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OBJECTIVE: The World Health Organization has recently declared a monkeypox outbreak as a
public health emergency of global concern. The main aim of this systematic review was to
ascertain the maternal and perinatal outcomes of pregnancies complicated by monkeypox
infection.
DATA SOURCES: The Medline, Embase, and Cochrane databases were searched on June 25,
2022 utilizing combinations of the relevant medical subject heading terms, key words, and
word variants for “monkeypox” and “pregnancy.”
STUDY ELIGIBILITY CRITERIA: The search and selection criteria were restricted to the English
language.
METHODS: The outcomes observed were miscarriage; intrauterine, neonatal, and perinatal
death; preterm birth, vertical transmission, and maternal symptoms. A metaanalysis of propor-
tions was used to analyze the data.
RESULTS: Four studies were included. All the cases in the present systematic review pre-
sented with symptoms and signs of monkeypox infection. There was no case of maternal
death. Miscarriage occurred in 39% of cases (95% confidence interval, 0−89.0), whereas
intrauterine fetal death occurred in 23.0% (95% confidence interval, 0−74.0) of cases. The
overall incidence of late fetal and perinatal loss was 77.0% (95% confidence interval, 26.0
Objectives

M onkeypox is a viral zoonosis
induced by an enveloped, dou-

ble-stranded DNA virus belonging to
the Orthopoxvirus genus of the Poxviri-
dae family. Several outbreaks of mon-
keypox infection have been reported in
the last decades, including those in the
Democratic Republic of the Congo,
Nigeria, and Gambia.1 More recently,
multiple cases of monkeypox were iden-
tified in several nonendemic countries
in May 2022, mainly the United King-
dom, thus highlighting the role of mon-
keypox as a disease of public health
importance. In view of the rapid spread
of human monkeypox worldwide, on
July 23, 2022, the World Health
−100), whereas only 23% (95% confidence interval, 0−74.0) of the included fetuses sur-
vived to birth. The incidence of preterm birth before 37 weeks of gestation was 8.0% (95%
confidence interval, 0−62.0). Vertical transmission occurred in 62.0% (95% confidence inter-
val, 3.0−100) of cases. When stratifying the analysis according to gestational age at infection,
fetal loss was found to occur in 67.0% (95% confidence interval, 9.0−99.0) of cases with
first-trimester infection and in 82.0% (95% confidence interval, 17.0−100) of those with sec-
ond-trimester infection.
CONCLUSION: Monkeypox infection in pregnancy is associated with a high risk of perinatal
loss and vertical transmission. The preliminary results from this systematic review affected by
a very small number of included cases highlight the need for thorough maternal and fetal sur-
veillance in pregnancies complicated by monkeypox infection.
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EDITOR'S CHOICE
Organization (WHO) declared mon-
keypox a global health emergency.

The course of monkeypox infection in
humans not been completely explored
yet, but it is commonly characterized by
a prodroma with fever, intense head-
ache, lymphadenopathy, myalgia, and
intense asthenia followed by a skin rash
that tends to be more concentrated on
the face and extremities. The course of
the infection is commonly self-limiting,
but immunocompromised individuals
are vulnerable to more serious disease
and have a higher case fatality rate.2

Most studies on monkeypox infection
in humans do not include pregnant peo-
ple. However, previous studies in preg-
nancy on the outcome of infection by
smallpox—a virus belonging to the Pox-
viridae family—have reported a high
fatality rate for the infection once
acquired in pregnancy, especially when it
was acquired in the third trimester of
pregnancy or in patients with hemor-
rhagic disease. Despite the potential simi-
larity between the 2 viral strains, there are
currently no robust data on the outcome
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Why was this study conducted?
Most studies on monkeypox infection in humans do not include pregnant peo-
ple. The sporadic case reports published mainly in developing countries do not
allow to extrapolate robust evidence on the actual risk of adverse maternal and
perinatal outcomes in people with monkeypox infection in pregnancy.

This systematic review and metaanalysis aimed to report the maternal and
perinatal outcomes of pregnancies complicated by monkeypox infection.

Key findings
The findings from this systematic review showed that monkeypox acquired in
pregnancy is associated with a high risk of miscarriage, intrauterine fetal death,
and vertical transmission. The risk of fetal loss was similar in infections acquired
in the first or second trimester.

