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Abstract. The COVID-19 pandemic represents the greatest challenge to date faced by the medical community in the 21st
century. The rate of rapid dissemination, magnitude of viral contagiousness, person to person transmission at an asymptomatic
phase of illness pose a unique and dangerous challenge for all patients, including neonatal and obstetric patients. Although
scientific understanding of the pathophysiology of the disease, nature of transmission, and efficacy of mitigation strategies is
growing, neither a cure or vaccine have been developed. While COVID-19 is primarily a disease of older patients, infection
is now seen across all age demographics with reports of illness in pregnant patients and infants. Altered hormone status and
predominance of Th-2 immune helper cells may result in increased predisposition to SARS-CoV-2. Case reports of pregnant
patients demonstrate a clinical presentation comparable to non-pregnant adults, but evidence of vertical transmission to the
fetus is controversial. Neonatal reports demonstrate an inconsistent and non-specific phenotype, and it is often difficult to
separate COVID-19 from the underlying conditions of prematurity or bacterial infection. The development of international
registries to enable risk profiling of COVID-19 positive pregnant mothers and/or their offspring may facilitate the development
of enhanced mitigation strategies, medical treatments and effective vaccinations.
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1. Introduction [1]. After extensive scientific investigation by Chi-

nese scientists, the virus was named the 2019 novel

In December of 2019 cases of an unknown viral
pneumonia were reported from Wuhan, Hubei, China
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sion of Neonatology, University of Iowa, Iowa City, USA. Tel.:
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coronavirus in January 2020, before the World Health
Organization (WHO) formally renamed the disease
COVID-19 [2]. COVID-19 was officially declared
a pandemic on March 11, 2020 [3]. As of May
12th 2020 there are over 4,250,000 cases, span-
ning 180 countries, with over 286,000 deaths [4].
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Although much uncertainty remains, regarding the
natural history and demographics of COVID-19, the
virus appears to primarily cause infection in adults
over 51 with case fatality rates increasing dramati-
cally with age [5]. Appearance of symptoms, which
usually include fever, cough, fatigue, and dyspnea
with occasional gastrointestinal tract symptoms [6],
typically occurs following five days of incubation
[7]. In addition to pulmonary infection, the virus
appears to have manifestations in the central ner-
vous system [8] and heart [9].The published literature
largely focuses on the biologic effects of COVID-19
in adults, the burden to adult health care systems,
and repercussions on society. The impact on peri-
natal health care is unique; specifically, the risks to
maternal health may extend not only to health care
providers in the delivery room, but to the newly born
infant, and neonatal intensive care unit providers. As
the disease spreads and testing capabilities expand,
the likelihood of encountering COVID-19 positive
pregnant women and/or neonates increases. The true
magnitude of the pandemic to maternal, fetal, and
neonatal health will only be realized as the case mix
rises. The goal of this review is to examine the patho-
biology of maternal COVID disease and possible
effects on the developing fetus, provide an overview
of published evidence related to the mother, and to
appraise strategies to modulate the burden of illness.

2. Microbiology, immunology and
pathophysiology

Genetic sequencing identified that the virus
belongs to the coronavirus family. Coronaviridae
are enveloped, positive sense, single stranded RNA
viruses with a large genome [10]. Coronavirus often
infects bats and other mammalian hosts but, particu-
larly the genera betacoronavirus, has the potential to
infect human populations. Severe acute respiratory
syndrome (SARS-CoV) and Middle East respira-
tory syndrome (MERS-CoV) are betacoronaviruses
that have led to recent epidemics. Sequencing has
determined that the cause of COVID-19, officially
named SARS-CoV-2, is also a member of the beta-
coronarvirus genera [11], and its genome is nearly
80% identical to SARS-CoV. SARS-CoV-2 is a
novel enveloped RNA betacoronavirus, which infects
host respiratory epithelial cells. It is thought to act
through angiotensin-converting enzyme 2 (ACE2), a
membrane-bound aminopeptidase, which functions
as its putative receptor. Whilst ACE2 is predomi-

nantly expressed within type II alveolar cells of the
lung, the receptor is also present in several extrapul-
monary sites including the mucosa of the oral cavity
[12]. Sexual diamorphism has been hypothesized
based on cellular studies which reveal attenuated
expression of ACE2 in females. In general, the mag-
nitude of the physiological and mechanical changes
induced by pregnancy place the mother at increased
risk of infection. These are likely to be exaggerated
when respiratory health is adversely compromised or
in an advanced stage of pregnancy when functional
residual capacity decreases steadily, due to diaphrag-
matic splinting by the gravid uterus. Both the Spanish
(1918) and Asian (1968) Flu pandemics were char-
acterized by increased mortality in pregnant mothers
and infants less than one year. On the contrary, SARS-
CoV-2 appears to be less pathogenic in these patients.

