy rate (p = 0.113). Clinical pregnancy rates ranged from 
25.0–35.5%/year. In 2018–2021, the annual miscarriage rate 
was 11.1–25.0% compared to 34.6% in 2022 (p = 0.014).

Table 1 shows the course of 970 ART cycles after con-
trolled ovarian stimulation. For further detailed analysis, 
the years 2018 and 2019 before the onset of the pandemic 

were compared to 2022, when SARS-CoV-2 infections fre-
quently occurred. The patients were 1 year older in 2022, 
with a mean age of 35.7 ± 4.0 years vs. 34.9 ± 4.2 years in 
2018–2019 (p < 0.001). Significant differences were also 
observed when comparing 2018/2019 to 2022 concerning 
primary infertility, fertilization rates and number of oocytes 
with 2 pronuclei (2PN). Nevertheless, comparably high 
pregnancy rates of 38.2% in 2018/2019 and 38.5% in 2022 
were found (p = 1.000). However, a statistically significant 
difference was found regarding the miscarriage rate of 20.5% 
before the pandemic vs. 37.1% in 2022 (p = 0.015). The mis-
carriages occurred at 8.0 ± 2.5 (6–18) weeks of gestation, 
the age of women at miscarriage was 35.4 ± 4.2 (23.4–43.8) 
years. Half of the women were pregnant for the first time, 
and 6/27 (22.2%) had a previous miscarriage.

SARS‑CoV‑2 infection associated with ART cycles

Analysis of 335 ART cycles in 2022 with available infor-
mation on SARS-CoV-2 infection showed that in 51 cycles 
(15.2%) both partners had PCR-test-confirmed SARS-CoV-2 
infection occurring in a window of 6 months before preg-
nancy test. In 73 cycles, one of the two partners (21.8%) 
had a confirmed infection, in 211 cycles, no infection was 
reported (63.0%). In the course of treatment, there were 
no statistically significant differences in treatment charac-
teristics between couples with and without SARS-CoV-2 
infection (Table 2). However, there was a significant differ-
ence in pregnancy rates of 21.8% in the group with infec-
tion compared to 38.8% without infection (p = 0.010). The 
miscarriages rates in couples with infection were 52.6% vs. 
27.6% without infections, although this difference was not 
statistically significant (p = 0.055). When considering the 85 
ART-cycles (25.4%) in which the woman had an infection 
less than 6 months prior to treatment, a significantly higher 

Fig. 2  Flow diagram of study 
inclusion (treatment cycles over 
5 years), 5 of 326 pregnancies 
were excluded for calculation 
of miscarriage rate because of 
ectopic location
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miscarriage rate was seen compared to cycles without infec-
tion (62.5% vs. 26.3%, p = 0.009). The clinical pregnancy 
rate was also lower in women with infection (22.2%) than 
in women without infection (35.8%), but not statistically 
significant (p = 0.092).

Possible influences of vaccination against SARS-CoV-2 
on the course of ART cycles were also investigated in the 
study. In 228 of 335 ART cycles, both partners had basic 
immunization (68.1%). Basic immunization of only one 
partner was present in 39 cycles (11.6%). 68 cycles were in 
couples without vaccination (20.3%). There was a signifi-
cantly higher pregnancy rate in cycles with both vaccinated 
partners (57/168, 33.4%) and one partner (13/23, 56.5%) 
compared with non-vaccinated couples (10/48, 20.8%) 
(p = 0.011). The miscarriage rate did not differ among the 
three groups (p = 0.751).

Discussion

In 2022, a large proportion of the German population was 
affected by SARS-CoV-2 infections for the first time. This 
retrospective study at a university fertility center shows 
that compared to previous years 2018–2021, miscarriages 
were significantly more frequent in 2022 (p = 0.014). 

SARS-CoV-2 infections less than 6 months before ART in 
at least one partner had a negative impact on pregnancy rate 
and outcome.

