Novel Coronavirus disease (COVID-19) in children
Abstract
Coronavirus disease (COVID-19) was firstly reported at the end of 2019. The disease rapidly
spread all around the world in a few months and was declared a worldwide pandemic by WHO
in March 2020. By April 9, there were 1 436 198 confirmed COVID-19 cases in the world,
nearly with 6% mortality rate. This novel infectious disease causes respiratory tract illness that
may generally occur as mild upper respiratory tract disease or pneumonia. In older patients
and/or patients with underlying conditions, it may result in acute respiratory distress syndrome,
multi organ failure and even death.
According to the current literature, children account approximately for 1%-5% of diagnosed
COVID-19 cases. Generally, COVID-19 seems to be a less severe disease for children than
adults. Approximately 90% of pediatric patients are diagnosed as asymptomatic, mild, or
moderate disease. However, up to 6.7% of cases may be severe. Severe illness is generally seen
in patients smaller than 1 year of age and patients who have underlying disesases. The
epidemiological and clinical patterns of COVID-19 and treatment approaches in pediatric
patients still remain unclear although many pediatric reports are published. This review aims to
summarize the current epidemics, clinical presentations, diagnosis, and treatment of COVID19 in pediatric patients.
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1.

Introduction

Many cases of pneumonia with an unknown origin were observed in Wuhan, Hubei province,
China [1,2]. It was reported that most of these patients exposed to the Huanan Seafood
Wholesale Market. The disease spread rapidly, to other parts of China, and then globally, to
many countries across six continents.

On January 3, 2020, the Chinese Center for Disease Control and Prevention (China CDC)
confirmed a novel member of enveloped RNA coronavirus as the cause of this disease.1 The
World Health Organization (WHO) described it as the 2019 novel coronavirus (2019-nCoV)
on January 7 2020. After a short period, WHO has declared the COVID-19 a public health
emergency of international concern on January 30.2 Since then, the disease affected more than
177 countries globally. On February 11, 2020, this illness was named as the 2019 coronavirus
disease (COVID-19) by WHO [3].
The first cases detected in Europe were reported from France on January 24, 2020, many
European countries reported cases following France. In a short time, many people from many
different countries in Europe were affected [4]. The first case from Turkey was reported on
March 13, 2020. By April 9, there were 1 436 198 confirmed COVID-19 cases in the world,
and total deaths were 85 522.3
The first confirmed pediatric case of Severe Acute Respiratory Syndrome (SARS)-CoV-2
infection was reported in Shenzhen on January 20 [5], and by January 31, more than 20 pediatric
cases were reported in China [6]. Thereafter, many pediatric case reports and case series were
reported. But the epidemiological and clinical patterns of the COVID-19 in pediatric patients
still remain largely unclear despite the worldwide spread [2]. This report aims to identify the
epidemiological characteristics, clinical findings, and treatment suggestions in pediatric
patients with the 2019 novel coronavirus disease.
2.

Virology and pathogenesis

Coronaviruses (CoVs) are a group of related zoonotic viruses that cause disease in mammals
and birds. They are enveloped positive-stranded RNA viruses with a crown-like appearance
under an electron microscope, because of the spike glycoproteins on the envelope [7].
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Coronaviridea family constitute the subfamily Orthocoronavirinae. Orthocoronavirinae
subfamily classifies into four genera of CoVs: Alphacoronavirus (alphaCoV), Betacoronavirus
(betaCoV), Deltacoronavirus (deltaCoV), and Gammacoronavirus (gammaCoV). Alphacorona viruses include species of Human coronavirus 229E, Human coronavirus NL63, which
concern human illnesses. Beta-corona viruses genus divides into four lineages (subgroup A, B,
C and D) [8]. Subgroup A includes Betacoronavirus 1 (Human coronavirus OC43) and Human
coronavirus HKU1 as human pathogens. Subgroup B includes Severe acute respiratory
syndrome-related coronavirus (SARS-CoV, SARS-CoV-2). Subgroup C includes the Middle
East respiratory syndrome-related coronavirus as a human pathogen [8].
Common human coronaviruses are; HCoV-OC43, HCoV-HKU1 HCoV-229E, and HCoVNL63. They generally cause common cold and mild upper respiratory infections in
immunocompetent individuals. Lower respiratory infections may occur in older or immunecompromised people [8].
Other important human CoVs are; SARS-CoV, SARS-CoV-2, and Middle East Respiratory
Syndrome (MERS)-CoV. They cause epidemics with variable clinical severity presenting with
respiratory and extra-respiratory manifestations. Concerning SARS-CoV, MERS-CoV, the
mortality rates are up to 10% and 35%, respectively. As SARS-CoV-2 belongs to the betaCoVs
category, it has round or elliptic and often pleomorphic form, and a diameter of approximately
60–140 nm [8].
When it was evaluated genetically, the consistency of whole genome-wide nucleotide
sequences of 2019-nCoV was consistent with SARS-like coronavirus in bats (bat-SLCoVZC45) and the accordance ranged from 86.9 [9] to 89% [5] and 82% with that of human
SARS-CoV [10].
According to this finding, the new virus was called SARS-CoV-2. The single-stranded RNA
genome of the virus contains 29891 nucleotides, encoding for 9860 amino acids. These genomic

analyses suggest that SARS-CoV-2 probably evolved from a strain found in bats, but its origins
are not entirely understood [8].
SARS-CoV-2 is known to be sensitive to ultraviolet rays and heat. Like other coronaviruses,
these viruses can be inactivated by lipid solvents, including either (75%), ethanol, chlorinecontaining disinfectant, peroxyacetic acid and chloroform except for chlorhexidine [6,8].
The structure of the receptor-binding gene region is very similar to that of the SARS
coronavirus, and the virus has been shown to use the same receptor, the angiotensin-converting
enzyme 2 (ACE2), for cell entry [9,11]. When the virus enters the cell, the viral genome begins
to replicate and translates structural proteins. After the process inside the cytoplasm, the
vesicles containing the virus particles fuse with the plasma membrane to release the virus. After
the entry of virus to the cell, antigen presentation cells (APC) -the main part of antiviral
immunity- begin to present the antigens.

