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ABSTRACT Objective: To describe the CT features and clinical characteristics of pediatric patients

with coronavirus disease 2019 (COVID-19).

Method: A total of 9 COVID-19 infected pediatric patients were included in this study.

Clinical history, laboratory examination, and detailed CT imaging features were analyzed.

All patients underwent the first CT scanning on the same day of being diagnosed by real-

time reverse-transcription polymerase chain reaction (rRT-PCR). A low-dose CT scan was

performed during follow-up.

Results: All the child patients had positive results. Four patients had cough and one patient

had fever. One patient presented both cough and fever. Two children presented other

symptoms like sore throat and stuffy nose. One child showed no clinical symptom. Five

patients had positive initial CT findings with subtle lesions like ground-glass opacity

(GGO) or spot-like mixed consolidation. Three patients were reported with negative results

in the initial and follow-up CT examination. One patient was reported with initial negative

CT findings but turning positive during the first follow-up. All patients had absorbed

lesions on follow-up CT images after treatment.

Conclusion: Pediatric COVID-19 patients have certain imaging and clinical features as

well as disease prognosis. Children with COVID-19 tend to have normal or subtle CT

findings and relatively better outcome.
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儿童2019冠状病毒病患者的胸部CT表现和临床特征

钟正 1, 2，谢幸芷 3，黄巍 1, 2，赵伟 3，喻奇志 1, 2，刘军 3, 4

（1. 长沙市第一医院放射科，长沙 410005；2. 长沙公共卫生救治中心，长沙 410153；3. 中南大学湘雅二医院

放射科， 长沙 410011；4. 湖南省放射诊断质量控制中心，长沙 410011）

[摘要] 目的：探讨 9例儿童 2019冠状病毒病(coronavirus disease 2019，COVID-19)患者的临床及影像学特征。

方法：入组9例COVID-19患儿。收集患儿的临床病史、症状及体征、实验室指标。患儿均行咽拭子实时反转录聚合

酶链反应(real-time reverse-transcription polymerase chain reaction，rRT-PCR)检查进行确诊，于同一天行首诊CT检查，

并于治疗后行随访CT检查。分析患儿的临床及影像学特征。结果： 9例患儿均经咽拭子 rRT-PCR检查确诊COVID-

19，临床症状相对较轻。5名患儿的首诊CT影像学表现即有阳性发现。3名患儿首诊及随访CT影像学表现均为阴

性。1名患儿首诊CT影像学表现为阴性，首次随访CT影像学表现显示出现新发病灶。CT影像有阳性发现的患儿复

查CT影像学表现均提示病灶较前有不同程度的吸收。结论：儿童COVID-19患者的临床及影像学表现具有一定特

点。COVID-19患儿的影像学表现正常或较轻，且预后相对良好。

[关键词] 2019冠状病毒病；计算机体层摄影；肺炎；儿童

It has been proved that coronavirus disease 2019

(COVID-19) acquired the ability for efficient human-to-

human transmission[1]. The updated guideline points out

that COVID-19 is susceptible for people at all ages[2].

Though, when the current outbreak started, no pediatric

patients were reported. It was just too soon to tell. With

the spreading of virus, the number of infected pediatric

patients came up, and young children are not immune.

The coincidence of the outbreak of COVID-19 and the

winter-spring flu season is also challenging early

accurate diagnosis, and early intervention of pediatric

pneumonia. The CT features for adult COVID-19

patients were well described in studies[3-5]. However,

early data were limited that did not present radiographic

characteristics and clinical features for pediatric

patients. The purpose of this study was to describe the

CT features and epidemiological characteristics of

pediatric patients with COVID-19.

1 Materials and methods

This study was approved by the Medical Ethical

Committee (No. 2020002) and waived the requirement

for patients’ informed consent referring to the Council

for International Organizations of Medical Sciences

guidelines.

1.1 Clinical evaluation

We collected laboratory-confirmed pediatric

COVID-19 patients from the database of the Department

of Radiology Quality Control Center, Hunan Province.

