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Abstract
Overcrowding, the unavailability of personal protective equipment, and transmission between health care
workers are the main causes of the rapid spread of coronavirus disease 2019 (COVID-19) in hospital
settings. Because children have less severe symptoms than adults, we used tele-medicine (TM) as the
main approach to managing subjects younger than 14 years who contacted their primary care
paediatrician (PCP). A TM program for suspected paediatric COVID-19 cases was developed by the
COVID-19 paediatric referral centre and PCPs in the Campania Region, Italy. A total of 269 cases of
suspected COVID-19 were discussed through tele-consultation between PCPs and paediatric infectious
disease specialists. The main reason for the initiation of tele-consultation by PCPs was the need for case
management advice (n=206, 77%). A total of 203 children were tested for COVID-19, and 139 were
positive (73 males, aged 5 years [IQR 1-10]), of whom 103 were managed at home with phone/video
monitoring, 17 received a direct medical visit and discharged to home, and 19 were admitted to the
COVID-19 unit. The main symptoms were fever (45%) and cough (25%). Thirty-�ve percent were
asymptomatic and detected in family clusters. None had severe clinical outcomes.

Conclusion

TM is a reliable tool to limit the spread of COVID-19 and might reduce the number of unnecessary visits
and hospital admissions. Through tele-consultation with an expert, PCPs can identify at-risk children who
need testing and manage most cases remotely. However, standardization of the TM approach and criteria
for hospital admission are needed.

What Is Known
The need for a new model of care has emerged as an important issue with regard to providing
effective care and limiting the spread of COVID-19.

Children have a less severe course of COVID-19 than adults and almost never need an in-person
evaluation.

What Is New
Tele-visits, tele-consultations and telephone triage are effective tools to limit unnecessary medical
visits and COVID-19 testing, allowing the management of children with mild-to-moderate cases as
outpatients.

However, because formal validation has not yet been performed, studies are needed to produce
recommendations and guidelines to assist physicians in the implementation of tele-medicine.

Introduction
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Children, especially infants, are susceptible to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, although the clinical manifestations are generally less severe than those in adults (1).
Available data suggest that children may exhibit more upper respiratory tract involvement, and
asymptomatic infections are common (2). The clinical features range widely, from fever, cough, and
pharyngeal erythema to severe dyspnoea, hypoxemia, and acute respiratory distress syndrome.

Italy was the �rst European country affected by the pandemic. At the onset of the epidemic, transmission
was largely hospital-based, and there was little or no difference in the management of children and
adults. In 2020, more than 10% of all SARS-CoV-2 infections were detected in subjects younger than 19
years, with twenty-one deaths in this age group (3). The acceleration of the coronavirus disease 19
(COVID-19) pandemic poses a major challenge for all health care systems, with demand exceeding their
maximum capacity for a protracted duration in the absence of su�cient resources. These resources
include health care workers, who are at high risk for infection and account for 10 to 20% of COVID-19
patients and COVID-19-related deaths (4).

New models of care are needed to effectively counteract COVID-19, reduce overcrowding in hospitals, and
reduce the spread of the infection to health care personnel (5). Tele-medicine (TM) could be an
appropriate tool for the management of communicable diseases owing to its e�cacy at reducing person-
to-person transmission (6). TM improves access to health care services, especially in sparsely populated
and less-developed regions, by facilitating contact between patients and providers. TM has been widely
tested over the past 20 years and provides an easy-to-establish and accessible alternative to direct health
care delivery (7). In particular, in the setting of non-urgent/routine care, remote assessment provides an
opportunity for social distancing and triaging between routine or emergency access to congested
hospitals, thereby reducing the risk of infection (8). Phone consultations can be used by health care
workers to replace, or supplement, standard medical visits for several patient needs. Physicians can
interact with patients over the telephone or via other electronic devices, collecting the relevant patient
history and key information on health concerns, evaluating symptoms to some extent, and offering
advice (9). Images and videos can supplement the conversation to provide further clinically useful
information.

