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ABSTRACT

ARTICLE HISTORY

Background: COVID19 is caused by a newly identified severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) that affects pregnant women equally to the general population. How
SARS-CoV2 affects the mothers, the neonates and the placental pathology remain controversial.
Objective: To explore the effects of maternal SARS-CoV2 infection on the neonates and placental pathology in comparison to those from the normal pregnancies.
Study design: Maternal, neonatal and placental pathology data were collected from medical
records between March and August 2020 from New York Presbyterian- Brooklyn Methodist
Hospital. The data from a total 142 neonates and 101 placentas from SARS-CoV2 positive mothers were compared with those from SARS-CoV2 negative mothers.
Results: There were 142 SARS-CoV2 positive mothers within the study group, and 43 (36%) of
them showed various degrees of COVID19 related clinical symptoms including fever (13.8%),
cough (5.7%), loss of taste/smell (anosmia)(5.6%), shortness of breath (2.4%), muscle ache (2.4%),
headache (1.6%) and pneumonia (0.8%). A total 142 neonates were born to the SARS-CoV-2
positive mothers, and only 1 neonate tested positive for SARS-CoV2 in the first 24 h. Two additional neonates were initially tested negative in first 24 h, and later tested positive on day 7
and the 1 month visit, and all these neonates were asymptomatic and had no sequelae. There
was no increase of pre-term labor and delivery or NICU admissions from SARS-CoV2 positive
mothers. Examination of 101 placentas from SARS-CoV2 positive mothers and 121 placentas
from SARS-CoV2 negative mothers revealed no increase of placental pathologic features. There
were more vaginal deliveries and more meconium stain of fetal membranes from the SARSCoV2 positive mothers. Previous reports of more maternal vascular malperfusion and fetal vascular malperfusion were not demonstrated in our current data.
Conclusion: Although SARS-CoV2 is a significant risk to the pregnant women (mothers) and
general population, there is no increased risk for neonates. Vertical transmission is rare, and perinatal transmission can also occur. There is no increased frequency of placental abnormalities in
both maternal and fetal circulation.
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Introduction
COVID19 is one of the largest public health crises in the
last century affecting millions of people worldwide. Comorbidity is the most important risk factor for the severity
of the disease and mortality. Pregnant women were
affected equally compared to the general population but
infection appears to be associated with more severe clinical manifestations in these patients [1–4]. Previous studies showed that mothers late in gestation were less
symptomatic although severe cases of pregnant women
with more severe outcome have been reported [5–7].
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Neonatal infections by the SARS-CoV2 virus have also
been reported during the perinatal period with less
severe symptoms [8]. Vertical transmission has been controversial but there are rare case reports with detectable
SARS-COV2 virus within the neonates in the first 24 to
48 h by conventional nasopharyngeal swab method
[9–13]. However, meta-analysis of neonatal SARS-CoV2
infection revealed significant percentage of environmental and vertical transmission [13,14]. A variety of placental
pathology features have been described from the SARSCoV2 positive mothers, and detection of SARS-COV2 virus
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from the SARS-CoV2 negative mothers in the same
time period and the data was collected in the same
manner. All placentas collected during this period
were fixed in formalin for minimally 24 h before gross
dissection and examination were performed. The placental examination was performed according to the
standard practice guidelines by using the routine
hematoxylin and eosin stain and light microscopy [26].
The data was matched and analyzed using the baseline characteristic tables in comparison to those from
the SARS-CoV2 negative mothers. Statistical analysis of
the data was performed using the various component
of R-package and Baseline Characteristics Table (http://
statistics4everyone.blogspot.com/).

by RT-PCR and chromogenic in-situ hybridization within
the placental tissues have also been reported in rare cases
with very low detection rate [15–22]. Trophoblast necrosis
and chronic histiocytic intervillositis appeared to be the
significant risk factors for vertical transmission [23,24].
Thus, the SARS-CoV2 virus can infect the placental tissue
and vertical transmission can occur in rare cases.
However, the viral effects on the placental tissues vary
from different reports due to a limited number of studied
samples and comparable controls. New York City was the
hardest hit city during the COVID19 crisis, and a large
number of deliveries occurred by the COVID19 positive
mothers during the crisis. We have collected the maternal,
neonatal and placental data in a single institution (our
hospital) for better characterization of maternal, neonatal
and placental features from COVID19 affected mothers.