ART treatments during the COVID‑19 pandemic

In Germany, the number of fertility treatments did not 
decrease during the COVID-19 pandemic [5]. Couples may 
have initially postponed infertility treatments in 2020. Due to 
the pandemic and unpredictable risks, many fertility centers, 
especially university-affiliated centers, had to reduce elec-
tive procedures to a minimum of care in spring 2020. Nev-
ertheless, the number of ART treatments has not changed 
significantly over the last 5 years. Couples may have been 
particularly focused on the issue of starting a family dur-
ing lockdown. Although the pandemic caused anxiety and 
concerns about fertility and family formation, the overall 
desire to have children remained strong [6]. A particularly 
high psychosocial burden of the COVID-19 pandemic on 
infertile couples has been described for severely affected 
regions such as Italy [7].

The couples in the study were vaccinated with compara-
ble frequency to the general population in Saxony.

The mean age of the treated women in the study was 
35.8 years, which is in line with the current mean age of 

Table 1  Treatments with IVF/ICSI after controlled ovarian stimulation (n = 970)

*Significant group differences < 0.05

2018 and 2019
(n = 403)

2022
(n = 189)

p-value (Chi-quadrat-
test or Mann–Whit-
ney U)

All 5 years
(n = 970)

Age (years)* 34.85 ± 4.17
(25.51–49.46)
35.72 (32.73; 39.11)

35.68 ± 4.01
(23.36–44.28)
36.16 (32.96; 38.77)

p < 0.001 35.19 ± 3.77
(25.29–46.71)
35.31 (32.6; 38.18)

Primary infertility* 261/403 (64.67%) 102/189 (53.97%) p = 0.014 562/969 (58.00%)
Cycles with conventional IVF 181/403 (44.91%) 91/189 (48.15%) p = 0.480 449/970 (46.29%)
Embryo transfer in cycles with oocytes 246/391 (88.49%) 161/187 (86.10%) p = 0.419 805/949 (84.83%)
Blastocyst culture, if > 2 fertilized 

oocytes*
64/227 (28.19%) 92/120 (76.67%) p < 0.001 320/565 (56.64%)

Number of oocytes/retrieval 8.91 ± − 5.43 (0–36)
8 (5; 12)

8.99 ± 5.10 (0–24)
8 (5; 12)

p = 0.742 8.83 ± 535 (0–36), 
8 (5; 12)

Number of fertilized oocytes* 3.60 ± 2.70 (0–15)
3 (2; 5)

4.15 ± 2.80 (0–13),
4 (2; 6)

p = 0.019 3.66 ± 2.77 (0–17), 
3 (2; 5)

Fertilized oocytes/retrieved oocytes* 42.32 ± 26.14
41.67 (25; 58.33)

47.98 ± 24.85
46.67 (33.3; 62.5)

p = 0.006 43.22 ± 25.58
42.86 (25; 60)

Number of embryos/transfer* 1.75 ± 0.51 (1–3)
2 (1; 2)

1.54 ± 0.51 (1–3)
2 (1; 2)

p < 0.001 1.60 ± 0.52 (1–3)
2 (1; 2)

Clinical pregnancy rate 132/346 (38.15%) 62/161 (38.50%) p = 1.000 284/805
(35.28%)

Miscarriage/pregnancy* 27/132 (20.45%) 23/62 (37.10%) p = 0.015 63/282 (22.26%)
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the German IVF Registry (DIR) data (see Table 3, [8–11]). 
The characteristics of the ART treatments reported in this 
study were also comparable with the 2018–2021 DIR data 
in terms of pregnancy and miscarriage rates. However, the 
miscarriage rate observed in 2022 of 37.1% is significantly 
higher. Outcomes of ART treatments in Germany for 2022 
are not yet available.

