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ABSTRACT
Purpose: To analyse the clinical symptoms, laboratory examinations and chest CT findings of
children infected by the B.1.617.2 variant of COVID-19 and to compare the differences between
clinical subtypes.
Methods: Fifty-three children (28 males, 25 females; age ranging from 4months to 17 years)
were included with B.1.617.2 variant infection in Nanjing, China, from July 21 to August 12
2021. Clinical data from patients were collected and analysed in groups of mild and common
types. Imaging data were divided into three stages for evaluation: early, intermediate and
late stages.
Results: In our study, fever (53%), cough (34%) and pharyngeal discomfort (28%) were the main
symptoms. There were no differences in clinical symptoms between the mild and common
type. The most common laboratory test items outside the normal range were decreased mean
corpuscular volume (68%), lymphocyte percentage (64% elevated and 2% decreased) and
decreased serum alkaline phosphatase concentration (66%). The differences in haemoglobin and
monocyte percentages between the mild and common types were statistically significant
(p¼ .037 and .033, respectively). No influencing factor was statistically significant in the regres-
sion analysis of both symptoms and clinical subtypes. The main CT findings were ground-glass
opacity and consolidation located in the periphery and bilateral multilobed involvement. The
mean CT score was 1.6. CT score correlated with packet cell volume, haemoglobin, mean
erythrocyte volume, mean platelet volume and platelet distribution width.
Conclusion: The pathogenetic condition of children with B.1.617.2 variant infection is mild.
Although there were intergroup differences in some blood cell analyses, T-lymphocyte counts,
and comprehensive biochemical indicators, no factors had a significant effect on clinical typing
and the presence or absence of symptoms. CT findings and CT scores reflect disease stage and
pathological changes and correlate moderately with laboratory tests, making them of good
value for disease diagnosis and monitoring.

KEY MESSAGES

� Paediatric patients infected with B.1.617.2 variant have a milder clinical and imaging presen-
tation than adults and are similar to the prototype infection.

� CT findings and scores which reflect disease stages and pathological changes.
� There is a correlation between chest CT and laboratory tests, which can be useful for the
diagnosis and follow-up of the disease.
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Introduction

In 2019, a highly infectious but aetiologically unknown
respiratory disease occurred in Wuhan, China.
Subsequently, it was confirmed to be caused by a

coronavirus named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) by the International
Committee on Classification of Viruses [1]. Coronavirus
Disease 2019 (COVID-19) remains a global public
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health threat. Numerous SARS-CoV-2 variants have
emerged. The SARS-CoV-2 B.1.617 lineage was first
reported in India in October 2020. The SARS-CoV-2
B.1.617.2 (Delta) variant became the most prevalent in
India from mid-April 2021 [2]. The variant was highly
infectious and spread rapidly and has now spread to
78 countries [3–4]. Within one day, seven new locally
confirmed cases were reported at Nanjing Lukou
Airport, Jiangsu Province [5], followed by a rapid
increase in infected patients, with an aetiology con-
formation of SARS-CoV-2 B.1.617.2 (Delta) vari-
ant infection.

Based on previously published literature, the symp-
toms of acute respiratory infection appeared early in
COVID-19 in all age groups. The most common symp-
toms were fever (43.8% on admission and 88.7% dur-
ing hospitalization) and cough (67.8%) [6], with some
infections rapidly progressing to severe complications
such as acute respiratory distress syndrome (ARDS)
and acute respiratory failure. Acute respiratory distress
syndrome (ARDS) is the rapid onset of noncardiogenic
pulmonary oedema, hypoxaemia and the need for
mechanical ventilation in hospitalized patients [7].
Subsequent studies focussed on the analysis of clinical
features achieved good agreement in their conclusions
that COVID-19 had a milder course and better progno-
sis in the paediatric population than in the adult
population [8–10]. In children, the common signs and
symptoms include fever, cough and pharyngeal ery-
thema [11]. A total of 69.6% (828/1189) of children
had a normal leukocyte count [12]. High-resolution
chest computerized tomography (CT) was used as an
aid to identify suspected COVID-19 cases, and one
review summarized that children with abnormal CT
presentation accounted for 2/3 of the overall cases.
However, the CT presentation was mild, and the bene-
fits of CT outweighed the radiation risks [13].

