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Novel Coronavirus disease 2019 (COVID-19) in Newborns and Children

Yenidoganlarda ve Cocuklarda Yeni Koronavirus Hastaligi 2019 (COVID-19)

Melis Deniz, Hasan Tezer

Department of Pediatric Infectious Diseases, Faculty of Medicine, MD, Gazi University, Ankara, Turkey

ABSTRACT

In December 2019, the coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus (SARS CoV- 2) in Wuhan, China, was the
first coronavirus to be declared as a pandemic by the World Health Organization.
It was observed that the majority of affected adult patients developed serious
life-threatening complications, whereas the disease was milder in children.
Despite the increasing number of affected children and newborns, there is still
limited information on treatment options and disease management. In this
article, the literature on COVID - 19 in newborns and children is reviewed and
the findings are summarized and it is aimed to present up-to-date information
about pediatric and neonatal COVID-19 management, epidemiological, clinical,
laboratory and treatment options.
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OZET

Aralik 2019’da Cin’in Wuhan kentinde siddetli akut solunum yolu sendromu
koronavirusunden (SARS CoV 2) kaynaklanan koronavirus hastaligi 2019 (COVID-
19) biiyiik salginlarla tiim diinyaya etkilemis ve Diinya Saglk Orgiitii tarafindan
pandemik ilan edilen ilk koronavirus olmustur. Etkilenen erigkin hastalarin biyik
bir kisminda ciddi hayati tehdit eden komplikasyonlar gelistigi, 6te yandan,
gocuklarda hastaligin daha hafif seyirli oldugu gozlenmistir. Etkilenen gocuk ve
yenidogan hasta sayisi giderek artmasina ragmen, bu yas grubunda tedavi
secenekleri ve hastaligin yonetimi ile ilgili halen kisitli bilgi mevcuttur. Bu
makalede, yenidogan ve gocuklarda COVID - 19 hakkindaki literatir taranarak
bulgular 6zetlenmis ve pediatrik ve neonatal COVID-19 yonetimi,
epidemiyolojik, klinik, laboratuvar ve tedavi segenekleri ile ilgili glincel bilgileri
sunmak amaglanmistir.
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INTRODUCTION

The new coronavirus (2019-nCoV) infection causing epidemics worldwide has
been declared as a pandemic by the World Health Organization (WHO) and has
been referred as 'Coronavirus Disease 2019 (COVID-19) (1). In this epidemic,
which had a low number of cases in children while it was initially more common
in adults, the incidence of children with COVID-19 has increased dramatically in
recent days due to the fact that children could not wear masks and could not
take other protection control (2,3). Because of the growing spread of COVID-19
all over the world the information regarding this issue is updated frequently, yet
there is still inadequate evidence on how the approach towards pediatric
patients and newborns will be, the effect of COVID-19 on the fetus, and the
safety of breastfeeding, and clinical studies are still proceeding (4,5). In this
review, it was aimed to summarize the management of children and newborns
with COVID 19, diagnosis, clinical findings and current treatments by using of the
limited scientific evidence in the literature.
Etiology and virology
Coronaviruses, which can cause zoonotic epidemics and have potential for
interspecies transition , are enveloped, single stranded, with positive polarity,
composed of zoonotic RNA viruses and contain four genera (alpha-, beta-,
gamma- and delta- coronavirus). SARS-CoV and MERS-CoV belong to the beta-
coronavirus genus, and are the factors causing severe pneumonia epidemics in
humans in past years. SARS-CoV-2 is a new B-CoV; it is a zoonotic pathogen which
is the cause of the disease that is called COVID-19 and declared a global
pandemic (6).
The structure of the receptor binding gene region is very similar to that of the
SARS coronavirus and has been shown by Chinese scientists that SARS CoV -2
uses the same receptor, angiotensin converting enzyme 2 (ACE2) for cell entry.
Dipeptidyl peptidase 4 (DPP4, also known as CD26) is a functional receptor for
MERS-CoV, and MERS-CoV can bind to more than one species with DPP4, causing
infection to humans and other species and causing multiple types of infections.
Coronavirus S protein is important for virus entry into host cells and binds to the
spike glycoprotein cellular receptor on its surface, SARS-CoV and ACE2 for SARS-
CoV-2. The introduction of SARS-CoV into cells is initially accomplished by direct
membrane fusion between the virus and the plasma membrane. Once the virus
enters the cells, the viral RNA genome is released into the cytoplasm and
translated into two polyproteins and structural protein, after which the viral
genome begins to multiply. The newly formed envelope glycoproteins are placed
in the endoplasmic reticulum or golgi. Nucleocapsid is created by a combination
of genomic RNA and nucleocapsid protein. Eventually, vesicles containing virus
particles then fuse with the plasma membrane to release the virus. As the virus
enters the cells, its antigen is delivered to the antigen presenting cells (APC).
Antigenic peptides, are presented by MHC; or in humans by (HLA) and then
recognized by virus-specific cytotoxic T lymphocytes (CTLs). There is no clear
report on the antigen presentation of SARS CoV 2, the available information is
based on previous research on SARS-CoV and MERS-CoV. Antigen presentation
then stimulates the body's virus-specific B and T cells mediated humoral and
cellular immunity. Similar to common acute viral infections, IgM and IgG
antibodies are produced against the SARS-CoV virus (7).

