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Patient consent was not required 

“Impact” 

 Children usually develop a mild form of COVID-19, rarely requiring high intensity medical 

treatment in Pediatric Intensive Care Unit.  

 Vertical transmission is unlikely, but not completely excluded. 

 Children with confirmed or suspected COVID-19 must be isolated and healthcare workers 

should wear appropriate protective equipment. 

  Some clinical features (higher incidence of fever, vomiting and diarrhea and a longer 

incubation period) are more common in children than in adults, as well as some radiologic 

aspects (more patchy shadows opacities at CT scan images than ground glass opacities).  

 Supportive and symptomatic treatments (oxygen therapy and antibiotics for 

preventing/treating bacterial co-infections) are recommended in these patients. 
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Abstract 

At the time of writing, there are already millions of documented infections worldwide by the novel 

coronavirus 2019 (2019-nCoV or SARS-CoV2), with hundreds of thousands deaths. The great majority of 

fatal events have been recorded in adults older than 70 years; of them, a large proportion had co-morbidities. 

Since data regarding the epidemiologic and clinical characteristics in neonates and children developing 

coronavirus disease 2019 (COVID-19) are scarce and originate mainly from one country (China), we 

reviewed all the current literature from December 1st 2019 to May 7th 2020 to provide useful information 

about SARS-CoV2 viral biology, epidemiology, diagnosis, clinical features, treatment, prevention and 

hospital organization for clinicians dealing with this selected population. 
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) is the virus responsible for the 

coronavirus disease 2019 (COVID-19) pandemic(1). Since its first outbreak in Wuhan, in the Hubei 

province of China in early December 2019(2), SARS-CoV2 has spread all over the world infecting 

millions of people and causing hundreds of thousands deaths [case-fatality rate (CFR): 6.25%, John 

Hopkins Coronavirus Resource Center, accessed 7
th

 May 2020](3).  

Respiratory viral infections, in general, are more frequent and severe in children than in adults.  

SARS-CoV2, instead, showed a different scenario. Infection rates appear to be similar between 

children and adults; however, children develop a milder illness with a low case-fatality rate (< 

0.1%)(3-7). The reasons for this milder severity in childhood are not yet understood and the actual 

epidemiologic and clinical data of infected neonates and children are not sufficient to solve these 

gaps. Thus, due to the scarcity of data on SARS-CoV2 in children, we aimed at evaluating the 

current literature available to provide useful information for clinicians dealing with this particular 

population. 

Search Strategy 

References for this review were identified through searches on PubMED, Ovid MEDLINE and 

EMBASE from December 1
st
 2019 to May 7

th
 2020, by two highly experienced librarians at 

Children’s Hospital Bambino Gesù by using relevant terms related to 2019-nCoV, COVID-19, 

SARS-CoV2 in neonates and children (Supplement Material 1). Reference lists of the articles 

identified by this search strategy were also searched. Earlier reports were not excluded, especially if 

they were highly cited articles. Only articles published in English were included in this review. 

Three hundred and seventy-four papers were published in PubMed, 117 in Ovid MEDLINE and 

119 in EMBASE. Among them, 73 were deemed relevant to the purposes of this review (PRISMA 

flowchart Supplement Material 2).  

 

Biological mechanisms of viral infection and lung injury 

Coronaviruses are single-strand, positive-sense RNA viruses with spike like projections on their 

surface(8). These viruses can infect both animals and humans. Among human-infecting 

coronaviruses, 4 types (HKU1, NL63, 229E, OC43) are responsible for mild forms of respiratory 

disease(9, 10). SARS-CoV2, severe acute respiratory syndrome coronavirus (SARS-CoV) and the 
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Middle East respiratory syndrome coronavirus (MERS-CoV) are zoonotic viruses and can infect 

humans, causing severe respiratory infections, only crossing from animals (Fig.1).  

SARS-CoV2 infects the host cells through an envelope spike (S) protein that mediates the binding 

and membrane fusion through the angiotensin-converting enzyme 2 (ACE-2) receptor (Fig 2 A-B). 