Risks of SARS‑CoV‑2 infection in early pregnancy

An increased risk of miscarriage has been discussed for viral 
infections [12]. These include systemic infections such as 
cytomegalovirus, hepatitis C virus, and influenza virus. Dur-
ing the early stage of the pandemic, it was suspected that 
SARS-CoV-2 infections might lead to an increased risk of 

miscarriage. A systematic review considered 11 case reports 
and series that indicated an increased risk of miscarriage 
most likely due to trophoblastic or placental inflammation 
[13]. Vascular changes such as activation of coagulation 
and vasculitis in the uteroplacental stromal bed induced by 
SARS-CoV-2 infection may contribute to miscarriages [14].

Few SARS-CoV-2 infections occurred in young women 
during the first months of the pandemic. This was also 
shown in a study of 1019 pregnant women in Denmark in 
the spring of 2020 [15]. Only 1.8% of women had sero-
logical evidence of having passed through infection without 
increased risk of severe infection or high-risk pregnancy out-
comes. A UK online survey study of the risk of miscarriage 
following SARS-CoV-2 infection in the first year of the pan-
demic found an increased risk of miscarriage [16]. Based on 

Table 2  Characteristics of ART-cycles in comparison of couples with/without SARS-CoV-2-infections (2022)

*Significant group differences < 0.05
1 At least 1 partner with a proven SARS-CoV-2-infection within < 6 months prior to oocyte retrieval/pregnancy test

All cycles (n = 335) One or both partner with 
infections* (n = 124)

No  infection1 (n = 211) Mann–Whitney-U
Chi-quadrat test 
(exact 2-sided)

Age (years) 35.73 ± 3.99
(23.36–44.28)
36.16 (33.08; 38.79)

35,96 ± 3.91
(23.36–42.87)
36.14 (34.04; 39.10)

35.59 ± 4.05
(23.79–44.28)
36.29 (32.77; 38.68)

p = 0.411

Primary infertility 178/335 (53.13%) 61/124 (49.19%) 117/211 (55.45%) p = 0.308
IVF treatment 176/335 (52.54%) 58/124 (46.77%) 118/211 (55.92%) p = 0.114
Natural cycle IVF 149/335 (44.48%) 64/124 (51.61%) 89/211 (42.18%) p = 0.306
Embryo transfer in cycles with oocytes 239/306 (78.10%) 87/114 (76.32%) 152/192 (79.17%) p = 0.570
Blastocyst culture, if > 2 fertilized oocytes 93/123 (75.61%) 31/42 (73.81%) 62/81 (76.54%) p = 0.826
Number of oocytes/retrieval 5.50 ± 5.52 (0–24)

3 (1; 9)
5.17 ± 5.41 (0–24), 

2 (1; 9)
5.69 ± 5.59 (0–23)
4 (1; 9)

p = 0.454

Number of fertilized oocytes 2.84 ± 2.79 (0–13)
2 (1; 4)

2.69 ± 2.83 (0–12), 
1.5 (1; 4)

2.92 ± 2.00 (0–13)
2 (1; 4)

p = 0.293

Fertilized oocytes/ retrieved oocytes 52.87 ± 35.12 (0–100)
50 (2.90; 93)

53.23 ± 36.17
50 (26.70; 100)

52.66 ± 34.58 (0–100)
50 (28.93; 90)

p = 0.925

Number of embryos/transfer 1.42 ± 0.52 (1–3)
1 (1; 2)

1.37 ± 0.51 (1–3)
1 (1; 2)

1.45 ± 0.53 (1–3)
1 (1; 2)

p = 0.243

Clinical pregnancy rate* 78/239 (32.64%) 19/87 (21.84%) 59/152 (38.82%) p = 0.010
Miscarriage/pregnancy 26/77 (33.77%) 10/19 (52.63%) 16/58 (27.59%) p = 0.055

Table 3  Pregnancy, miscarriage and birth rates after ART in Germany in the last 5 years as reported by the German IVF registry

Year Age of 
women 
(years)

Number of ART-treat-
ment with fertilisation

Clinical pregnancy 
rate in “fresh cycles”