There is immunologic evidence that the pregnancy
bias towards T-helper 2 (Th2) system dominance
and fetus protection leaves the mother vulnera-
ble to viral infections, which are more effectively
contained by the Thl system. In pregnancy, the
attenuation in cell-mediated immunity by Thl
cells due to the physiological shift to a Th2
cell dominant environment contributes to increased
maternal susceptibility to intracellular pathogens like
viruses [13]. Non-pregnant patients with COVID-
19 demonstrate activation of both Thl and Th2
immunity, characterized by the presence of both
microbicidal/pro-inflammatory cytokines (IFNvy and
IL-1B) in addition to anti-inflammatory cytokines
(IL-4 and IL-10) [1]. In pregnant mothers with
COVID-19 the immune responses may be vari-
able and characterized by early adaptive immune
responses predictive of milder disease severity [14].
It has been postulated that the combined effects
of changes in the hormonal milieu of pregnancy
which negatively influence immunological responses
to viral pathogens [15] and the biological transi-
tion to a Th2 predominant environment, result in a
less severe COVID-19 clinical phenotype compared
to non-pregnant female. These biologic factors may
place pregnant mothers, their fetus and health care
workers who take care of them at increased risk com-
pared to individuals of a comparable age, although
there is no published evidence to substantiate these
concerns.

While respiratory secretions appear to be the
primary means, evidence exists to suggest that trans-
mission may occur through multiple routes, including
ocular and fecal oral routes [16]. Patients with active
COVID-19 have been reported to have elevated
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inflammatory markers, D-dimer, and proinflamma-
tory cytokines [1]. Of particular concern are the risks
of COVID-19 infection to healthcare workers and
the ability of spread to occur through asymptomatic
patients; for example in Lombardi, Italy up to 20% of
health care workers became infected [17]. COIVD-19
is highly transmissible and infection can occur with
a very short exposure time.

Diagnosis of COVID-19 has largely been based on
the combination of a clinical presentation, lab data
and viral testing; however, computerized tomogra-
phy (CT) imaging has played an additional supportive
role. The radiologic findings (Fig. 1) are non-specific
and include bilateral (64 (79%) patients), peripheral
(44 (54%) patients), ill-defined (66 (81%) patients),
and ground-glass opacification (53 (65%) patients),
and mainly involving the right lower lobes in 225
(27%) of 849 affected patients[18]. CT findings have
been categorized into different phases: an early phase
defined as 0-7 days from symptom onset, and a late
phase defined as 7-14 days from symptom onset
[6]. Early phase appearance has been categorized
predominantly by bilateral peripheral ground glass
opacities. As the disease progresses to the late phase,
there is increased lung involvement and the develop-
ment of linear opacities, ground glass opacities with
reticulation (“‘crazy paving” pattern) and “reverse
halo” sign [6].The overall sensitivity for CT to iden-
tify the signs of pneumonia is high, however, its
ability to perform as a diagnostic tool specific for
COVID-19 remains unknown. Data from a Chinese

Panel |

cohort revealed that the sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive
(NPV) value of a chest CT in diagnosing COVID-19
are 97%, 25%, 65%, and 83% respectively [19]. The
clinical utility of CT needs further characterization,
particularly in pregnant females where the adverse
effects of ionizing radiation to the mother and the
fetus need to be considered.

3. The impact of COVID-19 on the pregnant
mother

In total, 55 pregnant women who have been posi-
tive for Covid-19 have been reported in the literature,
all of whom were diagnosed in the third trimester
[20]. Of those infected, there have been no published
cases of maternal death and two cases of severe infec-
tion [20, 21]. A recent review draws attention to two
maternal deaths, secondary to ARDS following deliv-
ery, reported by the Iranian Ministry of Health and
Medical Education; however at the time of this pub-
lication these cases were not listed on PubMed [22].
Most evidence supports that pregnant women present
with symptoms like non-pregnant adults [20]. There
are, however, emerging case reports of pregnant
mothers who test positive for COVID-19 infection
and who remain either completely asymptomatic [23]
and or manifest mild symptoms in the subsequent 24
hours following delivery. Recent data from univer-
sal screening in a New York urban center revealed

(B)
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Fig. 1. Chest radiograph (Panel A) of COVID positive 18-year-old female patient with non-specific radiographic evidence of bilateral
pneumonia. Computerized Tomography (Panel B) from 4 pregnant mothers reveals diffuse reduction in brightness of both lungs and large
multiple areas of ground-glass opacities or patchy shadow with an uneven density [29]. [Panel B image has been approved by Lancet

