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Abstract
A serious epidemic of COVID-19 broke out in Wuhan, Hubei Province, China, and spread to other Chinese cities and several
countries now. As the majority of patients infected with COVID-19 had chest CTabnormality, chest CT has become an important
tool for early diagnosis of COVID-19 and monitoring disease progression. There is growing evidence that children are also
susceptible to COVID-19 and have atypical presentations compared with adults. This review is mainly about the differences in
clinical symptom spectrum, diagnosis of COVID-19, and CT imaging findings between adults and children, while highlighting
the value of radiology in prevention and control of COVID-19 in pediatric patients.
Key points
• Compared with adults, pediatric patients with COVID-19 have the characteristics of lower incidence, slighter clinical symp-
toms, shorter course of disease, and fewer severe cases.

• The chest CT characteristics of COVID-19 in pediatric patients were atypical, with more localized GGO extent, lower GGO
attenuation, and relatively rare interlobular septal thickening.

• Chest CT should be used with more caution in pediatric patients with COVID-19 to protect this vulnerable population from
risking radiation.
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Abbreviations
2019-nCoV 2019 Novel coronavirus
COVID-19 Coronavirus disease 2019
GGO Ground glass opacity
MODS Multiple organ dysfunction syndrome
RT-PCR Reverse transcription-polymerase

chain reaction
SARS Severe Acute Respiratory Syndrome
SARS-CoV-2 Severe Acute Respiratory

Syndrome Coronavirus 2

Introduction

In December 2019, a mysterious pneumonia broke out in
Wuhan and then spread to other Chinese cities and several

countries [1]. On January 7, 2020, a new type of coronavirus
was successfully isolated by the Chinese Center for Disease
Control and Prevention [2]. On January 12, 2020, the WHO
named the virus 2019-nCoV temporarily. On February 11,
2020, the International Committee on Taxonomy of Viruses
(ICTV) proposed to name the new virus SARS-CoV-2 due to
its similarity with SARS occurred in 2003 [3]. On the same day,
the WHO named the disease caused by SARS-CoV-2 infection
COVID-19 [4]. Since the outbreak of COVID-19, the Chinese
government has taken variousmeasures to stop epidemic. As of
today, 16 weeks after the onset of epidemic, China’s domestic
COVID-19 epidemic has been well controlled, and the daily
increase of confirmed cases in China mainland dropped to zero
for the first time on March 18, 2020 [5]. However, the virus
outbreak in countries outside China is on the rise; Europe and
America are severely affected at this moment, which means
that COVID-19 has evolved from an epidemic to pandemic.
Countries should take COVID-19 threat seriously and make a
joint effort to fight against the disease.

In the early days of the outbreak, the first reported 425
laboratory-confirmed COVID-19 patients in Wuhan before
January 22, 2020, showed that there were no cases in children
under the age of 15 [6]. Soon afterwards, another 1099
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laboratory-diagnosed cases from all over China through
January 29, 2020, indicated that 0.9% of patients were aged
below 15 years, which means that COVID-19 can be spread
within the whole age spectrum [7]. As of February 11, 2020,
965 people aged 19 years or younger were laboratory-
diagnosed with COVID-19, accounting for 2% of all cases
(965 of 44,672) [8]. One of the more recent epidemiological
studies of COVID-19 in Shenzhen, China, revealed that the
infection rate in children under 10 (7.4%) was similar to the
population average (7.9%) [9]. According to published re-
ports, the first diagnosed pediatric patient was observed on
January 20, 2020. Besides, a 14-year-old boy died on
February 7, 2020 [10]. The youngest infected person tested
positive just minutes after birth in London [11]. Most pediatric
patients were mild, with much fewer severe and critical cases
(5.9%) than adult patients (18.5%) [10]. Up to now, fewer
studies reported possible vertical transmission of SARS-
CoV-2 as IgG was detected positive in newborns of infected
mothers [12, 13].

