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ABSTRACT
Predictors of early diagnosis and severe infection in children with coronavirus disease 2019
(COVID-19), which has killed more than 4 million people worldwide, have not been identified.
However, some biomarkers, including cytokines and chemokines, are associated with the diagnosis,
pathogenesis and severity of COVID-19 in adults. We examined whether such biomarkers can be
used to predict the diagnosis and prognosis of COVID-19 in pediatric patients. Eighty-nine children
were included in the study, comprising three patient groups of 69 patients (6 severe, 36 moderate
and 27 mild) diagnosed with COVID-19 by real-time polymerase chain reaction observed for 2–
216 months and clinical findings and 20 healthy children in the same age group. Hemogram, coagu-
lation, inflammatory parameters and serum levels of 16 cytokines and chemokines were measured in
blood samples and were analyzed and compared with clinical data. Interleukin 1-beta (IL-1b),
interleukin-12 (IL-12) and interferon gamma-induced protein 10 (IP-10) levels were significantly
higher in the COVID-19 patients (p¼ 0.035, p¼ 0.006 and p< 0.001). Additionally, D-dimer and
IP-10 levels were higher in the severe group (p¼ 0.043 for D-dimer, area under the curve ¼ 0.743,
p¼ 0.027 for IP-10). Lymphocytes, C-reactive protein and procalcitonin levels were not diagnostic
or prognostic factors in pediatric patients (p¼ 0.304, p¼ 0.144 and p¼ 0.67). Increased IL-1b, IL-
12 and IP-10 levels in children with COVID-19 are indicators for early diagnosis, and D-dimer and
IP-10 levels are predictive of disease severity. In children with COVID-19, these biomarkers can pro-
vide information on prognosis and enable early treatment.
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I N T R O D U C T I O N
Coronavirus disease 2019 (COVID-19) has spread
worldwide since being identified in December 2019
and has caused the death of millions of people [1].
Despite protection measures and vaccination pro-
grams, the ongoing COVID-19 pandemic poses vari-
ous challenges for clinicians. Timely diagnosis and
hospitalization, risk stratification, effective use of in-
tensive care services and selection of appropriate treat-
ments are essential for resolving COVID-19 [2].
Clinical evaluation is indispensable, but laboratory
parameters and biomarkers are helpful in diagnosis
and determining disease severity [1, 2]. COVID-19 is
not a localized respiratory tract infection, but a multi-
systemic disease caused by a widespread systemic pro-
cess involving the interaction of immunological,
inflammatory and coagulation cascades [3, 4].

The clinical course of COVID-19 is milder in chil-
dren than in adults, possibly because of trained im-
munity, vaccines, frequent viral infections, better
lung regeneration or lack of comorbities [5]. The
answers to the unknowns in the pathogenesis of
COVID-19 could be related to cytokines and im-
munological mechanisms [5, 6].

Some cytokines increase in severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) [6].
The severity of COVID-19 may be related to the
cytokine storm. Interleukin-2 (IL-2), interleukin-7
(IL-7), interleukin-10 (IL-10), granulocyte colony-
stimulating factor, IFN-c-inducible protein (IP-10),
monocyte chemoattractant protein-1 (MCP-1),
macrophage inflammatory protein-1 alpha (MIP-1a)
and tumor necrosis factor alpha (TNF-a) levels were
higher in critical than non-critical COVID-19 adult
patients [1]. Although the milder course of COVID-
19 infection in children may be associated with lower
cytokine levels, the data are limited [5]. In addition,
a severe clinical condition, called pediatric inflamma-
tory multisystem syndrome, caused by a cytokine
storm, develops in some patients [7].

Because there is a relationship between cytokine
levels and disease severity, cytokine antagonists have
been used for treatment, especially in adults with se-
vere disease [8].