Afterward, antigen presentation subsequently

stimulates virus-specific B and T cells and they mediate the body's humoral immunity.
Immunoglobulin M and G production begins. Specific IgM antibodies disappear approximately
at the end of 12th week. IgG antibody lasts for a longer time and the SARS-specific IgG
antibodies primarily are S-specific and N- specific antibodies [12]. There are more researches
on the cellular immunity of coronavirus compared to humoral immunity [8]. The current data
seems to indicate that the viral infection is capable of producing an excessive immune reaction
in the host. In some cases, a 'cytokine storm' occurs of which the effect is extensive tissue
damage. Interleukin 6 (IL-6) triggers this storm, which is produced by activated leukocytes and
acts on a large number of cells and tissues. This cytokine storm may result in an acute systemic
inflammatory syndrome characterized by fever and multiple organ dysfunction [8].
A report in Lancet showed that acute respiratory distress syndrome (ARDS) is the main cause
of death in COVID-19 patients. ARDS is known as the common immunopathological result for
SARS-CoV-2, SARS-CoV and MERS-CoV infections. The cytokine storm results with a
violent attack by the immune system to the body, which cause ARDS and multiple organ failure,
and finally lead to death in severe cases of SARS-CoV-2 infection, just like in SARS-CoV and

MERS-CoV infection [13]. The cytokine storm and the deadly uncontrolled systemic
inflammatory response resulting from the release of large amounts of pro-inflammatory
cytokines (IFN-a, IFN-g, IL-1b, IL-6, IL-12, IL-18, IL-33, TNF-a, TGFb, etc.) and chemokines
(CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) by immune effector cells ends with
ARDS in SARS-CoV infection [14]. Similar to those with SARS-CoV, individuals with severe MERSCoV infection show elevated levels of IL-6, IFN-a, and CCL5, CXCL8, CXCL-10 in serum compared
to those with the mild-moderate disease [11].
It is noted that, COVID-19 children are less susceptible to COVID-19 and that seem to be affected less
commonly than adults [3,15]. Suggested reasons include having a more active innate immune response,
healthier respiratory tracts (because of not exposing to cigarette smoke and air pollution as adults), and
fewer underlying disorders. In addition, they are generally overprotected by parents, and if there is not
any positive case in family, the possibility of being infected decreases [15]. A dangerous and
uncontrolled immune response in adults may also explained with a robust immune response which may
lead to ARDS [15]. It was found that ACE2 expression in rat lung has been found to dramatically
decrease with age [15]. This finding may not be consistent with a relatively low susceptibility of children
to COVID-19. On the other hand, studies show that ACE2 is involved in protective mechanisms of the
lung. It may protect against severe lung injury induced by respiratory virus infection in an experimental
mouse model and in pediatric patients [16,17]. The difference between adults and children in case of
severity may be related to differences in receptors in the Renin-angiotensin system (RAS) and altered
inflammatory responses to pathogens [18].
3. Transmission
The first cases of the COVID-19, had the history of direct exposure to the Huanan Seafood Wholesale
Market of Wuhan. So the animal-to-human transmission was presumed as the main mechanism at the
beginning. In a short period, subsequent cases without any history of visiting the market, were reported.
Hence, it was stated that the virus could also be transmitted from human-to-human. The most frequent
source of COVID-19 spread are symptomatic patients. [8] It is certain that the main sources of the
infection are patients infected by 2019-nCoV with or without clinical symptoms [5,6] but in addition,
patients in the incubation period may also have potency to transmit the virus. It is suggested that
individuals who remain asymptomatic during disease could transmit the virus too [8].

