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SYSTEMATIC REVIEW
COVID-19 in pregnant women and neonates: Clinical
characteristics and laboratory and imaging findings.

An overview of systematic reviews
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Abstract

Introduction: SARS-CoV-2 infection in the perinatal period may be associated with an increased risk of morbidity and
mortality in both the mother and the neonate.

Objective: To describe the clinical characteristics and laboratory and imaging findings in pregnant women with COVID-19
and their newborns.

Materials and methods: A search was conducted in PubMed, Scopus, Web of Science, and Cochrane databases for
systematic reviews published between February 1, 2020, and May 30, 2021, describing clinical characteristics and laboratory
and imaging (chest) findings in pregnant women with COVID-19 and their newborns; there were no language restrictions.
Data were reanalyzed by means of Bayesian meta-analysis using Markov Chain Monte Carlo (MCMC) methods. The study
protocol is registered in PROSPERO under code CRD42020178329.

Results: Six systematic reviews were retrieved (for a total of 617 primary studies). A narrative synthesis of the percentage
of signs, symptoms, and imaging and laboratory findings found in both mothers and neonates was performed. Odds ratios
(OR) between pregnant women with and without COVID-19 were: fetal well-being involvement: 1.9 (95%CI: 1.09-3.63);
stillbirth: 1.73 (95%CI: 1.01-2.94); preterm birth: 1.77 (95%CI: 1.25-2.61); and maternal admission to the intensive care

unit (ICU): 6.75 (95%CI: 1-31.19). Regarding symptomatology, an OR of 0.67 (95%CI: 0.51-0.93) was obtained for myalgia
between pregnant women and non-pregnant women with COVID-19.

Conclusions: Cough, fever, dyspnea, and myalgia are the most common symptoms in pregnant women with COVID-19; in
addition, there is a higher risk of admission to the ICU among them. Regarding complementary testing, the most frequent
alterations are lymphopenia and the evidence of lesions in chest imaging studies. The presence of COVID-19 in pregnant
women is associated with preterm birth. It seems that SARS-CoV-2 infection in neonates is not severe and that the risk of
vertical transmission is low, considering that no data on congenital malformations attributable to the virus were found.

Resumen

Introduccidn. La infeccién por SARS-CoV-2 en el periodo perinatal puede asociarse a un mayor riesgo de morbimortalidad
tanto en la madre como en el neonato.

Objetivo. Describir las caracteristicas clinicas y los hallazgos de laboratorio e imagenoldgicos en gestantes con COVID-19y
sus recién nacidos.

Materiales y métodos. Se realiz6 una bisqueda en PubMed, Scopus, Web of Science y Cochrane de revisiones sistematicas,
publicadas entre el 1 de febrero de 2020 y el 30 de mayo de 2021, que describieran caracteristicas clinicas y hallazgos de
exédmenes de laboratorio y de imagen (tdrax) en gestantes con COVID-19 y sus recién nacidos; no hubo restricciones de
idioma. Se reanalizaron los datos mediante metaandlisis bayesianos utilizando métodos de Monte Carlo basados en
Cadenas de Markov. El protocolo del estudio esta registrado en PROSPERO bajo el cédigo CRD42020178329.

Resultados. Se recuperaron 6 revisiones sistemdticas (para un total de 617 estudios primarios). Se realizé una sintesis
narrativa de las proporciones de los signos, sintomas y hallazgos imagenoldgicos y de laboratorio tanto de las madres, como
de los neonatos. Las Odds ratio (OR) entre las embarazadas con y sin COVID-19 fueron: compromiso del bienestar fetal: 1.9
(1C95%:1.09-3.63), mortinato: 1.73 (IC95%:1.01-2.94), nacimiento prematuro: 1.77 (IC95%:1.25-2.61) y admisién de la madre
aunidad de cuidados intensivos (UCI): 6.75 (IC95%: 1-31.19). Con relacién a la sintomatologia: la OR para la mialgia entre las
embarazadas y las no embarazadas con COVID-19 fue 0.67 (1C95%:0.51-0.93).

Conclusiones. Los sintomas mds comunes en las embarazadas con COVID-19 son tos, fiebre, disnea y mialgias; ademds,
existe un mayor riesgo de ingreso a UCL. En lo que respecta a los exdmenes complementarios, las alteraciones mds
frecuentes son la linfopenia y las lesiones evidenciadas en los estudios de imagen del térax. La presencia de COVID-19 en las
gestantes se asocia con nacimiento prematuro. Al parecer, la infeccién por SARS-CoV-2 en neonatos no es grave y el riesgo
de transmisién vertical es bajo, pues no se encontraron datos sobre malformaciones congénitas atribuibles al virus.

Rev. Fac. Med. | https://doi.org/10.15446/revfacmed.v71n1.97588

1/18


https://orcid.org/0000-0003-2804-2504
https://orcid.org/0000-0002-2874-9836
https://orcid.org/0000-0002-1747-5606
https://orcid.org/0000-0003-2741-9023
https://orcid.org/0000-0002-0967-5018
https://orcid.org/0000-0002-1370-9700
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

REVISTA DE LA FACULTAD DE MEDICINA Perinatal characteristics of COVID-19

Introduction

SARS-CoV-2 is a non-segmented, enveloped RNA virus belonging to the Coronaviridae
family of the order Nidovirales. This virus has high similarity to other coronaviruses report-
ed in the past (20-60% with MERS-CoV and 45-90% with SARS-CoV) and is responsible
for the 2019 coronavirus disease (COVID-19)."° SARS-CoV-2 uses the angiotensin-con-
verting enzyme 2 (ACE2) receptor as the main entry into cells; this receptor is found in the
mucosa of the respiratory tract, vascular endothelial cells, heart, intestine, and kidney.”*
The clinical manifestations of COVID-19 vary considerably, ranging from asymptomatic
patients to cases presenting with multiple organ dysfunction leading to death.*"
SARS-CoV-2 infection in the perinatal period has raised concerns about potential
outcomes for both pregnant women and newborns (NB)'** because the changes that
occur over the course of COVID-19 in the cardiorespiratory and immune systems increase
the susceptibility of pregnant women to respiratory infections. In addition, due to the
effect of estrogens in the nasopharynx, one fifth of pregnant women develop gestational
rhinitis, which can mask the coryza of this disease.”" According to Narang et al.,” the
incidence of preeclampsia also increases in pregnant women infected with SARS-CoV-2
due to the interaction of the virus with ACE2. Moreover, as reported by Juan et al.,'® this
virus can cross the wall of the chorionic villi and cause vertical transmission.
Consequently, the objective of the present study was to describe the clinical characteris-
tics and laboratory and imaging findings in pregnant women with COVID-19 and their NB.