Pathogenesis

Acute respiratory distress syndrome (ARDS) is a common immunopathological
event in SARS-CoV-2, SARS-CoV and MERS-CoV infections. In SARS-CoV infection,
there is a fatal uncontrolled systemic inflammatory response resulting from the
release of large amounts of proinflammatory cytokines (IFN-a, IFN-y, IL-1, IL-6,
IL- 12, IL-18, IL-33, TNF-a) and chemokines (CCL2, CCL3, CCL5, CXCLS8, CXCL9,
CXCL10, etc.).

Severe pneumonia caused by human coronaviruses (HCoV) is associated with
hypercytokinemia resulting in uncontrolled overproduction of inflammatory
cytokines which is called cytokine storm, leading to acute lung injury and ARDS
in immunocompetent individuals (8). A fatal condition leading to
immunopathogenic damage to the tissues and organs progressing with
hyperactivation and rapid proliferation of T cells, macrophage and NK cells is
observed. In a patient who died of SARS CoV-2 infection, indications of damage
caused by T cell hyperactivation with increased concentration of
proinflammatory CCR4 +, CCR6 +, Th17 +, CD4 T have been observed (7). In post-
mortem examinations in patients, cellular fibromixoid exudates along with
bilateral diffuse alveolar damage, SARS and MERS-like pathological findings,
hyaline membrane formation signalling ARDS was observed (9).

Epidemiology

When compared to adults, the number of pediatric cases diagnosed is small and
the rate of mortality is lower. In China, in Zhonghua Liu Xing Bing Xue Za Zhi
journal, itis reported that in a study in which 44672 cases diagnosed with COVID-
19, 1022 deaths (2.3%) among 43.707 patients older than 20 years old, and only
one death among 549 patients aged 10-19 years (% 0.2), and no death among
416 patients between the ages of 0-9 (0%) were observed (10). Korea Center for
Disease Control and Prevention stated that 6.3% of all cases tested positive for
COVID-19 by March 20 were children under 19, but China Disease Control and
Prevention Center reported that after examination of 72,314 cases, less than 1%
of the cases were children under the age of 10 (3, 11). Data published in Italy on
March 18, 2020 reported that only 1.2% of 22,512 COVID-19 Italian cases were
children, and there was no death in children. 5% of 4,226 COVID-19 cases
diagnosed in the USA until March 16, are children. Children accounted for less
than 1% of all COVID-19 hospitalizations in the USA (12). Consequently, it can be
said for COVID-19 that it is an infection with a better prognosis in children in the
light of current limited scientific evidence (10). This infection affecting all age
groups had an average of 7 in the Chinese pediatric case series (with 2143 cases),
while 171 children reported from the Wuhan pediatric hospital had an average
age of 6.7 (12). Nine infants with COVID-19 diagnosed with COVID-19 in China
from December 8, 2019 to February 6, 2020 and minimum age was 1 month (13).
Data published in Turkey reported that only 1% of 11535 COVID-19 cases were
children by 30.03.20. There were 3 neonatal cases (14).

Why do children with COVID-19 have better prognosis than adults?

Several different hypotheses have been suggested for this issue. There is a
correlation between the amount of viral load and the severity of COVID-19
disease. It can be interpreted by the fact that healthcare professionals are
exposed to more viral loads and have more severe infections (11). That the
presence of other concomitant viruses in the lower respiratory mucosa in
children can limit the viremia of SARS-CoV 2 by causing competition because of
direct virus-virus interactions is one of the hypotheses put forth about this issue.
The SARS CoV- 2 S protein is bound to the angiotensin converting enzyme 2 (ACE
2) receptor. Since this enzyme is immature at young ages, children might be
protected from SARS CoV-2 in this way (12). Another probable theory for mild
COVID-19 infections in children is about the differences in the expression of the
ACE 2 receptor. Treatment with ACE inhibitor or angiotensin receptor blocker
drugs induces ACE 2 receptor expression. Whereas both treatments are
commonly used in adults with hypertension, it is a rare treatment in children.
This illustrates the severity of SARS-Cov2 in adults with high ACE2 expression.
However, there is inadequate evidence about the mild course of the disease in
most children with COVID-19 (11).

Transmission

SARS-CoV-2 can be transmitted rather quickly and transmission is thought to take
place mainly through respiratory droplets. Most often, it is transmitted through
close contact with the infected person adn the droplets from coughing or
sneezing of the infected person (15).

