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Abstract

Background: COVID-19 wasfirst identified in Wuhan, China, in December 2019, spreading to the rest of the globe, becoming
a pandemic. Some studies have shown an association between pregnancy status and severe COVID-19 with a cytokine storm,
whereas others have shown contrasting results.

Objective: Theaim of this study was to examine the relationship between pregnancy status and the clinical COVID-19 severity
characterized by the cytokine storm through a systematic review and meta-analysis.

Methods: We searched the Google Scholar, PubMed, Scopus, Web of Science, and Embase databases to identify clinical studies
suitable for inclusion in this meta-analysis. Studies reporting pregnancy status and comparing the COVID-19 severity cytokine
storm outcome were included. COVID-19 severity characterized by a cytokine storm was described using parameters such as
intensive care unit admission, invasive mechanical ventilation, mechanical ventilation, hospital admission, pro- and
anti-inflammatory cytokine levels, consolidation on chest computed tomography scan, pulmonary infiltration, extreme fevers as
characteristic of acytokine storm, syndromic severity, higher neutrophil count indicative of acytokine storm, and severe COVID-19
presentation.

Results: A total of 17 articlesincluding data for 840,332 women with COVID-19 were included. This meta-analysis revealed
a correlation between positive pregnancy status and severe COVID-19 with a cytokine storm (random-effects model odds ratio
[OR] 2.47, 95% CI 1.63-3.73; P<.001), with a cumulative incidence of 6432 (14.1%) and 24,352 (3.1%) among pregnant and
nonpregnant women with COV1D-19, respectively. The fixed-effects model also showed a correlation between pregnancy status
and severe COVID-19 with acytokine storm (OR 7.41, 95% CI 7.02-7.83; P<.001). Considerabl e heterogeneity wasfound among
all pooled studies (12=98%, P<.001). Furthermore, the updated analysis showed substantially |ow heterogeneity (12=29 %, P=.19),
and the funnel plot revealed no publication bias. The subanalysis between single-center and multicenter studies demonstrated
similar heterogeneity (1=72% and 98%, respectively). Sensitivity analysis on each subgroup revealed that pregnancy was
significantly related to severe COVID-19 with a cytokine storm from single-center studies (fixed-effects model OR 3.97, 95%
Cl 2.26-6.95; P<.001) with very low heterogeneity (12=2%, P=.42).

Conclusions: Being pregnant is clearly associated with experiencing a severe course of COVID-19 characterized by a cytokine
storm. The COVID-19 pandemic should serve as an impetus for further research on pregnant women diagnosed with COVI1D-19
to map out the salient risk factors associated with its severity.

Trial Registration: PROSPERO CRD42021242011; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=242011.
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Introduction

Once considered to be an “immunosuppressed” state, pregnancy
is associated with an immunological transformation, where the
immune system is required to promote and support the
pregnancy and growing fetus. When this protection is breached,
asin avira infection, this security is weakened and infection
with microorganisms can then propagate and lead to negative
outcomes such as preterm labor [1].

Pregnancy is considered a high-risk condition for COVID-19.
Pregnant women are more likely to have an asymptomatic
infection, accounting for 75% of SARS-CoV-2 infectionsduring
the pandemic. Even among those with symptoms, cough and
fever are the main symptoms in 40% of cases, with breathing
difficulty and myalgia being present in 21% and 19% of
pregnant women, respectively. Severe COVID-19 usually occurs
with infection in the second half of pregnancy, especially toward
the end of the second trimester onward. Those at greatest risk
of severe COVID-19 include women who have a
higher-than-ideal BMI, those over the age of 35 years, and those
who have chronic underlying conditions [2].

COVID-19isan infectious disease caused by anewly discovered
coronavirus (SAR2-CoV-2) that was first identified in Wuhan,
China, in December 2019 [3]. COVID-19 subsequently rapidly
spread across the world, causing a global pandemic. Between
March 2020 and March 2021, this highly contagious disease
infected over 25 million people worldwide and killed over 1
million patients, yielding acasefatality rate that varies between
0.7% and 12.7% (average 3.4%) [4].