Limited by the high false negative rates and kit supply, RT-
PCR cannot give a satisfied performance for diagnosing sus-
picious patients as much as possible [14]. The total positive
rate of RT-PCR of throat swabs was reported to be about 30–
60% at initial testing [15]. According to Ai T et al, by taking
RT-PCR results as reference, the sensitivity, specificity, and
accuracy of chest CT in COVID-19 diagnosis were 97%,
25%, and 68%, respectively [16]. Chest CT can detect lung
abnormalities before RT-PCR assay turning up positive, even
in those asymptomatic carriers [17, 18]. For this reason, chest
CT abnormalities have been incorporated into the clinically
diagnosed criteria from February 12, 2020, in Hubei province,
but removed from the sixth version of guidelines on February
19, 2020, possibly due to low specificity. Compared with
adults, pediatric patients have slighter clinical symptoms,
which strengthens the importance of chest CT in the early
diagnosis of COVID-19 in pediatric patients [17]. In this re-
view, we summarized the difference in clinical symptom spec-
trum, diagnosis of COVID-19 infection, and particularly CT
imaging findings between adults and children.

Clinical symptom spectrum

The clinical symptoms of pediatric patients are non-specific. In
the initial stage, fever and cough are most commonly seen.
Besides, other symptoms might appear to be nasal congestion,
runny nose, sore throat, fatigue, headache, myalgia, vomiting,
and diarrhea [11, 19, 20]. Among the pediatric patients, most
of them had mild or moderate fever generally lasting 1–2 days
[11, 19]. Specifically, in some cases, gastrointestinal symptoms
could be main symptoms and even initial symptoms [21, 22].
Also, it might be hard to notice the symptoms among infants
[19]. Some distinct symptoms of children such as irritability,

decreased response, and poor feeding could be the sign of infec-
tion [22]. Some patients were asymptomatic [17, 23]. In addition,
leucocytes and lymphocytesmight decrease and infection-related
biomarkers might increase. However, compared with adults, pe-
diatric patients were more likely to have above laboratory data
within the normal range [11, 17, 24, 25]. On the whole, the
majority of the cases were mild or moderate types with recovery
within a week [11, 17]. Nevertheless, a few pediatric patients
deteriorated in about a week, which could be companied with
dyspnea, cyanosis, progressive lymphocyte reduction, platelet
decrease, transaminase or creatine kinase increase, etc. Later,
the disease would develop progressively into acute respiratory
distress syndrome (ARDS), respiratory failure, septic shock,mul-
tiple organ dysfunction syndrome (MODS), and coagulation dis-
orders [19, 21]. It was more possible for pediatric patients with
chronic medical illness and young children, particularly infants,
to deteriorate severely. But the proportion of critical type in pe-
diatric patients was smaller than in adult patients [11, 19, 24, 26].
A 14-year-old boy from Hubei province died on February 7,
2020 [10]. In a word, compared with adult patients, pediatric
patients hadmilder symptoms, quicker recovery, and better prog-
nosis [1, 11].

Diagnosis of COVID-19 infection

The criteria for diagnosis of COVID-19 in children were formu-
lated based on the diagnosis of adult patients, combined with the
characteristics of epidemiology and clinical manifestations of
children. Similar to adults, epidemiological history should be
confirmed first. It takes one exposure history and two clinical
manifestations to diagnosis as suspected case (Table 1) [19].
Since most pediatric patients, whose symptoms were non-
specific and mild, connected with cluster outbreaks and these
days are in flu season, researchers divided epidemiological his-
tory into different risk levels, based on which they establish
targeted diagnostic criteria with emphasis on the exclusion of
other pathogens that might cause similar symptoms. Therefore,
the improvement allows children with high exposure risk to be
diagnosed earlier and the range of suspected cases to be more
accurately divided (Table 1) [11]. In general, positive real-time
fluorescence polymerase chain reaction of the patient’s respirato-
ry or blood specimen for SARS-CoV-2 nucleic acid is needed,
but some confirmed cases could get negative results [19, 21].
Furthermore, confirmed cases could be divided into 5 types ac-
cording to respective clinical manifestations (Table 2) [11].

Now that COVID-19-related chest CT abnormalities could
be prior to clinical symptoms [18] or could comparatively be
more severe with milder symptoms [27] and could appear in
patients with negative RT-PCR for COVID-19 [28], chest CT
might have good potential in screening and early diagnosis of
COVID-19. Moreover, it was reported that the sensitivity of
chest CT was greater than that of RT-PCR, which supported
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the use of CT for screening and diagnosis of patients with
characteristics of epidemiology and clinical manifestations
of COVID-19 and negative RT-PCR [29]. Meanwhile, the
National Health Commission of the People’s Republic of
China recommended that any suspected cases with COVID-
19-related CT scan results should be counted as clinically
diagnosed cases.

