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Abstract
Background. Evaluating predictors of coronavirus disease 2019 (COVID-19) and severity among children 
may help clinicians manage the high rate of hospital admissions for suspected cases.

Objectives. This study aimed to evaluate the demographic, clinical and laboratory characteristics of children 
during the pandemic, and determine the predictors of COVID-19 and moderate-to-severe disease.

Materials and methods. This retrospective cohort study included all consecutive COVID-19 cases in patients 
aged <18 years who presented to the Pediatric Emergency Department at Haseki Training and Research 
Hospital (Istanbul, Turkey) between March 15 and May 1, 2020, and underwent severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction (PCR) analysis of oro-nasopharyngeal 
swabs (n = 1137).

Results. The frequency of SARS-CoV-2 PCR positivity was 28.6%. The COVID-19 (+) group presented with 
sore throat, headache and myalgia significantly more frequently than the COVID-19 (–) group. Multivariate 
logistic regression models showed independent predictors of SARS-CoV-2 positivity as follows: age, contact 
history, lymphocyte count <1500/mm3, and neutrophil count <4000/mm3. In addition, higher age, neutrophil 
count and fibrinogen levels were independent predictors of severity. The diagnostic cutoff value for fibrinogen 
(370.5 mg/dL) had a sensitivity of 53.12, specificity of 83.95, positive predictive value (PPV) of 39.53, and 
negative predictive value (NPV) of 90.07 for predicting severity.

Conclusions. Symptomatology, whether alone or in combination with other approaches, may be an ap-
propriate strategy to guide the diagnosis and management of COVID-19.
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Background

In  late 2019, the  novel severe acute respiratory syn-
drome coronavirus 2 (SARS-COV-2) was reported to be 
spreading globally and causing coronavirus disease 2019 
(COVID-19). On February 11, 2020, the World Health Or-
ganization (WHO) declared this to be a pandemic.1

So far, around 2.5–15% of all reported COVID-19 cases 
have been in children, and this rate has increased over 
time.2,3 The clinical course of COVID-19 in children has 
ranged from being asymptomatic to requiring intensive-
care monitoring; however, a mild disease course has been 
the most common.2,3 In children, the most frequent symp-
toms have been fever and cough, with respective incidence 
of 46% and 37% in those aged <9 years, and 35% and 41% 
in those aged ≥10 years.3 Hospitalization rates have been 
lower in juveniles than in adult patients, with approx. 20% 
of pediatric cases requiring hospitalization.4

Although most children diagnosed with COVID-19 have 
been asymptomatic or have had a mild clinical course, 
the rate of juvenile patients admitted to hospitals has been 
increasing due to growing concerns about the pandemic. 
A severe disease course has been seen among juvenile 
cases, although at a lower incidence than among adults. 
Therefore, evaluating predictors of COVID-19 and a severe 
disease course among children may help clinicians to man-
age the high rate of hospital admissions of suspected cases.

Objectives

The primary objective of  this study was to evaluate 
the  demographic, clinical and laboratory characteris-
tics of children with and without COVID-19 who were 
reported to our pediatric emergency department during 

the pandemic. The secondary objectives were to determine 
the predictors of COVID-19 and the predictors of a mod-
erate-to-severe clinical course.

Materials and methods

Patients

The population for this retrospective cohort study in-
cluded all consecutive pediatric cases aged  <18  years 
who presented to the Pediatric Emergency Department 
at Haseki Training and Research Hospital (Istanbul, Tur-
key) between March 15 and May 1, 2020, and underwent 
SARS-CoV-2 real-time polymerase chain reaction (PCR) 
analysis of oro- and nasopharyngeal swabs (n = 1137 pa-
tients). Children with an indeterminate SARS-CoV-2 PCR 
result (n = 13) and those with a clinically high suspicion 
and a negative result (n = 25) were excluded from the study 
group. In total, 1099 children were enrolled in the study. 
Asymptomatic cases were excluded, and the remaining 
patients were divided into 2 groups according to the PCR 
test results: COVID-19-positive (COVID-19 (+); n = 262) 
and COVID-19-negative (COVID-19 (−); n = 621). The study 
population is detailed in Fig. 1.

The SARS-CoV-2 PCR-positive cases, according to clini-
cal findings, were divided into 3 groups as follows: 1) an as-
ymptomatic group, in which patients had undergone a PCR 
test due to contact history and had no symptoms; 2) a mild 
group, in which patients had nonspecific symptoms such 
as cough, fever, malaise, and myalgia; and 3) a moderate-
to-severe group, in which patients had pneumonia that was 
confirmed with physical examination and imaging (chest 
X-ray and/or computed tomography (CT)), with or without 
a requirement for oxygen supplementation.

Fig. 1. Diagram showing 
a summary of the study 
population

COVID-19 – coronavirus 
disease 2019; 
PCR – polymerase 
chain reaction; 
SARS-CoV-2 – severe acute 
respiratory syndrome 
coronavirus 2.

SARS-CoV-2 PCR-tested cases aged <18 years
Attending pediatric emergency department

between March 15 and May 1, 2020
n = 1137

SARS-CoV-2 PCR positive
n = 322

SARS-CoV-2 PCR negative
n = 802

Indeterminate PCR test result
n = 1124

Mild
n = 218

Moderate-to-severe
n = 44

Asymptomatic
n = 60

Clinically highly suspicious cases (n = 25)
Asymptomatic cases  (n = 156)

COVID-19 (+) group COVID-19 (–) group
n = 621

n = 1124
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Data collection

Demographic features, clinical data, and laboratory and 
imaging (chest X-ray and thorax CT) findings on admis-
sion were recorded retrospectively. Potential COVID-19 
cases were routinely tested to determine complete blood 
count, erythrocyte sedimentation rate (ESR) and levels 
of  C-reactive protein (CRP), procalcitonin, biochemi-
cal coagulation parameters, fibrinogen, and d-dimers. 
The SARS-CoV-2 presence was investigated using a re-
verse-transcription quantitative PCR (RT-qPCR) detection 
kit with oro-nasopharyngeal swabs (Bioksen ArGe Teknik 
Co. Ltd, Istanbul, Turkey; Biospeedy®).