Infectious Disease].
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Table 1
Obstetric COVID-19 reports published in the literature
Author Year Location Study Cases ~ Main conclusions
design (n)

Zhu et al. [27] 2020 China Case series 9 Notable obstetric outcomes: intrauterine fetal distress,
premature labor. Neonatal outcomes: respiratory distress,
thrombocytopenia, DIC & death. No vertical transmission

Chen et al. [26] 2020 China Case series 9 Disproportionately affects 3rd trimester of pregnancy. Common
lab abnormality: lymphopenia. COVID-19 pneumonia in
pregnancy appears like other adults. No ICU admissions or
maternal deaths, no evidence of SARS-CoV-2 virus in
amniotic fluid, cord blood or breastmilk. No vertical
transmission or adverse neonatal outcomes

Liu et al. [23] 2020 China Case series 15 All patients had CT evidence of mild pneumonia with early
round glass opacities. Pregnancy and delivery do not cause
exacerbation of symptoms or CT findings. No adverse
neonatal outcomes

Zhang et al. [50] 2020 China Case control 16 No difference in rates of fetal distress, meconium, preterm birth
or neonatal asphyxia. Significantly higher rates of uterine
atony requiring uterotonics

Di Mascio et al. [33] 2020  Italy, USA  Metanalysis 32 Pooled analysis of above studies concluded significantly higher
rates of preterm birth, preeclampsia and perinatal death

Breslin et al. [28] 2020 USA Case series 7 Asymptomatic carriers are present in substantial numbers and
respiratory deterioration is relatively rapid

Yu et al. [29] 2020 China Case series 7 Symptoms included fever (n=6), cough (n=1), SOB (n=1),

diarrhea (n=1). Lab abnormalities included lymphopenia,
thrombocytopenia, elevated liver function tests, elevated
c-reactive protein, elevated D-dimer. All delivered by
cesarean section. All treated with oxygen but no ICU
admissions. No adverse neonatal outcomes

Abbreviations: DIC, disseminated intravascular coagulation; SOB, shortness of breath.

that 13.5% of asymptomatic women were positive
for SARS-CoV-2 [24]. In sick patients, symptoms
include low grade fever and mild respiratory symp-
toms [25]. From a diagnostic standpoint, pregnant
women appear to have similar findings on laboratory
evaluation, chest x-ray and CT scan. Imaging find-
ings include peripheral airspace shadowing, bilateral
multi-lobar ground-glass opacities or consolidation
[20]. Table 1 provides a summary of all case series
of pregnant mother illness at the time of the current
review.

3.1. Clinical presentation of the pregnant
woman (Fig. 2)

A retrospective review, published in Lancet,
described the clinical findings in nine COVID-19 pos-
itive women. Seven of the nine woman presented with
fever, four presented with cough, but none developed
severe pneumonia or required intubation. Six women
developed lymphopenia and elevated C-reactive pro-
tein and three had elevation of liver enzymes [26].
Zhu et al. reported similar characteristics from nine
COVID-19 positive mothers and their 10 neonates.

Fever and cough were the predominant presenting
symptoms, and six of the nine women had symp-
toms appear either before or on the day of delivery
[27]. In these two reports, premature delivery was
common but attributed to maternal illness. Although,
four of nine [44%, range 36-361° weeks gestation]
and six of ten [60%, range31-331° weeks gestation]
were delivered preterm, no fetal or neonatal deaths
were reported. Breslin et al. report that two of seven
women presenting in New York were asymptomatic,
despite positive COVID-19 testing [28]. A retrospec-
tive study by Yu et al, involving seven pregnant
women admitted to Tongji hospital, reveals additional
clinical information [29]. Their average age was 32
years, illness incubation period was 5 days, and ges-
tational age at delivery was 39*! weeks. All received
oxygen via nasal cannula, however none required crit-
ical care. Symptoms included fever (n=6), cough
(n=1) shortness of breath (n = 1) and diarrhea (n=1).
Three women had coinfection with influenza HIN1
or Legionella pneumophilia, and CT imaging for six
of the women demonstrated bilateral pneumonia. All
women underwent caesarian section, and all were dis-
charged home. Only one infant tested positive. This
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Maternal Phenotype

General: Fever, Fatigue
Headache, Tachycardia,
asymptomatic

Respiratory: Cough,
Shortness of Breath, Chest Pain
Hypoxemia

Gastrointestinal:
Diarrhea

Systemic: Anemia, Lymphopenia,
Thrombocytopenia, Elevated Liver
Enzymes

Neonatal Phenotype

General: Non-specific, Temperature
Instability, Symptoms Related to
Prematurity

Respiratory: Respiratory Distress
Syndrome, Mechanical Ventilation,
Positive Pressure Ventilation

Gastrointestinal: Feeding
Intolerance, Bleeding

Systemic: Hemodynamic Instability,
Coagulopathy, Sepsis, End Organ
Failure

Fig.2. Symptomatology of obstetric and neonatal COVID-19 infection. Maternal symptoms have been reported as like the general population.
Neonatal symptoms have been reported, but it important to note that distinguishing the phenotype and separating the etiology of the symptoms
as specific to COVID-19, rather than bacterial infection or prematurity, has yet to occur.

patient was 36 hours of age at the time of diagno-
sis, was transferred to a local children’s hospital,
remained well and was ultimately discharged home
after 2 weeks and repeat negative testing [29].

