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ABSTRACT
Objectives: Pregnant women are more susceptible to infectious diseases because of their natural immunosuppression. 
SARS-CoV-2 seems to be a potential risk for the condition of women and the fetus. Unfortunately, knowledge of the 
influence of coronavirus disease 19 (COVID-19) on pregnant women and their children is still very limited, and further 
investigation and analysis are needed.

The aim of the study was to conduct a meta-analysis of research about the impact of COVID-19 on the placenta.

Material and methods: Articles published between 2020 and 2021 and contained in the PubMed and Elsevier databases 
were analyzed.

Results: The SARS-CoV-2 infection also led to pregnancy complications in the patients. The most common pregnancy 
complications include caesarean delivery (80%), preterm delivery (26%), fetal distress (8%), premature rupture of the 
membranes (9%) and stillbirth (2%). Among the observed patients, neonatal complications occurred, such as prema-
ture delivery (25%), respiratory distress syndrome (8%), pneumonia (8%) and deaths of 4 newborns SARS-CoV-2 was 
found mainly in syncytiotrophoblast cells at the maternal-fetal border of the placenta. Histological examination of the 
placenta revealed dense macrophage infiltration. Abnormal perfusion of fetal blood vessels or fetal vascular thrombosis 
was observed. Elevated levels of SARS-CoV-2 IgG or IgM antibodies in the umbilical cord blood were observed in nine 
newborns, reported as evidence of vertical infection.

Conclusions: The features of placental damage in women with COVID-19 are clearly different from the control group. 
Further research is needed to better understand how SARS-CoV-2 infection affects the placenta.
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INTRODUCTION
The pandemic outbreak of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) surprised and affected 
millions of people around the world. The infection broke 
out very quickly and the disease spread to countries all 
over the world within a few months. The first confirmed 
case of COVID-19 occurred on December 8, 2019, in Wuhan, 
China [1]. Nowadays, nearly 219 million people worldwide 
have contracted COVID-19, and more than 3 million people  
have died from the infection.

SARS-CoV-2 is an enveloped, single-stranded RNA 
virus. SARS-CoV-2 uses the SARS-CoV ACE2 receptor for 
input and the TMPRSS2 serine protease to stimulate the 
S protein. The mechanism of SARS-CoV-2 infection is that 
the virus enters cells by cleavage of the S protein spike at  

the S1/S2 and S1' sites by the TMPRSS2 serine protease. These  
activities enable the fusion of viral and cell membranes [2].

Pregnant women are more susceptible to infectious 
diseases because of their natural immunosuppression [3]. 
SARS-CoV-2 is a potential risk for the condition of women  
and the fetus. Unfortunately, knowledge of the influence of the 
coronavirus on pregnant women and their children is still very  
limited, and further investigation and analysis are needed [4].

The SARS-CoV-2 epidemic has been compared to the 
SARS-CoV-1 epidemic in 2002–2003. It is possible to ob-
serve better health of the mother and the newborn with 
SARS-CoV-2 [5, 6]. SARS-CoV-2 infection in pregnant wom-
en can be asymptomatic, which increases the risk of virus 
transmission to family members, medical personnel or  
the newborn.
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The aim of the study was to conduct a metaanalysis of 
research about the impact of SARS-CoV-2 infection on the 
placenta.

MATERIAL AND METHODS
Articles published between 2020 and 2021 and con-

tained in the PubMed and Elsevier databases were ana-
lyzed. All publications described pandemic situation of 
COVID-19 and consequences of morbidity.

RESULTS
Description of the state of knowledge

The placenta is a temporary organ developed from tro-
phoblasts up to 18 weeks of pregnancy which allow for 
transmission of substances in the maternal fetal circulation. 
It contains the anchoring villi and umbilical cord with two 
umbilical arteries and one umbilical vein [7, 8]. The core of 
the chorionic villi contains several types of cells, including 
immune cells such as Hofbauer cells (fetal macrophages). 
The villi enable nutrition to the fetus as well as excretion 
of waste products from the fetus to mother. Additionally,  
the placenta releases hormones such as progesterone, es-
trogen, and human placental lactogen. Another task of this 
organ is to function as an immunological barrier [9, 10]. 
There is no difference in appearance of placenta in healthy 
and COVID-19 infected patients (Fig. 1).

Case reports indicate that vertical transmission between 
mother and child is rarely observed. Ghema et al. [11] pub-
lished a study of pregnant women infected with the corona-
virus, where two out of 30 newborns had a positive qRT-PCR 
test for SARS-CoV-2, which confirmed vertical transmission.

