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Abstract

Background: COVID-19 infection is a contemporary global concern with serious ramifications. This disease is caused by a virus
belonging to the Coronaviridae family named SARS-CoV-2. Immunologic and physiologic changes during pregnancy make pregnant
women more susceptible to viral infection, especially COVID-19.
Objectives: The present study aimed to identify the clinical manifestations, radiologic findings, indications for cesarean delivery,
underlying conditions, and the critical outcome of mothers and newborns regarding COVID-19 women who had cesarean sections
and terminated pregnancies.
Methods: This cross-sectional study was conducted on the mortality and morbidity rates of 98 women with terminated pregnancies
infected with COVID-19 at the time of their cesarean delivery. The demographic, clinical, and pregnancy data were collected from
Razi Teaching Hospital between March 2020 and March 2021 and analyzed using SPSS version 24.
Results: The mean age was 31.31 ± 7.16, and the mean gestational age was 36.45 ± 3.334 weeks. The most prevalent cause of cesarean
section was fetal distress (28%), followed by preeclampsia and meconium aspiration. The most common symptoms were sore throat,
cough, fever, nausea, diarrhea, and weakness; moreover, hypothyroidism and diabetes mellitus were the most predominant under-
lying diseases. The mean duration for hospitalization was 5.21 ± 4.584 days, the maternal death rate was 5.1%, and the neonatal death
rate was 2%.
Conclusions: The majority of women infected with COVID-19 had cesarean sections and terminated pregnancies in the third
trimester. This highlights the need for better care and education for mothers in this period. The body mass index (BMI) level and
obesity are strongly associated with COVID-19 severity. Furthermore, healthcare workers should pay more attention to underlying
diseases during pregnancy.
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1. Background

SARS-CoV-2 was declared a pandemic after the first case
was identified in China and swiftly spread globally in De-
cember 2019 (1). As of October 14, 2022, WHO has reported
over 620 million confirmed cases worldwide, resulting in
over 6.5 million deaths (2). COVID-19 manifestations vary
from asymptomatic or moderate symptoms to severe sick-
ness and death. Common symptoms include fever, cough,
and shortness of breath. Symptoms may manifest between
2 and 14 days following exposure to the virus (3). Nearly
80% of COVID-19 infections are mild or asymptomatic, 15%
are severe (need oxygen supplementation), and 5% are life-
threatening and require mechanical ventilation (4).

COVID-19 may disproportionately impact the el-
derly and those with cardiologic, pulmonary, renal, and
metabolic comorbidities (5). This is also manifest in
pregnancies where it is a well-documented fact that
pregnancy-related alterations in maternal physiology
make pregnant women more susceptible to a more severe
course of pneumonia, resulting in higher maternal and
fetal morbidity and mortality (6, 7). This is because the
maternal respiratory system undergoes various physiolog-
ical alterations throughout pregnancy. These alterations
expose the mother to hypoxia, which the body reacts to by
increasing tidal volume and hyperventilating. Hyperven-
tilation allows pregnant women to breathe in more air,

Copyright © 2023, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

https://doi.org/10.5812/jjm-133839
https://crossmark.crossref.org/dialog/?doi=10.5812/jjm-133839&domain=pdf
https://orcid.org/0000-0001-7885-6691
https://orcid.org/0000-0001-9943-9715
https://orcid.org/0000-0002-7633-7334
https://orcid.org/0000-0002-5709-6280
https://orcid.org/0000-0002-6649-3931


Alavi SMA et al.

which in turn makes pregnant women more susceptible
to contracting airborne SARS-CoV-2 than ordinary people;
moreover, progesterone-mediated alterations in nasal
mucosa throughout pregnancy may cause the virus to
adhere to the upper respiratory system, which in itself
makes it difficult to eradicate (8).

Although vertical transmission of SARS-CoV-2 is rare, it
appears to be found in a minority of third-trimester COVID-
19 pregnant women (9). This may be because COVID-19
increases the rate of feto-maternal outcomes, including
preterm birth, premature rupture of membranes, preterm
premature rupture of membranes, gestational diabetes
mellitus, gestational hypertension, preeclampsia, eclamp-
sia, fetal distress, stillbirth, intrauterine fetal demise, post-
partum hemorrhage, maternal mortality, and prolonged
labor. Neonatal outcomes (which may be associated with
COVID-19) are iatrogenic preterm birth and neonatal inten-
sive care unit (NICU) admission. In addition, pneumonia
during pregnancy increases the risk of preterm delivery,
low birth weight, and small for gestational age infants (10).
It is of note that the literature shows no indication of ce-
sarean birth as not being beneficial in reducing potential
vertical transmission from a pregnant woman with COVID-
19 to vaginal delivery. The route of delivery depends on the
severity of the illness and the obstetric indications (11).

