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Abstract. — OBJECTIVE: The majority of chil-
dren experience a mild course of acute Corona-
virus Disease 2019 (COVID-19). Only few studies
have looked at long-term recovery from COVID-19
infection in children. The purpose of this study
was to identify the predictors of long-COVID by
performing a thorough analysis of the clinical,
laboratory, and demographic characteristics of
children with COVID-19.

PATIENTS AND METHODS: Between August
and October 2021, data were obtained retro-
spectively from the medical records of 251 chil-
dren diagnosed with COVID-19 at a tertiary sin-
gle-center hospital. The prognostic effects of
admission-related factors were compared be-
tween patients who experienced long-lasting
symptoms and those who did not.

RESULTS: Long-COVID symptoms were noted
in 12.4% of patients. Joint pain (7.6%), lumbago
(4.8%), and headache (3.2%) were the most com-
mon symptoms. The mean onset of long-COVID
symptoms was 1.35+0.49 months. The onset of
long-COVID symptoms was 4 weeks after initial
diagnosis in 64.5% of patients and 4-8 weeks lat-
er in 35.5% of the patients. The mean duration of
long-COVID symptoms was 5.32+2.51 months.
Children with long-COVID had higher leuko-
cytes, neutrophils, monocytes, basophils, plate-
lets, and D-dimer when compared with patients
without long-COVID (p < 0.001). Leukocytes,
neutrophils, monocytes, platelets, and D-dimer
had the highest AUC in the ROC analysis (0.694,
0.658, 0.681, 0.667, and 0.612, respectively) and
were statistically significant.

CONCLUSIONS: Despite the majority of chil-
dren with COVID-19 having mild or asymptom-
atic acute disease, the majority of long-COVID
symptoms were associated with functional im-
pairment between 1 and 9 months after the start
of the infection. Increased leukocytes, mono-
cytes, neutrophils, platelets, and D-dimer ap-
pear to be the most powerful laboratory predic-
tors for long-COVID and monitoring these pre-
dictors may assist clinicians to identify and fol-
low-up patients with higher risk for long-COVID.
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Introduction

Children have a milder course of acute Coro-
navirus Disease 2019 (COVID-19) than adults
and the prevalence is lower in the pediatric
population'?. As the COVID-19 infection ris-
es, there is growing concern about persistent
symptoms after the initial infection, dubbed
“long-COVID”. Long-COVID refers to signs
and symptoms that persist or develop after acute
COVID-19 and cannot be explained by another
diagnosis. There is currently no consensus on the
definition or duration of this syndrome. Long-
COVID, according to the NICE guidelines, in-
cludes both ongoing symptomatic COVID-19
(from 4 to 12 weeks after acute COVID-19) and
post-COVID-19 syndrome (12 weeks or more
after acute COVID-19)°.

Long-COVID is becoming more common in
adults*. However, only few studies>!® have looked
at children’s long-term recovery from COVID-19.
According to these studies, 4-66% of children
experienced long-COVID-19 symptoms such as
headaches, fatigue, muscle and joint pain, respi-
ratory symptoms, nasal congestion, abdominal
pain, constipation, diarrhea, insomnia, difficulty
concentrating, and loss of smell and taste™'s.

Therefore, it is crucial to identify the long-
COVID’s predictors for understanding the dis-
ease’s pathophysiology. In the current study,
we aimed at identifying the predictors of long-
COVID-19 infection by performing a thorough
analysis of the clinical, laboratory, and demo-
graphic characteristics of children with and with-
out long-COVID-19 infection.
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Patients and Methods

We performed a retrospective study on 250
children aged 0-18 years with confirmed SARS-
CoV-2 infection by polymerase chain reaction
(RT-PCR) on a nasopharyngeal swab and a control
group of 250 healthy children who had not test-
ed positive for SARS-CoV-2 at Ankara Atatiirk
Sanatorium Training and Research Hospital be-
tween August and October 2020. All applications
of these patients to the hospital were reviewed
retrospectively from the hospital registry system
for one year from the date of diagnosis. We re-
corded long-term symptoms and the duration of
“long-COVID” in children who had previously
been diagnosed with COVID-19. The diagnostic
criteria of the NICE guidelines for long-COVID
were used. According to the guidelines, this
includes both ongoing symptomatic COVID-19
(from 4 to 12 weeks after acute COVID-19) and
post-COVID-19 syndrome (12 weeks or more
after acute COVID-19)°.

The long-COVID symptoms of the patients
were evaluated based on the complaints of admis-
sion to the hospital. The complaints that were ap-
plied to the hospital were evaluated by a pediatri-
cian, and the necessary laboratory and radiologi-
cal imaging tests were performed and evaluated,
which provided an objective evaluation. Patients
who needed to be evaluated by neurology, car-
diology, nephrology, orthopedics, dermatology,
and other relevant doctors were evaluated, and
these symptoms were not attributed to any other
diseases. Children with hematologic or chronic
disease were barred from the study.

Data on the following laboratory parameters
were collected as follows: complete blood count
parameters (CBC), total protein, albumin, fibrin-
ogen, D-dimer, and ferritin. CBC was performed
using the ADVIA 2120 Hematology System (Sie-
mens Healthcare Diagnostics, Erlangen, Germa-
ny). The biochemical parameters defined above
were measured using an Atellica Solution Immu-
noassay & Clinical Chemistry Analyzer (Siemens
Healthcare Diagnostics, Erlangen, Germany). Fi-
brinogen and D-dimer was analyzed using the
Sysmex CS-5100 System (Siemens Healthcare
Diagnostics, Erlangen, Germany).

