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ABSTRACT

The consequences of COVID-19 infecting pregnant women and the potential risks 

of vertical transmission have become a major issue. Since little is currently known about 

COVID-19 in pregnancy, the understanding of COVID-19 in this particular group will 

be updated in time, and a comprehensive review will be useful to evaluate the impact of 

COVID-19 in pregnancy. Based on recently published literature and official documents, 

this review provides an introduction to the pathogenesis, pathology, and clinical features 

of COVID-19 and has focused on the current researches on clinical features, pregnancy 

outcomes and placental histopathological analysis from pregnant women infected with 

SARS-CoV-2 in comparison with SARS-CoV and MERS-CoV. These viruses trigger a 

cytokine storm in the body, produce a series of immune responses, and cause changes in 

peripheral leukocytes and immune system cells leading to pregnancy complications that 

may be associated with viral infections. The expression of ACE2 receptors in the vascular 

endothelium may explain the histological changes of placentas from pregnant women 

infected by SARS-CoV-2. Pregnant women with COVID-19 pneumonia show similar 

clinical characteristics compared with non-pregnant counterparts. Although there is no 

unequivocal evidence to support the fetal infection by intrauterine vertical transmission of 

SARS, MERS and SARS-CoV-2 so far, more and more articles began to report maternal 

deaths due to COVID-19. In particular, from February 26, 2020 (date of the first COVID-19 

case reported in Brazil) until June 18, 2020, Brazil reported 124 maternal deaths. Therefore, 

pregnant women and neonates require special attention regarding the prevention, diagnosis 

and management of COVID-19.

KEYWORDS: SARS-CoV-2. COVID-19. Pregnancy. Neonates. SARS. MERS. Vertical 

transmission. 

INTRODUCTION

A series of a new coronavirus pneumonia (NCP), whose pathogen is the 
novel 2019 coronavirus (2019 - nCoV) was officially recognized by the World 
Health Organization on February 11, 2020 and the disease was called COVID-19. 
Meanwhile, the International Committee on Taxonomy of Viruses named the 2019 
novel coronavirus as SARS-CoV-2. At 10:00 a.m. on March 30, 2020, a total of 
82,447 confirmed cases and 3,310 deaths had been reported in China, with a case 
fatality rate of 4.0%, while there were 693,224 confirmed cases and 33,106 deaths 
worldwide, with a case fatality rate of about 4.8%1. Furthermore, the epidemic had 
a tendency to spread around the world. Therefore, the WHO has raised the global 
risk of the COVID-19 epidemic to the highest level (very high). Together with 
the other two highly pathogenic coronaviruses, the SARS-CoV and MERS-CoV, 
SARS-CoV-2 poses a global threat to public health. 
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Pregnant women are particularly vulnerable to 
respiratory pathogens and severe pneumonia due to 
physiological and immunological changes, such as altered 
T lymphocyte immunity, increased oxygen consumption, 
decreased functional residual capacity and decreased 
chest compliance, which may result in higher maternal 
and fetal morbidity and mortality2. Furthermore, pregnant 
women with pneumonia have a significantly higher risk of 
giving birth to low birth weight, as well as preterm and, 
small for gestational age infants, with low Apgar scores, 
born by cesarean section, whose mothers presented with 
preeclampsia/ eclampsia more often than uninfected 
women3. However, there is still insufficient data to evaluate 
the impact of COVID-19 on pregnant women. Considering 
that SARS-CoV-2, SARS-CoV, and MERS-CoV are all 
β-coronaviruses, and their genomes, pathogenesis and 
clinical symptoms have certain similarities, this article 
draws lessons from previous studies on SARS-CoV and 
MERS-CoV infecting pregnant women to predict the impact 
of SARS-CoV-2 on pregnant women and fetuses and make 
some suggestions.