2. Objectives

In the present study, the researchers investigated clin-
ical manifestations and collected data based on radiologic
findings, indications for cesarean delivery, underlying con-
ditions, and critical outcome of mothers and newborns in
women with terminated pregnancies infected with COVID-
19 at the time of cesarean delivery.

3. Methods

3.1. Study Population

This observational cross-sectional study was con-
ducted as an investigation of all pregnant patients with
positive SARS-CoV-2 molecular test results who delivered
their neonates via cesarean section at Razi Hospital, Ah-
vaz Jundishapur University of Medical Sciences between
March 20, 2020, and March 21, 2021. Inclusion criteria were
proof of pregnancy, positive SARS-CoV-2 molecular test,
existence of complete medical records, proof of cesarean
delivery, and written informed consent. Exclusion criteria
were unwillingness to participate in the study and lack of
or incomplete medical records.

3.2. Demographic Characteristics

Medical records were used to obtain descriptive data
regarding fetal and maternal COVID-19 disease severity.
These data were subsequently subcategorized into demo-
graphic, clinical, and obstetrical data. Demographic data
included age, educational level, occupation, smoking, al-
cohol, or substance abuse. Clinical data included past
medical history (including diabetes mellitus, hyperten-
sion, previous cardiac or pulmonary disease, thalassemia,
hemophilia, and immune deficiency) and physical exam-
ination at the time of hospitalization. Obstetrics data in-
cluded gravidity, parity, abortion, last menstrual period,
gestational age, and fetal lie. The researchers then evalu-
ated the maternal and fetal COVID-19 disease severity us-
ing different parameters. Maternal parameters included
signs, symptoms, body mass index (BMI), family involve-
ment, oxygen saturation (SpO2) before and after cesarean
delivery, ICU admission, mechanical ventilation, hemor-
rhage, and death. Fetal parameters included birth weight,
neonatal SARS-CoV-2 molecular test, Apgar score, NICU ad-
mission, and death.

3.3. Statistical Analysis

All analyses were conducted using SPSS version 24 (SPSS
Inc, Chicago, IL, USA). The researchers calculated the mean
and SD for continuous variables and the number and per-
centage for categorical variables.

4. Results

4.1. Chronological and Gestational Age

Ninety-eight pregnant women with positive SARS-CoV-
2 molecular tests were admitted during the COVID-19 pan-
demic and underwent cesarean delivery. Of the 98 preg-
nant women, 20 (20.4%) were less than 25 years, 17 (17.3%)
were 26 - 30 years, 35 (35.7%) were 31 - 35 years, and 26 (26.5%)
were more than 35 years. The mean age of the population
was 31.31 ± 7.16 years. The mean gestational age for the pop-
ulation was 36.45 ± 3.334 weeks. Complete redundancy for
gestational age can be found in Table 1.

Table 1. The Frequency and Percentage of Gestational Age

Gestational Age Frequency (%)

Less than 35 weeks 26 (26.53)

36 - 39 weeks 60 (61.22)

40 weeks and more 12 (12.24)

Total 98 (100)
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4.2. Cesarean Delivery Indications andMode of Anesthesia

The most prevalent indication for cesarean delivery
was fetal distress (28.6%), followed by preeclampsia (21.4%).
Other indications are listed in Table 2. Ninety-four (95.9%)
cesarean deliveries were carried out emergently, and 4
(4.1%) were carried out as elective procedures. Ninety-four
(95.9%) pregnant women underwent cesarean delivery by
spinal anesthesia.

Table 2. The Frequency and Percentage of Cesarean Indication

Cesarean Indication Frequency (%)

Fetal distress 28 (28.6)

Preeclampsia and low bishop score 21 (21.4)

Meconium 16 (16.3)

Previous cesarean history 9 (9.2)

Cesarean near death 3 (3.1)

Other indications (placental abruption,
myomectomy, umbilical cord prolapse, etc.)

21 (21.4)

Total 98 (100)

4.3. Symptoms

Cough (46.9%) and dyspnea (42.9%) were the most com-
mon symptoms before cesarean delivery, whereas fever
(11.2%) and vomiting/diarrhea (11.2%) were the prevalent
symptoms after cesarean delivery. Other symptoms are
listed in Table 3.

4.4. Chest High-Resolution Computed Tomography

Chest high-resolution computed tomography (HRCT)
was used to investigate whether pulmonary involvement
was present. The HRCT was not administered for 11 (11.22%)
pregnant women. Lung involvement was not seen in
38 (38.77%) pregnant women’s HRCT. The results of HRCT
showed that 35 (35.71%) pregnant women suffered from
mild involvement, 8 (8.16%) suffered from moderate in-
volvement, and 6 (6.12%) pregnant women suffered from
severe COVID-19 pulmonary involvement.