Most people infected with the SARS-CoV-2 will experience
mild to moderate respiratory illness and recover without
requiring special treatment. Older people above the age of 58
years and those with underlying medical conditions such as
cardiovascular disease, diabetes, chronic respiratory disease,
and cancer are more likely to develop serious illnesses [5].
Further, infected patients experiencing cytokine storms present
with fevers and shortness of breath, resulting in extreme
difficulty breathing that ultimately requires ventilation
assistance. Such severe presentations might also be related to
pregnancy status[6].

Pregnant women who have COVID-19 appear more likely to
develop respiratory complications requiring intensive care than
women who are not pregnant [7]. Pregnant women are also
more likely to be placed on aventilator. Some research suggests
that pregnant women with COVID-19 are also more likely to
have a premature birth and cesarean delivery, and their babies
are more likely to be admitted to a neonatal unit [8].

Pregnant women are a potentially highly vulnerable population
due to anatomical, physiological, and immunological changes
under the COVID-19 pandemic. Issues related to pregnancy
with COVID-19 attracted widespread attention from researchers.
A large number of articles were published aiming to elaborate
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ontheclinical characteristics and outcomes of pregnant women
infected with COVID-19 to provide evidence for management
[9,20]. The existing data suggest that the overall prognosis of
pregnancy with COVID-19 is promising when compared with
that of other previous coronaviruses. However, there are till
reports of notable maternal morbidity and mortality related to
COVID-1919].

There are many unknowns for pregnant women during the
COVID-19 pandemic. Clinical experience of pregnancies
complicated with infection by other coronaviruses such as severe
acute respiratory syndrome (SARS) and Middle Eastern
respiratory syndrome (MERS) indicated that pregnant woman
should be considered to be particularly vulnerable to severe
SARS-CoV-2infection. Physiologica changes during preghancy
have a significant impact on the immune system, respiratory
system, cardiovascular function, and coagulation [11].

Given divergent findings in the existing literature, we
systematically reviewed English-language studiesto investigate
whether pregnancy was associated with a more severe clinical
course of COVID-19. Specifically, the aim of this study wasto
establish if pregnancy status is associated with COVID-19
severity characterized by a cytokine storm.

Methods

Design

All guidelineslisted inthe PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement were
followed in performing this meta-anaysis [12]. For this
systematic review and meta-analysis, data were pooled from
observational  studies, including cohort, case-control,
cross-sectional, and similar viable case studies. The study is
registered in PROSPERO (CRD42021242011).

Search Strategy

We performed a simple search in the Google Scholar, PubMed,
Scopus, Web of Science, and Embase databases to identify
observational studies suitable for inclusion with the following
search terms: “COVID-19" OR “SARS-COV-2" OR “novel
coronavirus (CoV)” AND “pregnant” OR “gestation” AND
“clinical features’ OR “characteristic’ AND “severity” OR
“severe” Studies were restricted to those published in English
from March 2020 to March 2021.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) studies that examined
women within reproductive age and diagnosed with COVID-19
according to World Health Organization (WHO) criteria; (2)
observational, cross-sectional, prospective, or retrospective
studies, (3) studies that compared pregnant women to
nonpregnant women with severe COVID-19 characterized by
a cytokine storm; (4) studies evaluating the clinical prognosis
in pregnancy and the immunological profile at any gestation
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stage, examining the proinflammatory response in COVID-19
and a severe cytokine storm as the hallmark outcome.

Exclusion criteria were as follows: (1) unrelated, duplicated,
and missing information answering our research question; (2)
non-English-language studies; (3) case reports/series;, (4)
reviews, (5) editorials; (6) studieslacking afull text (unavailable
or not yet published); (7) articleswithout aDOI; and (8) studies
with small sample sizes (<50 patients) because of low statistical
power.

Notably, weincluded preliminary findings published as preprints
given that the phenomenon in question remainsvery grey inthe
public domain and thus we presumed inclusion of such reports
would be of valuein converging relevant data and information.