The spike protein is functionally divided into a S1 domain, responsible for receptor binding and, a 

S2 domain, responsible for cell membrane fusion(11). SARS-CoV2 employs the transmembrane 

serine protease 2 (TMPRSS2) of the host cell to prime the S protein and bind the ACE-2 receptor. 

Other transmembrane pore-forming viral proteins (viroporins) can trigger the NLRP3 (NOD-like 

receptor 3 inflammasome) inducing pyroptosis in the host cell(12).  

ACE-2 receptors are expressed in many tissues; however, the majority are present on the alveolar 

epithelial type II cells(13). In addition, gene ontology enrichment analysis showed that the ACE2-

expressing epithelial cells have high levels of multiple viral process-related genes, including 

regulatory genes for viral processes, life cycle, assembly and, genome replication(13). All these 

features strongly support the hypothesis that the ACE-2 receptor mediates SARS-CoV2 replication 

in the lung. SARS-CoV2, through the binding to the ACE-2 receptor, downregulates the ACE-2 

intracellular signaling (mitochondrial assembly receptor–MASR), causing inflammation, 

vasoconstriction and fibrosis in the lung(13). 

Epidemiology and pathogenesis in neonates and children 

Published data and anecdotal reports support the notion that the number of children found to be 

infected by SARS-CoV2 is small and their clinical manifestations of COVID-19 are milder 

compared to adults(4-6, 14-18).  

The incidence of SARS-CoV2 confirmed pediatric cases is low and variable among countries 

(China: 2-12.3%(4, 5), Italy: 1.2%(19), Korea: 4.8%(20), USA: 5%(21)). Several reasons justify 

this variable incidence: testing availability, testing policy(22, 23) (at the beginning of pandemics 

some countries tested only children with established contact with a person with COVID-19, then 

only hospitalized children with symptoms) and, the fact that the infection in children is mild or 

without symptoms(24, 25). Available data also suggests that all ages (0-18) can be infected, but 

infants seem to be most vulnerable(5, 26). 

Human-to-human transmission (mainly family-clustered) is the major transmission mode(4, 5, 27). 

Children can be infected by inhalation of large droplets generated during coughing or sneezing or 

by contact with contaminated surface (fomite)(9, 10, 28-30). As the virus can be also released in the 

stool, the fecal-oral transmission cannot be ruled out(31-34). Similar to SARS-CoV and MERS-
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CoV, nosocomial transmission of SARS-CoV2 is high (9, 10, 35, 36), although no cases of 

nosocomial infections have been described in children during hospital recovery. 

Despite the absence of clinical features of infection or positive microbiological findings in neonates 

born from SARS-CoV2 positive mothers(14, 18, 37-42), vertical maternal-fetal transmission cannot 

be ruled out completely(43, 44). Conversely, SARS-CoV2 has not been isolated from cord blood, 

amniotic fluid, and breast milk to date. However, it is crucial to screen pregnant women, implement 

strict infection control measures on those who tested positive and monitor the neonates at risk(44, 

45).  

Since the incubation period (median 5-7 days) in children and young adolescent varies from 2 to 14 

days, but is generally longer than in adults(10, 46-48), dynamic observation is mandatory for 

suspected children(49, 50). The median period from symptom onset to hospital admission for 

patients who were hospitalized is 2 days (1.00-3.50). Recovery generally happens in 1-2 weeks after 

onset(40, 48). Both symptomatic patients and asymptomatic carriers can transmit SARS-CoV2(49, 

51, 52).  

The basic case reproduction (R0) of SARS-CoV2 is variable (2 to 3.5 in the early stage of the 

disease)(9); however, the R0 of SARS-CoV2 is higher than SARS-CoV and H1N1(10). The case-

fatality rate (CFR) is around 6,25% (data from May 7
th

, John Hopkins Coronavirus Resource 

Center)(3) and varies among countries(53), patients’ age and is influenced by testing 

availability(54). CFR of patients below 18 years is below <0.1% (adapted from John Hopkins 

Coronavirus Resource center at 7
th

 May 2020)(3, 7).  