3.2. Implications on pregnancy outcomes

Pregnancy complications associated with COVID-
19 include miscarriage (2%), intrauterine growth
restriction (10%), and preterm birth (39%) [20].
There is little evidence to date regarding the impact of
COVID-19 infection on the developing fetus in the 1st
or early 2nd trimester. Concern exists, however, based
on evidence from prior viral epidemics that early
gestation may represent a period of increased fetal
and maternal risk [30]. During the SARS outbreak
in 2003, there were several reported first trimester
spontaneous miscarriages and evidence suggests that
ongoing pregnancies were complicated by intrauter-
ine growth restriction and neonatal ischemic gut
injury [31]. There is a high rate of cesarean section
among those affected; however, this may relate to
delivery trends in China which predated the pandemic
or maternal illness. Of those who attempted vaginal
delivery, there is some evidence of higher rates of
fetal distress, although there is no reported increased
rate of hypoxic-ischemic encephalopathy or need for
therapeutic hypothermia [32].

The impact of COVID-19 on preterm birth
has recently been examined in a meta-analysis of
pregnant patients from three coronavirus-related out-
breaks, which includes data from six studies on 41

pregnant mothers who were infected with COVID-19
[33]. The authors concluded increased risk of preterm
birth in COVID-19 positive pregnant mothers. Unfor-
tunately, the relatively high rate of preterm birth
was not subdivided into spontaneous and iatrogenic
preterm delivery, which is vital to discerning the role
of COVID-19 on development of preterm labor. The
incidence of pre-eclampsia and perinatal death was
also elevated in the COVID-19 cohort, although the
strength of this association was attenuated. Of note,
as with the individual series mentioned previously,
pooled proportions show that >90% of patients pre-
sented with some form of pneumonia and the cesarean
section (CS) rate was 91%. In contrast, outcomes
such as preterm premature rupture of membranes
(PPROM) and fetal growth restriction (FGR) were
not significantly elevated in the COVID-19 group.

3.3. Pregnancy specific transmission

Neither SARS nor MERS demonstrated evidence
of vertical transmission, however the mortality rate in
pregnant women reached 25% and 37%, respectively
[34]. The risk of vertical transmission of COVID-
19, however, is biologically plausible given wide
expression of the ACE2 receptor in the placenta
[35]. Although clinical evidence is lacking, the case
numbers to date of COVID-19 in pregnancy remain
very low [32] and case reports of two neonates who
tested positive for SARS-CoV-2 shortly after birth
lends some credence to the concern. The methods
of perinatal transmission through other maternal-
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Table 2

Neonatal COVID-19 reports published in the literature

Author

Year

Location Study

design

Cases

(n)

Zhu et al. [27]

Lietal. [51]

Zeng et al. [36]

Dong et al. [37]

Zeng et al. [39]

Chen et al. [26]

Liu et al. [23]

2020

2020

2020

2020

2020

2020

2020

China

China

China

China

China

China

China

Case Series

Case Report

Case series

Case Report

Case Series

Case Series

Case series

10

33

11

6 COVID-19 positive cases were premature and 4 were full
term. Neonates manifested shortness of breath, fever,
thrombocytopenia and abnormal liver function as well as
tachycardia, vomiting, pneumothorax. Pharyngeal swabs
collected (n=9) 1-9 days after birth were all negative. 5
neonates have been discharged, 1 has died, and 4
neonates remain in hospital in a stable condition.

Infant born at 35 week’s gestation to COVID-19 positive
mother by C/S for fetal HR 110
Multiple oropharyngeal swab specimens for SARS-CoV-2
negative. Oropharyngeal swab, blood, faeces, and urine
samples remained negative (tested at 7 time-points)

3 patients were found to be COVID-19 positive
(nasopharyngeal and anal swab) on postnatal day 2
[possible vertical transmission]. All cases presented with
lethargy and pneumonia; 2 of the 3 presented with fever.
Symptoms were mild and none died.