Materials and methods

An overview of systematic reviews (SR) was performed. The study protocol is available
in the Prospective International Registry of Systematic Reviews (PROSPERO) under code
CRD42020178329."

Search strategy

The acronym POT was used for the preparation of this SR overview, and the letters stand
for: P (population): pregnant patients and their NBs; O (outcome): clinical, radiological
and laboratory characteristics of pregnant women with a confirmed diagnosis of
COVID-19 and their NBs; and T (type of study): SR of observational studies.

The search for SRs was carried out in PubMed, Scopus, Web of Science and Cochrane
Database of Systematic Reviews using the following search strategy: publication period:
February 1, 2020 to May 30, 2021; types of study: systematic reviews describing clinical
features and imaging and laboratory findings in pregnant women diagnosed with
COVID-19 and their NBs; language: unrestricted; search terms: “COVID-19”, “coronavirus”,

» o« » o« 2« » o«

“coronavirus covid-19”, “SARS CoV 2” “pregnant” “pregnant women”, “newborn” and
“neonate”, which were combined using the “OR” and “AND” connectors to establish the
search equations. The following validated filters were also used for the search: (((system-
atic review[ti] OR systematic literature review[ti] OR systematic quantitative review][ti]
OR systematic meta-review[ti] OR systematic critical review][ti] OR systematic mixed
studies review[ti] OR systematic mapping review[ti] OR systematic cochrane review|ti]
OR systematic search and review([ti]) NOT comment[pt] NOT (protocol[ti] OR protocols
[ti])) NOT MEDLINE [subset]) OR (Cochrane Database Syst Rev|ta] AND review[pt]) OR

systematic review|[pt].
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Inclusion criteria and quality of evidence

SRs that included primary cohort or case-control studies describing the clinical char-
acteristics and the results of laboratory tests and chest imaging studies (of pregnant
women and their NBs) were selected. Moreover, in order to improve the quality of the
evidence presented, only those SRs that obtained a score 270% in the critical evaluation
were included. The validated tool published by the Joanna Briggs Institute” was used to
assess the methodological quality of a study and determine the extent to which a study
addressed the possibility of bias in its design, implementation, and analysis.

Similarly, following the recommendations of the Cochrane Manual,” the quality of the
evidence was evaluated for each of the outcomes presented in the SRs included, consider-
ing the risk of bias, indirect evidence, inconsistency, and imprecision, in accordance with
the indications of the GRADE handbook.”

Search procedure

The present SR overview was carried out as follows: AEHT and CVA]J conducted the
database searches, and SVM and PCTP independently selected the articles based on the
title and abstract reading and then applied the inclusion criteria to select articles for
full-text reading. In case of disagreement, all authors reached a consensus decision. Data
extraction and transfer to the spreadsheet base form was performed by CSVT and MJPP.
Tables presenting the results were prepared by SVM and CSVT, while the meta-analyses
were performed by SVM. All authors participated in the final drafting of the document.

Statistical analysis

The odds ratio (OR) with its 95% confidence interval (95%CI), if available, was obtained
for each variable; the number of cases (n) and the total number of observations (N) were
also extracted, both to calculate the percentages and to reanalyze the data and confirm
the associations.

Bayesian random-effects meta-analyses were performed; they have multiple advan-
tages over the frequentist model, since the graphs accurately explain each parameter
and the number of patients, or sample size, does not influence the results. Therefore, this
statistical model is considered robust to outliers or heterogeneous values.”

In each meta-analysis, Markov chain Monte Carlo methods were applied, which
simulate values from the prior distribution and generate a representative sample of
values from the posterior distribution; to achieve this, four chains were structured, and
10 000 interactions were calculated.”** The effect size (ES) with its 95%CI quantifies the
difference between the groups analyzed. In addition, the forest plots show the values of
the estimated ES for each study; the overall ES estimated by the model is represented in
the graphs with the Greek letter mu (), and the OR corresponds to the antilogarithm of
1. The Bayes factor for effect size is presented using a sequential plot that shows how the
entry of each study determines the direction that the posterior probabilities of the model
take, either toward the alternative hypothesis (H1) or toward the null hypothesis (HO).

The Mendeley and Zotero reference managers were used for the management and
detection of duplicate articles, and the Rayyan QCRI collaborative web application
was used for the selection of SRs.”” Meta-analyses were performed with the statistical
software R v4.0.1*° and JASP.”
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Results

The initial search yielded 331 results, of which 202 were eliminated because they were
duplicates, 97 because they did not address the research topic, 18 because they did not
meet the inclusion criteria, and 8 because they were not considered relevant to the

research objective, so 6 SRs were finally included (Figure 1).

Systematic reviews identified
through database searches
(n=331)

\4

Systematic reviews after
removing duplicates
(n=129)

Y

Y

Systematic reviews selected
for their title and abstract
(n=32)

Y

Records excluded due to
duplication
(n=202)

Systematic reviews excluded
because they were not
relevant to the research topic
(n=97)

Y

Systematic full-text reviews
evaluated for eligibility
(n=14)

Systematic reviews excluded
because they did not meet the
inclusion criteria
(n=18)

Y

Systematic reviews included
in the study
(n=6)

Y

Systematic reviews excluded
after full-text analysis
(n=8)

Figure 1. Search and selection flowchart of systematic reviews.
Source: Own elaboration.

The SRs included described a total of 617 primary articles, of which 14 (0.02%) over-
lapped. Table 1 presents the main characteristics of the six SRs included in the study.
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Table 1. Characteristics of the systematic reviews included in the overview.