The study protocol was in accordance with the Declara-
tion of Helsinki. The protocol was approved by the Ethics 
Committee of the Haseki Training and Research Hospital 
(approval No. 2020-80).

Statistical analyses

Statistical analyses were performed using IBM SPSS 
v. 22.0 software (IBM Corp, Armonk, USA). The Shap-
iro–Wilk test was used to determine whether the vari-
ables were normally distributed. Numbers and per-
centages were used to  express categorical variables. 
The mean ± standard deviation (M ±SD) or the median 
with the 25th and 75th percentiles were used to express 
continuous variables depending on whether they showed 
a parametric or nonparametric distribution. For the mul-
tivariate analysis, all variables were subject to a logistic 
regression analysis to determine independent predictors 
of COVID-19. All variables in the sample group without 
collinearity were included in a logistic regression model 
to determine the  independent predictors of  the  latter. 
The Hosmer–Lemeshow test was used to assess the good-
ness-of-fit of the model. A 5% type-I error level was used 
to infer statistical significance. Akaike’s information cri-
terion (AIC) and Schwarz’s Bayesian information crite-
rion (BIC) values for logistic regression analysis models 
were measured using Jamovi statistical software v. 2.3.18 
(https://www.jamovi.org/). A variance influence factor 
(VIF) of 3 was set as the cutoff value. The VIF values less 
than 3 indicated a low correlation among the variables 
included in  the model. Since the number of observa-
tions totaled 726, the minimum sample size require-
ment was also met. The Box–Tidwell test was used to test 
the linearity between the predictors and the logit. Log-
transformed interaction terms between the continuous 
independent variables and their natural logs were added 
to the model. Then, we re-ran the  logistic model with 
the interaction terms. There were no statistically signifi-
cant results in interaction terms (p > 0.05). Continuous 
independent variables were linearly related to the logit 
of the outcome variable, implying that the assumption 
was met. The capacity of fibrinogen levels in predicting 
moderate-to-severe clinical courses was analyzed using 

receiver operating characteristics (ROC) curve analysis. 
For fibrinogen, sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), positive 
likelihood ratio (LR (+)), negative LR (LR (–)), accuracy, 
and area under the ROC curve (AUC) were calculated 
as diagnostic tools for predicting a moderate-to-severe 
clinical course. When evaluating the AUC, a 5% type-I 
error level was used to define a statistically significant 
predictive value for the test variables.

Results

The study population is summarized in Fig. 1. The fre-
quency of  SARS-CoV-2 PCR positivity was 28.6% 
(n = 322/1124) during the study period.

The clinical and laboratory findings 
of the COVID (+) and COVID (–) groups

The  demographic and clinical characteristics 
of the COVID-19 (+) (n = 262) and COVID-19 (−) (n = 621) 
groups are shown in Table 1. The ratio of hospitalization 
was significantly different between the  COVID-19 (+) 
and COVID-19 (–) groups: 38 patients (14.5%) compared 
to 55 patients (8.9%), respectively (p = 0.013). All hospital-
ized patients were discharged with a good outcome, and 
none of the hospitalized patients required intensive care.

Among the 883 symptomatic cases, laboratory studies 
were performed in 726 patients (82.2%) within the first 
3 days. The laboratory findings of COVID-19 (+) (n = 228) 
and COVID-19 (−) (n = 498) groups are shown in Table 2.

Predictors of COVID-19

All variables in the 2 groups were included in the lo-
gistic regression analysis. The logistic regression analysis 
found that age, contact history, lymphocyte count below 
1500/mm3, and neutrophil count below 4000/mm3 on ad-
mission were independent predictors of SARS-CoV-2 PCR 
positivity (Table 3).

Characteristics of the COVID-19 (+) group

A total of 322 COVID-19 (+) patients were evaluated. 
The median age was 151 months (81; 192), and 164 (50.9%) 
were female. According to clinical severity, an asymp-
tomatic course was observed in 18.6% (n = 60), a mild 
course in 67.7% (n = 218) and a moderate-to-severe course 
in 13.7% (n = 44) of the patients. Twenty-two cases (7.2%) 
had underlying comorbidities, the most common of which 
were asthma, cerebral palsy and familial Mediterranean 
fever. The most common symptoms were cough, fever 
and sore throat in the mild subgroup (61.0%, 54.1% and 
25.2%, respectively), and cough, fever and shortness 
of breath in  the moderate-to-severe subgroup (84.1%, 

https://www.jamovi.org/


G. Akkoc et al. Role of fibrinogen in SARS-COV-2 infection34

59.1% and 31.8%, respectively; Table 1). Thoracic CTs 
were performed in 39.1% (n = 126) of the COVID-19 (+) 
group, and 27.7% showed abnormal findings (Supple-
mentary Table 1).

Among the  262  symptomatic COVID-19 (+) cases, 
laboratory studies were performed in 228 (87.0%) within 
the first 3 days. The laboratory findings of the COVID-19 
(+) subgroup are shown in Table 2.