This age-specificity is still not completely understood(24, 55). It is speculated that children, as 

compared with adults, may have a higher expression of ACE-2 receptors in the type II lung 

pneumocytes, protecting them from the severe clinical manifestation of COVID-19 (low cytokine 

release, low pulmonary vascular permeability, etc.)(55). Other immunologic mechanisms (trained 

immunity, an early and high polyclonal B-cell response to SARS-CoV2 with production of 

substantial numbers of plasmablasts and an high level natural killer cells), could also contribute to 

explain this age-specific characteristic(55, 56). A less intense mechanism of antibody-dependent 

enhancement, instead, could explain why COVID-19 clinical features are milder in children than in 

adults(12).  

 

Diagnosis 
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Since the World Health Organization (WHO) recently declared COVID-19 a pandemic on March 

11, 2020, every patient presenting with evidence of fever, respiratory symptoms, gastrointestinal 

symptoms or fatigue should be considered potentially infected (suspected case) with SARS-CoV-2.  

Diagnosis of COVID-19 is made by using real-time polymerase chain reaction (RT-PCR) on 

samples from nasopharyngeal, oropharyngeal swabs and, lower respiratory tract samples whenever 

possible(4, 5). Negative nasopharyngeal swab is generally re-tested after 24h due to the low 

negative predictive value of this testing(57). SARS-CoV2 can be also detected on stools(33, 58, 59). 

A “positive” RT-PCR result reflects only the detection of viral RNA and does not necessarily 

indicate the presence of a viable virus(52). 

Confirmed cases are defined by positive molecular tests, while asymptomatic cases are defined by 

positive molecular tests without symptoms.  

In children, more than in adults, COVID-19 poses important diagnostic challenges due to the longer 

incubation period that includes a prolonged interval (approximately 5-6 days) of viral shedding 

prior to the onset of symptoms(51, 60). Moreover, the duration of asymptomatic shedding is not 

only variable, but differs according to the anatomic level (upper versus lower airways) of the 

infection(49, 50).  

At present, among adult patients in affected areas, the most common cause of viral pneumonia with 

unclear etiology is SARS-CoV2(2); conversely, in children several other pathogens (influenza, 

para-influenza, adenovirus, respiratory syncytial virus, metapneumovirus or other human 

coronaviruses) can produce very similar clinical and radiologic findings and should be considered 

in the differential diagnosis(6, 8, 26, 61). Atypical microorganisms, such as chlamydia pneumoniae 

and mycoplasma, must be also excluded(10).  

No laboratory investigations and radiological findings are diagnostic of SARS-CoV2(4-6, 10, 47, 

62). 

Clinical features  

Clinical manifestations of COVID-19 in neonates and children reported are generally mild and 

similar among countries(4-6, 14, 16, 22, 23, 37, 38, 46, 63-65). Most commonly, at hospital 

admission, children presented with fever and respiratory symptoms with cough, sore throat, 

pharyngeal erythema, nasal congestion, tachypnea/dyspnea and tachycardia(22, 23, 65). Often, 

gastrointestinal symptoms including abdominal pain, nausea, vomiting and diarrhea were the first 

manifestations(4, 5, 15, 46, 64, 66). Neurological manifestations such as seizures, dystonia and 

altered mental status were rare(66). Neonates, instead, showed tachypnea, cough, grunting, nasal 

flaring, vomiting, poor feeding, diarrhea and lethargy(45, 61, 67-69). Hospital admission was higher 
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in Italy and Spain than in China and USA(4, 21, 22, 65); however this was mainly due to local 

policies (testing availability and policy, need of patient isolation) rather than clinical condition(22, 

65). 

In the largest retrospective cohort of COVID-19 pediatric patients reported so far [2134 patients 

including 731 (34.1%) laboratory-confirmed and 1412 (65.9%) suspected cases], Dong et al.(5) 

defined the severity of COVID-19 in asymptomatic infection, mild, moderate, severe and critical 

cases, based on the clinical features, laboratory testing, and X-ray imaging (Tab.1). In this cohort, 

4.4% of infected children were asymptomatic, while the remaining children presented a mild 

(50.9%), or moderate disease (38.8%), respectively. Only 5.2% had severe disease, while 0.6% had 

critical disease. The proportion of severe and critical cases was 10.6%, 7.3%, 4.2%, 4.1% and 3.0% 

for the age group of <1, 1-5, 6-10, 11-15, and >16 years, respectively.  