Jaiswal et al. [12] conducted a prospective study with 
comparison of 27 pregnant women with asymptomatic or 
mild SARS-CoV-2 infection and 27 women without infection. 
The study showed that pregnant women with a positive 
SARS-CoV-2 result show significantly more symptoms of 
placental disorders than healthy women according to his-
tological analysis after birth. In the placenta of pregnancies 
with COVID-19, there were features of vascular malperfu-
sion, e.g., retroplacental hematomas, accelerated villous 
maturation, distal villous hyperplasia, mural hypertrophy 
of membrane arterioles, fibrinoid necrosis, chorangiosis 
and intramural fibrin deposition. Also, thrombosis of the 
fetal chorionic plate was detected in some cases. All these 
changes were present either on the maternal or fetal part 
of the placenta [12].

Gajbhiye et al. [13] observed 441 pregnant women 
with COVID-19. Pneumonia was diagnosed in 96% of the 
examined women. Two percent of pregnant women had 
placenta disorders. Based on the results, it was estimated 
that the vertical transmission rate of SARS-CoV-2 is 8%. 
Some women enrolled in the study suffered from comor-

bidities such as hypertension (10%), diabetes (9%), placen-
tal disorders (2%), co-infections (3%), uterine scarring (3%) 
and hypothyroidism (3%). The SARS-CoV-2 infection also led 
to pregnancy complications in the patients. The most com-
mon pregnancy complications include caesarean delivery 
(80%), preterm delivery (26%), fetal distress (8%), premature 
rupture of the membranes (9%) and stillbirth (2%) (Fig. 2). 
Among the observed patients, neonatal complications 
occurred, such as premature delivery (25%), respiratory 
distress syndrome (8%), pneumonia (8%) and deaths of 
four newborns [13].

In 2020 Hosier et al. [14] described a second-trimester 
pregnancy with symptomatic COVID-19 complicated by 
severe pre-eclampsia and placental abruption. The research 
showed the presence of SARS-CoV-2 virus in histological 
examination of the placenta using electron microscopy 
as well as molecular and immunohistochemical tests.  
SARS-CoV-2 was found mainly in syncytiotrophoblast cells 
at the maternal-fetal border of the placenta. Histologi-
cal examination of the placenta revealed a dense macro-
phage infiltration, but no evidence of vasculopathy typical 
of pre-eclampsia was found. This case shows the invasion 
of SARS-CoV-2 on the placenta, indicating the possibil-
ity of severe morbidity and serious complications among 
pregnant women with COVID-19. The histological results 
of placental infection by the SARS-CoV-2 virus examined 

Figure 1. Placenta of COVID-19 infected patient
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by electron microscopy were published in 2020. For bet-
ter assessment molecular and immunohistochemical tests 
were used. SARS-CoV-2 was found mainly in syncytiotro-
phoblast cells at the maternal-fetal border of the placenta. 
Histological examination of the placenta revealed a dense 
macrophage infiltration, but no evidence of vasculopathy 
typical of pre-eclampsia was found [14].

Shanes et al. [15] examined 16 placentas obtained from 
women infected with SARS-CoV-2 and compared them 
with the control group. It was found that the placenta of 
virus-infected women in the third trimester of pregnan-
cy was significantly more likely to present maternal vas-
cular malperfusion. In particular, abnormal or damaged 
maternal vessels and intercellular clots were observed in 
the third trimester of pregnancy. The presence of acute 
or chronic inflammation was not noted. The analysis was 
based on 15 placentas after delivery in the third trimester 
of pregnancy and after caesarean section of one patient in 
the second trimester because of intrauterine fetal death. 
In the latter case, villous swelling and a hematoma outside 
the placenta were observed [15].

Baergen et al. [16] examined 20 placentas from moth-
ers infected with SARS-CoV-2. In 50% of analyzed cases 
abnormal perfusion of fetal blood vessels or fetal vascular 
thrombosis was observed.

Hecht et al. [17] examined 19 placentas from women 
with COVID-19 using immunohistochemical tests with the 
expression of ACE2 and TMPRSS. No changes in placentas 
were found in the histopathological examination. How-
ever, two cases of infection were detected in the villous 
trophoblast. No expression of ACE2 was found. On the other 
hand, activity of TMPRSS2 was weak. The study showed  

no correlation of SARS-CoV-2 infection and congenital  
COVID-19 infection [17].

