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Abstract
Key Message Among SARS-CoV-2-infected mothers, vaginal delivery rates were high and associated with favorable 
outcomes with no cases of neonatal COVID-19.
Purpose To investigate the mode of delivery and its impact on immediate neonatal outcome in SARS-CoV-2-infected women.
Methods A prospective study following pregnant women diagnosed with COVID-19 who delivered between March 15th 
and July 4th in seven university affiliated hospitals in Israel.
Results A total of 52 women with a confirmed diagnosis of COVID-19 delivered in the participating centers during the study 
period. The median gestational age at the time of delivery was 38 weeks, with 16 (30.8%) cases complicated by spontaneous 
preterm birth. Forty-three women (82.7%) underwent a trial of labor. The remaining 9 women underwent pre-labor cesarean 
delivery mostly due to obstetric indications, whereas one woman with a critical COVID-19 course underwent urgent cesarean 
delivery due to maternal deterioration. Among those who underwent a trial of labor (n = 43), 39 (90.7%) delivered vaginally, 
whereas 4 (9.3%) cases resulted in cesarean delivery. Neonatal RT-PCR nasopharyngeal swabs tested negative in all cases, 
and none of the infants developed pneumonia. No maternal and neonatal deaths were encountered.
Conclusions In this prospective study among SARS-CoV-2-infected mothers, vaginal delivery rates were high and associated 
with favorable outcomes with no cases of neonatal COVID-19. Our findings underscore that delivery management among 
SARS-CoV-2-infected mothers should be based on obstetric indications and may potentially reduce the high rates of cesarean 
delivery previously reported in this setting.
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Introduction

The World Health Organization (WHO) named the new 
coronavirus (SARS-CoV-2) disease Coronavirus Dis-
ease 19 (COVID-19) and has declared that COVID-19 
is a pandemic [1]. The perinatal outcomes of pregnant 
women infected with SARS-CoV-2 are currently not well 
established. While some reports provided reassuring data 
[2, 3], others have shown various adverse neonatal out-
comes including preterm delivery, respiratory morbidity, 
thrombocytopenia, liver injury and even death, raising a 
concern in this regard [4]. Moreover, the possibility of 
vertical transmission is still under a major debate [4–8]. 
Vertical transmission could potentially occur during a trial 
of vaginal delivery, through neonatal contact with vagi-
nal and rectal fluids or blood, as is already well known 
for other pathogens (e.g., group B streptococcus, human 
papilloma virus, human immunodeficiency virus) [9, 10]. 
Current professional society guidelines recommend that 
the mode of delivery among women-tested positive for 
COVID-19 should be based upon obstetric indications [11, 
12]. However, the rate of cesarean delivery in reported 
cases was relatively high [13, 14], reflecting the uncer-
tainty in this regard.

Given the inconclusive evidence in current literature 
and the high clinical relevance, we aimed to investigate 
the mode of delivery and its impact on immediate neonatal 
outcome in SARS-CoV-2-infected women in Israel.

Materials and methods

Patients

A prospective study following pregnant women diagnosed 
with COVID-19 who delivered between March 15th and 
July 4th in seven university affiliated hospitals in Israel, 
located throughout the country, and serving heterogene-
ous, multicultural, and multinational population from both 
heavily populated urban and rural areas. Inclusion criteria 
included pregnant women with a confirmed diagnosis of 
COVID-19 prior to or within 48 h after delivery. Those 
diagnosed at the puerperium beyond this time period or 
those with a previous confirmed COVID-19 diagnosis that 
has resolved (as confirmed by RT-PCR nasopharyngeal 
swabs) prior to delivery were excluded. All women were 
treated according to the national guidelines for COVID-
19 in pregnancy, and treatment was individualized based 
upon signs, symptoms, and laboratory and imaging 
findings. Timing and mode of delivery in all participat-
ing hospitals were determined primarily on the basis of 

obstetric indications. Women with a confirmed diagnosis 
of COVID-19 prior to delivery, and those with sugges-
tive symptoms of the disease or recent close contact with 
individuals with a confirmed diagnosis, were delivered 
in a negative-pressure isolation room, with strict infec-
tion protection measures for all attending staff throughout 
the course of delivery. Neonates of mothers with known 
or suspected COVID-19 were isolated until maternal 
COVID-19 diagnosis was ruled out, or if maternal infec-
tion was confirmed until neonatal RT-PCR nasopharyn-
geal swabs returned negative (twice, at 24 and 48 h after 
delivery). Direct breastfeeding in those with known or 
suspected COVID-19 was discouraged, while expressing 
milk under sterile conditions was allowed.