According to the current data, the novel virus is primarily transmitted through respiratory droplets and
contact routes.4 Respiratory droplets transmit the virus when patients cough, talk loudly or sneeze and
transmission is possible via close contact (e.g., contact with the mouth, nose or eye conjunctiva by a
contaminated hand) [6].
According to the data reported by the China Center for Disease Control (CDC) and local CDCs, the
incubation time is generally 3 to 7 days and up to 2 weeks as the longest time from infection to symptoms
was 12.5 days (95% CI, 9.2 - 18) [2]. On average, each patient transmits the infection to an additional
2.2 individuals. Remarkably, estimations of the R0 of the SARS-CoV epidemic in 2002-2003 were
approximately 3 [19].
No airborne transmission was reported in an analysis of 75,465 COVID-19 cases in China [20]. Airborne
transmission may be possible in only specific situations and settings in which procedures or support
treatments that generate aerosols are performed, this transmission route especially concerns health care
personnel.4
There is some evidence that COVID-19 infection may result with intestinal infection and virus can be
present in faeces. However, there have been no reports of faecal−oral transmission of the COVID-19
virus to date.4 In a study of Xing et al, clearance of SARS-CoV-2 in respiratory tract occurred within
two weeks after the decrease in fever, whereas viral RNA remained detectable in stools of pediatric
patients for longer than 4 weeks [21].
Mother to infant transmission of SARS-CoV-2 is controversial (through breast-milk or vertical
transmission). In pregnancy, viremia rates seem to be low, shown as 1% in Wang's report [22]. This
finding suggests that placental seeding and vertical transmission is unlikely. In Schwartz's review, 38
pregnant women with COVID-19 were reported, and, no cases of intrauterine transmission were
documented [23]. On the other hand, many possible cases have been reported, presenting newborns
delivered from COVID-19 pregnants, with increased Ig m levels but negative polymerase chain reaction
tests results after cesarean delivery or reports presenting neonatal pneumonia due to COVID-19, with
nasopharyngeal and anal cultures and polymerase chain reaction tests were positive for SARS-CoV-2.
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But positive IgM results alone are not definitive evidence of in utero infection. So early infant infection
may have been due to postnatal contact with infected parents or caregivers [24]. Thus, there is a suspect,
but no certain evidence of vertical transmission for COVID-19 yet and further reports and studies are
warranted.
Transmission with breast milk, is another matter of debate. It is not clear if the virus transmits through
breast milk or via feeding the baby. According to Wang's report, it is suggested that infants should not
be fed with breast milk from mothers with neither confirmed nor suspected of 2019-nCoV. If breast
milk of these mothers tested negative for 2019-nCoV, then infants may be fed with breast milk. Using
donor milk can be considered after being screened for 2019-nCoV, in case of excretion of the virus into
the milk during the incubation period [25]. On contrary, another study presented that no virus was found
in the maternal milk of six COVID-19 patients [26]. Another recent study by Davanzo et al, according
to the latest data, it was advised that if a mother diagnosed or suspected as COVID‐19 or under
investigation for COVID‐19 whether asymptomatic or paucisymptomatic at delivery, breastfeeding is
advisable, under strict measures of infection control [27].
In concordance with this study when a mother with COVID‐19 is too sick to care for the newborn, the
neonate will be managed separately and fed fresh expressed breast milk, with no need to pasteurize it,
as human milk is not believed to be a vehicle of COVID‐19 [27]. WHO suggests that women with
COVID-19 can breastfeed if they wish to do so. However, it is mentioned that there is still a risk for
droplet transmission via close contact during feeding (breastfeeding or bottle feeding). So, it is important
to carry out precautions to prevent transmission. Mothers should practice respiratory hygiene during
feeding, wearing a mask where available, wash hands before and after touching the baby, and routinely
clean and disinfect what they have touched.5.
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4. Epidemiology
Pediatric cases reported during the previous outbreaks of SARS in Hong Kong and MERS in South
Korean, were very few [28]. In addition, mortality rate of SARS and MERS in the adults was very high,
but there were no fatalities in the pediatric cases [28]. These findings indicated that children appeared
to have a milder form of the disease caused by the coronaviruses [2]. Current data about COVID-19, in
pediatrics is similar to SARS and MERS in case of disease severity and mortality and shows that children
of all ages can get COVID-19, but they seem to be affected less commonly than adults [3].6
The first confirmed pediatric case of SARS-CoV-2 infection was reported in Shenzhen on January 20
[5], and by February 10, a total of 398 confirmed pediatric cases were reported from China, excluding
the Hubei province [2]. It is well known that pediatric cases are generally identified at that time in a
familial cluster or and generally are infected by one sick parent or family member. According to a study,
71.2% (183/257) of infected children were reported having a household contact [29]. In another study
by Lu, 90.1% of patients were reported to be with family clusters [30]. But at the explosion stage of the
outbreak, children may become a significant spreader [31].
The surveillance definitions and criteria are changing during the pandemic, but still data from many
different countries, are similar with these studies and the proportion of pediatric cases is within this
range.
Less than 1% of the cases were in children younger than 10 years of age in the review of 72,314 cases
reported by the Chinese Center for Disease Control and Prevention [32]. According to a study that
analyzed 44,672 COVID-19 cases from China by mid February 2020, 0.9% of patients were less than
10 years of age and 1.2% were between 10 and 20 years of age [33]. According to Statista Research
Department, Italy, 1.6% of total patients were between 0-18 age.7 In a systematic literature review
(between January 1and March 18, 2020), children were 1 to 5 percent of diagnosed COVID-19 cases
[34]. To date, there are about 149,760 laboratory-confirmed cases reported from United States, and only
1.7 percent are in children. 6
In a report of 171 pediatric cases, reported by Lu et al, median age of patients was 6,7 year (1 day- 15
years) and 60.8% were male.
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In this case series, 18.1% of patients were <1 year of age, 23.4% were 1–5 years, 33.9% were 6-10
years, 24.6% were 11-15 years [30]. In Dong's study, there were 728 confirmed cases and 1407
suspected cases. 17.6% of pediatric cases were <1 year of age, %23 were 1-5 years, 24.5% were 6-10
years, %19.3 were 11-15 years, %15.6 were >15 years. The median age of all patients was 7 years and
56.6% of patients were male [3]. According to US data, among all 2,572 COVID-19 cases in children,
the median age was 11 years (0–17 years). Approximately one-third of reported pediatric cases 32%
were between 15–17 years of age, 27% were between 10-14 years of age. Fifteen percent of cases were
aged <1 year, 11% of cases were aged 1–4 years, and 15% of cases were aged 5–9 years. Males
comprised 57% of cases in the population in which sex information was obtained; among 184 cases in
children whose information of exposure were available, 9 % had a history of travel, and 91% had a
history of contact with a COVID-19 patient in the household or community. 6
By 30.03.2020, there were 11535 total cases, of which 117 (1%) were pediatric in Turkey. The mean
age was 8 years (1day-17 years). The 13.6% of cases were <1 year. There were 3 neonatal cases. Nearly
53% of cases were male. Patients with a history of contact were 48.7%. Only 1.7% of cases had a history
of travel abroad. Turkish citizens comprised 93.1% of cases, but 6.9% were immigrants.8
5. Clinical findings
According to the available data, COVID-19 in children appears to be usually mild. A minority of
children with COVID-19 require hospitalization. By March 6, among 2572 laboratory-confirmed cases
of COVID-19 in children reported from the US, the estimated rate of hospitalization differed between 6
to 20%, and 0.58%–2.0% of them were admitted to an ICU. 6 In this report, children aged <1 year had
the highest percentage (15%–62%) of hospitalization among pediatric patients with COVID-19. Among
95 children aged <1 year with known hospitalization status, 59 (62%) were hospitalized, including five
who were admitted to an ICU. The percentage of patients hospitalized among those aged 1–17 years
was lower (estimated range = 4.1%–14%), with little variation among age groups. 6
Fever and cough are the most common reported symptoms in children [30]. Fever (subjective or
documented), cough, and shortness of breath were more common among adult patients aged 18–64 years
(93% reported at least one of these).
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In contrast, these signs and symptoms were less frequently reported among pediatric patients (73%). In
the case series from the United States, complete information about symptoms was available for 291
children; 56 percent had a fever, 54 percent had a cough, and 13 percent has shortness of breath; At least
one symptom was observed in 73% of children.6 On the other hand, these ratios were 71%, 80%, and
43%, respectively, in adults. Sore throat, myalgia, headache, and diarrhea were also reported rarely by
pediatric patients. 6
In another series of 1391 children evaluated for COVID-19 at Wuhan Children's Hospital, 171 (12%)
had confirmed SARS-CoV-2 infection (by identification of RNA). In this report, 15.8% percent of
children with confirmed infection were asymptomatic, 19.3% had upper respiratory infection, and
64.9% had pneumonia. Fever was the most common symptom, occurring at some point in illness in
approximately 41.5%. Other common symptoms included cough (48.5 percent) and pharyngeal
erythema (46.2%). Less common symptoms included fatigue, rhinorrhea/nasal congestion, diarrhea, and
vomiting. (changing between 5-9%). A total of 12 asymptomatic patients had radiologic features of
pneumonia. A total of 21 patients were in stable condition in the general wards, and 149 were discharged
from the hospital [30].
According to Dong et al.'s report, regarding the severity, 94 (4.4%), 1088 (51.0%), and 826 (38.7%)
cases were diagnosed as asymptomatic, mild, or moderate, respectively; and accounted for 94.1% of all
cases. Severe and critical cases were 6.7% and 0.7% of patients [3]. The clinical features, laboratory
testing, and chest radiograph imaging state the severity of COVID-19 [35]. Similar clinical
manifestations have been reported in smaller case series from China [36-38].
According to the surveillance data from Turkey, 50.4% of pediatric cases had a mild disease, and 0.8%
had severe disease. Intensive care hospitalization rate was 4.27% and 80% of them were under one year
of age.8
Another critical age group in pediatrics is the neonatal period. Neonates are generally associated with
milder disease [26,39]. In a report about COVID-19 in the neonatal period, it was found that the clinical
symptoms of 33 neonates with or at risk of COVID-19 were obscure, and favorable outcomes were seen.
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Of 33 neonates born to COVID 19 mothers, 30 had negative test results, but there were 3 neonates with
symptomatic COVID-19. The most seriously ill neonate was possibly symptomatic because of
prematurity, asphyxia, and sepsis, rather than SARS-CoV-2 infection [40]. In a case series of neonates,
born to COVID-19 mothers, the 2019-nCoV nucleic amplification test results were negative for all
neonates; thus there was no evidence of vertical transmission of 2019- nCoV via the placenta and they
were all fine, so no antiviral treatment was administered to the neonates [41].
Although most children appear to have mild or moderate disease and recover within one to two weeks
of disease onset, severe cases may also be seen, especially who are with underlying conditions. Children
with certain serious underlying conditions and who are <1 year of age are at higher risk for severe
disease [3].6 Among 345 children from the United States with laboratory-confirmed COVID-19 and
complete information about underlying conditions, 23% had an underlying condition. Common
underlying conditions were chronic pulmonary disease (including asthma), cardiovascular disease, and
immunosuppression (e.g., related to cancer, chemotherapy, radiation therapy, hematopoietic cell or solid
organ transplant, high doses of glucocorticoids). Blood disorders, chronic kidney disease undergoing
dialysis, chronic liver disease, pregnancy, endocrine disorders (e.g., diabetes mellitus), neurologic and
neurodevelopmental conditions (e.g., cerebral palsy, epilepsy, intellectual disability, spinal cord injury
are significant reasons for severe disease.
Among the 295 pediatric cases for which information on both hospitalization status and underlying
medical conditions was available, 28 of 37 (77%) hospitalized patients, (including patients admitted to
an ICU), had one or more underlying medical condition; among 258 patients who were not hospitalized,
30 (12%) patients had underlying conditions. Three deaths were reported among the pediatric cases
included in this analysis; however, the reason for death as COVID-19 is not confirmed yet. 6 In Lu's
report, during hospitalization, 3 patients required intensive care support and invasive mechanical
ventilation; all had coexisting conditions (hydronephrosis, leukemia [for which the patient was receiving
maintenance chemotherapy], and intussusception) [30]. Epidemiologic and clinical features of pediatric
case series are summarized in Table.
6. Diagnosis
6.1. Diagnostic Criteria
6
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A diagnostic approach for COVID begins with the compatibility of exposure history, symptoms, and
findings to the case definition criteria. Case definitions are based on the currently available data.
Diagnostic criteria are regularly revised as new information accumulates. Definitions should be revised
according to their local epidemiological data and individual factors. All countries are encouraged to
publish definitions used online and in regular situation reports and to document periodic updates to
definitions, which may affect the interpretation of surveillance data.9
Pediatric patients should be evaluated according to complaints, clinical findings, and a history of
exposure [35]. Firstly it should be stated if a child was in contact with a COVID-19 patient in the last
two weeks period or has been to an endemic area for COVID-19. This information contributes to
determine the level of risk, as low, medium, or high. Afterward, suspected cases are explored for the
following: A- the presence of fever, any respiratory symptom, gastrointestinal symptoms like diarrhea.
B- Complete blood count should be tested to find out leukopenia, lymphopenia, and C-reactive protein
is also tested in case of an increase. C- Chest screening should be done to find out any infiltration if
present. Further examination is carried out for suspected patients. If a case is positive for nCoV-2019 in
nasal/pharyngeal swap or blood samples by polymerase chain reaction (PCR) assay OR if samples from
the respiratory tract or blood samples are similar to nCoV-2019 is similar genetically, then the case is
defined as confirmed [3].
Another critical issue in diagnosis is the method of optimal sampling choice for diagnosing COVID-19
[35]. In a study of 205 patients with COVID-19 who were sampled at various sites, the highest rates of
positive viral RNA tests were reported from bronchoalveolar lavage (95 percent, 14 of 15 specimens)
and sputum (72 percent, 72 of 104 samples). Still, oropharyngeal swap test results were as low as 32%
[22].10
6.2. Laboratory examinations
White blood cell count is normal in general. But leucopenia may be seen, with decreased lymphocyte
count. C-reactive protein (CRP) may be normal or increased. Interleukin-6 (IL-6) is also generally high
in patients, especially in severe cases.
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Procalcitonin (PCT) is normal in most cases, and PCT> 0.5 ng/mL might be a sign of secondary bacterial
infection. Elevation of liver enzymes, muscle enzymes, and myoglobin, and increased level of D-dimer
might be seen in severe cases [6].
6.3. Imaging features
In the early stage of pneumonia cases, chest images show multiple small patchy shadows and interstitial
changes, remarkable in the lung periphery. Severe cases can further develop to bilateral multiple groundglass opacity, infiltrating shadows, and pulmonary consolidation, with infrequent pleural effusion [30].
A Chest CT scan shows pathologic findings more clearly, including ground-glass opacity and segmental
consolidation in bilateral lungs, especially in the lung periphery. In children with severe infection,
multiple lobar lesions may be present in both lungs. In Lu's report of pediatric cases, the most common
radiologic finding was bilateral ground-glass opacity (32.7%). Other findings were local patchy
shadowing 18.7%, bilateral patchy shadowing 12.3%, and interstitial abnormalities 1.2% [30]. Pleural
effusion was not seen.
In a pediatric case series, among 15 confirmed pediatric COVID-19 cases, 6 patients had no lesions,
while 9 patients had pulmonary inflammation lesions on their first chest CT images. Small nodular
ground-glass opacities were found in 7 cases, and speckled ground-glass opacities were found in 2.
Among the patients whose second PCR test was negative, chest CT images showed fewer lesions in 2
cases, no lesion in 3 cases, and no improvement in 1 case. The other 9 cases were still positive in the
second nucleic acid test. Six of them showed similar chest CT inflammation, while 3 patients had new
lesions, which were all small nodular ground-glass opacities [42].
7. Treatment
There are many published and ongoing studies about the treatment of COVID-19, but these studies are
generally on adult patients. In the pediatric era, treatment strategies are commonly modified from adult
reports, and future studies are warranted.

