
© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021;10(10):2875-2880 | http://dx.doi.org/10.21037/tp-20-129

Since December 2019,  coronavirus  disease  2019 
(COVID-19), caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has been spreading around 
the world. On March 11th 2020, the World Health 
Organization (WHO) declared COVID-19 a pandemic. 
The SARS-CoV-2 virus is highly contagious among the 
general population. 

So far, a large number of reports have analyzed critical 
COVID-19 cases in adults; however, the data on critical 
pediatric patients with the disease are limited. Consequently, 
many questions on COVID-19 in children still need to be 
answered. Why are children less likely to be affected by the 
disease than adults? Can neonates be infected via vertical 
transmission? Can children transmit SARS-CoV-2 to other 
people? What are the best treatment strategies for children 
with critical COVID-19? What are the neurological 
outcomes of children with COVID-19? Why do some 
children present with hyperinflammatory syndrome after 
SARS-CoV-2 infection? 

With the number of infections across the world 
increasing, pediatricians are faced with finding solutions to 
these challenges. 

Epidemiological and clinical features of children 
with COVID-19

Data from a Chinese cohort suggested that children of 
all ages are susceptible to SARS-CoV-2, with 2.2% of 
individuals with COVID-19 being under the age of 19 years 

old (1). In the United States, children account for only 2% 
of COVID-19 cases (2); in Italy and Spain, this proportion 
has been reported to be 1.2% (3) and 0.8% (4), respectively. 
Chinese studies have suggested that in Wuhan, where 
COVID-19 was first reported, the majority of pediatric 
cases got infected at home during the early stages of the 
outbreak (5,6). 

More than 90% of children with COVID-19 are 
asymptomatic, mild, or moderate cases. According to Dong 
et al.’s study, most children with COVID-19 in China 
have shown favorable outcomes, with a median duration 
of hospitalization of 10 days (range, 8–14.3 days) (7). 
Moreover, a study from New York City reported the median 
length of hospital stay for most children to be 3 days (range, 
1–30 days) (8). Meanwhile, the incubation time and the 
virus shedding time in children range from 1–14 days (mean, 
3–7 days), and 3–4 weeks, respectively (9). 

Common symptoms of lab-confirmed pediatric 
COVID-19 cases include flu-like symptoms, such as fever 
and cough, which are clinically indistinguishable from 
other infections (10). However, in early April 2020, cases of 
children with multisystem inflammatory syndrome (MIS-C) 
were reported to be increasing in Europe (11-13). One 
study suggested that SARS-CoV-2 infection might trigger a 
severe form of Kawasaki disease (KD), with pediatric cases 
presenting with classical or incomplete types of KD (13). In 
the same study, 50% (5/10) of infected children presented 
with KD shock syndrome (KDSS). Although this Kawasaki-
like disease can result in infected children becoming 
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critically unwell, no mortalities have been reported (11,13). 
In China, no cases of Kawasaki-like disease have been 
recorded to date.

A recent study described the rate of COVID-19 co-
infection with other respiratory pathogens, including 
influenza, parainfluenza, rhinovirus/enterovirus, respiratory 
syncytial virus, metapneumovirus, other coronavirus, and 
mycoplasma pneumonia, to be 20.7% (24/116) (14). In 
contrast, the rate of viral co-infection in a European cohort 
was only 5% (29/582), and an early study reported that 
4.0% (4/99) of COVID-19 patients were co-infected with 
bacteria or fungus (15,16). 

Zhang et al.’s study, which described the immunity 
features of six infected children, suggested that a rapid 
protective humoral immunity could be detected following 
SARS-CoV-2 infection (17). No difference was observed in 
CD4 or CD8 cell count between infected and uninfected 
children. Currently, the pathophysiology of multisystem 
inflammatory syndrome after SARS-CoV-2 infection is 
unclear.

Infected children have rarely been observed to have 
the abnormal laboratory results commonly seen in 
adult COVID-19 patients, which include leukopenia, 
lymphocytopenia ,  e levated transaminase ,  lactate 
dehydrogenase (LDH), α-hydroxybutyrate dehydrogenase 
(α-HBDH), interleukin-6 (IL-6), and lung radiological 
findings (18,19). However, no studies have demonstrated a 
consistent pattern in the laboratory results of children with 
COVID-19. Radiological findings of infected children are 
either normal or show increased lung markings (5). Abnormal 
findings on chest computed tomography (CT) scans include 
ground-glass opacity, local or bilateral patchy shadowing, 
and interstitial abnormalities (10). While chest CT has high 
sensitivity, its specificity is low, which makes distinguishing 
COVID-19 from other diseases challenging (10).  
Moreover, the high radiation exposure with chest CT limits 
its application for neonates and infants. Some studies have 
been initiated to investigate the findings of lung ultrasound 
in children with COVID-19. One study found that the lung 
ultrasonic findings of COVID-19 pneumonia in neonates 
with COVID-19 included abnormal pleura line, confluent 
B-lines, alveolar interstitial syndrome (AIS), or local 
consolidation (20). 

