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Background: COVID-19 wreaked havoc on the healthcare system, with more than 
36 million cases reported globally. Although the pediatric population makes up a lesser 
proportion of total COVID-19 patients than adults, the clinical status, age and comorbidities 
warrant identifying possible prognostic factors associated with disease severity in this group. 
The current study aimed to explore the incidence of thrombosis, overall outcome, and 
different hematological and coagulation markers in children with COVID-19.
Methods: This is a single-center prospective study of 43 patients (age < 14 years) with 
confirmed COVID-19 diagnosis recruited from April to August 2020. Data for clinical 
presentation were collected and analyzed. The samples were tested for different hematolo
gical and coagulation markers.
Results: Twenty-nine (67.4%) were symptomatic at presentation, with fever being the most 
common symptom (n = 23, 53.5%), followed by respiratory (n = 5, 11.6%) and gastro
intestinal symptoms (n = 3, 7%). Co-morbid conditions were recorded in 26 (60.5%) 
patients, with malignancy being the commonest (n = 9, 20.9%). In this cohort of patients 
with age <14 years, hypertension, respiratory symptoms and ABO group-A were significantly 
associated with pediatric intensive care unit (PICU) admission during the course of treat
ment. Patients with elevated FVIII and fibrinogen levels at presentation were more likely to 
have an extended length of hospital stay (LOS) (P–value =0.036 and 0.032 respectively). No 
thrombotic event was observed in our cohort. D-dimer values were higher (above 0.5 µg/mL) 
in 24 (55.8%) patients at admission. We found an association between high D-dimer and 
PICU admission and LOS.
Conclusion: Although we did not observe thrombosis in our cohort, serial measurements of 
D-dimer and elevated FVIII bear a prognostic value in predicting the need for critical care in 
children with COVID-19. Further studies with larger sample size can aid in the establishment 
of prognostic factors for the pediatric COVID-19 population.
Keywords: COVID-19, children, hematological and coagulation markers

Introduction
A novel β coronavirus, 2019-nCoV or SARS-CoV-2 infection leading to 
Coronavirus disease-19 (COVID-19), emerged in Wuhan, China, in 
December 2019.1 Despite exceptional patient care and healthcare technology, the 
alarming mortality rate demands research to identify prognostic factors associated 
with COVID-19. The clinical severity of the disease is variable, from mild respira
tory symptoms to severe cases requiring intensive care. The virus has caused more 
than 2 million deaths globally.2
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One of the various manifestations of COVID-19 is 
hypercoagulability.3 There are no clear criteria to predict 
the cases that will progress to severe clinical symptoms 
that may require intensive care. Venous and arterial throm
bosis has been reported in COVID-19, with the involve
ment of microcirculatory systems.4 Different mechanisms 
induced by thrombosis coupled with intra-alveolar fibrin 
deposition can lead to lethal respiratory failure.5–7 Several 
hematological markers may aid in optimizing treatment at 
earlier stages and may predict prognosis in real-time.8,9 

Changes in coagulation test, including elevated D-dimers, 
had been reported in (3.7–68%) and fibrinogen in (5.7% in 
mild and 19.1% severe cases) and have been shown to be 
reliable predictors of poor outcome in hospitalized 
COVID-19 adult patients.8,10

In the general population, venous thrombosis occurs at 
an annual incidence of about 1/1000 in adults11 and 0.07– 
0.14/10,000 in children. In hospitalized children, VTE 
occurs in 5.3/10,000.12 In children <13 years with 
COVID-19, the rate of VTE is reported to be 1.3%.13 In 
a larger cohort of 180 pediatric patients, although a 2% 
mortality with Covid-19 was reported, yet no incidence of 
VTE was found.14 Data regarding the prognostic factors in 
the pediatric age group are scarce. D-dimers, a probable 
biomarker of disease severity and mortality in COVID-19, 
have not been tested regularly in pediatric patients. While 
several hematological societies have published recommen
dations for the anticoagulation of hospitalized sympto
matic adult patients with COVID-19,15 such guidelines, 
however, cannot be established for pediatric patients due 
to a dearth of data in that population.

The current study aimed to evaluate the changes in 
hematological and coagulation markers, such as CBC, 
different WBCs, D-dimer, Fibrinogen (FIB), 
Antithrombin (AT), Protein C (PC), Protein S (PS) von 
Willebrand factor antigen (vWF Ag), and factor VIII as 
prognostic factors in pediatric patients with COVID-19.