Home care facilities seem to be feasible for patients with asymptomatic infection, mild infection (e.g.,
fever, cough, and/or myalgias without dyspnea, hypoxia, and tachypnea), and having no underlying
condition. These patients should adequately be isolated in the outpatient setting.11,12
Treatment modalities may be summarized in the following subtitles.
7.1. Symptomatic and Supportive Care
Symptomatic and supportive care is similar to other upper respiratory or gastrointestinal clinical
syndromes like common cold or acute gastroenteritis. The general strategies include resting and
supportive treatments, sufficient calorie, and water intake, maintaining water-electrolyte balance, and
homeostasis [6]. Patients and household members should be educated about personal hygiene, infection
control measures to prevent the infection from spreading to household contacts. Outpatients with
COVID-19 should stay at home and try to separate themselves from other people and animals in the
household. There is an extensive guideline prepared by WHO for home-care patients.12 The optimal
duration of home isolation is detailed in another section.
7.2. Antibiotics
Antimicrobial stewardship is crucial. There is no need for antibiotic treatment routinely. Irrational use
of antibiotics -especially broad-spectrum- should be avoided. Patients should be monitored carefully in
case of bacterial coinfection. If there is clinical or laboratory evidence of secondary bacterial infection,
appropriate antibiotics should be used appropriately [6].
7.3. Management for Oxygen therapy and Mechanical Ventilatory Support
Patients with respiratory distress and severe acute respiratory illness (SARI), including hypoxemia or
shock, should be given supplemental oxygen therapy immediately, providing the level of> 94%.
Children with severe respiratory distress, central cyanosis, shock, coma, or convulsions should receive
airway management and oxygen therapy. Nasal cannula is preferred in young children.13 High-flow
oxygen and noninvasive positive pressure ventilation have been used. But these procedures might cause
aerosolization, and specific isolation precautions may be needed [43].
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When respiratory distress keeps rising despite standard oxygen therapy, advanced oxygen/ventilatory
support should be provided.
If improvement is not possible, mechanical ventilation with endotracheal intubation and a protective
lung ventilation strategy should be adopted [6].
7.4. Antiviral Therapy
There is not an approved COVID-19 specific therapy for pediatric patients. Different agents were tried
in some cases, but there is not sufficient data to make general recommendations for routine use.
According to a recent report by Sanders, no proven effective therapies for this virus currently exist, and
the most promising treatment was remdesivir [44]. Some of these agents will be discussed as follows.
7.4.1.

