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A B S T R A C T   

Introduction: Maternal anti-SARS-CoV-2 Spike antibodies can cross the placenta during pregnancy, and neonates 
born to infected mothers have acquired antibodies at birth. Few studies reported data on the histopathological 
changes of the placenta during infection and placental infection. SARS-CoV-2 infection may cause impaired 
development of the placenta, thus predisposing maternal and fetal unfavorable outcomes. The prospective study 
aims to evaluate the risk of vertical transmission of SARS-CoV-2 and placental passage of anti-Spike antibodies as 
well as the impact of clinical severity on placental structures. 
Methods: This is a prospective cohort study on 30 pregnant women infected by SARS-CoV-2 with their neonates. 
The demographic features and pregnancy outcomes were collected. Gross and microscopic examinations of the 
placentas were done. Maternal and umbilical cord sera were obtained at the time of delivery. Nasopharyngeal 
swabs were collected from neonates immediately after birth. 
Results: The concentrations of total anti-SARS-CoV-2 Spike antibodies were higher in pregnant women with 
moderate to severe/critical disease. The maternal total anti-SARS-CoV-2 Spike levels were correlated with those 
of neonatal levels. The rate of placental abnormalities is high in the mothers with severe disease, and those with 
positive anti-SARS-CoV-2 IgM. All neonates had negative nasopharyngeal swabs for SARS- CoV-2 infections and 
all placentas were negative in immunohistochemical staining for Spike protein. 
Discussion: The maternally derived anti-SARS-CoV-2 Spike antibody can transmit to neonates born to infected 
mothers regardless of gestational age. Our results indicated that the disease severity is associated with ischemic 
placental pathology which may result in adverse pregnancy outcomes.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
emerged in Wuhan, China, which caused an outbreak of COVID-19 
disease at the end of 2019, currently spreading worldwide as a global 
health problem [1]. There is limited knowledge about maternal-fetal 
vertical transmission of SARS-CoV-2 infection and potential risks to 
the human placenta and neonate. Growing evidence suggest that 

SARS-CoV-2 increases obstetrics risk including preterm birth, pre
eclampsia as well as severe neonatal morbidity [2–4]. The risk of 
placental-related adverse outcomes may be due to malperfusion, 
thrombosis, and fibrin deposition within the placenta [5]. 

Pregnancy is a condition of particular immune tolerance that renders 
women susceptible to viral infections such as Herpes simplex virus 
(HSV), Ebola viral disease (EBD), Zika virus and Human Papilloma Virus 
(HPV) [6,7]. SARS-CoV-2 infection is mild in most pregnant women; 
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however, severe infections are also reported in 8% of patients [8,9]. 
Vertical transmission is reported to occur in about 1–3.5% of severe 
infections [2,10]. Most neonates with SARS-CoV-2 infections were 
asymptomatic and clinically well [3]. Although transplacental trans
mission has been reported in a few pregnancies, the possibility of ver
tical transmission of SARS-CoV-2 remains controversial [11]. In addition 
to the SARS-CoV-2 RNA detection test, the antibody test also contributes 
to the detection sign of the vertical transmission. Newborns can be born 
with raised levels of the immunoglobulin G (IgG) for SARS-CoV-2 if the 
mother has had Covid-19 [12]. . Of the five antibody classes, IgG is the 
only immunoglobulin which passes to the placenta barrier because of 
the low molecular weight. IgM has larger molecular weight and cannot 
reach the fetus in utero through the placenta [12]. 

The maternally derived, transplacental-transmitted, antibodies have 
a significant immune protective role in neonates as passive immunity 
[13]. It is known that neonatal immunity is strongly associated with the 
maternal concentration of respective particular antibodies during 
pregnancy [13]. Recent data regarding maternal immune response and 
placental infection after SARS-CoV-2 is limited [5,14,15]. SARS-CoV-2 
viral genome and protein were observed within syncytiotrophoblasts 
(SCT) in several reports, however, the question of transplacental infec
tion of SARS-CoV-2 has not been conclusively answered [16]. The pro
spective study aims to evaluate the risk of vertical transmission of 
SARS-CoV-2 and placental passage of anti-Spike antibodies as well as 
the impact of clinical severity on placental structures. 

2. Material and methods 

This was a prospective multicenter study, conducted between March 
2020 and April 2021. Koc University Research Ethics Board approved 
the study protocol (No:2020.138.IRB1.028). 

2.1. Study population 

Pregnant women who were admitted to Koç University Hospital and 
American Hospital with COVID-19 symptoms were invited to partici
pate. Maternal SARS-CoV-2 infection was confirmed by SARS-CoV-2 
reverse transcription-polymerase chain reaction test (RT-PCR) in naso
pharyngeal swabs. A written informed consent was obtained from each 
participant. We aimed to include all the consequent patients without 
calculation of the power analysis because practically determination of 
the sample size was not possible. However, considering the previous 
similar publications, the total number of samples seems to be 
convenient. 