The currently prevalent SARS-CoV-2 B.1.617.2
(Delta) variant has been less studied in paediatric

patients. In the face of its higher infectious threat,
whether there are different features of clinical, labora-
tory tests and imaging findings remains unknown and
urgently needs to be elucidated by researchers. This
study retrospectively collected positive paediatric
patients for SARS-CoV-2 Delta variant infection. Their
clinical manifestations, laboratory test results and
high-resolution CT features were described to improve
the efficiency of identifying and diagnosing suspicious
cases during epidemic prevention. Disease develop-
ment and diagnosis can be better understood, and
better implementation of clinical measures.

Materials and methods

Participants

This study was conducted in accordance with the
amended Declaration of Helsinki. Independent ethics
committees approved the protocol, and written
informed consent was obtained from all patients.
Inpatients at Nanjing Second Hospital (Tangshan
Branch) were included in this study from July 21 to
August 12 2021. Inclusion criteria were as follows: (1)
All cases followed the Diagnosis and Treatment
Protocols of Coronavirus Disease 2019 (Trial Version
8 Revised) established by the National Health
Commission of the People’s Republic of China [14]; (2)
Viral gene sequencing showed high homology of pha-
ryngeal swab samples with SARS-CoV-2 B.1.617.2
(Delta) variant; (3) Age less than 18 years. The exclu-
sion criteria were as follows: (1) recent pulmonary
infections attributable to other pathogens and (2) chil-
dren with acute infections at other sites or comorbid-
ities with other diseases. According to the diagnosis
and treatment protocol [14], the enrolled children
were classified into four clinical types. The methods
are shown in Table 1.

General demographic and epidemiological data
included sex, age, vaccination history, close contact or

Table 1. Criteria for four clinical types.
Clinical types Detailed content

Mild type Mild clinical symptoms and no pneumonia manifestations on imaging
Common type Fever, respiratory symptoms, etc., and pneumonia manifestations on imaging
Severe type Patient requires any of the following:

1. persistent high fever for more than 3 days;
2. presence of tachypnoea (<2months of age, RR� 60 beats/min; 2 to 12months of age, RR� 50 beats/min; 1 to 5 years of

age, RR� 40 beats/min; >5 years of age, RR� 30 beats/min), except for the effects of fever and crying;
3. resting state, finger oxygen saturation� 93% on air inhalation;
4. assisted respiration (nasal flapping, tricuspid sign);
5. presence of drowsiness and convulsions;
6. refusal of food or feeding difficulties with signs of dehydration.

Critical type Patient requires any of the following:
1. respiratory failure and the need for mechanical ventilation;
2. the presence of shock;
3. the combination of other organ failure requiring ICU monitoring treatment
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travel history. Clinical symptoms consist of fever,
cough, pharyngeal discomfort, fatigue, nasal obstruc-
tion, diarrhoea, hypogeusia, hyposmia, dizziness, chest
distress, and conjunctival congestion. Children with
clinical symptoms were in the symptom-positive
group, and children without clinical symptoms were in
the symptom-negative group. Axillary temperature
was classified as low-grade fever (37.1–38 �C), moder-
ate-grade fever (38–39 �C), high-grade fever (39–41 �C)
and ultra-high grade fever (>41 �C). Laboratory tests
involve blood cell analysis, T-lymphocyte absolute
counts, coagulation function and comprehensive
biochemistry.

CT scanning and evaluation

CT scans were performed using Toshiba and Philips
64-layer spiral CT. CT parameters: 110 kV tube voltage,
100mA tube current, 5mm layer thickness, 2.5mm
reconstruction interval and 1.5mm thin layer. Most
patients underwent a high-resolution chest CT on the
day of admission or the next day and received one to
three follow-up visits within three weeks. The descrip-
tion and scoring of CT images were done independ-
ently by two radiologists with clinical experience, and
in case of disagreement, a senior physician partici-
pated in the joint decision.