Case 1 —born at 40 weeks’ gestation via C/S due to
meconium-stained amniotic fluid and maternal
COVID-19 pneumonia. Infant was admitted to NICU on
day 2 with lethargy and fever. CXR showed pneumonia.
Procalcitonin was elevated. Nasopharyngeal and anal
swabs were positive for SARS-CoV-2 on days 2 and 4 but
negative on day 6.

Case 2 —born at 40 weeks’ gestation via C/S for maternal
COVID. Infant presented with fever, lethargy, vomiting
on postnatal day 2. Lab tests -
leucocytosis/lymphocytopenia. CXR showed pneumonia.
Nasopharyngeal/anal swabs were positive for
SARS-CoV-2 on days 2, 4 but negative on day 6.

Case 3 —born at 31 weeks’ gestation by C/S due to fetal
distress and confirmed maternal COVID-19 pneumonia.
Resuscitation was required. Apgar scores were 3, 4, and 5
at 1, 5, and 10 minutes. CXR revealed Respiratory
Distress Syndrome and pneumonia. Symptoms resolved
by postnatal day 14 after treatment with non-invasive
ventilation, caffeine, and antibiotics. He also had sepsis,
with an Enterobacter agglomerates—positive blood
culture, leukocytosis, thrombocytopenia, and
coagulopathy, which improved with antibiotic treatment.
Nasopharyngeal and anal swabs were positive for
SARS-CoV-2 on days 2, 4 but negative on day 7.

Term infant delivered via C/S for maternal COVID. Infant
showed elevated IgG and IgM to SARS-CoV-2 by 2
hours, elevated cytokines and WBC. Chest CT was
normal. Infant tested negative on PCR nasopharyngeal
swabs (n=>5) taken from 2 hours to day 16. [possible
vertical transmission].

Infants born to COVID-19 positive mothers with IgG/IgM
to SARS-CoV-2. Elevated IgG (n=5) and IgM (n=2)
suggest possible vertical transmission as IgM does not
typically cross the placenta. Quantitative RT-PCR for
SARS-CoV-2 on neonatal serum and throat swabs were
negative.

SARS-CoV-2 virus not detected in amniotic fluid, cord
blood or breastmilk. No vertical transmission. No HIE or
adverse neonatal outcomes.

10 infants born via C/S and 1 vaginally. No HIE or death.

(Continued)
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Table 2

(Continued)

Author Year Location Study

design

Cases

Wang et al. [34] 2020 China Case report

Yu et al. [29] 2020 China Case series

Igbal et al. [52] 2020 USA Case report

Kamali et al. [53] 2020 Iran

Case Report

Zeng et al. [54] 2020 China Case report

Infant born at 30 week’s gestation. Emergent C/S for
decreased fetal movement and no fetal heart rate. Birth
samples of amniotic fluid, placenta, umbilical cord
blood, infant gastric juice and throat swabs were
negative for SARS-CoV-2 [RT-PCR]. Repeat RT-PCR
analyses (days 3, 7, 9) of neonatal throat swab and stool
samples negative.

Mean gestational age was 39 weeks (range 37-41 weeks).
APGAR scores were normal.Four asymptomatic infants
were not tested for SARS-CoV-2 and discharged. Three
infants were admitted to the NICU and tested for
SARS-CoV-2. Nucleic acid test of the throat swab of one
neonate was positive at 36 h after birth (cord blood and
placenta were negative). There was no fever and cough,
but mild shortness of breath and CXR revealed mild
pulmonary infection. The patient was later discharged
home after testing negative. At 28 days after birth, the
remaining three neonates were healthy and had no
respiratory symptoms or fever.

Infant born at 39 week’s gestation to COVID-19 positive
mother via spontaneous vaginal delivery. APGAR scores
were normal. Infant showed no evidence of neonatal or
intra-amniotic infection, was separated from the mother,
fed formula or expressed breastmilk and was discharged
on day 6. Phone follow revealed an asymptomatic infant.

5-day-old neonate was admitted with fever, lethargy,
cutaneous mottling, and respiratory distress without
cough. CXR was negative. Blood, urine and stool
cultures were negative. Infant was treated with
vancomycin, amikacin, and oseltamivir. Discharged
home after 6 days.

17-day-old ex-term neonate with one-week history of
fever, sneezing, vomiting and diarrhea. CXR revealed
pneumonia. Pharyngeal and anal swabs were positive for
SARS-CoV-2 [RT-PCR]. Infant was discharged home.

C/S, caesarean section; NICU, neonatal intensive care unit; CXR, chest radiograph; CT, computerized tomography; RT-PCR, Reverse

transcription polymerase chain reaction.

fetal-neonatal exposures remain unclear. Samples of
amniotic fluid, cord blood, breast milk,and neonatal
throat swabs have failed to yield any viral isolates
[26] and there has been no evidence of COVID-19 in
placental specimens.