Miscarriage rate 
(per pregnancy)

Birth rate (per 
embryo transfer)

Time of publishing

2018 35.2 65.328 32.2% 23.6% 19.8% Jahresbericht 2018, June 2019 (8)
2019 35.5 61.188 32.7% 23.3% 20.4% Jahresbericht 2019, May 2020 (9)
2020 35.6 66.447 32.7% 21.6% 23.5% Jahresbericht 2020, May 2021 (10)
2021 35.7 71.602 31.8% not published yet not published yet Jahresbericht 2021, May 2022 (11)
2022 – not published yet not published yet not published yet not published yet
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data from 3041 women, miscarriages occurred at an average 
of 9 weeks' gestation. The relative risk was 1.7 in the group 
of women with infection compared to women without infec-
tion (95% confidence interval 1.0–3.0, p = 0.06).

Studies of pregnancy outcomes in SARS-CoV-2 infection 
have mostly examined infections during pregnancy, while 
pre-pregnancy and early pregnancy infections have not been 
considered [17]. The prospective registry study from Ger-
many CRONOS is based on reports of pregnant women with 
SARS-CoV-2 infections (3). 20.5% of the 3481 pregnant 
women had documented SARS-CoV-2 infections in the first 
trimester before 14 + 0 weeks of gestation. Based on data 
from 17 miscarriages, the risk of miscarriage was estimated 
to be less than 2% by 4 weeks after first detection of infec-
tion in the first trimester [3].

A recent study used national monthly incidence rates of 
spontaneous miscarriage between 2017–2021 in Israel to 
examine potential effects of the COVID-19 pandemic [18]. 
The average observed miscarriage rate was 22.0% with a 
slight upward trend. A calculated prediction for the third 
wave with the Omicron virus variant could range from 22.8 
to 25.3%.

SARS‑CoV‑2 infections and ART treatments

Studies on the impact of SARS-CoV-2 infection on ART 
treatment course have presented conflicting results. For 
example, a cohort study from Italy found no significant 
differences in implantation rates, clinical pregnancy rates, 
and miscarriage rates for the first year of the pandemic with 
749 treatment cycles compared with 844 treatments that 
had occurred in 2019 [19]. Only women without evidence 
of active SARS-CoV-2 infection were treated: “COVID-
free protocol” to protect patients and treatment providers. 
Another cohort study from Italy with data from ART treat-
ments during the dramatic pandemic situation in asympto-
matic patients showed no difference in treatment outcome 
compared with 2019 [20]. From CRONOS trial data, 65 
pregnancies after ART were compared with 1420 spon-
taneously conceived pregnancies [21]. Severe courses of 
SARS-CoV-2 infection were not more common in women 
with ART pregnancies than in the comparison group. An 
increased risk of pregnancy complications after assisted 
reproduction was due to several factors such as older age, 
multiple pregnancies, and BMI over 30. The risk of miscar-
riage could not be studied due to insufficient numbers.

Effects of SARS‑CoV‑2 vaccination on ART outcome 
and miscarriage rates

Recent Studies tend not to show an increased risk for an 
unfavorable course of fertility treatment or early pregnancy 
due to SARS-CoV-2 vaccination. For example, a systematic 

meta-analysis shows no adverse effects of vaccination 
against SARS-CoV-2 on fertility, infertility, or the course of 
fertility treatment [22]. Another more recent meta-analysis 
of 20 studies with a total of 18,877 ART treatment cycles 
also showed no significant negative effects of vaccination 
against SARS-CoV-2 on treatment outcome compared with 
nonvaccinated women [23]. A population-based study of 
18,780 women with miscarriages from the United King-
dom found no association of vaccination with miscarriages 
compared with unvaccinated women before the pandemic 
(adjusted odds ratio of 1.02, 95% CI of 0.96–1.09 [24]). A 
Norwegian study showed a lower relative risk of miscarriage 
in women after vaccination [25]. A Spanish retrospective 
observational study of 510 women with SARS-CoV-2 vac-
cination found no adverse effects on ART treatment course 
and ovarian reserve comparing the different vaccines [26]. 
This study did not have a comparison group of non-vacci-
nated women or a comparison group of women with and 
without proven infections.