Children with at least one positive finding on each
CT examination were defined as CT-positive cases. All
CT-positive cases’ initial and follow-up imaging data
were divided into three periods according to the time
from symptom onset to the CT scan. CT images were
classified into early stage (0–3 days), intermediate
stage (3–7 days) and late stage (>7 days). The opacity
characteristics include ground-glass opacity (which
appears as hazy increased opacity in the lung, with
the preservation of bronchial and vascular margins)
and consolidation (which appears as a homogeneous
increase in pulmonary parenchymal attenuation that
obscures the margins of vessels and airway walls) [15].
If the two characteristics appeared simultaneously,
they were recorded as GGO and consolidation. If they
appeared separately, they were respectively recorded
as GGO and consolidation. If there was a small amount
of ground-glass opacity around the consolidation or if
the consolidation was poorly defined, it was counted
as a consolidation, and if there was an independent
ground-glass opacity in addition to the consolidation,
it was counted as GGO and consolidation. For consoli-
dation, halo signs (appearing as GGO surrounding a
nodule or mass) were specifically recorded [15]. Other
CT signs (bronchial mucus plug, localized thickening

of the interlobular pleura, limited emphysema distal to
the lesion, pulmonary fibrosis, pleural effusion and
lymph node enlargement) were accurately recorded.
Distribution features include central distribution (pre-
dominantly in the inner two-thirds of the lung), per-
ipheral distribution (predominantly in the outer third
of the lung) and distribution along the bronchial tree.
Involved lungs were recorded as unilateral single, uni-
lateral multiple or bilateral multiple. In addition, the
number of times each lobe was involved was
recorded. The CT score was evaluated by the area
involved, with 0–5. Score 0 stands for normal perform-
ance (0%), score 1 for minimal (1%–25%), score 2 for
mild (26%–50%), score 3 for moderate (51%–75%) and
score 4 for severe (76%–100%). The scores of the five
lung lobes were summed to yield an overall lung
severity score (0–25 points). The CT scores were div-
ided into three groups, grouped by 0–2, 3–5 and 6–9.

Statistical analysis

All data were analysed with statistical software (SPSS
statistical package, version 26; IBM Corporation). The
histograms were plotted using OriginPro 2018 C.
Scatter plots and ROC curves were produced by
GraphPad Prism (Version 9.3.0). The normal distribu-
tion of the data was tested using the Shapiro-Wilk
test. The data with normal distribution were expressed
by �x ± s, and the independent sample t-test compared
two groups. The data without normal distribution
were expressed by M (P25, P75), and the
Mann–Whitney U test compared two groups; The
count data were expressed as cases (%), and the com-
parison was made by the Chi-square test or Fisher’s
exact test.

Risk factors were assessed between groups using
binary logistic regression. The presence or absence of
symptoms was used as the dependent variable (1 for
the presence of clinical symptoms and 0 for the
absence of symptoms), and the independent variables
with statistically significant differences between the
two groups with and without symptoms were sub-
jected to binary logistic regression analysis. Similarly,
the clinical type was used as the dependent variable
(1 for common type and 0 for mild type), and the stat-
istically different variables between types were used
as independent variables for binary logistic regression
analysis. Correlation analysis of CT scores with labora-
tory findings was performed using Spearman correl-
ation analysis. For some data below the low limit that
could not be measured, the data were converted to
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count data for statistical purposes. p< .05 was consid-
ered a statistically significant difference.

Results

General demographic and epidemiological data of
paediatric patients

Fifty-three children were included in the analysis, 25
(47%) were female and 28 (53%) were male, with a
mean age of 9.24 ± 5.2 years. All children were not vac-
cinated. Eighty-nine percent of children had a history
of close contact with a COVID-19 person, a history of
residence in the community where the case was
reported, or a history of contacts in the area where
the active case was traced. Family aggregation of
infection was common (64%).