Lu et al.(4) showed 15.8% of COVID-19 children included in their retrospective cohort (171 SARS-

CoV2 confirmed cases) were completely asymptomatic and did not show any radiological findings 

of pneumonia.  

Respiratory co-infections were present in almost half of the cases(4, 5, 26). Comorbidities, as in 

adult patients(70), may affect outcome(23) and the likelihood of Pediatric Intensive Care Unit 

(PICU) admission(4, 23).  

In adults, the incidence of ICU admission was high and variable among countries (5% in China and 

9% in Italy)(70, 71); in children, the incidence was lower (0.21-5.2% among Chinese PICUs ,(4, 5, 

15) 0.04% in USA(23)). Of note, several biases (retrospective nature of these studies(5, 61), the 

proportion of the detected cases, the use of different PICU admission criteria among centers(5), the 

use of the same data source with overlapping data -Chinese Centers for Disease Control and 

Prevention database- and, the high number of suspected cases(47)), could have affected the 

interpretation of these results.  

Most of the laboratory abnormalities in children with COVID-19 are nonspecific. Henry et al.(62) 

reviewed the data of 66 children from 12 different studies and found that 69.2% of children had 

normal leukocyte counts and that neutrophilia or neutropenia were rare (<5%). Platelet count was 

variable among studies (generally higher than the normal range), while C-reactive protein and 

procalcitonin were increased in 13.6% and 10.6% of the cases, respectively(62). 

Children admitted to the PICU(15) showed normal or increased whole blood counts (7/8) and 

increased C-reactive protein, procalcitonin and lactate dehydrogenase (6/8). High levels of pro-
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inflammatory and anti-inflammatory cytokines were also present similarly to the adult patients(72, 

73).  

Although lymphocytopenia is very common in adults with severe COVID-19 and associated with 

worse outcomes(47), it is less common in children (2-3.5%), likely due to the constitutional high 

percentage of lymphocytes typical of this age(62, 74). In adult patients, high ferritin, high D-dimers 

and coagulopathy were associated with poor prognosis(70), but these laboratory findings were rare 

in children; high D-dimers levels were found in one of the two patients who died from COVID-

19(4, 15). However, during April 2020, a surge of anecdotal cases showing a hyper-inflammatory 

state (pediatric multisystem inflammatory syndrome temporally associated with COVID-19) and 

features similar to atypical Kawasaki disease or Kawasaki disease shock syndrome were reported in 

Europe (United Kingdom, Spain, Italy)(75, 76). Many of these patients had positive SARS-CoV2 

antibodies and presented an inflammatory state (elevated concentration of C-reactive protein, 

procalcitonin, ferritin triglycerides and D-dimers) with cutaneous rash, peripheral edema, 

conjunctivitis, myocardial dysfunction (elevated cardiac enzymes) and coronary vessels 

inflammation.  

Radiologic findings of SARS-CoV2 viral pneumonia were also variable among children (Fig. 3)(4). 

At hospital admission, many children presented a chest X ray showing an interstitial pneumonia 

(26), while chest computed tomographic (CT) scan showed patchy shadows (unilateral and 

bilateral) opacities of high density. The typical adult feature of ground-glass opacity was less 

frequent at hospital admission (32.7%)(4); instead, it was more common in patients admitted to the 

PICU for respiratory failure(4-6, 26, 77-79). Bedside lung ultrasonography was also used as a 

diagnostic tool in the emergency departments in a minority of patients(80); 90% of these, received a 

diagnosis of interstitial lung syndrome without further radiographic imaging(65).  

Treatment  

Treatment of COVID-19 in neonates and children mainly relies on supportive care(4, 10).  

Home isolation is the first step to manage children with mild symptoms and no underlying chronic 

conditions. Hospitalization may be considered if rapid deterioration is anticipated or if the patient is 

not able to urgently return to hospital when signs and symptoms of complicated disease arise. 

Moderate cases should be managed in hospital, monitoring vital signs and oxygen saturation. 