CT imaging findings

To date, several studies [17, 30–36] and a few case reports
[21–23, 37–45] have explored chest CTsigns of COVID-19 in
children and newborns. The CT manifestations of COVID-19
in pediatric patients are diverse and lack specificity. Some
mild pediatric patients with COVID-19 show normal findings

Table 1 Two versions of recommendations for the diagnosis of COVID-19 in children

Diagnosis of COVID-19 in
children

Diagnosis and treatment recommendation for pediatric
coronavirus disease-19

Recommendations for the diagnosis, prevention, and
control of the 2019 novel coronavirus infection in
children (first interim edition)

Epidemiological history (1) Travel or residence history in Wuhan or other areas
with recent local transmission within 2 weeks before
onset;

(2) Close contact with people with fever or respiratory
symptoms from Wuhan or other areas with recent
local transmission within 2 weeks before onset;

(3) Close contact with confirmed or suspected cases of
COVID-19 within 2 weeks before onset;

(4) Cluster outbreaks: Besides this child, there are other
patients with fever or respiratory symptoms, including
suspected or confirmed cases of COVID-19;

(5) Neonate with suspected or confirmed COVID-19
pregnant mother.

Epidemiological classification:
(1) High risk: close contact with confirmed or suspected

cases of COVID-19 within 14 days before onset;
(2) Medium risk: cluster outbreaks of COVID-19 in the

place of residence or community;
(3) Low risk: no cluster outbreaks in the community of

residence and general endemic areas outside the
source of the epidemic.

Surveillance cases (1) Asymptomatic children at high risk;
(2) Children at medium or low risk have one of the

following symptoms:
1) Fever;
2) Respiratory symptoms, fatigue, nausea, vomiting,

abdominal discomfort, diarrhea, etc.

Suspected
cases

Clinical
manifestations for
diagnosis of
suspected cases

(1) Fever, fatigue, dry cough. Some patients could be
symptomatic or have low-grade fever;

(2) Lung imaging showed SARS-CoV-2 pneumonia
signs;

(3) In the early stage, leucocytes reduced or be within the
normal range or lymphocytes decreased.

(1) Fever persisted, obvious respiratory symptoms,
shortness of breath or decreased pulse oxygen
saturation, or gastrointestinal manifestations such as
nausea, vomiting, abdominal discomfort and diarrhea;

(2) Laboratory tests: leucocytes reduced or did not,
lymphocyte decrease, CRP slightly elevated or did
not;

(3) Lung imaging showed SARS-CoV-2 pneumonia
signs.

Diagnosis of
suspected cases

One exposure history and two clinical manifestations (1) Neonate with confirmed COVID-19 postpartum
women;

(2) Children at high risk have 2 of the clinical
manifestations;

(3) Surveillance cases at medium or low risk have 2 of
the clinical manifestations after exclusion of flu
(regular administration of oseltamivir phosphate for
2 days made no effect) and other common pathogen
infections.

Confirmed
cases

Suspected cases have 1 of the following etiology test
results:

(1) Positive real-time fluorescence polymerase chain
reaction of pharyngeal swab, sputum, stool, or blood
specimen for SARS-CoV-2 nucleic acid;

(2) Virus gene sequencing founded virus that is highly
homologous with the known SARS-CoV-2, contained
in above specimens;

(3) SARS-CoV-2 particles were isolated and cultured
from the above specimens.

