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ABSTRACT

Objective: To investigate the symptoms and laboratory results of children hospitalised with the diagnosis of COVID-19, aiming
to reveal the characteristics of symptomatic cases.

Study Design: A descriptive cross-sectional study.

Place and Duration of Study: Department of Pediatrics, Kastamonu Training and Research Hospital, Kastamonu, Turkey from
March to December 2020.

Methodology: Seventy-nine children, hospitalised with the diagnosis of COVID-19, were included in the study and were divided
into two groups as symptomatic and asymptomatic. The demographic data, laboratory results and clinics of the patients of the
two groups were compared.

Results: The mean age of participants was 10.43 + 5.91 (0-17) years, and 57% (n=45) of them were girls. Five patients in the
symptomatic group had comorbidities (2 allergic asthma, cerebral palsy, type-1 diabetes mellitus and anorexia nervosa). The
most common symptom was fever (36.7%, n=29). It was noteworthy that everyone with an NLR >3.13 (high-NLR) was sympto-
matic. Significantly more patients in the high-NLR group were symptomatic compared with the low-NLR group (p=0.005). On
the other hand, symptomatic children had significantly higher levels of C-reactive protein (2.8 (IQR: 1.2-10.0) mg/L vs. 1.4 (IQR:
0.4-2.0) mg/L, p=0.011); and procalcitonin (0.05 (IQR: 0.02-0.10) ng/mL vs. 0.01 (IQR: 0.00-0.03) ng/mL, p<0.001) than those
without symptoms. One of the children with cerebral palsy died from pneumonia during the study.

Conclusion: C-reactive protein, procalcitonin and NLR levels were found to be significantly higher in symptomatic children. NLR
can be suggested as a potential marker associated with disease severity in COVID-19 patients, which needs to be supported by

other studies.
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INTRODUCTION

After the World Health Organization (WHO) declared COVID-19
asapandemiconMarch 11,2020, it has quickly become one of
the world's most prominent public health problems. On
December 19, 2020, 74,299,042 cases and 1,669,982 deaths
worldwide were confirmed by the WHO?, while 2,004,285
patients and 17,851 deaths were approved by the Ministry of
Health ofthe Republic of Turkey.?

COVID-19 has a high spread rate. Besides, it has caused deaths
anddisabilitiesandsignificanteconomiclosses.
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In addition, the shortage of effective treatment or vaccination
isanissuethathasnotbeenfullyresolved. Asthediseaseisrela-
tively new, it is essential to enrich information about it. For
example, itis aninformative question to ask why the course of
COVID-19 affects different groups, such as children, with
varying severity. The overall assessment is that the immune
systems of children and adults differ in both their composition
andfunctional responsiveness.*

While their role in transmission is still unclear, clinical findings
in children, in whom exposure to the virus has been reported
mostly from household contact, indicate that infected children
tend to be asymptomatic compared to adult cases.’ Although
the prognosis has been much better for children compared to
adults until now, with the progress of the pandemic, the course
of the disease in children may change in the future.® Therefore,
supervising the course of COVID-19 in children is still impor-
tant. Knowing more aboutthe disease willguide usinmanaging
thisdisease andtackleitssocialand economicimpacts.
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Table I: Characteristics of children with COVID-19.

N %

April 7 8.9

May 11 13.9

June 19 241

July 25 31.6

Application month August 6 7.6
September 2 2.5

October 2 2.5

November 4 5.1

December 3 3.8

) Rural 13 16.5
Residence Urban 66 83.5
Comorbidity 5 6.3
Fever 29 36.7
Cough 27 34.2
Dyspnea 4 5.1
Tachypnea 1 1.3
Diarrhea 11 13.9
Anosmia 4 5.1
Headache 6 7.6
Sore throat 12 15.2
Myalgia 6 7.6

Comorbid disease and changes in laboratory values such as
neutrophils, D-dimers, lymphocytes, interleukin-6 and C-reac-
tive protein may be associated with poor prognosis. Neutrophil-
lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR),
which can easily be reached with routine laboratory tests, can
provideimportantinformation aboutthe course ofthe disease.”®

The aim of this study was to investigate the clinical conditions
(being symptomatic orasymptomatic) and laboratory results of
children admitted to the hospital with COVID-19, and to find out
whetherthere wasarelationship between them.