Supportive care for these children includes temperature control with antipyretics, bed rest, hydration 

and good nutrition. Routine antibiotics and antifungal drugs must be avoided and used only when 

co-infections are proven or strongly suspected(10, 15). 
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In hypoxic patients, oxygen therapy should be immediately initiated(81). Several devices [low flow 

nasal cannula, high-flow nasal cannula (HFNC), and non-invasive ventilation (NIV)] can be used 

according to the centers’ experience. Caution must be taken, since all non-invasive techniques bear 

the risk of aerosol contamination; strict personal protection equipment (PPE) must be used when 

caring for these patients. 

Invasive mechanical ventilation is indicated if: SpO2/FiO2 < 221 or if there is no improvement in 

oxygenation (target SpO2 92– 97% with FiO2 < 0.4) within 30–60 minutes of HFNC or if there is no 

improvement in oxygenation (target SpO2 92 – 97% and FiO2 < 0.6) within 60–90 minutes of 

CPAP/NIV(81). Escalating therapies are recommended in case of refractory hypoxia (surfactant 

therapy in neonates, inhaled nitric oxide, high frequency oscillatory ventilation and extracorporeal 

membrane oxygenation)(81-83). 

A small portion of children with COVID-19 developed septic shock(5, 15, 84); thus, this condition 

must be always suspected and managed according to the current pediatric guidelines since specific 

issues for COVID-19 have not been reported so far(85). Corticosteroids should not be used in 

pediatric  patients(86), except when required for other indications, such as asthma exacerbations, 

refractory shock or evidence of cytokine storm(16).  

Several treatment options (intravenous immunoglobulin, IL-1 blockade, IL-6 receptor blockade, 

azythromycin-chloroquine, plasma exchange, infusion of plasma from convalescent subjects, 

cytokine adsorption filters) have been used in critically ill adult patients; however, data on their 

efficacy and safety have not been reported yet, thus caution should be used also in children(87).  

Antiviral drugs should be used with caution after weighing advantages and disadvantages. For those 

with mild symptoms, low dosage of IFN-α nebulization has been used(16) in combination with oral 

ribavirin. Lopinavir/litonavir(15) and remdesivir(88, 89) have been used in more severe cases; 

however, their efficacy and safety in children remain to be determined(90). Remdesivir should be 

preferred in children because of its positive effects in a recent adult trial(88, 89), however when not 

available, or when patients are not good candidate to remdesivir, hydroxychloroquine could be 

considered(88). The combination of three or more antiviral drugs is generally not 

recommended(90).  

Potential therapeutic strategies for SARS-COV2 are the spike-protein-based vaccine, the inhibitors 

of transmembrane protease serine 2 activity and the delivery of excessive soluble form of ACE-2 or 

antibody against the surface of ACE-2 receptors (Fig. 2 C)(13).  
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Prevention and Healthcare organization 

COVID-19 has no approved treatment in neonates and children and a large-scale vaccine is still 

under development; thus, prevention is crucial(10, 91).  

SARS-CoV-2 has unique characteristics that makes its prevention complex. SARS-CoV-2 can 

cause an asymptomatic infection, can be transmitted during the incubation period and after clinical 

recovery(13), has a very high affinity to ACE-2 receptors which are expressed on many mucosal 

surfaces resulting in high transmissibility and can be spread also by fomite(10).  

The high transmissibility and low case-fatality rate, combined with the discouraging projections of 

the spread of the virus among adults(70), fostered many governments, at the beginning of March 

2020, to adopt stringent containment and self-isolation measures to reduce the spread of the virus. 

An intense public health response was started by many countries after the pandemic declaration and 

involved many strategies: lockdown of the cities and mass quarantine, social distancing mandates, 

schools closure, cancellation of public gatherings, reduction of domestic and international flights, 

development of environmental measures and personal protection procedures, and strict contacts 

tracings by the medical and public health professionals. These measures aim to delay major surges 

of patients and to lower the demand for hospital extra beds, while protecting the most vulnerable 

subjects from infection, especially the elderly and those with comorbidities(92).  