Clinical symptoms of paediatric patients

Of the 53 paediatric patients included 38 cases of mild
type and 15 cases of the common type. Nine (17%)
were clinically asymptomatic. Among all children, the
most common symptoms and frequency were fever 28
(53%), cough 18 (34%) and pharyngeal discomfort 15
(28%). Twenty-four children could be traced to previ-
ous peak fever, including 8 (33%) cases of low-grade
fever, 14 (58%) cases of moderate-grade fever and 2
(8%) cases of high-grade fever. Cough was classified
as dry cough in 15 (83%) cases and cough with spu-
tum in 3 (17%) cases. Pharyngeal discomfort mani-
fested in various ways, such as pharyngeal itching in 5
(33%) cases, dryness of the throat in 2 (13%) cases
and pharyngeal pain in 8 (53%) cases. Other relatively
rare symptoms included fatigue 8 (15%), nasal conges-
tion 6 (11%), diarrhoea 3 (6%), hypogeusia 3 cases,
dizziness 2 (4%), chest discomfort 2 (4%) and conjunc-
tival congestion 2 (4%). The frequency of the above
symptoms is shown in Figure 1. A comparison of the
frequency of symptoms between the mild and com-
mon types is shown in Table 2. The differences
between the two types were not statistically signifi-
cant. The results of the binary logistic regression ana-
lysis showed that indicators with differences between
groups with and without symptoms did not have a
significant effect on the presence or absence
of symptoms.

Laboratory tests of paediatric patients

This study collected patients’ blood cell analysis,
T-lymphocyte absolute counts, coagulation function
and comprehensive biochemistry. The subitems of

laboratory tests with a high frequency of abnormalities
(trends of laboratory test subitems in children relative
to a given reference range) are shown in Table 3.
Notably, some of the subitems change both directions.
The most common laboratory abnormalities were
mean corpuscular volume (68% of patients presented
with decreased), lymphocyte percentages (66% of
patients presented with abnormalities, in which 64%
were elevated and 2% were decreased) and alkaline
phosphatase (66% of patients presented with
decreased). Some laboratory test results were absent
and were omitted in statistics. The frequency of each
laboratory item decreased or elevated was compared
between the different clinical types. The frequency of
decreased haemoglobin and increased percentage of
monocytes was statistically different between the two
clinical subgroups (p¼ .037 and .033, respectively). In
addition, t-tests and rank sum tests showing statistic-
ally different laboratory tests between mild and com-
mon types are shown in Table 4. The ROC curves for
the laboratory test subitems in Table 4 are shown in

Figure 1. Frequency distribution graph of clinical symptoms.

Table 2. Clinical feature of different types.

Clinical symptoms
Mild type
(n¼ 38)

Common type
(n¼ 15) p value

Fever 19 (50%) 9 (60%) >.05
Cough 11 (29%) 7 (47%) >.05
Pharyngeal discomfort 10 (26%) 5 (33%) >.05
Fatigue 7 (18%) 1 (7%) >.05
Nasal obstruction 5 (13%) 1 (7%) >.05
Diarrhoea 1 (3%) 2 (13%) >.05
Hypogeusia 1 (3%) 2 (13%) >.05
Hyposmia 0 (0%) 2 (13%) >.05
Dizziness 2 (5%) 0 (0%) >.05
Chest distress 1 (3%) 1 (7%) >.05
Conjunctival congestion 2 (5%) 0 (0%) >.05

The values in parentheses represent the percentage of symptoms present
in that clinical subtype.
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Figure 2, and the areas under the curves were all
greater than 0.7. According to the ROC curve analysis,
the Jorden indices of the laboratory tests in the Figure
2 were 0.35 (b2-microglobulin), 0.58 (myoglobin), 0.47
(haemoglobin) and 0.44 (erythrocyte), corresponding
to the clinical type discrimination thresholds of
1.75mg/L, 19.20 ng/ml, 133.5 g/L and 4.70� 1012/L.
The binary logistic regression analysis results showed
that these variables’ effect on the clinical types was
insignificant.

The features of high-resolution chest CT

Fifty-one of the 53 paediatric patients underwent
chest CT examinations. The CT imaging features of
15 children were abnormal, with 9 children showing
positive findings at the initial CT examination and 6
children showing abnormalities at a subsequent fol-
low-up visit.

