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Abstract

Neonates are vulnerable to COVID-19 infection. Its estimated rate in this age group is unknown. There is a robust transmission of
COVID-19 from human-to-human. The result of all COVID-19 PCR tests on the amniotic fluid, placenta, cord, and breast milk was neg-
ative. The nasopharyngeal swab test of COVID-19 PCR in 56% of neonates was positive. 46.6% of neonates were asymptomatic, and in
the others, the most common symptoms were: shortness of breath, tachypnea, cough, apnea, temperature instability, tachycardia.
The possibility of vertical transmission (maternal-fetal) of COVID-19 is unknown. Because the most infected neonates with COVID-19
are asymptomatic, the transmission of the disease to other family members is very likely.
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1. Context

Coronavirus disease (COVID-19) began in China in De-
cember 2019 and spread rapidly all over the world. Up to 15
April 2020, coronavirus infected about two million people
(1) in more than 200 countries (2).

There is a robust transmission of COVID-19 from
human-to-human. Thus children and neonates are also
vulnerable to this disease (3). Although COVID-19 cases
were rare in infants and newborns, Chinese authors re-
ported nine hospitalized infants and newborns, aged 1 to
4 months, from December 2019 till February 2020 (4). Case
reports from other countries followed them.

The estimated rate of affected children with COVID-19
is 1-5%, and this rate in the newborns is unknown. This ap-
praisal maybe underestimated because they show mild or
no-symptoms of the disease and may not refer to doctor, in
addition, the small number of COVID-19 in newborns may
be due to the possible low risk of exposure to the virus or
to a mild or asymptomatic disease which cannot be recog-
nized (4-6). Newborns are at high risk of being infected
with COVID-19 when they are born to infected mothers or
have close contact with a family member infected with
COVID-19, or live in the pandemic area (4, 7, 8). The num-
ber of infected pregnant women is increasing, and there is
much concern about their babies getting infected. To date,
30 neonates appear to be COVID-19 infected worldwide. In
this study, we reviewed clinical symptoms, laboratory data,
radiological signs, diagnostic tests, and treatments.

The reported neonates were 23 from China, three from
Italy, one from Iran, one from Spain, and two from the USA.
We reported one death in one preterm infant in this review.
In the present study, we searched articles that provided in-
formation about neonatal infection with COVID-19 to find
the best approach to these neonates.

2. Methods

We searched articles published in PubMed, EMBASE,
and Google Scholar databases written in English from
March 1, to April 15, 2020 that provided information about
neonatal infection with COVID-19. We have reviewed all
neonates with COVID-19 reported worldwide.

3. Vertical Transmission

The two potential routes of transmission in neonates
from their mothers are vertical (maternal-fetal), or hori-
zontal (maternal-neonatal) (3).

The possibility of vertical transmission is unknown.
Currently there is no definite evidence for vertical trans-
mission in women who develop COVID-19, likely it occurs
very rarely (3, 5, 9-14). However, there are a few data about
the possibility of mother-fetal transmission in COVID-19 (3,
15, 16), it is still a controversy because when the viral load is
not high enough, the detection of the virus is limited and
false negative tests may occur (13). Thus the risk of vertical
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transmission during the peak of infection and while symp-
toms are very acute is unknown (17). These data do not exist
during the pandemic, and only limited information is cur-
rently available to address these issues (1).

One study in Iran followed a total number of 31 infected
pregnant mothers with COVID-19, no infection was found
in their neonates or placentas (13).

In one cohort study in China, a follow up of 33 neonates
born to mothers with COVID-19 revealed infection in three
neonates (18). Experts believe this is because of the strict in-
fection control and prevention procedure during the deliv-
ery in China. Sources of COVID-19 were maternal in origin,
although all samples of amniotic fluid, cord blood, breast
milk, were negative for COVID-19 (3, 19).

In another study in China, a neonate born to mother
with COVID-19 had elevated IgM antibody and cytokine
level, two hours after birth. The elevated IgM antibody level
suggests the neonate was infected in utero because IgM an-
tibodies do not pass through the placenta (4).

Also, in a study in China, blood samples were collected
for COVID-19 antibodies from 6 infected pregnant women
and their neonates. Two neonates had IgG and IgM concen-
tration higher than the average level. Their mothers had
elevated levels of IgG and IgM too. Three neonates had ele-
vated IgG but normal IgM levels. All three mothers had ele-
vated IgG, and two also had elevated IgM levels. Inflamma-
tory cytokine IL-6 was increased in all infants. The throat
swabs and blood samples for COVID-19 in all neonates were
negative.

