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Summary: This retrospective study aimed to investigate the clinical characteristics and neonatal
outcomes of pregnant women with SARS-COV-2 in Wuhan Children’s Hospital and further
suggested a possible management strategy for infected pregnant women under epidemic situation.
In this study, 8 pregnant women with SARS-COV-2 who were admitted into Wuhan Children’s
Hospital, China from February 1, 2020 to March 30, 2020 and the clinical features, laboratory
data, maternal and neonatal outcomes were analyzed. The mean age of the women at the time of
admission was 30.6 years. The mean gestational age of the women was 37 weeks+4 days, and one
woman presented with dichorionic diamniotic (DCDA) twin pregnancy. Except for one woman
who was febrile, others had no typical clinical symptoms. For all pregnant women, the count of
white blood cells and lymphocytes appeared normal, but 6 had a lower percentage of lymphocytes.
C-reactive protein (CRP) levels were normal for all the women. One neonate was tested positive
for the coronavirus IgG and IgM antibodies. The clinical symptoms of the pregnant women
with SARS-COV-2 were mild, and the laboratory data showed similar characteristics to those of
non-infected pregnant women. Since one neonate was tested positive for coronavirus, there is a
possibility of vertical transmission of SARS-CoV-2. Prompt and efficient screening, triage, and
isolation of pregnant women are effective management strategies to reduce nosocomial infection
during the SARS-COV-2 epidemic.
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At the end of 2019, a novel coronavirus severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) first broke out. This virus belongs to the genus
B, and primarily spreads via the respiratory droplets
and through close contact. This lethal virus has quickly
swept the globe due to its strong infectivity. By April
26, 2020, 2774 135 people were positive for SARS-
CoV-2 and 190 871 people died in at least 210 countries
of the world!l. Different populations have varying
susceptibilities to the SARS-CoV-2. Some researchers
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believe that male patients are more susceptible to
SARS-COV-2 associated complications than female
patients and this variation increases with age!. As
per studies, the SARS-CoV-2 infection in pregnant
women is mostly mild, and only a few cases of severe
illness have been reported. The prognosis of pregnant
women and newborns has appeared good™ 4. Because
obtaining the clinical information of pregnant women
is difficult and the causative agent of SARS-COV-2
is completely novel, scientists are still exploring the
possibilities of vertical transmission of SARS-CoV-2
from infected mother to her child. The average length
of human gestation is 40 weeks; however, there are
few reports on the prognosis of preterm delivery and
multiple pregnancies with SARS-COV-2. The post-
admission management of pregnant women with
SARS-COV-2 is extremely crucial. In this study, we
collected the clinical and laboratory data of 8 pregnant
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women and their newborns during the SARS-COV-2
epidemic in Wuhan, and described the management of
pregnant women in hospitals during the epidemic so
that the nosocomial infections are avoided as much as
possible.

1 MATERIALS AND METHODS

1.1 Study Participants and Diagnostic Criteria

In this single-center, retrospective study, we
collected the data of 8 pregnant women and their
newborns who were hospitalized in Wuhan Children’s
Hospital from February 1, 2020 to March 30, 2020.
For diagnosis, we followed the seventh edition of
the new diagnosis and treatment scheme for SARS-
COV-2 issued by the National Health Commission
of the People’s Republic of Chinal®. All the patients
were from the central area of the Wuhan city, Hubei
province, China. After delivery, all the newborns were
transferred to the SARS-COV-2 treatment area of
the hospital. This study was approved by the Ethics
Committee of Wuhan Children’s Hospital and written
informed consent was obtained from the patients.
1.2 Data Collection

We collected the relevant data about the pregnant
women and neonates from the hospital medical records.
The patients who were transferred to the SARS-COV-2
designated hospital after diagnosis were followed up
through telephone to acquire the prognosis information
and the clinical characteristics. Similarly, the data of
neonates were collected from the medical records and
telephone follow-ups. The laboratory tests (SARS-
CoV-2, chest CT, 3D reconstruction imaging etc.) of
the pregnant women and newborns were carried out in
the hospital. To ensure the accuracy of the data, all the
data were rechecked by two investigators.