Schwartz et al. [18] analyzed the influence of 
SARS-CoV-2 on 38 pregnant women with COVID-19  
and their newborns in China to assess the effects of it on 
mothers and infants. Data were compared with two previous 
epidemics of coronavirus infections: severe acute respiratory 
syndrome (SARS) caused by SARS-CoV-1 and Middle East 
respiratory syndrome (MERS) caused by MERS-CoV. The re-
sults of the metaanalysis showed no death from SARS-CoV2  
and MERS-CoV. Moreover, there were no confirmed cases 
of intrauterine vertical transmission of SARS-CoV-2 from 
mothers with COVID-19 to their infants. All newborns and 
all the placentas were RT-PCR negative for SARS-CoV-2 [18].

The impact of SARS-CoV-2 infection on the embryo or 
fetus is difficult to predict. Probably risk factors vary depend-
ing on the type of viral infection, the age of pregnancy dur-
ing the infection and the general condition of the mother. 
The SARS-CoV-2 virus can affect children of every age.  
In 2020, Lu et al. [19] published a study investigating 31 chil-
dren under the age of one year. The youngest child had 
confirmed SARS-CoV-2 infection in the first 24 hours af-
ter birth. Predominant symptoms of the upper respiratory 
tract in children were infection, pneumonia, fever, cough  
and throat erythema.

SARS-CoV-2 infection also causes neurological symp-
toms in children. Dugue et al. [20] reported a case of 
a 6-week-old patient with COVID-19 infection who devel-
oped fever, cough and twice short 10–15-second episodes 
of looking up and bilateral stiffening of the legs.

Kyle et al. [21] analyzed 836 newborns among whom 
only 35 (4.2%) were positive for SARS-CoV-2. Infants from 

Figure 2. Comparison of the most common complications in pregnant women with SARS-CoV-2
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mothers in critical stages of COVID-19 infection were ob-
served; however, a much greater percentage of newborns 
infected with SARS-CoV-2 were mildly infected. Elevated 
levels of SARS-CoV-2 IgG or IgM antibodies in the umbilical 
cord blood were observed in nine newborns, reported as 
evidence of vertical infection. 

On the other hand, specificity and sensitivity of serologi-
cal tests in diagnosing SARS-CoV-2 are undefined according 
to passive crossing of the maternal placental barrier, which 
can potentially provide protection against the disease. 
Moreover, these newborns had a PCR test result and showed 
no symptoms suggesting infection [22, 23].

On the other hand, infected mothers were not isolated 
with their newborns [21]. The separation of the mother 
and the newborn immediately after delivery is associated 
with long-term deficits in the mother’s behavior and an in-
terrupted mother-child relationship. Nevertheless, it has 
not been proven that direct breastfeeding after washing 
hands increases the risk of SARS-CoV-2 infection in new-
borns. For this reason, a COVID-19 infected mother and her 
baby should be treated in the same way as healthy women 
after childbirth [24].

Oncel et al. [25] conducted a multicenter cohort study 
of 125 newborns of mothers with COVID-19 in 34 neonatal 
intensive care units (NICUs) in Turkey. The study included 
125 women who tested positive for RT-PCR and their new-
borns. The most common complications of SARS-CoV-2 infec-
tion included cesarean section (71.2%), prematurity (26.4%) 
and low birth weight (12.8%). Eight mothers (6.4%) were 
admitted to the intensive care unit, among whom six died 
(4.8%). 3.3% of newborns tested positive for coronavirus by 
RT-PCR. Comparison of complications in COVID-19 infected 
patients is located in Table 1.

Due to increasing morbidity of COVID-19 infection 
it seems to be important to identify predictive factors  
and placental features in ultrasound. To date, no studies 
have been conducted in this area.

CONCLUSIONS
Both asymptomatic and symptomatic SARS-CoV-2 infec-

tion in pregnant women can cause disorders of the placenta, 
as confirmed in histological presentation. The features of 
placental damage in women with COVID-19 are clearly dif-
ferent from the control group.

Nowadays, there are no adverse effects of placental 
injury in the course of SARS-CoV-2 infection for the child. 
However, long-term health effects in children whose moth-
ers suffered from COVID-19 during pregnancy cannot be 
excluded. For this reason, pregnant women infected with 
SARS-CoV-2 should be taken care of by an interdisciplinary 
team consisting of a gynecologist, midwife, neonatologist 
and psychologist. Newborns should also be monitored for 

long-term effects of COVID-19 on their health and psycho-
motor development.

Conflict of interest
All authors declare no conflict of interest.