Even though viable virus is detected in fecal samples from very few cases, the
role of fecal-oral transmission in COVID-19 spread is still unclear (16). It was
observed that after the virus was negative in oropharyngeal samples taken from
adults diagnosed with COVID-19, virus excretion continued in fecal samples (7
days on average) (17).

There is very little evidence in the literature for the transmission of SARS-CoV
2 vertical transmission. No vertical transmission was shown in a case series in
which 9 pregnant women were observed in China (18).

Yet, in another case report, the presence of high level of SARS CoV-2 IgM in
the postnatal 2. hour in the baby which was born 23 days after the mother's
diagnosis of COVID-19 gave rise to the thought that the baby might be affected
in utero period.(16) However, vertical transmission was evaluated as suspicious
because in the polymerase chain reaction (PCR) SARS CoV-2 virus was not seen
in the nasopharyngeal sample taken 5 times intermittently from the baby and
due to the prediction that because of placental decollement or the deterioration
of placental barrier with maternal-fetal hemorrhage, virus and IgM antibodies
may enter the fetal circulation (20). For vertical transmission diagnosis, samples
must be taken soon after birth and if these samples are negative for SARS-CoV-2
RNA while the IgM and IgG antibodies are positive in the newborn, long term
1gG antibody monitoring is required for the baby.
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If IgG antibodies in the baby become negative in six months time, the possibility
of intrauterine infection can be excluded. If these antibodies, though, continue
until the age of eighteen months or older, the diagnosis of congenital infection
can be verified, but it should be shown that during this period, it experienced no
infection in the infant period(21).

The transmission of SARS CoV 2 by the environmental settings is also important
as transmission from the contaminated environmental setting can also take place
by inoculation of the virus into the nasal, mouth and eye mucosa. While the
coronavirus remains infectious for hours in the aerosol, it can remain infectious
for days on inanimate surfaces. In the study researching for how long SARS-CoV-
2 remains infective in aerosols and surfaces, it has been revealed that SARS-CoV-
2 can remain viable in aerosols for up to 3 hours and up to 72 hours on plastic
surfaces (22).

Clinical signs and symptoms

COVID-19 incubation period is 14 days, but most cases occur about four to five
days following exposure (13). In children, the COVID-19 spectrum manifested
itself as influenza-like symptoms, pneumonia, fever, and upper respiratory tract
infection findings (rhinorrhea, cough, sore throat, nasal congestion, sneezing)
(12) Yet, nonspecific findings are observed in newborns, especifically in
premature babies (10). In newborns, irregular body temperature, tachypnea,
nasal flaring, breathing effort, apnea, cough or tachycardia may develop. Other
findings are lethargy, diarrhea, vomiting, and abdominal discomfort (23).

The first critical childhood infection reported in Wuhan, China, started with
gastrointestinal symptoms and proceeded to acute respiratory distress
syndrome. In a published study, while the most common reported complaint of
134 children diagnosed was fever (n = 89), fever was mostly 1-2 days, the longest
time 8 days (2). Another report that collected data from nine children in China
showed that three children had fever (22.2%) or cough (11.2%) symptoms and
six (66.7%) children had no symptom (24).

In a study carried out in Wuhan's children hospital, the most common
symptoms in 171 diagnosed children were respectively, cough (48.5%),
pharyngeal erythema (46.2%) and (41.5%) fever (12).

Diagnosis

In diagnosis of SARS-CoV-2, RT-PCR (real-time polymerase chain reaction) is
regarded as the gold standard (20). SARS-CoV-2 can be identified in the upper
respiratory tract (nasopharyngeal and oropharyngeal), lower respiratory tract
(endotracheal aspirate or bronchoalveolar lavage), blood and stools (20). It is
crucial in the diagnosis that RT- PCR COVID 19 is positive for nucleic acid or COVID
-19 IgM and IgG serology are positive, and COVID specific Ig G illustrate titre
increase 4 times in the recovery phase in comparison to the acute phase (25).
Clinical diagnosis is based on the existence of at least 2 symptoms in China (fever,
respiratory symptom, GIS symptom or malaise), combination of laboratory tests
(normal or low leukocyte count and increased crp) and abnormal chest
radiography (12).

Clinical classification

Mild COVID-19 cases are regarded as clinical symptoms are mild and there is no
evidence of pneumonia on radiography. Moderate lliness is defined as the
patients with fever and respiratory symptoms including pneumonia findings in
radiologic imaging. Severe illness is defined as tachypnea according to age (
without fever or crying), oxygen saturation <92, difficulty in respiratory effort
(nasal, retraction, cyanosis, intermittent apnea), lethargy and convulsions and
dehydration. Critical COVID -19 cases are regarded as being accompanied by
respiratory failure with mechanical ventilation, other organ failure requiring
intensive care unit follow-up and treatment and shock (25).