Another study in China analyzed symptoms of ten
neonates (including two twins) born to nine mothers with
COVID-19. In four cases, the onset of clinical symptoms was
before delivery, two cases on the day of delivery, and three
cases after delivery (9).

Some studies have stated that perinatal COVID-19 infec-
tion can cause fetal distress, premature labor, respiratory
distress, and thrombocytopenia in neonate (13). Moreover,
it is possible that COVID-19 in mothers causes hypoxemia
and increases the risk of perinatal adverse events (20).

Fortunately, the maternal, fetal, and neonatal out-
comes of those pregnant women infected in late preg-
nancy are excellent. This is related to the intensive man-
agement of mothers and their neonates (12, 16).

4. Neonatal Screening

All neonates born to suspected/confirmed COVID-19
mothers should be sampled with a nasopharyngeal swab
within 24 hours after birth or as soon as the mother’s test
is reported positive. If the result of the first swab is positive,
the second sample should be obtained to differentiate be-
tween surface contamination versus persistent viral shed-

ding. If the result of the first swab is negative, the test has
to be repeated only if symptoms are suspicious for COVID-
19. However, a neonate who requires hospital admission
will be tested again on day 5 (20, 21). Discharge criteria in
sick neonates are: (1) Normal Temperature for more than
three days; (2) Improved respiratory symptom and chest
radiography; (3) Negative nasopharyngeal and pharyngeal
swabs for COVID-19 for two times (with 24-hour interval)
(7).

A newborn who has a documented COVID-19 infection
(or remains at risk for postnatal acquisition) requires fre-
quent outpatient follow up. If the infant develops symp-
toms days (fever, respiratory symptom, diarrhea) within
the first 30 evaluation for COVID-19 must be considered (3,
21).

5. Demographic Characteristics

Seventy-six percent of neonates were male, and 24%
were female. 30% of the infected neonates were preterm,
and 20% of them were LBW (low birth weight). 66.6% of
neonates were born via cesarean section due to routine in-
dications. All neonates except one were born from mothers
with COVID-19 infection. In four neonates, reports showed
infection of fathers. In one neonate, one of eight house-
hold contacts of the patient, a 49-year-old woman, was
symptomatic. Full protective measures were observed in
70% of newborns, and five neonates had not met precau-
tions due to unawareness of the mother’s condition, but
the result of all COVID-19 PCR tests on the amniotic fluid,
placenta, cord, and breast milk was negative (Table 1).

6. Neonatal Clinical Manifestation

Infants under one year of age and children with under-
lying disorders are at risk for severe disease (3, 9).

Neonates with COVID-19 infection are classified into
two groups, with presence or absence of symptoms (15).
Term neonates born to COVID-19 mothers are usually
asymptomatic or present non-specific symptoms such as
temperature instability, apnea, respiratory distress, GI
symptoms, hypotension (31).

Clinical manifestation of infected neonates, especially
in preterm, might be nonspecific (7). Some of the symp-
toms are temperature instability, respiratory and cardio-
vascular symptoms including tachypnea, grunting, nasal
flaring, work of breathing, apnea, cough, tachycardia, poor
feeding, lethargy, a gastrointestinal symptom such as vom-
iting, diarrhea, abdominal distention. Some neonates can
develop ARDS (Acute respiratory distress syndrome) (7, 15).

2 Iran J Pediatr. 2021; 31(1):e104423.
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In neonates, it is challenging to differentiate between
the symptoms of COVID-19 and RDS, TTN (Transient Tachyp-
nea of the newborn), and sepsis. In our review 56.5% of
neonates were asymptomatic and in the others, the most
common symptoms were: shortness of breath, tachypnea,
cough, apnea, temperature instability, tachycardia (Table
2).

7. Laboratory Data

The diagnosis of COVID-19 depends on history and lab-
oratory tests. Diagnostic tools are the nucleic acid or virus
gene tests (9) on samples obtained from nasopharyngeal
swab, sputum, secretion of the lower respiratory tract,
blood, and stool. Nasopharyngeal swab is the most com-
mon way of sampling, but its “positive detection rate” is
less than 50%, so it needs to be repeated (9). The bron-
choalveolar lavage fluid has a “high positive detection rate”
but may increase the risk of cross-infection (9). Laboratory
examination may include normal or decreased leukocyte
counts or decreased lymphocyte counts, mild thrombocy-
topenia, elevated levels of creatine kinase, alkaline phos-
phatase, alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and lactate dehydrogenase (LDH) (15). Lab
data that represent the disease in children are normal CRP
(C-reactive protein) (9), procalcitonin, and D Dimer (3).
Elevated inflammatory markers are less common in chil-
dren, and lymphocytopenia is rare (5). In Iran, leukopenia
and lymphopenia (infants < 3000 and children < 2000)
were reported just in 30% of children with COVID-19 (32).
Information about lab data in neonates is limited. In 15
neonates, the primary nasopharyngeal swab test of COVID-
19 PCR was positive. The second test was positive in three of
the cases too, and in others, the second test was negative.
In one case, although the first test was negative, the sec-
ond test was positive. In one neonate who was referred at 15
days of age, the test was positive on the same day. Overall in
56% of neonates, the nasopharyngeal swab test of COVID-19
PCR was positive.