The diagnosis of COVID-19 was determined using the

following 3 methods: Isolation of SARS-CoV-2, at least

2 times of getting positive results by real-time reverse-

transcription polymerase chain reaction (rRT-PCR) for

SARS-CoV-2, or a genetic sequence that matched

SARS-CoV-2. From a total of 339 confirmed COVID-

19 cases, 9 pediatric patients (5 girls, 4 boys; age range

from 3 months to 12 years old) were included in the

study. All available clinical history, laboratory results,

and epidemiological characteristics were obtained. The

patients were assigned into 4 types according to the

Diagnosis and treatment of pneumonitis caused by new

coronavirus (Trial version 7) [2]: Mild, common, severe,

and fatal type. All patients underwent the first CT

scanning on the same day of being diagnosed. A low-

dose CT scan was performed during follow-up.

Radiation shielding was used for non-examined body

parts during scans.

1.2 CT imaging

Two thoracic radiologists (with 10 years of

experience) who blinded to clinical data reviewed the

CT images independently and resolved discrepancies by

consensus. Two lungs were seen on all images (width,

1 500 HU; level, − 700 HU) and mediastinal (width,

350 HU; level, 40 HU) settings. The presence or

absence of image features was recorded, including
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ground-glass opacity (GGO), consolidation, mixed GGO

and consolidation, reticulation, subpleural bands,

vascular enlargement, and lesion distribution.

2 Results

2.1 Clinical features

All 9 patients were rRT-PCR positive for SARS-

CoV-2 and had a familial clustering history. Patient 1, 5,

and 9 were labeled in mild type, while patient 3, 4, 6, 7,

and 8 were in common type. Patient 2 was in mild type

upon admission but changed to common type based on

radiographic changes during follow-up. Four patients,

patient 1, 3, 6, and 8 had dry cough. Patient 4 had only

fever. Patient 2 had both fever and cough. Patient 7 had

sore throat and Patient 9 had stuffy nose. Patient 5 did

not have any clinical symptom. Besides these

symptoms, no diarrhea, or any other symptoms were

reported in these children (Table 1).

2.2 Laboratory results

White blood cell count was high in patient 1 while

that was low in patient 3. White blood cell counts for the

other 7 children were in the normal range. Lymphocyte

counts were high in patient 1 and 9 while those were

low in patient 2. Other 6 patients presented normal

lymphocyte counts. The percentage of neutrophils was

decreased in patient 1, 2, 3, 6, and 9, while the

percentage was normal in patient 5, 7, and 8. Percentage

of neutrophils was slightly higher than normal in patient

4. The level of lactate dehydrogenase (LDH) was higher

than normal in patient 1, 2, 7, 8, and 9. Patient 8 did not

Table 1 Baseline and clinical features for pediatric COVID-19 patients

Clinical features

Age

Gender

Growth of children

Any comorbidity

Familial clustering history

Signs and symptoms

Fever

Cough

Temperature/°C

Diarrhea

Other symptom

Clinical types

Change of clinical type

Laboratory examination

rRT-PCR

Influenza A/B virus antigen

T-SPOT

WBC count

Lymphocyte count/(×109·L−1)

Neutrophil percentage/%

Procalcitonin/(ng·mL−1)

D-dimer/(µg·mL−1)

Lactate dehydrogenase/(U·L−1)

C-reactive protein/(mg·L−1)