Underlying medical conditions that may increase risk of COVID-19 related
morbidity and mortality

Studies have revealed that younger age can not be a risk factor for severe COVID-
19 alone. Although there is not sufficient study that immunocompromised
children are at higher risk for severe COVID-19, it was observed that mortality
was higher in adults with malignancy in adult studies. Though information on
SARS CoV-2 and immunocompromised pediatric patients is insufficient, in other
virus studies (RSV, parainfluenza, seasonal coronavirus) immune deficiency has
been found to be a risk factor for severe lower respiratory tract infection.
Similarly, COVID -19 related morbidity and mortality ascended in adults with
underlying cardiovascular, pulmonary disease and hypertension.

Although there is not sufficient data on children, coronaviruses other than
COVID-19 , influenza, parainfluenza infections have been proven to be more
severe in children with chronic cardiac and pulmonary disease. Obesity can cause
negative respiratory results, creating a risk factor for severe COVID. In adult
studies, it has been observed that diabetes mellitus (DM) is a risk factor in the
progression towards severe disease and causes death. However, in most of these
reported adult cases, there was a comorbid disease accompanying DM. It is
suggested that diabetes and accompanying comorbidities should be taken into
consideration during the treatment decision in children as well.

Existence of cardiomyopathy for any reason, Ross classification 2 -4 patients
with heart failure, children with untreated cyanotic heart disease and children
who need oxygen by noninvasive mechanical ventilation because of pulmonary
hypertension, cardiac or pulmonary disease (cystic fibrosis, bronchopulmonary
dysplasia, bronchiectasis) and history of hospitalization 3 and over 3 in the last
12 months, severe neuromuscular diseases (duchenne muscular dystrophy..etc),
and severe persistent asthma are among the other diseases that should be taken
into consideration in the COVID-19 antiviral treatment decision (26).

Laboratory Findings

Laboratory findings are nonspecific. The number of leukocyte is reduced or
normal in the early stage of the disease. In some patients, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), creatine kinase (CK) and myoglobin increased. Troponin also increased in
severe patients. Lymphocytopenia, elevation of D-dimer, crp and sedim is also
observed. Other tests must be considered to exclude other infectious etiologies
(influenza, respiratory syncytial virus, bacteria, etc.) (13, 23). As a result of the
study conducted on 66 children, normal leukocyte number was observed in
69.2% of the children. Lymphocytopenia was found only in 2 children (3%) , C-
Reactive Protein ( CRP) increase was seen in 13.6% of patients and procalcitonin
increased in 10.6% of patients (12).

Imaging profile of COVID -19: Radiologic Findings

Chest radiograph: When the reported cases regarding the newborn were
examined, similar findings in imaging were observed with the children. However,
due to lack of data on the subject, the radiographic features of newborns with
lower respiratory tract infections related to SARS-CoV-2 have not been able to
be identified adequately (20). In another recent study, typical findings of
pneumonia were detected on chest radiography of 3 newborns diagnosed with
early neonatal COVID -19 (27). The sensitivity of chest radiography is low in
children. In the early stages, chest graphy may be normal and do not show
ground-glass lesions, but in severe cases advance to bilateral multifocal
consolidation may be observed (25).

Thorax computed tomography (CT) scan: As regards the latest evidence, the
CT scan findings of COVID-19 pneumonia manifest themselves from the
appearance of multifocal, unilateral or ground glass opacification often to
peripheral localized mixed ground- glass opacification and consolidation (28). In
a study in China in which 5 children diagnosed with PCR were examined, while
the thorax CT was normal in two children with verified COVID-19 infection, the
other 3 patients had irregular ground glass opacification (29). Lymphadenopathy
is not generally seen, and pleural effusion is rare (30).

In a study in which 171 patients with COVID 19 were examined, 1/3 of children
were found to have ground glass opacification, but in the same study, no
pneumonia clinical or radiological findings were observed in 15.8% of the
children (12).

In a study involving 20 child patients, unilateral pulmonary infiltration (6/20,
30%) in 6 patients, bilateral pulmonary infiltration (10/20, 50%) in 10 patients
were observed and thoracic CT in 4 patients were not abnormal (4/20, 20%) (28).

Recently, bedside lung ultrasound is advised instead of thorax CT as a COVID-
19 imaging device for children. It enables patients to reduce exposure to
radiation.It is possible to be performed at the bedside, thus reducing the
movement of the patient in the hospital and prevents the in-hospital
transmission of Sars-CoV. However, further studies are needed on this issue.
(31).

Treatment

Treatment is basically arranged by making use of clinical experience with adult
patients. COVID -19 does not have any specific medication treatment in
childhood. Symptomatic and supportive therapy, oxygen therapy and fluid-
electrolyte support are recommended.(13).