We evaluated whether cytokines, chemokines and
some other biomarkers could be used for diagnosis
in pediatric COVID-19 patients. In addition, we

evaluated biomarkers predictive of prognosis by
examining the relationship between disease severity
and cytokine levels.

M A T E R I A L S A N D M E T H O D S
Sixty-nine children with COVID-19 who applied to
three reference hospitals in Istanbul province between
1 April and 30 August 2020 were enrolled to our
study. There were 20 healthy controls, randomly
selected from outpatient clinics, consist of 11 girls and
9 boys aged between 9 and 216 months. Approval for
the study was obtained from the Ethics Committee of
Istanbul University-Cerrahpasa, Cerrahpasa Medical
Faculty (number: 59562). Written informed consent
was obtained from the families of all subjects.

The COVID-19 patients were divided into three
groups based on disease severity (mild, moderate and
severe/critically ill) according to Dong’s classification
[9]. There were 27 patients with mild disease, 36 with
moderate disease and 6 patients with severe disease.

i. Mild: Symptoms of acute upper respiratory
tract infection, including fever, fatigue, my-
algia, cough, sore throat, runny nose and
sneezing. Physical examination shows con-
gestion of the pharynx and no auscultatory
abnormalities. Some cases may have no
fever or have only digestive symptoms,
such as nausea, vomiting, abdominal pain
and diarrhea.

ii. Moderate: Pneumonia, frequent fever and
cough (mostly dry cough, followed by pro-
ductive cough); some may have wheezing,
but no obvious hypoxemia such as short-
ness of breath, and sputum or dry and/or
wet snoring can be detected in the lungs.
Some cases may have no clinical signs and
symptoms, but chest computed tomog-
raphy shows lung lesions, which are
subclinical.

iii. Severe/critical: Early respiratory symptoms,
such as fever and cough, may be accompa-
nied by gastrointestinal symptoms, such as
diarrhea. The disease usually progresses at
�1 week, and dyspnea occurs with central
cyanosis. Oxygen saturation is <92% with
other hypoxia manifestations or children
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can quickly progress to acute respiratory
distress syndrome or respiratory failure and
may also have shock, encephalopathy, myo-
cardial injury or heart failure, coagulation
dysfunction and acute kidney injury. Organ
dysfunction can be life-threatening.

The following demographic and clinical variables
were evaluated: age, sex, COVID-19 PCR result,
comorbid diseases, signs and symptoms, laboratory
and radiologic findings and treatment modalities.
Children meeting the following criteria were enrolled
in the study:

i. Healthy children with no symptoms or
signs of COVID 19, negative COVID PCR
test results and no underlying diseases.

ii. Patients presenting with complaints sug-
gesting COVID-19 with a positive RT-PCR
test.

iii. Patients presenting with complaints sug-
gesting COVID-19 with a negative RT-
PCR test plus radiological findings compat-
ible with COVID-19 plus exposure to a
microbiologically confirmed COVID-19 pa-
tient, plus positive serology for COVID-19
immunoglobulin G.

Serum samples were taken at hospital admission
and 3 to 5 days after symptom onset. The plasma
concentrations of IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-7,
IL-10, IL-12, IL-13, IL-37, IL-38, IFN-c, IP-10,
TNF-a, MCP-1 and monocyte chemoattractant
protein-3 (MCP-3) were measured using enzyme-
linked immunosorbent assay kits, according to the
manufacturer’s instructions.

Statistical analysis
Medians and 95% confidence intervals for medians,
frequencies and percentages were given as descriptive
statistics. The distribution of variables was examined
by Kolmogorov–Smirnov test. The Kruskal–Wallis
and Mann–Whitney U tests were used for the analysis
of quantitative independent data, the v2 test for quali-
tative independent data and Fisher’s test was used
when the assumptions for the v2 test were not met.
Spearman’s correlation analysis was performed to

examine the associations among the variables. After
Kruskal–Wallis test, Dunn’s test was used to assess
differences between groups. A receiver operating char-
acteristics (ROC) curve and the area under the ROC
curve (AUC) of serum cytokine and chemokine levels
were estimated for patients with severe disease.
Statistical analysis was performed using SPSS software
(ver. 26.0; SPSS Inc., Chicago, IL). A p value of
<0.05 was taken to indicate statistical significance.