In addition to its use for chronic conditions, TM has been useful during previous outbreaks, including
coronavirus outbreaks such as those of SARS and MERS (Middle East respiratory syndrome) or public
health emergencies related to the Ebola and Zika viruses (10). In 2019, in the United Kingdom, the high
burden imposed by the seasonal in�uenza outbreak led to the implementation of innovative TM-based
solutions as a �rst-line approach to reduce patient visits to the emergency department (11). The
application of TM during outbreaks facilitates tele-consultation, which can be indispensable in primary
and secondary care settings when local medical resources need support from referral centres. Through
tele-consultation, clinicians may bene�t from expert advice as well as peer-to-peer approaches.

A remote health surveillance model based on telephone triage (TT) has been successful at controlling the
spread of seasonal in�uenza (12), suggesting that some COVID-19 patients can be managed at a
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distance via remote consultation. Individuals who fear they may be infected with SARS-CoV-2 may
bene�t from remote consultations, reducing unnecessary direct medical intervention. Technological
improvements, access to high-speed internet, and the widespread availability of smartphones have
already enabled the rapid and easy implementation of tele-consultations for adult patients during the
COVID-19 pandemic (13).

During the �rst phase of the epidemic, Italy did not include TM in essential care; in contrast, TM
consultation systems were rapidly established in China (14), France (15), the United States (16) and
Brazil (17) to prevent COVID-19 from spreading and were shown to be effective with regard to remote
patient monitoring, with low rates of direct medical visits and hospital admissions.

The relatively mild clinical course in most children with COVID-19 offers a potentially ideal opportunity for
the socially distanced management of children through the implementation of TM, which may contribute
to containment of the spread of the epidemic. The COVID-19 peak occurred later in the region of
Campania than in northern Italy. A paediatric hub centre located in the Paediatric Infectious Disease Unit
of the University Hospital and linked with the paediatric primary care system operated in cooperation with
primary care paediatricians (PCPs) through TM. In Italy, the preventive and primary care of all children are
managed by PCPs (i.e., family paediatricians), who have full knowledge of the family setting, including
the clinical history, health status, and social and living conditions of the children under their care (18).
Each PCP is in charge of 1000 children.

The aim of this study was to investigate the e�cacy and feasibility of TM, in the form of tele-
consultation, for the management of suspected and con�rmed paediatric COVID-19 cases. The project
was implemented in cooperation with PCPs and experts in paediatric infectious diseases from the
paediatric COVID-19 centre of the University Federico II of Naples, Italy.

Methods
Study design and participants

A speci�c program was designed and assessed during the COVID-19 pandemic (March to December
2020). The regional referral centre for COVID-19 in children coordinated the management of children in
the Campania region, which has �ve million residents and approximately 500,000 children. A telephone
number was available to PCPs at all times that they could call for advice and to discuss clinical
indications, as well as for triage by the hospital and the admission of children, if necessary. PCPs
received a weekly letter from a referral centre containing updated reports on paediatric COVID-19 and the
indications for testing and/or hospital admission. Upon request by the family of children with suspected
cases of COVID-19, PCPs adapted their tele-visit program to include the caregivers of the children. For
support when making clinical decisions, PCPs used tele-consultation, a speci�c “clinician-to-clinician” TM
approach, which allowed them to confer with paediatric specialists in infectious diseases at the referral
centre.
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Children aged 0-14 years were enrolled through tele-consultation between PCPs and experts at the referral
centre, who performed a TT to de�ne the need for screening and identify the most suitable strategy for
managing the case (home isolation, in-person visit, swab and/or other investigations or hospital
admission). Experts at the COVID-19 unit provided updated information about indications to the PCPs
and discussed all cases with regard to the signs and symptoms, exposure history, and risk of COVID-19
transmission within the household, particularly to members at an increased risk of severe disease (i.e.,
subjects aged ≥ 65 years with chronic conditions). In addition, they critically evaluated the e�cacy of
home isolation measures. Children managed at home were monitored daily by PCPs through tele-visits.
Follow-up contact was established between the referral centre and PCPs if major clinical changes,
concerning signs, or spread among contacts occurred.