273



Review / Derleme

GMJ 2020; 31: 271-275
Deniz and Tezer

For newborns, high-dose pulmonary surfactant, inhaled nitric oxide, HFO (high
frequency oscillation) treatment and ECMO (extracorporeal membrane
oxygenation) can be useful (18). Oxygen therapy and mechanical ventilator
support must be given to patients with respiratory distress and severe acute
respiratory disease (SARI) (hypoxemia and shock) with oxygen therapy saturation
at a level above 94%. Nasal cannula is recommended in children (20).

Antivirals can be considered in the context of clinical studies on a case basis.
All antiviral use should be considered experimentally, due to the absence of
antivirals that have proven efficacy for treatment and should be tested in clinical
trials to ensure efficacy and safety. Hydroxychloroquine and chloroquine, which
inhibit SARS CoV-2 in vitro ( inhibit entrance to cells) are FDA approved and
widely used for the treatment and prophylaxis of the malaria when it is not
complicated.

Hydroxychloroquine is also FDA approved for discoid lupus erythematosus,
systemic lupus erythematosus and rheumatoid arthritis. There is not adequate
evidence of its use in the treatment of pediatric COVID-19, but it has pediatric
clinical experience owing to its acceptable side effect profile and other
indications. So, although it seems to be advantageous, the combination of
azithromycin is not recommended because of the fact that it increases cardiac
side effects. Infant and child dosage is 13 mg / kg/dose (maximum: 800 mg/dose)
po followed by 6.5 mg / kg/dose (maximum: 400 mg/dose) po to be taken 6, 24
and 48 hours after the initial dose. Given that acute malaria has 3-day treatment
period, it is recommended not to be given longer than 5 days in COVID-19 in the
context of clinical trials (26).

Remdesivir is a nucleotide analogue prodrug that inhibits viral RNA
polymerase. It has been found to be effective in SARS CoV-2 in in vitro studies
(32). It is recommended using remdesivir as part of the clinical trial (26).

Favipiravir (FPV) is another drug which is currently undergoing clinical research
for the treatment of COVID -19 but there is not any evidence for pediatric
patients with severe COVID-19 (14). This drug is an RNA-dependent RNA
polymerase inhibitér and it has found effective in Ebola outbreak (33). It is
contraindicated in children younger than 1 year (34).

The combination of Lopinavir / Ritonavir (LPV/RTV) which is a protease
inhibitor used in HIV infection, has a very low role in the treatment of SARS-CoV-
2 infection, and it has been observed in previous studies that it has some activity
against SARS CoV and MERS-CoV (26). The use of LPV/RTV which is the only tablet
form that can be used safely in HIV-infected pregnant women, is open to debate
when it comes to newborns and children. Antiviral drugs recommended in SARS-
CoV-2 infection can be considered in the treatment of newborns and children
after the risk-benefit ratio is carefully evaluated in context of clinical trials (35).

The issue of iatrogenic suppression of immunity due to cytokine storm in
COVID -19 has been negotiated; it is not recommended to give corticosteroids
especially in the light of current limited scientific evidence due to the lower
immune response in children compared to adults (36).

If there is evidence of secondary bacterial infection, the relevant antibiotics
ought to be used and the logical use of antibiotics must be provided
(23).Interferon a2b nebulization applied in MERS-CoV and SARS-CoV can also be
used in the treatment of SARS-CoV-2 (18).

Children who have a considerably increased risk of thrombosis and can be
treated with low molecular weight heparin in early stages ; and anticoagulant
therapy can be administered if necessary. Convalescent plasma therapy can be
used in children whose clinical condition deteriorates rapidly and who have
serious and critical diseases (37).

Neonatal Management Recommendations

Delivery

The delivery is mainly determined by obstetric indications. Careful approach is
necessary while choosing anesthesia when delivery by cesarean is required. In
two published reports including a total of 18 pregnant women with COVID-19
from China, all but two were delivered by caesarean section and none of the
newborns were infected with SARS-COV-2. As there is no evidence of the virus
for vaginal transmission, vaginal delivery can be considered in stable patients
(38).