Data Extraction

Both adjusted and nonadjusted data among pregnant versus
nonpregnant cases were extracted to identify the most relevant
confounding factors to be used in the analysis by subsequent
pooling. One reviewer (JM) scanned study titles and abstracts
obtained via an initial database search and included relevant
articles in a secondary pool. Next, two independent reviewers
(MK and KO) evaluated the full texts of these articles to
determine whether they met the study inclusion criteria. Any
disputes were resolved by discussion and negotiation with a
fourth reviewer (EN). Only studies agreed upon by all reviewers
wereincluded in the final analysis.

The following data were obtained from all studies: title, first
author, publication year, location, sample size, age (median),
pregnancy status (pregnant or nonpregnant), and severe
COVID-19 cytokine storm presentation. The analysis was then
performed to determine whether the pregnant group was more
likely to develop severe COVID-19 characterized by acytokine
storm.

Risk of Bias (Quality) Assessment

The National Institutes of Health tool for observational and
cross-sectional studies[13] was used for methodol ogical quality
assessment. Two to three reviewers independently assessed the
quality of the studies, and the scores were added to the data
extraction form before inclusion in the analysis to reduce the
risk of bias. To evaluate the risk of bias, the reviewers rated
each of the 14 items into qualitative variables: yes, no, or not
applicable. An overall scorewas cal culated by adding the scores
of all itemswith yes=1 and no or not applicable=0. A score was
given for every paper, resulting in a classification of poor (score
0-5), fair (score 6-9), or good (score 10-14). Datawere checked
by reviewers who did not perform the data extraction or each
reviewer was assigned an articlethat they had not extracted data
from in previous steps; however, in rare instances, some
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reviewers extracted data and performed the quality assessment
for the same article.

Statistical Analyses

Review Manager 5.4.1 was used to calculate odds ratios (ORS)
with 95% Cl s, which are depicted using forest plots. Quantitative
variables are summarized in terms total numbers and
percentages. The OR of a severe COVID-19 cytokine storm
among pregnant and nonpregnant women was calculated.
Heterogeneity was evaluated with the Cochran Q statistic and
Higginstest. The Higgins test uses a fixed-effects model when
the heterogeneity is <50% and a random-effects model when
the heterogeneity is >50%. When heterogeneity was detected,
asensitivity adjustment was made to determineits source. This
procedure was performed by leaving a study out of theanalysis
one at a time, with the fixed-effects model applied after
excluding heterogeneity. Subgroup, cumulative analyses, and
metaregression were used to test whether or not the results are
consistent and to investigate the effect of confounders on the
outcome (cytokine storm) and elucidate the best predictorsin
pregnancy status among women with COVID-19. Publication
bias was evaluated using the Cochrane Risk of Biastool.

Results

Included Articles and Quality Assessment

Theinitial search of international databases using the keywords
described above yielded 221 articles. After excluding 70
duplicate articles, 151 articlesremained. When articletitlesand
abstracts were evaluated for appropriateness, 29 articles
ultimately met theinclusion criteria. In addition, 12 articles not
meeting the inclusion criteria were excluded after full-text
review. A total of 17 articlesmet theinclusion criteria[7,14-29].
Multimedia Appendix 1 shows the PRISMA flow diagram of
the study selection procedure.

Features of the Included Studies

The 17 included studies provided datafor 840,417 women with
COVID-19 [7,14-29] (Table 1). According to the Centers for
Disease Control and Prevention reporting guidelines for
COVID-19 diagnosis[30], 85 patientswhose specific parameters
related to the severity of COVID-19 defined according to
cytokine storm status were reported as “unknown” or not
tabul ated were excluded from thefina analysis, yielding afinal
group of 840,332 patientswith 45,571 (5.42%) pregnant women
and 794,761 (94.58%) nonpregnant women. Among the pregnant
women, 14.1% (6432/45,571) had cytokine storm events
reported, compared to only 3.1% (24,352/794,761) of the
nonpregnant women. The cumulative incidence of a cytokine
storm from all studies ranged from 0.4% to 90.7% (average
36.26%).
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Table 1. Features of the studies included in the meta-analysis.