R E S U L T S

Demographic and clinical characteristics
Sixty-nine pediatric cases (37 females and 32 males)
of median age 150 months (range 2–216) with
COVID-19 and 20 healthy children (11 females and 9
males) of median age 151.5 months (range 9–216)
were enrolled in the study. A total of 14 (20.2%)
patients had comorbid conditions. The most common
comorbidities were neurological diseases, followed by
chronic respiratory diseases, malignancies and rheum-
atological diseases (neurological disorders, asthma,
bronchopulmonary dysplasia, juvenile idiopathic arth-
ritis, obesity-1, metabolic disorder and malignancy). A
history of close contact with a family member with
SARS-CoV-2 was reported by 59 (85.5%) patients.
There were 27 patients with mild disease, 36 with
moderate disease and 6 patients with severe disease.
The most commonly reported initial symptoms were
fever (78.2%), cough (66.6%), difficulty breathing
(40.5%) and headache (18.8%). Gastrointestinal com-
plaints were the least common symptoms. Abnormal
radiological findings suggestive of COVID-19 were
detected in 60.8% of the patients.

Three (4.3%) of the patients were on favipiravir
and 34 (49%) patients were on an antibacterial for
suspicion of secondary bacterial infection. Invasive
mechanical ventilation was required for six (8.6%)
patients and two (2.8%) underwent plasmapheresis.
The demographic and clinical characteristics of chil-
dren with COVID-19 are shown in Table 1.

Comparison of chemokine and cytokine levels
in children with COVID-19 and healthy groups

The IL-1b, IL-12 and IP-10 levels increased signifi-
cantly in the patients with COVID-19 compared to
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the healthy controls (p¼ 0.035, p¼ 0.006 and
p< 0.001) (Table 2, Fig. 1).

Lymphocytes, CRP, procalcitonin, D-dimer, che-
mokine and cytokine levels were compared between
three patient groups with COVID 19 disease and the
healthy group.

The median D-dimer value in the severe group
(1.555; min–max, 0.21–3.2) was significantly higher
than in the mild disease and healthy groups (0.625;
min–max, 0.19–4.93 and 0.310; min–max, 0.19–
14.3). The median IP-10 level was 896.7 in the
healthy group (min–max, 409.14–8892.8) and 54.67
(min–max, 39.73–333.35), 526.525 (min–max,
200.8–9661.2) and 154.265 (min–max, 12.1–
2689.2) in the mild, moderate and healthy groups,
respectively, and was significantly higher in the

severe group (p¼ 0.043) (Table 3, Figs. 2 and 3).
According to the results of the process characteristic
curve (ROC) analysis, the AUC was significant for
IP-10. Accordingly, the IP-10 level is associated with
disease severity in children. According to the Youden
index, an IP-10 level of >580.97 as a cutoff had
83.33% sensitivity and 66.67% specificity (Fig. 4).

D I S C U S S I O N
The IP-10 level was an independent predictive factor
for disease severity in pediatric patients. In addition,
IL-1b, IL-12 and IP-10 levels were higher in
COVID-19 pediatric patients than in healthy chil-
dren. These biomarkers are implicated in COVID-19
pathogenesis.