No. of Origin of prima; Critical
Author | primary Type of studies g dI" ry Population Comparison isal
studies studies appraisa
United States (n=58 .
China (n=31) E taly (21’:17) 14 studies compared pregnant
Spain (n=15) ’Turke ’ | versus non-pregnant women
P =), L urkey (n=602 565 women), 47 studies .
(n=8), United Kingdom compared preenant women with Pregnant women with
(n=7), India (n=7), Brazil P preg COVID-19 and non-
COVID-19 versus pregnant women .
(n=5), France (n=5), - pregnant women with
y without COVID-19 (n=26 017
= Mexico (n=5), Iran : COVID-19.
—~ . women), 82 cohort studies reported N
N - Comparative cohort: 131 (n=3), Portugal (n=3), . - . Pregnant women with risk
S ° : on clinical manifestations (n=41
(68.23%) Belgium, Denmark, factor and severe COVID-19 o
N 192 . 396 pregnant women, n=434 348 . 100%
= - Non-comparative cohort: 61 Netherlands, Peru and . and pregnant women with
[S] non-pregnant women), 92 studies . .
= (31.77%) Sweden (2 from each risk factor and without
reported maternal outcomes related
country), Bangladesh, B severe COVID-19.
. - to COVID-19 (n=49 443 pregnant .
Chile, Estonia, Israel, Pregnant women with
women, n=568 386 non-pregnant
Japan, Germany, Ireland, . COVID-19 and pregnant
: . women), and 95 studies reported . B
Kuwait, Pakistan, Qatar, 1 (ne women without COVID-19.
Romania. Russia and on materna (n=54 943 women)
Swi tzerla’n d (1 from each and perinatal (n=9 466 newborns)
country) * outcomes
- Case reports and series: 70 ggf:; gﬁigif)i:irﬁzzd
20.05%, o
f Cohort?Z (0.57%) (n=3), Germany (n=2),
- Cross-sectional: 6 (1.71%) Japan (n=4), Italy (n=8),
g8, . S v Israel (n=2), United The meta-analysis included 128 176
3 - Prospective: 8 (2.29%) Kined —4) Turk . ith Pregnant and non-pregnant
S - Descriptive: 3 (0.85%) ngdom .(n— ), Turkey | non-pregnant patients wi women with COVID-19, and
i~ 349 ST (n=3), Switzerland (n=3), | COVID-19 (228 studies) and 10 000 . 95%
g - Observational: 1 (0.28%) ~9): in additi . ith confirmed | Pregnant women without
£ - Case control (retrospective Iran (n-9),. in addition, pregnant patients with confirme COVID-19
- . y one of the included COVID-19 (121 studies)
Eross-s)ectlonal, prospective): 21 studies was conducted
6.01% . .
. in 22 countries and 17
- Retrospective cohort: 4 (1.14%) studios were conducted in
- Retrospective: 209 (83.09%) T different countries T
Data from 438 5458 pregnant Pregnant women with
. B women were included. There COVID-19 and pregnant
ISJn;'icI(id(iEit)esC(hni;f), were 28 studies of patients with women without COVID-19.
3 (1113— 4),1 t;I ’(n—3) France confirmed infection and patients Symptomatic pregnant
= - Retrospective cohort: 21 (50%). (n:3), Turie En—,Z) Iran without SARS-CoV-2 infection women with COVID-19 and
3 42 - Prospective cohort: 16 (38.1%). =) Turkey in=2), during pregnancy; 12 studies asymptomatic pregnant 81%
3 (n=2), India, Mexico . .
§ - Case control: 5 (11.9%) Swe dén Chile and U’nite d compared symptomatic versus women with COVID-19.
Kin dor’n (1 from each asymptomatic COVID-19 and Pregnant women with
coufrgl ) 13 studies on severe and mild severe COVID-19 and
wy COVID-19 during gestation were pregnant women with mild
included COVID-19
All 6 publications were
observational studies reporting
g, universal detection of SARS-CoV-2
3 P .
S United States (n=3), ?ri}gfr;n;;tgr}r?;d%gﬁrgﬁveries Pregnant women with
& 6 - Observational studies: 6 (100%) | Spain (n=1), India (n=1) - - - COVID-19 and pregnant 75%
E and Sweden (n=1) (including 14 multiples) of women | L0 ) G U covip-1e
g who tested positive for SARS-CoV-2
= and 3 836 deliveries (including 77
multiples) of women who tested
negative are described
For the descriptive analysis, 322
- pregnant women were included: 111 | Pregnant women
&, o, 1 -
~ - Case control: 4 (10.81%) (34.5 OA) ffiom t}ﬁe Net.heélands, 80 | with COVID-19 and
s - Case series: 9 (24.32%) The 4 control cases were (24.8%) from ¢ ¢ United States, 76 | non-pregnant women
@ 37% . ) : . (23.6%) from China, 43 (13.3%) from | with COVID-19. Pregnant 85%
] - Clinical cases: 23 (62.16%) from China 1 %) £ do and ith d
3 - National report: 1 (2.7%) Italy, 2 (0.6%) from Canada,and1 | women wi COVID-19 an
Zz A each from Honduras, South Korea, | pregnant women without
Sweden, Germany, Turkey, Iran, COVID-19
Australia, Spain, Peru, and India
NE - Retrospective cohort: 6 China (n=5), United Atotal of 591 058 women were Pregnant women with
8 (66.66%) States (n=2), Israel (n=1), . o
o 9 . o - - - described, of whom 28 797 were COVID 19 and non-pregnant 85%
g - Case control: 2 (22.22%) Mexico (n=1), United reenant women with COVID 19
g - Prospective cohort: 1 (11.11%) States (n=2) preg :

* The study by Jafari et al.” does not report the origin of 5 of the included studies.

T In the original study, these data are only reported for 324 of the 349 studies.

T Of the 37 articles included, 33 (case reports, national reports, and case series) were used for descriptive analysis and 4 (case-control studies) for meta-analysis.
Source: Own elaboration.
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Regarding symptoms in pregnant women with COVID-19, it was found that the per-
centage of asymptomatic patients ranged from 28.48% to 85.97%; that cough was present
in 41.26-48.54%;"°°" fever, in 17.52-74.98%;'*"****' myalgia, in 18.99-26.51%,"** and
dyspnea, in 5.64%-21.98%."“***' In addition, Allotey et al."* found that 35% (95%CI: 26-45)
of patients developed pneumonia and 22% of those patients (95%CI: 12-36) required
oxygen; these values were obtained from a single ratio meta-analysis.

The percentage of pregnant women with severe disease or who required admission to the
intensive care unit (ICU) ranged from 1.88% to 10.36%.****' Huntley et al.** reported that ma-
ternal sepsis occurred in 3.12% of cases, while Allotey et al.” reported a much lower incidence of
hepatic, cardiac or renal failure in patients, with a range of 0.00-0.13%. The maternal mortality
reported by Jafari et al.** (11.319%) was quite high compared to that reported by Novoa et al.,”
who reported 0.31%, and by Allotey et al.,”* who found a range of 0.00-0.08% for this outcome.