All women underwent clinical evaluation of vital signs and symp
toms. The date of the onset of the disease was identified as the day when 
symptoms appeared. COVID-19 status was classified according to NIH 
COVID-19 clinical guidelines [15]. Patients with mild symptoms 
including fever, myalgia, or gastrointestinal system symptoms were 
classified as asymptomatic/mild disease. Women who had dyspnea or 
required oxygen (O2) supplementation were categorized as moderate to 
severe disease [17]. Clinical management was based on clinical findings 
and national guidelines. Demographic and anthropometric characteris
tics and pregnancy outcomes were recorded. 

In mild cases, one pregnant woman at the first trimester (8 weeks of 
gestation) with a miscarriage was excluded from the study. One woman 
who had contact with a SARS-CoV-2 infected-relative at the time of 
delivery had negative nasopharyngeal swabs, therefore, she was 
excluded from the study. The maternal and fetal SARS-CoV-2 antibody 
detections besides pathological evaluation of placentas are presented in 
Table 3. Two maternal sera and one neonatal serum were excluded 
because of severe hemolysis. All women received routine antenatal care 
until delivery. The follow-up assessments of infants were performed at 
2–5 months of age. 

2.2. Sample collection and processing 

Nasopharyngeal swabs from mothers were collected at the time of 
admission with COVID-19 symptoms. Maternal and cord blood samples, 
placenta, umbilical cord, and nasopharyngeal swabs of newborns were 
collected immediately after delivery according to the international 
guidelines [18]. Amniotic fluid samples (10 ml) were collected through 
aspiration at the time of delivery. Three fragments of 1 cm3 were taken 
from the placentas (2 from the central, 1 from the peripheral area) and 
umbilical cord. All the samples were frozen at − 80 ◦C until analysis. 

2.3. Antibody detection 

Blood samples for antibody quantification were collected from 
mothers and umbilical cord at the time of delivery admission. Antibodies 
against the SARS-CoV-2 receptor binding domain on the S1 subunit of 
the spike protein was quantified using Elecsys Anti-SARS-CoV-2 S 
quantitative immunoassay kit (Roche Diagnostic, Basel, Switzerland). 
Anti -SARS-CoV-2 IgM antibody was analyzed by using Alinity SARS- 
CoV-2 IgM chemiluminescent microparticle immunoassay kit (Abbott 
Diagnostics, ABD). 

2.4. Viral nucleic acid detection 

In nasopharynx and serum samples, RNA isolations were done with 
QIAamp Viral RNA Kit (Cat. No. 52906, Qiagen, Germantown, USA) 
according to manufacturer directions. One cm3 fragment or 100 mg of 
the placenta and umbilical cord tissues were transferred into RNA- 
stabilizing solution (Cat. No.76106, RNAlater™, Qiagen, Germantown, 
USA) and disrupted with tissue homogenization (IKA T10, Germany). 
RNA isolation of cord, placenta and amniotic fluid were done with the 
Quick-RNA™ Fecal/Soil Microbe Microprep Kit (Cat. No. R2040, ZYMO 
Research, California, USA) following the manufacturer’s instructions. 
Quantitative RT-PCR was conducted with primers and Taqman probes 
targeting nucleocapsid N1 gene using LightCycler 480 Probe Master 
(Product No. 04887301001, Roche, Basel, Switzerland) in a LightCycler 
480 Real-Time PCR System (Roche, Basel, Switzerland). Samples with 
cycle threshold (Ct) values of ≤38.0 were considered positive for SARS- 
CoV-2 RNA. The diagnostic criteria of the RT-PCR assay were based on 
the protocol by World Health Organization (Diagnostic testing for SARS- 
CoV-2) [19]. 

2.5. Viral culture 

Viral culture was performed in the Biosafety Level-3 (BSL-3) labo
ratory in Koc University Isbank Research Center for Infectious Diseases 
(KUISCID). Vero E6 cells (ATCC CRL-1586) were cultured with DMEM 
High-Glucose supplemented with 10% Fetal Bovine Serum (FBS), 1% 
Penicillin-Streptomycin and Amphotericin B. Vero E6 cells were 
cultured at 37 ◦C and 5% CO2 environment until expansion. Culture 
media was changed within every 2–3 days. When 80–90% confluency 
was observed, cells were passaged by using 0.25% Trypsin-EDTA and 
seeded to 96 well plates. 