Data collection

Data were collected through a semi-structured telephone interview with PCPs. We recorded the following
patient information in an anonymized dataset: sex, age, date of symptom onset, contact history,
members of the household, and ongoing therapies. In addition, we collected data during phone
consultations between PCPs and the experts at the referral centre, particularly regarding the mean
duration of symptoms and main reasons for the phone call (case management, reassurance, indications
for diagnostic tests, home isolation/quarantine rules, and need for hospital admission). Furthermore, to
evaluate the feasibility and e�cacy of the TM approach for selecting the appropriate management
strategies for patients who potentially needed hospitalization, admitted children referred by PCPs through
tele-consultation were compared with a sample of 69 children admitted after a direct medical visit in
emergency departments (EDs) who were not engaged in the TM-based protocol. The appropriateness of
hospital admissions was evaluated at discharge based on the occurrence during the hospital stay of
need for clinical/laboratory monitoring, medical procedures and parenteral therapies and disease
progression.

Statistical analysis

Analyses were performed with IBM SPSS Statistics for Windows, Version 26.0 (Armonk, NY: IBM Corp).
Data are presented as the medians (IQRs), and categorical variables are presented as the frequencies (%).
Fisher’s exact tests and Mann-Whitney tests were used to compare the frequencies of events and non-
normally distributed variables.

Result
The speci�c TM program for the management of children with suspected cases of COVID-19 is
schematically depicted in Figure 1. A total of 270 telephone contacts with 162 PCPs were recorded. At the
beginning of the epidemic, knowledge of the disease was limited. The risk of the spread of infection was
not a major consideration when designing management plans, and generally, children were perceived by
both the families and PCPs as being at high clinical risk rather than sources of COVID-19 transmission.
However, after contact with experts and as the pandemic progression, the transmission of the infection
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became a major determinant of medical decisions. The primary reason for telephone contact was the
need for case management advice (n = 206, 77%), followed by diagnostic test indications (n = 38, 14%).
Sixty-six children without suggestive clinical features and/or exposure history to COVID-19 did not match
the indications for COVID-19 testing (25%). COVID-19 testing was recommended and performed for 203
children, of whom 139 were positive (51%) and 64 were negative (24%) (Table 1).

The epidemiological and clinical features of the children with COVID-19 are reported in table 2 and table
3, respectively. COVID-19 patients are presented as the total (n = 139), those managed with TM (n = 103,
74%), those who received in-person triage (n = 17, 12%) and those admitted to the hospital (n = 19, 14%).
As expected, there were more symptomatic children in the cohort of hospitalized patients (p=0.006), and
in most cases, the clinical presentation was similar to a �u-like syndrome.

As assessed by TM, the median number of household members was four (IQR 3-5). Eighty-two (59%)
patients had at least one member of the household with symptoms (fever, cough), and 110 (79%) had
one or more members of the household who had tested positive for COVID-19. The main clinical features
in the children with COVID-19 were fever (n = 63, 45%) and cough (n = 35, 25%). Forty-nine were
asymptomatic (49%) and were tested because there were clusters of cases in their families.

Direct medical visits by PCPs were not necessary for any of the patients managed at home, who did well
without major complications, as indicated by the absence of the development of further problems or
additional follow-up requested. However, in one case, after multiple telephone contacts with the PCP, a 2-
month-old infant who initially managed through TM at home because of the absence of symptoms, was
admitted to the hospital due to the development of fever and mild respiratory distress. This was actually
the �rst child admitted to the hospital for COVID-19, when the clinical experience and knowledge of the
natural history of the diseases were virtually non-existent. Nine asymptomatic patients were triaged in the
hospital due to the di�culty of performing swab tests at home. Age <1 year, fever and respiratory distress
were more common in patients admitted to the hospital than in children managed at home (p < 0.05). The
median age was younger in children admitted to the hospital, although the difference was not statistically
signi�cant. Children not engaged in the TM program were referred for hospital isolation at the regional
COVID-19 unit after accessing the EDs of regional hospitals (n = 69). As shown in Table 4, there were no
signi�cant differences (age, presence of symptoms and main reason for hospitalization) between
children hospitalized after being seen in EDs and those referred by PCPs through tele-consultation. A
substantial number of admissions were eventually deemed unnecessary, without a statistically
signi�cant difference between the two groups (38% and 27%, respectively, p > 0.05). These patients, even
though they were admitted to the hospital, did not have severe cases and did not require parenteral
therapies, speci�c hospital-based procedures or isolation.