The most common comorbidities found were: obesity, diabetes (any type), preeclampsia,
hypertensive disorders and asthma, which ranged from 23.17-24.21%,"*' 3.31-9.98%,%°%'
2.34%-9.48%,"" 2.34%-9.01%,"*°"* and 7.81%,” respectively. Other interesting findings
were reported by Huntley et al.,*° who found that 33.05% of pregnant women with
COVID-19 were older than 35 years and that 8.49% smoked, and by Jafari et al.,** who
reported that 17.05% of pregnant women with COVID-19 were health care workers.

In the SRs reviewed, laboratory tests of pregnant women with COVID-19 reported
lymphopenia, leukocytosis, thrombocytopenia and elevated C-reactive protein (CRP) levels in

Allotey et al." reported elevated procalcitonin levels in 21% (95%CI: 0-59%) of the pregnant women;
in addition, these same authors found abnormal liver function tests in 13% (95%CI: 6-21%).

In turn, Novoa et al.” found elevated transaminase levels in up to 9% of pregnant women. Abnor-
malities in chest x-rays or CT scans were observed in 69%, 89% and 93.91% of pregnant women
according to Allotey ez al.," Jafari et al.,”® and Novoa et al.,” respectively.

Jafari et al.”® reported that 7.99% of NBs were positive for SARS-CoV-2 and that the virus
was isolated from placenta, vaginal secretion, umbilical cord, amniotic fluid and breast
milk samples in 12.08%, 4.74%, 5.86%, 5.57%, and 4.94%, respectively. Furthermore,
according to these same authors, 5.32% of NBs were infected by vertical transmission,
there was bacterial coinfection in 16.01% of pregnant women, and viral coinfection
occurred in 14.01% of cases, although the germs were not identified.*

Regarding obstetric outcomes, 30.81-54% of the newborns were delivered by cesarean
section and 13.31-20.98% were preterm; also, fetal well-being involvement (FWTI)
occurred in 4.91-15.97% of the cases.'****** The 54.51% figure reported by Jafari et al.**
for postpartum bleeding was significantly higher than that described in the reviews by
Allotey et al.," who found a percentage of 8% (95%CI: 3-14), and Huntley et al.,** who
reported that antepartum or postpartum bleeding occurred in 3.96% of cases. On the
other hand, Allotey et al."* and Jafari et al.” found that the percentage of pregnant women
with premature rupture of membranes (PROM) was 5.84% and 14.03%, respectively; in
addition, the latter study found that 4.02% of the pregnant women suffered miscarriages.

Regarding neonatal outcomes, Jafari et al.”® reported that 55.84% of infants born to
mothers with COVID-19 received breast milk substitutes, while 38.96% received mixed
feeding. Admission to neonatology units was reported in 12.75-33% of cases.****° Jafari et al.*®
also stated that the percentage of stillbirths and neonatal mortality was 4.04% and 2.51%,
respectively, the latter figure being considerably higher than that reported by Allotey et al.”*
and Novoa et al.,’® who reported <1%. Huntley et al.’® reported that 11.57% of the NBs were
small for gestational age, while those large for gestational age accounted for 8.94%. Further-
more, in that study, NBs requiring mechanical ventilation >6 hours accounted for 6.06%.
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Table 2 presents an overview of the SRs comparing pregnant and non-pregnant women
with COVID-19,"“"**%* while Table 3 presents an overview of the SRs comparing pregnant

women with and without COVID-19.42¢-%

Table 2. Comparison: pregnant and non-pregnant women with COVID-19.

Author Results Pregnant (n/N) Non-pregnant (n/N) OR (IC-95%) No. of studies | GRADE

Any symptoms 23494/30 493 386169/431558 0.28 (0.13-0.62) 4 ©®®® HIGH
Fever 3516/17 811 69 967/222 513 0.49 (0.38-0.63) 1 ©®®® HIGH

. |Cough 1839/5 468 23 647/75 053 0.72 (0.50-1.03) 1 ©®®O HIGH

g Dyspnea 2 835/17 808 44869/222.516 0.76 (0.67-0.85) 1 ©OO® HIGH

E? Myalgia 3944/17727 80 521/222 378 0.53 (0.36-0.78) DS DD HIGH

ﬁo All causes of mortality 103/34 047 3388/567 075 0.96 (0.79-1.18) @@ MODERATE
ICU 616/34 035 9568/567 073 2.13 (1.54-2.95) 7 ®®®(O MODERATE
Ivrg’liisli;’g;‘l“hanical 270/34 001 3280/567 043 2.59 (2.28-2.94) 6 @®@®®(O MODERATE
Fever 4562/31871 87090/470 092 0.8 (0.6-1.1) 5 OO LOW
Cough 23114/241238 41570/121240 0.7 (0.67-0.75) 5 OO LOW

< | Sorethroat 543/14238 1682/41240 0.66 (0.61-0.7) 5 ©®0O0 LOW

S | Headache 2710/14138 41899/121240 0.55 (0.55-0.58) 5 ©®®®(O MODERATE

ﬁ Fatigue 1929/13238 30505/98 240 0.58 (0.54-0.61) 5 OO LOW
Diarrhea 872/14138 18 121/142 240 0.46 (0.4-0.51) 4 OO LOW
Nausea and vomiting 2737/31672 35798/469 268 1(0.94-1.1) 3 @@ MODERATE
Asymptomatic 16/82 7/136 3.94 (1.69-9.20) 3 ©®®(O MODERATE
Fever 3389/23 576 68 687/386 262 0.74 (0.64-0.85) 7 ©®®® HIGH
Cough 5288/23 565 89 545/386 237 0.85 (0.70-1.04) 6 ©®® O HIGH
Rhinorrhea 1329/23 465 22750/409 542 143 (0.29-7.08) 2 ®®d(O MODERATE
Headache 4452/23 516 95723/386 164 0.77 (0.74-0.79) 4 DS DD HIGH
Fatigue 1419/23 506 29 811/386 103 0.64 (0.39-1.05) 7 DS S D HIGH
Myalgia 3391/23 516 78 738/386 164 0.92 (0.89-0.95) 4 DS S D HIGH
Shortness of breath 374/23 485 7088/386 084 0.86 (0.77-0.95) 3 ©®®® HIGH

