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Study question: What is the risk and prevalence of pregnancy loss (PL) in
women with COVID-19 compared to women without COVID-19?
Summary answer: Pregnant women with COVID-19 do not appear to be
at increased risk of miscarriage.
What is known already: Pregnant women with COVID-19 have an in-
creased risk to deliver preterm and to deliver a stillborn child in comparison to
pregnant women without the disease. Currently, many studies have evaluated
birth outcomes in pregnant women with COVID-19, however few regard the
risk of PL as most data were available on pregnancies infected during the third
trimester. Based on the data currently available, there is no evidence to suggest
that an infection with SARS-CoV-2 poses an increased risk of miscarriage.
Study design, size, duration: Our living systematic review is based on a
prospectively registered protocol (PROSPERO CRD42020178076; registered
22 April 2020). For this project a short separate protocol was developed
(https://osf.io/e8dhr/). The literature search was performed up until the 8th

of December 2021 and an update has been planned.
Participants/materials, setting, methods: We included retrospective
and prospective cohort studies of pregnant women with COVID-19, provided
that they contained information on PL. We calculated odds ratios (OR) and
risk differences with corresponding 95% confidence intervals (CI) and pooled
the data using random effects meta-analysis. To estimate risk prevalence, we
performed meta-analysis on proportions. Heterogeneity was assessed by I2.
Main results and the role of chance: We included 75 studies comprising a
total of 39826 pregnant women, of which 32663 pregnant women with
COVID-19 and 2610 controls. 1423 pregnant women with COVID-19 were
in their first trimester and 2700 were in their second trimester. Evidence level
was considered to be of low certainty.

The overall proportion of pregnancy loss in all COVID-19 pregnancies in-
cluding third trimester pregnancies was 1.2% (95% CI 0.7% to 1.8%; I2¼79%).
Selecting on first and second trimester pregnancies the proportion of preg-
nancy loss was 4.7% (95% CI 3.0% to 6.7%; I2¼71%).

When comparing pregnancy loss in cohorts of pregnant women with
COVID-19 to pregnant women without the disease the odds ratio was 1.26
(95% CI 0.74 to 2.18, I2¼0%; RD 0.12%, 95% CI -0.62 to 0.85, I2¼0%).
Selecting on only first and second trimester pregnancies, the odds ratio for
pregnancy loss was 1.35 (95% CI 0.46 to 3.93, I2¼0%; RD 0.35%, 95% CI -
1.44 to 2.15, I2¼0%;).

The overall proportion of ectopic pregnancy in all COVID-19 pregnancies
cohorts including third trimester pregnancies was 0.61% (95% CI 0.1% to
1.4%; I2¼49.8%). Selecting on first and second trimester pregnancies the pro-
portion of ectopic pregnancy was 2.0% (95% CI 0.3% to 5.9%; I2¼40%).
Limitations, reasons for caution: Most included studies were hospital-based
studies such that selection bias towards more severe infections seems likely. A mi-
nority of studies reported on first and second trimester pregnancies.
Wider implications of the findings: At this moment there are no indica-
tions that COVID-19 increases the risk of miscarriages. In view of the wide
insecurities around the risk estimates further well-designed studies are re-
quired, that consider the clinical manifestation of COVID-19 and include first
and second trimester pregnancies.
Trial registration number: Not applicable
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Study question: What is the effect of COVID-19 infection on pregnancy
rates in frozen embryo transfer (FET) cycles?
Summary answer: Past COVID-19 infection decreased pregnancy rates in
FET cycles, especially in patients with recent infection.
What is known already: ACE2 and TMPRSS2 are expressed in the endo-
metrium, potentially enabling SARS-COV-2 viral invasion of the cells. Unlike
with bacterial infections, the effect of viral infections in general on implanta-
tion and pregnancy rates is unclear. Some evidence suggests that early embry-
onic and trophoblastic infection, may result in impaired implantation or
placentation. A recently published study including both recovered and vacci-
nated patients did not find an effect of COVID-19 immunity on FET cycle out-
comes. The study did not stratify by time from infection thus the immediate
consequences of infection on pregnancy rates could not be properly
evaluated.
Study design, size, duration: A retrospective cohort study, including 41
COVID-19 recovered women, aged 20-42 years that underwent FET cycles,
and 41 controls between January 1, and June 31, 2021, at a large IVF unit.
Participants/materials, setting, methods: Embryos transferred were the
product of fresh cycles performed prior to infection. Maximal time from infec-
tion to transfer was defined as one year. The study group was matched by
age, number of embryos transferred and day of transfer, to unvaccinated
patients, with no history of past infection that underwent FET cycles during
the same period. Demographics and cycle characteristics were recorded.
Clinical and ongoing pregnancy rates were compared, with further stratifica-
tion by time from infection.
Main results and the role of chance: Clinical pregnancy rates were 29.3%
and 48.8% for the recovered and control patients respectively (p¼ 0.070).
Ongoing pregnancy rates were 26.6% vs. 43.4% (p¼ 0.093). Mean age at
ovum pickup (30.72 vs. 30.69; p¼ 0.929) and at transfer (31.56 vs. 31.58;
p¼ 0.966) was similar between groups, as were the demographic characteris-
tics and previous retrievals and transfers. The predominant transfer protocol
used was different between groups with higher rates of natural cycle (NC)
protocol in the COVID group (61% vs. 33.3%; p¼ 0.013. All other cycle
characteristics including endometrial width, number of embryos transferred,
day of embryo transfer and embryo grade were similar. Stratification by time
from COVID-19 infection to transfer into �60 and >60 days revealed a sig-
nificant difference in pregnancy rates, with recovered women having lower
pregnancy rates if infected in proximity to the transfer (20.7% vs. 55.2%;
p¼ 0.006). In a logistic regression model, infection was a significant variable
(p¼ 0.05, OR 0.325, 95% CI 0.106-0.998). Logistic regression applied on the
subgroup of women infected in proximity to the transfer, further strength-
ened the univariate results, with COVID-19 infection remaining a significant
parameter (p¼ 0.005, OR 0.072, 95% CI 0.012-0.450).
Limitations, reasons for caution: A retrospective study, with a limited
sample size, but nevertheless our results showed significant differences.
Wider implications of the findings: Further studies with larger groups are
warranted to support these findings. Pending further information, in cases of
FET cycles with limited numbers of embryos (advanced age, embryo donation,
fertility preservation, embryos following sperm extraction), postponing embryo
transfer for at least 60 days following recovery might be considered, if feasible.
Trial registration number: HMC-0010-21
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