METHODOLOGY

This descriptive cross-sectional study was conducted among
children hospitalised with the diagnosis of COVID-19 at the
Department of Pediatrics, Kastamonu Training and Research

Hospital, Kastamonu, Turkey between March and December
2020. Patient data were obtained from the hospital automation
system.

Ethical approval No. 2020-KAEK-143-12.01, dated December
14, 2020) was received from the Faculty of Medicine Clinical
Research Ethics Committee.

The Hospital is a hospital with 72 polyclinics, serving more than 1
million patients annually. The Department of Pediatrics has a
capacity of 60 beds, welcoming approximately 100,000 patients
foroutpatienttreatmentand 7,000 inpatientseveryyear.

Duringthestudy period, 80,699 children applied to the Hospital.
Of these, 4091 patients who had symptoms suggestive of
COVID-19 or a history of contact with someone having the

disease, were identified as “suspected COVID-19 cases”.
However, 949 of these patients were diagnosed as COVID-19,
79 of them were hospitalised and included in the study. The
patients were divided into two groups as symptomatic and
asymptomatic. The demographic data, laboratories and clinics
ofthe patients ofthe two groups were compared.

Of the 79 hospitalised patients, 29 were asymptomatic and 50
were symptomatic. All patients diagnosed with COVID-19 were
hospitalised and treated with the recommendations of the
National Ministry of Health; and according totheserecommenda-
tions CBC, CRP, procalcitonin, biochemistry and venous blood
gas tests were evaluated.” Furthermore, the diagnosis of
COVID-19 was confirmed by polymerase chainreaction (PCR).

The PCRtestkitsfor COVID-19 were provided by the Public Health
Directorate General of Turkey. The method was studied in line
with the recommendations of the Bio-Speedy Covid-19 RT-gPCR
DetectionKit (Bio-eksen Ar-Ge, Istanbul, Turkey).

The severity of the pediatric COVID-19 cases were categorised as
follows: (a) Asymptomatic patients with positive PCR butno other
findings; (b) mild disease included patients with acute upper
respiratory tractinfection, but without pneumonia; (c) moderate
disease includes cases with pneumonia and respiratory tract
infection symptoms; (d) severe disease includes cases with
central cyanosis, progressive respiratory illness, and shortness
of breath (e) critical disease, including those who presented with
critically ill acute respiratory distress syndrome or respiratory
failure, shock, and organ dysfunction.® Those with mild,
moderate, severe and very severe disease were included in the
symptomaticgroup.

The primary outcome variable of the study was the neutrophil
lymphocyte ratio (NLR). Secondary outcome variables were
gender, place of residence, the presence of fever, cough,
headache, dyspnea, tachypnea, diarrhea, anosmia, sore throat,
myalgia, contact with a known COVID-19 patient, and comor-
bidity. Additionally, data was collected on the following numer-
ical secondary outcome variables: age (years), glucose (mg/dL),
total bilirubin (mg/dL), D-dimer (ng/mL), lactate (mmol/L), C-re-
active protein (CRP) (mg/L), white blood cell (WBC) count
(10%/uL), procalcitonin (ng/mL), neutrophil count (NEU) (10°/uL),
lymphocyte count (LYM) (10°/uL), platelet (PLT) count (10%/uL),
creatinine (mg/dL), peripheral venous oxygen saturation (PO,)
(%), power of hydrogen (pH), international normalised ratio
(INR), aspartate transaminase (AST) (U/L), alaninetransaminase
(ALT) (U/L), triglyceride (TG) (mmol/L), ferritin (ng/mL), lactate
dehydrogenase (LDH) (U/L), troponin (ng/mL), duration of PCR
positivity (day), and erythrocyte sedimentationrate (ESR).