Data collection

For the purpose of this study, we abstracted maternal hospi-
tal admission records, delivery charts, surgical reports, and 
discharge letters from the electronic medical record data-
bases of all participating centers. Data regarding maternal 
and pregnancy characteristics, as well as delivery and neo-
natal outcomes, were extracted. Data were captured using 
REDCap database. Symptoms were assessed according to 
patients’ self-reported questionnaire. Disease severity was 
classified as mild, severe, or critical according to Wu and 
McGoogan’s Classification [15].

Statistical analysis

Data are described as proportions for categorical variables 
and as medians and interquartile ranges for continuous vari-
ables without a normal distribution. The data were analyzed 
using Software Package for Statistics and Simulation (IBM 
SPSS version 24, IBM Corp, Armonk, NY).

Results

A total of 52 women with a confirmed diagnosis of COVID-
19 delivered in the participating centers during the study 
period. The median maternal age was 28 [IQR 24–35] years; 
9 (17.3%) were nulliparous. All women had a singleton ges-
tation. Diagnosis of COVID-19 was made prior to hospital 
admission in 21 (40.4%) cases, in the delivery ward in 25 
(48.1%) cases, and in 6 (11.5%) cases the diagnosis was 
made within 48 h following delivery during the stay at the 
maternity ward. COVID-19 testing was performed in 21 
(40.4%) cases due to the presence of symptoms, while in 
the remaining parturients, it was made either as part of rou-
tine testing of all parturients (n = 18) or due to presumed 
exposure to known confirmed cases of COVID-19 (n = 13) 
(Table 1). Most cases were classified as mild (n = 26, 50.0%), 
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none as severe, and one woman had a critical respiratory ill-
ness. The remaining 25 (48.1%) women remained asympto-
matic throughout their disease course,

The median gestational age at the time of delivery was 
38 weeks, with 17 (32.7%) cases complicated by preterm 
birth, mostly (16/17) following spontaneous onset of labor; 
of them, 6 occurred at less than 34 weeks of gestation. The 
rate of gestational hypertensive disorders was 13.4% (7/52). 
The rate of comorbidities was 9.6% (5/52) including hypo-
thyroidism (n = 2), and rheumatic arthritis, rheumatic heart 
disease, and protein S deficiency in one case each.

Forty-three women (82.7%) underwent a trial of labor. 
The remaining 9 women underwent pre-labor cesarean 
delivery mostly due to obstetric indications (previous cesar-
ean deliveries, n = 5; malpresentation, n = 3), whereas one 
woman with a critical COVID-19 course underwent urgent 
cesarean delivery due to maternal deterioration. Among 
those who underwent a trial of labor (n = 43), 39 (90.7%) 
delivered vaginally, whereas 4 (9.3%) cases resulted in 
cesarean delivery (fetal distress, n = 3; arrest of the second 
stage of labor, n = 1) (Table 2).

Median neonatal birthweight was 3280 [IQR 2927–3606] 
grams. One very-preterm newborn had a 5-min Apgar score 

of 7; all other neonates had 5-min Apgar scores higher than 
7. No congenital abnormalities were encountered, except for 
one neonate with single umbilical artery.

Neonatal RT-PCR nasopharyngeal swabs tested negative 
in all cases, and none of the infants developed pneumonia. 
No maternal and neonatal deaths were encountered. Six 
(11.5%) preterm neonates were complicated by respiratory 
distress syndrome and were hospitalized in neonatal inten-
sive-care units. Neonatal complications including sepsis, 

Table 1  Baseline and laboratory characteristics of parturients diag-
nosed with COVID-19

All continuous variables are expressed as medians [interquartile 
range] (means)
*Aspartate aminotransferase or alanine aminotransferase higher than 
two-fold the upper limit of normal range (> 35 IU/L)
† Normal range for C-reactive protein < 5 mg/L

Characteristics n = 52

Age (years) 28 [24–35] (30)
  > 35 years 16 (30.8%)

Parity 2 [1–6] (3)
Nulliparous 9 (17.3%)
Reasons for SARS-CoV-2 testing
 Reported symptoms 21 (40.4%)
 Routine screening 18 (34.7%)
 Presumed exposure to affected individuals 13 (25.0%)

Symptomatic 27 (51.9%)
 Fever 11 (21.2%)
 Cough 14 (26.9%)
 Dyspnea 6 (11.5%)
 Sore throat 4 (7.7%)
 Gastrointestinal symptoms 4 (7.7%)
 Loss of taste/smell 5 (9.6%)

Platelet count (X 109/L) 191 [156–240] (197)
White blood cell count (X 109/L) 9.8 [8.0–11.8] (10.4)
Hemoglobin (g/dL) 12.5 [11.9–13.3] (12.4)
Abnormal liver enzymes* 6 (11.5%)
C-reactive protein (mg/L) 17.1 [3.0–29.5] (31.3)