Muthuka et al

Reference Location of patients  Study design  Parameter of comparison on Eventsin Eventsin non- Cumulativeincidence
COVID-19 severity with cytokine  pregnant pregnant wom-  of severe COVID-19
storm womer/ total  en/total in cohort  defined by cytokine

in cohort storm, n (%)

Badretal [14] Franceand Belgium cc2 McP  |CUC versus no ICU admission 58/83 17/107 75 (39%)

Westgrenand New York Rd, 0 mc ICUversusnoICU admission 8/82 50/332 58 (14%)

Acharya[15]

cocf [16] United States P9 ch mc ICUplus mechanicgl \_/entilgti on 2583/8200  15,840/316,800 18,423 (5.7%)
versus no |CU admission with me-
chanical ventilation

Chengeta Wuhan, China R, SC Higher versuslower level of inflam- 0/31 1/80 1(0.9%)

[17] mation markers

Collineta Sweden R, MC Invasive mechanical ventilation 7113 29/40 36 (68%)

[23] versus no invasive mechanical ven-
tilation

Ellingtoneta United States R,OMC ICU with mechanical ventilation 2587/8207  4840/83,205 7427 (8%)

[7 versus no |CU with mechanical
ventilation

Liueta [24] Wuhan, China R,CC,SC  consolidation on chest CT versus 20721 16/19 36 (90%)
no consolidation on chest CT

Martinez-Por- Mexico R, MC ICU/death versus non-ICU/death  752/5183 446/5183 1198 (12%)

tillaet a [25]

Yineta [26] China R,C, SC Severeor critical COVID-19 charac-  19/31 11/35 30 (46%)
terized by higher levelsof inflamma:
tory indices of cytokine storm ver-
sus moderate COVID-19

Mohr-Sasson  Fuyang, China R,C, SC High versus low fevers 3/11 15/25 18 (50%)

eta [27]

Molteni etal  United Kingdom, PO, MC Syndromic severity versus nonsyn-  87/140 1508/2515 1595 (60%)

[28] Sweden, and United dromic severity

States

Oakeset a Wuhan, China R, C,SC Hospital admissionversusnonadmis-  7/22 17/240 24 (9%)

[18] sion

Qianchenget  Wuhan, China R, SC Nonsevere versus severe 2/28 1/54 3(9.8%)

al [19]

Wang et a Wuhan, China R, SC COVID-19 manifestationson chest 22/30 42/42 64 (89%)

[20] CT versus no manifestations

Wel etal [21] Wuhan, China R, SC Higher versus lower neutrophil 15/17 24/26 39 (91%)
count as indicative of cytokine
storm

Xueta [22]  Wuhan, China R, SC Pulmonary infiltration versus no 17/34 3/30 20 (31%)
pulmonary infiltration

Zambranoet  United States R,MC Severe COVID-19-associated ill-  245/23,434  1492/386,028 1737 (0.4%)

al [29] nessversus mild to moderateillness

8CC: case-control.
bMC: multicenter.
ICU: intensive care unit.

9r: retrospective.

€0: observational.
fcDC: Centers for Disease Control and Prevention.

9P: prospective.

AC: cross-sectional.
'SC: single-center.
JCT: computed tomography.
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The main outcome of this meta-analysis was the possible
association of pregnancy with severe COVID-19 characterized
by acytokine storm, which wasindicated by a specific prognosis
and event. The parameters used for assessment of COVID-19
severity were intensive care unit (ICU) admission in three
studies; ICU plus mechanical ventilation in two studies; higher
levelsof inflammatory response markersin three studies; severe
COVID-19 presentation in two studies; and consolidation on
chest computed tomography scan, pulmonary infiltration,
extremefever asacharacteristic of acytokine storm, syndromic
severity, hospital admission, invasive mechanical ventilation,
and higher neutrophil count indicative of a cytokine storm in
one study each. The study designsincluded retrospective (n=15,

Table 2. Newcastle-Ottawa scale for quality assessment and risk of bias.

Muthuka et al

6 multicenter and 9 single-center studies) and prospective (n=2,
both multicenter). A summary of the studies included in the
meta-analysisis provided in Table 1.