TABLE 1. Chemokine and cytokine levels in children with COVID-19

Mild (n ¼ 27) Moderate (n ¼ 36) Severe/critical (n ¼ 6) Total (n ¼ 69)

Age months; median
(min–max)

129 (2–204) 168 (4–216) 144 (55–216) 150 (2–216)

Comorbidity (n, %) 4 (14.8%) 7 (19.4%) 3 (50%) 14 (20.2%)
Symptoms and signs

Fever 19 (70.3%) 30 (45.4%) 5 (83.3%) 54 (78.2%)
Cough 10 (37%) 31 (86.1%) 5 (83.3%) 46 (66.6%)
Dyspnea 1 (3.7%) 21 (58.3%) 6 (100%) 28 (40.5%)
Headache 9 (33.3%) 2 (55.5%) 2 (33.3%) 13 (18.8%)
Myalgia 6 (22.2%) 5 (13.8%) 1 (16.6%) 12 (17.3%)
Rinorrhea 7 (25.9%) 3 (8.3%) 0 10 (14.4%)
Chest pain 2 (7.4%) 4 (11.1%) 1 (16.6%) 7 (10.1%)
Vomiting 0 1 (2.7%) 0 1 (1.4%)
Diarrhea 2 (7.4%) 2 (5.5%) 0 4 (5.7%)

Laboratory parameters (median (95% CI))
Lymphocytes (/ml) 1800 (1440–2400) 2100 (1700–2300) 970 (800–1200) 1900 (1600–2230)
D-dimer (mg/l) 0.310 (0.27–0.39) 0.625 (0.42–0.90) 1.555 (0.31–1.87) 0.445 (0.340–0.690)
C-reactive protein

(mg/dl)
1.87 (1.07–2.90) 5.25 (2.36–16.70) 54.35 (0.56–188) 2.80 (1.66–6.10)

Procalcitonin (ng/ml) 0.04 (0.04–0.07) 0.05 (0.04–0.10) 0.238 (0.047–0.880) 0.050 (0.040–0.070)
Abnormal radiologic

findings (n, %)
0 36 (100%) 6 (100%) 42 (60.8%)

Treatment (n, %)
Favipiravir 0 0 3 (50%) 3 (4.3%)
Antibacterial 0 28 (78%) 6 (100%) 34 (49%)
Mechanical ventilation 0 0 5 (83.3%) 5 (7.2%)
Plasmapheresis 0 0 2 (33.3%) 2 (2.8%)
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Definitive diagnosis of COVID-19 is made by
RT-PCR [1]. However, because RT-PCR is not al-
ways rapid and accurate, radiological and laboratory
parameters are also used for diagnostic purposes [1,
2]. High levels of inflammatory markers such as
leukocytosis, lymphopenia, CRP, procalcitonin and
ferritin are common findings in infectious diseases,
and not specific for COVID-19 [1, 3].

In addition to the increase in these markers in
adult COVID-19 patients, studies stating that these

markers vary with the severity of the disease have
begun to increase [10–12]. In a study, cutoff values
of >10 mg/l and >0.5 ng/ml, for CRP and PCT, re-
spectively, were shown to be poor prognostic factors
[10]. In another study, it was found that a cutoff
value of 26 mg/l for CRP could be used to predict
progression to serious disease [11]. In a meta-
analysis, a high PCT value was associated with an ap-
proximately 5-fold higher risk of severe infection
[12]. In this study, although the lymphopenia, CRP