4.5. Underlying Conditions

The most prevalent underlying condition was hypothy-
roidism (11.2%), followed by diabetes mellitus (9.2%). Hy-
pertension (8.2%) and asthma (6.1%) were also seen in the
population. The underlying condition was not observed in
59 (60.2%) pregnant women’s medical records. Family in-
volvement was observed in 35 (35.71%) cases, whereas it did
not occur for 63 (64.28%) pregnant women. The mean BMI
was 30.22 ± 5.52 kg/m2, and the median was 29.5 kg/m2 for
the population. Only one subject had a history of smoking.

4.6. Diagnoses on Admission

Forty-three (43.9%) pregnant women were admitted
due to COVID-19, and 55 (56.1%) were admitted due to ob-
stetrics indications other than COVID-19. Complete diagno-
sis records are listed in Table 4.

4.7. Vital Signs and SpO2

The mean SpO2 before cesarean delivery was 97.69± 1.7,
whereas this measure was 95.59 ± 1.45 after cesarean de-
livery. The mean temperature was 36.78 ± 0.338°C before
and 36.72 ± 0.383°C after cesarean delivery. The mean res-
piratory rate was 18.77± 3.609 before cesarean delivery and
17.09 ± 2.957 after this procedure.

4.8. Critical Outcomes

Thirteen (13.26%) pregnant women were admitted to
the ICU during this period, of whom 5 (5.1%) were intu-
bated and needed mechanical ventilation. The mean hos-
pitalization period was 5.21 ± 4.584 days. Three (3%) preg-
nant women suffered from hemorrhage, all categorized as
postpartum hemorrhage. Only 1 (1%) pregnant woman de-
veloped a wound infection after the procedure. Five (5.1%)
pregnant women died due to COVID-19 complications dur-
ing this period.

4.9. Neonatal Outcomes

The Apgar score was 0 - 1 for 1 neonate, 2 - 4 for 1 neonate,
8 - 9 for 4 neonates, and 9 - 10 for 98 neonates, of whom
14 (14.3%) were admitted to NICU, and 2 (2%) died. All the
neonates were tested for SARS-CoV-2 24 hours after birth,
of which all the tests were negative; vertical transmission
did not occur. The birth weight was less than 2500 g for 10
(10.2%) neonates, 2500 - 3500 g for 73 (74.5%) neonates, and
3500 g for 15 (15.3%) neonates. The mean birth weight was
3097 g.

5. Discussion

As COVID-19 continues to spread worldwide, there will
likely be an increase in infections among pregnant women
worldwide. Accordingly, it is essential that pregnant
women and their families, as well as the general public
and health care providers, receive the most accurate infor-
mation available (12). High rates of preterm birth and ce-
sarean delivery have been reported in women with SARS-
CoV-2 infection. However, studies have insufficient power
to evaluate rare events such as stillbirth (13). In this study,
most of the pregnant women were in the third trimester of
their pregnancy. This demonstrates the possible increased
risk of being symptomatic or morbidity for those infected
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Table 3. The Frequency and Percentage of Maternal Symptoms Before and After Cesarean Delivery a

Maternal Symptoms
Before Cesarean After Cesarean

Negative Positive Negative Positive

Cough 52 (53.1) 46 (46.9) 95 (96.9) 3 (3.1)

Dyspnea 56 (57.1) 42 (42.9 91 (92.9) 7 (7.1)

Myalgia 67 (68.4) 31 (31.6) 94 (95.9) 4 (4.1)

Fever 70 (71.4) 28 (28.6) 87 (88.8) 11 (11.2)

Vomiting/diarrhea 96 (98) 2 (2) 87 (88.8) 11 (11.2)

Fatigue 75 (76.5) 23 (23.5) 96 (98) 2 (2)

Sore throat 94 (95.9) 4 (4.1) 93 (94.9) 5 (5.1)

Other symptoms 83 (84.7) 15 (15.3) 98 (100) 0 (0)

a Values are expressed as frequency (%).

Table 4. The Frequency and Percentage of Primary Diagnoses

Primary Diagnoses Frequency (%)

COVID-19 43 (43.9)

Rupture of membranes 14 (14.28)

Labor pain + COVID-19 13 (13.26)

Preterm labor 9 (9.18)

Post-term pregnancy 9 (9.18)

Others 10 (10.2)

Total 98 (100)

with SARS-CoV-2, which shows the importance of monitor-
ing pregnant women in the third trimester.