There were 9 cases of CT images in the early stage
(1.9 ± 0.9 days), 10 cases in the intermediate stage
(4.9 ± 1.0 days) and 20 cases in the late stage
(13.5 ± 4.7 days). The different opacity characteristics
are shown in Figure 3. In the early stage, three cases
(33%) showed GGO, one case (11%) showed consolida-
tion and one case (11%) showed GGO and consolida-
tion. In the intermediate stage, two cases (20%)

showed GGO, three cases (30%) showed consolidation
and two cases (20%) showed GGO and consolidation.
In the late stage, eight cases (40%) showed GGO,
three cases (15%) showed consolidation and four
cases (20%) showed GGO and consolidation. Ten of 14
(71%) consolidations were accompanied by halo signs.
The frequencies of opacity characteristics are shown in
Figure 4. Some CT signs, such as bronchial mucus
plugs (one case), localized thickening of the interlobu-
lar pleura (one case), limited emphysema distal to the
lesion (two cases), and pulmonary fibrosis (one case),
were seen in fewer children. CT of the chest did not
show pleural effusion or lymph node enlargement.

The different distribution characteristics are shown
in Figure 3. Twenty-one cases showed predominantly
peripheral distribution on CT images. Extended bron-
chial bundle distribution (three cases) and central lung
band distribution (one case) were other rare distribu-
tions. Four cases showed multiple unilateral lesions, 11
cases showed single unilateral lesions and 12 cases
showed multiple bilateral lesions. All five anatomical
lung lobes were involved, in descending order of fre-
quency of involvement: right lower lung (19 cases),
left lower lung (12 cases), left upper lung (11 cases),
right upper lung (8 cases) and right middle lung (8
cases). Ten cases showed predominantly lower lung,
and among these, eight cases showed both lower

Table 3. Laboratory tests for paediatric patients.
Items Sub-items Reference range Unit Decrease Normal Elevation

Blood analysis Packed cell volume (38–50) % (22/50) 44% (28/50) 56% (0/50) 0%
Mean corpuscular volume (83.9–99.1) fL (34/50) 68% (16/50) 32% (0/50) 0%
Haemoglobin (131––172) g/L (24/50) 48% (26/50) 52% (0/50) 0%
Mean haemoglobin content (27.8–33.8) pg (24/50) 48% (26/50) 52% (0/50) 0%
Absolute neutrophil count (2–7) 109/L (21/50) 42% (29/50) 58% (0/50) 0%
Neutrophil percentages (40–75) % (15/50) 30% (35/50) 70% (0/50) 0%
Eosinophil count (0.02–0.5) 109/L (9/50) 18% (40/50) 80% (1/50) 2%
Eosinophil percentage (0.5–5) % (13/50) 26% (31/50) 62% (6/50) 12%
Absolute monocyte count (0.12–1 ) 109/L (0/50) 0% (45/50) 90% (5/50) 10%
Monocyte percentages (3–10) % (0/50) 0% (28/50) 56% (22/50) 44%
Platelet count (85–303) 109/L (0/50) 0% (41/50) 82% (9/50) 18%
Mean platelet volume (6.5–11) fL (0/48) 0% (31/48) 65% (17/48) 35%
High-sensitivity C-reactive protein (0–3) mg/L (0/50) 0% (43/50) 86% (7/50) 14%
IL-6 (0–6) pg/ml (0/46) 0% (29/46) 63% (17/46) 37%
Lymphocyte absolute value (0.8–4) 109/L (1/50) 2% (47/50) 94% (2/50) 4%
Lymphocyte percentages (20–40) % (1/50) 2% (17/50) 34% (32/50) 64%

T-lymphocyte absolute counts CD4þ T-cells (414–1123) A/ml (9/44) 21% (31/44) 70% (4/44) 9%
CD4þ/CD45þ (30–46) % (11/44) 25% (33/44) 75% (0/44) 0%
CD8þ T-cells (238–874) A/ml (4/44) 9% (33/44) 75% (7/44) 16%
CD8þ/CD45þ (19.2–33.6) % (6/44) 14% (29/44) 66% (9/44) 21%

Coagulation function Fibrinogen (2–4) g/L (13/49) 27% (36/49) 73% (0/49) 0%
Thrombin time (10–14) s (7/49) 14% (40/49) 82% (2/49) 4%
D-dimer (0–0.55) mg/L (0/49) 0% (43/49) 88% (6/49) 12%
Fibrinogen degradation products ( 0–5) ug/ml (0/49) 0% (33/49) 67% (16/49) 33%