Statistical Analysis

SPSS for Windows, version 22.0, was used
to analyze the data (IBM Corp., Armonk, NY,
USA). By using the Kolmogorov-Smirnov test, it
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was possible to determine whether the distribu-
tion of continuous variables was normal or not.
The Levene’s test was employed to assess the ho-
mogeneity of variances. For skewed distributions,
continuous data were expressed as mean, SD,
and median (interquartile range). The number of
cases (%) was used to describe categorical data.
The Mann-Whitney U test was used to compare
statistical differences in non-normally distribut-
ed variables between two independent groups.
Fisher’s exact test or Pearson’s Chi-square test
were used to compare categorical variables. In all
statistical analyses, a p-value < 0.05 was accept-
ed as the significant level. The cut-off value of
parameters linked to the risk of long-COVID was
established using receiver operating characteris-
tic (ROC) curve analysis.

Results

The mean age for children was 12.75+4.60
years (SARS-CoV-2 positive) and 12.50+4.83
years (control group). In both the COVID-19 and
control groups, 49.8% of the children were male
and 50.2% were female. There was no statistical-
ly significant difference in age or gender between
both groups (p>0.05) (Table I).

The most common COVID-19 symptoms
on admittance were fever (43.4%), sore throat
(27.9%), rhinorrhea (24.7%), and cough (20.3%).
Asymptomatic patients were 18.7%. The mean
duration of the complaints of the COVID-19
patients at the time of admission was 1.26+1.22
days. While the physical examination findings
at the onset of the disease were normal in 30.3%
of the patients, 69.7% of the patients had upper
respiratory tract infections. A chest X-ray was
normal in all patients. None of the patients re-
quired hospitalization or pediatric intensive care
unit admission (Table I).

The leukocytes, lymphocytes, eosinophil,
basophil, platelet, red cell distribution width
(RDW), and platelet distribution width (PDW)
of the COVID-19 group were statistically sig-
nificantly lower than the control group (p<0.05).
The monocytes, red blood cell count (RBC),
hemoglobin, mean platelet volume (MPV), al-
bumin, D-dimer, fibrinogen, lactate dehydroge-
nase (LDH), platelet to lymphocyte ratio (PLR)
and neutrophil to lymphocyte ratio (NLR) of
the COVID-19 group were statistically signifi-
cantly higher than the control group (p<0.05)
(Table 1I).



Clinical and laboratory predictors of long-COVID in children: a single center retrospective study

Table I. Demographic and clinical characteristics of the children with COVID-19 and controls.

COVID-19 group (n = 251) Control group (n = 251)
X = SD med (min-max) X = SD med (min-max) P
Age (years) 12.75 + 4.60 12.50 +4.83 0.667
14.16 (0.37-17.91) 14.02 (0.39-17.92)

Gender (%) 0.999

Male 125 (49.8%) 125 (49.8%)

Female 126 (50.2%) 126 (50.2%)
Onset of symptom to hospital admission (days) 1.26 +1.22 - -
First application symptoms (%) 1(0-7)
Asymptomatic 47 (18.7%)
Fever 109 (43.4%)
Throat ache 70 (27.9%)
Rhinorrhea 62 (24.7%)
Cough 51 (20.3%)
Headache 33 (13.1%)
Debility 28 (11.2%)
Joint pain 25 (10.0%)
Nausea 20 (8.0%)
Muscle pain 16 (6.4%)
Diarrhea 14 (5.6%)
Lumbago 10 (4.0%)
Nasal congestion 10 (4.0%)
Vomiting 7 (2.8%)
Conjunctivitis 5(2.0%)
Loss of taste 4 (1.6%)
Loss of smell 4 (1.6%)
Chest pain 2 (0.8%)
Dyspnea 2 (0.8%)
First application physical examination (%)

Normal 76 (30.3%)

Upper respiratory tract infection 175 (69.7%)
Long-COVID Symptoms (%)
Muscle pain 3(1.2%)
Headache 8 (3.2%)
Joint pain 19 (7.6%)
Lumbago 12 (4.8%)
Alopecia 3(1.2%)
Abdominal pain 5(2.0%)
Constipation 3(1.2%)

In total, 31 (12.4%) children noted long-COVID
symptoms. There was no statistically significant
difference in age or gender between patients with
and without long-COVID symptoms (p>0.05).
Joint pain was reported in 7.6%, lumbago 4.8%,
and headache 3.2% of patients, and other long-
COVID symptoms were abdominal pain, muscle
pain, alopecia, and constipation. Headache and
sore throat complaints in the first application were
statistically significantly higher in patients with
long COVID symptoms than in others (p<0.05).
In addition, long-COVID symptoms were found
to be statistically significantly higher in patients
with upper respiratory tract infection in the first
application physical examination (p=0.025). The
mean duration of complaints at the time of first
admission in patients with long-COVID symp-

toms (1.97£1.85 days) was statistically signifi-
cantly higher than in those without long-COVID
symptoms (1.16+1.07 days) (p=0.002). The mean
onset of long-COVID symptoms after first diag-
nosis was 1.35£0.49 months. The onset of long-
COVID symptoms was one month after initial
diagnosis in 64.5% of patients and two months
later in 35.5% of the patients. The mean duration
of long-COVID symptoms was 5.32+2.51 months
(Table I11).