Fifty six point five percent of neonates were asymp-
tomatic. We found leukopenia in one, lymphopenia in 3
(10%), thrombocytopenia in 3 (10%), elevated CPK (creatine
kinase) in 5 (16.6%), elevated CRP in 1 (3.3%), elevated procal-
citonin in 2 (6.6%) and abnormality in liver test in 4 (13%)
neonates (Table 3).

8. Diagnostic Imaging

As most of the neonates do not have a severe respi-
ratory sign, plain chest x-ray cannot identify all the pul-
monary lesions, so previous guidelines recommend chest

Iran J Pediatr. 2021; 31(1):e104423. 3
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CT for diagnosis and management. However, recent guide-
lines do not recommend a chest CT scan for diagnosis un-
less in complicated cases.

Radiographic findings in the chest x-ray and CT scan of
the chest may show pneumonia, subpleural lesions with
localized inflammatory infiltration, and graphy of the ab-
domen may show ileus intestinal (15, 33).

In our review, the characteristic finding in chest x-ray
was pneumonia and ground glass view, and in chest CT
scan, high-density nodular shadow under pleura was seen
(Table 4).

9. Treatment

There is no specific drug for COVID-19 (9). The primary
therapy is supportive care and symptomatic treatment
of complications, which include oxygen therapy, mainte-
nance of water-electrolyte, acid-base balance, inhalations,
nutritional support. For the newborn with severe acute
respiratory distress syndrome, high -dose surfactant, NO
(nitric oxide), high-frequency oscillatory ventilation, and
ECMO (extracorporeal membrane lung) is suggested. One
study in IRAN suggests, corticosteroids and interferon-
alpha 2b nebulization in critically ill infant accompanying
intravenous immunoglobulin. There is no supportive evi-
dence for the effectiveness of gamma globulin, interferon,
or hormone therapy. Inappropriate use of antibiotics is
troublesome. Antibiotics are suggested just for cases with
clinical or paraclinical signs of bacterial superinfection (15,
17, 23). Unfortunately, the information in neonates is lim-
ited.

In our review, most of neonates received supportive
care and symptomatic treatment (Table 5).

10. Preventative Strategies

COVID-19 infection is not an indication for pregnancy
termination unless the pregnant woman is critically ill,
and her condition may cause intrauterine fetal demise.
About the mode of delivery, there is no clear benefit of de-
livery via cesarean in women with COVID-19 infection. Fe-
tal heart rate monitoring and ultrasound should be used
for COVID-19 positive mothers to evaluate the fetal status.
Studies do not support amniocentesis. Severe preventative
strategies can prevent neonates from getting infected. In
neonates born to COVID-19 positive mother or suspected to
be infected, we have to maintain contact and droplet pre-
caution in mother and neonate (3, 17, 21).

The delivery room or operating room for suspected
or confirmed infected mothers should be specially pre-
pared, preferably with negative pressure. The medical

staff should use personal protective equipment (PPE). Ad-
ditional support person waiting in the hallway unless
needed. Mothers should wear a surgical mask outside the
isolation room. Attempts should minimize the number
of infant resuscitation team attendants. Examine the pla-
centa of pregnant women with COVID-19 infection. We do
not recommend delayed cord clamping and skin to skin
contact, and neonates should be cleaned and dried imme-
diately. Neonate of mothers with suspected or diagnosed
COVID-19 infection should be isolated for 14 days after birth
and closely monitored for any symptoms. The neonate
must be referred to the designated neonatal ward and iso-
lated in a single room with an isolated air cycle system. All
medical staff should observe hygiene protocols and wear-
ing personal protective equipment (3, 7, 17, 20).

Breast milk is the best source of nutrition for most
neonates. However, some studies revealed that samples
obtained from breast milk did not show the presence of
COVID-19 (21).