We assessed the quality of the included observational studies
based on a modified version of the Newcastle-Ottawa Scale
(NOS), which consists of 8 itemswith 3 subscal es, and the total
maximum score of these 3 subsetsis 9. We considered a study
that scored =7 to be a high-quality study since a standard
criterion for what constitutes a high-quality study has not yet
been universally established. The 17 studies assessed generated
a mean value of 6.47, indicating that the overall quality was
moderate (NOS score range 5-8), as detailed in Table 2.

Study Year Caseselection (maximum4) Comparability (maximum 2)  Exposure/outcome (maximum 3)  Total score
Badr et al [14] 2020 3 2 2 7
Westgren and Acharya 2020 3 2 1 6
[15]

CDC?[16] 2020 4 2 2 8
Cheng et al [17] 2020 3 1 2 6
Collinet a [23] 2020 4 1 2 7
Ellington et d [7] 2020 3 2 3 7
Liueta [24] 2020 3 1 2 6
Martinez-Portilla et al 2020 3 1 2 6
[25]

Yinet al [26] 2020 3 2 2 7
Mohr-Sasson et al [27] 2020 3 1 1 5
Molteni et al [28] 2020 3 1 2 6
Oakeset a [18] 2020 3 2 2 7
Qiancheng et al [19] 2020 3 1 2 6
Wang et a [20] 2020 2 2 2 6
Wi et al [21] 2020 3 1 3 7
Xuetal [22] 2020 3 2 2 6
Zambrano et al [29] 2020 3 1 3 7

8CDC: Centers for Disease Control and Prevention.

Pregnancy Statusand COVID-19 Severity
Characterized by a Cytokine Storm

The meta-analysis revealed a significant association between
pregnancy status and severe COVID-19 characterized by a
cytokine storm (Table 3). A sensitivity analysis was performed
to explore the impact of excluding or including studies in the
meta-analysis based on sample size, methodological quality,
and variance. After removing el ght studies (n=748,058 patients)
[7,15,16,23,25,27,28,31] accounting for major causes of
heterogeneity, atotal of 92,274 patients were |eft for analysis

https://pediatrics,jmir.org/2022/4/€31579

in the remaining studies. Figure 1 and Figure 2 respectively
show a shift from the random-effects model (OR 2.47, 95% ClI
1.63-3.73; P<.001) to the fixed-effects model (OR 7.41, 95%
Cl 7.02-7.83; P<.001), revealing that pregnancy was
significantly associated with severe COVID-19 characterized
by acytokine storm. Furthermore, this updated analysis showed
substantially low heterogeneity (12=29%, P=.19). Figure 3 shows
a funnel plot evaluating publication bias, which revealed
considerable heterogeneity between all pooled studies (12=98%,
P<.001). Figure 4 shows afunnel plot revealing no publication
bias for the updated analysis.
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Table 3. Events (cytokine storm) in pregnant and nonpregnant women.
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Studies Pregnant with COVID-19 Nonpregnant with COVID-19

Patients, N Events, n (%) Patients, N Events, n (%)
Badr et al [14] 87 58 (66.7) 107 17 (15.9)
Westgren and Acharya[15] 82 8(9.8) 332 50 (15.1)
CDC [16] 8200 2583 (31.5) 316,800 15,840 (5.0)
Cheng et al [17] 31 0(0) 80 1(1.3)
Collineta [23] 13 7(53.8) 40 29 (72.5)
Ellington et a [7] 8207 2587 (31.5) 83205 4840 (5.9)
Liuet al [24] 21 20(95.3) 19 16 (84.2)
Martinez-Portillaet a [25] 5183 752 (14.5) 5183 446 (8.6)
Yin et al [26] 31 19 (61.3) 35 11 (31.4)
Mohr-Sasson et al [27] 11 3(27.2) 25 15 (60.0)
Molteni et al [28] 140 87 (62.1) 2515 1508 (59.9)
Oakeset a [18] 2 7(31.8) 240 17 (7.2)
Qiancheng et al [19] 28 2(7.14) 54 1(1.9)
Wang et al [20] 30 22(73.3) 42 42 (100.0)
Wei et a [21] 17 15 (88.2) 26 24(92.3)
Xuetal [22] 34 17 (50.0) 30 3(10.0)
Zambrano et a [29] 23,434 245 (1.1) 386,028 1492 (0.4)