What does this add to what is known?
This is the first systematic review on monkeypox infection in pregnancy. A thor-
ough literature search and multitude of outcomes explored represent the main
strengths of the present study. A large worldwide registry of monkeypox infec-
tion in pregnant people is urgently needed to elucidate the actual burden of this
disease in pregnancy.

Systematic Review
of monkeypox infection in pregnancy.
The sporadic case reports published
mainly in developing countries do not
allow to extrapolate robust evidence on
the actual risk of adverse maternal and
perinatal outcome in people with mon-
keypox infection in pregnancy.3

This systematic review and metaanal-
ysis aimed to report the maternal and
perinatal outcomes of pregnancies com-
plicated by monkeypox infection.
Methods
Protocol, information sources, and
literature search
This review was performed according to a
protocol designed a-priori and recom-
mended for systematic reviews and
metaanalysis.4,5 The International Pro-
spective Register of Systematic Reviews
registration number is CRD42022351339.
The Medline, Embase, and Cochrane
databases were searched electronically
on June 25, 2022, utilizing combinations
of the relevant medical subject heading
(MeSH) terms, key words, and word var-
iants for “monkeypox” and “pregnancy”
(Supplementary Table 1). The search and
selection criteria were restricted to the
English language. Reference lists of rele-
vant articles and reviews were hand
searched for additional reports. The
2 AJOG MFM January 2023
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines
(PRISMA) were followed.6

Outcome measures, study selection,
and data collection
The outcomes observed were as follows:

� Fetal loss, including miscarriage and
intrauterine fetal death (IUFD)

� Neonatal death (NND), defined as
death occurring at up to 28 days of
life

� Perinatal loss, including both fetal
loss and neonatal death

� Fetal anomalies detected either at
ultrasound or birth

� Preterm birth, defined as birth
before 37 weeks’ gestation

� Maternal symptoms and severe dis-
ease requiring hospitalization

� Maternal death
� Vertical transmission, defined as the
presence of laboratory-confirmed
analysis on fetal or neonatal sample
(amniotic fluid or cord blood) or the
presence of clinical manifestations
suggestive of monkeypox infection

Both prospective and retrospective
studies were included. Two authors
reviewed all abstracts independently.
Agreement regarding potential
relevance was reached by consensus.
Full-text copies of those articles were
obtained, and the same 2 reviewers
independently extracted relevant data
regarding study characteristics and
pregnancy outcome. Inconsistencies
were discussed by the reviewers and
were resolved by consensus or by dis-
cussion with a third author. If >1 study
was published for the same cohort with
identical endpoints, the report contain-
ing the most comprehensive informa-
tion on the population was included to
avoid overlapping populations.

Quality assessment, risk of bias, and
statistical analysis
Although case series and case reports
are generally biased, specific tools to
assess their quality in the context of a
systematic review have been specifically
developed. The quality assessment of
the included studies was performed
using a standardized tool adapted from
Murad et al7. Studies were rated as hav-
ing low, moderate, or high risk of bias.
We used random effect metaanalyses

of proportions to analyze the data.
Between-study heterogeneity was
explored using the I2 statistic, which
represents the percentage of between-
study variation that is owing to hetero-
geneity rather than chance. A value of
0% indicates no observed heterogeneity,
whereas I2 values of ≥50% indicate a
substantial level of heterogeneity.
All analyses were carried out using

Stata, version 13.1 (StataCorp, College
Station, TX).

Results
Study selection and characteristics
A total of 2488 articles were identified;
15 were assessed with respect to their
eligibility for inclusion, and 4 studies
were included in the systematic review
(Table 1, Figure, Supplementary Table
2).8−11 These 4 studies included 7 cases
with monkeypox infection acquired dur-
ing pregnancy. All the studies were from
countries in which monkeypox infection
is endemic (2 from Nigeria, 1 from
Democratic Republic of the Congo, and
1 from Zaire). All the included cases
acquired the infection during the first
and second trimesters of pregnancy and



TABLE 1
General characteristics of the studies included in the systematic review

Author Year Country Study design Period considered
Gestational age at
diagnosis

Stratification
according to the
disease severity Cases (n)