REFERENCES
1.	 Li Q, Guan X, Wu P, et al. Early transmission dynamics in wuhan, china, 

of novel coronavirus-infected pneumonia. N Engl J Med. 2020; 382(13): 
1199–1207, doi: 10.1056/NEJMoa2001316, indexed in Pubmed: 31995857.

2.	 Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell 
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically 
proven protease inhibitor. Cell. 2020; 181(2): 271–280.e8, doi: 10.1016/j.
cell.2020.02.052, indexed in Pubmed: 32142651.

3.	 Mor G, Cardenas I, Abrahams V, et al. Inflammation and pregnancy:  
the role of the immune system at the implantation site. Ann N Y Acad Sci. 

Table 1. Complications of patients COVID-19 infected

Author of the 
publication

Reported complications in pregnant 
women with COVID-19

Ghema et al. [11] Vertical transmission of coronavirus to a child

Jaiswal et al. [12]

Features of vascular malperfusion were present 
in the placenta, e.g., post-placental hematomas, 
accelerated villous maturation, distal villus 
hypertrophy, parietal membrane arteriolar 
hypertrophy, fibrinous necrosis, choroidal 
vessels, and intramural fibrin deposition.  
The thrombosis of the fetal chorionic plate

Gajbhiye et al. [13]

Pneumonia in women. Vertical transmission of 
coronavirus to a child. The caesarean delivery, 
preterm delivery, fetal distress, premature 
rupture of the membranes and stillbirth.
In newborns: respiratory distress syndrome, 
pneumonia and deaths

Hosier et al. [14] The severe pre-eclampsia and placental 
abruption

Shanes et al. [15]

The placenta of virus-infected women in the 
third trimester of pregnancy was significantly 
more likely to present maternal vascular 
malperfusion. In particular, abnormal or 
damaged maternal vessels and intercellular 
clots were observed in the third trimester of 
pregnancy
The intrauterine fetal death, villous swelling 
and a hematoma outside the placenta

Baergen et al. [16] The abnormal perfusion of fetal blood vessels 
or fetal vascular thrombosis

Hecht et al. [17] The infection in the villous trophoblast

Schwartz et al. [18] No confirmed vertical transmission from 
mother to child

Lu et al. [19] Infection, pneumonia, fever, cough and ery-
thema in children under 1 year of age

Dugue et al. [20]
The fever, cough and twice short 10–15-second 
episodes of looking up and bilateral stiffening 
of the legs in child

Kyle et al. [21] Vertical transmission of coronavirus to a child

Oncel et al. [25]
The cesarean section, prematurity and low 
birth weight. Death of a pregnant woman. 
Vertical transmission of coronavirus to a child

http://dx.doi.org/10.1056/NEJMoa2001316
https://www.ncbi.nlm.nih.gov/pubmed/31995857
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://dx.doi.org/10.1016/j.cell.2020.02.052
https://www.ncbi.nlm.nih.gov/pubmed/32142651


83

Izabela Pilarska et al., Influence of COVID-19 infection on placental

www. journals.viamedica.pl/ginekologia_polska

2011; 1221(1): 80–87, doi: 10.1111/j.1749-6632.2010.05938.x, indexed 
in Pubmed: 21401634.

4.	 Tang K, Gaoshan J, Ahonsi B, et al. Sexual and reproductive health (SRH): 
a key issue in the emergency response to the coronavirus disease (COV-
ID- 19) outbreak. Reprod Health. 2020; 17(1): 59, doi: 10.1186/s12978-
020-0900-9, indexed in Pubmed: 32326943.

5.	 Qiao J. What are the risks of COVID-19 infection in pregnant women? 
Lancet. 2020; 395(10226): 760–762, doi: 10.1016/S0140-6736(20)30365-
2, indexed in Pubmed: 32151334.

6.	 Liu Y, Chen H, Tang K, et al. Withdrawn: Clinical manifestations and out-
come of SARS-CoV-2 infection during pregnancy. J Infect. 2020 [Epub 
ahead of print]: S0163–4453(20)30109-2., doi: 10.1016/j.jinf.2020.02.028, 
indexed in Pubmed: 32145216.

7.	 Burton GJ, Fowden AL. The placenta: a multifaceted, transient organ. 
Philos Trans R Soc Lond B Biol Sci. 2015; 370(1663): 20140066, doi: 
10.1098/rstb.2014.0066, indexed in Pubmed: 25602070.