TABLE 2. Comparison of COVID (þ) and healthy groups

Control (n¼ 20) Median (95% CI) COVID (þ) (n¼ 69) Median (95% CI) p

Age (month) 151.5 (9–216) 150 (2–216) 0.753
Cytokine levels

IFN-c (ng/ml) 22.85 (18.11–278.91) 25.4 (15.55–291.6) 0.443
IL-1a (pg/ml) 27.755 (16.11–291.51) 26.79 (11.74–336.2) 0.623
IL-1b (pg/l) 762.5 (36.99–4720.24) 861.92 (509.21–5255.39) 0.035*
IL-12 (pg/ml) 68.515 (14.66–792.88) 141.19 (93.2–360.83) 0.006*
IL-4 (ng/l) 57.605 (14.66–792.88) 64.35 (-10–792.88) 0.844
IL-6 (ng/l) 38.44 (22.33–322.68) 41.58 (21.86–451.29) 0.683
IL-7 (ng/l) 79.96 (9.57–312.77) 76.65 (9.57–845.22) 0.687
TNF-a (ng/l) 63.25 (39.43–615.01) 64.65 (31.25–736.99) 0.746
IL-13 (ng/l) 7.33 (4.34–47.05) 6.8 (3.72–83.77) 0.644
IL-37 (ng/l) 26.675 (11.96–238.36) 31.61 (6.34–257.03) 0.196
IL-38 (ng/l) 16.615 (10.64–170.31) 15.26 (7.15–170.31) 0.215
MCP-1 (ng/l) 153.66 (55.36–730.97) 122.94 (12.31–1266.3) 0.494
MCP-3 (ng/l) 55.49 (32.84–452.89) 58.77 (39.7–475.15) 0.969
IP-10 (pg/ml) 154.265 (12.1–2689.2) 529.05 (199.98–9661.29) <0.001*
IL-10 (pg/ml) 70.71 (12.2–633.1) 79.69 (23.49–997.27) 0.189
IL-2R (ng/ml) 4.28 (0.8–54.13) 3.46 (1.49–178.3) 0.606

IFN-c: interferon gamma; IL-1a: interleukin-1a; IL-1b: interleukin-1b; IL-12: interleukin-12; IL-4: interleukin-4; IL-6: interleukin-6; IL-7: interleukin-7;
IL-10: interleukin-10; IL-13: interleukin-13; IL-37: interleukin-37; IL-38: interleukin-38; IL-2R: interleukin-2 receptor; IP-10: IFN-c-inducible protein-
10; MCP-1: monocyte chemoattractant protein-1; MCP-3: monocyte chemoattractant protein-3; TNF-a: tumor necrosis factor alpha.
*P < .05 indicates statistical significance were represented in Bold.

FIG. 1. Box plot graphics for variables considered to be significant.

Biomarkers of Coronavirus Disease 2019 in Children � 5



T
A

B
L

E
3.

C
om

pa
ri

so
ns

of
th

e
la

bo
ra

to
ry

,c
yt

ok
in

e
an

d
ch

em
ok

in
e

le
ve

ls
of

ch
ild

re
n

w
it

h
C

O
V

ID
19

ac
co

rd
in

g
to

di
se

as
e

se
ve

ri
ty

M
ed

ia
n

(9
5%

C
I)

H
ea

lth
y

Se
ve

re
M

od
er

at
e

M
ild

p

A
ge

(m
on

th
)

15
1.

5
(9

–2
16

)
14

4
(5

5–
21

6)
16

8
(4

–2
16

)
12

9
(2

–2
04

)
0.

42
3

L
ym

ph
oc

yt
e

(/
m

l)
22

90
(1

56
0–

34
00

)
97

0
(4

00
–2

80
0)

21
00

(3
00

–5
60

0)
18

00
(1

00
–9

20
0)

0.
30

4
C

R
P

54
.3

5
(0

.1
8–

24
2)

5.
25

(0
.5

–2
40

)
1.

87
(0

.2
–1

31
)

0.
14

4
P

C
T

0.
23

8
(0

.0
3–

3.
6)

0.
05

(0
.0

1–
2.

6)
0.

04
(0

.0
1–

3.
03

)
0.

67
0

D
-d

im
er

1.
55

5
(0

.2
1–

3.
2)

0.
62

5
(0

.1
9–

4.
93

)
0.