Pathogenesis 

The functional receptor for SARS-CoV is the 
angiotensin-converting enzyme 2 (ACE2)4, which is 
abundantly present in lung alveolar epithelial cells and 
enterocytes of the small intestine, as well as in arterial and 
venous endothelial cells and arterial smooth muscle cells 
in virtually all of the organs5. In contrast, MERS-CoV uses 
the dipeptidyl peptidase 4 (DPP4) as its receptor6. DPP4 is 
widely expressed on epithelial cells in the kidney, alveoli, 
small intestine, liver, prostate and activated leukocytes7. 
SARS-CoV-2 is a novel β-coronavirus from the subgenus 
Sarbecovirus, genetically similar to SARS-CoV (about 
79%) and MERS-CoV (about 50%)8. Like in SARS-CoV 
infections, ACE2 is the cell receptor for SARS-CoV-29. 
The spike proteins of these viruses bind with cellular 
receptors of sensitive cells to mediate the infection of 
their target cells, after which viral replication begins in 
the cell cytoplasm. 

SARS-CoV and MERS-CoV were both found to be able 
to show extremely high and early replication rates, infecting 
dendritic cells, macrophages and T cells10-13, using several 
strategies to avoid the host innate immune response11,14, 
and resulting in a robust and sustained production of 
proinflammatory cytokines and chemokines11,12,15,16. Patients 
with COVID-19 have higher initial plasmatic concentrations 
of IL1β (Interleukin 1 Beta), IL1RA (Interleukin 1 Receptor 
Antagonist), IL7 (Interleukin 7), IL8 (Interleukin 8), IL9 
(Interleukin 9), IL10 (Interleukin 10), basic FGF (basic 

Fibroblast Growth Factor), GCSF (Granulocyte Colony 
Stimulating Factor), GMCSF (Granulocyte Macrophage 
Colony Stimulating Factor), IFNγ (Interferon gamma), 
IP10 (Interferon Inducible Protein 10), MCP1 (Monocyte 
Chemotactic Protein 1), MIP1α (Macrophage Inflammatory 
Protein-1 alpha), MIP1β (Macrophage Inflammatory 
Protein 1 Beta), PDGF (Platelet Derived Growth Factor), 
TNFα (Tumor Necrosis Factor alpha) and VEGF (Vascular 
Endothelial Growth Factor) than non-infected healthy 
adults17. IL6 (Interleukin 6) levels in patients with severe 
COVID-19 were also significantly higher than in patients 
with milder infections18. These results suggest that 
the cytokine storm may also play a relevant role in the 
development of COVID-19. 

Pathology

Lung
The pathological features of COVID-19 greatly 

resemble those seen in SARS and MERS coronavirus 
infections19-23. Diffuse alveolar damage is the predominant 
pulmonary histological pattern. Other changes included 
hyaline membrane formation, alveolar hemorrhage, 
desquamation of pneumocytes, extensive infiltration of 
neutrophils and macrophages in the interstice and alveoli.

An interesting report showed the pathological 
characteristics of a patient who died from a severe 
infection by SARS-CoV-2 and underwent postmortem 
biopsies23. Both lungs showed diffuse alveolar damage 
with cellular fibromyxoid exudates and interstitial 
mononuclear inflammatory infiltrates, with predominance of 
lymphocytes. The right lung showed evident desquamation 
of pneumocytes and hyaline membrane formation and 
the left lung showed a pulmonary edema with hyaline 
membrane formation, related to the acute respiratory 
distress syndrome (ARDS). A recent study reported that 
the lung histopathology in the early phase of COVID-19 
pneumonia include edema, proteinaceous exudate, 
focal reactive hyperplasia of pneumocytes with patchy 
inflammatory cellular infiltration, and multinucleated giant 
cells24.

Diffuse alveolar damage with hyaline membranes 
and pulmonary edema play important roles in ARDS. 
Pregnant women with ARDS are more prone to hypoxia, 
their oxygen consumption is increased by 20% and their 
functional residual pulmonary capacity is decreased during 
pregnancy, rendering the woman intolerant to hypoxia. 
Severe pneumonia is characterized by hypoxemia, which 
subsequently leads to placental hypoxia. The hypoxic 
placenta releases antiangiogenic and proinflammatory 
factors that converge to the maternal endothelium, 
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inducing endothelial dysfunction, hypertension, and organ 
damage25. Women with pneumonia during pregnancy have 
a significantly higher risk of adverse pregnancy outcomes, 
such as preterm delivery, pre-eclampsia, low birth weight 
and small-for-gestational-age infants2,3,26. Therefore, severe 
maternal respiratory distress syndrome may affect the fetal 
oxygen supply and endanger the fetus.