= | Wheezing 172/23 434 3743/386 028 0.76 (0.65-0.88) 1 OO LOW

§ Diarrhea 1482/23 485 38172/386 084 0.40 (0.39-0.43) 3 ®®d(O MODERATE

g Nausea and vomiting 2054/23 468 29 004/386 058 0.84 (0.29-2.39) 2 ®®d(O MODERATE

& Dyspnea 1/48 3/106 119 (0.10-14.20) 2 ©®®(O MODERATE
Anosmia/ageusia 2234/23 434 43256/386 028 0.85 (0.82-0.89) 1 ©a0O0 LOW
Sore throat 2956/23 465 60231/386 108 0.64 (0.13-3.15) 2 D®®(O MODERATE
Obesity 621/28 617 1810/561933 0.68 (0.63-0.73) 2 ©d0O0 LOW
White ethnicity 5507/23 434 124 301/386 028 0.73 (0.71-0.75) 1 e®0O0 LOW
Chronic heart disease 334/28 720 8900/562137 0.58 (0.44-0.77) 5 SS S HIGH
Diabetes mellitus 608/28 710 14 793/562 097 1.02 (0.63-1.65) 5 OO LOW
Admission to ICU 400/28 686 2435/562 058 2.26 (1.68-3.05) 5 S DS S D HIGH
Maternal death 111/28 617 3036/561933 1.08 (0.89-1.31) 2 D®®(O MODERATE
Fever 12/44 43/68 0.13 (0.05-0.36) 2 ©®®(O MODERATE

| Cough 13/44 41/68 0.26 (0.11-0.59) 2 ©®®®(O MODERATE

§ Dyspnea 4/44 6/68 1.08 (0.29-4.02) 2 ©®®(O MODERATE

§ Leukocytosis 28/44 2/68 50.42 (11.38-224.41) 2 OO LOW

2 Elevated CRP levels 30/44 21/68 4.39 (1.90-10.14) 2 @@ MODERATE
Lymphopenia 17/44 25/68 0.80 (0.34-1.88) 2 ©®®(O MODERATE
Pneumonia on CT scan 39/44 68/68 0.11 (0.01-1.01) 2 ®®®(O MODERATE

n: number of cases; N: total number of observations; OR: Odds ratio; No. of studies: number of primary studies describing this variable; ICU: intensive

care unit; CRP: C-reactive protein; CT: computed tomography.

Source: Own elaboration.
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Table 3. Comparison: Pregnant women with and without COVID-19.

Author Result With COVID-19 (n/N) | Without COVID-19 (n/N) OR (95%CI) * No. of studies GRADE
All causes of mortality 8/1195 8/3 625 2.85 (1.08-7.52) 8 SO S® HIGH
Admission to ICU 64/1508 4/3482 18.58 (7.53-45.82) 7 SSSS HIGH
Preterm birth 147/1184 572/7365 1.47 (1.14-1.91) 18 SODS HIGH
- Cesarean section 669/1854 4221/11842 1.12 (0.91-1.38) 21 DO DD HIGH
ZE; FWI 11/77 13/263 2.37 (0.77-7.31) 2 ® OO HIGH
,:? Stillbirth 9/1039 26/4755 2.84 (1.25-6.45) 9 ®ODS HIGH
=< Neonatal death 4/970 5/3316 2.77 (0.92-8.37) 8 DD DD HIGH
Neonatal | Admission to 329/1285 519/4 588 4.89 (1.87-12.81) 10 ®®®® HIGH
outcomes | peonatology
Low APGAR
score 13/662 46/2823 1.38 (0.71-2.70) 6 ® OO HIGH
Age >35 years 158/478 599/2225 1.22 (1.01-1.49) * 2 20O LowW
. Diabetes (all types) 54/689 341/3 666 0.84 (0.62-1.13) * 2 20O Low
%%: Chronic lung disease 16/534 97/3 062 0.94 (0.55-1.63) * 4 OO LOW
% Obesity 127/548 788/2 830 0.83 (0.67-1.02) * 3 ®®OQ0O LOW
E Smoker 40/471 120/1972 1.36 (0.96-2.02) * 3 20O LowW
Other comorbidities 28/464 150/2 457 0.98 (0.64-1.48) * 3 ®®0O0 LOW
Fetal death (220 weeks) 8/728 44/3 836 1.3 (0.49-3.42) * 2 OO LOW
Preeclampsia 652/7596 27 647/416 775 1.33 (1.03-1.73) 13 ®®d(O MODERATE
Cesarean section 2601/8 634 119 049/42 0732 1(0.82-1.23) 22 SS S S HIGH
< | AdmissiontoICU 240/7279 1772/402 458 4.78 (2.03-11.25) 5 ®®®(O MODERATE
‘é i::;::;‘l’: to 305/1283 480/4 392 3.69 (1.39-9.82) 10 ®®®(O MODERATE
Neonatal gy
outcomes | Stillbirth 48/7 590 1318/405 532 2.11 (1.14-3.90) 6 ® OO HIGH
Preterm birth 665/7866 24 406/417 491 1.82 (1.38-2.39) 18 ®®®0O MODERATE
Non-gestational diabetes 36/638 120/2 671 1.3 (0.87-1.9) 5 ®®O0O LOW
Comorbidities 4/32 5/242 8.4 (0.7-92) 3 ®®O0 LOW
LBW 6/32 6/242 9 (2.4-30) 2 ®®OQ0O LOW
4, |FWI 4/32 12/242 2.7 (0.6-9) 2 o®OO LOW
‘§ Cesarean section 179/257 6399/12 060 3(2-5) 7 ®®®(O MODERATE
“g Lymphopenia 4/32 29/242 1(0.3-3) 2 OO LOW
Lab test fel :lzted CRP 10/32 125/242 0.4 (0.2-0.9) 2 ®@00 LOW
gjf;j;il Preterm birth 45/295 694/12.634 2.5(1.5-3.5) 8 ®®®(O MODERATE
% | Pretermbirth 7/33 13/166 2.69 (0.98-7.41) 2 ®®®0O MODERATE
S |Fwl 2/33 13/166 0.6 (0.13-2.79) 2 ®®®O MODERATE
o
§ Asphyxia 1/33 1/166 2.93 (0.17-49.86) 2 ®®O0 LOW

n: number of cases; N: total number of observations; OR: Odds ratio; No. of studies: number of primary studies describing this variable; ICU: intensive
care unit; LBW: low birth weight; FWI: fetal well-being involvement.