Discussion
TM, including TT, is emerging as an essential component of the health care system that is applicable for
the management of many diseases and has been proposed as a key clinical approach during pandemics
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(10). The need for new TM models of care suitable for paediatric patients was supported by the increased
number of weekly tele-visits to “My Health at Vanderbilt”, a TM project active in Tennessee (USA), at the
start of the COVID-19 epidemic (19). In addition, a TM approach has been successfully applied to provide
uninterrupted care for children with asthma during pandemics (20).

Our data con�rm a less severe course of COVID-19 in children than in adults (1), making it feasible to
manage most paediatric patients at home through phone or video calls. This approach was highly
effective because it involved PCPs who have full knowledge of the clinical and psychosocial conditions
of children of whom they are in charge in the national health care system and their families. PCPs could
also effectively collect data on exposure, pre-existing conditions, ongoing therapies, the presence of
features possibly indicating a condition other than COVID-19, and red �ags indicating the need for prompt
direct assessment. The long-term knowledge of the child and the close relationship with the family help
PCPs foster trust on the part of the families that they are correctly interpreting the information obtained at
distance and, in turn, increase the trust of caregivers in the effectiveness of home management according
to the indications remotely provided by their physician. In our experience, direct assessment was needed
only in rare circumstances. Despite the lack of full and direct physical examinations, PCPs could easily
obtain information on the paediatric patient’s body temperature and oxygen saturation through the tools
available at the patient’s home. General appearance, respiratory distress signs (nasal �aring, sternal and
intercostal retractions) and respiratory rates were obtained through visual evaluation and the use of
instant messaging platforms, as previously discussed (21). Telephone calls and the implementation of
technologies that facilitate remote management limit patient access to PCP o�ces and EDs, resulting in
many bene�cial effects, the most signi�cant being a reduction in the spread of the virus, in which
paediatric patients could play a key role. Although children are less likely to develop symptoms and are
tested at relatively lower rates than adults, they may contribute to the spread of the infection, particularly
to vulnerable populations (22).

The sharing of expertise through tele-consultation appears effective in complex medical situations. An
example can be found in the ECHO (Extension for Community Health care Outcomes) Project,
coordinated by the University of New Mexico Health Sciences Center, which links interdisciplinary
specialist teams with primary care clinicians through a virtual platform. The ECHO Project has been
effectively used for the management of numerous conditions, ranging from hepatitis C to behavioural
health conditions (23). In our experience, tele-consultation between PCPs and specialists at the referral
centre has emerged as an effective tool for the management of acute infectious diseases such as COVID-
19, reducing over-testing and over-treatment. In fact, a number of children were referred to the centre
because of the fear of contagion and were excluded from testing after tele-consultation. No cases of
COVID-19 were eventually diagnosed among them, indirectly suggesting the reliability of tele-consultation
for the identi�cation of suspected cases.

Considering the less severe course in the paediatric patient population (24), children only rarely need
direct clinical evaluation and can be monitored through tele-visits, limiting the exposure of health care
professionals. In our model, tele-consultation and, consequently, the recommendation for home isolation
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reduced unnecessary contact, thereby decreasing the risk of transmission from infected children in health
care settings and minimizing the consumption of personal protective equipment (4). Furthermore, TM
reduces intrafamilial transmission, particularly transmission of the virus to vulnerable household
members (22).

To date, only nineteen out of 139 children with COVID-19 referred by PCPs have been admitted to our
paediatric COVID-19 unit, and in many children, hospitalization was eventually determined to have not
been needed. Cases remotely managed by PCPs through TM, with daily phone calls and the opportunity
to consult paediatric infectious disease experts through subsequent tele-consultations, had good clinical
outcomes, and hospital admission was necessary in only one case during follow-up due to the clinical
deterioration of the patient.