In summary, pregnant women represent a pop-
ulation at risk for the development of COVID-19
related illness. Alterations to the immune system
and increased susceptibility to respiratory pathogens
during pregnancy represent known risk factors for
intrapartum sepsis. The magnitude of the impact
of COVID-19 remains unclear, due to the limited
number of cases reported, however in most cases
the illness is mild. Future studies should investigate
the currently presumed differential impact of SARS-
CoV?2 on the health of pregnant mothers, compared to
prior pandemics, the effect of illness earlier in preg-

nancy, and long-term consequences to both maternal
and infant health.

4. The impact of COVID-19 to the newly
born infant

As of May 12th, there has yet to be a single pub-
lished report of a case of neonatal COVID-19 illness
in the Unites States, although anecdotal evidence
suggests otherwise. The evidence for neonatal trans-
mission, immune susceptibility, viral penetrance, and
clinical phenotype remains scarce. To date, limited
case studies describe the clinical phenotype of early
onset neonatal infection which would appear to be
mild (Fig. 2). In one of the largest maternal case series
from China, of 33 infants born to COVID-19 positive
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mothers only three (11%) infants tested positive [36].
All mothers had evidence of pneumonia on CT and
had positive nasopharyngeal (NP) swabs for SARS-
CoV-2. None required the provision of intensive care.
All infants were delivered by caesarian section and
noted to be appropriately grown, without dysmorphic
features or malformation sequences. Nasopharyngeal
and anal swabs were positive on postnatal days 2
and 4, but negative between days 6 and 7. Two of
the three infants were born at term and all survived.
The third infant was born by caesarian section, sec-
ondary to maternal distress, at 31 week’s gestation.
The infants APGAR scores were 3,4 and S at 1, 5
and 10 minutes respectively. A clinical diagnosis of
respiratory distress syndrome (RDS) was made and
the infant required intubation. The infant developed a
sepsis-like illness with hemodynamic instability and
coagulopathy. Routine blood culture was, however,
positive for an Enterobacter species which was man-
aged with antibiotics. The infant’s symptoms could
not be solely attributed to COVID-19, due to concur-
rent prematurity, sepsis and relative asphyxia.

In a research letter, Dong et al. reported a pos-
sible case of vertical transmission in a 29 year old
women with radiographic evidence of pneumonia
and a positive NP swab for COVID-19 [37]. The
mother received antibiotics, oxygen, corticosteroids,
and antiviral drugs prior to delivery. The mother wore
an N95 mask and did not hold the infant following
the delivery. The infant was asymptomatic at birth,
had Apgar scores of 9 and 10 and was immediately
quarantined. Of note, the infant demonstrated ele-
vated SARS-CoV-2 IgM and IgG levels at two hours
of life, but serial NP swabs for SARS-CoV-2 were
negative. At time of discharge, immunoglobin levels
were still elevated. The presence of IgG levels at two
hours of life could be explained by elevated maternal
levels, however IgM antibodies do not freely cross the
placenta [38]. It is difficult to determine whether the
elevated IgM was due to fetal infection, delivery, or an
unrelated process. Without testing amniotic fluid or
placenta specimens, no definitive conclusions can be
drawn. Increased availability of IgG and IgM testing
has improved the quality of surveillance and detection
of SARS-CoV-2. Zeng et al. reported immunoglobu-
lin levels from six infants born to COVID-19 positive
mothers between February 16th and March 6th [39].
All mothers underwent caesarian section and the
infants were immediately isolated following deliv-
ery. Neonatal viral throat and serum swabs were all
negative for SARS-CoV-2, but IgG and IgM were
elevated in five and two respectively, out of the six

infants. While the sample size is small and no eval-
uation of the placenta or amniotic fluid occurred, the
report raises concern of placental involvement and
fetal exposure to the virus.

In the series published by Zhu et al., the clinical sta-
tus of 10 neonates were reported. None of the infants
born to COVID-19 positive mothers demonstrated a
positive throat swab PCR [27]. One infant, born at
34 weeks’ gestation, developed hemorrhagic shock,
secondary to profound gastrointestinal bleeding and
ultimately died secondary to multi end organ fail-
ure. A second infant, born at 34 week’s gestation,
developed fever and gastrointestinal (GI) bleeding,
but responded to supportive therapies. With negative
testing, and without evaluation of placental tissue or
amniotic fluid, it is difficult to draw any conclusions
regarding the biologic nature of the GI symptoms or
any putative relationship to COVID-19 exposure.