In our study, SARS-CoV-2 vaccination was also not 
associated with negative effects on the course of ART treat-
ment—in fact, in treatment cycles where partners had basic 
immunization against SARS-CoV-2, statistically signifi-
cantly higher pregnancy rates were found than in cycles with 
both unvaccinated partners (p = 0.011). It is likely that the 
effect is not due to vaccination directly but to risk reduction 
of infection or severe infection [22].

Strengths and limitations

During spring 2022, a higher number of miscarriages after 
ART than expected occurred at our center. We planned a 
retrospective, monocentric cohort analysis with prospec-
tively collected data from summer 2022 onwards. Data 
from 211 couples on SARS-CoV-2-infections and vaccina-
tions were collected using a structured short questionnaire. 
At the time of the study, self-testing was routine, SARS-
CoV-2 infections were confirmed in a standardized manner 
by PCR testing, and the impact of SARS infection on daily 
life was severe in 2022. Therefore, the self-reported infor-
mation of t time and symptoms can be considered reliable. 
Other strengths of the study include the high inclusion of 
335/338 possible couples with 99.1% participation rate in 
the survey. Infection and vaccination status of both partners 
were assessed. The rapid analysis and publication of data, 
even before data from the IVF registry are available, is also 
a strength of the study. There are no comparable studies of 
miscarriage rates after spontaneous conception. Women with 
early miscarriages are increasingly treated conservatively 
with a wait-and-see strategy without the need for curettage 
[27]. A change in the number of miscarriages in Germany 
is difficult to estimate.
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The data on infections were based on self-reporting of the 
study participants. Further limitations of the study are the 
possible recall and interviewer bias. A reliable antibody status 
for SARS-CoV-2 infections could not be used for the study, 
as a clinical marker for SARS-CoV2-immunity has not been 
established at the time of the study [28]. Asymptomatic infec-
tions may be underreported, and the proportion of undetected 
infections can be estimated 1.5–4 times higher than the num-
ber of confirmed cases [28]. Regarding infections < 3 months 
before ART treatment, the small numbers in this study in each 
group limited the statistical analysis. Nevertheless, the effect 
on miscarriage rate was also high after infection in a time-
frame of 3 months prior to ART (50.0% (5/10) after infection 
vs. 30.9% (21/68) without infection, p = 0.292).

Conclusion

This monocentric study indicates that SARS-CoV-2 infec-
tions in couples prior to ART treatment may result in a lower 
pregnancy rate. In particular, infections in the woman were 
associated with a higher risk of miscarriage in this study. It 
is not yet clear whether these risks will also be confirmed in 
the German IVF Registry. Possible consequences for further 
phases with high numbers of SARS-CoV-2 infections and 
future virus variants would be that couples wishing to have 
children should wait at least 3–6 months after an infection 
before starting ART treatment.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00404- 023- 07228-w.

Acknowledgements Overview of the Corona Rules of the University 
Hospital by Franziska Hannemann, Central Department of Quality and 
Risk Management (see Appendix).

Autor contributions VE: data collection and management, manuscript 
writing/editing. KG: protocol/project development. MEL: manuscript 
writing/editing. JS: data collection or management, manuscript writing/
editing. AK: data analysis. PW: protocol/project development. MG: 
protocol/project development, data collection or management, data 
analysis, manuscript writing/editing.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors declare that no funds, grants or other support were 
received during the preparation of this manuscript.

Data availability The data that support the findings of this study are 
available on request from the corresponding author MG upon reason-
able request. The data are not publicly available due to protection of 
privacy of included patient data.