According to Shekerdemian et al.’s study, up to 83% of 
children with COVID-19 in North American intensive care 
units (ICUs) have a comorbidity, such as obesity, immune 
suppression/malignancy, or congenital heart disease (21). 
A European cohort study described that male children 

under the age of 1 month with comorbidities and symptoms 
of lower respiratory tract infection had a higher risk of 
ICU admission (15). Another study indicated that higher 
C-reactive protein and procalcitonin levels at admission, 
as well as elevated peak IL-6, ferritin, and D-dimer 
levels during hospitalization, were associated with severe 
COVID-19 (21). Regarding Kawasaki-like disease after 
SARS-CoV-2 infection, age over 5 years and ferritin higher 
than 1,400 µg/L were associated with poor prognosis (22).

Diagnosis

The initial identification of COVID-19 in children could 
be complicated by the atypical clinical findings and possibly 
large number of asymptomatic children with the disease. 
An earlier study described as many as 12.8% (94/731) of 
children with confirmed COVID-19 to be asymptomatic (7).  
Another recent study reported that 13.7% of pregnant 
women who tested positive for SARS-Cov-2 on admission 
had no symptoms (23). Therefore, for children with flu-
like symptoms or a possible of history of exposure to 
COVID-19, pediatricians should have high suspicion and a 
low threshold for diagnostic testing. 

The seventh edition of the New Coronavirus Pneumonia 
Prevention and Control  Protocol for COVID-19 
recommends reverse transcriptase-polymerase chain reaction 
(RT-PCR) assays and serological testing (IgM/IgG) for 
patient diagnosis. RT-PCR and bacterial culture of upper 
(nasopharyngeal) or lower (induced sputum, endotracheal 
aspirates, bronchoalveolar lavage) respiratory tract samples, 
rectal swabs, and stool and blood samples can be used to 
detect SARS-CoV-2 and other causative pathogens (24). A 
study on the pattern of viral excretion from the respiratory 
and gastrointestinal tracts in 10 confirmed pediatric 
COVID-19 cases demonstrated that the virus shedding time 
in feces was longer than that in respiratory samples (25).  
Consistent with this result, the rectal swabs from two 
neonates were found to test positive for SARS-CoV-2 after 
nasopharyngeal swabs returned negative results (18,26). 
Therefore, some authors have suggested rectal swab-testing 
to be the better marker for validating the effectiveness of 
treatment (25). In additional, as stated above, the radiological 
findings of children with COVID-19 are atypical and have 
differed from study to study (27). 

One study reported that IgM and IgG antibody titers 
for SARS-CoV-2 have been detected in the serum of 
neonates with COVID-19 at birth (28). However, no series 
of antibody tests has been performed; thus, false positive 
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results cannot be ruled out. So far, investigations of the 
immune response features of children with COVID-19 
have been based on the limited data, and whether the 
dynamic changes in the virus load and antibody titers 
are closely related to the clinical course of the disease is 
unknown (29).

Effective intervention for children with critical 
COVID-19 (Figure 1)

Early and appropriate medical support is crucial for children 
with COVID-19. Notably, the clinical management of 
children with COVID-19 is based on the findings of 
observational studies rather than clinical trials. Also, most 
of the randomized clinical trials carried out so far did not 
recruit participants under the age of 18 years, and limited 
therapeutic data have been published. Therefore, at this 
stage, the management recommendations should be 
based on children’s physiological characteristics and the 
pathological features of COVID-19, taking some leads from 
clinical research involving adults with COVID-19. 

In China, a large cohort study showed that 11% 
(8,255/72,314) of COVID-19 cases in adults were critical 
(1), while only 5.8% (125/2,143) of pediatric patients with 
COVID-19 presented with severe illness (7). A European 
multicenter study showed that 8% (48/582) of children with 
COVID-19 required admission to an ICU (15). During the 
epidemic period in Wuhan, three severe pediatric cases with 
lab-confirmed COVID-19 were reported (7). One child 
died of sepsis and gastrointestinal dysfunction. Of the two 
surviving children, one child had gastrointestinal symptoms 
from the onset and went on to develop acute respiratory 
distress syndrome (ARDS), shock, and acute kidney injury 
(AKI), and the other, who had acute leukemia, progressed 
to ARDS. All three children received mechanical ventilation 
in the prone position for 6 to 12 hours each day, as well as 
continuous renal replacement therapy (CRRT), inotropes and 
vasoactive drugs, methylprednisolone, and antiviral therapy 
(interferon α-1b inhalation and oseltamivir). However, 
none of the children required extracorporeal membrane 
oxygenation (ECMO) support. All three children had come 
into contact with adults who tested positive for COVID-19.