Figurel. A forest plot of meta-analysis between pregnancy status and severe COVID-19 with cytokine storm.
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Figure 2. Forest plot of the association of pregnancy with severe COVID-19 characterized by a cytokine storm with the fixed-effects model.
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Figure 3. Funnel plot evaluating publication bias. OR: odds ratio.
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Subgroup Analysisand I nvestigation of Heter ogeneity

Heterogeneity in the pooled effect estimates was considerably
high for all 17 studies, contributed by 748,058 out of 840,332
(89.02%) evaluated subjects, and thus it was necessary to
perform subgroup analyses to identify possible variables or
characteristics moderating the results obtained. Subgroup
analysis was performed according to whether it was a
multicenter study, including 879,556 patients, or asingle-center
study with 776 patients. Figures 5 and 6 show that subgroup

analysis still showed high heterogeneity (1°=72%). The test for

the overall effect for single-center studies (Z=0.91, P=.36; 1>=98)
and multicenter studies (Z=3.97, P<.001) showed no significance

difference (x12:0.67, P=.41; 12=0%). This prompted further

sensitivity analysis on each subgroup to ascertain the group that
was most strongly associated with heterogeneity.

https://pediatrics,jmir.org/2022/4/€31579
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Figure 7 shows the sensitivity analysis on independent
subgroups. In single-center studies, elimination of studies that
caused the major heterogeneity ([27] and [31]; n=108) revealed
that preghancy was significantly related to severe COVID-19
with acytokine storm represented by 668 patients (fixed-effects
model OR 3.97, 95% CI 2.26-6.95; P<.001), with this updated
analysis showing substantially low heterogeneity (12=2%,
P=.42). In multicenter studies, subsequent removal of any one
study did not change the heterogeneity from its original value

(x%,=928.90, P<.001; 12=99%), demonstrating that multicenter
studies were the main cause of heterogeneity and this was
similar to the overal heterogeneity of the combined groups
(fixed-effects model heterogeneity x%,=938.26, P<.001;
[2=99%), with the test for subgroup differences being
insignificant (x%=1.9, P=.17; 12=47.4%). Figure 8 shows a
funnel plot similarly demonstrating that multicenter studies

were associated with heterogeneity with only one study
demonstrating homogeneity.
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Figure5. Subgroup analysis according to single-center or multicenter study designs showing similarly high heterogeneity as the full meta-analysis.
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Figure 7. Sensitivity analysis on independent subgroups.
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Discussion

This review established that pregnancy is associated with an
experience of severe COVID-19 characterized by a cytokine
storm. Heterogeneity analysis revealed that the pooled effect
estimate was considerably high considering all 17 included
studies, contributed by 89% of the total patients evaluated.
Further, sensitivity analysis on each subgroup indicated that
single-center studies were more homogeneous in comparison
to multicenter studies.

This meta-analysis included 17 studies and revealed that
pregnant women had a significantly increased risk for severe
COVID-19 characterized by acytokine storm. Previousresearch
hasindicated asimilar association [32,33]. Additionally, another
meta-analysis reported the outcome of coronavirus spectrum
infections (SARS, MERS, and COVID-19) during pregnancy,
showing that COVID-19 disease severity increased during
gestation [34]. Thisanalysis addsto the extensive consensusin

https://pediatrics,jmir.org/2022/4/€31579

the literature, which should motivate more studies examining
pregnancy status as a possible predictor of severe COVID-19
characterized by a cytokine storm.

