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Abstract. The impact of the pandemic outbreak associated 
with coronavirus 2019 disease (COVID‑19) on pregnant 
women is of interest to obstetricians and gynecologists due 
to the vulnerability of this target group. In pregnant women 
and their infants, an exceptional clinical management is 
warranted. Current epidemiological findings provide informa‑
tion regarding the effects of severe acute respiratory syndrome 
coronavirus 2 (SARS‑CoV‑2) on pregnant patients and poten‑
tial adverse perinatal outcomes. Overall, these findings are a 
strong indication that an increased antenatal surveillance for 
pregnant patients infected with COVID‑19 is warranted. The 
aim of the present narrative review was to summarize the data 
obtained to date regarding the health of women during preg‑
nancy, as well as that of the fetus associated with the risk of 
severe infection due to COVID‑19. The present review aimed 
to provide further insight into the effects of this pandemic on 
pregnancy, also providing the experience of the authors on this 
matter as an example.
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1. Introduction

The current pneumonia pandemic outbreak caused by 
severe acute respiratory syndrome (SARS) coronavirus 2 
(SARS‑CoV‑2), originated from Wuhan (China) in December, 
2019 and since then, has spread worldwide, with a basic 
reproduction number (R0) of 2‑2.5 (1‑3). The majority (64%) 
of cases have been between the ages of 25‑64 years and as 
regards sex, ~47% of cases have been female (4,5). According 
to these current statistics, >50% of patients with COVID‑19 
belong to the reproductive age group. However, limited 
data are available for pregnant women. Moreover, there are 
a number of unanswered questions regarding the impact 
of COVID‑19 on pregnancy, such as its association with 
complications during pregnancy, the management of infected 
pregnant women, vertical maternal‑fetal transmission and 
the effects of COVID‑9 postpartum (6,7). The present review 
summarizes the current data related to these prevailing ques‑
tions, and also provides information on pregnancy outcomes 
associated with related and highly pathogenic coronaviruses, 
namely SARS and Middle East respiratory syndrome coro‑
navirus (MERS‑CoV)]. The authors elected to perform a 
narrative review approach as opposed to systematic one, as 
this was considered more appropriate regarding the relatively 
recent pandemic outbreak. The authors also present their 
own experience from the University General Hospital of 
Alexandroupolis.
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2. Comparison of SARS‑CoV‑2, SARS‑CoV and MERS‑CoV 
in terms of genome, transmission and incubation period

Coronaviruses belong to the Coronoviridae family of the order 
Nidovirales and constitute the Orthocoronavirinae subfamily. 
They are divided into four genera: Alphacoronavirus, 
Betacoronavirus, Gammacoronavirus and Deltacoronavirus. 
SARS‑CoV, MERS‑CoV and SARS‑CoV‑2 all belong to the 
Betacoronavirus genera (8).

Coronaviruses are enveloped, spherical viruses with a 
crown‑like appearance under an electron microscope, as a 
result of the spike glycoproteins on the virion surface. Their 
genome is organized in a positive‑sense, single‑stranded RNA 
of ~30 kb in size (9,10). Unlike the majority of eukaryotic 
mRNAs, coronavirus genomes are very large and contain 
multiple open reading frames (ORFs), a 5' cap structure and a 
3' poly (A) tail. At the 5' end, there is a leading sequence followed 
by the 5' untranslated region (5'UTR) and the initiation codon 
for ORF1, which encodes a number of non‑structural proteins 
important for replication, and accounts for the two‑thirds of 
the whole genome. The main structural proteins, spike (S), 
envelope (E), membrane (M) and nucleocapsid (N), as well as 
the accessory proteins, are encoded within the one‑third of the 
genome near the 3'end (11,12).

As regards the structural proteins, S,E,M and N, all are 
involved in the formation of the viral particle, but also seem 
to play a role in other aspects of the replication cycle. Spike 
protein  (S) consists of a transmembrane domain (TM), a 
short intracellular C‑terminal segment and a large N‑terminal 
segment with two subunits (S1 and S2), which are responsible 
for receptor binding and cell‑to‑cell fusion, respectively (13,14). 
The N  protein binds the RNA of the virus and seems to 
play a critical role in the transcription and translation of the 
virus (13). The M protein is involved in viral assembly and, 
along with the E protein, mediates the envelop construction 
and viral budding (13‑16).