Methods
Patient Population
From April to August 2020, a total of 43 children (age <14 
years) were hospitalized with COVID-19 related symp
toms. The study complied with the Declaration of 
Helsinki, and informed consent was obtained from the 
patients’ guardians after appropriate approval by the 
Institutional Review Board of the hospital. In this prospec
tive study, patients’ demographics, details on symptoms, 

COVID-19 stage, sequential hematological profile, treat
ment, and outcome were recorded throughout their stay in 
the hospital. Inclusion criteria were all PCR confirmed 
COVID-19 patients <14 years with the need for in- 
hospital treatment.

Excluded were patients transferred from other hospitals 
and patients already admitted or intubated at admission; 
outpatient patients and those with negative COVID-19 
testing were excluded from data analysis.

Blood Sample Collection
Blood Samples comprising 10 cc of EDTA, 10 cc of 
Citrated blood (at 3.2%), and 5 cc sodium heparin were 
collected at admission, 3rd day, 7th day, and 14th day for 
those who stayed for up to 14 days. CBC and complete 5 
parts differential were tested from the EDTA samples 
using an automated SYSMEX XN-10 instrument 
(Sysmex Corporation, Kobe, Japan). Serum creatinine 
and C reactive protein were measured using an automated 
chemistry analyzer COBAS 601 (Roche Diagnostics, 
Basel, Switzerland). ABO blood grouping was carried 
out via Diamed Gel card (Changsha Yingtai Instrument 
Co., Ltd).

The samples for the coagulation tests were centrifuged 
within two hours and aliquoted for testing different coa
gulation markers, including prothrombin time (PT), inter
national normalization ratio (INR), activated 
thromboplastin time (APTT), D-dimer, FIB, AT, PC, PS, 
vWF Ag, and FVIII using STAR Max® (Diagnostica 
Stago, Marseille, France).

COVID-19 Clinical Stages
To explore the correlation between disease severity and 
coagulation markers, we used a hospital-based clinical 
staging system for COVID-19 to assess disease severity. 
The system divides patients into stages A to E, as shown in 
Table 1.

Statistical Analysis
After performing quality checks on the dataset, descriptive 
statistics were calculated. Measures of central tendency 
and dispersion for continuous variables are provided as 
the mean and standard deviation for normally distributed 
data, while median with range for data that did not con
form to normality assumptions and categorical variables as 
number and percentage. To test the significance of associa
tion between categorical variables, we used the Chi-square 
test or Fisher’s exact. Independent-samples Mann– 
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Whitney U-Test and Kruskal–Wallis Test were used to test 
the significance of the difference between two and more 
than two categories of continuous variables. Correlation 
between various continuous variables was calculated using 
Spearman correlation coefficient. A p-value of less than 
0.05 was considered to be statistically significant. All data 
analysis was performed using SPSS version v23 (IBM 
Corp, Armonk NY, USA).

Results
Demography
Our cohort consisted of 43 children with confirmed 
COVID-19 diagnoses. The male-to-female ratio was 
1:1.3 with a median age of 5.8 years (range “r”= 4 
months – 13.3 years). Twenty-nine (67.4%) were sympto
matic at presentation, with fever being the most common 
symptom (n=23, 53.5%), followed by respiratory (n=5, 
11.6%) and gastrointestinal symptoms (n=3, 7%). Co- 
morbid conditions were recorded in 26 (60.5%) patients, 
with malignancy being the commonest (n=9, 20.9%). The 
COVID-19 staging was done for all the patients using 
standard COVID-19 staging, as shown in Table 1.16–19 

COVID-19 stage B was the most common stage at the 
time of presentation (n=27, 62.8%), followed by stage 
A (n=14, 32.6%).

Length of Stay at the Hospital and 
Pediatric Intensive Care Unit (PICU)
The median duration of hospital stay was nine days (r =1– 
48). PICU admission rate was 11.6% (n=5), with an aver
age time to transfer to PICU from the pediatric care wards 

of 2.6 ±3.2 days (r= 0–7 days). Patients’ demographics 
and clinical characteristics associated with PICU admis
sion are presented in Table 2, showing that younger 
patients, hypertension, respiratory symptoms, and ABO 
group-A were significantly associated with PICU admis
sion during treatment. Of the 41 patients with known ABO 
groups, no significant association between the COVID-19 
stage and ABO groups was observed at presentation (P– 
value =0.638). Overall, the average length of stay (ALOS) 
was significantly higher in patients with COVID-19 stage 
B (9.8 days, r= 2–23) as compared to Stage A (6.8 days, r= 
1–12, P–value=0.046). Contrarily, ALOS was not signifi
cantly different across different ABO groups (P–value 
=0.374). There is no association between stage B and 
ALOS (P–value =0.081). Patients with elevated FVIII, 
fibrinogen, and D-dimer at presentation were more likely 
to have an extended length of hospital stay (P–value 
=0.036, 0.032, and 0.034, respectively).