Data were analysed using the Statistical Package for Social
Sciences 25.0 software (SPSS Inc., Chicago, IL, USA). Results
were presented as means =+ standard deviations or median (IQR:
25th percentile-75th percentile) according to normal distribu-
tion compliance for numerical variables, as well as frequencies
andpercentagesforcategoricaldata. Thecompatibility ofnumer-
ical variables to normal distribution was evaluated by the
Shapiro-Wilk test.
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Table Il: Comparison of categorical variables in terms of the presence of symptoms.

Severity
Asymptomatic Symptomatic
n % n % p

Female 18 40.0 27 60.0 0.485
Gender Male 11 324 23 67.6

No 29 39.2 45 60.8 *0.152
Comorbidity Yes 0.0 5 100.0

Absent 9.1 10 90.9 0.013
Contact Travel to abroad 100.0 0 0.0

Positive Case 26 39.4 40 60.6

) Rural 6 46.2 7 53.8 *0.533

Residence Urban 23 34.8 43 65.2

No 19 44.2 24 55.8 0.255
LDH >250 (U/L) Yes 10 31.3 22 68.8

No 29 40.8 42 59.2 *0.514
Ferritin >150 (ng/mL) Yes 0 0.0 > 100.0

No 25 41.0 36 59.0 *0.694
D-dimer >0.5 (ng/mL) Yes 2 28.6 5 1.4

No 17 45.9 20 54.1 0.407
Lactate >2 (mmol/L) Yes 10 357 18 64.3

No 29 41.4 41 58.6 *0.512
Procalcitonin >0.5 (ng/mL) Yes 0 0.0 ) 100.0

No 25 45.5 30 54.5 0.026
CRP >5 (mg/L) Yes 4 18.2 18 81.8
PLT<150000 (10°/uL) No 29 38.7 46 61.3 *>0.999

Yes 0 0.0 1 100.0

No 29 44.6 36 55.4 *0.005
NLR >3.13 Yes 0 0.0 11 100.0
LYM <1500 (10°uL) No 26 44.1 33 55.9 0.048

Yes 3 17.6 14 82.4
*Fisher’s Exact test value.

Comparisons were evaluated with the independent samples
t-test or Mann-Whitney U-test for numerical variables, while
Chi-square or Fisher's Exact test was used for categorical
variables. The significance threshold was taken as p <0.05.

RESULTS

The mean age of the participants was 10.43 = 5.91 (0-17)
years, and 57% (n=45) of them were females. Most of the
applications were in July, followed by June and May. The most
common symptom was fever (36.7%), followed by cough
(34.2%, Table I).

In our study, there were 29 patients in the asymptomatic
group, and 50 patients in the symptomatic group consisting
of 43 mild, six moderate and one critical patients. Asympto-
matic and mild cases represented 91.1% of all cases. There
was no statistically significant difference in gender between
the asymptomatic group and the symptomatic group. Five
patients in the symptomatic group had comorbidities;

allergic asthma (n=2) and one case cerebral palsy each of,
type-1 diabetes mellitus and anorexia nervosa. All patients
with comorbidity were symptomatic. However, no statisti-
cally significant difference was found between having symp-
toms concerning co-morbidity. The patients were grouped as
rural and urban as their place of residence, and no statisti-
cally significant difference was found between the two
groups in terms of symptoms.Asymptomatic and sympto-
matic groups 250 (U/L) for LDH, 150 (ng/mL) for ferritin, 0.5
(ng/mL) for D-dimer, 2 (mmol/L) for lactate, and 0.5 (ng/mL)
for procalcitonin was compared on the basis of being above
the cut-off values. There was no statistically significant
difference between these two groups. It was noteworthy that
everyone with an NLR >3.13 (high-NLR) was symptomatic.
Significantly more patients in the high-NLR group were symp-
tomatic compared with the low-NLR (Table Il). Symptomatic
children had significantly higher NLR levels, CRP, procalci-
tonin, and a lower percentage of LYM than those without
symptoms (Table IIl).