Placenta
In a study of the placental histopathology of mothers 

with SARS27, a total of seven placentas were studied. Two 
placentas from women recovering from SARS in the first 
trimester were normal. Three placentas from women that 
gave birth during the acute stage of SARS showed an 
increase in intervillous and subchorionic fibrin, and these 
findings may be related to disturbances in maternal placental 
blood flow due to hypoxia. Two placentas from women 
recovering from SARS in the third trimester of pregnancy 
were found to have an extensive thrombotic vasculopathy on 
the fetal side (FTV). The etiology of FTV may be related to 
the tendency to thrombosis due to SARS and/ or placental 
hypoxia. These two pregnancies were also accompanied by 
intrauterine growth restriction, oligohydramnios and small 
for gestation newborns.

A recent study analyzed the placental histopathology of 
three pregnant women who were infected by SARS-CoV-2 
in the third trimester of pregnancy, and all of them presented 
with mild disease28. In one of the placentas a chorioangioma 
was evidenced, and another placenta showed multifocal 
infarctions. All three cases had varying degrees of increment 
of intervillous or subchorionic fibrin associated with 
increased syncytial nodules. No villitis or chorioamnionitis 
were found. Whether these changes were caused by 
placental ischemia due to 2019-nCoV infection still needs 
to be further investigated by enlarging the sample size. 

In humans, maternal viral infections caused by 
AH1N1, dengue and HIV have been associated with 
impaired maternal and fetal hemodynamics and abnormal 
placental villous architecture. A healthy functioning 
placenta relies on a proper vascularization and perfusion 
of the placenta. Early studies indicated that systemic 
maternal infection and consequent inflammation can 
disrupt the placental vasculogenesis and angiogenesis and 
the alterations in placental hemodynamics may contribute 
to adverse pregnancy outcomes including preeclampsia, 
preterm delivery, small-for-gestational-age, low birth 
weight infants and stillbirths. In addition, it is believed 
that placental ischemia/ hypoxia can trigger an increased 
production of inflammatory biomarkers, such as IL6 and 
TNFα, which contribute to endothelial dysfunction in 
preeclampsia29.

Clinical features 

The clinical features of SARS-CoV and MERS-CoV 
infections are similar but patients with MERS have a 
higher incidence of acute respiratory distress syndrome, 
which may explain why the fatality rate of SARS is about 
10%, while in MERS it is about 36%. The major clinical 
features of SARS-CoV infections include persistent 
fever, chills or rigor, myalgia, dry cough, headache, 
malaise and dyspnea. Sore throat, rhinorrhea, sputum 
production, nausea, vomiting and dizziness were less 
common. In contrast, SARS and MERS-CoV infections 
usually start with fever, cough, chills, sore throat, myalgia 
and arthralgia, progressing with dyspnea and a rapid 
development of pneumonia within the first week, usually 
requiring respiratory support and ventilation, as well as 
other supportive measures30. In comparison with SARS, 
patients with MERS are older, with male predominance, 
a higher incidence of comorbidities and relatively lower 
human-to-human transmission potential31. Pregnant women 
infected with MERS may develop severe disease with fatal 
consequences, including stillbirths32-35.