Leukocytes, monocytes, neutrophils, baso-
philes, platelets, and D-dimer were statistically
significantly higher in patients with long-COVID
symptoms compared to those without long-
COVID symptoms (p<0.05) (Table IV). In ROC
analysis, the area under the treatment character-
istic curve (AUC) for leukocytes, neutrophils,
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Table Il. Baseline blood parameters of the children with COVID-19 and controls.

COVID-192 group (n = 251)

Control group (n = 251)

Mean platelet volume (fL)
Platelet distribution width
Albumin (gr/dL)

D-dimer (ng/mL)

Fibrinogen (mg/dL)

Lactate dehydrogenase (IU/L)
CRP (mg/L)

Plateletcrit (%)

Platelet to lymphocyte ratio

Neutrophil to lymphocyte ratio

236.00 (106.82-422.28)

290.58 (160.39-512.04)

X = SD med (min-max) X = SD med (min-max) P

Leucocytes (x10°/uL) 5.90+2.00 726 £1.90 <0.001
5.68 (2.20-11.90) 7.10 (2.15-11.35)

Lymphocytes (x10°/uL) 1.73+0.93 2.98+0.85 <0.001
1.56 (0.46-5.66) 2.91 (1.29-5.30)

Monocytes (x10°/uL) 0.55+0.24 0.50+0.20 0.029
0.50 (0.17-1.48) 0.46 (0.22-1.23)

Neutrophils (10%/uL) 3.51+1.62 3.67+141 0.090
3.31(0.95-8.32) 3.61 (0.80-7.00)

Eosinophil (x10%/uL) 0.10+0.19 0.21£0.18 <0.001
0.05 (0-1.92) 0.16 (0.01-0.91)

Basophil (x10°/uL) 0.02 +0.02 0.07+0.14 <0.001
0.02 (0-0.20) 0.04 (0.01-1.16)

Red blood cell (x10%/ul) 497+0.46 4.81+£0.40 <0.001
4.90 (3.92-6.73) 4.80 (5.90-3.76)

Hemoglobin (g/dL) 13.93 +1.36 13.27+0.92 <0.001
13.90 (10.29-16.63) 13.40 (10.91-15.00)

Hematocrit (%) 41.56 +3.70 39.19+£3.10 <0.001
41.50 (32.05-50.49) 39.20 (30.11-46.51)

Mean corpuscular volume (fL) 84.28 + 6.86 83.26 £5.52 0.001
85.17 (55.08-98.23) 82.62 (68.19-95.17)

Mean corpuscular hemoglobin (pg) 2826 +2.67 28.05+2.15 0.004
28.66 (16.95-32.05) 28.00 (21.13-33.35)

Mean corpuscular hemoglobin concentration (g/dL) 33.58+1.24 3343 +1.26 0.228
33.66 (30.18-37.33) 33.60 (29.08-36.72)

Red cell distribution width (%) 13.36 £ 1.03 14.17 £ 1.70
13.06 (11.76-16.73) 13.72 (11.76-26.00) <0.001

Platelet (x10%/uL) 23877+ 57.15 299.78 + 66.00 <0.001

929+ 1.10 877+ 1.58 <0.001
9.18(7.00-12.75) 8.77 (5.76-12.30)

15.85 + 0.44 1635+ 1.01 <0.001
15.81 (14.50-17.03) 16.12 (14.68-21.00)

4.60+0.25 454+024 0.002
4.60 (3.80-5.30) 4.50 (3.90-5.20)

52271+ 561.01 25631 +76.82 <0.001
323.40 (156.80-3700.00) 230.00 (170.00-450.00)

298.40+ 65.39 173.92 + 41.69 <0.001
294.00 (176.40-469.20) 160.00 (110.00-280.00)

221.16+ 59.42 138.42 +30.95 <0.001
203.49 (119.00-430.44) 128.00 (101.00-213.00)
488+670 - -
2.53 (0.20-42.33)

2.20+054 -

2.14 (1.08-4.28) -

172.87 + 89.05 106.39 + 30.44 <0.001
155.30 (50.87-461.59) 100.91 (52.46-200.56)

2.68+191 134 0.68 <0.001

225 (0.25-9.22)

1.24 (0.26-3.15)

monocyetes, platelets, and D-dimer was calculated
as 0.694, 0.658, 0.667, 0.612 and 0.571, respec-
tively, and was found to be statistically signifi-
cant (p<0.05) (Table V). This result shows that
leukocytes, neutrophils, monocytes, platelets and
D-dimer values can differentiate for long-COVID
in COVID-19 patients (Figure 1). In the calcu-

lation of the best cut-off point for leukocytes, a
cut-off value of 5.345 was calculated with 90.3%
sensitivity and 50% specificity. In the calculation
of the best cut-off point for neutrophils, a cut-off
value of 3.185 was calculated with a sensitivity of
80.6% and a specificity of 51%. In the calculation
of the best cut-off point for monocytes, a cut-off
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Table Ill. Demographic and clinical characteristics of the children with and without long-COVID.