8.	 Knöfler M, Pollheimer J. Human placental trophoblast invasion  
and differentiation: a particular focus on Wnt signaling. Front Genet. 2013;  
4: 190, doi: 10.3389/fgene.2013.00190, indexed in Pubmed: 24133501.

9.	 Ventura Ferreira MS, Bienert M, Müller K, et al. Comprehensive char-
acterization of chorionic villi-derived mesenchymal stromal cells from 
human placenta. Stem Cell Res Ther. 2018; 9(1): 28, doi: 10.1186/s13287-
017-0757-1, indexed in Pubmed: 29402304.

10.	 León-Juárez M, Martínez-Castillo M, González-García LD, et al. Cellular 
and molecular mechanisms of viral infection in the human placenta. 
Pathog Dis. 2017; 75(7): ftx093, doi: 10.1093/femspd/ftx093, indexed 
in Pubmed: 28903546.

11.	 Ghema K, Lehlimi M, Toumi H, et al. Outcomes of newborns to mothers 
with COVID-19. Infect Dis Now. 2021; 51(5): 435–439, doi: 10.1016/j.
idnow.2021.03.003, indexed in Pubmed: 33748807.

12.	 Jaiswal N, Puri M, Agarwal K, et al. COVID-19 as an independent risk fac-
tor for subclinical placental dysfunction. Eur J Obstet Gynecol Reprod 
Biol. 2021; 259: 7–11, doi: 10.1016/j.ejogrb.2021.01.049, indexed in 
Pubmed: 33556768.

13.	 Gajbhiye R, Modi D, Mahale S. Pregnancy outcomes, Newborn complica-
tions and Maternal-Fetal Transmission of SARS-CoV-2 in women with 
COVID-19: A systematic review of 441 cases. medRxiv. 2020 [online 
Ahead of Print], doi: 10.1101/2020.04.11.20062356.

14.	 Hosier H, Farhadian SF, Morotti RA, et al. SARS-CoV-2 infection of the 
placenta. J Clin Invest. 2020; 130(9): 4947–4953, doi: 10.1172/JCI139569, 
indexed in Pubmed: 32573498.

15.	 Shanes ED, Mithal LB, Otero S, et al. Placental pathology in COVID-19. Am 
J Clin Pathol. 2020; 154(1): 23–32, doi: 10.1093/ajcp/aqaa089, indexed 
in Pubmed: 32441303.

16.	 Baergen RN, Heller DS. Placental pathology in COVID-19 positive moth-
ers: preliminary findings. Pediatr Dev Pathol. 2020; 23(3): 177–180, doi: 
10.1177/1093526620925569, indexed in Pubmed: 32397896.

17.	 Hecht JL, Quade B, Deshpande V, et al. SARS-CoV-2 can infect the 
placenta and is not associated with specific placental histopathology: 
a series of 19 placentas from COVID-19-positive mothers. Mod Pathol. 
2020; 33(11): 2092–2103, doi: 10.1038/s41379-020-0639-4, indexed in 
Pubmed: 32741970.

18.	 Schwartz DA. An analysis of 38 pregnant women with COVID-19, their 
newborn infants, and maternal-fetal transmission of sars-cov-2: mater-
nal coronavirus infections and pregnancy outcomes. Arch Pathol Lab 
Med. 2020; 144(7): 799–805, doi: 10.5858/arpa.2020-0901-SA, indexed 
in Pubmed: 32180426.

19.	 Lu X, Zhang L, Du H, et al. Chinese Pediatric Novel Coronavirus Study 
Team. SARS-CoV-2 Infection in Children. N Engl J Med. 2020; 382(17): 
1663–1665, doi: 10.1056/NEJMc2005073, indexed in Pubmed: 
32187458.

20.	 Dugue R, Cay-Martínez KC, Thakur KT, et al. Neurologic manifestations 
in an infant with COVID-19. Neurology. 2020; 94(24): 1100–1102, doi: 
10.1212/WNL.0000000000009653, indexed in Pubmed: 32327489.

21.	 Kyle MH, Glassman ME, Khan A, et al. A review of newborn outcomes 
during the COVID-19 pandemic. Semin Perinatol. 2020; 44(7): 151286, 
doi: 10.1016/j.semperi.2020.151286, indexed in Pubmed: 32826081.

22.	 Carosso A, Cosma S, Borella F, et al. Pre-labor anorectal swab for 
SARS-CoV-2 in COVID-19 pregnant patients: is it time to think about 
it? Eur J Obstet Gynecol Reprod Biol. 2020; 249: 98–99, doi: 10.1016/j.
ejogrb.2020.04.023, indexed in Pubmed: 32327266.