The transmission route of COVID-19 is similar to the 
ones of SARS and MERS, mainly spread by respiratory 
droplets and direct contact. It is unclear if COVID-19 
can be transmitted by the fecal-oral route, given that 
SARS-CoV-2 has been identified in stool specimens36. 
SARS-CoV-2 can also infect the lower respiratory tract 
and cause pneumonia, but its symptoms seem to be 
milder than in SARS and MERS37. Among all COVID-19 
cases, severe manifestations accounted for 18.1%38. Data 
suggest an incubation period of about 5 days (range 
2-14 days). Fever, cough, myalgia, fatigue and dyspnea 
were the most common clinical manifestations, whereas 
diarrhea, hemoptysis, headache, sore throat and shock 
only occur in a small number of patients17,38-41. Bilateral 
ground-glass or patchy opacities were the most common 
signs of radiological abnormalities17,38-41. Lymphopenia 
and eosinopenia were observed in most patients17,40-42. 
The viral load of 2019-nCoV detected from the patients’ 
respiratory tract was positively correlated with the lung 
disease severity42. Complications of COVID-19 included 
the acute respiratory distress syndrome, anemia, acute 
cardiac injury, and exuberant secondary infections17. The 
majority of patients were older than 50 years39-41. SARS-
CoV-2 is more likely to affect elderly men suffering 
from chronic comorbidities that may lead to serious and 
even fatal respiratory failure41,43. The case fatality rate of 
patients with 2019-nCoV infection is lower than those of 
SARS and MERS.
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SARS and pregnancy

Twelve pregnant women were diagnosed with SARS 
in Hong Kong between February 1 and July 31, 200344. 
All patients had high fever (>38 °C) and most presented 
with chills, rigor, malaise, myalgia and lymphopenia. Only 
33% of the pregnant patients presented with shortness of 
breathe. Six (50%) were admitted to intensive care units 
because of hypoxemia. Four (33%) required mechanical 
ventilation, three of whom, died from respiratory failure 
or nosocomial infection. Among seven pregnant women 
in the first trimester, four had spontaneous miscarriages, 
two underwent termination of pregnancy due to social 
reasons and one had an uncomplicated ongoing pregnancy. 
All five newborns in the second and third trimester groups 
survived and four of them were delivered by cesarean 
section. Four newborns (80%) were preterm and three of 
them were delivered by emergency cesarean sections due to 
the deterioration of maternal respiratory conditions. Among 
the live newborn infants, none had clinical or laboratory 
evidence of SARS-CoV2 infection.

Zhang et al.45 reported five primigravidas with SARS 
(including 2 twin pregnancies) from Guangzhou, China. 
Two were infected in the 2nd trimester while the other three 
in the 3rd trimester. Two presented with hospital-acquired 
infections and the other three had community-acquired 
infections. All five pregnant women had fever and abnormal 
chest X-ray. Other symptoms included cough (n=4), 
hypoalbuminemia(n=4), chills or rigor (n=3), elevated 
alanine aminotransferase (n=3), decreased lymphocytes 
(n=2) and decreased platelet count (n=2). All five pregnant 
women were cured with one of them required intensive 
care hospitalization. In a twin-pregnancy, one of the fetuses 
evolved to intrauterine death. The five neonates were 
followed-up and none had evidence of SARS.

There were no cases of vertical transmission identified 
among pregnant women infected with SARS44-49 so far, but 
SARS during pregnancy is associated with high incidences 
of spontaneous miscarriage, preterm delivery, intrauterine 
growth restriction, endotracheal intubation and admission 
to the neonatal intensive care unit44-46.

MERS and pregnancy

There are limited data on the clinical features of MERS-
CoV during pregnancy. Only 11 cases of MERS-CoV in 
pregnancy have been documented32-35,50,51. The clinical 
presentations of pregnant women with MERS were variable 
and ranged from asymptomatic presentations to shortness of 
breathe, fever, cough, myalgia and even fatal cases. Seven 
(63.6%) patients required ICU hospitalization and three 

(27%) patients died during the hospital stay. Regarding the 
infants, three (27%) infants died. Only one case resulted 
in both maternal and fetal death: the infant died four hours 
after birth and the mother died of severe refractory hypoxia 
and cardiac arrest 24 days after delivery. There were other 
two cases of intrauterine fetal demise, one maternal death 
for septic shock eight days after delivery, and one maternal 
death due to multiple organs failure 19 days after delivery. 
Few studies documented MERS-CoV testing in infants, 
except one report of an infant whose blood sample did 
not contain any IgG, IgM, or IgA antibodies raised to 
MERS-CoV52. Although data are limited, they also indicate 
that MERS infections may cause unfavorable clinical 
outcomes in pregnancy.