Higher incidences of COVID-19 involvement in the
third trimester of pregnancy have also been seen in previ-
ous studies (14-16). Cesarean delivery in 26.5% of the stud-
ied population was carried out before 35 weeks of gesta-
tional age. However, the global rate of preterm birth is 11%
(17). Rusconi et al. stated that the rate of preterm birth de-
creased following the implementation of COVID-19 restric-
tion policies (18). The higher rate of preterm birth may
be because the researchers only studied COVID-19-infected
women who underwent cesarean delivery.

According to HRCT findings, 6% of the population had
severe pneumonia. The same findings were seen in a
systematic review and meta-analysis by Mirbeyk et al., in
which 37 articles and 364 pregnant women were analyzed
(19). In this study, cough and dyspnea are the most fre-
quent symptoms among pregnant women. Similar find-
ings were seen in the study by Sekkarie et al. conducted
on 21 848 pregnant women, in which the most frequent
symptoms were cough and dyspnea (20). The mean BMI
was 30.22 ± 5.52 kg/m2 for the studied population, indicat-
ing that most women suffer from obesity. This implies that

obesity might be a risk factor for COVID-19 infection and
its morbidity. Previous investigations also demonstrate
that obesity is the most prevalent comorbidity among
women suffering from COVID-19 (16, 21). Thirty-five preg-
nant women (35.7%) had a history of close contact with
SARS-CoV-2–positive family members. This issue was also
mentioned by Tabatabai et al. (22), emphasizing the impor-
tance of educating pregnant women about this disease.

In this study, most of the cesarean deliveries (95.9%)
were carried out emergently, in which the most preva-
lent indication was fetal distress (28.6%), followed by
preeclampsia (21.4%). As mentioned before, the route of de-
livery depends on the severity of the illness and the obstet-
ric indications (11). In a systematic review, Yang et al. eval-
uated 18 studies consisting of 114 pregnant women, show-
ing that the most prevalent indications for cesarean de-
livery were preeclampsia and fetal distress (23). In this
study, the researchers investigated the underlying condi-
tions in SARS-CoV-2-positive pregnant women undergoing
cesarean delivery, of which the most prevalent comorbid-
ity was hypothyroidism (11.2%), followed by diabetes melli-
tus (9.2%). However, 60.2% of the population did not have
any underlying condition. Antsaklis et al. reported that hy-
pothyroidism is one of the prevalent comorbidities among
pregnant women (24). Kurian et al. found that diabetes
in pregnant women is substantially related to COVID-19 in-
fection severity and has adverse outcomes for mothers and
newborns (25).

There was only 1 case of wound infection in our pop-
ulation. Antonello et al. concluded that the incidence
of surgical site infection decreased during the COVID-19
period, which may result from safer precautions adopted
by healthcare professionals (26). We found that 3 (3%)
women suffered from postpartum hemorrhage. Based on
a score-matched analysis by Januszewski et al., the num-
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ber of packed red blood cell (RBC) units transfused, the
prevalence of postpartum hemorrhage, and the predicted
blood loss all elevated after COVID-19 deliveries, which is
perceived as another threat for SARS-CoV-2–positive preg-
nant women (27). Thirteen women (13.26%) were admit-
ted to the ICU, of whom 5.1% were intubated at the time of
hospitalization. Based on the study by Wang et al., COVID-
19 could be a risk factor for ICU admission and intuba-
tion (28). The maternal mortality rate was 5.1% in our pop-
ulation, which was higher than in previous studies (29,
30). The higher mortality rate may be due to the increased
number of studied patients in the aforementioned stud-
ies and the fact that the current study investigated women
who underwent cesarean delivery.

The Apgar score was 9 - 10 for 92 (93.9%) neonates and
less than 7 for 6 (6.1%) neonates. Based on a systematic
review and meta-analysis by de Medeiros et al., which in-
cluded 70 studies and 10 047 pregnant women in the third
trimester, the incidence of Apgar < 7 was 19%. The higher
rate may be due to the higher number of subjects in this
systematic review (31). The NICU admission rate was 14.3%,
which was lower than the study by Ward et al. (32). This
could be attributed to the higher number of patients in the
aforementioned study and the fact that the neonatal mor-
tality rate was 2% in this study. This rate is in line with a
previous study by Marchand et al. (29).

The birth weight of 10.2% of neonates was less than
2500 g, which is considered low birth weight in the liter-
ature. The incidence was lower than global estimates by
WHO; however, a previous study by de Medeiros et al. high-
lighted that COVID-19 could increase low birth weight in-
cidence (31). The difference could be due to the limited
number of pregnant women and neonates. The limitation
imposed on the current study was the small sample size.
The researchers highly recommend studying cesarean de-
livery in pregnant women suffering from COVID-19 in a
larger population. Moreover, this study did not analyze
the neonatal cord, placenta, amniotic fluid, urine, and fe-
cal and rectal samples. These samples could provide better
insight into vertical transmission in the future. Another
limitation of the current study is the limited demographic
data, which could aid researchers in evaluating the popu-
lation more specifically.