The younger age of admitted children suggests that the need for hospitalization was frequently due to
fear and worry due to limited COVID-19 knowledge rather than severe clinical manifestations related to
the unpredictable course of the disease. Indeed, all referred cases had a favourable course regardless of
the management setting. Certainly, age below 3 months in the presence of warning signs (i.e., dyspnoea,
dehydration, fever, comorbidities) should still be considered an indication for admission to rule out co-
infections and a more severe course of COVID-19. However, we need evidence-based criteria for
admission strati�ed by age group.

An important advantage of our TM model is the reduction in unnecessary clinical visits and hospital
admissions. In fact, most admitted children were referred to the centre from EDs, and they did not
undergo TT with PCPs. This led to unnecessary hospitalization mainly due to the need to limit the spread
of COVID-19 rather than because they required clinical management. Nevertheless, TM is not a perfect
tool, considering the relatively high burden of unnecessary admissions among PCP-referred children
through tele-consultation or among patients admitted from EDs. Although the limited sample size
prevents �rm conclusions from being drawn, our results suggest that remote management by PCPs leads
to decisions similar to those made with direct management in EDs in this speci�c population. Conversely,
through the implementation of TM in primary care, patients who needed hospitalization were promptly
screened at home for COVID-19, avoiding unnecessary contact with patients at the hospital who did not
have COVID-19 and healthcare workers in EDs. Finally, hospital management was performed in speci�c
paediatric settings by highly trained and equipped medical staff. None of the 20 healthcare providers
working in the COVID-19 paediatric unit were infected, unlike in adult patient units, where substantial
infection rates were reported among healthcare personnel (25).

Tele-visits and video contacts allow su�ciently accurate assessments in most cases, reducing exposure
to a range of infectious diseases other than COVID-19 (26); however, clinicians should always use their
judgement to critically evaluate the reliability of caregivers (27). Of note, caregivers, mainly the parents of
the children, demonstrated a collaborative attitude and reacted well to the TM approach. Here, TM was
successfully applied to promote social distancing and protect vulnerable children with chronic diseases
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during the COVID-19 outbreak; however, the implications for their health status and the evaluation of
quality of care in these settings should be considered in the long term.

Conclusion
TM for COVID-19 in children may be easily and quickly implemented and is highly effective when adopted
in conjunction with a child-speci�c model of primary care (18). As shown in adults (14-17), our experience
con�rms that distanced care is a safe alternative to in-person medical care for children with mild-to-
moderate symptoms, reducing the spread of infection (22), optimizing the use of �nancial and human
resources (28), preventing psychological distress in caregivers (29), avoiding hospital overcrowding,
reducing the consumption of personal protective equipment (30), and maintaining the well-being of
healthcare providers (31). Once su�cient data and standard pathways are available, TM could be
included in protocols for managing children exposed to or infected with SARS-CoV-2.

Studies to validate a systematic approach to uniformly applying tele-visits to the management of
paediatric cases of COVID-19 need to take into account socio-economic family inequities with regard to
accessing healthcare services (32).
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Tables
Table 1. Telephone contacts with the referral center
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Primary Care Pediatricians, n. 162

Median contacts/month, n. (IQR) 26 (15-67)

First telephone contact, n. 269

Second telephone contact, n. 171

Median duration of phone calls, minutes (IQR) 10 (8-15)

Type of request, n. (%)

Case management

Reassurance

Indications to   diagnostic test

Clari�cations about quarantine rules

 

206

13

38

12

 

(77)

(5)

(14)

(4)

COVID-19 swab test, n. (%)    

Positive

Negative

139

64

(51)

(24)

Not performed 66 (25)

Abbreviations. n., number; IQR, interquartile range.