2 RESULTS

The age range of patients was 24-39 years, and the
mean age was 30.6 years. The mean gestational age was
37 weeks+4 days (range 29 weeks+6 days—40 weeks).
One of the patients of 29 weeks+6 days was admitted
due to the premature rupture of membranes. All the
patients were locals living in the Wuhan city, Hubei
province, China. The family members of 3 pregnant
women (37.5 %) were found to be positive for SARS-
CoV-2. One patient had severe preeclampsia, one had
gestational diabetes, one had oligohydramnios and one
had a twin pregnancy. In total, 6 patients gave birth via
a cesarean section (75%) and 2 had vaginal delivery.
Only one patient was febrile with body temperature of
37.7°C. The rest of the patients had no fever or other
respiratory symptoms. The chest CT of 3 patients
showed typical ground-glass opacities (table 1).

The white blood cell counts of all pregnant women

Table 1 Clinical features of pregnant women with SARS-CoV-2

Case 8

Case 6 Case 7

Case 5

Case 3 Case 4

Case 2

Case 1

Variables

26

35

29

30
1/0

39+2

29
41

40

39
3/1

29+6

33
2/1
37+5

Yes

Severe preeclampsia  GDM PROM
Vaginal delivery Cesarean section Cesarean section Vaginal delivery Cesarean section Cesarean section

24
2/1

38+4

Age (Years)

1/0
37+5

1/0
38+4
No
Oligohydramnios

1/0

39+2

Gravidity/Parity

Gestational age (weeks+days)

No
Twin pregnancy

No

No

Breech position Breech position

Yes

Yes

No

Family contact history

No

No

Pregnancy complications
Method of delivery

Cesarean section

Cesarean section

Breech position Breech position Oligohydramnios IVF Twin pregnancy SARS-CoV-2

/

Severe preeclampsia SARS-CoV-2

Cause of cesarean section

Symptoms related to pneumonia

No

Yes

No

No

No

No

No

No

Fever

No

No No No No No No

No

Cough

No

No No No No No No

No

Shortness of breath

No

GGO (left lung)

No

GGO (left lung)

No No No No No No
GGO (left lung)

Other symptoms

Chest CT

No

No

No

No

No

GDM: gestational diabetes mellitus; GGO: ground-glass opacities; PROM: premature rupture of membrane
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were normal or slightly elevated. The neutrophil count
and its percentage was also normal or increased;
lymphocyte count was normal, and the lymphocyte
percentage was normal or low with no significant
difference between the infected and non-infected
pregnant women. C-reactive protein (CRP) was in
normal range for all pregnant women. Five women
were not tested for SARS-CoV-2 with the antibody
test kits, but the results of their nucleic acid tests were
positive. Three women were negative for SARS-CoV-2
in the nucleic acid tests, but their antibody tests for
both IgG and IgM were positive (table 2).

Eight pregnant women gave birth to 9 neonates
including 2 dichorionic diamniotic (DCDA) twins
(37 weekst5 days gestational age). Four mothers
were hospitalized due to emergency, so they were not
tested for SARS-COV-2 before delivery. The neonates
had direct skin to skin contact with their mothers, and
the mean rooming-in time was 24.7 h (range, 10—40
h). Four neonates were immediately transferred to the
neonatology department after their mothers were tested
positive for SARS-COV-2. The rest 5 neonates were
immediately isolated and transferred to the neonatology
department after birth. Six neonates were found to
have hyperbilirubinemia, 3 had myocardial damage,
one had necrotizing enterocolitis, and one premature
infant had respiratory failure and bacterial sepsis (table
3). White blood cell counts for all the neonates were
normal; 8 neonates had higher neutrophil count, and

neutrophil percentage of all 9 neonates was higher. The
lymphocyte count and its percentage were normal in all
the newborns and the procalcitonin (PCT) was higher
than normal. All the neonates were tested negative for
coronavirus in nucleic acid tests; however, one neonate
(gestational age 29 weeks+6 days) was positive for the
IgG and IgM coronavirus antibodies, and 2 neonates
were negative for IgG but positive for IgM (in table 4).

3 DISCUSSION

The clinical manifestations of SARS-COV-2
including asymptomatic infection, and mild respiratory
illnesses such as influenza are non-specific, but
severe SARS-COV-2 patients may have pneumonia
or respiratory failure!®. At present, SARS-COV-2 has
turned into a pandemic. Many researchers believe that
gender, age, and complications are associated with
susceptibility™ 7%,

Pregnant women are one of the most vulnerable
populations during an epidemic because of significant
changes in the hormone levels and the immune system
during pregnancy: the expression of SARS-CoV-2
receptor, ACE-2, increases during pregnancy®.
Although pregnant women have a low risk of
developing severe complications, some women still
develop a severe illness!'”. Moreover, the possibility
of vertical transmission from mother-to-child and an
increase in risk of neonatal infection in case of vaginal