The genome size of SARS‑CoV‑2 is ~29.9 kb similar to the 
29.75 and 30.11 kb genomes of SARS‑CoV and MERS‑CoV, 
respectively. Previous studies have confirmed that SARS‑CoV‑2 
shares a 79.5% sequence identity with SARS‑CoV, which are 
both lineage B Betacoronaviruses, whereas it only has 50% 
similarity with MERS‑CoV, a lineage C Betacoronavirus, 
indicating a closer association between SARS‑CoV‑2 and 
SARS‑CoV (9‑16). When comparing the genome organiza‑
tion of these two viruses, the main differences are found in 
ORF3b, ORF8 and spike S1 (16). In detail, there is a major 
difference in the length of the ORF3b between the two viruses. 
SARS‑CoV‑2 with a longer ORF3b appears to have a greater 
ability to suppress interferon (IFN) activity (17). As regards 
ORF8b, an accessory protein which appears to be poorly 
conserved among coronaviruses, Shi et al (18) indicated that 
SARS‑CoV ORF8Bb can activate the NLR family pyrin 
domain containing 3 (NLRP3) inflammasome and trigger stress 
pathways, whereas SARS‑CoV‑2 ORF8 does not yet contain 
a known functional domain (16‑18). As already mentioned, 
Spike protein mediates the entry of the virus into host cells. 
The S1 subunit includes the receptor binding domain (RBD), 
which is responsible for binding to the host cell receptor. The 
host cell receptor for MERS‑CoV is dipeptyl peptidase 4 
(DPP4 or CD26), while the receptor for both SARS‑CoV and 

SARS‑CoV‑2 is angiotensin‑converting enzyme 2 (ACE2), a 
finding supported by the high homology rate between their 
S proteins. After binding to their receptors, S proteins undergo 
cleavage by proteases of the host to permit fusion and both 
SARS‑CoV and SARS‑CoV‑2 have been shown to mainly 
use the serine protease, transmembrane serine protease 2 
(TMPRSS2) and the cysteine proteases, cathepsin B and L (9). 
Despite the similarities with SARS‑CoV, a distinctive charac‑
teristic of SARS‑CoV‑2 is the furin cleavage site (motif RRxR) 
at the S1‑S2 boundary that may contribute to high affinity 
binding with the host cell receptor, leading to efficient infec‑
tion, overcoming the species barrier and high transmissibility 
from human‑to‑human. Although MERS‑CoV has a similar 
motif (RxxR) at the S1‑S2 boundary, the insertion of the 
second arginine in SARS‑CoV‑2 S1‑S2 site appears to enable 
a more sufficient cleavage from furin‑like enzymes (19‑22).

Transmissibility, the ability of a pathogen to spread, can be 
measured by the basic reproductive number (R0), which repre‑
sents the cases directly generated by one infected individual in 
a population where all individuals are susceptible to infection. 
The average R0 for SARS‑CoV‑2 is estimated to be 2.5, higher 
than the R0 of SARS‑CoV and MERS‑CoV. Specifically, the 
R0 of SARS‑CoV was estimated to be 2‑3 before and 1.1 
following the introduction of the public measures in 2003, 
while for MERS‑CoV, the R0 was <1 (9‑22). SARS‑CoV‑2 
mainly causes cluster transmission between members of a 
family, while the human‑to‑human transmission of SARS‑CoV 
and MERS‑CoV mostly occurs through nosocomial transmis‑
sion and only at a rate of 22‑39 and 13‑21% between family 
members, respectively (22,23). This may be due to the fact 
that the SARS‑CoV and MERS‑CoV viral load peaks occur 
after first week of illness, in contrast to SARS‑CoV‑2, whose 
viral load peaks during the first week (24). SARS‑CoV can 
be transmitted by direct person‑to‑person contact through air 
droplets and indirect contact through contaminated surfaces, 
while previous studies have indicated airborne transmission as 
well (9‑25). MERS‑CoV can be acquired through contact with 
both infected dromedary camels, which serve as a host reser‑
voir for the virus and occasionally by infected patients (9). In 
addition, MERS‑CoV has been isolated from environmental 
objects, mainly in healthcare facilities, underlying the risk 
of fomite transmission (26). Evidence ofthe fecal excretion 
of both SARS‑CoV and MERS‑CoV, as long as prolonged 
viability permits under various conditions, indicates the 
fecal‑oral transmission as a possible route for viral transmis‑
sion (27).

Similarly, the main pathway of transmission of SARS‑CoV‑2 
is direct human‑to‑human transmission through contact routes 
or air droplets. Direct droplet transmission will occur when 
the uninfected individuals closer than 1 m to the infected 
individual, as droplets can travel a distance of ~6 ft  (28). 
Furthermore, studies have demonstrated that SARS‑CoV‑2 
can remain viable for a long period of time in the environ‑
ment, thus suggesting other methods of transmission similar 
to SARS‑CoV, such asairborne transmission or fomite trans‑
mission (29,30). However, the greater affinity of SARS‑CoV‑2 
compared with that ofSARS‑CoV for the ACE receptor, as 
aforementioned, not only enables SARS‑CoV‑2 to be a much 
more virulent virus, but justifies its potential spread via the 
fecal‑oral route, as regards the expression of ACE receptor 



MEDICINE International  1:  19,  2021 3

in the intestine  (23‑30). There is evidence demonstrating 
detectable RNA levels in both feces and blood, increasing 
the possibility of fecal‑oral and blood transmission  (31). 
Additionally, there is evidence of the transplacental transmis‑
sion of SARS‑CoV‑2 during the last weeks of pregnancy, 
causing placental inflammation; however, further evidence 
needs tobe provided on how the virus can be transmitted from 
the mother to the fetus (32). Transmission via ocular surfaces 
should not be ignored, since there is evidence of SARS‑CoV 
predominantly being transmitted through contact with mucous 
membranes and incidents of patients exhibiting conjunctivitis 
prior to the onset of COVID‑19 (31‑33).