Long-COVID symptoms (n = 251)
Yes (n = 31 No (n = 220)
X = SD med (min-max) x = SD med (min-max) P
Age (years) 13.89 +£4.88 12.59 +4.55 0.050
15.95 (1.42-17.56) 14.00 (0.37-17.91)
Gender (%) 0.829
Male 16 (51.6%) 109 (49.5%)
Female 15 (48.4%) 111 (50.5%)
Onset of symptom to hospital admission (days) 1.97 £ 1.85 1.16 £ 1.07 0.002
1 (0-7) 1(0-7)
First application symptoms (%)
Asymptomatic 3(97%) 44 (20.0%) 0.168
Fever 14 (45.2%) 95 (43.2%) 0.835
Throat ache 15 (48.4%) 55 (25.0%) 0.007
Rhinorrhea 5 (16.1%) 57 (25.9%) 0.237
Cough 9 (29.0%) 42 (19.1%) 0.198
Headache 9 (29.0%) 24 (10.9%) 0.010
Debility 1 (3.2%) 27 (12.3%) 0.219
Joint pain 4 (12.9%) 21 (9.5%) 0.526
Nausea 0 (0.0%) 20 (9.1%) 0.147
Muscle pain 1(3.2%) 15 (6.8%) 0.701
Diarrhea 0 (0.0%) 14 (6.4%) 0.228
Lumbago 3.(9.7%) 7 (3.2%) 0.112
Nasal congestion 2 (6.5%) 8 (3.6%) 0.356
Vomiting 0 (0.0%) 7 (3.2%) 0.602
Conjunctivitis 0 (0.0%) 5(2.3%) 0.999
Ageusia 0 (0.0%) 4 (1.8%) 0.999
Anosmia 0 (0.0%) 4 (1.8%) 0.999
Chest pain 0(0.0%) 2 (0.9%) 0.999
Dyspnea 0 (0.0%) 2 (0.9%) 0.999
First application physical examination (%)
Normal 4 (12.9%) 72 (32.7%) 0.025
Upper respiratory tract infection 27 (87.1%) 148 (67.3%) 0.025
Onset of long-COVID symptoms (months) 1.35+0.49
Onset of long-COVID symptoms (%) 20 (64.5%)
First month 11 (35.5%)
Second month 532+2.51
Duration of long-COVID symptoms (months)
Duration of long-COVID symptoms (%)
1 month 3 (10.7%)
3 months 5(17.9%)
4 months 1 (3.6%)
5 months 8 (28.6%)
7 months 6 (21.4%)
9 months 5 (17.9%)
Long-COVID Symptoms (%)
Muscle pain 3(9.7%)
Headache 8 (25.8%)
Joint pain 19 (61.3%)
Lumbago 12 (38.7%)
Alopecia 3(9.7%)
Abdominal pain 5 (16.1%)
Constipation 3(9.7%)

value of 0.585 was calculated with a sensitivity of and a specificity of 50%. In calculating the best
67.7% and a specificity of 68.9%. In calculating cut-off point for D-dimer, a cut-off value of 439.8
the best cut-off point for platelets, a cut-off value was calculated with 58.1% sensitivity and 68%
of 439.8 was calculated with a sensitivity of 87.1% specificity (Table V).



D. Guven, A.D. Bulus

Table IV. Baseline blood parameters of the children with and without long-COVID.

Long-COVID symptoms (n = 251)
Yes (n = 31 No (n = 220)
x = SD med (min-max) x = SD med (min-max) P
Leucocytes (x10°/uL) 6.81+1.48 577+2.03 0.001
6.53 (4.30-9.59) 541 (2.20-11.90)
Lymphocytes (x10°/uL) 1.97+0.88 1.69 +£0.93 0.063
1.58 (0.91-3.92) 1.56 (0.46-5.66)
Monocytes (x10°/uL) 0.63+0.18 0.54+0.25 0.003
0.64 (0.36-0.85) 0.48 (0.17-1.48)
Neutrophils (10°/uL) 410+ 142 342+£1.63 0.010
4.01 (1.28-6.25) 3.18 (0.95-8.32)
Eosinophil (x10*/uL) 0.09 +0.08 0.10+0.20 0.624
0.05 (0.01-0.26) 0.05 (0-1.92)
Basophil (x10%/uL) 0.02 +0.01 0.02+0.02 0.028
0.02 (0.01-0.03) 0.02 (0-0.20)
Red blood cell (x10%/ul) 5.03+0.49 497+046 0.511
5.00 (4.21-6.43) 4.90 (3.92-6.73)
Hemoglobin (g/dL) 13.94 £ 1.54 13.93+1.34 0.590
14.41(10.29-16.12) 13.90 (10.70-16.63)
Hematocrit (%) 41.79 £3.88 41.52 +£3.69 0.279
42.53 (32.05-47.12) 41.38 (32.10-50.49)
Mean corpuscular volume (fL) 83.94+ 741 84.32 £6.80 0.817
85.70 (61.00-92.31) 85.10 (55.08-98.23)
Mean corpuscular hemoglobin (pg) 28.02+2.93 28.30+2.64 0.786
28.60 (19.70-31.72) 28.68 (16.95-32.95)
Mean corpuscular hemoglobin concentration (g/dL) 3339+ 1.16 33.61 £ 1.25 0.354
33.46 (31.16-35.39) 33.66 (30.18-37.33)
Red cell distribution width (%) 13.56 + 1.18 13.33 +£1.01 0.471
13.16 (12.15-16.32) 13.06 (11.76-16.73)
Platelet (x10°/uL) 256.16 = 56.83 236.31 +56.90 0.002
269.50 (107.80-330.48) 229.25 (106.82-422.28)
Mean platelet volume (fL) 9.50+1.25 9.26 + 1.08 0.463
9.20 (7.45-12.75) 9.18 (7.00-12.44)
Platelet distribution width (%) 15.80 +£0.38 15.85+0.45 0.544
15.80 (14.99-16.63) 15.88 (14.50-17.03)
Albumin (gr/dL) 4.63+0.23 4.60+0.25 0.248
4.69 (4.00-5.00) 4.60 (3.80-5.30)
D-dimer (ng/mL) 641.97 +527.59 504.76 + 564.91 0.045
450.00 (160.00-1,734.00) 316.20 (156.80-3,700.00)
Fibrinogen (mg/dL) 317.65 +73.10 295.41 +63.79 0.085
321.30 (176.40-469.20) 290.00 (176.40-436.56)
Lactate dehydrogenase (IU/L) 218.07 + 83.68 221.60 + 55.38 0.100
188.10 (139.16-430.44) 205.52 (119.00-384.00)
CRP (mg/L) 7.89 £ 11.70 4.46 £5.57 0.051
2.90 (0.98-42.33) 2.28 (0.20-34.31)
Plateletcrit (%) 2.41+0.56 2.18+0.53 0.006
2.50 (1.27-3.47) 2.10 (1.08-4.28)
Platelet-to-lymphocyte ratio 152.79 + 67.88 175.61 £ 91.37 0.253
140.36 (69.55-282.15) 157.61 (50.87-461.59)
Neutrophil-to-lymphocyte ratio 2.54+£142 270+£1.97 0.599
2.44 (0.34-6.07) 2.18 (0.25-9.22)