Hydroxychloroquine/chloroquine: There is not enough evidence showing whether

hydroxychloroquine or chloroquine has a role in the treatment of COVID-19. There are in vitro studies
that show both chloroquine and hydroxychloroquine inhibit SARS-CoV-2 in vitro, although
hydroxychloroquine appears to be more potent [45]. Treatment guidelines from China's National Health
Commission supported the use of chloroquine. It was shown that the progression of disease was reduced,
and the duration of symptoms decreased [46]. However, primary data supporting these claims have not
been published yet. A randomized trial of patients with mild COVID-19 pneumonia without hypoxia
reported that adding hydroxychloroquine to the standard of care resulted in clinical and laboratory
improvement, but there are concerns about the methodology of this study.14
The Infectious Disease Society of America (IDSA) guideline panel for COVID-19 treatment,
recommends hydroxychloroquine/chloroquine in the context of a clinical trial. But there is a knowledge
gap.15
There is not a specific dosage recommendation for hydroxychloroquine in pediatric patients. Some
experts from Iran suggested to use, 3- 5 mg/kg/day (max dose 400 mg) hydroxychloroquine sulfate iv,
in pediatric patients, twice daily for five days with careful monitoring for cardiac arrhythmias including
QT interval prolongation or torsades de pointes [47].
14

. Chen Z, Hu J, Zhang Z, et al. Efficacy of hydroxychloroquine in patients with COVID-19: Results of a randomized trial.
https://www.medrxiv.org/content. doi:10.1101/2020.03.22.20040758v2.
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This drug may be used in pregnancy and lactation if the benefit outweighs risks [44].
Concurrent use of azithromycin with hydroxychloroquine for treating COVID-19 is not routinely
recommended. One study suggested the use of azithromycin in combination with hydroxychloroquine
was associated with more rapid resolution of virus detection than hydroxychloroquine alone [48]. Still,
another small observational study in patients with more severe illness did not suggest rapid viral RNA
clearance with the combination [49]. Both azithromycin and hydroxychloroquine are associated with
QTc prolongation, and combined use may potentiate this adverse effect. The IDSA guideline panel
recommends the use of the hydroxychloroquine and azithromycin combination only be used in the
context of a clinical trial.15
7.4.2.

Interferon-α2b: According to Chen's review in pediatric patients, interferon-α2b nebulization

(100,000–200,000 IU/kg for mild cases, and 200,000–400,000 IU/kg for severe cases, two times/day for
5–7 days.) can be applied [6].
7.4.3.

Lopinavir-ritonavir: Lopinavir ritonavir combination appears to have little to no role in the

treatment of SARS-CoV-2 infection. This drug is a protease inhibitor and primarily used for HIV
infection. According to a study, it has in vitro activity against the SARS-CoV [50] and appears to have
some activity against MERS-CoV in animal studies [51]. Nevertheless, there was no significant
improvement in clinical outcomes or mortality in a randomized trial of 199 patients between the
lopinavir-ritonavir group and those who received standard of care alone [52].
Among patients who have been admitted to the hospital with COVID-19, the IDSA guideline panel
recommends the combination of lopinavir/ritonavir only in the context of a clinical trial. There is also a
knowledge gap in this condition.15
7.4.4. Remdesivir: Remdecivir is a novel nucleotide analog that has activity against SARS-CoV-2 in
vitro and related coronaviruses (including SARS and MERS-CoV) both in vitro and in animal studies
[53]. It is also potent in vitro activity against SARS-CoV-2, but it is not approved yet and currently, is
being tested in ongoing randomized trials [44].
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A recent case series of 53 patients with severe COVID-19 pneumonia who received remdesivir under a
compassionate-use protocol reported clinical improvement in 68% after a median follow-up of 18 days,
with 13% mortality and a generally acceptable toxicity profile [54]. However, there was no comparison
group of similar patients who received standard care at the participating institutions.
Efficacy in pediatric patients and optimal dosing are not established yet. A dosing regimen of 5
mg/kg/dose iv once daily (Max: 200 mg) on day 1, followed by 2.5 mg/kg/dose iv once daily (Max: 100
mg) was used in 41 pediatric patients (including 2 neonates) who received remdesivir in a phase 3 Ebola
study.16 The optimal duration of therapy for COVID-19 is unknown.
7.4.5.