3. Incubation period

A previous systematic review of acute respiratory viral infec‑
tions demonstrated that the median incubation period of 
SARS‑associated coronaviruses was 4 days [95% confidence 
interval (CI), 3.6‑4.4] (34). As regards the median incuba‑
tion period of MERS‑CoV, Memish et al (35) indicated that 
although this was 5.2 days (95% CI, 1.9‑14.7), a longer incuba‑
tion time is likely to be observed among immunocompromised 
patients. Although the incubation period of SARS‑CoV‑2 has 
not yet been established, it has been indicated that there is no 
significant difference between the incubation times of the three 
coronaviruses (36). In a previous study, from an analysis that 
included data from 181 cases with confirmed COVID‑19 infec‑
tion outside Hubei province, it was estimated that the median 
incubation time was 5.1 days (95% CI, 4.5‑5.8 days)  (37). 
Another meta‑analysis examining published results between 
January 24 and April 2, 2020 revealed that the average incuba‑
tion time was 5.08 days (95% CI, 4.77‑5.39) (38). An additional 
meta‑analysis on 22,595 patients indicated that the overall 

pooled average incubation period was 5.7  days (95%  CI, 
5.1‑6.4), which is slightly higher than that of SARS‑CoV and 
MERS‑CoV. The same analysis estimated a longer incubation 
period of up to 6.1 days (95% CI, 5.34‑6.94) of SARS‑CoV‑2 
in China compared with other countries (39). The indicative 
epidemiological characteristics of each coronavirus are shown 
in Table I.

4. Diagnostic tests

Sensitivity, specificity and accuracy determine the reliability 
of a diagnostic test (40). There are two main categories of diag‑
nostic tests for COVID‑19; the nucleotide acid‑based methods, 
which include reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) and antibody‑based methods, 
such as enzyme‑linked immunosorbent assay (ELISA), 
colloidal gold immunochromatographic assay (GICA) and 
chemiluminescence immunoassay (CLIA) (41).

RT‑qPCR remains the gold standard for the diagnosis 
of COVID‑19 using mainly nasopharyngeal swabs and 
sputum, as well as other upper respiratory tract specimens, 
such as oropharyngeal swabs and saliva (42). The need for 
the rapid diagnosis of COVID‑19 led to the development of 
other promising technologies for DNA amplification, such 
as reverse transcription loop‑mediated isothermal amplifica‑
tion (RT‑LAMP) and clustered regularly interspaced short 
palindromic repeats (CRISPR)‑based methods which are 
faster, cost‑effective technologies and appear to have a high 
sensitivity and specificity as well (40‑49). The limitations in 
nucleotide acid‑based methods, such as the long turnaround 
time and the specific equipment needed, as well as the 
number of false‑negative results, led to the supporting role of 
antibody‑based methods for the detection of SARS‑CoV‑2. 

Table I. Epidemiological characteristics of SARS‑CoV‑2, SARS‑CoV and MERS‑CoV.

Characteristic	 SARS‑CoV‑2	 SARS‑CoV	 MERS‑CoV

Genome size (kb)	 29.9	 29.75	 30.11
Family	 Coronaviridae	 Coronaviridae	 Coronaviridae
Genus	 Betacoronavirus	 Betacoronavirus	 Betacoronavirus
Lineage	 B	 B	 C
Host cell receptor	A CE2	A CE2	 DPP4
Furin cleavage site	 Yes (RRxR)	 No	 Yes (RxxR)
Viral load peak	 At the first week of illness	 After the first week of illness	 After the first week of illness
R0	 2.5	 2‑3	 <1
Transmission scenario	 Mainly cluster transmission	 Mainly nosocomial	 Mainly nosocomial transmission
		  transmission
Human‑to‑human transmission 	T hrough air droplets, contact	T hrough air droplets,	O ccasionally through
	 routes, fomites and possible	 fomites, airborne and	 air droplets, contact
	 through airborne and	 fecal‑oral transmission	 routes and fomites
	 maternal‑fetal transmission
Median incubation period	 Current estimates	 4 days (95% CI, 3.6‑4.4)a	 5.2 days (95% CI, 1.9‑14.7)a

	 indicate5‑6 days

aThe data for the CI values shown in the table were obtained from previous studies (43,44). SARS‑CoV‑2, severe acute respiratory syndrome 
coronavirus 2; MERS‑CoV, Middle East respiratory syndrome coronavirus; R0, basic reproduction number.
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The efficiency and simplicity of ELISA and CLIA render 
these methods suitable for first‑line screening. The accuracy 
of various tests for the detection of SARS‑CoV‑2 is presented 
in Figs. 1 and 2, and Table II (40‑49).