5.1. Conclusions

The majority of our population was in the third
trimester of pregnancy at the time of delivery. This in itself
implies the need for greater attention and education for
mothers in this period. This study also indicates that BMI
and obesity are strongly associated with COVID-19 sever-
ity. Furthermore, healthcare workers should pay atten-
tion to underlying diseases during pregnancy. Due to the

COVID-19 morbidity and mortality in pregnant women and
neonates, it is highly recommended that a complete team
consisting of a gynecologist, obstetrician, neonatologist,
anesthesiologist, and internist should be present in the op-
erating theatre during cesarean deliveries.

Footnotes

Authors’ Contribution: Study concept and design: S. B.,
N. S., and M. N.; analysis and interpretation of data: SMA. A.,
and E. K.; drafting of the manuscript: SMA. A., S. B., and E.
K.; critical revision of the manuscript for important intel-
lectual content: SMA. A. and S. B.; statistical analysis: SMA.
A.

Conflict of Interests: The authors have no conflicts of in-
terest to declare.

Data Reproducibility: The data that support the find-
ing of this study are available upon request from the cor-
responding author.

Ethical Approval: The Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences approved this
study (code: IR.AJUMS.REC.1400.385).

Funding/Support: No sources of funding were declared
for this study.

Informed Consent: Written informed consent was ob-
tained from all participants.

References

1. Hatamabadi H, Sabaghian T, Sadeghi A, Heidari K, Safavi-Naini SAA,
Looha MA, et al. Epidemiology of COVID-19 in Tehran, Iran: A co-
hort study of clinical profile, risk factors, and outcomes. Biomed Res
Int. 2022;2022:2350063. [PubMed ID: 35592525]. [PubMed Central ID:
PMC9113873]. https://doi.org/10.1155/2022/2350063.

2. World Health Organization. WHO coronavirus (COVID-19) dashboard.
2022, [cited 11 November 2022]. Available from: https://covid19.who.
int/.

3. NCIRD Division of Viral Diseases.SymptomsofCOVID-19. 2022. Available
from: https://www.cdc.gov/coronavirus/2019-ncov/symptoms-
testing/symptoms.html.

4. Dashraath P, Wong JLJ, Lim MXK, Lim LM, Li S, Biswas A, et al. Coro-
navirus disease 2019 (COVID-19) pandemic and pregnancy. Am J Ob-
stet Gynecol. 2020;222(6):521–31. [PubMed ID: 32217113]. [PubMed Cen-
tral ID: PMC7270569]. https://doi.org/10.1016/j.ajog.2020.03.021.

5. Capobianco G, Saderi L, Aliberti S, Mondoni M, Piana A, Dessole
F, et al. COVID-19 in pregnant women: A systematic review and
meta-analysis. Eur J Obstet Gynecol Reprod Biol. 2020;252:543–
58. [PubMed ID: 32713730]. [PubMed Central ID: PMC7363619].
https://doi.org/10.1016/j.ejogrb.2020.07.006.

6. Poon LC, Yang H, Lee JCS, Copel JA, Leung TY, Zhang Y, et al. ISUOG
interim guidance on 2019 novel coronavirus infection during preg-
nancy and puerperium: Information for healthcare professionals.
Ultrasound Obstet Gynecol. 2020;55(5):700–8. [PubMed ID: 32160345].
[PubMed Central ID: PMC7228229]. https://doi.org/10.1002/uog.22013.

Jundishapur J Microbiol. 2023; 16(3):e133839. 5

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=222386
http://www.ncbi.nlm.nih.gov/pubmed/35592525
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9113873
https://doi.org/10.1155/2022/2350063
https://covid19.who.int/
https://covid19.who.int/
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
http://www.ncbi.nlm.nih.gov/pubmed/32217113
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270569
https://doi.org/10.1016/j.ajog.2020.03.021
http://www.ncbi.nlm.nih.gov/pubmed/32713730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7363619
https://doi.org/10.1016/j.ejogrb.2020.07.006
http://www.ncbi.nlm.nih.gov/pubmed/32160345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228229
https://doi.org/10.1002/uog.22013


Alavi SMA et al.

7. Chen YH, Keller J, Wang IT, Lin CC, Lin HC. Pneumonia and preg-
nancy outcomes: a nationwide population-based study. Am J Obstet
Gynecol. 2012;207(4):288 e1–7. [PubMed ID: 23021691]. [PubMed Central
ID: PMC7093888]. https://doi.org/10.1016/j.ajog.2012.08.023.