For isolation of SARS-CoV-2 from placenta, placenta tissue sections 
were transferred to the Viral Transport Medium (DMEM High-Glucose 
supplemented with 5% Fetal Bovine Serum (FBS), 1% Penicillin- 
Streptomycin and Amphotericin B). After homogenization, 200 μl viral 
medium containing digested placental tissue were transferred on to the 
confluent Vero E6 cells and incubated at 37 ◦C under 5% CO2environ
ment. The cytopathic effect (CPE) was monitored daily for 5–7 days. The 
wells that detachment and rounding observed, considered as positive for 
the viral growth. SARS-CoV-2 growth was confirmed by using SARS- 
CoV-2 nucleocapsid gene specific primer and Taqman probe in the 
qPCR. The SARS-CoV-2 isolate (B303) was used as positive control. 
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2.6. Histopathological examination of the placenta 

Placentas were grossly examined and hematoxylin and eosin-stained 
sections of placental membranes, umbilical cords, chorionic and basal 
plates were reviewed for histopathological findings. Placentas were 
fixed in 10% buffered formalin solution for 48 h. Sections including 
maternal surface biopsies, umbilical cord, and membrane rolls under
went routine processing, embedding, and staining with hematoxylin and 
eosin (H&E). Histologic examination was performed by an experienced 
pathologist (N.K.) who was aware of SARS-CoV-2 infection but blind to 
the severity of the disease. 

All gross and histopathological evaluations were done according to 
the criteria defined by Khong et al. [20]. 

2.7. Examination of spike protein in placenta 

Paraffin sections were taken in 0.5 μm. Placental paraffin sections 
were deparaffinized under 60 ◦C for 20 min. After a series of washes with 
PBS 0.05% Tween 20 pH 7.4, slides were incubated in hydrogen 
peroxide for 10 min. Antigen retrieval was performed by boiling with a 
domestic microwave (850 W) in 1X citrate buffer pH 6.0 for 10 min. 
After blocking, slides were incubated at room temperature for 45 min 
with Anti- SARS CoV-2 spike glycoprotein (rabbit polyclonal, ab272504 
Abcam) antibody at 1:400 dilution in PBS. For visualization, sections 
were labeled with Mouse and Rabbit Specific HRP/DAB detection IHC 
kit (ab64264, Abcam) and counterstained with hematoxylin. SARS-CoV- 
2 (B303) infected Vero E6 cells (the Ct value for Nucleocapsid-1 (N1) 
gene was 18,6 by qPCR) were used as a positive control and placental 
tissues from uninfected women were used as a negative control. Imaging 
was performed by microscopy. 

2.8. Statistical analysis 

Continuous outcome measures were expressed as median (inter
quartile range [IQR]). Mann-Whitney U test was applied for comparison 
of maternal and cord blood Spike antibody titers between asymptom
atic/mild and moderate to severe/critical cases. Correlation analyses 
between antibody response and cord blood antibody titers were per
formed using Pearson correlation. Statistical significance was defined as 
a P-value of < 0.05. 

3. Results 

3.1. Study cohort 

A total of 31 pregnant women, 22 (73%) with asymptomatic/mild 
COVID-19 and 8 (27%) with moderate to severe/critical disease were 
included. Maternal demographic and clinical characteristics are shown 
in Table 1. Maternal age and BMI were higher in the moderate to severe/ 
critical disease group than the asymptomatic/mild disease group, but 
the difference did not reach the statistically significant level (Table 1). 
The rate of accompanying chronic disease was higher in women with 
moderate to severe/clinical disease than women with asymptomatic/ 
mild disease (Table 1; 13.6% vs. 62.5%, P value = 0.02). There were one 
twin pregnancies in the moderate to severe/critical disease group (case 
no. 9; Table 3). Of 30 women with SARS-CoV-2 infection, 14 (47%) and 
16 (53%) were diagnosed at the second and the third trimester of 
pregnancy, respectively. Two women (7%) were admitted to the inten
sive care unit (ICU), and 1 woman (3%) was intubated. Maternal de
mographic and clinical characteristics are presented in Table 1. 

3.2. Maternal and neonatal outcome 

Both women in ICU had preterm delivery at 25 and 31 weeks of 
gestation. One of them had a concomitant CMV infection and received 
Ganciclovir. Transient hypertension appeared in two women with severe 

disease. In these cases, there was new-onset hypertension (systolic blood 
pressure ≥140 mmHg and diastolic blood pressure ≥90 mmHg) with 
proteinuria (>300 mg in a 24 h), which occurred after 20 weeks of 
gestation as a criterion of preeclampsia [21]. Corticosteroid for the 
prophylaxis of neonatal respiratory distress syndrome was administered 
to three pregnant women who had severe/critical illness. Maternal and 
neonatal outcomes in the cohort are presented in Table 2. 

All the neonates had negative nasopharyngeal swabs for SARS-CoV-2 
infection. Three neonates (10%) had a birth weight less than the 10th 
percentile for gestational age. One woman who was admitted to ICU 
gave birth at 25 weeks of gestation with preterm premature rupture of 
membranes. APGAR scores of three newborns were less than 7 at 5 min. 
There was no perinatal mortality. After birth, thirteen newborns (57%) 
had follow-up at the Department of Pediatrics, Koc University Hospital. 
None of the newborns had excessive weight loss (more than 10% decline 
from the birth weight). The head circumferences and weights of infants 
at 2–3 months of age were within the normal range. 