COVID-19 and pregnancy

Chen et al.53 performed a retrospective review of 
medical records from nine pregnant women with COVID-19 
pneumonia in the Zhongnan Hospital, Wuhan University, from 
January 20 to 31, 2020. None of the nine patients developed 
severe pneumonia requiring mechanical ventilation or died 
of COVID-19 pneumonia (February 4, 2020). Seven of the 
nine patients presented with fever but none had high fever 
(> 39°C). Other symptoms, including cough (n=4), myalgia 
(n=3), sore throat (n=2), malaise (n=2), lymphopenia (n=5), 
and elevated CRP (n=6) were also observed. All nine patients 
had cesarean sections during the third trimester and nine 
live births were recorded. One infant had a slightly increase 
in myocardial enzymes but without any clinical symptoms 
nine days after birth. None of the newborns needed special 
pediatric treatment. Neonatal throat swabs, amniotic fluid, 
cord blood and breast milk from six patients were tested, all 
of them were negative for SARS-COV-2. 

Zhu et al.54 retrospectively analyzed the clinical features 
and outcomes of 10 neonates, including two twins, whose 
mothers had COVID-19 and were hospitalized in five 
hospitals of Hubei, from January 20 to February 5, 2020. 
Among these nine pregnant women, the initial symptoms 
were fever and cough, one patient also had diarrhea. There 
were some prenatal complications including prematurity (5 
to 7 hours before the onset of the true labor), intrauterine 
distress (n=6), abnormal amniotic fluid (n=2), rupture of 
membranes (n=3), abnormal umbilical cord (n=2), and 
abnormal placenta (placenta previa) (n=1). Among these 
10 newborns only four were full-term infants and the 
other six were preterm infants; and one was a large-for-
gestational-age (LGA) infant, while two were small-for-
gestational-age (SGA). The newborns’ symptoms were 
mainly short of breathe (n=6), digestive tract symptoms 
(n=4), fever (n=2), abnormal liver enzymes accompanied 
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by thrombocytopenia (n=2), neonatal respiratory distress 
syndrome (NRDS) (n=2), increased heart rate (n=1) and 
vomiting (n=1). Until this article was published, five 
neonates had been cured and discharged from hospital, four 
neonates were still hospitalized in stable conditions and one 
died. Pharyngeal swab specimens were collected 1-9 days 
after birth, from nine of the 10 neonates, and none of them 
were positive to SRAS-CoV-2.

On February 5, 2020, one newborn whose mother 
had confirmed COVID-19, was admitted at the Wuhan 
Children’s Hospital of Hubei Province presenting with 
stable vital signs, no fever or cough, normal liver function, 
absence of respiratory symptoms and normal chest X-ray. 
Throat swabs collected from the newborn 30 hours after 
birth were positive to SARS-CoV-2 but there was no direct 
evidence of intrauterine-acquired infection. Unfortunately, 
amniotic fluid, umbilical cord blood and placenta were not 
tested, thus one cannot conclude if this is a case of vertical 
transmission or a perinatal transmission by close contact 
with the infected mother. In the same hospital, another 
newborn had confirmed COVID-19 infection 17 days after 
birth and a history of close contact with two confirmed 
cases55, the infant’s mother and the maternity matron. In 
this case, there is no reliable evidence to support the vertical 
transmission of COVID-19. 

One mother tested positive for SARS-CoV-2 two days 
after delivery56. She was admitted to the hospital due to 
elevation of her liver enzymes and had no fever or digestive 
tract symptoms when admitted to the hospital. COVID-19 
was confirmed after delivery, and the prenatal infection 
cannot be ruled out. No SARS-CoV-2 was detected in 
the blood, urine, breast milk and in the throat swab of the 
newborn. There was no neonatal asphyxia, but the cardiac 
myoglobin and CK-MB enzymes were increased in the 
newborn, suggesting that a myocardial injury might exist.