Prior studies have reported results that contrast with those
presented here, namely alack of significant difference between
pregnant and nonpregnant women diagnosed with COVID-19
in terms of disease severity [35,36]. In addition, a previous
meta-analysis [37] failed to find a relationship between being
pregnant and severe COVID-19in 24 studiesincluding pregnant
women, and another meta-analysis indicated that COVID-19
infection during pregnancy most likely had a clinical
presentation and severity resembling those in nonpregnant adults
[38]. Moreover, ameta-analysis demonstrated similar trendsin
disease severity between pregnant people and the general
population [39]. Further, two more studies showed no feasible
differences in the clinical presentation of COVID-19 between
pregnant and nonpregnant women [40,41]. Of concern, neither
of the meta-analyses mentioned above [37,38] included an
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assessment of publication bias or study quality. As such, these
studies should be considered as only apreliminary quest. Hence,
the present systematic meta-analysis offersamore detailed view
asit covers 17 studiesfrom diverse regions capturing both single
and multiple centers. The heterogeneity was high, and after
sensitivity adjustments to eliminate studies largely responsible
for the heterogeneity, the association of COVID-19 severity
with pregnancy was revedled with substantialy low
heterogeneity. Furthermore, the subgroup analysis after
performing the sensitivity test in each specified subgroup
(multicenter or single-center studies) showed aclear significant
association between being pregnant and developing severe
COVID-19 characterized by any specific parameter of acytokine
storm in single-center studies. Therefore, severe COVID-19
was observed to be almost 4 times (OR 3.97, 95% Cl 2.26-6.95;
P<.001) more frequent in pregnant women. Some previous
studies, including some meta-analyses [39,42-46], support the
current findings.

A recent meta-analysis revealed that SARS-CoV-2 infection
may not manifest as mild symptoms during pregnancy [47].
Interestingly, this meta-analysis showed that 40 patients
developed pneumonia, bilateral in most cases, with a 46.2%
rate of hospitalization and 4 patients required ICU admission.
The same study found a higher rate of severe forms of
COVID-19, even when compared to honpregnant women with
the same baseline characteristics [47]. This appears to be
because, during the gestation period, pregnant women face
proinflammatory episodes that mimic the trends of a cytokine
storm in the case of severe COVID-19. This has been
demonstrated in recent studies where specific immune cells,
especialy neutrophils, and other biomarkers have been
highlighted as essential effector cells in the development of
COVID-19 [48-51]. In addition, pregnancy has been reported
toincreasethe progression of COVID-19[52]. Thereisgrowing
evidenceto support the WHO's statements that pregnant women
are at a higher risk of developing severe COVID-19—elated
symptoms and possible mortality [53-56]. Indeed, pregnancy
has been found to worsen the morbidity of COVID-19, and this
effect becomes more prominent as pregnancy advances [57].

The association between pregnancy and illness severity due to
other respiratory viruses such as MERS has been investigated
previoudy. In one study, the casefatality (25%), |CU admission
(50%), and mechanical ventilation (33%) rates were increased
in the pregnant population compared with those of the
nonpregnant population (20%) [58], which may be related to
abnormal immune responses in pregnancy. Additionally,
preghancy may propagate respiratory infections and increase
the risk of hospitalization [59]. Another study demonstrated
that complications of severity with other acute respiratory
distress syndromes are enhanced in pregnancy [11]. Asaresult,
adverse effects on the pregnant woman'’s lungs may aggravate
the symptom severity of viral infections.

The novel SARS-CoV-2 virus uses angiotensin-converting
enzyme 2 (ACE2) receptor in the lungsto enter cellsand cause
infection. ACE2 expression and activity are enhanced during
pregnancy, and transient ACE2 overexpression and itsincreased
activity during pregnancy may be important in modulating
systemic as well as local hemodynamics in the uteroplacental
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unit [60,61]. ACE2 upregulation may increase infectiousness
and therefore infection severity risk, asthe SARS-CoV-2 virus
uses this receptor for host entry. Paradoxically, ACE2
upregulation has also been reported to be a protective factor
against acute lung injury [62].

In one recent study, ACE2 gene expression was found to be
upregulated in cells specific to the maternal-fetal interface[63],
thereby suggesting a mechanism by which the risk for severe
COVID-19 increases in pregnancy. A role of ACE2 in
COVID-19 pathophysiology has aso been demonstrated,
including factors influencing ACE2 expression and activity in
relation to COVID-19 severity [64]. Thus, the potential impact
of ACE2 expression and thus SARS-CoV-2 entry into the host
in pregnancy should be further investigated [65].