8. Zhao X, Jiang Y, Zhao Y, Xi H, Liu C, Qu F, et al. Analysis of
the susceptibility to COVID-19 in pregnancy and recommenda-
tions on potential drug screening. Eur J Clin Microbiol Infect Dis.
2020;39(7):1209–20. [PubMed ID: 32328850]. [PubMed Central ID:
PMC7178925]. https://doi.org/10.1007/s10096-020-03897-6.

9. Kotlyar AM, Grechukhina O, Chen A, Popkhadze S, Grimshaw A, Tal
O, et al. Vertical transmission of coronavirus disease 2019: A sys-
tematic review and meta-analysis. Am J Obstet Gynecol. 2021;224(1):35–
53-e3. [PubMed ID: 32739398]. [PubMed Central ID: PMC7392880].
https://doi.org/10.1016/j.ajog.2020.07.049.

10. Simbar M, Nazarpour S, Sheidaei A. Evaluation of pregnancy out-
comes in mothers with COVID-19 infection: A systematic review
and meta-analysis. J Obstet Gynaecol. 2023;43(1):2162867. [PubMed ID:
36651606]. https://doi.org/10.1080/01443615.2022.2162867.

11. Cai J, Tang M, Gao Y, Zhang H, Yang Y, Zhang D, et al. Cesarean
section or vaginal delivery to prevent possible vertical trans-
mission from a pregnant mother confirmed with COVID-19 to a
neonate: A systematic review. Front Med (Lausanne). 2021;8:634949.
[PubMed ID: 33681259]. [PubMed Central ID: PMC7926203].
https://doi.org/10.3389/fmed.2021.634949.

12. Liang H, Acharya G. Novel corona virus disease (COVID-19) in
pregnancy: What clinical recommendations to follow? Acta Ob-
stet Gynecol Scand. 2020;99(4):439–42. [PubMed ID: 32141062].
https://doi.org/10.1111/aogs.13836.

13. Khalil A, von Dadelszen P, Draycott T, Ugwumadu A, O’Brien P,
Magee L. Change in the incidence of stillbirth and preterm de-
livery during the COVID-19 pandemic. JAMA. 2020;324(7):705–
6. [PubMed ID: 32648892]. [PubMed Central ID: PMC7435343].
https://doi.org/10.1001/jama.2020.12746.

14. McClymont E, Albert AY, Alton GD, Boucoiran I, Castillo E, Fell
DB, et al. Association of SARS-CoV-2 infection during pregnancy
with maternal and perinatal outcomes. JAMA. 2022;327(20):1983–
91. [PubMed ID: 35499852]. [PubMed Central ID: PMC9062768].
https://doi.org/10.1001/jama.2022.5906.

15. Szczygiol P, Baranska K, Korczak I, Zimmer-Stelmach A, Rosner-
Tenerowicz A, Zimmer M, et al. COVID-19 in pregnancy, management
and outcomes among pregnant women and neonates - results from
tertiary care center in Wroclaw.Ginekol Pol. 2022;93(1):47–53. [PubMed
ID: 35072251]. https://doi.org/10.5603/GP.a2021.0201.

16. Borges Charepe N, Queiros A, Alves MJ, Serrano F, Ferreira C, Gamito
M, et al. One year of COVID-19 in pregnancy: A national wide collabo-
rative study. Acta Med Port. 2022;35(5):357–66. [PubMed ID: 35164897].
https://doi.org/10.20344/amp.16574.

17. Walani SR. Global burden of preterm birth. Int J Gy-
naecol Obstet. 2020;150(1):31–3. [PubMed ID: 32524596].
https://doi.org/10.1002/ijgo.13195.

18. Rusconi F, Puglia M, Pacifici M, Brescianini S, Gagliardi L, Nan-
navecchia AM, et al. Pregnancy outcomes in Italy during COVID-19
pandemic: A population-based cohort study. BJOG. 2022;130(3):276–
84. [PubMed ID: 36209471]. [PubMed Central ID: PMC9874775].
https://doi.org/10.1111/1471-0528.17315.

19. Mirbeyk M, Saghazadeh A, Rezaei N. A systematic review of preg-
nant women with COVID-19 and their neonates. Arch Gynecol Ob-
stet. 2021;304(1):5–38. [PubMed ID: 33797605]. [PubMed Central ID:
PMC8017514]. https://doi.org/10.1007/s00404-021-06049-z.