Newborn Management in the Delivery Room

The designated operating room must have sufficient equipment approved by the
American Academy of Pediatrics (AAP) and Neonatal Resuscitation Program
(NRP), including radiant heater, face mask, endotracheal tube, laryngeal airway,
positive pressure apparatus, oxygen, etc. If the procedure for neonatal
stabilization is to be performed, the procedure must be performed by the
neonatal team with appropriate personal protective equipment (N95 mask, face
shield, gown, glasses, double gloves, etc.). All newborns with COVID-19 must be
admitted to neonatal intensive care unit (NICU) for close monitoring and
necessary interventions (20). Newborns with COVID - 19 must be isolated in one
room and if possible, placed in negative pressure rooms. The follow up of the
patients must be performed by a newborn team wearing appropriate personal
protective equipment (PPE) (25). Newborn babies must be washed as soon as
possible in order to eliminate the virus potentially present on their skin after
birth. Regardless of the gestational age, the newborn must be transported in a
closed incubator and kept there for post-resuscitation care (20). In a study where
9 pregnant women with COVID-19 were assessed no neonatal depression /
asphyxia was reported. However, it is not known whether maternal infection is
the risk factor. The baby born from the mother with respiratory distress of COVID
-19 may be born depressed as a result of general anesthesia or mother's
respiratory failure, and it must be remembered that there may be a need for
resuscitation and preparation must be made accordingly (39).If the mother is
SARS CoV-2 positive, the baby should be tested at the postnatal 24 h or later,
taking separate samples from the nasopharynx, oropharynx, and rectum (20).

Umbilical cord management

The Chinese expert opinion advises immediate cord clamping to babies born
from mothers of COVID -19 with possible or definitive diagnosis due to the risk
of transplacental transmission. However, there are no cases of vertical
transmission from mother to baby validated with viral RNA. Current limited
scientific evidence indicates that the possibility of vertical transmission is quite
low and further evidence is required (20).

Breastfeeding considerations

WHO suggests that the mother with possible or definitive diagnosis of COVID -19
should stay in contact with the skin of the baby after birth, especially during
breastfeeding (20). In a recent study from Italy there was no detected virus in the
breast milk analysis of two diagnosed mothers of COVID-19. This study has also
revealed that transmission from mother to newborn may occur via infected
droplets rather than the milk (18, 40). WHO recommends breastfeeding since the
benefits of breastfeeding outweigh, but at this critical time, it is advised that the
mother should adhere to protective measures; wash her hands before touching
the baby and wear a mask while feeding the baby, and regularly clean the
surfaces the mother touches (41). AAP recommends that the mother and baby
should remain separated until it is observed that the mother has no fever for 72
hours without using antipyretic, the symptoms of respiratory improvement, and
at least two consecutive SARS-CoV-2 nasopharyngeal swab tests that have
become negative at >24 hours apart (39). In a review published recently, urgent
inclusion of nursing mothers and pregnant women in clinical studies of COVID-
19 was called for, as there was no information about the safety of drugs used in
the treatment of COVID -19 (42). In the light of limited scientific evidence, due to
the potential for adverse reactions of experimental drugs in the treatment of
COVID- 19, these drugs should be used carefully during breastfeeding. During
COVID -19 pandemics, due to the lack of scientific evidence, long-term follow-up
might be necessary for babies exposed to drugs via breast milk. Further studies
are required to research the effect of COVID -19 specific treatments on
pregnancy and breastfeeding.

CONCLUSION

Clinical experience of children and newborns with COVID - 19 is gradually
increasing, and the approaches outlined here are based on available evidence.
Although the findings are milder in pediatric patients compared to adult patients
in the COVID-19 pandemic, it should be considered during the treatment
selection that children with accompanying cardiac and pulmonary disease may
progress severe based on clinical experience from other viral infections.
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It should be remembered that all newborns diagnosed with COVID-19 should be
admitted to NICU to be able to monitor them and to perform close interventions
and make necessary interventions as the disease may progress with nonspecific
findings and develop respiratory distress rapidly. Concerns remain due to COVID
-19 mother-to-baby vertical transmission and lack of evidence on potential fetal
outcomes, further studies are required.

Conflict of interest
No conflict of interest was declared by the authors.

REFERENCES

1. Cheng ZJ, Shan J. 2019 Novel coronavirus: where we are and what we know.
Infection. 2020;48:155-63

2. She Jiatong, Liu langi, Liu Wenjun. COVID-19 epidemic: disease characteristics in
children J Med Virol 2020 Mar 31

3. Xiaoxia Lu, Ligiong Zhang, Hui Du, Jingjing Zhang, Yuan Y Li, Jingyu Qu et al.
SARS-CoV-2 Infection in Children. N Engl J Med 2020 Apr 23;382(17):1663-1665

4. Fang Zheng, Chun Liao, Qi-Hong Fan, Hong-Bo Chen, Xue-Gong Zhao, Zhong-
Guo Xie et al. Clinical Characteristics of Children with Coronavirus Disease 2019
in Hubei, China. Curr Med Sci 2020;40:275-80.