Favipiravir: Favipiravir was approved for the treatment of novel influenza in China. Clinical

trials of favipiravir for treatment of COVID-19 are going on, but there is not any evidence for pediatric
patients yet. It is an RNA polymerase inhibitor. It is thought to have potential antiviral action on SARSCoV-2. In February, a clinical trial on favipiravir for the treatment of COVID-19 was initiated, and
results were promising. The preliminary results from a total of 80 patients indicated that favipiravir had
more potent antiviral action than lopinavir/ritonavir.17 There is no specific dosing recommendation for
Favipiravir in pediatric COVID-19 patients, but doses that were used in the treatment of the Ebola virus
or influenza virus may be appropriate.
7.5. Glucocorticoids
WHO and CDC claim that systemic glucocorticoids should not be used in patients with COVID-19,
unless there are other indications (e.g., exacerbation of chronic obstructive pulmonary disease). A
pediatric review reports that they can be used in severe cases when indicated, but its efficacy needs
further evaluation [6]. Many studies on SARS and MERS-CoV showed a lack of effectiveness and
possible harm [55]. The IDSA guideline panel also suggests against the use of corticosteroids.
(Conditional recommendation, very low certainty of the evidence). The same guideline recommends the
use of corticosteroids for patients only with ARDS due to COVID-19 in the context of a clinical trial.15
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7.6. Tocilizumab
Tocilizumab is an IL-6 receptor inhibitor used for rheumatic diseases and cytokine release syndrome. It
was reported that severe COVID-19 patients had elevated IL-6 levels, and there are case reports which
describe good outcomes with tocilizumab [56]. Tocilizumab may be recommended for severe COVID19 patients and patients with high IL6 levels.18 The IDSA guideline panel recommends tocilizumab only
in the context of a clinical trial. Xu et al. reported that treatment with tocilizumab reduced mortality.19
However, this conclusion remains highly uncertain, given the lack of a contemporaneous control or
adjustments for confounding factors.
7.7. Organ function support
WHO recommends recognizing septic shock in children with any hypotension or two or more of the
following: altered mental state; tachycardia or bradycardia; prolonged capillary refill (> 2 sec) or feeble
pulses; tachypnea; mottled or cold skin or petechial or purpuric rash; increased lactate; oliguria;
hyperthermia or hypothermia.13 Antimicrobial therapy should be started, and fluid bolus should be
initiated. In case of circulation dysfunction, vasoactive drugs may be used to improve microcirculation
[6]. In children, epinephrine is considered first-line, while norepinephrine can be added if shock persists
despite the optimal dose of epinephrine. Continuous blood purification should be considered in cases of
multiple organ failure (especially acute kidney injury), or capacity overload and life-threatening
imbalance of water, electrolyte, and acid-base. If combined with liver failure, plasma exchange is
feasible.13 Extracorporeal membrane oxygenation (ECMO) has been proven to be an effective therapy
in the treatment of respiratory failure ARDS, so it may also be effective in the treatment of severe
COVID-19. Since there is a lack of clinical trial of ECMO on COVID-19, we could not conclude
whether SARS-CoV-2-infected patients have benefited from ECMO at this time [57].
7.8. Intravenous immunoglobulin and Immun Convalescent Plasma [58]
In this current pandemic, there are reports that convalescent plasma has been used in China to treat
patients with COVID-19 [59].
13

. Clinical management of severe acute respiratory infection (SARI) when COVID-19 disease is suspected. Interim guidance 13 March 2020.
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)infection-is-suspected. Access date: 10.04.2020
18
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In a pilot study of 10 patients with severe COVID-19, the investigators collected convalescent plasma
with neutralizing antibody titers at or exceeding a 1:640 dilution.20 Transfusion of convalescent plasma
resulted in no serious adverse effect in the recipients. Improvement was shown in symptoms within 1-3
days of transfusion; they also demonstrated radiological improvement in pulmonary lesions. Although
there are methodologic limitations, findings suggest that the administration of convalescent plasma is
safe, reduces viral load, and may improve clinical outcomes. Similarly, high-dose intravenous
immunoglobulin (IVIg) has been suggested as a potential therapy for COVID-19 [60]; however,
supporting data are few and marred by potential confounders.
8. Conclusion
As the whole world is going through hard times because of the pandemic, health care workers are
carrying out a considerable effort to find new treatment modalities. There is a very dynamic process on
epidemiology and clinical trials about the current pandemic globally. Many reports are coming out every
day. All these efforts are for saving more lives. According to the data presented in this review, this
pandemic seems to have less risk for children than adults. The main point for COVID-19 infection is
'not to be infected.' Infection control precautions should be carried out carefully. Herein, also, treatment
recommendations are summarized. In severe cases, antiviral drugs may also be used, but it should be
kept in mind that none of these are proved for pediatric patients yet and not approved. We wish ease and
success to all healthcare workers, governments, and humanity in fighting this pandemic.
Acknowledgment:
HT is a member of the Advisory Committee of the Ministry of Health of Turkey.

20

. Duan K, Liu B, Li C, Zhang H, Yu T et al. The feasibility of convalescent plasma therapy in severe COVID-19 patients: a pilot study.
medRxiv 2020. doi:10.1101/2020.03.16.20036145.

References

1. Li Q, Guan X, Wu P, Wang X, Zhou L et al. Early Transmission Dynamics in Wuhan, China, of
Novel Coronavirus-Infected Pneumonia. New England Journal of Medicine 2020; 382(13):
1199-1207. doi: 10.1056/NEJMoa2001316.
2. Huang C, Wang Y, Li X, Ren L, Zhao J et al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet 2020; 395(10223): 497-506. doi: 10.1016/S01406736(20)30183-5.
3. Dong Y, Mo X, Hu Y, Qi X, Jiang F, et al. Epidemiology of COVID-19 Among Children In
China. Pediatrics 2020; doi: 10.1542/peds.2020-0702.
4. Bernard Stoecklin S, Rolland P, Silue Y, Mailles A, Campese C et al. Investigation Team. First
cases of coronavirus disease 2019 (COVID-19) in France: surveillance, investigations, and
control measures, January 2020. Eurosurveillance 2020;25(6):2000094.
5. Chan JF, Yuan S, Kok KH, To KK, Chu H et al. A familial cluster of pneumonia associated with
the 2019 novel coronavirus indicating person-to-person transmission: a study of a family cluster.
Lancet 2020;395:514-23. doi: 10.1093/infdis/jiaa077.
6. Chen Z, Fu J, Shu Q Chen Y, Hua C et al. Diagnosis and treatment recommendations for pediatric
respiratory infection caused by the 2019 novel coronavirus. World Journal of Pediatrics (2020).
doi: 10.1007/s12519-020-00345-5.
7. Zhu N, Zhang D, Wang W, Li X, Yang B et al. Coronavirus Investigating, and Research Team.
A novel coronavirus from patients with pneumonia in China, 2019. New England Journal of
Medicine. 2020. doi: 10.1056/NEJMoa2001017.
8. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Napoli RD. Features, Evaluation, and Treatment
Coronavirus (COVID-19). Treasure Island (FL): StatPearls Publishing; 2020 Jan-. Last
Update: March 20, 2020.