Patient 1

13 months

Female

Normal

−
+

−
+

36.7

−
−

Mild

−

+

−
−

16.31

9.54

34.7

<0.05

0.08

218.0

3.58

Patient 2

2 years

Female

Normal

−
+

+

+

39.1

−
−

Mild

Common

+

−
−
9.18

1.06

23.7

<0.05

0.12

241.6

4.07

Patient 3

11 years

Female

Normal

−
+

−
+

36.1

−
−

Common

−

+

−
−
3.77

1.73

46.9

<0.05

2.50

126.4

2.36

Patient 4

8 years

Male

Normal

−
+

+

−
37.6

−
−

Common

−

+

−
−
5.43

1.15

71.7

<0.05

71.7

153.2

2.24

Patient 5

8 years

Male

Normal

−
+

−
−

36.3

−
−

Mild

−

+

−
−
6.5

2.46

54.4

<0.05

0.08

152.9

3.51

Patient 6

9 years

Female

Normal

−
+

−
+

36.5

−
−

Common

−

+

−
−
5.82

2.36

45.9

0.04

0.21

177.1

1.78

Patient 7

12 years

Male

Normal

−
+

−
−

36.5

−
Sore throat

Common

−

+

−
−
7.31

1.92

65.6

0.02

0.17

307.2

−

Patient 8

7 years

Female

Normal

−
+

−
+

36.3

−
−

Common

+

−
−
5.14

2.1

51.1

0.03

−
249.7

0.07

Patient 9

3 months

Male

Normal

−
+

−
−

36.5

−
Stuffy nose

Mild

−

+

−
−
6.2

4.73

13.7

<0.05

0.08

319.8

<0.80
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test D-dimer level. The D-dimer level was elevated in

patient 3 and 4, and it was in normal range among the

other 6 patients. Patient 7 did not test C reactive protein

(CRP) level and the CRP levels of other 8 patients were

within the normal range. The level of procalcitonin

(PCT) was within the normal range for all the patients,

and all of them had negative results for influenza A/B

virus antigen tests and T-SPOT test (Table 1).

2.3 CT findings

Patient 1-9 received chest CT scanning upon

admission and had follow-up examinations 2 or 3 days

later after treatment (Figure 1). Chest CT scanning

would be performed once every 3-5 days when patients

with positive findings during follow-up. CT scans for

patient 1, 2, and 9 were under the age-proper sedation

procedure performed by pediatricians. CT findings for

each patient were reported below.

Patient 1 (girl, 13-month-old): Both initial CT

scanning and follow-up scanning after 3 days showed no

GGO or consolidation but a slight increase of

bronchovascular shadows.

Patient 2 (girl, 2-year-old): Initial CT images

showed negative findings. The first follow-up CT

images in 2 days revealed mixed spot-like patchy

GGOs, and consolidation in superior lobe of right lung.

Vascular enlargement was also visible. The second

follow-up CT images after 5 days showed that most of

the lesions had been absorbed (Figure 2).

Patient 3 (girl, 11-year-old): Initial CT images

showed GGO in posterior basal segments of lower left

lung. CT images of the first follow-up in 2 days revealed

diminished lesion, and those of the second follow-up

after 3 days showed that the lesion was absorbed

(Figure 3).

Patient 4 (boy, 8-year-old): Initial CT images

showed band-like consolidation in peripheral area of

medial segment of right middle lobe. CT images of the

first follow-up after 3 days showed that the lesion was

absorbed.

Patient 5 (boy, 8-year-old): Both initial and follow-

up CT scanning had negative findings.

Patient 6 (girl, 9-year-old): Initial CT images

showed minor GGO in lower lobe of left lung. The

follow-up CT conducted in 4 days indicated absorbed

lesion (Figure 4).

Patient 7 (boy, 12-year-old): Initial CT images

showed subtle GGO subpleura area in posterior basal

segment of left lower lobe. Traction bronchiectasis was

visible. CT images of the first follow-up after 3 days

showed that the lesion was slightly absorbed.

Patient 8 (girl, 9-year-old): Initial CT images

showed minor GGO in lower lobe of right lung. This

patient was newly diagnosed without follow-up CT

scanning conducted yet.

Patient 9 (boy, 3-month-old): Both initial and

follow-up CT scanning had negative findings.