Risk Factors and Associations with 
Hospital Stay and PICU Admission
None of our patients experienced any thrombotic event 
during the admission period, even though D-dimer 
values were higher (above 0.5 µg/mL) in 24 (55.8%) 
patients at admission (Figure 1), with 4 out of those 24 
(16.7%) requiring PICU admission. An associative trend 
was observed between high D-dimer values and COVID- 
19 stage at admission, with 75% (18 of 27) of stage 
B patients having high D-dimer (P–value=0.081). There 
was also a trend for patients with higher D-dimer at 
admission to have an ICU visit (4 of 24, 16.7%) 

Table 1 Hospital-Based Clinical Staging System for COVID-19 to Assess Disease Severity

Stage Clinical 
Presentation

Characteristic Features

Stage A Asymptomatic Patients with no signs or symptoms of infection

Stage B Mild Infection Upper respiratory tract infection symptoms and other mild symptoms (including fever and gastrointestinal 
symptoms) without evidence of pneumonia

Stage C Moderate 
Infection

Patients with hypoxia with oxygen saturation less than 93% at rest or presence of pneumonia not requiring 
ICU admission

Stage D Severe Infection Pneumonia requiring ICU admission or any of the following: 

1. Respiratory rate of 30 breaths/min 

2. Arterial oxygen partial pressure to fractional inspiratory oxygen ratio (PaO2/FiO2) less than 300 
3. More than 50% lung involvement on imaging within 24–48 hours 

4. Critical respiratory failure requiring mechanical ventilation, septic shock, or multi-organ dysfunction
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compared to their counterparts (1 of 19, 5.3%, P–value 
=0.363). More than half of our patients continued to 
have high D-dimer throughout the course of their admis
sion (Supplementary Table 1). No significant change in 
neutrophil, lymphocyte count, C-Reactive protein levels, 
or hemoglobin was observed during the hospital stay, as 
shown in Supplementary Table 2.

VTE Prophylaxis
VTE with Enoxaparin 1 mg/kg daily was given to only six 
(14%) patients; two were PICU admission. Clinical profile 
and symptoms observed at admission, day 3, 7, and 14 are 
presented in Supplementary Table 1, while sequential 
laboratory profile is detailed in Supplementary Table 2. 
Only one patient with malignancy was positive for Lupus 
anticoagulant; was put on VTE prophylaxis (1 mg/kg) for 

11 days and discharged afterward without any remarkable 
event.

PICU Support Prerequisites
The median PICU length of stay was 3 days (r= 2–11), 
where one patient required intubation and ventilation; how
ever, the patient recovered well. All patients were dis
charged from the hospital in a generally good condition. 
There was no association between age at diagnosis, BMI, 
D-dimer, and hypertension at presentation. The median 
length of stay at the hospital was not significantly different 
for patients with D-dimer higher than 0.5 µg/mL (median 9 
days, r= 1–48 days) compared to their counterparts (median 
8 days, r= 2–20 days, P–value=0.094). There was a weak 
positive correlation between D-dimer at presentation and 
hospital stay (Spearman’s rho 0.325, P–value=0.034).

Table 2 Demographics and Clinical Parameters of COVID-19-Infected Patients

Parameters All Cases (n=43) No ICU Visit (n=38) With ICU Visit (n=5) P–value

Demographic and clinical

Age (years) 5.8 (0.04–13.3) 5.9 (0.06–13.32) 1.4 (0.04–7.12) 0.04

Gender (female/male) 24/19 20/18 (52.6%) 4/1 (80.0%) 0.363
BMI 15.7±2.9 15.8±2.9 15.0±2.8 0.58

Comorbidities (positive/negative) 26/17 (60.5%) 22/16 (57.9%) 4/1 (80.0%) 0.633
Hypertension 2/41 (4.7%) 0/38 (0%) 2/3 (40.0%) 0.011

Diabetes 1/42 (2.3%) 1/37 (2.6%) 0/5 (0%) 1.000

Bleeding 0/43 (0%) 0/38 (0%) 0/5 (0%) –
Previous VTE 0/43 (0%) 0/38 (0%) 0/5 (0%) –