Figure 1 Clinical management of children with coronavirus disease 2019 (30-33). HFOV, high-frequency oscillatory ventilation; PS, 
pulmonary surfactant; iNO, inhaled nitric oxide; ARDS, acute respiratory distress syndrome; MDTs, multi-disciplinary teams; ECMO, 
extracorporeal membrane oxygenation. 
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Two studies reported that children with multisystem 
inflammatory syndrome or KDSS showed a good 
response to adjunctive steroid treatment, intravenous 
immunoglobulin, aspirin, and inotropic treatment (11,13). 

As stated by the Chinese Pediatric Novel Coronavirus 
Study Team and the Chinese perinatal-neonatal SARS-
CoV-2 Committee, children with COVID-19 should 
be managed according to the severity of their disease 
(30). Most children improve with supportive treatment, 
including oxygen therapy and maintenance of the water, 
electrolyte, and acid-base balance. However, children 
with underlying pulmonary diseases, immune deficiency, 
or immunocompromised status should be monitored 
closely (30). If the disease does not follow the clinical 
course expected, children with comorbidities should be 
further investigated. For children with critical COVID-19, 
respiratory support is essential. As the pathological 
manifestations of SARS-CoV-2 infection in the lung are the 
same as those of ARDS, with pulmonary edema, hyaline 
membrane formation, bilateral diffuse alveolar damage with 
cellular fibromucoid, and thick mucinous secretions in the 
trachea (31), the respiratory management strategy should 
follow the pediatric ARDS evidence-based guidelines (32). 
For children with COVID-19, a lung protective ventilation 
strategy including low tidal volume, optimized positive end-
expiratory pressure (PEEP) and target oxygenation, limited 
plateau pressure, and permissive hypercapnia should be 
adopted. Multiple organs can be affected in critical pediatric 
COVID-19 cases (31), therefore, multiple organ support 
should be considered. 

It should be kept in mind that COVID-19 patients can 
be co-infected with other pathogens. Therefore, empirical 
antibiotic and antiviral therapy should be administered 
based on the results of microbiology testing and clinical 
response. The roles of corticosteroids and immunoglobulin 
therapy remain uncertain. Although the current evidence 
suggests that COVID-19 is associated with a cytokine 
storm, no randomized controlled trial has demonstrated 
the efficacy and safety of steroids or immunoglobulin 
therapy in the treatment of children with COVID-19. 
Many randomized controlled trials have been launched to 
identify effective antiviral treatments. However, no antiviral 
therapies have been proven effective to date (33). 

Protecting children and healthcare workers in 
the ICU

Because COVID-19 is highly contagious and aerosol-

generating procedures (e .g. ,  tracheal  intubation, 
tracheostomy, cardiopulmonary resuscitation, bag-mask 
ventilation, and bronchoscopy) are frequently used in 
the ICU, personal protective equipment (PPE), closed 
suctioning systems, and viral filters should be used to 
protect healthcare workers and to prevent the spread of 
nosocomial infection. Healthcare workers should also be 
given COVID-19 prevention training.

Early quarantine and emotional support

Effective measures for screening patients, including the 
quarantining of suspected and confirmed patients, should 
be put in place. However, isolation and loneliness are 
increasing as a result of the pandemic. Mother-infant 
separation and the quarantining of infected children 
may cause anxiety to children and their families; thus, 
psychological support should be offered. Social workers 
can help patients, families, and healthcare workers. Mobile 
visiting services can also be used in neonatal and pediatric 
ICUs, as studies have demonstrated that telemental health 
services are as effective as in-person services over the short 
term (34).

Conclusions

The clinical features of COVID-19 are nonspecific in 
children, and few pediatric cases progress to severe disease. 
Current management strategies are based on limited 
evidence. Nevertheless, a low threshold for diagnostic 
testing, early diagnosis and quarantine, close monitoring 
of potentially sick children, early and appropriate medical 
treatment, a clustering strategy, and multi-disciplinary team 
(MDT) involvement are important for the management 
of children with COVID-19. Most of all, collaboration 
between patients, families, and healthcare workers will give 
critically ill children the best chances of survival and having 
a good prognosis during this pandemic. 
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