The cytokine storm phenomenon has received substantial
research attention recently because of the COVI1D-19 pandemic.
Although more and more information is accumulating daily,
the cytokine storm seems to be at least part of the reason that
some people develop life-threatening symptoms from
COVID-19. Hyperinflammatory cytokine storms in many
patients with severe symptomatic cases of COVID-19 may be
rooted in an atypical responseto SARS-CoV-2 by dysfunctional
mast cells, in a condition known as mast cell activation
syndrome, rather than the typical response by normal mast cells
[66]. This may be explained by systemic and chronic
inflammation, diminished respiratory function and capacity,
and chronic obstructive pulmonary disease—related respiratory
failurein some patients. Some findingsindicated an association
of pro- and anti-inflammatory cytokines that play crucial roles
in the development and function of preeclampsia [67]. Given
this, pregnancy itself and pro- and anti-inflammatory cytokines
should be considered together as a single risk factor for severe
COVID-19 among pregnant women diagnosed with the novel
coronavirus.

Another critical area of concern isthat the cytokine stormisa
critical contributor to mortality in some patients with severe
COVID-19. In these patients, the levels of proinflammatory
cytokines such as interleukin (IL)-1, IL-2, IL-6, IL-8, IL-17,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a are
elevated, which affect the patient’s clinical symptoms and
severity in the general population [68]. In pregnancy, IFNsand
cytokines play important roles in the immune responses
promoting healthy pregnancy as well as congenital disorders
and complications [69], similar to those activated during a
COVID-19 cytokine storm, including TNF-a [70]. Increased
levels of INF-y, luteinizing hormone, and prolactin have been
identified asthe underlying cause for recurrent pregnancy 10sses,
thus, these factors not only amplify the severity of the cytokine
storm in COVID-19 but also consequentially result in adverse
pregnancy outcomes [70]. This potential interaction should be
clarified with future clinical research.

Several factorslimit theinterpretation of the present study. First,
the vast majority of studiesincluded in the meta-analysis were
retrospective epidemiological studies conducted in the United
States and China, with limited studies from other regions.
Second, some of the included studies did not distinguish the
agerange of the participantsaswell asthe stage of the gestation
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period. Third, COVID-19 severity as assumed to be
characterized by acytokine storm relied on different parameters
of clinical implications such as the levels of inflammatory
cytokines, invasive mechanical ventilation, and |CU admission.
Given these limitations, caution should be exercised when
interpreting the current findings for more valid clinical practice.
Future studies may respond to these issues by defining disease
severity more clearly and by obtaining more detailed information
on the associated inflammatory cytokines defining the
COVID-19 cytokine storm.

Multiple factors are responsible for recurrent pregnancy loss,
although an altered cytokine profile is known to be a major
contributor, especially inthe early stages of gestation. Similarly,
exposure to high maternal proinflammatory cytokine
concentrations in early pregnancy might play arole in several
adverse effects for either the woman or infant. Thus, women
expecting apregnancy should be screened to assessthe cytokine
profile even prior to conception whenever possible to avoid

Muthuka et al

pregnancy lossand to improvetheir health and socia well-being,
as abnorma cytokine levels could aggravate COVID-19
severity.

Finally, the interactions between the inherent inflammatory
cytokines and cytokine storm due to COV1D-19 should also be
further examined and clarified. In addition, clinicians should
pay more attention to the history of pregnancy-related altered
immune responses of COV1D-19 patients. Further research may
aim to determine the mechanisms that drive or decrease this
risk of severity by awithin—pregnant population study approach.

This meta-analysis revealed that pregnancy is significantly
associated with increased COV1D-19 symptom severity defined
by a cytokine storm. The SARS-CoV-2 epidemic should serve
asanimpetusfor further research on pregnant women diagnosed
with COVID-19, and to map out salient risk factors associated
with its severity with an aim of maintaining a good pregnancy
outcome and possibly evading an adverse COVID-19 clinical
prognosis.
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