Figure 1 Patient flowchart. Of 339 patients admitted, 9 (0.03%) were pediatric patients, among which 5 (55.6%) had

positive initial CT findings and 4 (44.4%) had negative initial CT findings. One patient whose initial CT was negative had

positive CT findings during follow-up
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Figure 3 CT images of patient 3

A: Initial CT image shows GGO in posterior basal segments of lower left lung (Arrow). B: CT image of the first follow-up reveals

diminished lesion (Arrow). C: CT image of the second follow-up shows the absorbed lesions

Figure 4 CT images of patient 6

A: Initial CT images show minor GGO in lower lobe of left lung (Arrows). B: Follow-up CT image conducted in four days shows

absorbed GGO

Figure 2 CT images of patient 2

A-B: Initial CT images are negative. C-D: CT images of the first follow-up reveal mixed spot-like and patchy GGOs and

consolidation appeared in superior lobe of right lung. Vascular enlargement is also visible (Arrows). E-F: CT images of the second

follow-up show most of the absorbed lesions
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3 Discussion

We evaluated clinical features and radiographic

characteristics of 9 pediatric patients with confirmed

SARS-CoV-2 infection.

The earlier versions (Trial version 1 − 3) of the

Diagnosis and treatment guidelines for COVID-19

released by the China National Health Commission did

not cover pediatric patients since there was no case

reported at the time. As SARS-CoV-2 infection spread,

cases in children were reported. The updated guideline

(Trial version 4) added children and infants as

susceptible populations. In the latest versions (Trial

version 5−7), COVID-19 was considered susceptible for

people at all the ages. These 9 patients in our study

presented positive rRT-PCR results and epidemiological

characteristics that are considered supporting evidence

in the latest guideline.

Laboratory features of COVID-19 patients were

identified in several studies. Typically, decreased total

lymphocytes, low or normal white blood cell counts

were commonly seen at the early stage of SARS-CoV-2

infection. Some patients may also have elevated LDH

and CRP, but a normal PCT [3-4]. In this study, the

elevated white blood cell count and total lymphocytes in

patient 1 and 9 might indicate a complicated bacterial

infection. Laboratory results in other cases were similar

to the results in adult patients.

Also, previous studies[5-8] revealed several typical

CT features for adult COVID-19 patients. For adults,

COVID-19 is likely to have a peripheral distribution

with bilateral, multifocal lower lung involvement. The

CT findings among these 9 infected children were quite

different. Four patients had negative findings at initial

CT scanning, and one of them had positive CT findings

during follow-up within 2 days. For patients who had

initial positive or follow-up positive CT findings, the CT

images showed that their lesions began to be absorbed

within 2 and 5 days. The underlying mechanism of

children tending to have minor symptom and better

outcome is currently unclear. A recent study[9] suggested

that the relatively low reaction of angiotensin converting

enzyme 2 (ACE2) induced intracellular response in

pediatric patients might be the reason for children

presenting minor symptom. Again, we discovered that

the white cell counts for 7 out of 9 children were in the

normal range and lymphocyte counts for 6 out of 9

patients were normal. The phenomenon observed in

adults that the decrease of lymphocyte counts during

infection was not found in most of pediatric cases.

Researchers[9] indicate that since children have

incomplete development of immune system, therefore

the immune response during infection is relatively low

compared with adults. This might help to explain why

children tend to have minor clinical symptom and subtle

imaging features.

The review of cases suggests that pediatric patients

with COVID-19 have relatively mild signs and

symptoms. CT images indicate COVID-19 children

have more subtle and focal lesions compared with adult

patients. CT images during follow-up showed that

lesions diminished shortly after the treatment, indicating

that pediatric patients may have a better outcome.

Our study has several limitations. Firstly, this

cohort is quite small. Larger, multi-center population is

needed for better understanding of CT features for

pediatric patients. Secondly, the quality of some CT

images which is not ideal for pediatric patient might not

be able to stay still during examination.

In summary, pediatric COVID-19 patients have

certain differences compared with adult patients.

Children with COVID-19 tend to have normal or subtle

CT findings and relatively better outcome.
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