Table 1. Comparison of COVID-19 (+) and COVID-19 (−) patient groups and comparison of the mild and the moderate-to-severe COVID-19 (+) subgroups

Variable
COVID-19 (+) (n = 262)

COVID-19 (−) (n = 621) 
Mild (n = 218) Moderate-to-severe 

(n = 44) Total

Age [months], median (25th; 75th percentile) 152 (70.5; 193) 184 (133; 203) 159 (82; 198) 100 (37; 171)

Male sex, n (%) 103 (47.2) 17 (38.6) 120 (45.8) 339 (54.6)

Contact history, n (%) 199 (91.3) 40 (90.9) 239 (91.2) 332 (53.4)

Fever, n (%) 118 (54.1) 26 (59.1) 144 (55.0) 341 (54.9)

Cough, n (%) 133 (61.0) 37 (84.1) 170 (64.9) 396 (63.8)

Shortness of breath, n (%) 25 (11.5) 14 (31.8) 39 (14.9) 92 (14.8)

Sore throat, n (%) 55 (25.2) 5 (7.1) 60 (22.9) 87 (14.0)

Fatigue, n (%) 41 (18.8) 7 (14.6) 48 (18.3) 86 (13.8)

Headache, n (%) 36 (17.9) 8 (18.2) 47 (17.9) 50 (8.1)

Vomiting, n (%) 11 (5.0) 7 (15.9) 18 (6.9) 57 (9.2)

Diarrhea, n (%) 20 (9.2) 7 (15.9) 27 (10.3) 45 (7.2)

Myalgia, n (%) 24 (11.0) 5 (11.4) 29 (11.1) 42 (6.8)

Abdominal pain, n (%) 11 (5.0) 2 (4.5) 13 (5.0) 37 (6.0)

Fever and cough, n (%) 71 (32.6) 24 (54.5) 95 (36.3) 195 (31.4)

Cough and shortness of breath, n (%) 14 (6.4) 14 (31.8) 28 (10.7) 64 (10.3)

Fever, cough and shortness of breath 
(at least 2 of the above), n (%)

83 (38.1) 32 (72.7) 115 (43.9) 234 (37.7)

COVID-19 – coronavirus disease 2019.

Table 2. The comparison of inflammation markers between COVID-19 (+) and (−) groups and between COVID-19 (+) subgroups

Variable

Mild
COVID-19

Moderate-to-severe 
COVID-19 Total COVID-19 (+) COVID-19 (−)

n M ±SD or
Me (IQR 25th; 75th) n M ±SD or

Me (IQR 25th; 75th) n M ±SD or
Me (IQR 25th; 75th) n M ±SD or

Me (IQR 25th; 75th)

Leukocytes [cells/mm3] 182 7544 ±2820 44 5880 ±2073 224 7232 ±2777 491 10.787 ±4457

Neutrophils [cells/mm3] 182 3555 (2278; 4947) 44 2630 (1860; 3640) 224 3340 (2180; 4690) 491 5070 (3320; 7840)

Neutrophil count <4000/mm3, n (%) − 109 (59.9) − 36 (81.8) − 145 (64.7) − 181 (36.9)

Lymphocytes [cells/mm3] 182 2330 (1605; 3315) 44 1900 (1350; 2480) 224 2280 (1590; 3150) 491 3015 (2137; 4497)

Lymphocyte count <1500/mm3, n (%) − 34 (18.9) − 12 (27.2) − 46 (20.5) − 46 (9.4)

Platelets [cells/mm3] 182 262.846 ±75.892 44 233.750 ±66.542 224 257.152 ±75.095 491 291.081 ±91.313

Platelet count <150,000/mm3, n (%) − 5 (2.7) − 1 (2.3) − 6 (2.7) − 13 (2.6)

Neutrophil-to-lymphocyte ratio 182 1.39 (0.83; 2.55) 44 1.25 (0.85; 2.28) 224 1.34 (0.84; 2.41) 491 1.68 (0.88; 3.07)

CRP [mg/dL] 186 1.8 (0,8; 5,9) 44 4.0 (1,2; 13,8) 228 2.1 (0,8; 7.53) 498 3.4 (0,6; 22.95)

CRP level >5 mg/dL, n (%) − 57 (30.6) − 21 (47.7) 228 78 (34.2) 498 228 (45.8)

Procalcitonin [µg/dL] 153 0.03 (0.02; 0.07) 40 0.05 (0.02; 0.09) 191 0.03 (0.02; 0.08) 301 0.04 (0.02; 0.12)

Procalcitonin level ≥0.05 µg/dL, n (%) − 59 (38.6) − 21 (52.5) − 80 (41.8) − 148 (49.2)

d-dimer [mg/L] 145 0.39 (0.29; 0.56) 43 0.47 (0.28; 1.17) 186 0.40 (0.28; 0.62) 311 0.50 (0.30; 0.90)

d-dimer level >0.55 mg/L, n (%) − 38 (26.2) − 21 (48.8) 186 59 (31.7) 311 138 (44.4)

Fibrinogen [g/L] 151 2.96 ±0.69 43 3.49 ±0.91 192 3.08 ±0.78 318 3.13 ±1.03

Fibrinogen level >3 g/L, n (%) − 59 (39.1) − 32 (74.4) − 91 (47.4) − 147 (46.2)

Erythrocyte sedimentation rate [mm/h] 67 8 (4,5; 14,5) 29 15 (7,5; 24) 96 9 (5;17) 122 11 (5.0; 27.0)

COVID-19 – coronavirus disease 2019; M ±SD – mean ± standard deviation; Me – median; IQR – interquartile range; CRP – C-reactive protein.
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Predictors of a moderate-to-severe  
disease course

All variables in the 2 groups were included in the lo-
gistic regression analysis. The logistic regression analysis 
found higher age, neutrophil count and fibrinogen level 
to be independent predictors of moderate-to-severe dis-
ease (Table 4).

A ROC curve was used to assess the predictive efficacies 
of fibrinogen levels, which reached AUC values of 0.706 
(Fig. 2). Table 5 shows the sensitivity, specificity, PPV, 
NPV, LR (+) and LR (–) accuracy, and the AUC value for 
fibrinogen levels in predicting a moderate-to-severe clini-
cal course.