* Regarding the study by Huntey et al.,” the OR values (95% CI) were calculated by the authors of the present study based on the data available in the
cited paper.

Source: Own elaboration.

Allotey et al.” studied the association between some risk factors or comorbidities and the
possibility of presenting severe COVID-19 disease, admission to the ICU, invasive mechani-
cal ventilation (IMV) or maternal death; the details of these results are presented in Table 4.

On the other hand, Wei et al.”” analyzed the results of systematic reviews comparing
outcomes in pregnant women with severe and mild COVID-19 disease. (Table 5)
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Table 4. Comparison: pregnant women with severe COVID-19 disease (intensive care unit admission, invasive mechanical ventilation or

maternal death) according to the risk factor described by Allotey et al.”

Risk factors Result (n/N) | No result (n/N) OR (95% CI) No. of studies GRADE
Severe illness 811/3 561 2750/3 561 1.83 (1.27-2.63) 7 ©®®® HIGH
Age >35 years old Admission to ICU 348/31710 31362/31710 2.11 (1.69-2.63) 7 ©SDOD HIGH
Requirement of IMV 18/718 700/718 1.72 (0.60-4.97) 3 SO ® HIGH
Severe illness 787/3 367 2580/3 367 2.37 (1.83-3.07) 5 © S DS HIGH
Admission to ICU 339/31456 31117/31 456 2.71 (1.10-6.63) 4 ©SDdd HIGH
BMI >30
Requirement for IMV 12/485 4 473/485 6.61(1.98-22.02) 2 ©®®O MODERATE
Maternal death 113/31085 30972/31085 2.27 (1.20-4.31) 3 ©SDOD HIGH
Severe illness 375/1638 140/235 0.94 (0.57-1.56) 4 DD DD HIGH
] | Admission to ICU 306/23 996 158/7 547 1.66 (1.20-2.29) 4 ©®®® HIGH
Non-white ethnicity :
Requirement for IMV 20/134 39/535 2.23 (1.25-3.97) 1 ©®0O0O LOW
Maternal death 110/24 124 36/7345 1.61 (1.05-2.47) 3 ©3®® HIGH
Severe illness 226/730 382/1904 1.81(1.49-2.20) 3 S DS S HIGH
Any comorbidity Admission to ICU 106/6 639 226/24 873 1.70 (1.34-2.15) 5 ©SDD HIGH
Requirement for IMV 7/71 11/644 5.26 (1.76-15.68) 3 ®®®(O MODERATE
Severe illness 25/61 178/797 2.00 (1.14-3.48) 2 ©SDOd HIGH
Admission to ICU 15/262 319/31171 4.72 (2.37-9.41) 5 SSDD HIGH
Chronic HT :
Requirement for IMV 5/24 7/460 63.82 (9.69-420.45) 2 SO OO HIGH
Maternal death 7/249 81/30 762 4.25 (1.82-9.95) 3 ©SDO® HIGH
Severe illness 97/248 696/3 085 2.12 (1.62-2.78) 3 SO S HIGH
. X Admission to ICU 36/638 306/30 835 4.67 (1.94-11.22) 6 ©®®(O MODERATE
History of diabetes :
Requirement for IMV 2/12 9/470 18.61 (0.26-1324.16) 2 ©®0O0O LOW
Maternal death 11/620 41/30103 14.88 (4.19-52.81) 2 ©®®(O MODERATE
. X Severe illness 18/88 148/885 1.23 (0.70-2.14) 4 ©SDOD HIGH
Gestational diabetes .
Admission to ICU 11/81 31/696 3.27 (1.55-6.89) 2 ©SDS HIGH
) Severeillness 4/16 18/258 4.21 (1.27-14.00) 4 SO HIGH
Preeclampsia .
Admission to ICU 6/6 2/36 179.40 (7.69-4186.05) 1 @®0O0O0O VERY LOW

n: number of cases; N: total number of observations; OR: Odds ratio; No. Studies: number of primary studies describing this variable; BMI: body mass
index; HT: hypertension; ICU: intensive care unit; IMV: invasive mechanical ventilation.

Source: Own elaboration.

Table 5. Comparison: Pregnant women with severe and mild COVID-19 according to Wei et al.””

Condition Severe COVID-19 (n/N) | Mild COVID-19 (n/N) OR (95%CI) No. of studies GRADE
Preeclampsia 9-73 31/448 4.16 (1.55-11.15) 5 ©®®(O MODERATE
Admission to ICU 66/402 4/355 15.46 (5.79-41.23) 5 D®®(O MODERATE
IVM requirement 86/463 14/499 19.31(9.38-39.72) 5 ®®d(O MODERATE
Cesarean section 206/369 246/769 2.58 (1.64-4.06) 8 SO DS HIGH
Gestational diabetes 32/229 73/911 1.99 (1.09-3.64) 5 S®®(O MODERATE
Laboratory ;?;‘;r;ial fiver 77112 39/238 6.47 (2.60-16.09) 4 ®®®0O MODERATE
rests Lymphopenia 81/133 140/428 3.04 (1.93-4.79) 4 ©®®(O MODERATE

Preterm birth 157/444 120/949 4.29 (2.41-7.63) 10 ©G®® HIGH
Neonatal Admission to NICU 97/299 63/430 3.95 (1.43-10.95) 5 ®®®(O MODERATE
outcomes LBW 53/225 21/175 1.89 (1.14-3.12) 2 oeOO LOW

Neonatal death 7/183 5/644 33.71(5.18-219.44) 3 OO LOW

n: number of cases; N: total number of observations; OR: Odds ratio; No. of studies: number of primary studies describing this variable; ICU: intensive

care unit; IMV: invasive mechanical ventilation; NICU: neonatal intensive care unit; LBW: low birth weight.

Source: Own elaboration.
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Similarly, Wei et al.”” compared groups of pregnant women with symptomatic and

asymptomatic COVID-19, as evidenced in Table 6.

Table 6. Comparison: Pregnant women with symptomatic and asymptomatic COVID-19 according to Wei et al.”