5. Immunology of pregnancy and COVID‑19

Pregnant women during this pandemic represent a suscep‑
tible group due to their altered physiological physiology, 
immunology and pathology mechanisms, not only pre‑but 
also post‑partum. Pregnancy alters the immunological 
environment, initially to a Th1 phenotype during the first 
trimester, and then to Th2 by the second trimester, and 
finally again polarizes toward to a Th1 phenotype at the 
end of third trimester. Concomitant with the initiation 
of parturition, cytokines produced by Th1 lymphocytes 
are pro‑inflammatory and microbicidal, and consist by 
interferon‑γ and certain interleukin  (IL) proteins (IL‑1a, 
IL‑1b, IL‑6 and IL‑12). By contrast, Th2 cytokines are 
anti‑inflammatory and include IL‑4, IL‑10 and IL‑13, and 
transforming growth factor (TGF)‑b  (50). On account of 
this normal shift to a Th2‑dominant immune system which 
protects the fetus, the debility of Th1 renders the mother 
vulnerable to viral infections, which are more effectively 
contained by the Th1 system (50). The contributions of the 
immune system to pregnancy and fetal development provide 
important insight into the pathogenesis underlying the infec‑
tion of pregnant women with COVID‑19, as well as into 
possible targets for therapy. In non‑pregnant patients infected 
with SARS‑Cov‑2, the activation of both Th1 and Th2 immu‑
nity has been observed, culminating in the presence of IFN‑γ 

and IL‑1b, in addition to IL‑4 and IL‑10 (44,45). In addi‑
tion, in plasma from COVID‑19‑positive patients, elevated 
levels of IL‑6 (a predominantly Th1 response cytokine) are 
associated with an increased risk of mortality and severe 
pneumonia (44). Thus, this physical shift to a Th2‑dominant 
immunology environment and the lack of Th1, which affects 
the period from week 13 to 27 of pregnancy, suggests that 
these early adaptive immune responses may be predictive 
of milder disease severity in pregnant women. Indeed, the 
intense inflammatory response has been reported as the 
cause of severe COVID‑19 infection (7,44). Therefore, the 
relative immunosuppression in pregnancy may be the reason 
as to why numerous pregnant women do not develop severe 
respiratory syndrome. Contrary to this theory, the American 
College of Obstetricians and Gynecologists  (5,6) made a 
comparison between pregnant and non‑pregnant women 
with COVID‑19 and concluded that pregnant women are 
at an increased risk of developing severe symptomatology. 
Thus, they have a higher possibility of being admitted to the 
intensive care unit (ICU; 1.5 vs. 0.9%) and may also have 
a greater need for mechanical ventilation (0.5 vs.  0.3%). 
The vulnerability of pregnant women to COVID‑19 has 
also been supported by Dashraath et al, who also reported 
similar findings  (45). Namely, they observed symptoms 
similar to non‑pregnant patients; the predominant symptoms 
of COVID‑19 in pregnant patients were fever (prevailing 
symptom), cough, dyspnea and lymphopenia and they also 
reported of other cohort studies in patients with other infec‑
tions where no increased risks of congenital anomalies have 
been shown. However, the reported miscarriage, intrauterine 
growth restriction and pre‑term birth as fetal complications 

Figure 1. Accuracy of diagnostic rapid tests for the diagnosis of SARS‑CoV‑2 infection. SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2. The 
data shown in the figure were obtained from a previous study (125).



MEDICINE International  1:  19,  2021 5

associated with COVID‑19, appear to be less severe compared 
with those associated with SARS and MERS (46‑49,51‑59).

6. First trimester: Early pregnancy

Placental development during the 1st trimester is crucial, due 
to vulnerability to a number of pre‑ and post‑partum compli‑
cations  (46,60‑67). This observation has been extensively 
investigated by a notable number of research groups, as immu‑
nological disturbances are crucial in mediating a successful 
pregnancy, from implantation to parturition. One such 
example of the importance of the first trimester, is maternal 
pyrexia, a disorder that is related to hyperthermic injury to 
fetal neurons (67). There is a theoretical risk of complica‑
tions, similar to that observed in SARS, as the ACE2 receptor 
is widely expressed in the placenta  (45‑47) with a similar 
receptor‑binding domain structure between SARS‑CoV and 
SARS‑CoV‑2. This also sets the hypothesis of vertical trans‑
mission (68). In line with previous research (69), SARS‑CoV 
and SARS‑CoV‑2 share a common binding structure genotype. 
Crucial data on maternal and fetal outcomes could be raised 
by the histopathological examination of the placenta in order 
to confirm COVID‑19 binding to placental ACE‑2 receptors. 
Samples of placentas positive for SARS‑CoV‑2 have exhibited 
anincreased deposition of immune complexes, such as fibrin 
and lymphocytes. In particular, in the subchorial space,the infil‑
tration of monocytes and neutrophils has been identified (48). 
Placental and umbilical cord infiltration was also identified 
with virological findings in nine cases of women infected 
with SARS‑CoV‑2 during the first trimester of gestation, 
where severe hypertension, pre‑eclampsia and coagulopathy 