3.3. Viral RNA and viral growth 

Maternal serum, placenta, amniotic fluid, and umbilical cord sam
ples were negative with RT-PCR. There was no SARS CoV-2 growth in 
placenta samples. 

Table 1 
Maternal demographic and clinical characteristics with SARS-CoV-2 infection on 
admission.  

Maternal baseline 
characteristics and clinical 
presentations 

Asymptomatic/ 
mild disease, (n =
22) 

Moderate to 
severe/critical 
disease, (n = 8) 

P Value 

Maternal age in years, 
median (IQR) 

31.0 (27.8–36.0) 34.5 
(28.0–39.3) 

0.1 

RT-PCR assay of maternal 
nasopharyngeal swab    

positive, n(%) 22 (100) 8 (100)  
BMI on the admission in kg/ 

m2, median (IQR) 
27.2 (19.5–30.3) 30.7 

(26.6–31.9) 
0.23 

Comorbid conditions, n(%) 3 (13.6) 5 (62.5) 0.02* 
Diabetes Mellitus 1 1 
Hypothyroidism 1 2  
Asthma – 1  
Chronic HT 1 –  
Epilepsy – 1  

Parity    
Nulliparous n(%) 12 (55) 3 (38) 0.68 
Multiparous, n(%) 10 (45) 5 (62) 0.68 

Presenting signs and 
symptoms    
Fever, n(%) 10 (46) 7 (88) 0.9 
Cough, n(%) 5 (23) 7 (88) 0.003* 
Chest pain, n(%) – 1 (13) N/A 
Dyspnea, n(%) 1 (13) 7 (88) <0.001* 
Myalgia and fatigue, n(%) 12 (55) 7 (88) 0.08 
Diarrhea/GI symptoms 5 (23) 2 (29) 0.89 
Headache, n(%) 1 (5) 3 (38)  

Antepartum therapy    
Antibiotics, n(%) 1 (5) 6 (75) N/A 
Antiviral, n(%) 2 (9) 6 (75) N/A 
Hydroxychloroquine, n(%) 1 (33) 2 (25) N/A 
Prednisolone, n(%) – 3 (38) N/A 
Low molecular weight 
heparin, n(%) 

4 (18) 8 (100) N/A 

Oxygen support without 
ICUd admission, n(%) 

– 6 (20) N/A 

Admission to hospital, n(%) 4 (18) 8 (100) N/A 
Admission to ICU, n(%) – 2 (7) N/A 

Abbreviations: IQR, interquartile range; BMI, body mass index (calculated as 
weight in kilograms divided by height in meters squared); ICU, intensive care 
unit; DM, diabetes mellitus; N/A, not applicable; *P-value <0.05 is significant. 
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3.4. Maternal and neonatal SARS-CoV-2 antibody 

The median interval time from onset of symptoms to the collection of 
blood samples from mothers for antibody screening was 28 days, 
ranging between 0 and 168 days. Among 28 cases, eighteen women 
(64%) tested positive for anti-SARS-CoV-2 Spike (S) IgM and twenty 
women (71%) tested positive for total anti-SARS-CoV-2 S. Among 14 
mothers infected in the second trimester, IgM was positive in 60% (n =
6) of 10 asymptomatic/mild cases, and 75% (n = 3) in four moderates to 
severe/critical cases. In 14 mothers infected at the third trimester, the 
rates of IgM positivity were 64% (n = 7) in the 11 asymptomatic/mild 
cases and 67% (n = 2) in the three moderate to severe/critical cases. The 
median concentrations of anti-SARS-CoV-2 S antibody were higher in 
mothers with moderate to severe/critical disease than those with 

asymptomatic/mild disease (126.0 U/mL, IQR [21.4–250] vs. 4.4 U/mL, 
IQR [0.4–47.8], P value = 0.02). There were no differences in anti-SARS- 
CoV-2 IgM antibody levels between women with moderate to severe/ 
critical diseases in comparison to those with asymptomatic/mild dis
eases (3.4 S/CO, IQR [0.6–10.7] vs. 0.8 S/CO, IQR [0.3–3.1]; P value =
0.24). Maternal and neonatal SARS-CoV-2 S concentrations across tri
mesters and severity of disease are presented in Table 4. In the second 
trimester, the concentrations of total SARS-CoV-2 S antibody in mothers 
with asymptomatic/mild disease were significantly lower when 
compared to those of mothers with moderate to severe/critical disease 
(Table 4; 33.2 U/mL, IQR [4.2–73.3] vs. 248.4 [100.8–250.0]; P value 
= 0.01). In the third trimester, there was no statistically significant 
difference in levels of total SARS-CoV-2 S antibody between mothers 
with asymptomatic/mild disease and those of mothers with moderate to 
severe/critical disease (Table 4). 