5. Alfredo  Tagarro, Cristina  Epalza, Mar  Santos, Francisco José  Sanz-
Santaeufemia, Enrique Otheo, Cinta Moraleda et al. Screening and Severity of
Coronavirus Disease 2019 (COVID-19) in Children in Madrid, Spain. JAMA
Pediatr2020 Apr 8;e201346

6. Li H, Liu SM, Yu XH, Tang SL, Tang CK.Coronavirus disease 2019 (COVID-19):
current status and future perspective. Int J Antimicrob Agents. 2020; 28:105951

7. Xiaowei Li, Manman Geng, Yizhao Peng, Liesu Meng, Shemin Lu.
Molecular immune pathogenesis and diagnosis of COVID-19. J Pharm
Anal. 2020 Mar 5

8. Xinjuan Sun, Tianyuan Wang, Dayong Cai, Zhiwei Hu, Jin’an Chen, Hui Liao et al.
Cytokine storm intervention in the early stages of COVID-19 pneumonia.
Cytokine Growth Factor Rev. 2020 Apr 25

9. Zhe Xu, Lei Shi,Yijin Wang,Jiyuan Zhang, Lei Huang Chao Zhang et al.
Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respir Med 2020r;8:420-2

10. A Morand, A Fabre, P Minodier, A Boutin, N Vanel, E Bosdure.COVID-19 Virus
and Children: What Do We Know? Arch Pediatr, 2020;27, 117-8

11. Brodin P. Why is COVID-19 so mild in children? Acta Paediatr. 2020;109:1082-3.

12. Jonas F Ludvigsson Systematic Review of COVID-19 in Children Shows Milder
Cases and a Better Prognosis Than Adults. Acta Paediatr 2020;109:1088-95

13. Hao Hong, Yuan Wang, Hung-Tao Chung, Chih-Jung Chen Clinical
Characteristics of Novel Coronavirus Disease 2019 (COVID-19) in Newborns,
Infants and Children. Pediatr Neonatol 2020;61:131-2

14. Tezer H, Bedir Demirdag T. Novel coronavirus disease (COVID-19) in children.
Turk J Med Sci. 2020;50:592-603

15. HuangC, Wang, Li X, et al (2020) Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet 395:497-506 .

16. Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-
2019). February 16-24, 2020. http://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf.
Accessed on April 24th, 2020

17.  WuY, Guo C, Tang L, et al. Prolonged presence of SARS-CoV-2 viral RNA in faecal
samples. Lancet Gastroenterol Hepatol 2020 (e-pub ahead of print) .

18. Lu Qi, Shi Yuan. Coronavirus disease (COVID-19) and neonate: What
neonatologist need to know. J Med Virol. 2020 Mar 1

19. Dong L, Tian J,He S,Zhu C,Wang J,Liu C,Yang J. Possible Vertical
Transmission of SARS-CoV-2 From an Infected Mother to Her Newborn.
JAMA. 2020 Mar 26

20. Chandrasekharan P,Vento M, Trevisanuto D, Partridge E, Underwood
MA, Wiedeman J et al. Neonatal Resuscitation and Postresuscitation Care of
Infants Born to Mothers with Suspected or Confirmed SARS-CoV-2 Infection. Am
J Perinatol. 2020 Apr 8.

21. Wang C, Zhou YH, Yang HX, Poon LC. Intrauterine vertical transmission of SARS-
CoV-2: what we know so far. Ultrasound Obstet Gynecol. 2020 Apr 7.

22. van Doremalen N, Bushmaker T, Morris DH, et al (2020) Aerosol and Surface
Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med. doi:
10.1056/nejmc2004973

23. Laishuan Wang, Yuan Shi, Tiantian Xiao, Jianhua Fu , Xing Feng , Dezhi Mu et al;

on behalf of the Working Committee on Perinatal and Neonatal Management for
the Prevention and Control of the 2019 Novel Coronavirus Infection Chinese
expert consensus on the perinatal and neonatal management for the prevention
and control of the 2019 novel coronavirus infection (First edition). Ann Transl|
Med. 2020;8:47

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Liang Su, Xiang Ma, Huafeng Yu Zhaohua Zhang, Pengfei Bian Yuling Han. The
Different Clinical Characteristics of Corona Virus Disease Cases Between Children
and Their Families in China - The Character of Children With COVID-19. Emerg
Microbes Infect 2020;9:707-3.

National Health Commission & State Administration of Traditional Chinese
Medicine on March 3, 2020. Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7): WHO; 2020

Kathleen Chiotos, Molly Hayes, David W Kimberlin, Sarah B Jones, Scott H
James, Swetha G Pinninti Multicenter Initial Guidance on Use of Antivirals for
Children With COVID-19/SARS-CoV-2. J Pediatric Infect Dis Soc 2020 Apr
22;piaa045.

Zeng L,Xia S,Yuan W,Yan K,Xiao F,Shao J et al Neonatal Early-
Onset Infection With SARS-CoV-2 in 33 Neonates Born to Mothers With COVID-
19 in Wuhan, China. JAMA Pediatr. 2020 Mar 26.

Xia W, Shao J, Guo Y, et al. Clinical and CT features in pediatric patients with
COVID-19 in- fection: Different points from adults [published online ahead of
print, 2020 Mar 5]. Pediatr Pul- monol. 2020;10.1002/ppul.2471

Wei Li, Huagian Cui, Kunwei Li, Yijie Fang, Shaolin Li Chest computed
tomography in children with COVID-19 respiratory infection. Pediatr Radiol 2020;
11;1-4.