Ogoina et al8 2020 Nigeria Case series 2017−2018 II trimester No 1

Yinka-Ogunleye
et al9

2019 Nigeria Case report 2017−2018 II trimester No 1

Mbala et al10 2017 Democratic Republic
of the Congo

Case series 2007−2011 I−II trimester Yes 4

Jezek et al11 1983 Zaire Case report Not applicable I trimester No 1
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were hospitalized. The results of the
quality assessment of the included stud-
ies are presented in Supplementary Table
2. Three of the included studies showed
an overall low risk, whereas 1 showed a
high risk of bias. For each outcome, the
total number of publications included in
the metaanalyses was <10. We were
thus unable to assess publication bias,
either graphically, through funnel plots,
or formally through Egger’s regression
asymmetry test (in such cases, the power
is too low to distinguish chance from
real asymmetry).12−14
TABLE 2
Pooled proportions for the outcomes ob
infection

Outcome

Maternal death

Miscarriage

Intrauterine demise

Neonatal death

Overall fetal or neonatal losses

Alive

Fetal anomalies

Preterm birth <37 wk

Vertical transmission

Clinical manifestations

Maternal symptoms

Severe maternal symptoms requiring hospitalizat
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Synthesis of the results
All the cases included in the present sys-
tematic review presented with symptoms
and signs of monkeypox infection and
tested positive after polymerase chain
reaction (PCR). There was no case of
maternal death. Miscarriage occurred in
39% (95% confidence interval [CI], 0
−89.0), whereas IUFD occurred in
23.0% (95% CI, 0−74.0) of the cases.
There was no case of NND within
30 days from birth, but 1 case reported
by Jezek and Fenner11 had NND at 6.5
weeks of age, apparently owing to
served in the present systematic review i

Studies Fetuses (n/N) Pooled proportio

4 0/7 0.00 (0.00−0.27

4 3/7 0.39 (0.00−0.89

4 2/7 0.23 (0.00−0.74

4 0/7 0.00 (0.00−0.27

4 5/7 0.77 (0.26−1.00

4 2/7 0.23 (0.00−0.74

4 2/7 0.23 (0.00−0.74

2 1/5 0.08 (0.00−0.62

3 3/6 0.62 (0.03−1.00

4 7/7 1.00 (0.73−1.00

4 7/7 1.00 (0.73−1.00

ion 4 7/7 1.00 (0.73−1.00
l MFM 2022.
malnutrition; however, the newborn
showed a neonatal rash, clinically consis-
tent with congenital monkeypox virus
infection.14 The overall incidence of fetal
and perinatal loss was 77.0% (95% CI,
26.0−100), whereas only 23% (95% CI, 0
−74.0) of the included fetuses survived
to birth. The incidence of preterm birth
before 37 weeks of gestation was 8.0%
(95% CI, 0−62.0). Assessment of vertical
transmission was hampered by the facts
that some of the fetal losses occurred in
the early second trimester and no formal
PCR analysis was performed on the
n pregnant people with monkeypox

ns (95% confidence interval) I2 (%)

) 0.00

) 0.00

) 0.00

) 0.00

) 0.00

) 0.00

) 0.00

) no value (nv)

) 23.84

) 0.00

) 0.00

) 0.00
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FIGURE
Systematic review flowchart
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aborted tissue. The overall incidence of
vertical transmission was 62.0% (95%
CI, 3.0−100). A meaningful subgroup
analysis according to severity of maternal
infection could not be performed,
whereas that according to the trimester
of infection was affected by the very
small sample size. The overall incidence
of fetal loss was 67.0% (95% CI, 9.0
−99.0) following first-trimester infection
and 82.0% (95% CI, 17.0−100) in those
with second-trimester infection.
4 AJOG MFM January 2023
Comment
Main findings
The findings from this systematic
review showed that monkeypox
acquired in pregnancy is associated
with a high risk of miscarriage, IUFD,
and vertical transmission. The risk of
fetal loss was similar if the infection was
acquired in the first or second trimester.
Unfortunately, the very small number
of included cases do not allow to extrap-
olate robust evidence or conclusions.
Strengths and limitations
This is one of the earliest systematic
reviews on monkeypox infection in
pregnancy. A thorough literature search
and multitude of outcomes explored
represent the main strengths of the
study. The very small number of cases
included in the present review, retro-
spective design of the studies, the fact
that most cases were case reports, and
lack of knowledge on HIV status and
other comorbidities represent its main
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limitations. Furthermore, assessment of
vertical transmission of the virus was
not based exclusively on the virological
analysis of fetal tissues but rather on the
presence of macroscopic signs of the
disease, thus making it difficult to
extrapolate the actual risk of congenital
infection. Finally, all the included cases
were admitted to the hospital owing to
maternal symptoms. In this scenario,
the very high rates of adverse perinatal
outcomes reported in the present review
may represent an overestimation of the
actual burden of the disease in preg-
nancy.