Data showed that pediatric cases requiring high intensity medical assistance are uncommon (5, 15); 

however, isolation of all suspected and confirmed patients remains mandatory to avoid the spread of 

SARS-CoV2 among caregivers and healthcare workers. Therefore, many pediatric hospitals have 

developed local guidelines and logistic plans (simulations and training courses, reduction of elective 

surgeries and visits to outpatient clinics, etc.) to identify in advance potential surge capacity in the 

form of dedicated environment with extra beds for isolation, quarantine, and dedicated staff. As 

stocks of PPE might run low during a period of pandemic, strict hospital policies should also be 

adopted according to the WHO guidelines(93). Furthermore, considering the high number of adult 

ICU admissions and the difficulties associated to create extra beds in a short period of time(70), 

pediatric intensivists and nurses should be ready and prepared to offer help by managing adult 

patients in PICU(94) or to help in adult ICUs.  

Differently from adults, home isolation is not easily performed in children, because they often 

require the presence of the parents limiting the use of protective distances (more than 1.5 m). In 

those cases, all people sharing a common environment with a SARS-CoV2 positive child should 

consider the use of gloves and face masks, if available. Hand hygiene practices are extremely 
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important to prevent the spread of the COVID-19 virus at home and in public environments. The 

WHO recommends hands washing especially after coughing or sneezing (including sneeze/cough 

into elbow or tissue), before eating and after using the toilet or sharing common spaces(95). Hand 

washing also interrupts transmission of other viruses and bacteria causing common colds, flu and 

pneumonia, thus reducing the general burden of disease. Relatives at risk (e.g. people over the age 

of 65, pregnant women, people who are immunocompromised or who have chronic heart, lung, or 

kidney conditions)(96)should be isolated in protected environment, avoiding exposures to infected 

children. Because infants cannot wear masks, parents must wear masks, wash hands before close 

contacts and sterilize the toys and tablet regularly(97).  

All suspected children requiring hospital assistance must be isolated in single rooms (whenever 

possible, or in dedicated environments, maintaining adequate distances between beds) until the 

results of the test are available; confirmed patients must be placed in dedicated area for quarantine. 

A dedicated algorithm must be adopted for the use of the operating theatres in suspected or 

confirmed COVID-19 cases, according to the urgency of the operation, anticipated viral burden at 

the surgical site and the risk that a procedure could spread the virus by aereosol(98, 99). Negative 

pressure rooms are of help, but not mandatory to manage these patients(10). All rooms and 

transition environments must be decontaminated after the patient discharge (Fig.3).  

Since a high number of health care workers has been infected by SARS-CoV2, all suspected 

patients, until proven negative, must be assisted by health care providers using PPE(93) and all 

aerosol generating procedures (intubation, bronchoscopy, tube/tracheostomy suctioning, etc.) must 

be also performed using airborne transmission precautions(93). 

Enhanced traffic control bundling strategies must be adopted by all emergency departments(100), 

including a triage zone, transition zones conduction to a quarantine ward or to an isolation ward 

(Fig 4). A dedicated pathway for children non-SARS-CoV2 suspected (e.g. trauma, poisoning, etc.) 

must also be created in parallel to avoid contact. Telemedicine should be implemented to help 

decreasing hospital and clinic visits(101, 102), by triaging low-acuity patients while delivering 

high-quality care(103). 

The scarcity of pediatric cases and the current literature on the topic, as well as the absence of high-

quality evidence-based guidelines, has led pediatricians to share experiences and personal 

communication via online meetings and open access medical education channels. The use of 

webinars and communication about newly released papers on social media channels such as 
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Twitter, Telegram and WhatsApp, greatly improved the dissemination of knowledge among health 

care providers.  

 

Conclusion 

At the time of this review (7
th

 May 2020), SARS-CoV2 has infected millions of people in the world 

and caused hundreds of thousands confirmed deaths, but data regarding the epidemiologic and 

clinical characteristics in neonates and children are still scarce. The purpose of this review was to 

evaluate the current literature that includes neonates and children to date, providing useful 

information for clinicians dealing with this selected population. The earliest epidemiologic data 

show that SARS-CoV2 has a dominant family-cluster transmission and that children present a mild 

form of COVID-19 (case-fatality rate: < 0.1%), rarely requiring high intensity medical treatment in 

PICU. Vertical transmission is unlikely, but not completely excluded. Diagnosis is performed 

primarily via molecular nucleic acid amplification testing. Patients with confirmed or suspected 