Discussion

We comprehensively evaluated the demographic and 
clinical characteristics and laboratory features of patients 
who underwent a SARS-CoV-2 infection evaluation. In our 

study sample, the positive test result rate was 1 in 3 for 
all groups. The relatively large number of COVID-19 (+) 
children (n = 322) in this cohort provided an opportunity 
to report on the descriptive, clinical and laboratory fea-
tures of COVID-19 in children.

Table 3. Predictors of having COVID-19

Predictors p-value OR 95% CI

Age (per year) 0.024 1.06 1.01–1.12

Gender 0.580 1.15 0.71–1.89

Fever 0.752 1.14 0.50–2.64

Cough 0.561 1.26 0.58–2.72

Shortness of breath 0.592 1.43 0.38–5.36

Sore throat 0.282 1.42 0.75–2.69

Headache 0.212 1.61 0.76–3.41

Myalgia 0.862 1.09 0.42–2.81

Fatigue 0.997 1.00 0.48–2.08

Diarrhea 0.888 1.06 0.45–2.52

Vomiting 0.755 1.15 0.46–2.92

Abdominal pain 0.554 1.54 0.37–6.47

Fever and cough 0.225 2.41 0.58–10.00

Cough and shortness of breath 0.615 1.44 0.35–6.00

At least 2 of the following: fever, 
cough or shortness of breath

0.385 0.52 0.12–2.23

Contact history <0.001 11.21 4.92–25.56

Lymphocyte count <1500/mm3 0.013 3.04 1.27–7.30

Neutrophil count <4000/mm3 <0.001 3.14 1.83–5.39

Platelet count <150,000/mm3 0.280 2.36 0.50–11.20

CRP >5 mg/dL 0.552 1.25 0.63–2.52

Procalcitonin level ≥0.05 µg/dL 0.144 1.63 0.85–3.15

d-dimer level >0.55 mg/L 0.021 0.53 0.31–0.91

Fibrinogen level >3 g/L 0.374 1.29 0.74–2.25

Hosmer–Lemeshow test p= 0.614; model summary Nagelkerke R2 = 0.332; 
model fit measures: Akaike’s information criterion (AIC) = 470, Bayesian 
information criterion (BIC) = 566. 95% CI – 95% confidence interval; 
COVID-19 – coronavirus disease 2019; OR – odds ratio; CRP – C-reactive 
protein. Values in bold are statistically significant.

Table 4. Predictors of having moderate-to-severe COVID-19 course

Predictors p-value OR 95% CI

Age (per year) 0.011 1.17 1.04–1.32

Gender 0.798 1.17 0.36–3.77

Fever 0.304 0.33 0.04–2.71

Cough 0.470 0.54 0.10–2.84

Shortness of breath 0.990 0 0–0

Sore throat 0.928 0.94 0.21–3.99

Diarrhea 0.791 0.79 0.14–4.47

Vomiting 0.015 8.92 1.52–58.21

Headache 0.847 0.87 0.21–3.64

Fatigue 0.841 0.87 0.21–3.47

Myalgia 0.804 0.78 0.10–5.75

Abdominal pain 0.781 1.54 0.07–33.08

Fever and cough 0.707 1.90 0.07–53.27

Cough and shortness of breath 0.989 0 0–0

At least 2 of the following: fever, 
cough or shortness of breath

0.643 2.04 0.10–42.06

Lymphocyte count <1500/mm3 0.371 1.81 0.49–6.59

Neutrophil count <4000/mm3 0.022 4.36 1.23–15.38

Platelet count <150,000/mm3 0.627 0.48 0.03–9.11

CRP >5 mg/dL 0.963 1.03 0.29–3.65

Procalcitonin level ≥0.05 µg/dL 0.066 3.62 0.92–14.33

Fibrinogen level >3 g/L 0.017 3.75 1.26–11.14

d-dimer level >0.55 mg/L 0.067 3.09 0.93–10.33

Hosmer–Lemeshow test p = 0.906; model summary Nagelkerke R2 = 0.512; 
model fit measures: Akaike’s information criterion (AIC) = 158, Bayesian 
information criterion (BIC) = 230. 95% CI – 95% confidence interval; 
COVID-19 – coronavirus disease 2019; OR – odds ratio, CRP – C-reactive 
protein. Values in bold are statistically significant.

Fig. 2. ROC curve of fibrinogen levels

AUC – area under the ROC curve; ROC – receiver operating characteristics.
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The frequency of SARS-CoV-2 PCR positivity in this 
study group was 28.6%, while a 38% rate was reported 
in adults during the early stages of the pandemic in China.5 
Despite the fact that SARS-CoV-2 infections were observed 
in  children and juveniles of  various age, 61.5% of  our 
cases were under the age of 10 compared to previously 
reported rates of 46.1% to 56.8% among COVID-19 cases 
in children.6,7 Asymptomatic cases were found in 18.6% 
of  children in  our study, while this rate was 10–35% 
in other reports concerning COVID-19 in children.7–11 
The ratio of asymptomatic cases did not reflect the true 
prevalence of asymptomatic disease as we performed PCR 
tests on children due to contact history, and this was not 
a screening study for a population.