Clinical and research implications
The recent outbreaks of monkeypox
infection in several nonendemic coun-
tries have highlighted this infection as a
major issue of public health importance.
In nonpregnant individuals, the course
of the infection is usually uneventful;
immunocompromised individuals are
more likely to develop the severe form
of the disease and have a higher case
fatality rate. Monkeypox usually causes
a systemic illness that includes fevers,
chills, myalgias, and a characteristic
rash. However, during the 2022 out-
break, some patients presented with
genital, anal, and/or oral lesions without
systemic illness.
Most cases of monkeypox have

occurred in Central and West Africa,
though recent outbreaks have also been
reported in nonendemic countries. In
endemic countries, the strain isolated
from West Africa appears to be less vir-
ulent than the one from Central Africa.
Conversely, data on outcomes in

pregnant persons with monkeypox
infection are clearly limited and are sub-
ject to reporting bias. Previous studies
on smallpox infection—a virus belong-
ing to the Poxviridae family—have
reported a high fatality rate once it is
acquired in pregnancy, especially when
it is acquired in the third trimester of
pregnancy or in patients with hemor-
rhagic disease.3,15 However, it is not
entirely certain whether these findings
are applicable to persons with monkey-
pox infection.
The findings from this systematic

review, which is limited by the very
small number of included cases, suggest
a high rate of miscarriage and perinatal
loss in people with monkeypox infec-
tion in pregnancy. However, these
results should be interpreted with cau-
tion. The systematic review included
only 7 cases of pregnant people with
monkeypox infection. Furthermore, all
the included cases were hospitalized
owing to moderate or severe disease,
thus potentially overestimating the peri-
natal risks associated with the infection.
Finally, there was no formal assessment
of pregnancy status in all the included
studies.

Although it has been suggested that
transplacental transmission from the
mother to fetus may be responsible for
congenital monkeypox, this risk is far
from established. There were 2 cases of
fetal demise in the third trimester; how-
ever, there was no information on other
potential causes of fetal death, including
chromosomal anomalies or malforma-
tion. Of the 2 cases that were reported
to have vertical transmission and deliv-
ered in the third trimester, both showed
clinical signs of monkeypox infection,
including diffuse cutaneous maculopa-
pillary lesions on the skin of the head,
trunk, and extremities; 1 fetus also
showed hydrops. More importantly,
worse pregnancy outcomes were mainly
observed in cases with severe disease.
Based on this, accurate fetal surveillance
is warranted when maternal monkey-
pox infection is confirmed, especially
when the infection is severe and
requires hospitalization.

Several guidelines for the manage-
ment of pregnancy with suspected mon-
keypox infection have been recently
published.16,17 Once a diagnosis of the
infection is made by PCR analysis,
patients should be carefully monitored
to identify the early signs of progression
of the severity of the disease. Tecoviri-
mat and vaccinia immune globulin can
be considered for those with severe dis-
ease; cidofovir and brincidofovir have
shown evidence of teratogenicity in ani-
mal studies. Modified Vaccinia Ankara-
Bavarian Nordic is a third-generation
smallpox vaccine recently approved in
the United States, Canada, and the
European Union; it is considered
relatively safe because it contains non-
replicating virus and should be adminis-
tered to pregnant people who have close
contacts with individuals with con-
firmed monkeypox infection. The deci-
sion whether to treat and monitor a
pregnant person as an outpatient or in
the inpatient setting should be individu-
alized depending on the specific impact
of any treatment on pregnancy and lac-
tation.
However, more evidence is needed

from larger studies to guide more
appropriate management.
Conclusions
Monkeypox infection in pregnancy
seems to be associated with a high risk
of perinatal loss; this is probably owing
to vertical transmission of the virus, at
least in hospitalized patients. Despite
being limited by the very small number
of included cases, preliminary results
from this systematic review highlight
the need for thorough maternal and
fetal surveillance in pregnancies compli-
cated by monkeypox infection. A large
worldwide registry of monkeypox infec-
tion in pregnant people is urgently
needed to elucidate the actual burden of
this disease in pregnancy. &
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