Clinical symptoms in neonates are non-specific
and appear similar to the classic presentation of
respiratory distress syndrome [40]. Additionally,
radiologic imaging may demonstrate pneumonia,
which is difficult to distinguish from premature lung
disease. It is important to have a high degree of
suspicion when managing neonates born to posi-
tive mothers, while recognizing more information is
needed to truly develop a consistent neonatal pheno-

type.

5. Strategies to modulate COVID-19 in the
perinatal setting

There is currently no specific treatment for
COVID-19 infection, nor access to an available vac-
cine. The American Academy of Pediatrics (AAP)
and the Centers for Disease Control (CDC) have
developed guidelines to aid in the care of infants
born to COVID-19 positive mothers (Table 4). Recent
guidelines prioritize universal maternal testing and
recommend a shared decision-making process related
to whether the infant should stay with the mother
or be isolated. Treatment of patients with active
SARS-CoV-2 illness has focused on the provision
of supportive care according to illness severity. This
may range from oxygen therapy and/or prone posi-
tioning to intubation, ICU support in patients with
shock or adult respiratory distress syndrome (ARDS).
Table 3 provides an overview of current strategies that
have been implemented or are under investigation to
either mitigate the risk of transmission or modulate
the disease course.
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Table 3

Therapeutic agents suggested as possible strategies for COVID-19

Therapeutic agent FDA Mechanism Investigational status
approval

Remdesivir No Adenosine nucleotide analogue, inhibits Phase III Clinical trials

viral replication through inducing early

termination of RNA transcription [55]
Chloroquine No Increases endosomal pH which interferes Clinical trials, a RCT demonstrated
Hydroxychloroquine with the virus fusing to cells [55, 56] shortening of the disease course [46]
Lopinavir No Antiretroviral protease inhibitor [55] RCT, no benefit in clinical improvement

demonstrated [57]

RCT, randomized controlled trial; FDA, Food and Drug Administration.

Table 4

AAP and CDC guidelines for infant care following birth to COVID-19 positive mother

AAP[58]

CDC[59]

Delivery Room Precautions

Separation

Breast Feeding

Newborn Testing

Newborn Discharge

Infant Visitation

Airborne, droplet and contact precautions should be

worn when attending deliveries of COVID-19
positive mothers.

Pending available physical space, temporary
separation of mother and newborn at birth to
minimize risks of postnatal transmission is
recommended.

Mothers may express milk to feed to infant, no
current evidence of viral presence in breast milk.

Pending testing availability, consider testing at 24

hours of infant life and repeat testing at 48 hours.

Throat and NP swab recommended

Discharge of well newborns with negative testing
based on center specific policies. Infants with
positive testing but no symptoms may discharge
home with close follow up across 14 days on a
case by case basis.

COVID-19 positive mothers can visit infants after
remaining afebrile for 72 hours, improvement of
respiratory symptoms, and negative results from

two consecutive NP swabs spaced 24 hours apart.

Pregnant women admitted with suspected
COVID-19 or who develop symptoms concerning
for suspected COVID-19 during admission should
be prioritized for testing. Healthcare facilities
should ensure recommended infection control
practices for hospitalized pregnant patients who
have confirmed COVID-19 or are PUIs are
consistent with CDC recommendations for
patients with confirmed Coronavirus disease or
persons under investigation.

Case by case consideration of separation factoring
maternal illness and available physical space.

Mothers encouraged to express breastmilk to feed to
the infant. In cases of direct breastfeeding,
mothers should wear face masks and employ
effective hand hygiene.

No specific recommendations for neonates. For
initial diagnostic testing for COVID-19, CDC
recommends collecting and testing upper
respiratory tract specimens (nasopharyngeal
swab). CDC also recommends testing lower
respiratory tract specimens, if available. A
positive test result for the neonate may negate the
reason to separate.

Patients can be discharged from the healthcare
facility whenever clinically indicated. No specific
recommendations for infants born to COVID-19
positive mother.

Considerations to discontinue temporary separation
in the healthcare setting are the same as those to
discontinue transmission-based precautions
[Negative SARS-CoV2 test or symptom free At
least 3 days (72 hours) have passed since recovery
defined as resolution of fever without the use of
fever-reducing medications and improvement in
respiratory symptoms (e.g., cough, shortness of
breath) and at least 7 days have passed since
symptoms first appeared

Abbreviations: American Academy of Pediatrics (AAP), Centers for Disease Control (CDC), Nasopharyngeal (NP).