Autor Condition Ciyvr?gf;’;n&t/i;) :;vy‘;)l’_tl‘;’?;;l;) OR (95%CI) No. of studies GRADE
. | Cesareansection 1086/3112 320/1120 1.57 (1.32-1.85) 9 ®®®(O MODERATE
§ IVM requirement 61/587 1/436 16.29 (3.88-68.47) 3 ®®®(O MODERATE
g Neonatal outcomes | Preterm birth 474/3 116 108/1117 2.29 (1.49-3.53) 9 ®®S® HIGH

n: number of cases; N: total number of observations; OR: Odds ratio; No. of studies: number of primary studies describing this variable; IMV: invasive
mechanical ventilation.
Source: Own elaboration.

All variables were reanalyzed by means of a Bayesian meta-analysis; however, some
of the associations described in the SRs could not be confirmed, although significant
heterogeneity was found. Figure 2 includes only the variables that showed associations.
It presents, together with the forest plot, the Bayes factor for the effect size. Thus, each
graph shows how the evidence in favor for the alternative hypothesis accumulates as the
studies are entered. In Figure 2A, the Bayes factor for effect size is anecdotal.

Pregnant women with and without COVID-19
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D. Mother in Intensive Care Unit OR: 6.75 (1:31.19) Bayes factors effect size
BF, =4.444 dazg|H1 Evidence for Hi:
BF,=0.225 data Ho Moderate
Wei et al.”® 30 ata
- 3.60 [1.86, 2.14] s 4
1 ) Evidence for H1:
Allotey et al. : 3 . 3.60[2.58, 4.62] 0 vidence for H1 Strong
1.91 [0.00, 3.44] - Moderate %
| —— 53 ;.f‘
Anecdotal 2
Random effects © 1 2 3 4 5 1 . o
Effect sizep " J Evidence for Ho: Anecdotal
112 14 16 18 2
Studies
Pregnant and non-pregnant individuals disgnosed with COVID-19
E. Myalgia OR: 0.67 (0.51: 0.93) Bayes factors effect size
BF, =3.354 data] HI Evidence for Hi:
Allotey et al.!* - -0.49 [-0.52, -0,45] o TP GO Moderate
Khan et al.® -0.35[-0.38,-0.31] — P .
1 -0.40 [-0.68, -0.07] 0 Evidence for H1: Strong
° Moderate %’
—— & 3 &
Random effects ; Anecdotal 8
06  -04  -02 0 e Bvidence for Ho: Anecdotal
. 1/3
Effect size p 112 14 16 18 2

Studies

Figure 2. Bayesian meta-analysis.
Source: Own elaboration.

Discussion

The signs and symptoms described in the SRs reviewed in the present study for pregnant
women with COVID-19 are similar to those reported in other population groups;***
however, it was not possible to calculate a general proportion based on these studies
due to their high heterogeneity. For this reason, a narrative synthesis of the proportions
of clinical characteristics and laboratory and imaging findings in pregnant women with
COVID-19 and their NBs was performed.

When the outcomes across the groups studied in each SR were analyzed, it was found that
most of the quality of the evidence appears to be moderate or high (Tables 2 to 6). However,
the results that could be generalized to the population of pregnant women are those
obtained through Bayesian meta-analyses (Figure 2): stillbirth: OR=1.73 (95%CI: 1.01-2.94);
preterm birth: OR=1.77 (95%CI: 1.25-2.61); maternal admission to the ICU: OR=6.75 (95%CI:
1-31.19) and fetal welfare involvement: OR=1.9 (IC95%: 1.09-3.63) for pregnant women with
and without COVID-19 (although the evidence in favor of H1 is anecdotal for the latter);
and myalgia: OR=0.67 (95%CI: 0.51-0.93) for pregnant and non-pregnant women with
COVID-19.

Allotey et al." and Khan ez al.” found that pregnant women with COVID-19 show a lower
proportion of symptoms such as fever, cough dyspnea, myalgia, headache, fatigue and
diarrhea compared to non-pregnant women with COVID-19 (Table 2), although the Bayes-
ian meta-analysis could only corroborate this result for myalgia. Moreover, it has been
established that respiratory infections caused by SARS-CoV, MERS-CoV and SARS-CoV-2
coronaviruses can be associated with gastrointestinal symptoms such as nausea, vomiting
or diarrhea,** and that if transaminase levels are elevated, the certainty that SARS-CoV-2
is the causative agent increases.” *

In order to assess a pregnant woman, the physiological changes typical of this period
should be considered, including increased heart rate, increased oxygen consumption, eleva-
tion of the diaphragm due to the enlargement of the uterus (which causes some degree of
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respiratory distress) and relaxin effects (which can cause musculoskeletal pain, especially
in the pelvic girdle),”* as these manifestations may not be perceived as abnormal by
pregnant women with mild SARS-CoV-2 infections. At this point, it should be noted that
universal screening methods for COVID-19 in high-income countries favored pregnant
women, thus detecting a significant number of asymptomatic pregnant women.'******°

In the present study, leukopenia, lymphopenia, lymphocytosis and elevated CRP levels
were found to be the most frequent laboratory alterations in pregnant women infected
with SARS-CoV-2. This is consistent with the findings reported by Wang et al.** in a
retrospective study of 72 women with COVID-19 (30 pregnant and 42 non-pregnant)
admitted to the Wuhan Central Hospital between December 8, 2019, and April 1, 2020,
and by Dubey ez al.” in a systematic review and meta-analysis including 61 studies with
a total of 790 women with COVID-19 and 548 NBs. In turn, Papapanou et al.* in a SR that
included 39 studies, reported that D-dimer test results were elevated in 22.30-84.60% of
pregnant women,; this wide range could be explained by the heterogeneity of the sample
size as indicated by the authors in the abstract of their article.

On the other hand, Wei et al.”” found that the likelihood of lymphopenia was three times
higher in pregnant women with severe COVID-19 disease (Table 5). Also, Xie et al.,” in a
systematic review and meta-analysis including 90 studies with a total of 16 526 patients
with COVID-19, found that 46.50% of cases had lymphopenia, as well as an OR=2.78
(95%CI: 1.85-4.19) for lymphopenia in critically ill adults. Zare ez al,,* in a systematic
review that included 660 studies, describe an OR=4.85 (95%CI: 3.31-7.08) for the likeli-
hood of lymphopenia in critically ill adult patients and a very similar value in patients
who did not survive COVID-19: OR=4.15 (95%CI: 2.660-6.46). Based on the preceding
findings, itis clear that lymphopenia is associated with severe COVID-19 disease. How-
ever, increased leukocyte and neutrophil counts, lymphopenia, thrombocytopenia, and
increased CRP levels throughout pregnancy and labor are hematologic changes unique to
pregnant women that could interfere with the interpretation of laboratory tests during
COVID-19.°*Regarding hematologic manifestations in pregnant women with COVID-19,
Servante et al.,” in a systematic review and critical analysis that included 69 articles,
found that the risk of bleeding was higher in this population due to coagulopathies and
thromboembolism.