31
0

(0
.1

9–
14

.3
)

0.
04

3*
IF

N
-c

(n
g/

m
l)

22
.8

5
(1

8.
11

–2
78

.9
1)

40
.2

7
(1

9.
66

–2
91

.6
)

25
.9

2
(1

5.
55

–2
78

.9
1)

23
.3

9
(1

7.
24

–1
25

.0
5)

0.
27

2
IL

-1
a

(p
g/

m
l)

27
.7

55
(1

6.
11

–2
91

.5
1)

32
.3

65
(1

7.
61

–3
36

.2
)

28
.7

55
(1

2.
51

–2
95

.2
2)

25
.1

7
(1

1.
74

–2
84

.1
5)

0.
63

9
IL

-1
b

(p
g/

l)
76

2.
5

(3
6.

9–
47

20
.2

)
12

38
.5

3
(5

09
.2

–5
25

5.
3)

81
4.

73
(5

45
.8

5–
47

20
.2

)
86

1.
92

(6
03

.2
–4

14
3.

1)
0.

16
1

IL
-1

2
(p

g/
m

l)
68

.5
15

(1
4.

66
–7

92
.8

8)
15

2.
86

5
(1

29
.0

4–
18

0.
2)

13
7.

38
5

(9
3.

2–
33

1.
4)

14
6.

74
(9

4.
65

–3
60

.8
)

0.
05

8
IL

-4
(n

g/
l)

57
.6

05
(1

4.
66

–7
92

.8
8)

11
0.

1
(2

4.
52

–7
05

.0
6)

61
.9

55
(1

0–
79

2.
88

)
50

.0
5

(1
4.

66
–7

10
.2

2)
0.

32
2

IL
-6

(n
g/

l)
38

.4
4

(2
2.

33
–3

22
.6

8)
78

.3
5

(3
1.

42
–4

07
.5

)
40

.1
8

(2
1.

86
–4

51
.2

9)
41

.5
8

(2
5.

33
–3

22
.6

8)
0.

30
7

IL
-7

(n
g/

l)
79

.9
6

(9
.5

7–
31

2.
77

)
12

8.
47

(6
8.

87
–8

45
.2

2)
67

.3
85

(9
.5

7–
76

9.
97

)
79

.6
6

(4
1.

98
–3

53
.8

9)
0.

46
0

T
N

F-
a

(n
g/

l)
63

.2
5

(3
9.

43
–6

15
.0

1)
85

.4
75

(5
0.

69
–6

61
.5

8)
67

.2
6

(3
2.

83
–7

36
.9

9)
62

.5
5

(3
1.

25
–2

72
.3

3)
0.

27
3

IL
-1

3
(n

g/
l)

7.
33

(4
.3

4–
47

.0
5)

13
.9

7
(4

.0
1–

83
.7

7)
6.

45
5

(3
.7

2–
82

.2
7)

6.
71

(4
.2

5–
49

.0
8)

0.
37

1
IL

-3
7

(n
g/

l)
26

.6
75

(1
1.

96
–2

38
.3

6)
45

.1
95

(1
7.

48
–2

54
.9

7)
31

.5
25

(7
.9

8–
25

7.
03

)
30

.2
9

(6
.3

4–
17

8.
33

)
0.

47
2

IL
-3

8
(n

g/
l)

16
.6

15
(1

0.
64

–1
70

.3
1)

31
.0

2
(1

2.
28

–1
70

.3
1)

14
.0

95
(8

.6
–1

65
.5

)
15

.2
6

(7
.1

5–
16

6.
23

)
0.

30
4

M
C

P
-1

(n
g/

l)
15

3.
66

(5
5.

36
–7

30
.9

7)
16

1.
62

(3
9.

73
–1

10
3.

87
)

11
8

(1
2.

31
–1

26
6.

3)
12

2.
94

(5
5.

36
–7

30
.9

7)
0.

47
7

M
C

P
-3

(n
g/

l)
55

.4
9

(3
2.

84
–4

52
.8

9)
16

0.
18

(3
9.

84
–4

42
.7

5)
58

.0
65

(3
9.

7–
47

5.
15

)
54

.6
7

(3
9.

73
–3

33
.3

5)
0.