9. Zhou P, Yang X, Wang X, Hu B, Zhang L. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature 2020; 579: 270–273 (2020). doi: 10.1038/s41586020-2012-7.
10. Chan JF, Kok KH, Zhu Z, Chu H, To KK et al. Genomic characterization of the 2019 novel
human-pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting
Wuhan. Emerging

Microbes

and

Infections 2020;

9(1):221-236.

doi:

10.1080/22221751.2020.1719902.
11. W. Li, M.J. Moore, N. Vasilieva, Sui J, Wong BK et al, Angiotensin-converting enzyme 2 is a
functional

receptor

for

the

SARS

coronavirus.

Nature

2003;426:

450-454,

doi:10.1038/nature02145.
12. Li X, Geng M, Peng Y, Meng L, Lu S. Molecular immune pathogenesis and diagnosis of COVID19. Journal of Pharmaceutical Analysis 2020. doi: 10.1016/j.jpha.2020.03.001.
13. Xu Z, Shi L, Wang Y, Zhang J, Huang L et al. Pathological findings of COVID-19 associated
with acute respiratory distress syndrome, Lancet Resp. Med 2020; doi:10.1016/S22132600(20)30076-X
14. Williams AE, Chambers RC, The mercurial nature of neutrophils: still an enigma in ARDS?
American Journal of Physiology- Lung Cellular and Molecular Physiology 2014; 306(3):21730. doi: 10.1152/ajplung.00311.2013.
15. Lee PI, Hu YL, Chen PY, Huang YC, Hsueh PR. Are children less susceptible to COVID-19?
Journal of Microbiology Immunology and Infection 2020. doi: 10.1016/j.jmii.2020.02.011.
16. Han S, Mallampalli RK. The acute respiratory distress syndrome: from mechanism to
translation. Journal of Microbiology Immunology and Infection. 2015;194(3):855–860.
doi:10.4049/jimmunol.1402513.
17. Xie X, Chen J, Wang X, Zhang F, Liu Y. Age- and gender-related difference of ACE2
expression in rat lung. Life Sciences, 2006;78:2166-2171. doi: 10.1016/j.lfs.2006.09.028
18. Molloy EJ and Bearer CF. COVID-19 in Children and Altered Inflammatory Responses,
Pediatric Research 2020; doi:10.1038/s41390-020-0881-y.

19. Bauch CT, Lloyd-Smith JO, Coffee MP, Galvani AP. Dynamically modeling SARS and other
newly emerging respiratory illnesses: past, present, and future. Epidemiology 2005;16(6):791801. doi:10.1097/01.ede.0000181633.80269.4c
20. Ong SW, Tan YK, Chia PY, Lee TH, Ng OT et al. Air, surface environmental, and personal
protective equipment contamination by severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) from a symptomatic patient. JAMA. 2020 Mar 4.
21. Xing YH, Ni W, Wu Q, Li WJ, Li GJ et al. Prolonged viral shedding in feces of pediatric patients
with coronavirus disease 2019. Journal of Microbiology Immunology and Infection 2020; 28.
PII: S1684-1182(20)30081-5. doi: 10.1016/j.jmii.2020.03.021.
22. Wang W, Xu Y, Gao R, Lu R, Han K et al. Detection of SARS-CoV-2 in Different Types of
Clinical Specimens. JAMA 2020; doi: 10.1001/jama.2020.3786.
23. Schwartz DA. An Analysis of 38 Pregnant Women with COVID-19, Their Newborn Infants,
and Maternal-Fetal Transmission of SARS-CoV-2: Maternal Coronavirus Infections and
Pregnancy Outcomes. Archives of Pathology and Laboratory Medicine. 2020. doi:
10.5858/arpa.2020-0901-SA.
24. Kimberlin DW, Stagno S. Can SARS-CoV-2 Infection Be Acquired In Utero?: More Definitive
Evidence Is Needed. JAMA. Mar 2020; doi: 10.1001/jama.2020.4868.
25. Wang L, Shi Y, Xiao T, Fu J, Feng X et al. Chinese expert consensus on the perinatal and neonatal
management for the prevention and control of the 2019 novel coronavirus infection (First
edition). Annals of Translational Medicine 2020;8(3):47. doi:10.21037/atm.2020.02.20.
26. Chen H, Guo J, Wang C, Luo F, Yu X et al. Clinical characteristics and intrauterine vertical
transmission potential of COVID-19 infection in nine pregnant women: a retrospective review
of medical records. Lancet. 2020;395(10226):809-815. doi: 10.1016/S0140-6736(20)30360-3.
27. Davanzo

R, Moro

G, Sandri

F, Agosti

M, Moretti

C

et

al.

Breastfeeding

and Coronavirus Disease-2019. Ad interim indications of the Italian Society of Neonatology
endorsed by the Union of European Neonatal & Perinatal Societies. Maternal and Child Nutrition
2020. doi: 10.1111/mcn.13010.

28. Kuiken T, Fouchier RAM, Schutten M, Rimmelzwaan GF, van Amerongen G et al. Newly
discovered coronavirus as the primary cause of severe acute respiratory syndrome. Lancet 2003;
362: 263–70. doi:10.1016/S0140-6736(03)13967-0.
29. Choi S, Kim HW, Kang J, Kim DH, Cho EY. Epidemiology and clinical features of coronavirus
disease 2019 in children. Korean Journal of Pediatrics 2020; 63 (4): 125–132,2020.
doi:10.3345/cep.2020.00535.
30. Lu X, Zhang L, Du H, Zhang J, Li YY et al. SARS-CoV-2 Infection in Children 2020. New
England Journal of Medicine. doi: 10.1056/NEJMc2005073.
31. Cao O, Chen Y, Chen C, Chiu C. SARS-CoV-2 infection in children: Transmission dynamics
and clinical Characteristics. Journal of the Formosan Medical Association 2020 119, 670e673.
doi: 10.1016/j.jfma.2020.02.009.
32. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease
2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from the Chinese
Center

for

Disease

Control

and

Prevention.

JAMA

2020

February

24.

doi:10.1001/jama.2020.2648.
33. Zhang YP. The epidemiological characteristics of an outbreak of 2019 novel coronavirus
diseases (COVID-19) in China. Chinese Journal of Epidemiology 2020;41:145e51 [Article in
Chinese]. doi: 10.3760/cma.j.issn.0254-6450.2020.02.003.
34. Ludvigsson JF. Systematic review of COVID-19 in children shows milder cases and a better
prognosis than adults. Acta Paediatrica, 2020. doi: 10.1111/apa.15270.
35. Fang F, Zhao D, Chen Y, et al. Recommendations for the diagnosis, prevention, and control of
the 2019 novel coronavirus infection in children (first interim edition). Zhonghua Er Ke Za Zhi.
2020;145(6):e20200834. doi: 10.3760/cma.j.issn.0578-1310.2020.0004.
36. Qiu H, Wu J, Hong L, Lo Y, Song Q et al. Clinical and epidemiological features of 36 children
with coronavirus disease 2019 (COVID-19) in Zhejiang, China: an observational cohort study.
Lancet Infect Dis 2020. doi:10.1016/S1473-3099(20)30198-5.