According to the literature, a mild disease course with 
upper respiratory tract illness has been the most com-
mon presentation of COVID-19 in children, and the inci-
dence rate has ranged between 33% and 79% across stud-
ies.6,8,10,12,13 In the current study, the incidence of mild 
disease was 67.7%, and the most frequent symptoms were 
cough, fever and sore throat. The rates of fever and cough 
were 42–52% and 44–48%, respectively, in mild cases.8,14,15 
The possible reasons for children having a relatively mild 
disease course have not been validated but are thought 
to  include less intense immune and inflammatory re-
sponses, differences in airway epithelial and angiotensin-
converting enzyme-2 (ACE2) receptor expression and 
upregulation, pre-existing immunity to common coro-
naviruses, better control of viral replication, and fewer 
preexisting comorbidities.16–22

In  the  current study, a  moderate-to-severe disease 
course was seen in 13.7% of the COVID-19 (+) cases. Al-
though a mild COVID-19 disease course has so far been 
the most common among children, a moderate-to-severe 
disease course has been reported in between 9.1% and 
33.3% of cases.13,23 These were mostly comprised of hos-
pitalized patients, which account for 2.3–18.2% of  all 
confirmed pediatric COVID-19 cases.4,7,24 Therefore, 
correctly identifying patients with a moderate-to-severe 
COVID-19 course is essential for healthcare profession-
als to perform appropriate management and treatment. 
In the current study, we found that higher age was an in-
dependent risk factor for moderate-to-severe COVID-19. 
Consistent with our results, differences in ACE2 expres-
sion during puberty and other age-related factors have 

been reported to have an important effect on the severity 
of COVID-19.16–22

Moreover, the current study revealed that high fibrino-
gen levels were an independent predictor of moderate-
to-severe COVID-19 course. Fibrinogen concentrations 
can increase in  a  setting of  injury, inflammation and 
infection.25 High fibrinogen levels have been associated 
with a moderate-to-severe disease course in children.26 
In a meta-analysis by Nugroho et al., a high fibrinogen level 
on admission was found in patients with a severe disease 
course.27 Patients who had high fibrinogen levels (>4 g/L) 
were more commonly treated in an intensive care unit 
(ICU) than in a general ward compared to adult COVID-19 
cases.28 Moreover, Bi et al. found that fibrinogen levels 
were higher in individuals with severe illness.29 In children, 
fibrinogen level may be a useful tool to predict severity. 
However, the cutoff point for this parameter has not been 
well-defined in children.23

The  correct identification of  patients with a  high 
suspicion of  infection by SARS-CoV-2 will be an  im-
portant tool for physicians in determining which pa-
tients should be prioritized for further testing. Some 
researchers have developed predictive models for 
the diagnosis of COVID-19 to be used in settings where 
diagnostic tests may not be available to  first-contact 
physicians.30–32 In the current study, there was a strong 
association between higher age and the rate of positive 
test results in the model. Murillo-Zamora et al. found 
that age of 13–15 years was associated with a twofold 
increase in the odds of testing positive for SARS-CoV-2.33 
These results support the  finding that younger chil-
dren (<10 years) are protected (to  some extent) from 
SARS-CoV-2 infection by the possible reason of changes 
in ACE2 expression and activity in puberty.16,34 Among 
the significant symptoms, there was an association be-
tween headache and having at least 2 episodes of fever, 
cough or shortness of breath and COVID-19 infection. 
Mutiawati et al. revealed that headache was approxi-
mately twice more common in COVID-19 patients than 
in non-COVID-19 patients (with other viral infections).35 
We found that contact history was the major predic-
tor and accounted for the highest increase in the rate 
of COVID-19 diagnosis, in line with several other stud-
ies.36–38 Moreover, in  the current study, experiencing 
at least 2 episodes of fever, cough and shortness of breath 

Table 5. Predictive efficacies of fibrinogen for moderate-to-severe COVID-19 course

Parameter AUC (95% CI) p-value Cutoff 
value

Sensitivity 
(95% CI)

Specificity 
(95% CI) PPV (95% CI) NPV (95% CI) LR (+) (95% CI) LR (−) (95% CI)

Fibrinogen 
[mg/dL]

0.695
(0.599–0.792)

<0.001 333.5
40.32

(28.05–53.55)
86.36

(79.31–91.71)
58.14

(45.09–70.14)
75.50

(71.29–79.26)
2.96

(1.75–5.00)
0.69

(0.56–0.86)

– – – 370.5
53.12

(34.74–70.91)
83.95

(77.37–89.24)
39.53

(28.81–51.37)
90.07

(86.17–92.95)
3.31

(2.05–5.35)
0.56

(0.38–0.81)

AUC – area under curve; COVID-19 – coronavirus disease 2019; LR (+) – positive like hood ratio; LR (−) – negative like hood ratio; NPV – negative predictive 
value; PPV – positive predictive value; 95% CI – 95% confidence interval.
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was significantly associated with SARS-CoV-2 positivity, 
similarly to previous reports.39,40

Abnormal laboratory findings such as lymphopenia, leu-
kopenia, thrombocytopenia, and elevated inflammatory 
markers (CRP and procalcitonin) were found in this cohort 
of pediatric COVID-19 patients, which was consistent with 
the literature.9,41,42 It was found that a lymphocyte count 
below 1500/mm3 and a neutrophil count below 4000/mm3 
were independent predictors of SARS-CoV-2 PCR positiv-
ity. Lower leukocyte, neutrophil, lymphocyte, and platelet 
counts were seen in cases of COVID-19 pneumonia com-
pared to cases of non-COVID-19 pneumonia.43 In addition, 
some studies showed that low lymphocyte counts were 
independent predictors of SARS-CoV-2 infections.44,45 
The SARS-CoV-2 RT-qPCR assay is considered the gold 
standard test for COVID-19.46 Nonetheless, determining 
the predictors of COVID-19 infection and correctly identi-
fying patients with a high suspicion of infection by SARS-
CoV-2 are essential for emergency service practitioners 
before RT-qPCR results are available. Finally, including 
the symptoms and laboratory findings significantly as-
sociated with SARS-CoV-2 infection in a predictive model 
will allow for a faster and more accurate final diagnosis.

Limitations of the study

There were several limitations to  this study. We en-
rolled all consecutive patients who had undergone a test, 
so the subgroups were not equal in size. Furthermore, this 
was a single-center study and it retrospectively evaluated 
children who had been admitted to the hospital.