Prevention has been used as a primary means to
control the growth of COVID-19. As virus spread
primarily relates to“person to person” interaction

and has demonstrated familial clustering [41], lim-
itation strategies that minimize human interaction, or
social distancing, may help diminish transmission.
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It has been difficult to accurately determine the basic
reproduction number (Rp) of SARS-CoV-2, which is
used to determine how quickly the virus can spread
throughout a population [42], across various coun-
tries and cities with differing population densities.
Currently studies indicate the virus has a Rg of 2.2,
meaning each infected individuals has the potential
to spread the virus to 2.2 other individuals. Until the
Ro drops to less than 1 the outbreak is likely to con-
tinue with aggressive spread. Mitigation measures
such as social distancing, school closures, quaran-
tine of exposed individuals have been determined
through simulation and observational studies to have
the potential to reduce transmission of previous pan-
demics, although there is no published evidence of the
efficacy of this strategy in the setting of the current
pandemic. Vaccination research has started, with sev-
eral academic centers and pharmaceutical companies
having taken on the challenge, however the timeline
needed to ensure patient safety remains considerable
[43].

Modulation of the spread within the health care
system is of vital importance. Wu et al. reported that
3.8% of their positive COVID-19 population in China
were infected health care personnel [44]. The impact
to health care workers in Italy is even greater; in
some situations, hospitals have closed because of the
magnitude of transmission among health care work-
ers [45]. Protection of healthcare workers has been
made especially challenging due to an insufficient
global supply of personal protective equipment and
disruptions within the supply chain. To help com-
bat this shortage, given that pregnant mothers may
be either be asymptomatic carriers or undiagnosed
due to limited testing, the vague or mild nature of
symptoms, andthe potential for comorbid disease
states, it is incumbent on healthcare systems to ensure
that neonatal teams have efficient processes to pro-
tect vulnerable front-line workers and mitigate both
COVID-19 spread and access to healthcare delivery
for other neonatal ICU patients.

An array of medications are in current use to
treat patients with COVID-19. Anti-viral agents such
as oseltamivir, ganciclovir, lopinavir/ritonavir and
remdesivir have been used for critically ill patients.
Remdesivir is a nucleotide analogue that interferes
with viral replication. A clinical trial is currently
in progress at multiple centers in Wuhan province.
Additionally, the anti-malarial agent chloroquine
phosphate has been used to treat pneumonia symp-
toms, as it possesses anti-viral and anti-inflammatory
properties and has demonstrated positive clinical

effect in the treatment of COVID-19 [46]. Clinical
trials of the efficacy of chloroquine are also being con-
ducted in China. Finally, lopinavir has demonstrated
inhibition of protease activity in coronavirus species
and is currently under investigation [47]. There are
no reports of use of these agents in pregnant mothers
or their infants.

Use of convalescent plasma, as a means of gen-
erating passive immunity, has been the subject of
recent investigation. This therapeutic strategy was
previously investigated during the SARS and MERS
outbreaks; specifically, a metanalysis demonstrated
a significant reduction in mortality compared to
placebo [48]. In addition, clinical experience from
five COVID-19 positive individuals in China with
ARDS demonstrated clinical improvement follow-
ing the receipt of convalescent plasma [49]. While
this was not a randomized controlled study, the report
is compelling and suggests biological and therapeu-
tic plausibility. While many of the current treatments
under investigation hold promise, due diligence and
scientific rigor are essential to minimize the poten-
tial of unintended or unanticipated patient harm.
There is currently no scientific evidence to justify
any approach to treatment in pregnant mothers or in
neonates. Centers should develop institutional guide-
lines based on best available evidence and resources
available to them.

6. Conclusion

The COVID-19 pandemic represents one of the
greatest threats to human existence seen in the last
one hundred years, with rapid spread across the globe
and throughout the United States. The impact of rapid
case escalation on the Italian and Spanish health care
systems has forced the establishment of triaging com-
mittees to determine access to mechanical ventilation
and intensive care resources. Although knowledge
increases daily, it is incumbent on health care pro-
fessionals, medical societies and governing bodies
to establish comprehensive registries to track disease
progression and enable an enhanced understanding
of clinical presentation and risk profiles for those
patients greatest at risk. These registries are even
more relevant for obstetrics and neonatology where
individual centers are likely to see low volumes of
maternal cases, and even lower volumes of neonatal
illness. COVID-19 does not appear to be particularly
aggressive in pregnant women, neonates or children,
based on the limited data that is available. Due to
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the dynamic nature and rapid evolution of our scien-
tific understanding of this condition, these premises
are likely to change as knowledge grows. The clin-
ical experiences from countries (e.g. Italy, Spain,
Iran) where COVID-19 has crippled ICU resources
and preventative strategies from countries (e.g. South
Korea, Singapore) where rapid dissemination has
been limited will enable the development of stan-
dardized guidelines and frameworks for practice that
may be universally adopted across the world. The
ramifications of the pandemic to society have yet
to be assessed, but are likely to be profound from
personal, fiscal, and global health perspectives. The
world beyond COVID-19 is likely to be a very differ-
ent place.
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