Liu et al.57 reported 13 pregnant patients with laboratory-
confirmed SARS-CoV-2 infection admitted to hospitals 
outside of Wuhan between December 8, 2019, and February 
25, 2020. Ten patients (77%) presented with fever (range 
37.3-39.0 °C), mostly accompanied by fatigue. Three 
patients (23%) complained of dyspnea and one patient 
(7.6%) developed severe pneumonia with multiple organs 
dysfunction syndrome requiring ICU hospitalization in the 
third trimester. Three patients (23%) improved after treatment 
and were discharged with an ongoing pregnancy. The other 
10 patients (77%) underwent caesarean sections. Five out of 
10 (50%) patients had pregnancy complications including 
fetal distress (n=3), premature rupture of the membranes 
(n=1) and a stillbirth (n=1) and six patients (60%) had preterm 
infants. No severe neonatal asphyxia was observed in the nine 
live births and no vertical transmission was found.

Yu et al.58 reported seven pregnant women with 
COVID-19 admitted to Tongji Hospital in Wuhan, China. 
Six patients (86%) had fever, one patient (14%) had cough, 
one patient (14%) had shortness of breathe and one patient 
(14%) had diarrhea. Chest tomography (CT) revealed 
that six patients (86%) had bilateral pneumonia and one 
patient (14%) had unilateral pneumonia. No one needed 
ICU hospitalization and the outcomes of these pregnant 
women were favorable. Among three infants tested for 
SARS-CoV-2, one was positive to SARS-CoV-2 in a throat 
swab 36 h after birth. This infant had a mild pulmonary 
infection and mild shortness of breathe, no fever or cough. 
In addition, the placenta and cord blood of this infant were 
negative for SARS-CoV-2 by RT-PCR so that intrauterine 
vertical transmission may not have occurred.

Since Ahmed et al.59 reported the first maternal death 
of a 29-year-old Pakistani woman was reported in the 
Heart Zone Hospital in Birmingham, UK on April 8, 2020, 
more and more articles began to report maternal deaths 
due to COVID-19. In particular, from February 26, 2020 
(date of the first COVID-19 reported case in Brazil) until 
June 18, 2020, Brazil had already reported 124 maternal 
deaths, in the same period Mexico had reported seven 
maternal deaths60. Brazil’s elevated COVID-19 mortality 
rate in pregnancy might have several explanations. Firstly, 
a possible shortage of healthcare providers and lack of 
intensive care resources are some of the chronic challenges 
in Brazilian health care. Secondly, Brazil has a higher 
cesarean section rate than most countries firstly hit by 
COVID-1960. A comparison of pregnant women from the 
above described studies is shown in Table 1. 

CONCLUSION

This is a review on pregnant women infected by 
SARS-CoV-2, SARS, and MERS, including their 
pathogenesis, clinical manifestations and pregnancy 
outcomes. These viruses mainly spread through the 
respiratory mucosa and infect other target cells, triggering 
a cytokine storm in the body, producing a series of immune 
responses and causing changes in peripheral leukocytes and 
immune system cells such as lymphocytes, which might be 
an important pathological pathway that inhibits the body’s 
cellular immune function, leading to the deterioration 
of the patient’s condition. The angiotensin-converting 
enzyme 2 (ACE2) has been identified as the functional 
receptor for SARS-CoV-2 and SARS-CoV. The fact that 
ACE2 is abundantly present in the epithelia of the lungs 
and small intestine, provides a possible explanation for 
the pathological lung and gastrointestinal symptoms. 
The abundant expression of ACE2 in alveolar cells may 
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cause a rapid viral expansion and destruction of the 
alveolar wall, resulting in a rapid progression of extensive 
pulmonary consolidations and diffuse alveolar damage 
with hyaline membrane formation. Its presence in the 
vascular endothelium might also provide a step forward in 
understanding the histological changes of placentas from 
pregnant women infected by SARS-CoV-2. The clinical 
manifestations of COVID-19 infection also show great 
similarities with SARS and MERS. However, COVID-19 has 
affected more people in a shorter period of time compared 
to SARS and MERS, although with a lower fatality rate 
than SARS and MERS. Pregnant women with COVID-19 
pneumonia showed a similar pattern in comparison with 
non-pregnant counterparts, including fever, cough, myalgia, 
fatigue, shortness of breathe or asymptomatic presentation. 
It is worth noting that there is currently no evidence that 
pregnant women with COVID-19 are at higher risk of 
severe illness. However, SARS and MERS were found to be 
greatly associated with severe maternal illness, spontaneous 
abortion and even maternal death and intrauterine fetal 
demise. Some pregnancy complications have occurred in 
pregnant women with COVID-19, such as fetal distress, 
premature rupture of membranes, preterm deliveries and 
stillbirths. Furthermore, these pregnancy complications 
might be closely related to the cytokine storm, lung injury 
and placental ischemia/ hypoxia caused by SARS-CoV-2 
infections. Although there is currently no evidence to support 
the fetal infection by intrauterine vertical transmission of 
SARS, MERS, and COVID-19, more and more articles began 
to report maternal deaths due to COVID-19. In particular, 
from February 26, 2020 (date of the first COVID-19 case in 
Brazil) until June 18, 2020, Brazil had already reported 124 
maternal deaths. Thus, we should be alert that these diseases 
may follow the same trend of greater severity and poorer 
prognosis in pregnant women. Therefore, pregnant women 
and newborns require special attention in the prevention, 
diagnosis and management of COVID-19. 