Some studies suggest that near term and term
neonates can be roomed-in with their mothers and
breastfed with observing precautions including washing
mother’s hands before touching, wearing a face mask
before each feeding or when the neonate is out of the in-
cubator. However, the preterm neonates and ill neonates
should be separated from their mothers and can be nour-
ished by expressed breast milk with a bottle. The neonates
whose mothers are too sick to breastfeed or to express
breast milk can use formula (20, 21).

11. Discussion

We reviewed articles that provide information about
neonatal infection with COVID-19 to find the best method
of approaching to these neonates. Based on this study:

Infection of newborns with COVID-19 is possible in
three ways:

1) Being born to mothers diagnosed with COVID-19
(maternal-fetal or maternal-neonatal)

2) Having close contact with the family member’s infec-
tion with COVID-19

3) Living in or travelling to the pandemic area (2, 20, 21).

There are a few data about the possibility of mother-
fetal transmission in COVID-19, but there is no definite evi-
dence for vertical transmission.

In our review, all samples (amniotic fluid, cord
blood, breast milk) were negative for COVID-19, but
three neonates had elevated COVID-19 IgM antibodies. The
maternal-fetal transfer passage is not proven yet, because,
most infants meet full protective measures.
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Table 4. Radiologic Findings

Study Number Chest X-Ray Chest CT Scan

Zeng et al. (18) 3 Pneumonia, respiratory distress syndrome -

Zhu et al. (22) 10 Infections (4), neonatal respiratory distress syndrome (2),
pneumothorax (1)

-

Wang et al. (21) 1 Thickened Lung texture The high-density nodular shadow under Pleura, small
pieces of patchy shadow

Yu et al. (12) 1 Mild pulmonary infection Denied

Dong et al. (22) 1 Denied Normal

Zeng et al. (23) 2 Denied Denied

Ferrazzi et al. (24) 3 We do not have complete information

Kamali Aghdam et al. (25) 1 Normal

Alonso Diaz et al. (26) 1 Ground glass opacity Denied

Lingkong (27) 1 A slight blur of the lower left and upper right lungs. The enhanced texture of the two lungs and small strips of
blurred shadows ‘seen in both lung lob

Zhang et al. (28) 4 We do not have complete information Increased lung marking

Paret et al. (29) 1 We do not have complete information

Coronado Munoz et al. (30) 1 Bilateral linear opacities and consolidation in the right
upper lobe

Denied

Table 5. Treatment

Study Number
Ventilation

Antibiotic IVIG Corticosteroid
Antiviral
Therapy

Discharge Death

Invasive Noninvasive

Zeng et al. (18) 3 - 1 1 - - - 3 -

Zhu et al. (22) 10 1 1 - 1 1 - 5 (until report) 1 (DIC)

Wang et al. (21) 1 - - 1 - - - 1 -

Yu et al. (12) 1 - - - - - - 1 -

Dong et al. (22) 1 - - - - – - - -

Zeng et al. (23) 2 - - - - - - - -

Ferrazzi et al. (24) 3 1 - NAa NAa NAa NAa NAa NAa

Kamali Aghdam
et al. (25)

1 - 1 1 - - Oseltamivir 1 -

Alonso Diaz et al.
(26)

1 - 1 CPAP after birth
for 2 hours

- - - - 1 -

Lingkong (27) 1 - - - - - - 1 -

Zhang et al. (28) 4 - - - - - – 4 -

Paret et al. (29) 1 - - 1 - - - 1 -

Coronado Munoz
et al. (30)

1 1 1 1 - - 1 1 -

a NA, we do not have complete information.

Clinical manifestation of infected neonates might be
nonspecific, such as temperature instability, apnea, respi-
ratory distress, GI symptoms, and hypotension, the pre-
dominant symptom being mild respiratory symptoms.
Term neonates are usually asymptomatic (31).

In our review, 56.5% of neonates were asymptomatic, in
other reviews, the most common symptoms were: short-
ness of breath, tachypnea, cough, apnea, temperature in-
stability, and tachycardia.

The incubation period in a neonate is between 3 and 7
days on average, with one day as the shortest and 14 days
the longest (4, 15). In our review, seven neonates showed
symptoms after the first week of life.

Radiographic findings in neonates may be likely to
show pneumonia, and in the chest CT scan (computed to-
mography), we may see subpleural lesions with localized
inflammatory infiltration (15, 33). The most common find-
ings on chest radiographs and chest CT in our review were:
thickened lung texture, mild pulmonary infection, ground
glass (respiratory distress syndrome), high density modu-
lar, and patchy shadow under pleura.