37. Cai J, Xu J, Lin D, Yang Z, Xu L et al. Author Notes. Clinical Infectious Diseases
2020. doi:10.1093/cid/ciaa198.
38. Ji L, Chao S, Wang Y, Li X, Mu X et al. Clinical features of pediatric patients with COVID19: a report of two family cluster cases. World Journal of Pediatrics 2020; doi:10.1007/s12519020-00356-2.
39. Wei M, Yuan J, Liu Y, Fu T, Yu X et al. Novel coronavirus infection in hospitalized infants
under 1 year of age in China. JAMA 2020.doi:10.1001/jama.2020.2131.
40. Zeng L, Xia S, Yuan W, Yan K, Xiao F et al. Neonatal Early-Onset InfectionWith SARS-CoV2 in 33 Neonates Born to MothersWith COVID-19 in Wuhan, China. JAMA Pediatrics 2020.
doi:10.1001/jamapediatrics.2020.0878.
41. Zhu H, Wang L, Fang C, Peng S, Zhang L et al. Clinical analysis of 10 neonates born to mothers
with

2019-nCoV

pneumonia.

Translational

Pediatrics

2020;9(1):51-

60.doi:10.21037/tp.2020.02.06.
42. Feng K, Yun YX, Wang XF, Yang GD, Zheng YJ et al. Analysis of CT features of 15 Children
with 2019 novel coronavirus infection. Zhonghua Er Ke Zhi 2020; doi: 10.3760/cma.j.issn.05781310.2020.0007. (Article in Chinese)
43. Cheung J C-H Ho LT Cheng JV Cham EYK Lam KN. Staff safety during emergency airway
management

for

COVID-19

in

Hong

Kong.

Lancet

Respiratory

Medicine

2020; doi:10.1016/S2213-2600(20)30084-9.
44. Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic Treatments for
Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020. doi:10.1001/jama.2020.6019.
45. Yao X, Ye F, Zhang M, Cui C, Huang B, et al. In Vitro Antiviral Activity and Projection of
Optimized Dosing Design of Hydroxychloroquine for the Treatment of Severe Acute Respiratory
Syndrome

Coronavirus

10.1093/cid/ciaa237.

2

(SARS-CoV-2).

Clinical

Infectious

Disease

2020; doi:

46. Gao J, Tian Z, Yang X. Breakthrough: Chloroquine phosphate has shown apparent efficacy in
treatment of COVID-19 associated pneumonia in clinical studies. BioScience Trends.
2020;14(1):72.doi: 10.5582/bst.2020.01047.
47. Karimi A, Tabatabaei SF, Rajabnejad M, Pourmoghaddas Z, Rahimi H. An Algorithmic
Approach to Diagnosis and Treatment of Coronavirus Disease 2019 (COVID-19) in Children:
Iranian Expert’s Consensus Statement Archives of Pediatric Infectious Diseases. 2020 April;
8(2):e102400. 2020 doi: 10.5812/pedinfect.102400
48. Gautret P, Lagier JC, Parola P, Hoan VT, Meddeb L et al. Hydroxychloroquine and azithromycin
as a treatment of COVID-19: results of an open-label non-randomized clinical trial. International
Journal of Antimicrobial Agents 2020. doi: 10.1016/j.ijantimicag.2020
49. Molina JM, Delaugerre C, Goff JL, Mela-Lima B, Ponscarme D et al. No Evidence of Rapid
Antiviral Clearance or Clinical Benefit with the Combination of Hydroxychloroquine and
Azithromycin in Patients with Severe COVID-19 Infection. Medicine et Maladies Infectieuses
2020. doi: 10.1016/j.medmal.2020.03.006.
50. Groneberg DA, Poutanen SM, Low DE, Lode H, Welte T et al. Treatment and vaccines for severe
acute respiratory syndrome. Lancet Infectious Diseases 2005;5(3):147–155. doi:10.1016/S14733099(05)01307-1.
51. Cao B, Wang Y, Wen D, et al. A Trial of Lopinavir-Ritonavir in Adults Hospitalized with Severe
Covid-19. New England Journal of Medicine 2020. doi: 10.1056/NEJMoa2001282.
52. Chan JF, Yao Y, Yeung ML, Deng W, Bao L et al. Treatment With Lopinavir/Ritonavir or
Interferon-β1 Improves Outcome of MERS-CoV Infection in a Nonhuman Primate Model of
Common

Marmoset.

Journal

of

Infectious

Diseases

2015;

212:1904-13.

doi:

10.1093/infdis/jiv392.
53. Wang M, Cao R, Zhang L, Yang X, Liu J et al. Remdesivir and chloroquine effectively inhibit
the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Research 2020; 30:269.
doi:10.1038/s41422-020-0282-0.

54. Grein J, Ohmagari N, Shin D, Diaz G, Asperges E et al. Compassionate Use of Remdesivir for
Patients with Severe COVID-19. New England Journal of Medicine 2020. doi:
10.1056/NEJMoa2007016.
55. Delaney JW, Pinto R, Long J, Lamontagne F, Adhikari NK et al. The influence of corticosteroid
treatment on the outcome of influenza A(H1N1pdm09)-related critical illness. Critical Care.
2016;20:75. doi: 10.1186/s13054- 016-1230-8.
56. Huang C, Wang Y, Li X, Ren L, Zhao J et al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497. doi: 10.1016/S01406736(20)30183-5.
57. Hong X, Xiong J, Feng Z, Shi Y. Extracorporeal membrane oxygenation (ECMO): does it have
a role in the treatment of severe COVID-19? International Journal of Infectious Diseases 2020.
doi: 10.1016/j.ijid.2020.03.058.
58. Bloch EM, Shoham S, Casadevall A, Sachais BS, Shaz B et al. Deployment of convalescent
plasma for the prevention and treatment of COVID-19. The Journal of Clinical Investigation
2020. doi:10.1172/JCI138745.
59. Shen C, Wang Z, Zhao F, Yang Y, Li J et al. Treatment of 5 Critically Ill Patients With COVID19 With Convalescent Plasma. JAMA 2020. doi:10.1001/jama.2020.4783.
60. Cao W, Liu X, Bai T, Fan H, Hong K et al. High-Dose Intravenous Immunoglobulin as a
Therapeutic Option for Deteriorating Patients With Coronavirus Disease 2019. Open Forum
Infectious Diseases 2020;7(3). doi: 10.1093/ofid/ofaa102.

Table. Epidemiologic and clinical characteristics of pediatric patients
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