Comprehensive biochemistry HDL cholesterol (1.04–1.9) mmol/L (13/41) 32% (27/41) 66% (1/41) 2%
Globulin (20–30) g/L (2/51) 4% (35/51) 69% (14/51) 28%
Alkaline phosphatase (40–129) IU/L (33/50) 66% (17/50) 34% (0/51) 0%
Lactate dehydrogenase (109–245) IU/L (30/50) 60% (20/50) 40% (0/51) 0%
a-hydroxybutyrate dehydrogenase (72–182) IU/L (20/43) 47% (23/43) 53% (0/43) 0%
Serum sodium (136–145) mmol/L (11/51) 22% (40/51) 78% (0/51) 0%
Chloride sodium (96–106) mmol/L (0/51) 0% (37/51) 73% (14/51) 27%
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lung and peripheral distribution. A summary organized
by CT score groups is shown in Table 5. Among the
three CT score groups, a CT score of 0–2 accounted
for the highest percentage, and the number in the CT
score groups decreased as the CT score increased. The
mean CT scores of the early, intermediate and late
stages did not show much difference, and a relatively
flat trend could be seen. The CT scores in the inter-
mediate stage were slightly higher than those in the
early and late stages. Correlation analysis of CT scores
with laboratory tests showed that some of the labora-
tory test subitems had a moderate correlation with CT
scores, as shown in Figure 5.

Discussion

In this study, most paediatric patients had a history of
close contact with confirmed COVID-19 patients, and
64% of children became ill due to family members’
infection and were not index cases. Children were
often not the first infections in family aggregated
cases, consistent with the trend reported in a meta-
analysis addressing the role of children in transmission
in new coronavirus pneumonia [16]. The role of chil-
dren in SARS-CoV-2 transmission is controversial, with
some studies suggesting that children may play a key
role in transmission, possessing similar viral loads to
adults [17–18]. In contrast, other studies have found
little evidence of transmission in children [19]. In the
case of coronaviruses, paediatric infection is milder
[20–21]. The lower incidence of clinical symptoms

raises concerns that children may be an important,
undetected source of transmission of SARS-CoV-2.
Therefore, whether children should be at a priority
level for vaccination and community management is a
point that needs to be further explored in the future.

Seventeen percent of the children showed no clin-
ical symptoms during the disease. Fever, dry cough
and pharyngeal discomfort were the most common
manifestations among the remaining children.
Paediatric patients had a mild clinical presentation
and no obvious specific symptoms. These results are
consistent with other paediatric and adult studies
[22–25]. Of concern is the small number of nonrespira-
tory symptoms, such as diarrhoea, loss of smell and
taste, which should not be ignored when these non-
specific and rare symptoms are present, especially as a
single symptom. In such cases, a history of close con-
tact is critical. Two clinical subtypes were involved in
this study, and the difference in the frequency of
symptoms between the two was not statistically sig-
nificant. This may be because the patients included in
this study had a milder disease, and the two could
not be distinguished symptomatically. The ROC curves
showed no influential factors significantly contributing
to the presence or absence of symptoms in the
patients, which also indicates that age, gender and
laboratory tests could not influence whether the chil-
dren showed clinical symptoms or not.

The generally milder symptom profile of paediatric
patients has different explanations. (1) SARS-CoV-2
entering the human body will infect endothelial cells.
The activation of coagulation pathways and the forma-
tion of microthrombi due to endothelial damage are
essential in the pathogenesis of COVID-19 [26–27].
Compared with adults, children have healthier endo-
thelial cells and lack vascular risk factors and a differ-
ent coagulation system, making them less prone to
abnormal coagulation [28]. In this study, a small num-
ber of coagulation abnormalities were reported and to
a lesser extent. (2) There are differences in childhood
immune responses. Different studies differ regarding
the differences in immune response in children with
coronavirus disease 2019. Some studies suggest that
stronger innate immunity will clear the virus in chil-
dren more effectively. In addition, the weaker adaptive