Declarations 

Conflict of interest MG has received speaker honoraria from Ferring, 
Gedeon Richter, Merck Serono and Jenapharm; all other authors have 
no relevant financial or non-financial interests to disclose.

Ethic approval The study protocol has been approved by the local eth-
ics committee (BO-EK-349082022). The study was conducted follow-
ing the principles outlined in the Declaration of Helsinki.

Consent to participate Informed consent was obtained from all par-
ticipants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Veiga A, Gianaroli L, Ory S, Horton M, Feinberg E, Penzias A 
(2020) Assisted reproduction and COVID-19: a joint statement of 
ASRM, ESHRE and IFFS. Fertil Steril. https:// doi. org/ 10. 1016/j. 
fertn stert. 2020. 06. 044

 2. Tufvesson K, Catalini L, Fedder J (2022) Semen parameters 
after SARS-CoV-2 infection: a literature review. Health Sci Rep. 
https:// doi. org/ 10. 1002/ hsr2. 745

 3. Donders G, Bosmans E, Reumers J et al (2022) Sperm quality 
and absence of SARS-CoV-2 RNA in semen after COVID-19 
infection: a prospective, observational study and validation of the 
SpermCOVID test. Fertil Steril. https:// doi. org/ 10. 1016/j. fertn 
stert. 2021. 10. 022

 4. Pecks U, Mand N, Kolben T et al (2022) The CRONOS regis-
try. SARS-CoV-2 infection during pregnancy. Dtsch Arztebl Int. 
https:// doi. org/ 10. 3238/ arzte bl. m2022. 0266

 5. Krüssel JS, Kimmel M, Czeromin U, Tandler-Schneider, (2021) 
Reproduktionsmedizin in Zeiten von SARS-CoV-2: Behandlung-
szahlen in Deutschland trotz Pandemie gestiegen. J Reproduk-
tionsmed Endokrinol 18:40–41

 6. Ben-Kimhy R, Youngster M, Medina-Artom TR et al (2020) Fer-
tility patients under COVID-19: attitudes, perceptions and psycho-
logical reactions. Hum Reprod. https:// doi. org/ 10. 1093/ humrep/ 
deaa2 48

 7. Esposito V, Rania E, Lico D et al (2020) Influence of COVID-19 
pandemic on the psychological status of infertile couples. Eur 
J Obstet Gynecol Reprod Biol. https:// doi. org/ 10. 1016/j. ejogrb. 
2020. 08. 025

 8. D.I.R-Jahrbuch 2018 (2019) J Reproduktionsmed Endokrinol 
16:1–56. https:// www. deuts ches- ivf- regis ter. de/ perch/ resou rces/ 
dir- jahrb uch- 2018- deuts ch-4. pdf. Accessed 27 Sept 2023

 9. D.I.R-Jahrbuch 2019 (2020) J Reproduktionsmed Endokrinol 
17:1–60. https:// www. deuts ches- ivf- regis ter. de/ perch/ resou rces/ 
dir- jahrb uch- 2019- de. pdf. Accessed 27 Sept 2023

 10. D.I.R-Jahrbuch 2020 (2021) J Reproduktionsmed Endokrinol 
18:1–60. https:// www. deuts ches- ivf- regis ter. de/ perch/ resou rces/ 
dirjb 2020de. pdf. Accessed 27 Sept 2023