was reported (52). Evidence of placental hyperfusion defects 
in maternal vessels and oxygenation in the intervillous space 
has also been observed, affecting perinatal outcomes. All 
these thus far suggest pre‑eclampsia, where typically, vascular 
villous lesions including fibrin deposition within and around 
the villi and infarcts have been reported. The aforementioned 
placental pathology associated with SARS‑CoV‑2 infection, 
has also been reported in placentas from SARS‑CoV‑2 and 
MERS‑positive patients, where placental infiltration has 
been shown to lead to acute and chronic placental insuffi‑
ciency associated with intrauterine growth restriction or the 
miscarriage of affected cases during pregnancy and pre‑term 
delivery (67,70). Therefore, in order to predict the possible 
COVID‑19‑related complications during the first trimester, 
examining the placental virological findings is of utmost 
importance. Taking into consideration that SARS affects 4/7 
pregnant women in first trimester, leading to miscarriage, and 
at the same time the common genotypes between SARS‑CoV 
and SARS‑CoV‑2, the need for the provision of fetal moni‑
toring, including a serial ultrasound examination, of women 
with COVID‑19 may be of utmost significance (45).

7. Second and third trimester: Late pregnancy

As observed from the SARS data and from the available 
SARS‑CoV‑2 data, there is an increased risk of pregnant 
women being infected with COVID‑19  (55‑57,64). Early 
pregnancy data and matched control data on affected pregnant 
women are required to estimate the course of infection over 
the following trimesters. An infected placenta, as supported by 
virological findings from women (52) with ongoing pregnancy, 

Figure 2. Accuracy of diagnostic antibody tests for the diagnosis of SARS‑CoV‑2 infection. SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2. 
The data shown in the figure were obtained from a previous study (126).
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leads to an acute and chronic pathology, particularly in the 
placenta and umbilical cord, and aggravates the respiratory 
system due to increased maternal oxygen demands from the 
heightened metabolism; thus, COVID‑19 infection could lead 
to physiological dyspnea. Dyspnea and shortness of breath 
accompanied by fever are the commonest symptoms in 
pregnant women (gestational age, >25 weeks). Oftentimes, it 
is challenging to differentiate between physiological dyspnea 
in pregnancy from COVID‑19‑related symptoms (70‑74). As 
with non‑pregnant women, pregnant women infected with 
SARS‑CoV‑2 present an extended range of symptoms, from 
mild to severe, upon admission to the hospital; these include 
pneumonia with or without acute respiratory distress syndrome 
(ARDS), renal failure and multi‑organ dysfunction. A signifi‑
cant rate of asymptomatic and moderately‑infected pregnant 
woman with COVID‑19 has also been reported, while 16% 
of pregnant women have been found to have no symptoms at 
all (64). Notably, asymptomatic pregnant women are not at a 
high risk of developing severe morbidity and mortality from 
COVID‑19 infection. However, changes to the cardiorespira‑
tory and immune systems during pregnancy increase the 
susceptibility of a woman to severe infection and hypoxic 
compromise. Indeed, some studies have reported clinical cases 
that confirm this outcome and concern that pregnant women 
may be more susceptible to COVID‑19 infection. The state 
of compensated respiratory alkalosis with metabolic acidosis 
renders women vulnerable to respiratory diseases, such as 
COVID‑19. Ronnje et al (65) reported the case of a 26‑year‑old 
woman who was 32 weeks pregnant, who presented with a 
nine‑day history of typical COVID‑19 symptoms, such as fever, 
shortness of breath, dry cough, myalgia and abdominal pain. 
Her clinical condition escalated rapidly, leading to liver and 
coagulation malfunction. Recovery was observed following 
a cesarean section, which was performed as an emergency in 