COVID-19 should be isolated and healthcare workers should wear appropriate protective 

equipment. Some clinical features (higher incidence of fever, vomiting and diarrhea and a longer 

incubation period) are more common in children than in adults, as well as some radiologic aspects 

including the presence of patchy shadows opacities at CT scan images. Treatment options are 

extrapolated from adult data. Thus, supportive and symptomatic treatments (oxygen therapy and 

antibiotics for bacterial co-infections) are recommended in these patients. More studies on neonates 

and children are needed to address these gaps and to provide more robust recommendations to 

manage COVID-19. 
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Figure legends 

Figure 1: Summary of coronavirus diseases. (adapted from Zimmermann P, Curtis N.(8)) 

Figure 2: A: Renin-Angiotensin System (RAS): normal physiology. Renin converts 

angiotensinogen in angiotensin 1 (ANG 1). Angiotensin-converting enzyme (ACE) converts ANG1 

in angiotensin 2 (ANG2). Angiotensin-converting enzyme 2 (ACE2), a homologue of ACE, is a 

monocarboxypeptidase that converts ANG2 into angiotensin 1–7 (ANG 1–7) which, by virtue of its 

actions on the MasR (Mitocondrial assembly receptor), opposes the molecular and cellular effects 

of ANG2. ANG 2 promotes vasoconstriction, inflammation and oxidative stress via the activation 

of AT1R (angiotensin 2 receptor 1).  

B: SARS-CoV2 host cell entry mechanism. Spike Protein (S1) binds the ACE 2 receptor once 

primed by the transmembrane protease serine 2 inhibitor (TMPRSS2). This binding leads to viral 

entry and replication and induces mechanisms of lung injury. 

C: Potential therapeutic strategies against SARS-COV2. a) Spike protein-based vaccine; b) 

TMPRSS2 inhibitors to block the priming of the spike protein; c) surface ACE-2 receptor blocker; 

d) soluble form of ACE-2 receptor compete with the binding of SARS-CoV2 to the surface ACE-2 

receptor.  

Figure 3: Chest X-ray (interstitial pneumonia) and chest computed tomography (left patchy shadow 

opacities of high density) of a 16-year old patient presenting persisting fever (38.8 °C), cough and 

myalgia (hospital admission). Vital signs: respiratory rate 22 breaths/min, SpO2: 97% in room air. 

The patient was supported with High Flow Nasal Cannula 25 L/min, FiO2: 30% in the pediatric 

ward. 

Figure 4: Enhanced traffic control system during COVID-19 pandemic. -Children’s Hospital 

Bambino Gesù, Rome, Italy. 

 

©    2020 Macmillan Publishers Limited, part of Springer Nature.



Table 1: COVID-19 severity defined based on clinical features, laboratory testing and chest X-ray imaging 

(Adapted from Dong et al.(5)) 

 

 

Asymptomatic  

without any clinical symptoms and signs; the chest imaging is normal, while the SARS-CoV2 

nucleic acid test is positive. 

Mild 

symptoms of acute upper respiratory tract infection, including fever, fatigue, myalgia, cough, 

sore throat, runny nose, and sneezing. Physical examination shows congestion of the pharynx 

and no auscultory abnormalities. Some cases may have no fever, or have only digestive 

symptoms such as nausea, vomiting, poor feeding, lethargy, abdominal pain and diarrhea. 

Moderate 

with pneumonia, frequent fever and cough, mostly dry cough, followed by productive cough, 

some may have wheezing, but no obvious hypoxemia such as shortness of breath, and lungs 

can hear sputum or dry snoring and / or wet snoring. Some cases may have no clinical signs 

and symptoms, but chest CT shows lung lesions, which are subclinical. 

Severe 

Early respiratory symptoms, such as fever and cough, may be accompanied by gastrointestinal 

symptoms such as diarrhea. The disease usually progresses around 1 week, and dyspnea 

occurs, with central cyanosis. Oxygen saturation is less than 92%, with other hypoxia 

manifestations. 

Critical 

Children can quickly progress to acute respiratory distress syndrome (ARDS) or respiratory 

failure, and may also have shock, encephalopathy, myocardial injury or heart failure, 

coagulation dysfunction, and acute kidney injury. Organ dysfunction can be life threatening. 
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