Table Ill: Comparison of numerical variables regarding the presence of symptoms.

Asymptomatic Symptomatic
Median (IQR) n Median (IQR) n p
Age (years) 13 (10-14) 29 12 (2-16) 50 0.728
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WBC (10°/uL) 6130 (4840-7320) 29 6970 (5000-10100) 47 0.225
LYM% 46.0 (34.0-51.0) 29 34.0 (22.0-46.0) 47 0.024
NEU (10%/uL) 2510 (1860-3970) 29 2920 (2090-5080) 47 0.108
NLR 0.95 (0.71-1.70) 29 1.60 (0.93-3.18) 47 0.032
PLR 105 (88-126) 29 125 (83-168) 47 0.252
CRP (mg/L) 1.4 (0.4-2.0) 29 2.8 (1.2-10.0) 48 0.011
Procalcitonin (ng/L) 0.01 (0.00-0.03) 29 0.05 (0.02-0.10) 44 <0.001
pH 7.35(7.32-7.36) 27 7.38 (7.34-7.41) 38 0.005
p02 30.0 (23.0-36.0) 27 35.5(23.0-48.0) 38 0.269
Lactate (mmol/L) 1.70 (1.40-2.20) 27 1.90 (1.40-2.90) 38 0.144
Glucose (mg/dL) 99 (90-106) 29 101 (90-112) 48 0.430
Total bilirubin (mg/dL) 0.27 (0.22-0.38) 29 0.35 (0.22-0.50) 48 0.155
D-dimer (ng/mL) 0.34 (0.24-0.45) 27 0.45 (0.28-0.57) 41 0.156
AST (U/L) 23 (18-28) 29 23 (18-38) 48 0.203
ALT (U/L) 13 (10-19) 29 17 (12-22) 48 0.340
Triglyceride (mmol/L) 80 (64-156) 29 94 (57-137) 44 0.731
Ferritin (ng/mL) 20.00 (18.00-31.00) 29 29.00 (15.00-56.00) 45 0.118
LDH (U/L) 221 (188-277) 29 248 (197-284) 46 0.349
ESR (mm/h) 11 (8-18) 23 11 (8-15) 32 0.325
Troponin (ng/mL) 2.00 (2.00-2.00) 29 2.00 (2.00-2.50) 44 0.307
Duration of PCR positivity (day) 5 (5-6) 28 5(5-7) 31 0.180
Mean = SD n Mean + SD N *p

LYM (10°/uL) 2726.2+974.4 29 2553 + 1669.6 47 0.570
NEU% 448 +13.1 29 52.3 £19.0 47 0.066
PLT (10°/uL) 261.59+51.76 29 255.11+55.51 47 0.614
Creatinine (mg/dL) 0.51+0.14 29 0.87 = 2.68 48 0.477
INR 0.94 = 0.05 27 0.94 +0.18 37 0.925
SD: Standard deviation, IQR: Interquartile range 25"-75" percentiles, p: Mann-Whitney U-test value, *p: Independent samples t-test.

One of the children died during the study from pneumonia.
The computed tomography image showed increased ground
glass density with a round configuration, covering the entire
left lung and the periphery of the right lung.

DISCUSSION

Studies have shown that compared to adults, COVID-19 has
a milder clinical course with faster recovery and better prog-
nosis in children.”® However, studies in the pediatric popula-
tion are more limited than those in the adult population.*

In general, lymphopenia reflects the weakness of cellular
immunity, while neutrophilia is a parameter that indicates
the response to systemic inflammation. The ratio of these
two values to each other can be interpreted as showing the
adequacy of the cellular immune response in response to
the magnitude of systemic inflammation. As a matter of
fact, studies show that these data can be used to predict
the prognosis of various conditions, such as cardiovascular
disease, cancers, and inflammatory diseases.™"’

In a retrospective study, data from 153 patients with acute
pulmonary embolism (PE) were evaluated by multiple
logistic regression; and it was reported that NLR could be
used as a risk factor predicting 30-day mortality in PE.*

Additionally, it has been reported that NLR can be a useful
marker of systemic inflammation for screening patients
infected with COVID-19 and can be used as a marker that
can predict poor prognosis even during hospitalisation.”
Furthermore, it has been stated that NLR can predict prog-
nosis in patients over 50 years."