Of 30 newborns, 67% (n = 20) had an anti-SARS-CoV-2 S antibody. 
Anti-SARS-CoV-2 S IgM antibody was not detected in any umbilical cord 
plasma sample (Table 4). Umbilical cord blood concentrations of anti- 
SARS-CoV-2 S total antibody were highly correlated with those of 
maternal titers (Pearson correlation coefficient = 0.67, P < 0.001). The 
correlation of maternal anti-SARS-CoV-2 S concentrations with those in 
the umbilical cord was higher in the third trimester than the second 
trimester (Pearson correlation coefficient = 0.79, vs. Pearson correlation 
coefficient = 0.43, respectively). Anti-SARS-CoV-2 S antibody titers 
were higher in umbilical cord samples of neonate born to mothers with 
moderate to severe/critical disease than those born to mothers with 
asymptomatic/mild disease, but not reached statistical significance (6.1 
U/mL, IQR [0.4–33.6] vs. 154.2 U/mL, IQR [0.4–32.3]; P value = 0.08). 
In the second trimester, the titers of total SARS-CoV-2 S antibody in the 
umbilical cord samples of neonate born to mothers with moderate to 
severe/critical disease were higher than those born to mothers with 
asymptomatic/mild disease (34.9 U/mL, IQR[6.4–79.7] vs. 154.2 U/ 
mL, IQR [93.2–250]; P value = 0.04) whereas there was no significant 
difference between groups in the third trimester (Table 4; P value =
0.21). 

The median (IQR) of anti-SARS-CoV-2 transfer ratio from maternal 
serum to the umbilical cord was 1.23 (0.61–3.88). The transfer ratio of 
the anti-SARS-CoV-2 S antibody was similar in the second trimester and 
the third trimester (1.13 [0.6–1.6] vs. 3.4 [1.0–4.2], P value = 0.29). 

3.5. Placental pathology 

Pathologic examinations were performed on 20 placentas and um
bilical cords. RT-PCR revealed no SARS-CoV-2 RNA in the placenta. 
Abnormal histopathological findings were observed in 8 (57%) women 
with asymptomatic/mild disease and in 6 (100%) women with moderate 
to severe disease. There were no pathological abnormalities in placentas 
of six women. The prevalence of placental abnormality across trimesters 
and disease status are presented in Table 4. Eleven (79%) of 14 women 
with abnormal placental findings were positive for SARS-CoV-2 Spike 
IgM antibody. 

Focal central infarctions and mild intervilitis were detected in 3 
cases. Perivillous fibrin deposition was detected in 4 cases. In one pa
tient (case no. 16), central infarction, thrombus in stem villus was 
observed (Fig. 3) . In other case ( case no.14), eosinophilic and T-cell 
vasculitis were determined (Fig. 4). Mild intervilitis and deciduitis were 
present in the placenta of the woman with concomitant CMV infection. 
CMV was not detected in the placenta by immunohistochemical anal
ysis. Immunostaining for SARS-CoV-2 spike proteins was negative in 
SCTs of all placental samples. The placental findings and immunohis
tochemistry results are presented in Figs. 1 and 2. SARS- CoV-2 spike 
protein was not identified in any of 20 placentas by using immunohis
tochemistry analysis (see Figs. 5 and 6). 

Table 2 
Maternal and neonatal delivery outcomes.  

Pregnancy and Neonatal 
outcomes 

Asymptomatic/mild 
disease, (n = 22) 

Moderate to severe/ 
critical disease, (n =
8) 

P 
value 

GA at diagnosis in 
weeks, median (IQR) 

33.0 (20.0–36.1) 30.3 (27.0–35.3) 0.88 

Trimester at diagnosis    
Second trimester, n 
(%) 

10 (45) 4 (50) 1 

Third trimester, n(%) 12 (55) 4 (50) 1 
GA at delivery in weeks, 

median (IQR) 
38.6 (37.9–38.8) 38.1 (31.8–38.8) 0.37 

Interval between 
diagnosis of infection 
and delivery in days, 
median (IQR) 

34.0 (15.2–124.5) 32.5(17.5–64.8) 0.54 

Time when the PCR 
became negative in 
days, median (IQR) 

16 (13–18) 10 (3.3–15.3)  

Birth weight in grams, 
median (IQR) 

3239 (3260–3650) 3150 (1556–4042) 0.59 

Head circumferences in 
cm, median (IQR) 

35.5 (34.0–36.0) 34.5 (29.2–36.5) 0.8 

APGAR score 5′ less than 
7, n (%) 

1 (5) 2 (25)  