Results

Methods

Maternal characteristics of SARS-CoV2
positive mothers

The COVID19 study was approved by the Institutional
Review Board. The neonatal COVID 19 registry was
established at the beginning of the crisis in March
2020 since the universal testing policy for SARS-CoV2
virus for all mothers at the time of delivery was
adopted system wide in New York Presbyterian (NYP)
hospitals. Testing for SARS-CoV2 for all mothers and
the neonates was performed initially using the COBAS
SARS-CoV-2
Test
(Roche
Molecular
Systems,
Branchburg, NJ), and Xpert Xpress SARS-CoV-2
(Cepheid, Sunnyvale, CA) system at NYP – Cornell
Medical Center in March and April 2020, and Cepheid
Xpert Xpress system was adopted in NYP-Brooklyn
Methodist Hospital in mid April using nasopharyngeal
swab specimens. The specimen collection and testing
methods were described previously [25]. The maternal,
neonatal and placental data were collected from the
inpatient medical records, and the neonatal and placental data were collected and categorized separately
by the neonatology and pathology departments
respectively with physiological and pathological features. The neonatal data was from the COVID19 registry with clinical course and follow-up information. The
placental and maternal data were collected at the
time of placental examination from the medical
records. Our placental pathology service is criteria
based, and placentas are only submitted for pathology
examination based on the established criteria.
Specifically, the maternal data were recorded at the
time of placental examination from the medical
record, and the placental histopathological findings
were recorded in Excel spread sheet. The controls of
the maternal, neonatal and placental data were all

COVID19 related symptoms data was available for 142
positive and 77 negative mothers. The antenatal and
obstetric history of SARS-CoV2 negative and positive
mothers are similar. Maternal symptoms related to
SARS-CoV2 infection for the SARS-CoV2 positive mothers were compared to those of non-SARS-CoV2 infected
mothers, and these data is listed in Table 1. Thirty six
percent (36%) of the mothers who tested positive for
SARS-CoV2 showed symptoms or a recent history of
symptoms related to SARS-CoV2 infection, and these
symptoms included fever (13.8%), cough (5.7%), loss of
taste or smell (anosmia) (5.6%), shortness of breath
(2.4%), muscle ache (2.4%), headache (1.6%) and pneumonia (0.8%) (Table 1). The remaining 64% of the SARSCoV2 positive mothers were asymptomatic and showed
no evidence of clinical disease during the pregnancy period.

Perinatal history, vertical and perinatal
transmission
The data of 142 neonates from SARS-CoV2 positive
mothers was available, and 138 neonates who were
tested, tested negative for SARS-CoV2 by swab RT-PCR
at first 24 h. Three neonates were not tested. One neonate was tested positive at 24 h, 48 h and 7 days, and
this case has been reported previously [12,19].
Another two neonates were tested negative at first
24 h but positive on day 7 and at the 1 month followup visit. The first of these two was negative on repeat
testing on day 14, and the baby’s father was tested
positive but asymptomatic. The second neonate was
tested negative one week after the 1 month visit, and
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Table 1. Maternal characteristics of COVID19-negative and positive mothers.
COVID19
Maternal symptom related to COVID19
0
1
Maternal age
Fever
0
1
Cough
0
1
Shortness of breath
0
1
Pneumonia
0
1
Muscle ache
0
1
Headache
0
1
Hypertension
0
1
Loss of taste/smell (anosmia)
0
1

Negative
(N ¼ 77)(%)

Positive
(N ¼ 142)(%)

76 (98.7%)
1 (1.3%)
31.1 ± 6.2

75 (63.6%)
43 (36.4%)
31.1 ± 6.0

76 (98.7%)
1 (1.3%)

106 (86.2%)
17 (13.8%)

77 (100.0%)
0 (0.0%)

116 (94.3%)
7 (5.7%)

77 (100.0%)
0 (0.0%)

121 (97.6%)
3 (2.4%)

77 (100.0%)
0 (0.0%)

123 (99.2%)
1 (0.8%)

77 (100.0%)
0 (0.0%)

121 (97.6%)
3 (2.4%)