Table 4. Comparison of laboratory tests in mild and common type.
Items Mild type Common type Test statistic p value

b2-microglobulin (x ± s, mg/L) 1.79 ± 0.56 2.31 ± 0.53 �2.78a .01
Myoglobin [M (P25,P75), ng/ml] 17.4 (14.6, 22.4) 21.3 (19.6, 25.6) �2.35b .02
Haemoglobin [M (P25,P75), g/L] 129.0 (123.5, 135.0) 138.0 (130.5, 142.0) �2.28b .02
Erythrocyte [M (P25,P75), 1012/L] 4.7 (4.5, 4.9) 4.9 (4.7, 5.1) �2.15b .03
ais the Z-value, bis the t-value.

Figure 2. ROC curve.
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immune response in children allows for a milder
inflammatory response [29]. In addition to a protective
effect, it has also been suggested that a more robust
innate immune response may be both protective and
may also worsen the cytokine storm [30–31]. Most of
the inflammatory indicators in this study were within

the normal range, which seems to support the pro-
tective role of the immune system in children. (3) T-
cell immunity in children is different. In SARS-CoV-2,
the role of cross-reactive T-cells remains unclear. It has
been shown that low-activity T-cells, usually high in
the elderly, negatively affect the T-cell response to

Figure 3. Examples of opacity characteristics and distribution characteristics. (A) Ground-glass opacity in the middle lobe of the
right lung. (B) Consolidation of the lower lobe of the right lung. (C) Multiple lesions in the left lung were recorded as GGO and
consolidation. (D) A single lesion in the lower lobe of the right lung was recorded as a peripheral distribution. (E) Multiple lesions
in the left lung were recorded with a peripheral distribution. (F) A single lesion in the right upper lung was recorded as a central
distribution. (G) Multiple lesions in the right lung, mainly located in the peripheral zone of the lower lung, were documented to
be distributed along with the bronchial bundles.
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SARS-CoV-2 [32]. This could also explain why the clin-
ical presentation is more severe in elderly patients
with COVID-19. On the other hand, paediatric patients
with COVID-19 had weaker T-cell responses to the
spike protein [29]. Of note are the T-cell alterations
observed in this study. Sixty-four percent of the chil-
dren showed an increase in the percentage of lym-
phocytes. The relatively apparent trend in further
lymphocyte sorting counts was a decrease in CD4þ T-
cell count and CD4þ/CD45þ ratio and an increase in
CD8þ T-cell count and CD8þ/CD45þ ratio. Regarding
the opposite trends of these two T-cells, an interrela-
tionship has been suggested, with CD4þ regulatory T-
cells producing IL-10 to promote memory CD8þ T-cell
maturation during infection regression [33]. However,

further immunological studies are needed to confirm
the role of both during recovery from SARS-CoV-2
infection. CD4þ T-cell reduction is common in adults
with severe and moderate COVID-19 but was only
seen in a small number of children in this study [34],
consistent with the milder course of the disease.

Elevated alkaline phosphatase, lactate dehydrogen-
ase and alpha hydroxybutyrate dehydrogenase may
indicate liver damage. Previous studies have also
found elevated liver enzymes in paediatric patients
[35]. Decreased erythrocyte volume, haemoglobin and
mean haemoglobin content suggest anaemia.
Different studies have had different results regarding
anaemia changes in patients. Some studies have
shown that decreased haemoglobin levels in COVID-
19 patients correlate with the severity of the disease
[36]. However, in contrast, some studies have reported
similar total haemoglobin levels in patients with
COVID-19 compared with those without COVID-19
infection [37], and some studies have even reported
slightly higher haemoglobin in patients with COVID-19
than in normal controls [38]. Therefore, further studies
are still needed to clarify the relationship between
anaemia changes and the disease in children.