Discussion

Previous pediatric research revealed that
8-58% of SARS-CoV-2 positive children have
“long COVID” symptoms®8, In our study, long-
COVID symptoms were seen in 12.4% of chil-
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dren with COVID-19 infection. According to
previous research!'"2°) older school children are
more commonly affected than younger school
children, and pre-school children, as well as
females, are more likely than males to have long-
COVID symptoms. Despite the fact that there
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Table V. Logistic regression analysis for long-COVID.

Asymptotic 95%
AUC P confidence Interval Cut off | Sensitivity | Specificity
Leucocytes (x10°%/uL) 0.694 <0.001 0.614 0.774 5.345 90.3% 50%
Neutrophils (10%/pL) 0.658 0.005 0.556 0.760 3.185 80.6% 51%
Monocytes (x10*/uL) 0.681 0.001 0.584 0.777 0.585 67.7% 68.9%
Platelet (x10°/pL) 0.667 0.003 0.564 0.770 2299 87.1% 50.0%
D-dimer (ng/mL) 0.612 0.045 0.500 0.723 439.8 58.1% 68%

was no statistically significant age and gender
difference between those with and without long-
COVID symptoms in our study, the mean age of
both the patient and control groups was found to
be compatible with older school children.
Fatigue, loss of smell, and loss of taste, head-
ache, muscle and joint pain were the most report-
ed “long-COVID” symptoms. Other symptoms
reported in previous studies®®!121420-23  were
cough, nausea, diarrhea, concentration problems,
insomnia, muscle weakness, chest pain, dizzi-
ness, and respiratory problems. In line with liter-
ature, fatigue, joint pain, lumbago, and headache
were the most common symptoms in our study.
It has been reported that long-COVID findings
are observed more frequently from the 2" month,
and the majority of children recover in 1 to 5
months™!'®. The onset of long-COVID symptoms
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Figure 1. The ROC curves of leucocytes, monocytes, neu-
trophils, basophiles, platelets, and D-dimer in predicting
long-COVID.

was one month after initial diagnosis in 64.5%
of our patients, and the mean recovery of long-
COVID symptoms was 5.32+2.51 months (min
1 - max 9 months) in our study.

Studies™'*?'*? have shown that even mild-to-mod-
erate cases are most affected by long-COVID.
Children, including those with asymptomatic
COVID-19, are also targeted by long-COVID. The
majority of studies™??2 did not discover any
correlation between long-COVID and the severity
of the initial illness during acute COVID-19. Sim-
ilarly, long-COVID symptoms were also detected
in our asymptomatic patients. According to Sterky
et al”?, there is a link between longer application
symptoms and a higher prevalence of persistent
symptoms. We also discovered that the duration
of complaints at first admission was statistically
significantly longer in patients with long-COVID
symptoms than in those without long-COVID
symptoms.