77 (100.0%)
0 (0.0%)

124 (98.4%)
2 (1.6%)

67 (87.0%)
10 (13.0%)

125 (99.2%)
1 (0.8%)

77 (100.0%)
0 (0.0%)

119 (94.4%)
7 (5.6%)

p Value
.000
.993
.006
.083
.437
1.000
.437
.705
.001
.088

the mother was tested positive and quarantined for
14 days prior to delivery, and tested positive for antibody against SARS-CoV2 virus at one month visit. Both
neonates were vaginally delivered, breast fed, asymptomatic and developed normally at the later clinic visits. Five of the neonates were symptomatic due to
other medical conditions such as hypoglycemia or
hypocalcemia, and none of them were due to
COVID19 related respiratory conditions. There were 11
neonatal intensive care unit admissions (NICU) within
the group but none of them were related to COVID19
status. 77 neonates from the SARS-CoV2-negative
mothers during the same time period were compared
with those from the SARS-CoV2-positive mothers, and
the data is listed in Table 2. There was less clinical
complications, less neonatal ICU admissions, and significantly more vaginal deliveries from SARS-CoV2
positive mothers in comparison to those from the
SARS-CoV2-negative mothers (Table 2). There was no
significantly increased pre-term delivery rate from the
SARS-CoV2-positive mothers. The Odds ratio of the
neonatal features from the SARS-CoV2 negative and
SARS-CoV2 positive mothers is shown in Figure 1.

Placental pathology
A variety of placental pathology features have been
described previously for COVID19 including fetal

vascular malperfusion (FVM) and maternal vascular malperfusion (MVM) [15,16,19,20,22,27]. Viral specific features such as viral inclusions or viral cytopathic changes
have not been reported for SARS-CoV2. Previously, placentas from SARS-CoV2 positive mothers showed
higher frequencies of FVM and MVM, although the
number of placentas studied from the SARS-CoV2-positive mothers were small [15,16,22]. In the current study,
101 placentas from SARS-CoV2 positive mothers and
121 comparable placental controls from the SARSCoV2-negative mothers were examined. The morphologic placental features from the SARS-CoV2 positive
mothers and comparison of all the morphologic data
from the SARS-CoV2-negative and positive mothers was
listed in Table 3. Typical placental morphologic features
of FVM and MVM were shown in Figure 2 and Figure 3.
There is no statistically significant increase in frequencies of FVM or MVM in SARS-CoV2 positive mothers.
There is a positive association of maternal SARS-CoV2
status and frequencies of meconium stain of fetal membrane. The negative association of SARS-CoV2 status
and category 2 fetal heart tracing (non-reassuring fetal
heart rate, NRFH) as well as clinical history of preeclampsia previously identified was not observed in the
current data (Table 3, and Figure 4) [19]. The Odds
ratios of placental features including FVM and MVM
from the SARS-CoV2-negative and positive mothers
were shown in Figure 4.
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Table 2. Neonatal features from COVID19-negative and positive mothers.
COVID19
Maternal age
Neonatal sex
– Female
– Male
Clinical course
0
1
NICU admission
0
1
Insurance type
– Private
– Public
Race/Ethnicity
– Asian
– Black
– Other
– White
Gestational age (weeks)
Birth weight (grams)
Birth length (crown to heel)(cm)
Head circumference (cm)
Mode of delivery
– Cesarean section
– Vaginal
Apgars at 1 min
4
5
6
7
8
9
Apgars at 5 min
6
7
8
9
Rupture of membrane (ROM) (hours)
Length of stay (LOS)(days)

Negative
(N ¼ 77)(%)

Positive
(N ¼ 142)(%)

31.1 ± 6.2

31.1 ± 6.0

39 (50.6%)
38 (49.4%)

68 (47.9%)
74 (52.1%)

58 (75.3%)
19 (24.7%)

94 (94.9%)
5 (5.1%)

67 (87.0%)
10 (13.0%)

130 (92.2%)
11 (7.8%)

1 (1.3%)
43 (55.8%)
33 (42.9%)

1 (0.7%)
50 (35.2%)
91 (64.1%)