The maternal physiological and immune function 
changes in pregnancy make pregnant women more 
susceptible to COVID-19. Furthermore, considering that 
pregnant women with COVID-19 may not have typical 
symptoms such as fever, we suggest that pregnant women 
with any symptoms suggestive of COVID-19 should 
undergo careful examination to prevent adverse pregnancy 
outcomes. COVID-19 infection itself is not an indication 
for cesarean section deliveries. The timing and mode of 
delivery should be individualized based on the disease 
severity, pre-existing maternal comorbidities, obstetric 
history, gestational age and fetal conditions. Newborns 
from women with suspected or confirmed COVID-19 
should undergo a careful examination, and have the 
body temperature, respiratory rate and heart rate closely 
monitored, as well as digestive tract symptoms. So far, 
breast milk samples were negative for SARS-CoV-2 and this 
virus is mainly transmitted by respiratory droplets and close 
contact. Furthermore, the protective effect of breastfeeding 
on newborns is particularly strong. Precautions should be 
taken to enable infected mothers to breastfeed, including 
respiratory hygiene, hand hygiene and disinfection, the use 
of N-95 masks by the mother while breastfeeding in cases 
in which mothers or newborns are suspected of or have 
confirmed COVID-19.

Personal protection must be taken in order to minimize 
the risk of contracting the virus. Future researches should 
cover different pregnant stages of COVID-19 as much as 
possible. It is recommended that the placenta and other 
tissues of pregnant women with 2019-nCov infection 
should be evaluated by histopathological examinations, to 
provide more detailed pathological analyses. The epidemic 
situation of COVID-19 is still spreading, and this review has 
limitations. Thus, further investigation is needed to elucidate 
how COVID-19 affects pregnant women and fetuses, as 
well as the exact impact of COVID-19 on pregnant women 
themself and on pregnancy outcomes.

Table 1 - A comparison of pregnant women with SARS, MERS and SARS-CoV-2 infections. 

SARS 
[63,64]

MERS 
[51-54,69-70]

SARS-CoV-2 
[72,73,76,77]

Number of patients 17 11 38

Age range(year) 23-44 27-39 24-40

Fever, n (%) 17 (100%) 5 (45.5%) 31 (81.6%)

Cough, n (%) 13 (76.5%) 7 (63.6%) 11 (28.9%)

ICU admission, n (%) 7 (41.2%) 7 (63.6%) 1 (2.6%)

Maternal survival, n (%) 14 (82.4%) 8 (72.7%) 38 (100%)

Fetal survival, n (%) 11 (64.7%) 8 (72.7%) 37 (94.9%)

C-section, n (%) 8 (47.0%) 4 (36.4%) 36 (94.7%)
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