order to improve the clinical status of the woman. The study by 
Shanes et al (66) reported that the placental pathological find‑
ings from 16 SARS‑CoV‑2‑positive pregnant women revealed 
a hypercoagulable state and intense systemic inflammation. In 
another systemic review, in which data from 1,316 pregnant 
women were included, it was concluded that pneumonia was 
the most common COVID‑19 disease manifestation, with bilat‑
eral infiltration and ground‑glass opacity as the main findings 
in the computed tomography scan (69). These are also the main 
radiological findings according to Wu et al (58). The clinical 
status of pneumonia in women infected with SARS‑COV‑2 is 
followed by pre‑term birth, miscarriage, fetal growth restric‑
tion and pre‑eclampsia, while 1/3 women are admitted to the 
ICU (51). COVID‑19 associated with respiratory insufficiency 
in late pregnancies certainly creates a complex clinical scenario. 
Pregnancy causes a reduction in pulmonary and end‑expiratory 
volume, functional residual capacity and residual volume due 
to diaphragmatic splinting by the gravid uterus, leading to 
decreased total lung capacity at term and an inability for the 
effective clearance of pulmonary secretions. As COVID‑19 
pneumonia escalates from focal to the diffuse bilateral 
consolidation of lung parenchyma, pregnant women are more 
vulnerable to hypoxemic respiratory failure, considering the 
pulmonary changes described above (75). Furthermore, both 
venous and arterial thromboembolism are prevalent through 
the second and third trimester in pregnant women diagnosed 
with COVID‑19, not only due to excessive inflammation and 
hypoxia, but also as a result of diffuse intravascular coagula‑
tion. Considering that only 1% of women in the third trimester 
have normal d‑dimer levels based on conventional thresholds, 
such pregnant patients may be at a high risk of developing 
thrombosis and thromboembolic disorders when infected 
with COVID‑19 (50,76‑79). Thrombocytopenia and liver func‑
tion abnormalities (65), both of which are complications of 

Table II. Accuracy of diagnostic techniques for the diagnosis of SARS‑CoV‑2 infection.

Diagnostic test
(Refs.) Reverse 	 Sensitivity (Refs.)	 Specificity (Refs.)
transcription‑quantitative 	 73.3‑97.2% (respiratory tract samples)	 90‑100%
polymerase chain reaction	 0‑24.1% (other specimens)	 (depending on
(RT‑ qPCR) (46)	 60.2‑97.9% (PCR protocol) (44)	 sample type) (44)	

Antibody tests (126)	 1st week	 2nd week	 3rd week
IgG	 29.7% 	 66.5%	 88.2% 	 99.1%
	 (95% CI, 22.1‑38.6%)	 (95% CI, 57.9‑74.2%)	 (95% CI, 83.5‑91.8%)	 (95% CI, 98.3‑99.6%)
IgM	 23.2% 	 58.4% 	 75.4% 	 98.7%
	 (95% CI, 14.9‑34.2%)	 (95% CI, 45.5‑70.3%)	 (95% CI, 64.3‑83.8%)	 (95% CI, 97.4‑99.3%)
IgG/IgM	 30.1% 	 72.2% 	 91.4% 	 98.7%
	 (95% CI, 21.4‑40.7%)	 (95% CI, 63.5‑79.5)	 (95% CI, 87‑94.4%)	 (95% CI, 97.2‑99.4%)
Rapid tests (125)
Molecular‑based tests (126)	 95.2% (95% CI, 86.7‑98.3%)	 98.9%
	 (95% CI, 97.3‑99.5%)
Antigen‑based tests (126)	 56.2% (95% CI, 29.5‑79.8%)	 99.5%
	 (95% CI, 98.1‑99.9%)

SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2.
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COVID‑19, are also associated with pre‑eclampsia with severe 
symptoms. Ramlakhan  et  al  (53) also described a rapidly 
worsening maternal status with the ultimate diagnosis of 
cardiomyopathy in pregnant women with certain risk factors, 
such as obesity and an advanced maternal age. The afore‑
mentioned studies reported higher risks of pregnancy‑related 
complications, including pre‑eclampsia and pre‑term delivery 
as the main outcomes, in normal and high‑risk pregnancies. 
Of note, higher rates of cesarean delivery have been reported, 
while as it has been suggested, the cesarean section improves 
the clinical status of woman with complications exacerbated 
by COVID‑19. It would appear that a number of the cesarean 
section procedures were performed for the mother's best inter‑
ests, due to concern for maternal respiratory function (61,62).