3 (3.9%)
2 (2.6%)
31 (40.3%)
7 (9.1%)
34 (44.2%)
40.0 [38.0; 40.0]
3180.0 [2840.0; 3500.0]
50.5 [48.0; 52.0]
34.0 [33.0; 35.0]

8 (5.6%)
0 (0.0%)
47 (33.1%)
17 (12.0%)
70 (49.3%)
39.0 [38.0; 40.0]
3275.0 [3000.0; 3580.0]
50.5 [49.0; 52.0]
34.0 [33.0; 35.0]

40 (51.9%)
37 (48.1%)

42 (29.6%)
100 (70.4%)

2
2
0
5
17
51

1 (0.7%)
1 (0.7%)
2 (1.4%)
11 (7.7%)
17 (12.0%)
110 (77.5%)

p Value
.993
.803
.000
.317
.010

.252

.249
.241
.721
.982
.002
.159

(2.6%)
(2.6%)
(0.0%)
(6.5%)
(22.1%)
(66.2%)

.505
1 (1.3%)
1 (1.3%)
3 (3.9%)
72 (93.5%)
3.5 [0.0; 9.0]
1.9 [1.6; 2.5]

0 (0.0%)
1 (0.7%)
8 (5.6%)
133 (93.7%)
1.7 [0.0; 6.0]
1.9 [1.5; 2.4]

.119
.289

Figure 1. Odds ratios of neonatal characteristics of COVID19-negative and positive mothers. Indicates p < .05 (statistically
significant).
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Table 3. Placental pathologic features from COVID19-negative and positive mothers.
COVID19
Clinical features
Delivery
- Cesarean section
- Vaginal
Preeclampsia
0
1
GDM2 (gestational)
0
1
Category 2 (NRFH)
0
1
IUGR
0
1
Twin pregnancy
0
1
Oligohydramnios
0
1
Lymphopenia (decreased percentage)
0
1
Neutrophilia (elevated WBC)
0
1
Elevated ND (neutrophil differential)
0
1
Pathological features
MVM
0
1
FVM
0
1
Acute chorioamnionitis
0
1
Chronic deciduitis
0
1
Acute funisitis
0
1
Meconium stain
0
1
Intervillous thrombosis
0
1
Chronic villitis
0
1
Abruption
0
1
Cord issues
0
1
MFI (MPFD)
0
1
Others
0
1
Cord coiling number

Negative
(N ¼ 121)(%)

Positive
(N ¼ 101)(%)

25 (20.7%)
96 (79.3%)

32 (31.7%)
69 (68.3%)

115 (95.0%)
6 (5.0%)

98 (97.0%)
3 (3.0%)

119 (98.3%)
2 (1.7%)

97 (96.0%)
4 (4.0%)

119 (98.3%)
2 (1.7%)

96 (95.0%)
5 (5.0%)

120 (99.2%)
1 (0.8%)

97 (96.0%)
4 (4.0%)

120 (99.2%)
1 (0.8%)

96 (95.0%)
5 (5.0%)

120 (99.2%)
1 (0.8%)

100 (99.0%)
1 (1.0%)

90 (75.0%)
30 (25.0%)

67 (75.3%)
22 (24.7%)

74 (61.2%)
47 (38.8%)

59 (65.6%)
31 (34.4%)

81 (66.9%)
40 (33.1%)

55 (61.8%)
34 (38.2%)

108 (89.3%)
13 (10.7%)

86 (85.1%)
15 (14.9%)

106 (87.6%)
15 (12.4%)

93 (92.1%)
8 (7.9%)

86 (71.1%)
35 (28.9%)

66 (65.3%)
35 (34.7%)

75 (62.0%)
46 (38.0%)

61 (60.4%)
40 (39.6%)

115 (95.0%)
6 (5.0%)

89 (88.1%)
12 (11.9%)

101 (83.5%)
20 (16.5%)

71 (70.3%)
30 (29.7%)

92 (76.0%)
29 (24.0%)

77 (76.2%)
24 (23.8%)

87 (71.9%)
34 (28.1%)

79 (78.2%)
22 (21.8%)

119 (98.3%)
2 (1.7%)

98 (97.0%)
3 (3.0%)

117 (96.7%)
4 (3.3%)

98 (97.0%)
3 (3.0%)

115 (95.0%)
6 (5.0%)

95 (94.1%)
6 (5.9%)

117 (96.7%)
4 (3.3%)
4.0 [ 3.0; 5.0]

97 (96.0%)
4 (4.0%)
3.0 [ 2.0; 5.0]

p-Value
.086
.684
.522
.310
.266
.141
1.000
1.000
.610
.532

.475
.385
.442
.918
.102
.029
1.000
.355
.838
1.000
.981
1.000
.002
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Figure 2. Fetal vascular malperfusion (FVM) with avascular villi from COVID19 positive mother. Panel A and B 200x magnification,
C, 400x magnification.