Delivery mode    
Vaginal, n(%) 5 (23) – N/A 
Caesarean section, n 
(%) 

17 (77) 8 (100) 0.29 

Pregnancy 
complications, n(%) 

2 (9) 4 (50) 0.03  

Gestational 
diabetes mellitus,n 
(%) 

2 (9) 2 (25)   

Transient 
hypertension, n(%) 

– 2 (25)   

Gestational 
cholestasis, n(%) 

1 (5) –  

Composite neonatal 
adverse outcomes,n 
(%) 

2 (9) 3 (37) 0.09 

Small for gestational 
agea, n(%) 

1 2  

PPROMb, n(%) 1 1  
NICU admission, n(%) 3 (14) 4 (50) 0.06 

Hyperbilirubinemia, n 
(%) 

– 1  

TTN, n(%) 3 (14) 1  
Prematurity (CPAP), n 
(%) 

– 2 (25)  

Breastfeeding, n(%) 21 (95) 7 (88) 0.47 

Abbreviations: GA, gestational age; IQR, interquartile range; PPROM, preterm 
premature rupture of membranes; NICU, neonatal intensive care unit; TTN, 
transient tachypnea of neonate; CPAP, continuous positive airway pressure. 

a Small for gestational age (SGA) was defined as neonatal birth weight less 
than 10th percentile for gestational age. 

b Preterm birth was defined as spontaneous labor less than 37 weeks’ 
gestation. 
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Table 3 
Maternal and fetal SARS-CoV-2 genome and antibody detection with placental pathological examination. 

△T0-T1: Time interval from diagnosis of maternal infection (T0) to delivery (T1); ab: antibody; NP: nasopharyngeal; IHC: 
Immune histochemistry; N/A: Not applicable. 
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4. Discussion 

Neither vertical transmission nor placental infection was not detec
ted in our prospective study including 30 women from two centers 
during the COVID-19 pandemic. We could not detect the SARS-CoV-2 
genome in term-placentas. However, anti-SARS-CoV-2 S antibodies 
were detected in umbilical cord blood, consistent with the literature [15, 
22,23]. Notably, total anti-SARS-CoV-2 S and IgM antibodies were 
correlated with the maternal disease severity. Furthermore, our study 
indicates that anti-SARS-CoV-2 S IgG antibodies possibly crossed the 

placenta in utero, in line with the previous studies [15,22,23]. Our re
sults show that anti-spike antibodies were still present in neonates born 
to infected mothers at the second trimester in the severe cases. The novel 
result of our study is the association of anti-SARS-CoV-2 IgM positivity 
with the placental abnormalities and maternal disease severity. Finally, 
our findings highlight that SARS-CoV-2 infection can correlate with 
placental inflammation that may ultimately result in obstetric compli
cations as reported previously [11,24]. Vertical transmission of 
SARS-CoV-2 infection remains controversial [25]. However, the rate of 
possible vertical transmission was reported to range from 1% up to 4% 
in severe cases [22,26,27]. In our cohort, neither positive 

Table 4 
SARS-CoV-2 antibody status in the study population. 

*S/CO: Antibody levels were showed which measure chemiluminescence values divided by the cutoff (absorbance/cutoff, S/CO): S/CO > 1 was 
indicates as positive and S/CO ≤ 1 as negative. *P value <0.05 is accepted as significant. 

Fig. 1. Mild perivillous fibrin deposition around tertiary villi (Fibrin deposition 
is shown by arrows) (case no. 29) (×10, hematoxylin& eosin). 

Fig. 2. Santral infarctus in case no. 20. There is loss of basophilia within the 
villi karyorectic debris within villi stroma and between villi (×20, hema
toxylin& eosin). 
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nasopharyngeal swab for SARS-CoV-2 infection nor anti-SARS-CoV-2 S 
IgM antibodies were detected in any of the neonates born to mothers 
with SARS-CoV-2 infection. The value of our study is that the naso
pharyngeal swabs from newborns were collected immediately after birth 
in the delivery room. We also could not detect SARS CoV-2 virus in 
either placenta or amniotic fluid. 

Furthermore, the transmission rate of SARS-CoV-2 S antibody was 
associated with the severity of the disease as reported by previous 
studies [15,28,29]. A recent cohort study including 145 mothers with 
SARS-CoV-2 infection indicated that the transfer rate was higher in 

infected women in the second trimester or women with onset of infec
tion more than 60 days before delivery [30]. The extent to which vertical 
transmission of maternal acquired antibodies in response to SARS-CoV-2 
infection during pregnancy is a key factor for understanding possible 
neonatal protection to develop efficient vaccination strategies. The 
maternal BMI and age were higher in women with severe disease 
although it did not reach statistical significance level as correlated with 
previous data [2]. The accompanying comorbid condition was more 
frequent in women with severe disease than those with mild disease. 
These findings reflected a pregnant woman with high BMI, advanced 
age, or chronic disease prone to severe form of the disease. 