37
6

IP
-1

0
(p

g/
m

l)
15

4.
26

5
(1

2.
1–

26
89

.2
)

89
6.

7
(4

09
.1

4–
88

92
.8

)
52

6.
52

5
(2

00
.8

–9
66

1.
2)

52
4

(1
99

.9
8–

26
89

.2
)

0.
01

2*
IL

-1
0

(p
g/

m
l)

70
.7

1
(1

2.
2–

63
3.

1)
13

8.
88

(4
9.

07
–9

97
.2

7)
77

.4
3

(2
4.

68
–8

61
.5

3)
84

.5
2

(2
3.

49
–7

18
.2

2)
0.

59
3

IL
-2

R
(n

g/
m

l)
4.

28
(0

.8
–5

4.
13

)
6.

19
(1

.9
1–

17
8.

3)
3.

65
(1

.4
9–

10
1.

62
)

3.
23

(1
.8

–3
0.

73
)

0.
19

8

C
R

P
:C

-r
ea

ct
iv

e
pr

ot
ei

n;
IF

N
-c

:i
nt

er
fe

ro
n

ga
m

m
a;

IL
-1

a:
in

te
rl

eu
ki

n-
1a

;I
L

-1
b:

in
te

rl
eu

ki
n-

1b
;I

L
-2

R
:i

nt
er

le
uk

in
-2

re
ce

pt
or

;I
L

-4
:i

nt
er

le
uk

in
-4

;
IL

-6
:i

nt
er

le
uk

in
-6

;
IL

-7
:i

nt
er

le
uk

in
-7

;
IL

-1
0:

in
te

rl
eu

ki
n-

10
;

IL
-1

2:
in

te
rl

eu
ki

n-
12

;
IL

-1
3:

in
te

rl
eu

ki
n-

13
;

IL
-3

7:
in

te
rl

eu
ki

n-
37

;
IL

-3
8:

in
te

rl
eu

ki
n-

38
;

IP
-1

0:
IF

N
-c

-in
du

ci
bl

e
pr

ot
ei

n-
10

;
M

C
P

-1
:

m
on

oc
yt

e
ch

em
oa

tt
ra

ct
an

t
pr

ot
ei

n-
1;

M
C

P
-3

:
m

on
oc

yt
e

ch
em

oa
tt

ra
ct

an
t

pr
ot

ei
n-

3;
P

C
T

:p
ro

ca
lc

ito
ni

n;
T

N
F-

a
:t

um
or

ne
cr

os
is

fa
ct

or
al

ph
a.

*P
<

.0
5

in
di

ca
te

s
st

at
is

tic
al

si
gn

ifi
ca

nc
e

w
er

e
re

pr
es

en
te

d
in

B
ol

d.

6 � Biomarkers of Coronavirus Disease 2019 in Children



and procalcitonin elevations were more prominent
in severe disease, no significant difference was found
according to disease severity. Similarly, Qian, et al.
[13] reported that lymphopenia is a rare finding in
children, unlike adults, and there was no difference
according to disease severity.

COVID-19 infection alters coagulation parameters
[3]. High fibrinogen, a normal or slightly prolonged
prothrombin time and activated partial thromboplas-
tin time, and a normal platelet count are common
findings [14]. COVID-19 differs from typical dissemi-
nated intravascular coagulation in the patients who do
not have significant bleeding [14, 15].

The most important change in coagulation param-
eters in COVID-19 patients is a high D-dimer level.
In adults, the D-dimer level has prognostic value and
is correlated with disease severity and in-hospital mor-
tality [15–17]. Therefore, D-dimer may be an early
marker of COVID-19 [16, 17]. In this study, the D-
dimer level was associated with disease severity.

The role of cytokines and chemokines in disease
pathogenesis and severity has been investigated [3].
These factors are implicated in COVID-19 patho-
genesis, as evidenced by the MIS-C cases that
emerged after COVID-19 infection due to cytokine
storm [7]. Although in adults the cytokine response
is associated with disease severity and a poor progno-
sis, data on the inflammatory response to COVID-19
in children are sparse [4, 18].