However, our study group comprised a significant num-
ber of symptomatic patients, which means that the findings 
and inferences are relevant. The relatively large number 
of COVID-19 (+) patients (n = 322) in our cohort allowed 
us to report on the descriptive, clinical and laboratory 
features of COVID-19 among children. The large num-
ber of pediatric cases enrolled and the use of RT-qPCR 
as a gold standard for SARS-CoV-2 diagnosis of clinical 
specimens are strengths of this study.

Conclusions

Determining the factors associated with diagnosis and 
clinical severity are important for childhood COVID-19 
cases. The current study sheds light on the absence of spec-
ificity regarding the severity of disease and symptoms 
in children with and without COVID-19. Symptomatology, 
whether alone or in combination with other approaches, 
may be an appropriate strategy to use in an emergency 
department setting to guide the diagnosis and manage-
ment of the disease. While our models do not justify pre-
sumptive SARS-CoV-2 diagnosis without an RT-qPCR as-
say, they can contribute to developing further screening 
strategies.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.7827579. The package contains 
the following files:

Supplementary Table 1. Radiological characteristics 
of all COVID-19 (+) cases.

ORCID iDs
Gulsen Akkoc  https://orcid.org/0000-0002-1444-1187
Ayşe Ağbaş  https://orcid.org/0000-0002-3658-8622
Eralp Göksu  https://orcid.org/0000-0001-5306-4102
Sevde Beyaz  https://orcid.org/0000-0002-5511-5505
Funda Yıldız  https://orcid.org/0000-0002-1008-4848
Elvan Bayramoğlu  https://orcid.org/0000-0002-6732-8823
Canan Yolcu  https://orcid.org/0000-0002-1728-0497
Senem Ayça  https://orcid.org/0000-0001-7486-9655
Nurcihan Çalışkan Dolu  https://orcid.org/0000-0002-7171-7661
Kamil Şahin  https://orcid.org/0000-0002-0443-2148
Macit Koldaş  https://orcid.org/0000-0001-8967-2708
Murat Elevli  https://orcid.org/0000-0002-0510-965X

References
1.	 World Health Organization (WHO). WHO Director-General’s Remarks 

at the Media Briefing on 2019-NCoV on 11 February 2020. Geneva, 
Switzerland: World Health Organization; 2020. https://www.who.int/
director-general/speeches/detail/who-director-general-s-remarks-
at-the-media-briefing-on-2019-ncov-on-11-february-2020. Accessed 
November 21, 2021.

2.	 Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus disease 
2019 case surveillance: United States, January 22–May 30, 2020. 
MMWR Morb Mortal Wkly Rep. 2020;69(24):759–765. doi:10.15585/
mmwr.mm6924e2

3.	 CDC COVID-19 Response Team. Coronavirus disease 2019 in children: 
United States, February 12–April 2, 2020. MMWR Morb Mortal Wkly Rep.  
2020;69(14):422–426. doi:10.15585/mmwr.mm6914e4

4.	 Otto WR, Geoghegan S, Posch LC, et al. The epidemiology of severe 
acute respiratory syndrome coronavirus 2 in a pediatric healthcare 
network in the United States. J Pediatric Infect Dis Soc. 2020;9(5): 
523–529. doi:10.1093/jpids/piaa074

5.	 Liu R, Han H, Liu F, et al. Positive rate of RT-PCR detection of SARS-
CoV-2 infection in 4880 cases from one hospital in Wuhan, China, 
from Jan to Feb 2020. Clin Chim Acta. 2020;505:172–175. doi:10.1016/j.
cca.2020.03.009

6.	 Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 among children 
in China. Pediatrics. 2020;145(6):e20200702. doi:10.1542/peds.2020-
0702

7.	 Leidman E, Duca LM, Omura JD, Proia K, Stephens JW, Sauber-
Schatz EK. COVID-19 trends among persons aged 0–24 years: United 
States, March 1–December 12, 2020. MMWR Morb Mortal Wkly Rep. 
2021;70(3):88–94. doi:10.15585/mmwr.mm7003e1

8.	 Lu X, Zhang L, Du H, et al. SARS-CoV-2 infection in children. N Engl J Med.  
2020;382(17):1663–1665. doi:10.1056/NEJMc2005073

9.	 Cui X, Zhao Z, Zhang T, et al. A systematic review and meta‐analy-
sis of children with coronavirus disease 2019 (COVID‐19). J Med Virol. 
2021;93(2):1057–1069. doi:10.1002/jmv.26398

10.	 Assaker R, Colas AE, Julien-Marsollier F, et al. Presenting symp-
toms of COVID-19 in children: A meta-analysis of published studies.  
Br J Anaesth. 2020;125(3):e330–e332. doi:10.1016/j.bja.2020.05.026

11.	 Zimmermann P, Curtis N. COVID-19 in children, pregnancy and neo-
nates: A review of epidemiologic and clinical features. Pediatr Infect Dis J.  
2020;39(6):469–477. doi:10.1097/INF.0000000000002700

12.	 Mantovani A, Rinaldi E, Zusi C, Beatrice G, Saccomani MD, Dalbeni A. 
Coronavirus disease 2019 (COVID-19) in children and/or adolescents: 
A meta-analysis. Pediatr Res. 2021;89(4):733–737. doi:10.1038/s41390-
020-1015-2