23.	 Zeng H, Xu C, Fan J, et al. Antibodies in infants born to mothers 
with COVID-19 pneumonia. JAMA. 2020; 323(18): 1848–1849, doi: 
10.1001/jama.2020.4861, indexed in Pubmed: 32215589.

24.	 Leiderman PH, Seashore MJ. Mother-infant neonatal separation: some 
delayed consequences. Ciba Found Symp. 1975(33): 213–239, doi: 
10.1002/9780470720158.ch13, indexed in Pubmed: 1045982.

25.	 Oncel MY, Akın IM, Kanburoglu MK, et al. Neo-Covid Study Group. 
A multicenter study on epidemiological and clinical characteristics of 125 
newborns born to women infected with COVID-19 by Turkish Neonatal 
Society. Eur J Pediatr. 2021; 180(3): 733–742, doi: 10.1007/s00431-020-
03767-5, indexed in Pubmed: 32776309.

http://dx.doi.org/10.1111/j.1749-6632.2010.05938.x
https://www.ncbi.nlm.nih.gov/pubmed/21401634
http://dx.doi.org/10.1186/s12978-020-0900-9
http://dx.doi.org/10.1186/s12978-020-0900-9
https://www.ncbi.nlm.nih.gov/pubmed/32326943
http://dx.doi.org/10.1016/S0140-6736(20)30365-2
http://dx.doi.org/10.1016/S0140-6736(20)30365-2
https://www.ncbi.nlm.nih.gov/pubmed/32151334
http://dx.doi.org/10.1016/j.jinf.2020.02.028
https://www.ncbi.nlm.nih.gov/pubmed/32145216
http://dx.doi.org/10.1098/rstb.2014.0066
https://www.ncbi.nlm.nih.gov/pubmed/25602070
http://dx.doi.org/10.3389/fgene.2013.00190
https://www.ncbi.nlm.nih.gov/pubmed/24133501
http://dx.doi.org/10.1186/s13287-017-0757-1
http://dx.doi.org/10.1186/s13287-017-0757-1
https://www.ncbi.nlm.nih.gov/pubmed/29402304
http://dx.doi.org/10.1093/femspd/ftx093
https://www.ncbi.nlm.nih.gov/pubmed/28903546
http://dx.doi.org/10.1016/j.idnow.2021.03.003
http://dx.doi.org/10.1016/j.idnow.2021.03.003
https://www.ncbi.nlm.nih.gov/pubmed/33748807
http://dx.doi.org/10.1016/j.ejogrb.2021.01.049
https://www.ncbi.nlm.nih.gov/pubmed/33556768
http://dx.doi.org/10.1101/2020.04.11.20062356
http://dx.doi.org/10.1172/JCI139569
https://www.ncbi.nlm.nih.gov/pubmed/32573498
http://dx.doi.org/10.1093/ajcp/aqaa089
https://www.ncbi.nlm.nih.gov/pubmed/32441303
http://dx.doi.org/10.1177/1093526620925569
https://www.ncbi.nlm.nih.gov/pubmed/32397896
http://dx.doi.org/10.1038/s41379-020-0639-4
https://www.ncbi.nlm.nih.gov/pubmed/32741970
http://dx.doi.org/10.5858/arpa.2020-0901-SA
https://www.ncbi.nlm.nih.gov/pubmed/32180426
http://dx.doi.org/10.1056/NEJMc2005073
https://www.ncbi.nlm.nih.gov/pubmed/32187458
http://dx.doi.org/10.1212/WNL.0000000000009653
https://www.ncbi.nlm.nih.gov/pubmed/32327489
http://dx.doi.org/10.1016/j.semperi.2020.151286
https://www.ncbi.nlm.nih.gov/pubmed/32826081
http://dx.doi.org/10.1016/j.ejogrb.2020.04.023
http://dx.doi.org/10.1016/j.ejogrb.2020.04.023
https://www.ncbi.nlm.nih.gov/pubmed/32327266
http://dx.doi.org/10.1001/jama.2020.4861
https://www.ncbi.nlm.nih.gov/pubmed/32215589
http://dx.doi.org/10.1002/9780470720158.ch13
https://www.ncbi.nlm.nih.gov/pubmed/1045982
http://dx.doi.org/10.1007/s00431-020-03767-5
http://dx.doi.org/10.1007/s00431-020-03767-5
https://www.ncbi.nlm.nih.gov/pubmed/32776309