Some common blood parameters are altered
by SARS-CoV-2. According to the admission
laboratory parameters, the critically ill patients
have lower hemoglobin, lymphocyte, and albu-
min levels, as well as higher leukocytes, neutro-
phils, NLR, PLR, ferritin, D-dimer, and LDH
levels?*?, These parameters, which are indica-
tors of severe disease, may also be increased in
children who develop long-COVID. We know
that an uncontrolled inflammatory response can
contribute to long-COVID?*?, Increased [18F]
FDG uptake, indicative of ongoing inflammation,
was found in the bone marrow and blood vessels
in COVID-19 survivors who had symptoms that
persisted for at least 30 days after discharge®. In
comparison to their fully recovered counterparts,
COVID-19 survivors who experienced persistent
symptoms were more likely to have elevated
neutrophil, NLR, fibrinogen, D-dimer, ferritin,
CRP, and decreased lymphocytes, according to
a few studies®®’!, and could potentially be used
as long-COVID biomarkers. Unresolved inflam-
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mation may only partially account for the patho-
physiology of long-COVID and the symptoms of
inflammation such as fatigue, myalgia, and joint
pain***. The blood’s increased concentration of
D-dimer, which is a component of the coagula-
tion cascade and a sign of hypercoagulability.
As platelets’ mitochondria are responsible for
controlling their function, SARS-CoV-2-induced
mitochondrial dysfunction in platelets may result
in metabolic adversity that can trigger the coagu-
lation cascade and raise D-dimer levels*. Activa-
tion of coagulation proteins and the formation of
D-dimer are both indicators of COVID-19, as is
platelet activation. When considered as a whole,
the previously stated effect may help to explain
why patient’s D-dimer levels are elevated™®.

Similar to literature, leukocytes, lymphocytes,
platelets, RDW, and PDW of the COVID-19
group were statistically significantly lower, as
well as the monocytes, RBC, hemoglobin, MPV,
albumin, D-dimer, fibrinogen, LDH, PLR, and
NLR of the COVID-19 group were statistically
significantly higher than the control group in our
study. On the other hand, leukocytes, monocytes,
neutrophils, basophil, platelets, and D-dimer lev-
els were statistically significantly higher in pa-
tients with long-COVID symptoms compared to
those without long-COVID symptoms.

Limitations

The limitation of our study is that, since it is a
retrospective study, the long-COVID symptoms
of the patients were evaluated based on their
complaints of admission to the hospital. Patients
may also have had other symptoms that were not
bothersome enough to bring them to the hospital.
Evaluation of patients with a questionnaire or
telephone would have contributed more. On the
other hand, in our study, these patients who had
complaints that were disturbing enough to apply
to the hospital were evaluated by a clinician, and
the necessary laboratory and radiological imag-
ing tests were performed and evaluated, which
provided an objective evaluation.

Conclusions

In conclusion, the continuum of persistent
symptoms in children with long-COVID is de-
scribed in this study, along with the results of
their medical evaluation at a specific pediatric
clinic. Despite the majority of patients having
a mild acute disease and no prior history of
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other illnesses, the majority of symptoms were
associated with functional impairment between
1 and 9 months after the start of the infection.
Our findings indicate that increased leucocytes,
monocytes, neutrophils, platelets, and D-dimer
levels appear to be the most powerful laboratory
predictors for long-COVID. Monitoring the pre-
dictors may assist clinicians in identifying and
following-up patients with higher risk for long-
COVID.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval

This study was conducted in accordance with the principles
of the Declaration of Helsinki. Ethics Committee Approv-
al was obtained from Ankara Atatiirk Sanatorium Training
and Research Hospital’s Ethics Committee (Approval date
and number: 09.11.2021/ 2021-2012-K AEK-15/2417).

Funding
This research did not receive any financial support.

Authors’ Contribution

Conception and design: Giiven D; Acquisition of data:
Giiven D; Analysis and interpretation of data: Giiven D, Bu-
lus AD; Drafting the article: Bulug AD; Supervision: Bulug
AD; Validation and final approval: All authors.

ORCID ID
Giiven D: 0000-0002-4293-910X; Bulus AD: 0000-0003-
2865-4420.

References

1) Swann OV, Holden KA, Turtle L, Pollock L, Fair-
field CJ, Drake TM, Seth S, Egan C, Hardwick
HE, Halpin S, Girvan M, Donohue C, Pritchard
M, Patel LB, Ladhani S, Sigfrid L, Sinha IP, Ollia-
ro PL, Nguyen-Van-Tam JS, Horby PW, Merson
L, Carson G, Dunning J, Openshaw PJM, Bail-
lie JK, Harrison EM, Docherty AB, Semple MG;
ISARIC4C Investigators. Clinical characteristics
of children and young people admitted to hos-
pital with covid-19 in United Kingdom: prospec-
tive multicentre observational cohort study. BMJ
2020; 370: m3249.

2) Petersen MS, Kristiansen MF, Hanusson KD,
Danielsen ME, A Steig B, Gaini S, Stram M, Wei-
he P. Long COVID in the Faroe Islands: A Longi-
tudinal Study Among Nonhospitalized Patients.
Clin Infect Dis 2021; 73: 4058-4063.



Clinical and laboratory predictors of long-COVID in children: a single center retrospective study

6)

7)

10)

11)

12)

13)

COVID-19 rapid guideline: managing the long-
term effects of COVID-19. London: National Insti-
tute for Health and Care Excellence (NICE); De-
cember 18, 2020.

Lund LC, Hallas J, Nielsen H, Koch A, Mogensen
SH, Brun NC, Christiansen CF, Thomsen RW,
Pottegard A. Post-acute effects of SARS-CoV-2
infection in individuals not requiring hospital ad-
mission: a Danish population-based cohort study.
Lancet Infect Dis 2021; 21: 1373-1382.