The transfer of specific IgG to the fetus varies by several factors 
including maternal IgG titers and gestational age [31]. Flanery et al. 
indicated that maternal SARS-CoV-2 IgG titers were positively corre
lated with neonatal antibody titers [28]. In parallel with the literature, 
we also found that there was an efficient maternal-neonatal transmission 
of anti-SARS-CoV-2 S antibodies and a linear correlation between 
SARS-CoV-2 S concentrations of maternal with those of umbilical cord. 
Additionally, we also demonstrated that the maternal and neonatal titers 
increased in parallel with the severity of disease. We did not detect 
SARS-CoV-2 IgM antibodies in any of the umbilical cord sera. Previ
ously, SARS-CoV-2 IgM was detected in neonates who had negative 
nasopharyngeal swabs [29,32]. Since maternal IgM cannot pass through 
the placenta, the presence of IgM in the umbilical cord sera indicates 
possible fetal exposure to the virus in utero [32]. However, the 
demonstration of virus presence in the fetal tissue is required to prove 
vertical transmission [32]. Although sample size was small, our study 
supported that vertical transmission of SARS-CoV-2 did not occur. 
Flannery et al. also found that the rate of antibody transfer efficiency in 

Fig. 3. (a) Thrombus within a vessel in a stem villus (×5) (b) higher magni
fication of the fibrin thrombus in the same vessel (×20, hematoxylin& eosin) 
(case no. 16). 

Fig. 4. (a) Lymphocyte and eosinophil infiltration on the wall of the chorionic vessel, area in square is highlighted in Fig. 4 (b) (case no. 14) (×2, hematoxylin& 
eosin), (b) in the same case eosinophils are marked by arrows in a higher magnification (×20, hematoxylin& eosin). 

Fig. 5. (a) Granular positive immunoreac
tivity with anti-spike antibody in the posi
tive control pelet prepared from SARS-CoV2 
infected Vero E6 cells (×20), (b) there is no 
positive immunoreactivity in negative con
trol pellet with Anti-Spike antibody, which is 
prepared from non-infected Vero E6 cells 
(×20), (c) negative immunoreactivity in the 
negative control pellet which is prepared 
from SARS-CoV-2 infected Vero E6 cells and 
incubated with the diluent (PBS) instead of 
Anti-Spike antibody and then with second
ary antibody.   
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preterm infants was similar to term infants as parallel with our results 
[28]. Moreover, we found that the rate of transfer in asymptomatic 
women was similar to those with severe disease. Given the high rate of 
maternal morbidity and mortality with an increased rate of neonatal 
admission to NICU, the transfer of SARS-CoV-2 IgG antibodies may 
indicate plausibility of passive immunization of the fetus by maternal 
vaccination, which can likely minimize the risk of maternal and 
neonatal adverse outcomes by timely vaccination [4,26]. 

A recent meta-analysis indicated that women infected with SARS- 
CoV-2 had an increased risk for adverse pregnancy events including 
preterm birth, fetal vascular malperfusion, and premature membrane 
rupture [2]. Two women with severe disease required ICU admission, as 
consistent with previous reports [33], yet there was no maternal mor
tality in our series. Several studies reported an increased risk of obstetric 
adverse outcomes by almost two-fold in pregnant women with 
SARS-CoV-2 infection [9,10]. In the present study, the rate of composite 
neonatal adverse outcomes such as SGA and PPROM was 16.5% in line 
with a previous study [13]. A recent large cohort study reported that the 
pregnancy outcomes of women with asymptomatic/mild diseases were 
similar to women without SARS-CoV-2 infection [9]. We did not observe 
any adverse pregnancy outcomes in pregnant women with asympto
matic/mild disease, on the other hand, fetal growth restriction and 
preterm birth occurred in some of severe/critical cases. This may suggest 
that severe maternal COVID-19 disease can lead to subsequent adverse 
pregnancy and neonatal outcomes. 

Recent studies analyzing various biological samples did not detect 
SARS-CoV-2 in either amniotic fluid or umbilical cord [26,32,33]. 
Among 179 newborns, SARS-CoV-2 was identified in the nasopharyn
geal swabs of six neonates in the literature [29,32,34–41]. It was 
assumed that transmission may have occurred after birth after inhala
tion of droplets by contaminated mothers or healthcare workers. How
ever, we did not detect positive nasopharyngeal swabs obtained from 
newborns. 