On the other hand, there is insufficient data on the relation-
ship between COVID-19 and NLR in children. This study
showed that NLR is increased in children with COVID-19,
and all symptomatic children have high NLR (>3.13). This
finding should stimulate further research.

Besides, a meta-analysis suggested that doctors should
closely monitor lymphocyte count, WBC count, platelet
count, IL-6, and serum ferritin as potential indicators of
progression to critical disease in COVID-19 patients."” Addi-
tionally, high CRP, procalcitonin, and low lymphocyte levels
in this study suggested that another underlying infection
may have been contributed to the symptoms. Therefore,
we recommend screening of the symptomatic pediatric
COVID-19 patients for the presence of other underlying
infections.

Although less common than adults, fever and cough are the
two most common symptoms in pediatric patients with
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COVID-19." In this population, fever is detected in approxi-
mately 40% to 60% of COVID-19 cases and has been
reported as a dominant symptom related to cough and
common symptoms of rhinopharyngitis, such as rhinorrhea
and sore throat.***?

A study conducted in Turkey indicated that fever was
detected in 40.5% of pediatric patients at any time during
the illness.” In the same research, cough was the second
most common symptom (35.9% of cases), followed by
fatigue or myalgia (16.4%), sore throat (16.8%), diarrhea
(7.7%), headache (9.1%), vomiting (4.1%), respiratory
problems (4.1%), anosmia (5%), and conjunctivitis (1.4%).*
Another study performed in Turkey found that the incidence
of symptoms at the time of application was 58% for fever,
52% for cough, and 19% for fatigue or myalgia.”

In this study, while the rates of fever and cough were lower
than in previous studies, the frequency of diarrhea was
higher. At the beginning of the outbreak, all patients with a
positive test or contact history were investigated in the
hospital. Later, the management protocol was modified in
the way that only symptomatic cases were hospitalized.
This policy change may have caused a difference in
reported rates between the studies.

Mortality among children with COVID-19 is rare. When the
number of 9,799 deaths from COVID-19 were reported in
Turkey, only 17 of them were children at or under 15 years.*
As a matter of fact, the only case who died from pneumonia
in our study was a 17-year-old patient with cerebral palsy.
Respiratory dysfunction is more common in patients with
cerebral palsy, and it causes morbidity and mortality.”

Risk factors for mortality and morbidity in children with
COVID-19 are the same for adults, including comorbidities,
such as diabetes, chronic pulmonary disease, and cardiac
pathology.” In a study examining 48 children admitted to
North American pediatric intensive care units due to
COVID-19, co-morbidity was present in 83% of the patients.”
In the study, all children with comorbidity showed symp-
toms, but there was no statistically significant difference
between those who had symptoms and those who did not.
The low number of people with comorbidity may have
affected this situation. However, this difference may become
significant in studies conducted with more children having
comorbidities.

The general limitations of retrospective studies also apply to
this research. Additionally, the lack of cultural results of the
participants may be considered as another limitation. This
has led to the inability to exclude the presence of another
underlying infection. Since the patient group to be hospi-
talised and treated was determined according to the recom-
mendations of the National Ministry of Health during the
pandemic, asymptomatic and mild patients in the later
period of the pandemic were monitored on an outpatient

basis and were not included in this study. This is a limitation
of our study.

CONCLUSION

The presence of secondary infection should be investigated
in symptomatic children, who are positive for COVID-19.
Thus, the NLR may be suggested as a potential marker asso-
ciated with disease severity in COVID-19 patients. However,
this speculation needs to be supported by other studies.
Furthermore, patients with cerebral palsy should be moni-
tored more closely, if they have COVID-19.
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