Buonsenso D, Pujol FE, Munblit D, Pata D, Mc-
Farland S, Simpson FK. Clinical characteristics,
activity levels and mental health problems in chil-
dren with long coronavirus disease: a survey of
510 children. Future Microbiol 2022; 17: 577-588.

Blankenburg J, Wekenborg MK, Reichert J, Re-
ichert J, Kirsten C, Kahre E, Haag L, Schumm L,
Czyborra P, Berner R, Armann JP. Mental health
of adolescents in the pandemic: long-COVID19
or long pandemic syndrome? MedRvix 2021; doi:
https://doi.org/10.1101/2021.05.11.21257037.

Buonsenso D, Munblit D, De Rose C, Sinatti D,
Ricchiuto A, Carfi A, Valentini P. Preliminary ev-
idence on long COVID in children. Acta Paediatr
2021; 110: 2208-2211.

Brackel CLH, Lap CR, Buddingh EP, van Houten
MA, van der Sande LJTM, Langereis EJ, Bannier
MAGE, Pijnenburg MWH, Hashimoto S, Terheg-
gen-Lagro SWJ. Pediatric long-COVID: An over-
looked phenomenon? Pediatr Pulmonol 2021; 56:
2495-2502.

Blomberg B, Mohn KG, Brokstad KA, Zhou F, Lin-
chausen DW, Hansen BA, Lartey S, Onyango TB,
Kuwelker K, Saevik M, Bartsch H, Tendel C, Kit-
tang BR; Bergen COVID-19 Research Group, Cox
RJ, Langeland N. Long COVID in a prospective
cohort of home-isolated patients. Nat Med 2021;
27: 1607-1613.

Radtke T, Ulyte A, Puhan MA, Kriemler S. Long-
term Symptoms After SARS-CoV-2 Infection in
Children and Adolescents. JAMA 2021; 326: 869-
871.

Molteni E, Sudre CH, Canas LS, Bhopal SS,
Hughes RC, Antonelli M, Murray B, Klaser K, Ker-
foot E, Chen L, Deng J, Hu C, Selvachandran S,
Read K, Capdevila Pujol J, Hammers A, Spector
TD, Ourselin S, Steves CJ, Modat M, Absoud M,
Duncan EL. lliness duration and symptom pro-
file in symptomatic UK school-aged children test-
ed for SARS-CoV-2. Lancet Child Adolesc Health
2021; 5: 708-718.

Stephenson T, Shafran R, De Stavola B, Rojas
N, Aiano F, Amin-Chowdhury Z, McOwat K, Sim-
mons R, Zavala M, Consortium C, Ladhani SN;
CLoCk Consortium members. Long COVID and
the mental and physical health of children and
young people: national matched cohort study
protocol (the CLoCk study). BMJ Open 2021; 11:
e052838.

Sterky E, Olsson-Akefeldt S, Hertting O, Herle-
nius E, Alfven T, Ryd Rinder M, Rhedin S, Hilden-
wall H. Persistent symptoms in Swedish children

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

after hospitalisation due to COVID-19. Acta Pae-
diatr 2021; 110: 2578-2580.

Ashkenazi-Hoffnung L, Shmueli E, Ehrlich S, Ziv
A, Bar-On O, Birk E, Lowenthal A, Prais D. Long
COVID in Children: Observations From a Desig-
nated Pediatric Clinic. Pediatr Infect Dis J 2021;
40: e509-e511.

Osmanov IM, Spiridonova E, Bobkova P, Gamiro-
va A, Shikhaleva A, Andreeva M, Blyuss O,
El-Taravi Y, DunnGalvin A, Comberiati P, Per-
oni DG, Apfelbacher C, Genuneit J, Mazankova
L, Miroshina A, Chistyakova E, Samitova E, Bor-
zakova S, Bondarenko E, Korsunskiy AA, Kono-
va |, Hanson SW, Carson G, Sigfrid L, Scott JT,
Greenhawt M, Whittaker EA, Garralda E, Swann
QV, Buonsenso D, Nicholls DE, Simpson F, Jones
C, Semple MG, Warner JO, Vos T, Olliaro P, Mun-
blit D; the Sechenov StopCOVID Research Team.
Risk factors for post-COVID-19 condition in pre-
viously hospitalised children using the ISARIC
Global follow-up protocol: a prospective cohort
study. Eur Respir J 2022; 59: 2101341.

Say D, Crawford N, McNab S, Wurzel D, Steer A,
Tosif S. Post-acute COVID-19 outcomes in chil-
dren with mild and asymptomatic disease. Lancet
Child Adolesc Health 2021; 5: e22-e23.

Smane L, Roge |, Pucuka Z, Pavare J. Clinical
features of pediatric post-acute COVID-19: a de-
scriptive retrospective follow-up study. Ital J Pedi-
atr 2021; 47: 177.

Asadi-Pooya AA, Nemati H, Shahisavandi M, Ak-
bari A, Emami A, Lotfi M, Rostamihosseinkhani
M, Barzegar Z, Kabiri M, Zeraatpisheh Z, Far-
joud-Kouhanjani M, Jafari A, Sasannia F, Ashra-
fi S, Nazeri M, Nasiri S. Long COVID in children
and adolescents. World J Pediatr 2021; 17: 495-
499.

Yong SY. Long COVID or post-COVID-19 syn-
drome: putative pathophysiology, risk factors,
and treatments. Infect Dis (Lond) 2021; 10: 737-
754.