Figure 3. Maternal vascular malperfusion (MVM) with acute atherosis, fibrinoid medial necrosis and mural hypertrophy. Panels A,
B and C 200x magnification.

Figure 4. Odds ratios of placental histopathologic features from COVID19-negative and positive mothers. Indicates p < .05 (statistically significant), indicates p < .01.
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Discussion
Significant progress has been made in understanding
of the impact of SARS-CoV2 infection of pregnant
women in late gestations after the emergence of this
deadly virus in late 2019. Based on the previous studies, it is reasonably clear that the pregnant women
can be affected by the SARS-CoV2 virus and the pregnancy appears to be a significant risk factor for both
the mother and the neonates [1–3,8]. Our current data
showed that there is no additional risk of pre-term
delivery in the SARS-CoV2 positive mothers. Vertical
transmission and perinatal infection can occur in rare
cases but the overall incidence is low. Criteria was proposed to use molecular detection techniques during
placental examination to assess vertical transmission
for confirmation, but these molecular detection techniques are not widely available for placental pathology
service, and neonatal SARS-CoV2 screening is universal
for SARS-CoV2 positive mothers [28,29]. In our data
collection, one neonate was tested positive at 24 h,
48 h and 7 days, and this neonate was delivered by Csection [12]. This is the most likely case of vertical
transmission. There were two neonates tested positive
at day 7 and at the one month visit respectively but
both were tested negative at birth (first 24 h). These
neonates likely represented the perinatal infection at
home and there was no perinatal transmission
occurred within the hospital with universal hygiene
measures such as mask and handwashing taken in all
labor and delivery rooms. All these babies developed
normally without additional symptoms or complaints
up to the last clinic visits.
Previous placental studies showed a variety of
pathologic features from the COVID19 positive mothers, but those morphologic features can be identified
in other medical conditions, and none of the histopathologic features are specific for COVID19, although
some of the morphologic changes appeared to be significant risk factors for maternal-fetal transmission
[15,16,19,20,22,23,30]. No characteristic viral inclusions
or viral cytopathic changes were observed for SARSCoV2. In our current data, there was no statistically
significant association between maternal SARS-CoV2
status and chorioamnionitis or villitis. Morphologic features of both fetal vascular malperfusion (FVM) and
maternal vascular malperfusion (MVM) have been previously described from SARS-CoV2 positive mothers
[15,16,19,20,22]. Our current data have not affirmed
the previous impression and there were no statistically
significant increase of frequencies of FVM or MVM in
the placentas from the SARS-CoV2 positive mothers,
despite the detection rate of SARS-CoV2 virus within

7

the placental tissue was low by various molecular
detection method [17–19]. Our current data failed to
show the negative association between the maternal
COVID19 status and the category 2 fetal heart tracing
as well as clinical history of preeclampsia as previous
described [19]. These findings raise the possibility of
indirect viral effect on both the placentas and the
fetus, if there is an association between maternal
SARS-CoV2 status and placental pathology or vertical
transmission. Studies of SARS-CoV2 receptor protein
expressions such as ACE2 and TMPRSS2 within the placental tissue showed wide distribution of these proteins within the human tissues and cells including
various cell types of placenta (https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue), but the significance of these protein expressions to SARS-CoV2 viral
entry is limited due to the fact that the SARS-CoV2
virus can only be detected in a very limited number of
tissues and organs by various molecular methods
[20,31,32]. Activation of maternal/fetal immune system
by the virus appears to be the mechanism of pathogenic process of fetal vascular malperfusion and
maternal vascular malperfusion within the placenta, if
the relationship between maternal SARS-CoV2 status
and placental pathology is proven to be
causal [33,34].
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