The IL-6 and IL-1a levels are markedly increased
in adult COVID-19 patients. A high baseline IL-6

level is correlated with lung involvement and levels
of acute inflammatory markers [19]. IL-6 is a marker
of disease severity and is predictive of mortality.
Also, IL-6 can be used to monitor the treatment re-
sponse [3, 19]. IL-1 and IL-6 blockade in severe
COVID-19 patients reduces fever, systemic inflam-
mation and the risk of intubation [20]. In a study,
the risk of death and the need for mechanical ventila-
tion were significantly lower in COVID-19 patients
taking anakinra, an anti-IL-1 antibody [21]. These
studies were conducted in adults with severe disease;
few studies have involved children. Ozsurekci, et al.
[22] reported that the IL-6 level was significantly
increased in adults; there was no difference in IL-1
and IL-6 levels in pediatric patients compared to the
controls. In this study, although the IL-1b and IL-12
levels were higher in the COVID-19 patients, there
was no significant difference in IL-6 levels between
the two groups. Also, there was no significant differ-
ence in IL-1b, IL-12 and IL-6 levels according to dis-
ease severity. The milder course of COVID-19 in
children compared to adults can be explained by the
absence of a significant increase in the levels of these
cytokines. Because IL-1 and IL-6 are not predictive
of prognosis, other cytokines and chemokines impli-
cated in pathogenesis are under investigation [3].

In adults, the fibroblast growth factor, IFN-c, IP-10,
TNF-a, MCP-1, MIP-1A, MIP-1B, IL-1b, IL-1, IL-7,
IL-8, IL-9 and IL-10 levels were higher than in healthy
subjects. In addition, the IL-2, IL-7, IL-10, IP-10,
MCP-1, MIP-1A and TNF-a levels were moderately
significantly higher in patients hospitalized in the inten-
sive care unit [1]. In a study of pediatric and adult
patients, no significant differences were found in the
levels of MIP-1, TNF-a, MCP-1, IL-4, IL-10, IL-13, IL-
17, IFN-c and IL-27. The IP-10 level was significantly
higher in pediatric and adult patients with severe dis-
ease, and that of MIP-3b was significantly lower in
healthy controls [22]. In a study involving 127 children
with mild, moderate or severe COVID-19, the IL-2, IL-
4, IL-6, TNF-a and INF-c levels were similar [13].

In this study, although there were no significant
differences in the IL-2, IL-7, IL-10, IL-13, IL-37, IL-
38, MCP-1, MCP-3, TNF-a and IFN-c levels, the
IP-10 level was high in COVID-19 pediatric patients.
In addition, IP-10 was an independent predictive
biomarker for disease severity in children.

FIG. 2. Box plot graphics for D-dimer levels.
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FIG. 3. Box plot graphics for IP-10 levels.

FIG. 4. The ROC curve of plasma IP-10 levels.
AUC: area under the ROC curve; IP-10: IFN-c-inducible protein-10; SE: standard error.
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There were several limitations to this study. First,
the small numbers of patients and controls. Because
the disease course is milder in children compared to
adults, there were few patients with severe disease.
More patients are needed to identify a diagnostic and
prognostic biomarker. Second, serum samples were
collected within 3–5 days of symptom onset. Because
the disease worsens after 7 days, an increase in these
biomarkers may not be detected in early serum sam-
ples [3]. Further studies should obtain serum samples
in both the early and late stages of COVID-19.

In conclusion, the IP-10, IL-1 and IL-12 levels
were identified as diagnostic factors for COVID-19.
Also, the D-dimer and IP-10 levels were predictive of
disease prognosis. Our findings will guide rational use
of anti-cytokine therapies in pediatric patients with
COVID-19.
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