Ludvigsson JF. Case report and systematic re-
view suggest that children may experience similar
long-term effects to adults after clinical COVID.
Acta Paediatr 2021; 110: 914-921.

Zimmermann P, Pittet LF, Curtis N. How Common
is Long COVID in Children and Adolescents? Pe-
diatr Infect Dis J 2021; 40: e482-e487.

Kumar L, Kahlon N, Jain A, Kaur J, Singh M,
Pandey AK. Loss of smell and taste in COVID-19
infection in adolescents. Int J Pediatr Otorhinolar-
yngol 2021; 142: 110626.

Balfour HH Jr, Odumade OA, Schmeling DO, Mul-
lan BD, Ed JA, Knight JA, Vezina HE, Thomas W,
Hogquist KA. Behavioral, virologic, and immuno-
logic factors associated with acquisition and se-
verity of primary Epstein-Barr virus infection in
university students. J Infect Dis 2013; 207: 80-88.
Zeng F, Li L, Zeng J, Deng Y, Huang H, Chen B,
Deng G. Can we predict the severity of corona-
virus disease 2019 with a routine blood test? Pol
Arch Intern Med 2020; 130: 400-406.



D. Guven, A.D. Bulus

25)

26)

27)

28)

29)

30)

Peng J, Qi D, Yuan G, Deng X, Mei Y, Feng L,
Wang D. Diagnostic value of peripheral hema-
tologic markers for coronavirus disease 2019
(COVID-19): A multicenter, cross-sectional study.
J Clin Lab Anal 2020; 34: e23475.
Eslamijouybari M, Heydari K, Maleki I, Moo-
sazadeh M, Hedayatizadeh-Omran A, Vahedi L,
Ghasemian R, Sharifpour A, Alizadeh-Navaei R.
Neutrophil-to-Lymphocyte and Platelet-to-Lym-
phocyte Ratios in COVID-19 Patients and Control
Group and Relationship with Disease Prognosis.
Caspian J Intern Med 2020; 11: 531-535.

Maamar M, Artime A, Pariente E, Fierro P, Ruiz Y,
Gutiérrez S, Tobalina M, Diaz-Salazar S, Ramos
C, Olmos JM, Hernandez JL. Post-COVID-19
syndrome, low-grade inflammation and inflamma-
tory markers: a cross-sectional study. Curr Med
Res Opin 2022; 38: 901-909.

Liu B, Han J, Cheng X, Yu L, Zhang L, Wang
W, Ni L, Wei C, Huang Y, Cheng Z. Reduced
numbers of T cells and B cells correlates with
persistent SARS-CoV-2 presence in non-severe
COVID-19 patients. Sci Rep 2020; 10: 17718.

Sollini M, Ciccarelli M, Cecconi M, Aghemo A,
Morelli P, Gelardi F, Chiti A. Vasculitis changes in
COVID-19 survivors with persistent symptoms: an
[18F] FDG-PET/CT study. Eur J Nucl Med Mol Im-
aging 2021; 48: 1460-1466.

Liao B, Liu Z, Tang L, Li L, Gan Q, Shi H, Jiao Q,
Guan Y, Xie M, He X, Zhao H, Chen W, Liu Y, Li
L, Wang Y, Cao Y, Shi Y, Li Y, Lei C. Longitudinal
clinical and radiographic evaluation reveals inter-

31)

32)

33)

34)

35)

leukin-6 as an indicator of persistent pulmonary
injury in COVID-19. Int J Med Sci 2021;18: 29-41.

Mandal S, Barnett J, Brill SE, Brown JS, Denneny
EK, Hare SS, Heightman M, Hillman TE, Jacob J,
Jarvis HC, Lipman MCI, Naidu SB, Nair A, Porter
JC, Tomlinson GS, Hurst JR; ARC Study Group.
‘Long-COVID’: a cross-sectional study of persist-
ing symptoms, biomarker and imaging abnormal-
ities following hospitalisation for COVID-19. Tho-
rax 2021; 76: 396-398.

Kucuk A, Cumhur Cure M, Cure E. Can COVID-19
cause myalgia with a completely different mech-
anism? Ahypothesis. Clin Rheumatol 2020; 39:
2103-2104.

Ursini F, Ciaffi J, Mancarella L, Lisi L, Brusi V,
Cavallari C, D’'Onghia M, Mari A, Borlandelli E,
Faranda Cordella J, La Regina M, Viola P, Rus-
citti P, Miceli M, De Giorgio R, Baldini N, Borghi
C, Gasbarrini A, lagnocco A, Giacomelli R, Faldi-
ni C, Landini MP, Meliconi R. Fibromyalgia: a new
facet of the post-COVID-19 syndrome spectrum?
Results from a web-based survey. RMD Open
2021; 7: e001735.

Ogarek N, Oboza P, Olszanecka-Glinianowicz M,
Kocelak P. The endocrine system function distur-
bances during and after SARS-CoV-2 infection.
Eur Rev Med Pharmacol Sci 2022; 26: 2171-2178.

Pasini E, Corsetti G, Romano C, Scarabelli TM,
Chen-Scarabelli C, Saravolatz L, Dioguardi FS.
Serum Metabolic Profile in Patients with Long-
Covid (PASC) Syndrome: Clinical Implications.
Front Med (Lausanne) 2021; 8: 714426.