Suspected cases had positive real-time fluorescence
polymerase chain reaction of pharyngeal swab,
sputum, stool, or blood specimen for SARS-CoV-2
nucleic acid or founded virus that is highly
homologous with the known SARS-CoV-2, contained
in above specimens, by virus gene sequencing.
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on chest CT [17, 30–33, 41]. In those patients presenting lung
abnormality, ground glass opacity (GGO) mainly in the pe-
ripheral and posterior lungs that did not spare the subpleural
regions is the most frequently observed performance [17,
30–33]. Compared with adults, GGO in pediatric patients with
COVID-19 has the characteristics of more localized extent,
lower attenuation, and less lobular involvement (Fig. 1).
Feng K et al reported that small nodular GGO may be a sug-
gestive appearance of pediatric patients with epidemiology
[17]. Moreover, other manifestations such as consolidation,
GGO with consolidation, or interlobular septa thickening
can also be observed in the pediatric patients [30, 31, 33].
We summarized the chest CT imaging characteristics of pedi-
atric patients that have been reported so far in Table 3.
Although milder patients are more common in children, a
few of them may turn into disease progression. In these pa-
tients, GGO may develop into multiple consolidation with the
extent of GGO enlarged and attenuation of GGO increased
[21, 30]. Moreover, the lung interstitial changes may become
more obvious than before. In very rare cases, diffuse lung
consolidation occurs, presenting “white lung” [30]. In resolv-
ing stage, lung lesions will be completely resolved or only
remain minimal linear opacities [37]. In addition to the CT
findings mentioned above, it is worth noting that in some
cases the high spatial resolution CT changes are similar to

those of bronchopneumonia, manifesting as a patchy opacity
along the bronchial vascular bundle. Meanwhile, one of these
cases presenting as bronchopneumonia complicate with my-
coplasma infection [30]. As Xia et al reported, underlying co-
infection is very common in pediatric patients (9 of 20, 45%),
which means that case exclusion should be more carefully
done while pediatric patients have definite epidemiological
history but atypical CT findings [33]. Pleural effusion was
reported in several pediatric patients [31, 34, 36]. No cases
reported lymphadenopathy.

The value of radiology in prevention
and control of COVID-19

Although chest CT has been recommended as one of optional
criteria for the clinical diagnosis of COVID-19 in pediatric
patients [19], it must be admitted that fewer pediatric patients
have typical imaging features than adult patients, which may
lead to missed diagnosis if only relying on chest CT to screen
pediatric patients. In those highly suspected cases but initial
RT-PCR results show negative, chest CT may provide support
information for diagnosis and management, but final diagno-
sis still rely on further nucleic acid detection.

Table 2 Clinical classification of
COVID-19 in children Clinical

classification
Clinical manifestations

Asymptomatic No clinical signs and symptoms, lung imaging was normal, but SARS-CoV-2 nucleic acid
test was positive, or positive serum-specific antibody which helped retrospective
diagnosis of infection.

Mild The clinical symptoms are mild, with symptoms of upper respiratory tract infections,
including fever, cough, and sore throat, or symptoms of gastrointestinal symptoms such
as nausea, vomiting, abdominal pain, and diarrhea, without sign of pneumonia.

Moderate It could have typical COVID-19 manifestations. Fever and cough were common. In the
initial stage, dry cough appeared mostly, followed by sputum cough. Some might have
wheezingwithout obvious hypoxia such as shortness of breath, dry rales and/or wet rales.
Chest imaging showed changes of pneumonia. Some children had no clinical signs and
symptoms, but chest CT showed lung lesions, which were subclinical.

Severe The disease usually progresses in about 1 week and has at least one of the following
conditions:

(1) Respiratory rate increased (RR): Children under 1 year of age, RR ≥ 70/min, above
1 year of age RR ≥ 50/min, with exclusion of the impact of fever and crying;

(2) Blood oxygen saturation at rest < 92%;

(3) With symptoms indicated hypoxia: assisted breathing (groaning, wing flaps, sags, etc.),
cyanosis, intermittent apnea;

(4) Unconsciousness: lethargy, coma, convulsions;

(5) Refused to eat or had poor feeding, had signs of dehydration.

Critical The disease progresses rapidly and have at least one of the following conditions:

(1) Respiratory failure occurs and requires mechanical ventilation;

(2) Shock;

(3) Combined with other organ failures, requires intensive care unit.
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Moreover, there are some pediatric patients with RT-PCR
positively showing normal findings on chest CT [17, 30, 32,
33, 41], perhaps due to a relatively high proportion of mild
and moderate types. Although some of negative-CT pediatric

patients with COVID-19 can present abnormality in follow-up
CT (perhaps that infection is in the earliest stage at the time of
initial chest CT performing) [17], these slight imaging chang-
es are not enough to affect clinical decisions in mild and