 11. D.I.R-Jahrbuch 2021 (2022) J Reproduktionsmed Endokrinol 
19:1–60. https:// www. deuts ches- ivf- regis ter. de/ perch/ resou rces/ 
dir- jahrb uch- 2021- deuts ch-1. pdf. Accessed 27 Sept 2023

https://doi.org/10.1007/s00404-023-07228-w
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.fertnstert.2020.06.044
https://doi.org/10.1016/j.fertnstert.2020.06.044
https://doi.org/10.1002/hsr2.745
https://doi.org/10.1016/j.fertnstert.2021.10.022
https://doi.org/10.1016/j.fertnstert.2021.10.022
https://doi.org/10.3238/arztebl.m2022.0266
https://doi.org/10.1093/humrep/deaa248
https://doi.org/10.1093/humrep/deaa248
https://doi.org/10.1016/j.ejogrb.2020.08.025
https://doi.org/10.1016/j.ejogrb.2020.08.025
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2018-deutsch-4.pdf
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2018-deutsch-4.pdf
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2019-de.pdf
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2019-de.pdf
https://www.deutsches-ivf-register.de/perch/resources/dirjb2020de.pdf
https://www.deutsches-ivf-register.de/perch/resources/dirjb2020de.pdf
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2021-deutsch-1.pdf
https://www.deutsches-ivf-register.de/perch/resources/dir-jahrbuch-2021-deutsch-1.pdf


313Archives of Gynecology and Obstetrics (2024) 309:305–313 

1 3

 12. Giakoumelou S, Wheelhouse N, Cuschieri K et al (2016) The role 
of infection in miscarriage. Hum Reprod Update. https:// doi. org/ 
10. 1093/ humupd/ dmv041

 13. Kazemi SN, Hajikhani B, Didar H et al (2021) COVID-19 and 
cause of pregnancy loss during the pandemic: a systematic review. 
PLoS One. https:// doi. org/ 10. 1371/ journ al. pone. 02559 94

 14. Hagenbeck C, Pecks U, Fehm T et al (2020) Pregnancy, birth, 
and puerperium with SARS-CoV-2 and COVID-19. Gynakologe. 
https:// doi. org/ 10. 1007/ s00129- 020- 04637-9

 15. la Cour Freiesleben N, Egerup P, Hviid K et al (2021) SARS-
CoV-2 in first trimester pregnancy: a cohort study. Hum Reprod. 
https:// doi. org/ 10. 1093/ humrep/ deaa3 11

 16. Balachandren N, Davies MC, Hall JA et al (2022) SARS-CoV-2 
infection in the first trimester and the risk of early miscarriage: a 
UK population-based prospective cohort study of 3041 pregnan-
cies conceived during the pandemic. Hum Reprod. https:// doi. org/ 
10. 1093/ humrep/ deac0 62

 17. Maranto M, Zaami S, Restivo V et  al (2023) Symptomatic 
COVID-19 in pregnancy: hospital cohort data between May 2020 
and April 2021, risk factors and medicolegal implications. Diag-
nostics (Basel). https:// doi. org/ 10. 3390/ diagn ostic s1306 1009

 18. Travis-Lumer Y, Goldberg Y, Kodesh A et al (2023) Rates of 
spontaneous abortion in Israel before and during the COVID-19 
pandemic. JAMA Netw Open. https:// doi. org/ 10. 1001/ jaman etwor 
kopen. 2023. 0233

 19. Huri M, Noferi V, Renda I et al (2022) The COVID-19 pandemic 
impact on the outcome of medically assisted reproduction preg-
nancies. Front Reprod Health. https:// doi. org/ 10. 3389/ frph. 2022. 
860425

 20. Levi Setti PEL, Cirillo F, Immediata V et al (2021) First trimester 
pregnancy outcomes in a large IVF center from the Lombardy 
County (Italy) during the peak COVID-19 pandemic. Sci Rep. 
https:// doi. org/ 10. 1038/ s41598- 021- 96134-9

 21. Ziert Y, Abou-Dakn M, Backes C et al (2022) COVID-19-re-
lated obstetric and neonatal outcome study (CRONOS) Network. 
Maternal and neonatal outcomes of pregnancies with COVID-19 

after medically assisted reproduction: results from the prospective 
COVID-19-related obstetrical and neonatal outcome study. Am J 
Obstet Gynecol. https:// doi. org/ 10. 1016/j. ajog. 2022. 04. 021