Table 2  Pregnancy and delivery characteristics and outcomes among 
parturients diagnosed with COVID-19

All continuous variables are expressed as medians [interquartile 
range] (means)
HELLP hemolysis elevated liver enzymes, and low platelets, RDS res-
piratory distress syndrome, TTN transient tachypnea of the newborn
*The denominator is the total number of women undergoing a trial of 
vaginal delivery (n = 43)

Characteristics n = 52

Gestational age at delivery 38 [36–40] (38)
  < 37 weeks 17 (32.7%)
  < 34 weeks 9 (17.3%)

Gestation diabetes mellitus 6 (11.5%)
Gestational hypertensive disorders 7 (13.4%)
Maternal complications
 Need for mechanical intubation 1 (1.9%)
 Intensive-care unit admission 1 (1.9%)
 Venous thromboembolism 1 (1.9%)
 HELLP syndrome 1 (1.9%)

Spontaneous onset of labor 33 (63.5%)
Mode of anesthesia
 None 15 (28.8%)
 General 2 (3.8%)
 Regional 35 (67.3%)

Mode of delivery
 Vaginal 39 (75.0%)
 Pre-labor cesarean 9 (17.3%)
 In-labor cesarean 4 (7.7%)

Oxytocin use* 18 (41.9%)
Intrapartum fever* 3 (7.0%)
First-stage duration of labor (minutes) 112 [51–221] (163)
Second-stage duration of labor (minutes) 12 [7–40] (32)
Postpartum hemorrhage 6 (11.5%)
Length of hospitalization (days) 4 [3–7] (6)
Neonatal outcomes
 Birthweight (grams) 3280 [2927–3606] (3140)
 5-min Apgar score < 8 1 (1.9%)
 NICU admission 6 (11.5%)
 RDS 6 (11.5%)
 TTN 1 (1.9%)
 Hypoglycemia 4 (9.3%)
 Hyperbilirubinemia 5 (9.6%)
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intraventricular hemorrhage, asphyxia, and necrotizing 
enterocolitis were not observed (Table 2).

Discussion

In this study, we examined the obstetric outcomes of 52 par-
turients affected by COVID-19. Vaginal delivery rate was 
high, and all neonates were tested negative for SARS-CoV-2.

The current guidelines of various professional Obstet-
rics and Gynecology Societies recommend that the mode 
of delivery among SARS-CoV-2-infected parturients should 
be determined on the basis of obstetric indications [11, 12]. 
However, previous studies on COVID-19 in pregnancy 
reported remarkably high rates of cesarean delivery [13, 
14, 16]. This may be related, at least in part, to concerns 
regarding the possibility of vertical transmission. Emerg-
ing evidence, while limited, suggests that vertical trans-
mission is possible [5–8]. In the current study, we report 
a relatively high rate of vaginal delivery with no cases of 
neonatal COVID-19. Therefore, our findings support the 
aforementioned recommendations and provide further evi-
dence regarding the safety of vaginal delivery in this setting.

The rate of preterm birth in the current cohort was sub-
stantial, with one third of women delivering prematurely. 
The majority of preterm births in our study were spontane-
ous and not due to iatrogenic reasons. This concurs with 
prior studies, demonstrating a higher trend of preterm births 
among pregnant women with COVID-19 [13]. We also 
observed a relatively high rate of hypertensive disorders of 
pregnancy (13.4%). It is possible that placental-mediated 
insult due to COVID-19 related coagulopathy may have a 
role in this finding [17, 18]. Further studies are warranted 
to investigate the mechanisms underlying these adverse 
outcomes.

As universal testing for COVID-19 was not implemented 
in all participating centers, it is possible that additional 
asymptomatic SARS-CoV-2-infected women who have 
given during the study period were not captured. In addi-
tion, we cannot exclude the possibility that the relatively 
low rate of comorbidities in the current cohort could have 
contributed to the mild course of disease in most women. 
It is plausible that a higher rate of cesarean delivery would 
have been encountered in populations with more prevalent 
comorbid conditions and different disease course severities. 
Finally, serologic testing was not carried among neonates. 
The strengths of the current study include its prospective 
design and the meticulous data collection.

In conclusion, in this study, among SARS-CoV-2-infected 
mothers, vaginal delivery rates were high and associated 
with favorable outcomes with no cases of neonatal COVID-
19. Our findings underscore and support current recommen-
dations to manage deliveries among SARS-CoV-2-infected 

mothers on the basis of obstetric indications. Future studies 
are warranted to confirm our findings and better delineate 
the role of vertical transmission in the setting of maternal 
COVID-19.
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