In the present study it was also found that alterations in pregnant women with
COVID-19 detected in both x-ray and CT scans of the thorax can occur in up to 93% of
cases. However, it has not yet been established whether there is a typical radiological
pattern in pregnant women since, so far, the presence of pulmonary consolidation with or
4% or ground-glass opacity has been described."**%*

The clinical conditions in pregnant women that were found to be associated with
COVID-19 in the present study were maternal age >35 years, overweight, obesity,
diabetes, and hypertensive disorders, both chronic and those inherent to pregnancy.
Consequently, the presence of these clinical conditions increases the risk of acute respira-
tory distress syndrome, even in pregnant women with mild COVID-19.°® Thus, pregnant
women with SARS-CoV-2 who present any of the conditions described above are more
likely to be admitted to the ICU and require IMV.">2%4¢*

Concerning maternal mortality, different percentages were found in the present study;
for example, according to Allotey et al.”* and Jafari et al.,” it is 0.01% and 11.31%, respectively,
although most studies consider that this outcome does not exceed 2%.°**¢ It is notewor -

without pleural effusion

14,58-60

thy that this 2% is a relatively low percentage compared to maternal mortality caused by
the MERS-CoV and SARS-CoV outbreaks, which was 35% and 10%, respectively.®
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According to Jafari et al.,” 7.99% of the NBs were positive for SARS-CoV-2, which is
notably higher than the rates reported by Woodworth et al.®® and Rodrigues et al.,*” who
reported SARS-CoV-2 positivity in 2.60% and 3% of NBs, respectively. In addition, it is
important to mention that other SR report an even lower rate of vertical transmission of
SARS-CoV-2."707

Complications such as spontaneous abortions, intrauterine growth restriction and
premature delivery have also been attributed to COVID-19;%¢*”* however, at the time of
this writing, no teratogenic effects produced by SAR-CoV-2 have been identified. Indeed,
studies on viral and congenital infections, such as Coyne et al.,” have established that
even in the presence of infections in the placenta or the fetus, the occurrence of a terato-
genic process cannot be assured.

It was also found in the present study that up to one third of NBs were admitted to
neonatology units, but the same SRs indicate that some admissions were made as a
precaution or because of the mother’s positive status and not because of the severity
of the disease itself, since it has been reported that the occurrence of severe disease
due to COVID-19 in NBs is rare.”””” This study also found that up to 54% of newborns
were delivered by cesarean section, and that the likelihood of requiring this procedure
increased twofold if the mother was symptomatic or had severe COVID-19 disease. In this
regard, several authors agree that the sole fact of being positive for SARS-CoV-2 is not
an indication for cesarean section, since this procedure increases the risk of morbidity in
both the mother and the NB.* #7778

Before COVID-19 was declared a pandemic, the percentage of preterm births in Latin
America ranged from 5% to 18%.°* In the present study, the percentage of preterm births in
pregnant women with COVID-19 was found to be as high as 20.98%, with an OR=1.77
(95%CI: 1.25-2.61); however, it remains to be defined whether this increase in preterm births is
a consequence of the virus or is related to the high number of cesarean sections performed.”

The worldwide prevalence of perinatal asphyxia is estimated at around 20 cases per
1000 live births (2%);* in pregnant women with COVID-19 the proportion of NBs with
this condition increases to 4%.*

The estimated neonatal mortality rate before the COVID-19 pandemic was 18 cases
per 1000 live births (1.8%),** and it was expected to increase due to the consequences of
this disease. However, several reports'*'**°**** indicate that this rate is below 1%, and the
percentage found in the present study ranges from 0% to 2.50%; furthermore, in another
SR summary, Papapanou et al.* found it to be 3%. These data suggest that neonatal mor-
tality may have increased during the COVID-19 pandemic, but to corroborate this result,
each region must be analyzed individually considering the socioeconomic disparities that
affect this health indicator.

It should be noted that the degree of COVID-19 involvement of pregnant women is a
conditioning factor with a high impact on maternal morbidity and neonatal mortality,
as indicated in the preceding paragraphs. Jafari et al.”® were the only researchers to
report that up to 80% of the newborns received breast milk substitutes (including mixed
feeding), although they do not indicate whether this was a precautionary measure
against SARS-CoV-2 transmission, or whether it was due to the degree of involvement of
the mothers with COVID-19. However, the risk of transmission of the virus through breast
milk has not yet been defined and appears to be low.* %%’

The strengths of the present study were that it was conducted considering the best
available evidence up to the date of writing, since it includes SRs from cohort and
case-control studies. Moreover, the most reliable results were obtained by robust
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Bayesian analysis. On the other hand, it was limited by the fact that there are still very
few SRs that include high quality primary cohort or case-control studies and most of
them involve pregnant women in the second and third trimester, thus limiting the study
of the teratological consequences that could be caused by the virus. Similarly, in the SR by
Jafari et al.” it was considered that there is a moderate risk of publication bias that could
overestimate the severity and effects of the disease, as also recognized by the authors

of the aforementioned study. Regarding the remaining SRs, it should be noted that the
primary studies had different designs.

Conclusions

The most common symptoms in pregnant women with COVID-19 are cough, fever,
dyspnea, and myalgia. Regarding complementary tests, the most frequent alterations are
lymphopenia and lesions evidenced by x-ray or computed tomography of the thorax.

The presence of comorbidities in pregnant women with COVID-19 can lead to significant
obstetric and neonatal complications, especially in symptomatic pregnant women or those
with severe COVID-19 disease. It appears that SARS-CoV-2 infection in NBs is not severe
and that the risk of vertical transmission is low, as no data on congenital malformations
attributable to the virus were found. Given the nonspecificity of the symptoms, the physio-
logical changes of pregnancy should be considered when assessing pregnant women.

The present review should be updated when new high-quality SRs with low risk of bias
become available.
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