In our review, one neonate had leukopenia, and three
neonates had lymphopenia. Three neonates had thrombo-
cytopenia. Five neonates had elevated CPK (creatine phos-
phokinase). One neonate had elevated CRP, and two had
elevated procalcitonin. Other studies emphasized that in
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infants and children, unlike adults, elevated inflamma-
tory markers are less common, CRP does not increase in
neonates, and leukopenia and lymphopenia are less com-
mon (3, 5, 9, 15). In Iran, leukopenia, and lymphopenia
(infant < 3000 and children < 2000) are reported just in
30% of children suffering COVID-19 (32). However, our data
about neonates are minimal.

Symptomatic and supportive care and treatment of
complications are the primary therapeutic measures for
COVID-19. These include oxygen therapy, maintenance of
water-electrolytes, acid-base balance, inhalations, and nu-
tritional support. For a newborn with severe acute respi-
ratory distress syndrome, high-dose surfactant, NO (nitric
oxide), high-frequency oscillatory ventilation, and ECMO
(extracorporeal membrane lung) is implemented. Experts
do not recommend antiviral drugs. Antibiotics are sug-
gested just for cases with clinical or paraclinical signs of
bacterial superinfection. One study in Iran recommended
corticosteroids and interferon-alpha 2b nebulization for
critically ill neonates; intravenous immunoglobulin is also
suggested although there is no evidence supporting the
effectiveness of gamma globulin, interferon, or hormone
therapy (9, 32).

In our review, one neonate in the USA received hydrox-
ychloroquine, and in one case in Iran, oseltamivir was pre-
scribed. In four neonates antibiotics were prescribed be-
cause of the possibility of superinfection. In one study in
China IVIG (intravenous immunoglobulin) and a corticos-
teroid was prescribed for an ill neonate.

Three neonates underwent mechanical ventilation,
and in the others, noninvasive ventilation and oxygen ther-
apy were initiated. According to studies, preferred ventila-
tion mode in the neonate with COVID-19 is high-frequency
oscillatory ventilation.

Some local protocols recommend cesarean section,
but there is no clear benefit of delivery via cesarean in
women with COVID-19 infection (17). 66.6% of neonates
were born via cesarean section because of routine indica-
tions in our review.

Strict prevention strategies in neonates born to sus-
pected or confirmed COVID-19 mothers decrease infection
in neonates. We have to maintain contact and droplet pre-
caution in mother and neonate, and separate them for 14
days after birth (3, 17, 21). In our review, in all but for five
neonates protective care was taken at birth.

Although protective care was utilized in most infants
in our study, it should be noticed that this study only re-
garded infected neonates and has not reviewed the verti-
cal transmission rate. Numerous studies have reviewed
mother-neonate transmission of COVID-19 and have shown
the effect of protecting care in the prevention of neona-
tal infection. Therefore, it is reasonable that protective

measures should be provided in all deliveries in which the
mother is infected with COVID-19. In three neonates, the fa-
ther was also affected. Therefore, the isolation of the new-
born should be eligible for all family members.

All neonates born to suspected/confirmed COVID-19
mothers get first nasopharyngeal swab collected within 24
hours after birth or as soon as mother’s test is reported
positive, the second swab has to differentiate between sur-
face contamination and persistent viral shedding. Anyway,
the nasopharyngeal swab’s “positive detection rate” is less
than 50% (9, 20, 21). Since the incubation period in new-
borns is unknown, one concern is that testing a single sam-
ple may not be sufficient, and a negative result does not
rule out infection, so additional tests are required (26).

In our review, the primary test for COVID-19 was posi-
tive in 15 neonates. In 3 neonates, the second test was pos-
itive, although the initial test was negative. This confirms
that a single test may not suffice, and a negative result does
not rule out infection, so it is necessary to perform a second
test in neonates with high suspicion.

Despite low morbidity and mortality rate in neonates
with COVID-19, the transmission of the disease from them
to other family members is very likely. Therefore, to reduce
transmission rate, we have to pay close attention to this age
group.

12. Conclusions

The possibility of vertical transmission (maternal-
fetal) of COVID-19 is unknown, and there is no definite ev-
idence for vertical transmission. In order to prevent hori-
zontal transmission (maternal-neonatal), protective mea-
sures are mandatory. Neonates are vulnerable to COVID-
19 infection. The estimated rate of COVID-19 infection in
the newborn is unknown. COVID-19 infection in neonates
may be asymptomatic or show mild symptoms, and deaths
have been infrequent.
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