Table 2 Laboratory characteristics of pregnant women with SARS-CoV-2

Laboratory results Reference value Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
WBC count (4-15)x10°/L  16.15 7.96 8.03 8.83 8.29 11.06 7.76 10.92
Neutrophil count 2-7)x10°L 1245 6.34 6.37 5.11 6.56 8.18 6.51 7.40
Percentage of neutrophil 50%-70% 77.2 79.6 79.4 57.8 79.2 73.9 84 67.7
Lymphocytes count (0.8-4)x10°L  2.68 1.13 1.24 2.70 1.26 2.12 1.47 2.35
Percentage of lymphocyte 20%—-40% 16.6 14.2 15.4 30.6 15.2 19.2 18.9 21.5
CRP 0-8 7.20 5.6 0.7 1.23 0.6 5.0 6.87 5.27
ALT 9-52/L 21 16 32 26 21 12 15 6
AST 15-46/L 25 21 17 19 33 16 26 10
SARS-CoV-2 IgG —/+ NA + + + + NA NA NA
SARS-CoV-2 IgM —/+ NA + + + + NA NA NA
SARS-CoV-2 nucleic acid —/+ + — + + + +

CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate transaminase; NA: not available; WBC: white blood cells;

CRP: C-reactive protein

Table 3 Clinical features of neonates

Items Case 1l  Case2 Case 3 Case4  Case 5 Case 6  Case7 Ca§e 8 Ca§e )
(twin 1) (twin 2)
Skin to skin contact between Yes Yes No Yes No Yes No No No
mother and infant
Delayed cord clamping Yes Yes No Yes No Yes No No No
Time of rooming-in (h) 40 10 0 26 0 23 0 0 0
Transfer to neonatology Yes Yes Yes Yes Yes Yes Yes Yes Yes
department
Related complications Myocardial NHB Severe asphyxia, / NHB, NHB, / NEC; NHB
damage NHB, respiratory myocardial myocardial NHB
failure, septicopyemia damage damage

NHB: neonatal hyperbilirubinemia; NEC: necrotizing enterocolitis
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Table 4 Laboratory characteristics of neonates

Laboratory results Reference value Casel Case2 Case3 Case4 CaseS5 Case6 Case7 Case8 Case9
WBC count (5-30)x10°/L  16.58 13.71 18.74 15.60 19.36 2097 15.7 11.61 18.02
Neutrophil count (3.9-9.4)x10°L  10.7 9.82 12.57 9.8 13.45 14.46 10.52 9.42 14.59
Percentage of neutrophils 31%-52% 64.6 71.7 67.1 62.8 69.5 69 67 81.1 81.1
Lymphocytes count (2-17)x10°/L  3.77 241 4.10 3.90 3.61 4.58 3.69 1.46 224
Percentage of lymphocyte 31%—48% 22.7 17.6 21.9 25 18.6 21.8 23.5 12.6 12.4
CRP 0-3 mg/L 3.14 1.21 0.9 1.5 0.45 0.5 0.66 0.55 0.33
PCT <0.05 ng/mL 1.29 6.9 0.16 0.20 0.88 2.62 0.57 0.29 0.43
ALT 9-52 U/L 22 22 7 30 23 32 42 19 21
AST 15-46 U/L 42 54 32 39 92 156 30 37 47
TBIL 51-171 nmol/l 129 123 89.2 101.5 75.1 98.1 62.5 52.6 55.1
DBIL 0-10 nmol/l 0 9.6 4.1 3.0 0 0 0 0 0
CK 20-250 177 381 109 121 134 358 186 421 357
LDH 225-600 314 326 471 340 334 753 322 352 502
SARS-CoV-2 IgG +/— - + + - + — — - —
SARS-CoV-2 IgM +/— - - + — - - - - -
SARS-CoV-2 nucleic acid +/— — — — — — — — — —

CRP: C-reactive protein; PCT: procalcitonin, ALT: alanine aminotransferase; AST: aspartate transaminase; TBIL: total bilirubin;
DBIL: direct bilirubin; CK: creatine kinase; LDH: lactate dehydrogenase

delivery is a matter of debatel'!l.

In our study, all the pregnant women with SARS-
COV-2 were either asymptomatic or showed mild
symptoms. The white blood cell counts, neutrophil
counts and percentage, lymphocyte counts and
percentage and CRP observed in pregnant SARS-
COV-2 women in our study were similar to those of
non-pregnant asymptomatic and mild symptomatic
women observed by Xu ef all'?l.