13.	 Liguoro I, Pilotto C, Bonanni M, et al. SARS-COV-2 infection in chil-
dren and newborns: A systematic review. Eur J Pediatr. 2020;179(7): 
1029–1046. doi:10.1007/s00431-020-03684-7

https://doi.org/10.5281/zenodo.7827579
https://doi.org/10.5281/zenodo.7827579
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://www.doi.org/10.15585/mmwr.mm6924e2
https://www.doi.org/10.15585/mmwr.mm6924e2
https://www.doi.org/10.15585/mmwr.mm6914e4
https://www.doi.org/10.1093/jpids/piaa074
https://www.doi.org/10.1016/j.cca.2020.03.009
https://www.doi.org/10.1016/j.cca.2020.03.009
https://www.doi.org/10.1542/peds.2020-0702
https://www.doi.org/10.1542/peds.2020-0702
https://www.doi.org/10.15585/mmwr.mm7003e1
https://www.doi.org/10.1056/NEJMc2005073
https://www.doi.org/10.1002/jmv.26398
https://www.doi.org/10.1016/j.bja.2020.05.026
https://www.doi.org/10.1097/INF.0000000000002700
https://www.doi.org/10.1038/s41390-020-1015-2
https://www.doi.org/10.1038/s41390-020-1015-2
https://www.doi.org/10.1007/s00431-020-03684-7


G. Akkoc et al. Role of fibrinogen in SARS-COV-2 infection38

14.	 Zheng F, Liao C, Fan QH, et al. Clinical characteristics of children with 
coronavirus disease 2019 in Hubei, China. Curr Med Sci. 2020;40(2): 
275–280. doi:10.1007/s11596-020-2172-6

15.	 Meena J, Yadav J, Saini L, Yadav A, Kumar J. Clinical features and out-
come of SARS-CoV-2 infection in children: A systematic review and 
meta-analysis. Indian Pediatr. 2020;57(9):820–826. doi:10.1007/s13312-
020-1961-0

16.	 Yonker LM, Neilan AM, Bartsch Y, et al. Pediatric severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2): Clinical presentation, 
infectivity, and immune responses. J Pediatr. 2020;227:45–52.e5. 
doi:10.1016/j.jpeds.2020.08.037

17.	 Yonker LM, Shen K, Kinane TB. Lessons unfolding from pediatric cases 
of COVID‐19 disease caused by SARS‐CoV‐2 infection. Pediatr Pulmonol.  
2020;55(5):1085–1086. doi:10.1002/ppul.24748

18.	 Bunyavanich S, Do A, Vicencio A. Nasal gene expression of angioten-
sin-converting enzyme 2 in children and adults. JAMA. 2020;323(23): 
2427–2429. doi:10.1001/jama.2020.8707

19.	 Zimmermann P, Curtis N. Why is COVID-19 less severe in children? 
A review of the proposed mechanisms underlying the age-related  
difference in severity of SARS-CoV-2 infections. Arch Dis Child. 2021; 
106(5):429–439. doi:10.1136/archdischild-2020-320338

20.	 Cristiani L, Mancino E, Matera L, et al. Will children reveal their secret? 
The coronavirus dilemma. Eur Respir J. 2020;55(4):2000749. doi:10.1183 
/13993003.00749-2020

21.	 García-Salido A. Three hypotheses about children COVID19. Pediatr 
Infect Dis J. 2020;39(7):e157. doi:10.1097/INF.0000000000002701

22.	 Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses 
to SARS-CoV-2 coronavirus in humans with COVID-19 disease and 
unexposed individuals. Cell. 2020;181(7):1489–1501.e15. doi:10.1016/j.
cell.2020.05.015

23.	 Escosa‐García L, Aguilera‐Alonso D, Calvo C, Mellado MJ, Baquero‐
Artigao F. Ten key points about COVID‐19 in children: The shadows 
on the wall. Pediatric Pulmonol. 2020;55(10):2576–2586. doi:10.1002/
ppul.25025

24.	 Howard LM, Garguilo K, Gillon J, et al. The first 1000 symptomatic 
pediatric SARS-CoV-2 infections in an integrated health care system: 
A prospective cohort study. BMC Pediatr. 2021;21(1):403. doi:10.1186/
s12887-021-02863-1

25.	 Weisel JW. Fibrinogen and fibrin. Adv Protein Chem. 2005;70:247–299. 
doi:10.1016/S0065-3233(05)70008-5

26.	 Guner Ozenen G, Sahbudak Bal Z, Umit Z, et al. Demographic, clini-
cal, and laboratory features of COVID‐19 in children: The role of mean 
platelet volume in predicting hospitalization and severity. J Med Virol. 
2021;93(5):3227–3237. doi:10.1002/jmv.26902

27.	 Nugroho J, Wardhana A, Mulia EP, et al. Elevated fibrinogen and fibrin 
degradation product are associated with poor outcome in COVID-19 
patients: A meta-analysis. Clin Hemorheol Microcirc. 2021;77(2):221–231.  
doi:10.3233/CH-200978

28.	 Chen Y, Geng Y, Xu X, et al. The features comparison between patients 
in the ICU and general wards and between patients with differ-
ent outcomes: A 2020 COVID-19 study. Ann Palliat Med. 2021;10(1): 
672–680. doi:10.21037/apm-21-25

29.	 Bi X, Su Z, Yan H, et al. Prediction of severe illness due to COVID-19 
based on an analysis of initial fibrinogen to albumin ratio and plate-
let count. Platelets. 2020;31(5):674–679. doi:10.1080/09537104.2020. 
1760230

30.	 Chow EJ, Schwartz NG, Tobolowsky FA, et al. Symptom screening 
at  illness onset of health care personnel with SARS-CoV-2 infec-
tion in King County, Washington. JAMA. 2020;323(20):2087–2089. 
doi:10.1001/jama.2020.6637

31.	 Tostmann A, Bradley J, Bousema T, et al. Strong associations and 
moderate predictive value of early symptoms for SARS-CoV-2 test 
positivity among healthcare workers, the Netherlands, March 2020. 
Euro Surveill. 2020;25(16):2000508. doi:10.2807/1560-7917.ES.2020. 
25.16.2000508

32.	 Hopman J, Allegranzi B, Mehtar S. Managing COVID-19 in low- and 
middle-income countries. JAMA. 2020;323(16):1549. doi:10.1001/
jama.2020.4169