8. Obstetric and postpartum management

Thus far, pregnant patients with COVID‑19 have almost invari‑
ably delivered their babies by cesarean section and frequently 
before term gestation. However, authorities and professional 
societies, such as the Italian Health Council, the English 
Royal College of Obstetricians and Gynaecologists, and the 
Society for Maternal‑Fetal Medicine, have taken a stance 
that COVID‑19 is not a contraindication to vaginal delivery. 
According to recent data from an Italian study, a vaginal 
delivery rate of 57.1% was reported (64), while these high 
rates of cesarean section do not seem to be representative of 
women who have mild to moderate disease. Obstetric surgery 
is an indication for pregnant women with pneumonia due to 
COVID‑19 infection, while it is beneficial to the rehabilitation 
of maternal respiratory malfunction (70‑73,80‑96). A previous 
retrospective analysis in Wuhan during the COVID‑19 
pandemic performed by Liao et al (97) revealed no significant 
difference in postpartum hemorrhage and perineal resection 
rates between SARS‑CoV‑2‑positive and ‑negative pregnant 
women. In the same study, no evidence of vertical transmis‑
sion was reported, while all neonates delivered by pregnant 
women infected with SARS‑Cov‑2 tested negative for the 
infection (97). However, to date, to the best of our knowledge, 
there are no data available to support the recommendation of 
either vaginal delivery or cesarean section in order to reduce 
the risk of transmission to the neonate  (61,70). Diabetic 
patients are associated with a higher intrapartum risk of trans‑
mission (51‑54). With reference to breastfeeding, in a mother 
with COVID‑19, the close contact between the mother and 
the infant appears to be the main risk factor of transmission 
through infective airborne droplets (81‑82,94‑96). Breast milk 
has not been found to exhibit any viral presence (47‑49,59) and 
according to current data, the potential risks of transmission 
of the virus through breast milk do not outweigh the benefits 
of breastfeeding. However, wearing a facemask while breast‑
feeding and applying strict hand hygiene before touching the 
infant is required. Hitherto, human milk is not considered a 
vehicle of COVID‑19 transmission; thus, there is no need for 
its pasteurization and it can be also given to the baby using a 
breast pump, thus avoiding physical contact in the event of the 
COVID‑19 infection of the mother (82,83,94). Undoubtedly, 
the separation between mother and neonate combined 
with social isolation increases levels of anxiety and depres‑
sion (98‑109). To control the risk of developing postpartum 

depression, healthcare providers should pay closer attention 
to maternal mental health by providing sufficient supporting 
services (110‑112).

SARS‑CoV‑2 is a highly contagious virus, particularly 
the Brazilian and South African mutations. Governments 
and the scientific community are facing a challenge as data 
on COVID‑19 are still accumulating and for specific groups, 
such as immunocompromised individuals, the available data 
remain insufficient.

9. The authors' experience

According to preliminary results obtained by the authors, 
during the period from June,  2020 until January,  2021, 
14 cases of pregnant women infected with COVID‑19 noted. 
The women had mild symptoms and diagnosis was performed 
based on RT‑qPCR tests of nasopharyngeal swabs during the 
third trimester. The clinicopathological data for all patient 
samples used in the present study are provided in Table III. 
The pregnant women who participated in the study provided 
written informed consent in the majority of cases, and oral 
consent in emergency cases, indicating that they agreed to the 
use of their samples for scientific research. Participants provide 
a document proving that patient consent for participation was 
obtained at the time of the study. Ethical approval for the 
study was provided by the Ethics Committee of the University 
Hospital in Alexandroupolis, Democritus University of Thrace 
(Alexandroupolis, Greece; reference no. 42398/07/10/21). For 
the procedure of RT‑qPCR, 8 µl from each RNA extraction 
sample was used and the master mix buffer was processed by 
mixing 10 µl from OneStep 2X RT‑qPCR Master Mix buffer 
and 2 µl from COVID‑19 Primer & Probe Mix oasig™ buffer 
in accordance to the Primerdesign coronavirus COVID‑19 
genesig® Real‑Time PCR assay kit (Varelas S.A.). The oligo‑
nucleotide primers and probe for the detection of SARS‑CoV‑2 
were selected from the orf1 ab genome region (the exact 
sequence of primers is a proprietary right of the company). 
As a result, a total volume of 20 µl was used per reaction and 
45 cycles of RT‑qualitative PCR reaction were applied.

The RT‑qPCR method is based on TaqMan technology by 
detecting two fluorophores the FAM and HEX fluorophore. 
The FAM marked probe is designed for a specific region on 
Sars‑CoV 2 RNA and the HEX marked probe is designed for 
the IC, an artificial gene template. The probes are labeled with 
fluorescent reporter and quencher dyes so as their hybridiza‑
tion on the sequence of interest report us the existence of the 
desired sequence.

The results at the end of this procedure were validated as 
positives, when signal in FAM and HEX channel was reported. 
Otherwise, when the signal was detected in HEX channel only, 
the results were considered negatives. For the validation of this 
procedure a positive marker was used.