Many researchers are against the possibility of
vertical transmission of SARS-CoV-2U'3 M while
others believe that the mother-to-child transmission
is still possible!'": 151 In our study, twin neonates were
not found to be infected with SARS-CoV-2, but 1
neonate was confirmed to have the infection: neonatal
and maternal coronavirus IgG and IgM were positive.
This infected baby (gestational age: 29 weeks+6 days),
delivered by the cesarean section, was immediately
isolated from the mother after birth. This proves that
the risk of vertical transmission in SARS-COV-2 could
not be ruled out and the possibility of transmission of
SARS-CoV-2 from the mother to her child still exists.

Ferrazzi et al reported that the newborns delivered
with a vaginal delivery of infected mothers have a
lower chance of being infected than those delivered
via a cesarean section''®, Scorzolini et al believed
that the cesarean section reduced the risk of neonatal
infection'”!. In our study, one neonate out of 6 born
via a cesarean section was positive for both IgG and
IgM, and 2 neonates born by vaginal delivery were
not infected. These 2 neonates had early contact with
their mothers with rooming-in time of 40 h and 26 h
respectively. This confirms that the vaginal delivery
did not increase the risk of infection.

A study by Zhang et al concluded that neonates
of infected mothers generally have a good prognosis

with no obvious symptoms of infection!®!. In our study,
9 neonates were followed up and good prognosis was
confirmed. The delivery of one infant was premature
at 29 weeks+6 days of gestation, and 6 neonates
had different kinds of complications. However, it is
unknown if these complications were induced by the
coronavirus or the neonates had some other infection.
In the study, we also found 3 neonates with myocardial
damage after birth, including 1 case (No. 5) negative
for nucleic acid, IgM (-) but IgG (+), however, 2
cases (No. 1 and No. 6) negative for nucleic acid and
antibody tests. Here we inferred that there was no
correlation between myocardial damage and SARS-
CoV-2 infection. Due to the limited number of cases,
whether the specific myocardial damage is caused by
SARS-CoV-2 infection needs to be further confirmed
by the future studies.

SARS-COV-2, a global public health problem, is
full of challenges for obstetricians. They have to be
extra cautious and take everything into consideration
while dealing with pregnant women with SARS-
COV-2. Efficient triage and reasonable treatment
process play a crucial role in taking care of the patients,
avoiding nosocomial infection, and preventing
maternal deaths!'*21,

During the epidemic, social education system
needs to be strengthened and measures should be taken
to create awareness about maternal health. Besides, the
importance of staying at home for pregnant women
should be emphasized, and social distancing practices
should be implemented. When pregnant women
with the gestational age of over 38 weeks visit the
hospital for antepartum examination, SARS-COV-2
testing by nucleic acid tests and chest-CT should
also be performed. The pregnant women should be
screened to avoid missing diagnosis and nosocomial
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infections when they are admitted to the hospital due
to emergency labor. Pregnant women with positive
SARS-COV-2 tests should be promptly transferred to
the designated hospital. Moreover, hospitals need to
set up specialized isolation wards, isolation delivery
rooms, laminar negative pressure operation room, and
special passageway for movement of the pregnant
women with SARS-COV-2. The pregnant women who
are not preliminary screened should be admitted to the
isolation ward and timely tested for SARS-COV-2 by
nucleic acid tests, antibody tests, and chest-CT scans.
The obstetric situation of the patients should be dealt
with first. If the SARS-COV-2 test results turn out to
be positive, the obstetric situation should be stabilized
before transferring the patients to the designated
hospitals. The pregnant women should be given some
specific treatment such as strengthening support
therapy; ensuring sufficient caloric intake for patients;
monitoring their electrolyte balance to maintain internal
environment stability; closely monitoring vital signs
and oxygen saturation; oral administration of Abidol
tablets (200 mg, three times a day for adults, no longer
than 10 days). The neonates of infected women should
be admitted to the neonatology department for further
treatment. When the condition of neonates becomes
stable, they should be transferred to the designated
hospital with special care. The mothers should be
followed up twice a week for initial few weeks and
once a month later to check their prognoses, and the
health status of each neonate was monitored for 14
days when it came to good prognosis®?.

Our study is limited in terms of number of
participants and the lack of information on tissues and
body fluid samples such as cord blood, placental tissue,
milk, vaginal secretions, etc. of infected pregnant
women. In the future, we are planning a multi-center
study to understand the pathogenesis of SARS-COV-2
and gather more evidence of vertical transmission of
SARS-CoV-2.
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