Malignancy 9/34 (20.9%) 8/30 (21.1%) 1/4 (20.0%) 1.000

Hyperlipidemia 1/42 (2.3%) 1/37 (2.6%) 0/5 (0%) 1.000
Stem Cell Transplantation 6/37 (14.0%) 4/34 (10.5%) 2/3 (40%) 0.135

Symptoms (positive/negative) 27/16 (62.8%) 23/15 (60.5%) 4/1 (80.0%) 0.635

Fever 23/20 (53.5%) 19/19 (50.0%) 4/1 (80.0%) 0.351
Respiratory 5/38 (11.6%) 2/36 (5.3%) 3/2 (60.0%) 0.008

GIT related 3/40 (7.0%) 3/35 (7.9%) 0/5 (0%) 1.000

COVID-19 Stage 0.072

Stage A 14 (32.6%) 14 (36.8%) 0 (0%)

Stage B 27 (62.8%) 23 (60.5%) 4 (80%)
Stage C 1 (2.3%) 0 (0%) 1 (20%)

Stage D 1 (2.3%) 1 (2.6%) 0 (0%)

Stage E 0 (0%) 0 (0%) 0 (0%)

ABO groups (n=41) 0.049

A 13 (31.7%) 9 (25.0%) 4 (80.0%)
AB 2 (4.9%) 2 (5.6%) 0 (0%)

B 8 (19.5%) 7 (19.4%) 1 (20.0%)

O 18 (43.9%) 18 (50.0%) 0 (0%)

Notes: The variable BMI was normally distributed while age followed a non-normal distribution. Data are presented as mean±standard deviation for normally distributed 
and median (minimum-maximum) for non-normally distributed variable. 
Abbreviations: GIT, gastrointestinal tract; DIC, disseminated intravascular coagulopathy; INR, international normalized ratio; PT, prothrombin time; HCT, hematopoietic 
cell transplant.
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Five patients out of 43 patients needed PICU support. 
Four (80%) had high D-dimer compared to only one with 
normal D-dimer (P–value=0.363). The average length of 
stay at the PICU for these four patients was 6.5 ±4.7 days 
(r= 2–11), while it was two days for the one with normal 
D-dimer (≤0.5 µg/mL). A weak association was found 
between COVID-19 stage at presentation and the level of 
D-dimer (P–value=0.081).

Laboratory and Coagulation Factors
WBC showed an increasing trend from the day of admis
sion (7.5 ±4.3) to Day 14 (8.1±4.7) at admission, whereas 
HgB was declining (111.7±19.1 vs 76±36.1). No such 
trend was observed in platelet, neutrophils and lympho
cytes. The mean and median of other laboratory para
meters are presented in Supplementary Table 2.

No statistically significant correlation was found for 
low PC and PS or high vWF Ag at presentation with 
respect to D-dimer or outcome (Table 3).

Median D-dimer values at admission were found to be 
higher in patients with malignant disorders (0.78 µg/mL, 
n=9) compared to those with non-malignant diseases (0.52 
µg/mL, n=34); however, the difference was not found to 

be statistically significant (P–value =0.369). No significant 
correlation or association was noted between D-dimer and 
FVIII at admission (P-values 0.393 and 0.262).

Discussion
COVID-19 has wreaked havoc on the healthcare system 
and caused over one million deaths globally, which indi
cates disease severity and a lack of prognostic factors to 
estimate the patient outcomes and plan treatment strate
gies. Thrombosis had been linked to disease severity in the 
adult population, for which management guidelines are 
released by multiple hematology organizations.20,21 

Children appear to account for a much lesser proportion 
of total COVID-19 infected patients. Various studies have 
reported a low incidence of thromboembolic complications 
in children with COVID-19. In a study containing 91 
pediatric patients, one developed VTE.22 None of our 
patients experienced any thrombotic event, even though 
only six (14%) received VTE prophylaxis. It is paramount 
to unfold prognostic biomarkers in children with COVID- 
19 as this population is unique due to its potential vulner
ability, younger age, co-existing and co-morbid conditions 
with a lack of data to guide and determine therapeutic 

Figure 1 Sequential D-dimer values.
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measures and prognostic factors. Dong et al, in an epide
miological study, reported 34.1% laboratory-confirmed 
and 65.9% suspected pediatric patients of COVID-19.23

Elevated D-dimer of >1 μg/mL is associated with poor 
prognosis and mortality in adult COVID-19 patients.24 

Our data demonstrate that higher D-dimer can predict 
disease severity leading to longer hospitalization and 
PICU stay, which is in contrast to Del Borrello et al pro
spective study on 35 pediatric COVID-19 patients, where 
he found D-dimer values apparently do not distinguish 
mildly affected COVID-19 patients from more severely 
affected cases.25