 22. Braun AS, Feil K, Reiser E et al (2022) Corona and reproduc-
tion, or why the Corona vaccination does not result in infertility. 
Geburtshilfe Frauenheilkd. https:// doi. org/ 10. 1055/a- 1750- 9284

 23. Zhang L, Sun X, Wang R, Ma F (2023) Effect of COVID-19 vacci-
nation on the outcome of in vitro fertilization: a systematic review 
and meta-analysis. Front Public Health. https:// doi. org/ 10. 3389/ 
fpubh. 2023. 11519 99

 24. Calvert C, Carruthers J, Denny C et al (2022) A population-based 
matched cohort study of early pregnancy outcomes following 
COVID-19 vaccination and SARS-CoV-2 infection. Nat Com-
mun. https:// doi. org/ 10. 1038/ s41467- 022- 33937-y

 25. Magnus MC, Gjessing HK, Eide HN et al (2021) Covid-19 vac-
cination during pregnancy and first-trimester miscarriage. N Engl 
J Med. https:// doi. org/ 10. 1056/ NEJMc 21144 66

 26. Requena A, Vergara V, González-Ravina C et al (2023) The 
type of SARS-CoV-2 vaccine does not affect ovarian function in 
assisted reproduction cycle. Fertil Steril. https:// doi. org/ 10. 1016/j. 
fertn stert. 2022. 12. 022

 27. Musik T, Grimm J, Juhasz-Böss I, Bäz E (2021) Treatment options 
after a diagnosis of early miscarriage: expectant, medical, and 
surgical. Dtsch Arztebl Int. https:// doi. org/ 10. 3238/ arzte bl. m2021. 
0346

 28. Schulze-Wundling K, Ottensmeyer PF, Meyer-Schlinkmann KM 
et al (2023) Immunity against SARS-CoV-2 in the German popu-
lation. Dtsch Arztebl Int. https:// doi. org/ 10. 3238/ arzte bl. m2023. 
0072

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/humupd/dmv041
https://doi.org/10.1093/humupd/dmv041
https://doi.org/10.1371/journal.pone.0255994
https://doi.org/10.1007/s00129-020-04637-9
https://doi.org/10.1093/humrep/deaa311
https://doi.org/10.1093/humrep/deac062
https://doi.org/10.1093/humrep/deac062
https://doi.org/10.3390/diagnostics13061009
https://doi.org/10.1001/jamanetworkopen.2023.0233
https://doi.org/10.1001/jamanetworkopen.2023.0233
https://doi.org/10.3389/frph.2022.860425
https://doi.org/10.3389/frph.2022.860425
https://doi.org/10.1038/s41598-021-96134-9
https://doi.org/10.1016/j.ajog.2022.04.021
https://doi.org/10.1055/a-1750-9284
https://doi.org/10.3389/fpubh.2023.1151999
https://doi.org/10.3389/fpubh.2023.1151999
https://doi.org/10.1038/s41467-022-33937-y
https://doi.org/10.1056/NEJMc2114466
https://doi.org/10.1016/j.fertnstert.2022.12.022
https://doi.org/10.1016/j.fertnstert.2022.12.022
https://doi.org/10.3238/arztebl.m2021.0346
https://doi.org/10.3238/arztebl.m2021.0346
https://doi.org/10.3238/arztebl.m2023.0072
https://doi.org/10.3238/arztebl.m2023.0072

	Assisted reproduction after SARS-CoV-2-infection: results of a single-center cohort-study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistics

	Results
	ART treatments before and during the COVID-19 pandemic
	SARS-CoV-2 infection associated with ART cycles

	Discussion
	ART treatments during the COVID-19 pandemic
	Risks of SARS-CoV-2 infection in early pregnancy
	SARS-CoV-2 infections and ART treatments
	Effects of SARS-CoV-2 vaccination on ART outcome and miscarriage rates
	Strengths and limitations

	Conclusion
	Anchor 20
	Acknowledgements 
	References