33.	 Murillo-Zamora E, Aguilar-Sollano F, Delgado-Enciso I, Hernandez- 
Suarez CM. Predictors of laboratory-positive COVID-19 in children 
and teenagers. Public Health. 2020;189:153–157. doi:10.1016/j.puhe. 
2020.10.012

34.	 Liu J, Ji H, Zheng W, et al. Sex differences in renal angiotensin con-
verting enzyme 2 (ACE2) activity are 17β-oestradiol-dependent and 
sex chromosome-independent. Biol Sex Differ. 2010;1(1):6. doi:10.1186 
/2042-6410-1-6

35.	 Mutiawati E, Syahrul S, Fahriani M, et al. Global prevalence and patho-
genesis of headache in COVID-19: A systematic review and meta-
analysis. F1000Res. 2020;9:1316. doi:10.12688/f1000research.27334.2

36.	 Just J, Puth MT, Regenold F, Weckbecker K, Bleckwenn M. Risk fac-
tors for a positive SARS-CoV-2 PCR in patients with common cold 
symptoms in a primary care setting: A retrospective analysis based 
on a joint documentation standard. BMC Fam Pract. 2020;21(1):251. 
doi:10.1186/s12875-020-01322-7

37.	 Oshman L, Caplan A, Ali R, et al. Whom should we test for COVID-19? 
Performance of a symptom and risk factor questionnaire on COVID-19 
test results and patient outcomes in an immediate care setting. 
J Prim Care Community Health. 2020;11:215013272098129. doi:10.1177 
/2150132720981297

38.	 Maechler F, Gertler M, Hermes J, et al. Epidemiological and clinical char-
acteristics of SARS-CoV-2 infections at a testing site in Berlin, Germany,  
March and April 2020: A cross-sectional study. Clin Microbiol Infect.  
2020;26(12):1685.e7–1685.e12. doi:10.1016/j.cmi.2020.08.017

39.	 Sudre CH, Keshet A, Graham MS, et al. Anosmia, ageusia, and other 
COVID-19-like symptoms in association with a positive SARS-CoV-2 
test, across six national digital surveillance platforms: An observa-
tional study. Lancet Digit Health. 2021;3(9):e577–e586. doi:10.1016/
S2589-7500(21)00115-1

40.	 Romero-Gameros CA, Colin-Martínez T, Waizel-Haiat S, et al. Diagnostic 
accuracy of symptoms as a diagnostic tool for SARS-CoV 2 infection: 
A cross-sectional study in a cohort of 2,173 patients. BMC Infect Dis.  
2021;21(1):255. doi:10.1186/s12879-021-05930-1

41.	 Yasuhara J, Kuno T, Takagi H, Sumitomo N. Clinical characteristics 
of COVID‐19 in children: A systematic review. Pediatric Pulmonol. 
2020;55(10):2565–2575. doi:10.1002/ppul.24991

42.	 Badal S, Thapa Bajgain K, Badal S, Thapa R, Bajgain BB, Santana MJ.  
Prevalence, clinical characteristics, and outcomes of pediatric 
COVID-19: A systematic review and meta-analysis. J Clin Virol. 2021;135: 
104715. doi:10.1016/j.jcv.2020.104715

https://www.doi.org/10.1007/s11596-020-2172-6
https://www.doi.org/10.1007/s13312-020-1961-0
https://www.doi.org/10.1007/s13312-020-1961-0
https://www.doi.org/10.1016/j.jpeds.2020.08.037
https://www.doi.org/10.1002/ppul.24748
https://www.doi.org/10.1001/jama.2020.8707
https://www.doi.org/10.1136/archdischild-2020-320338
https://www.doi.org/10.1183/13993003.00749-2020
https://www.doi.org/10.1183/13993003.00749-2020
https://www.doi.org/10.1097/INF.0000000000002701
https://www.doi.org/10.1016/j.cell.2020.05.015
https://www.doi.org/10.1016/j.cell.2020.05.015
https://www.doi.org/10.1002/ppul.25025
https://www.doi.org/10.1002/ppul.25025
https://www.doi.org/10.1186/s12887-021-02863-1
https://www.doi.org/10.1186/s12887-021-02863-1
https://www.doi.org/10.1016/S0065-3233(05)70008-5
https://www.doi.org/10.1002/jmv.26902
https://www.doi.org/10.3233/CH-200978
https://www.doi.org/10.21037/apm-21-25
https://www.doi.org/10.1080/09537104.2020.1760230
https://www.doi.org/10.1080/09537104.2020.1760230
https://www.doi.org/10.1001/jama.2020.6637
https://www.doi.org/10.2807/1560-7917.ES.2020.25.16.2000508
https://www.doi.org/10.2807/1560-7917.ES.2020.25.16.2000508
https://www.doi.org/10.1001/jama.2020.4169
https://www.doi.org/10.1001/jama.2020.4169
https://www.doi.org/10.1016/j.puhe.2020.10.012
https://www.doi.org/10.1016/j.puhe.2020.10.012
https://www.doi.org/10.1186/2042-6410-1-6
https://www.doi.org/10.1186/2042-6410-1-6
https://www.doi.org/10.12688/f1000research.27334.2
https://www.doi.org/10.1186/s12875-020-01322-7
https://www.doi.org/10.1177/2150132720981297
https://www.doi.org/10.1177/2150132720981297
https://www.doi.org/10.1016/j.cmi.2020.08.017
https://www.doi.org/10.1016/S2589-7500(21)00115-1
https://www.doi.org/10.1016/S2589-7500(21)00115-1
https://www.doi.org/10.1186/s12879-021-05930-1
https://www.doi.org/10.1002/ppul.24991
https://www.doi.org/10.1016/j.jcv.2020.104715

	Title page