Table 2. Epidemiological features of COVID-19 positive children
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  Overall
positive
cases

(n = 139)

Managed in

telemedicine

(n = 103)

In-person
triaged

(n = 17)

Hospital
admitted

(n = 19)

p

Median Age (years) (IQR) 5 (1-
10)

5 (1-10) 3 (1-
10)

1 (0-
6)

0.435

Age distribution, n. (%)

<1 year

1-5 years

6-10 years

11-14 years

 

39

41

31

28

 

(28)

(29)

(22)

(21)

 

25

30

27

21

 

(24)

(30)

(26)

(20)

 

4

7

3

3

 

(23)

(41)

(18)

(18)

 

10

4

1

4

 

(53)

(21)

(5)

(21)

 

0.050

0.439

0.109

1.000

Male, n. (%) 73 (53) 52 (50) 11 (65) 10 (53) 0.549

Household and history of contact                  

Housemates, median number
(IQR)

4 (3-5) 4 (3-5) 3 (3-
5)

4 (3-
5)

0.633

At least one housemate with
symptoms, n. (%)

82 (59) 59 (57) 9 (53) 14 (73) 0.366

At least one housemate with
con�rmed COVID-19, n. (%)

110 (79) 82 (80) 15 (88) 13 (68) 0.350

Contacts with COVID-19 cases
outside of the household, n. (%)

56 (40) 44 (43) 8 (47) 4 (21) 0.168

Abbreviations. IQR, interquartile range; n., number.

Table 3. Clinical features of COVID-19 positive children and treatment administered
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  Overall positive
cases

(n = 139)

Managed in

telemedicine

(n = 103)

In-person
triaged

(n = 17)

Hospital
admitted

(n = 19)

p

Clinical features                  

Symptomatic, n. (%) 90 (65) 63 (61) 8 (47) 18 (95) 0.006

Fever 63 (45) 42 (41) 7 (41) 15 (79) 0.008

Cough 35 (25) 23 (22) 4 (24) 8 (42) 0.186

Nasal
discharge/rhinorrhea

19 (14) 10 (10) 4 (24) 5 (26) 0.045

Myalgia/asthenia 13 (9) 10 (10) 1 (6) 2 (11) 1.000

GI symptoms 12 (9) 8 (8) 2 (12) 2 (11) 0.679

Sore throat 10 (7) 8 (8) 1 (6) 1 (5) 0.248

Skin lesions 9 (6) 6 (6) 2 (12) 1 (5) 0.637

Respiratory distress 7 (5) 2 (2) 2 (12) 3 (16) 0.019

Dysgeusia/Anosmia 6 (4) 4 (4) 1 (6) 1 (5) 0.490

Conjunctivitis 2 (1) 1 (1) 1 (6) 0 (0) 0.248

Headache 2 (1) 2 (2) 0 (0) 0 (0) 1.000

Asymptomatic, n. (%) 49 (35) 40 (39) 9 (53) 1 (5) 0.006

Therapies                  

Paracetamol 71 (51) 51 (50) 7 (41) 13 (68) 0.217

Bronchodilator with
spacer

8 (6) 5 (5) 2 (12) 1 (5) 0.321

Azithromycin 22 (16) 19 (18) 1 (6) 2 (11) 0.334

Beta-lactams 15 (11) 12 (11) 1 (6) 2 (11) 0.777

Steroids 6 (4) 5 (5) 1 (6) 0 (0) 0.815

Abbreviations. IQR, inter-quartile range; n., number.

Table 4. Comparison of hospital admitted children referred by PCPs and children hospital admitted
because of direct EDs access.
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  Referred by
PCPs

(n = 19)

Admitted after EDs
access

(n = 69)

p

Median Age (years) (IQR) 1 (0-6) 1 (0-4) 0.194

Symptomatic cases, n. (%)

Asymptomatic cases, n. (%)

Main reason of hospital admission, n. (%)

18 (95)

1 (5)

58 (84)

11 (16)

0.449

0.449

Clinical features

Pre-existing conditions

Age <3 months

Biocontainment

14 (74)

0 (0)

4 (21)

1 (5)

31 (45)

8 (12)

26 (38)

4 (6)

0.038

0.130

0.274

1.000

Hospital admission assessed as necessary,
n. (%)

12 (63) 50 (72) 0.571

Abbreviations. IQR, inter-quartile range; n., number.

Figures
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Figure 1

Patients enrolled.