Statistical analysis methods (e.g., 2‑ΔΔCq) were not feasible 
herein (due to the small sampling of participants). In four 
cases, spontaneous delivery occurred and in the remaining 
cases, cesarean section was performed. According to the 
literature, cesarean section should be reserved for obstetrical 
indications  (113‑117). No case of neonatal infection with 
SARS‑COV‑2 has yet been documented in Greece, at least to 
the best of our knowledge. Concerning placental pathology in 

https://www.spandidos-publications.com/10.3892/mi.2021.19
https://www.spandidos-publications.com/10.3892/mi.2021.19
https://www.spandidos-publications.com/10.3892/mi.2021.19
https://www.spandidos-publications.com/10.3892/mi.2021.19
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SARS‑CoV‑2 infection, the most common findings observed 
in the cases herein were an increased rate of maternal vascular 
malperfusion, most commonly decidual arteriopathy, including 
atherosis and fibrinoid necrosis and mural hypertrophy of the 
arterioles of the membranes. In addition, maternal vascular 
malperfusion was noted, associated with restrictions of fetal 
growth in three infants (five pre‑term infants and one case 
of stillbirth due to central placental abruption and oligohy‑
dramnios). Gestational hypertension and pre‑eclampsia of the 
mother, as well as other hypertensive disorders were the major 
risk factors for the observed intrauterine growth restrictions. 
Other lesions in the pregnant women in the present study with 
COVID‑19 were massive chronic histolytic intervillositis, 
deciduitis with the presence of lymphocytes and plasma cells, 
delayed chronic villous maturation, vascular thrombosis, 
acute chorioamnionitis and funisitis. The pregnant women 
described herein presented with mild symptoms or were 
completely asymptomatic with no presence of pneumonia. 
The authors consider that by providing data regarding their 
own experience and through the present review article, useful 
information may be provided for practicing clinicians in order 
to better understand the impact of SARS‑CoV‑2 on pregnancy. 
The current sample size of pregnant women was small. 
Nevertheless, the results regarding the clinical manifestations 
are in agreement with those reported in the literature for the 
majority of pregnant women; i.e., the majority of pregnant 
women are asymptomatic or have mild symptoms, while in 
rare cases, a complicated course is observed. One should be 
aware that COVID‑19 infection in pregnant women can lead to 
severe disease (118‑122). Furthermore, the placental pathology 
findings of the parturient women in the present study are also 
in agreement with those reported in the literature (114). The 
authors believe that a strong point of the present narrative 
review is that it is succinct, yet informative, while a study 
limitation is the small sample size of pregnant women.

10. Conclusion and future perspectives

The elucidation of interactions between pathogen and host at 
the molecular level will bring valuable information regarding 
the mechanisms causing adverse disease in pregnant women 
infected with SARS‑CoV‑2. In addition, further data are 
required regarding the optimal management of pregnant women 
with asymptomatic and symptomatic COVID‑19 infection. 
Currently, corticosteroids (prednisolone or hydrocortisone) and 
the antiviral drug, remdesivir, are used in pregnant women when 
they require oxygen alongside antithrombotic prophylaxis. As 
regards the use of remdesivir, the guidelines suggest not to with‑
hold its use, unless otherwise indicated (116,117), while others 
suggest that its fetal safety profile is largely unknown (116). 
Preliminary data for vaccination against SARS‑CoV‑2 demon‑
strate no increase in adverse perinatal outcomes (117‑124). In 
addition, no assessment can be made at present regarding the 
long‑term consequences when infection occurs in pregnant 
women. Therefore, further larger and high‑quality designed 
studies are required, as well as transnational studies in order to 
monitor and evaluate the postpartum organic and psychological 
management of mothers and their children.
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Table III. Placental pathological and clinical findings in COVID‑19‑positive mothers.

No.	 Pathological findings	 Case no.a	 Clinical findings	 Labor modus

  1	 Maternal vascular malperfusion	 9/14	 Moderate fever, mild cough	 Spontaneous delivery
  2	 Decidual arteriopathy/atherosis	 8/14	 Moderate fever, mild cough	 Cesarean section
  3	 Fibrinoid necrosis	 11/14	 Moderate fever, mild cough	 Cesarean section
  4	 Mural hypertrophy of the arterioles of the membranes	 8/14	 Moderate fever, mild cough	 Spontaneous delivery
  5	O ligohydramnios	 5/14	 Moderate fever, mild cough	 Cesarean section
  6	 Massive chronic histolytic intervillositis	 6/14	 Moderate fever, mild cough	 Cesarean section
  7	 Deciduitis	 14/14	 Moderate fever, mild cough	 Spontaneous delivery
  8	 Delayed chronic villous maturation	 10/14	 Moderate fever, mild cough	 Cesarean section
  9	 Vascular thrombosis	 12/14	 Moderate fever, mild cough	 Cesarean section
10	A cute chorioamnionitis	 13/14	 Moderate fever, mild cough	 Cesarean section
11	A cute funisitis 	 12/14	 Moderate fever, mild cough	 Cesarean section
12	 Massive fibrin deposition	 13/14	 Moderate fever, mild cough	 Cesarean section
13	 Intramural fibrin deposition	 12/14	 Moderate fever, mild cough	 Spontaneous delivery
14	A vascular villi	 8/14	 Moderate fever, mild cough	 Cesarean section

aThere were a total of 14 cases; ‘Case’ does not represent the no. of cases with reported clinical symptoms; the number represents the chrono‑
logical order in which the case presented to the authors' department, commencing from June, 2020 until January, 2021.
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