Vertical transmission of SARS-CoV-2 is suggested to occur either by 
transplacental migration or by direct surface contact during delivery 
[42]. Virus can access the placenta by utilizing Fc receptors expressed on 
SCT that intervene in IgG transport [43]. The risk of fetal infection seems 
related to gestational age at exposure to the virus [44]. Impairment of 
SCT in first and second trimesters can increase transplacental infectivity 
of certain pathogens [45]. Additionally, SCT integrity may be deterio
rated in late gestation by hypoxic injury or maternal-mediated injury, 
which can subsequently enable maternal to fetal pathogen transmission 
[46]. SARS CoV-2 presence in placental membranes of symptomatic 
cases during the second trimester were reported by PCR and electron 
microscopy [24,47]. Despite two cases with severe/critical disease 

infected at the second trimester; we could not detect the viral spike 
protein in the placenta by using either immunohistochemical assays or 
RT-PCR analysis. Prabhu et al. found no significant increase in maternal 
vascular malperfusion in 29 placentas from SARS-CoV-2 infected women 
in comparison with 106 placentas from healthy pregnant women [48]. 
In contrast, abnormalities of fetal vascular perfusion including thrombi 
in fetal cells were more frequently observed in the placentas of infected 
mothers [46]. Likewise, we noted central thrombus, perivillous fibrin 
depositions, and mild villitis in placentas from mothers with infected 
mothers. The rate of placental pathology was higher in mothers with 
moderate to severe/critical disease than those with asymptomatic/mild 
disease (100% versus 57%). In line with our study, a recent study found 
that the deficiency in spiral remodeling was more common in women 
with SARS-CoV-2 infection than healthy controls. Additionally, the rate 
of fetal vascular thrombosis was higher in placentas of SARS-CoV-2 
infected pregnant compared with healthy controls [49]. There is 
emerging evidence that severe SARS-CoV-2 infection is prone to an 
exaggerated inflammatory response, defined as a cytokine storm [50]. 

Repeated steroid administration has been found to lead to impair
ment in fetal and neonatal growth during pregnancy [51]. Similarly, 
previously a randomized-control study has suggested that antenatal 
steroid administration resulted in delayed placental growth [52]. A 
previous animal study has shown that kisspeptin expression, an inhibitor 
of cellular migration and invasion, was escalated at day 16 of pregnancy 
in response to systemic steroid treatment [53]. Increased kisspeptin may 
inhibit placental tissue proliferation and migration, which ultimately 
cause placental insufficiency. In our cohort, three patients with severe 
disease received corticosteroid treatment. Infarction, thrombus and mild 
intervillositis were present in the pathological evaluation of their pla
centas. However, it was difficult to distinguish whether the underlying 
cause of placental pathology was severe SARS-CoV-2 infection or 
corticosteroid treatment because of the small number of patients. 

Inflammatory response has also been described in the other viral 
infections such as middle east severe acute respiratory syndrome 
(MERS) and seasonal influenza (H1N1). The placental abnormalities 
related to maternal H1N1 influenza infection that stimulated the ex
plosion of inflammatory cytokines were previously reported [54]. The 
most likely reason for these placental deficiencies or malperfusion may 
be that the inflammatory alteration of SARS-CoV-2 infection may cause 
disruption in the endothelial lining of the placenta [35]. We also 
observed a higher rate of maternal IgM positivity in the mothers with 
abnormal placental histopathological findings (79%) than the total 
population (64%). It may be speculated that persistent active maternal 
infection may cause overproduction of cytokines which can contribute 
to disruption of the maternal-placental interface and facilitate inflam
mation of the placenta. 

There are some limitations in our study. Almost one-third of the 
placental pathological examinations were not available. It is difficult to 
conclude the significant impact of disease severity on placental pathol
ogy due to our small sample size. The other limitation is that we could 
reach only half of infants for follow-up because five infants had not 
reached 4–5 months of age yet. 

In conclusion, placental inflammation can occur in mothers with 
SARS-CoV-2 infection. Our results indicated that the disease severity is 
associated with ischemic placental pathology which may result in 
adverse pregnancy outcomes such as preterm birth and intrauterine 
growth restriction. Our study confirmed that a high maternal inflam
matory state is possibly contributing to placental insufficiency. As pre
viously stated, we also found that the frequency of placental 
abnormalities is correlated with the severity of disease [49]. Although 
we did not detect SARS-CoV-2 Spike protein in any of the placentas, 
vertical transmission can still be possible in some cases. Indeed, our 
findings demonstrate that maternally derived antibodies can cross to 
neonatal blood. These findings could contribute to the improvement of 
vaccination strategies during pregnancy. It was shown that third 
trimester vaccination of pregnant women ensures antibody formation in 

Fig. 6. There is no positive immunoreactivity with anti-spike antibody in 
syncytiotrphoblast, which is marked by arrows in the placenta of case no. 
18 (×20). 
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the fetus and protection of the neonate against SARS-CoV-2 [55]. 
Further studies are needed to answer the question of whether 
vaccine-mediated antibodies similarly can provide passive immunity to 
neonates as naturally acquired antibodies. 
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