20. Sekkarie A, Woodruff R, Whitaker M, Kramer MR, Zapata LB,
Ellington SR, et al. Characteristics and treatment of hospital-
ized pregnant women with COVID-19. Am J Obstet Gynecol MFM.

2022;4(6):100715. [PubMed ID: 35970493]. [PubMed Central ID:
PMC9371979]. https://doi.org/10.1016/j.ajogmf.2022.100715.

21. Smith ER, Oakley E, Grandner GW, Rukundo G, Farooq F, Ferguson K,
et al. Clinical risk factors of adverse outcomes among women with
COVID-19 in the pregnancy and postpartum period: a sequential,
prospective meta-analysis. Am J Obstet Gynecol. 2023;228(2):161–
77. [PubMed ID: 36027953]. [PubMed Central ID: PMC9398561].
https://doi.org/10.1016/j.ajog.2022.08.038.

22. Tabatabai RS, Asadi L, Mohammadi M, Rahmani M, Rezaeian E,
Ghasemi F, et al. Prenatal and clinical characteristics of preg-
nant women infected with COVID-19 in Yazd, Iran: A multicen-
ter cross-sectional study. Int J Reprod Biomed. 2022;20(7):529–
38. [PubMed ID: 36187739]. [PubMed Central ID: PMC9446446].
https://doi.org/10.18502/ijrm.v20i7.11555.

23. Yang Z, Wang M, Zhu Z, Liu Y. Coronavirus disease 2019
(COVID-19) and pregnancy: A systematic review. J Matern Fe-
tal Neonatal Med. 2022;35(8):1619–22. [PubMed ID: 32354293].
https://doi.org/10.1080/14767058.2020.1759541.

24. Antsaklis P, Tasias K, Psarris A, Theodora M, Daskalakis G, Rodolakis
A. COVID-19 and pregnancy: The experience of a tertiary mater-
nity hospital. J Perinat Med. 2021;49(6):686–90. [PubMed ID: 34187133].
https://doi.org/10.1515/jpm-2021-0070.

25. Kurian S, Mathews M, Reshmi VP, Divakaran B, Ajith S. Impact
of diabetes on the severity of COVID-19 infection in pregnant
women - A single-center descriptive study. Diabetes Metab Syndr.
2022;16(1):102362. [PubMed ID: 34922215]. [PubMed Central ID:
PMC8654463]. https://doi.org/10.1016/j.dsx.2021.102362.

26. Antonello VS, Dalle J, Antonello ICF, Benzano D, Ramos MC. Sur-
gical site infection after cesarean delivery in times of COVID-19.
Rev Bras Ginecol Obstet. 2021;43(5):374–6. [PubMed ID: 34182581].
https://doi.org/10.1055/s-0041-1729144.

27. Januszewski M, Santor-Zaczynska M, Ziuzia-Januszewska L, Ku-
dan M, Jakimiuk AA, Wierzba W, et al. Postpartum blood loss in
COVID-19 patients-propensity score matched analysis. Biomedicines.
2022;10(10):2517. [PubMed ID: 36289779]. [PubMed Central ID:
PMC9599331]. https://doi.org/10.3390/biomedicines10102517.

28. Wang H, Li N, Sun C, Guo X, Su W, Song Q, et al. The asso-
ciation between pregnancy and COVID-19: A systematic re-
view and meta-analysis. Am J Emerg Med. 2022;56:188–95.
[PubMed ID: 35413655]. [PubMed Central ID: PMC8986277].
https://doi.org/10.1016/j.ajem.2022.03.060.

29. Marchand G, Patil AS, Masoud AT, Ware K, King A, Ruther S, et al. Sys-
tematic review and meta-analysis of COVID-19 maternal and neona-
tal clinical features and pregnancy outcomes up to June 3, 2021. AJOG
Glob Rep. 2022;2(1):100049. [PubMed ID: 35005663]. [PubMed Central
ID: PMC8720679]. https://doi.org/10.1016/j.xagr.2021.100049.

30. Yan J, Guo J, Fan C, Juan J, Yu X, Li J, et al. Coronavirus disease 2019
in pregnant women: a report based on 116 cases. Am J Obstet Gy-
necol. 2020;223(1):111–e1-14. [PubMed ID: 32335053]. [PubMed Central
ID: PMC7177142]. https://doi.org/10.1016/j.ajog.2020.04.014.

31. de Medeiros KS, Sarmento ACA, Costa APF, Macedo LTA, da Silva LAS,
de Freitas CL, et al. Consequences and implications of the coro-
navirus disease (COVID-19) on pregnancy and newborns: A com-
prehensive systematic review and meta-analysis. Int J Gynaecol Ob-
stet. 2022;156(3):394–405. [PubMed ID: 34762735]. [PubMed Central ID:
PMC9087607]. https://doi.org/10.1002/ijgo.14015.