Fig. 1 Chest CT imaging of coronavirus disease 2019 (COVID-19)
pneumonia in children and adults. a Female, 14 years old. Chest CT
showed scattered GGO in the inferior lobe of the right lung, located
subpleural or extended from subpleural lesions. b Male, 10 years old.
Chest CT showed consolidation with halo sign in the inferior lobe of
the left lung surrounded by GGO. c Male, 1 year old. Chest CT showed
diffused consolidations and GGO in both lungs, with a “white lung”

appearance of the right lung. d Male, 49 years old. Chest CT showed
multiple subpleural GGO in both lungs. e Male, 64 years old. Chest CT
showed multiple GGO and consolidations in the right upper lobe. fMale,
34 years old. Chest CT showed diffused consolidation in the right lower
lobe and left lung with fewer GGO surrounded. * Fig. 1 a to c is
reproduced with permission from Xia W et al. [33]

Table 3 Initial chest CT imaging features of coronavirus disease 2019 (COVID-19) pneumonia in children

Normal GGO GGO + consolidation GGO + interlobular septal thickening Consolidation Others

Ma YL et al# (n = 115) 27 No detailed classification in other 49 cases 39a

Wang D et al* (n = 31) 17 9 1 / / 2a,b

Ma HJ et al (n = 22) 2 6 6 2 3 3b

Xia W et al (n = 20) 4 12 10 4 3c

Feng K et al (n = 15) 6 9 / / / /

Zhong Z et al (n = 9) 4 4 / / 1 /

Zhou YY et al (n = 9) 1 1 6 / 1 0

Case reportsΨ (n = 17) 4 4 6 / 1 2a,d

a Increased bronchovascular shadows
b Similar to bronchopneumonia
c Tiny nodules
d Scattered small strip-like opacities
# Lung CT findings showed ground glass opacity, fiber opacities, patchy changes, and pulmonary consolidation in 49 children lacking classification,
among whom 2 children had “white lung”
ΨCase reports include refs. 21–23, 37–45

*No detailed CT imaging description in another two atypical patients

GGO ground glass opacity
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moderate type of pediatric patients, which limited the value of
follow-up CT. According to the Guideline for Medical
Imaging in Auxiliary Diagnosis of COVID-19, low-dose CT
scan should be performed on infant patients and the follow-up
imaging should be reduced as less frequently as possible [37].
Thus, for radiation protection considerations, follow-up imag-
ing is necessary only in cases of clinical deterioration for pe-
diatric patients. If patients need follow-up, chest radiograph
might be a better alternative. They will not be able to show the
ground glass abnormalities as we see on CT, but it may be less
important since these patients will not be as sick as patients
presenting with consolidation.

Comparing the current guideline for COVID-19 and rec-
ommendations specific for pediatric patients with COVID-19,
the common contents of the release criteria include no fever
for 3 days, significantly improved respiratory symptoms, and
negative nucleic acid test for two consecutive sputum, naso-
pharyngeal swab, or other respiratory tract specimens (sam-
pling time at least 24 h apart). But in pediatric patients, exu-
dative inflammation resolved apparently in lung imaging is
not necessary for discharging from hospital [19, 46].

When SARS-CoV-2 co-infected with other pathogen infec-
tions, abnormalities on chest CT may not follow the same
course as clinical findings and take longer to resolve.
Therefore, chest CTexaminationmust be chosenwith extreme
caution for protecting the vulnerable population from unnec-
essary radiation risk. Detection of common clinical pathogen
and further nucleic acid test for various source samples are
needed in guiding diagnosis and treatment. Good clinical in-
dications are more than ever important during treatment.

Conclusion

Compared with those in adults, the chest CT characteristics of
COVID-19 in children were atypical, with more localized
GGO extent, lower GGO attenuation, and relatively rare in-
terlobular septal thickening. Most pediatric patients are mild
type, which requires a balance between the risk of radiation
and necessity for chest CT. If necessary, low-dose CT scan is
more suitable for this population. Follow-up imaging is only
necessary in cases of clinical deterioration and should be re-
duced as less frequently as possible. Good clinical indications
are important more than ever, in order to not spread the disease
in the hospital by transferring patients from wards to CT and
for radiation protection of this vulnerable patient group. In
conclusion, pediatric patients with COVID-19 commonly
have lighter lung abnormalities than adults, and chest CT
should be used with more caution in pediatric patients.
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