The positive rate was only 29% in CT examinations
and was even lower at 18% in the initial CT examin-
ation. This suggests a lower rate of CT positivity in
paediatric patients, which appears to be lower than
previous studies in adults or children [9,39]. The cur-
rent understanding of the infectiousness of the SARS-
CoV-2 B.1.617.2 (Delta) variant is that it is more infec-
tious than prototypic SARS-CoV-2 [40–41]. Similarly,
the literature has reported that it is also more patho-
genic [42]. However, in the CT presentation of the
paediatric samples included in this study, the imaging
changes were generally mild. There are several
hypotheses regarding this positive rate: (1) The
B.1.617.2 (Delta) variant causes less lung damage in
children, and the child protective factors mentioned
above remain effective in this variant infection. (2) The
small number of patients included in this study and
the fact that they were all mild and common type and
not representative. Whether the high infectivity and
pathogenicity of the B.1.617.2 (Delta) variant in mice

Figure 4. Frequencies of opacity characteristics. The values in
parentheses represent the percentage of CT scores within
CT stages.

Table 5. CT scores.

CT score
Early
(n¼ 9)

Intermediate
(n¼ 10)

Late
(n¼ 20)

Total
(n¼ 39)

0–2 8 (89)% 7 (70%) 16 (80%) 31 (80%)
3–5 0 (0%) 2 (20%) 4 (20%) 6 (15%)
6–9 1 (11%) 1 (10%) 0 (0%) 2 (5%)
Average score 1.3 2.0 1.6 1.6

The values in parentheses represent the percentage of CT scores within
CT stages.

Figure 5. Correlation of CT scores with laboratory tests.
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can be expanded in the paediatric population still
needs to be confirmed by future clinical cohort stud-
ies. CT only provides some screening significance and
cannot be relied upon to exclude the possibility
of disease.

In this study, the major opacity characteristics of
COVID-19 were GGO and consolidation, which is con-
sistent with previous prototypic SARS-CoV-2 studies
[39,43]. In animal models, focal inflammatory cell infil-
trates were observed around the bronchi/bronchioles
one day after infection, with haemorrhage or conges-
tion present at three days. Subsequently, crushed
nuclear fragments were observed, indicating alveolar
pneumocyte damage and the area of inflammatory
cell infiltration expanded over time [42]. These differ-
ent CT presentations are associated with complex
pathological changes in the lungs. Microscopically,
plasma is seen in the alveolar cavity [14], which may
be the pathological basis of GGO, and fibrinous exud-
ate is associated with further consolidation transform-
ation of GGO. Consolidation areas mainly showed
diffuse alveolar damage and exudative alveolitis.
Alveolar septa are congested and oedematous with
mononuclear and lymphocytic infiltration (Diagnosis
and Treatment Protocols of Coronavirus Disease 2019.
2021). In this study, thickening of the lobular septa
was not observed. A few alveoli were hyperinflated,
with alveolar septum rupture or cyst formation. In a
few patients, restrictive emphysema was found distal
to the lesion. The epithelium of the bronchial mucosa
in the lungs was detached, and exudate and mucus
were visible in the lumen. Accordingly, a small amount
of small bronchial and fine bronchial mucus plug for-
mation was observed in this study. The most fre-
quently involved lung region was the right lung, and
the most frequently involved lobe was the right lower
lung, followed by the left lower lung, which is consist-
ent with previous reports [43].

The limitations of this study are first the small num-
ber of cases included in the study and the even
smaller sample of imaging data with positive CT find-
ings, which requires a large sample of data for further
study. Second, some patients included in this study
were already treated in other hospitals. The effect of
the treatment regimen prior to hospital admission on
chest CT examinations could not be estimated. Third,
because the study was retrospective, the CT data col-
lected from the patients included did not follow a
strict schedule. This resulted in not every patient hav-
ing imaging data collected for all three periods, detri-
mental to observing treatment changes and

prognosis. Further standardization of data collection
and studies is still needed.

In conclusion, the clinical presentation of paediatric
patients was mild and influenced by numerous factors.
The most common symptoms were fever, cough and
pharyngeal discomfort, and the clinical diagnosis
needs to be integrated with the epidemiological his-
tory. Laboratory findings were not significantly spe-
cific, and the extent of change was milder than in
adults. The CT positivity rate was also low, mainly
manifesting as GGO and consolidation. Pulmonary
involvement was mild, and the CT score was low and
varied with disease progression. CT of the chest can
indicate the course of the disease and pathological
changes, thus guiding treatment.
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