D-dimer values were higher in 55.8% of patients at 
admission. A weak positive correlation was found between 
D-dimer at presentation and hospital stay at an individual 
level in our cohort. No significant association between 
high D-dimer at admission with COVID-19 stages or risk 
factors was found in our study. Tang et al20 had reported 
an overall mortality of 11.5%, significantly higher D-dimer 
and fibrin degradation product (FDP) levels, longer pro
thrombin and activated partial thromboplastin times in 
non-survivals compared to survivors on admission.7 This 
discrepancy in results indicates that the prognostic factors 

in COVID-19 are different between adult and pediatric 
populations, warranting further investigation.

Zou et al26 have also reported a significant increase in 
fibrinogen levels in 5.7% of COVID-19 patients with mild 
disease and 19.1% patients with severe disease. In criti
cally ill COIVD-19 patients, a prothrombotic diathesis has 
been reported with significantly higher fibrinogen levels.27 

Our study findings are similar to the reported data whereby 
the fibrinogen levels increase with time in admitted 
patients.

The attributable risk for severe disease from COVID- 
19 in children is challenging to discern. Feldstein et al 
reported that 92% of patients aged <1–20 years had posi
tive biomarkers like elevated erythrocyte sedimentation 
rate or C-reactive protein level, lymphocytopenia, neutro
philia, elevated ferritin level, hypoalbuminemia, elevated 
alanine aminotransferase level, anemia, thrombocytopenia, 
and an elevated D-dimer level indicating inflammation.14 

Our reported results are in concordance with the study of 
Feldstein et al.

None of the pediatric subjects included in this study 
died, suggesting minimal disease mortality among this age 
group. The susceptibility of children for being infected 

Table 3 Length of Stay by Coagulation Biomarkers at Admission

At Presentation Hospital Stay P-value

< 3 Days 3–7 Days 7–14 Days 14 and 
Above

Protein C 0.802
Low 0 (0%) 1 (14.3%) 1 (4.5%) 0 (0%)

Normal 3 (100%) 6 (85.7%) 20 (90.9%) 5 (100%)

Protein S 1.000

Low - - - -

Normal 3 (100%) 7 (100%) 21 (95.5%) 5 (100%))

vW Ag 0.388

Low - - - -
Normal 3 (100%) 4 (57.1%) 15 (68.2%) 2 (40%)

High 0 (0%) 3 (42.9%) 7 (31.8%) 3 (60%)

FVIII 0.036

Low - - - -

Normal 3 (100%) 6 (85.7%) 18 (81.8%) 1 (20%)
High 0 (0%) 1 (14.3%) 4 (18.2%) 4 (80.0%)

Fibrinogen 0.151
Low (n=5) 0 (0%) 0 (0%) 5 (23.8%) 0 (0%)

Normal (n=25) 3 (100%) 7 (100%) 12 (57.1%) 3 (50%)
High (n=7) 0 (0%) 0 (0%) 4 (19.0%) 3 (50%)
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with SARS-CoV-2 is similar to those of adults; however, 
the disease is less severe among children, and thus mor
tality is also low.28–30 Various immunological hypotheses 
have been put forward to support these findings. Firstly, 
the angiotensin-converting enzyme 2 (ACE2) receptor, 
a binding site for SARS-CoV-2, is lower in children than 
adults.31 Secondly, children usually have few 
comorbidities.32,33 However, the morbidity associated 
with COVID-19 is significantly higher in populations 
with a high prevalence of childhood obesity.34 These find
ings suggest that the risk of being infected is similar for 
children and adults; however, children are less prone to 
severe disease outcomes.

Another similarity between adult and pediatric infected 
patients admitted to PICU is the high percentage of blood 
group A as previously reported by Yaylac et al; a similar 
trend was observed in our study.35 Additionally, comorbid
ities affected the PICU admission and length of stay sig
nificantly. In our cohort, co-morbid conditions were 
recorded in 26 (60.5%) patients, with malignancy being 
the commonest (20.9%). One of the limitations of our 
study was the small sample size presenting some weak 
associations.

Conclusion
We observed a very low incidence of VTE in children with 
COVID-19, with a weak association between D-dimer and 
COVID-19 stage at presentation, but no significant corre
lation of natural anticoagulants with PC, PS, and AT. We 
suggest that serial measurements of D-dimer and FVIII 
bear a prognostic value in predicting the need for critical 
care in children with COVID-19 patients. Further studies 
with a larger sample size can aid in the establishment of 
prognostic factors in this patient group.
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