Karimi A, Rafiei Tabatabaei S, Rajabnejad M, Pourmoghaddas Z, Rahimi H, Armin
S, et al. An Algorithmic Approach to Diagnosis and Treatment of Coronavirus
Disease 2019 (COVID-19) in Chil dren : Iranian Expert’s Consensus Statement.
Arch Pediatr Infect Dis 2020;8:2102400.

Denina M, Scolfaro C, Silvestro E, Pruccoli G, Mignone F,Zoppo M et al.
Lung Ultrasound in Children With COVID-19. Pediatrics. 2020 Apr 21

Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, Castagna A, Feldt T, Green
G!, Green ML, Lescure FX' Flanigan T. Compassionate Use of Remdesivir for
Patients with Severe Covid-19. N Engl J Med. 2020 Apr 10

Q. Cai, M. Yang, D. Liu, J. Chen, D. Shu, J. Xia, X. Liao, Y. Gu, Q. Cai, Y. Yang, C.
Shen, X. Li, L. Peng, D. Huang, J. Zhang, S. Zhang, F. Wang, J. Liu, L. Chen, S. Chen,
Z. Wang, Z. Zhang, R. Cao, W. Zhong, Y. Liu, L. Liu, Experimental Treatment with
Favipiravir for COVID-19: An Open-Label Control Study, Engineering (2020)
Bouazza N, Treluyer JM, Foissac F, Mentré F, Taburet AM, Gued;j J, Anglaret X, de
Lamballerie X, Keita S, Malvy D, Frange P. Favipiravir for children with Ebola.
Lancet. 2015;385:603-4

De Luca D._Managing neonates with respiratory failure due to SARS-CoV-2.
Lancet Child Adolesc Health. 2020;4:e8

Wang J, Shi Y. Managing neonates with respiratory failure due to SARS-CoV-2 -
Authors' reply. Lancet Child Adolesc Health. 2020;4:e9

Kun-Ling Shen, Yong-Hong Yang, Rong-Meng Jiang, Tian-You Wang, Dong-Chi
Zhao, Yi lJiang, Xiao-Xia Lu, Run-Ming lJin, Yue-lie Zheng et al.
Updated diagnosis, treatment and prevention of COVID-19 in children:

experts’ consensus statement (condensed version of the second edition). World
J Pediatr. 2020; 24 : 1-8

Huan Liang. Ganesh Achary. Novel corona virus disease (COVID-19) in pregnancy:
What clinical recommendations to follow. Acta Obstet Gynecol
Scand. 2020;99:439-42

Karen M. Puopolo, M.D. Ph.D., Mark L. Hudak, M.D., David W. Kimberlin, M.D.,
James Cummings, M.D. American Academy of Pediatrics Committee on Fetus and
Newborn, Section on Neonatal Perinatal Medicine, and Committee on Infectious
Disease. Management of Infants Born to Mothers with COVID-19 Date of
Document: April 2, 2020.
https://downloads.aap.org/AAP/PDF/COVID%2019%20Initial%20Newborn%20
Guidance.pdf. Accessed 9th May 2020

Salvatori G,De Rose DU, Concato C, Alario D, Olivini N, Dotta A et al.
Managing COVID-19-Positive Maternal-Infant Dyads: An Italian Experience.
Breastfeed Med. 2020 Apr 21

Davanzo R, Moro G, Sandri F, Agosti M, Moretti C, Mosca F. Breastfeeding
and Coronavirus Disease-2019. Ad interim indications of the
Italian Society of Neonatology endorsed by the Union of European Neonatal &
Perinatal Societies.. Matern Child Nutr. 2020 Apr 3:e13010

LaCourse SM, John-Stewart G, Adams Waldorf KM. Importance of inclusion of
pregnant and breastfeeding women in COVID-19 therapeutic trials. Clin Infect
Dis. 2020 Apr 15.

275


https://pubmed.ncbi.nlm.nih.gov/?term=Hong+H&cauthor_id=32199864
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=32199864
https://pubmed.ncbi.nlm.nih.gov/?term=Chung+HT&cauthor_id=32199864
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+CJ&cauthor_id=32199864
https://pubmed.ncbi.nlm.nih.gov/?term=Li+W&cauthor_id=32162081
https://pubmed.ncbi.nlm.nih.gov/?term=Cui+H&cauthor_id=32162081
https://pubmed.ncbi.nlm.nih.gov/?term=Li+K&cauthor_id=32162081
https://pubmed.ncbi.nlm.nih.gov/?term=Fang+Y&cauthor_id=32162081
https://pubmed.ncbi.nlm.nih.gov/?term=Li+S&cauthor_id=32162081