32. Ward JD, Cornaby C, Kato T, Gilmore RC, Bunch D, Miller MB, et
al. The clinical impact of maternal COVID-19 on mothers, their
infants, and placentas with an analysis of vertical transfer of
maternal SARS-CoV-2-specific IgG antibodies. Placenta. 2022;123:12–
23. [PubMed ID: 35512490]. [PubMed Central ID: PMC9057562].
https://doi.org/10.1016/j.placenta.2022.04.006.

6 Jundishapur J Microbiol. 2023; 16(3):e133839.

http://www.ncbi.nlm.nih.gov/pubmed/23021691
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7093888
https://doi.org/10.1016/j.ajog.2012.08.023
http://www.ncbi.nlm.nih.gov/pubmed/32328850
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178925
https://doi.org/10.1007/s10096-020-03897-6
http://www.ncbi.nlm.nih.gov/pubmed/32739398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392880
https://doi.org/10.1016/j.ajog.2020.07.049
http://www.ncbi.nlm.nih.gov/pubmed/36651606
https://doi.org/10.1080/01443615.2022.2162867
http://www.ncbi.nlm.nih.gov/pubmed/33681259
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7926203
https://doi.org/10.3389/fmed.2021.634949
http://www.ncbi.nlm.nih.gov/pubmed/32141062
https://doi.org/10.1111/aogs.13836
http://www.ncbi.nlm.nih.gov/pubmed/32648892
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7435343
https://doi.org/10.1001/jama.2020.12746
http://www.ncbi.nlm.nih.gov/pubmed/35499852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9062768
https://doi.org/10.1001/jama.2022.5906
http://www.ncbi.nlm.nih.gov/pubmed/35072251
https://doi.org/10.5603/GP.a2021.0201
http://www.ncbi.nlm.nih.gov/pubmed/35164897
https://doi.org/10.20344/amp.16574
http://www.ncbi.nlm.nih.gov/pubmed/32524596
https://doi.org/10.1002/ijgo.13195
http://www.ncbi.nlm.nih.gov/pubmed/36209471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9874775
https://doi.org/10.1111/1471-0528.17315
http://www.ncbi.nlm.nih.gov/pubmed/33797605
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8017514
https://doi.org/10.1007/s00404-021-06049-z
http://www.ncbi.nlm.nih.gov/pubmed/35970493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9371979
https://doi.org/10.1016/j.ajogmf.2022.100715
http://www.ncbi.nlm.nih.gov/pubmed/36027953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9398561
https://doi.org/10.1016/j.ajog.2022.08.038
http://www.ncbi.nlm.nih.gov/pubmed/36187739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9446446
https://doi.org/10.18502/ijrm.v20i7.11555
http://www.ncbi.nlm.nih.gov/pubmed/32354293
https://doi.org/10.1080/14767058.2020.1759541
http://www.ncbi.nlm.nih.gov/pubmed/34187133
https://doi.org/10.1515/jpm-2021-0070
http://www.ncbi.nlm.nih.gov/pubmed/34922215
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8654463
https://doi.org/10.1016/j.dsx.2021.102362
http://www.ncbi.nlm.nih.gov/pubmed/34182581
https://doi.org/10.1055/s-0041-1729144
http://www.ncbi.nlm.nih.gov/pubmed/36289779
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9599331
https://doi.org/10.3390/biomedicines10102517
http://www.ncbi.nlm.nih.gov/pubmed/35413655
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8986277
https://doi.org/10.1016/j.ajem.2022.03.060
http://www.ncbi.nlm.nih.gov/pubmed/35005663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8720679
https://doi.org/10.1016/j.xagr.2021.100049
http://www.ncbi.nlm.nih.gov/pubmed/32335053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177142
https://doi.org/10.1016/j.ajog.2020.04.014
http://www.ncbi.nlm.nih.gov/pubmed/34762735
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9087607
https://doi.org/10.1002/ijgo.14015
http://www.ncbi.nlm.nih.gov/pubmed/35512490
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9057562
https://doi.org/10.1016/j.placenta.2022.04.006

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Population
	3.2. Demographic Characteristics
	3.3. Statistical Analysis

	4. Results
	4.1. Chronological and Gestational Age
	Table 1

	4.2. Cesarean Delivery Indications and Mode of Anesthesia
	Table 2

	4.3. Symptoms
	Table 3

	4.4. Chest High-Resolution Computed Tomography
	4.5. Underlying Conditions
	4.6. Diagnoses on Admission
	Table 4

	4.7. Vital Signs and SpO2
	4.8. Critical Outcomes
	4.9. Neonatal Outcomes

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

