
Abstract. Background/Aim: The novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is
responsible for generating a global pandemic with deadly
consequences and life changes worldwide. With the
appearance of the new variants of the virus, clinical
manifestations have been reported in the pediatric
population, some with severe evolution. The aim of this study
was to identify the laboratory parameters necessary to
establish an effective therapy. Patients and Methods: In the
period from August 2020 to September 2021, 234 pediatric
patients met the inclusion criteria and were selected for the
study. After confirming the COVID-19 diagnosis, laboratory
parameters were analyzed and compared to the severity of the
illness. Results: Thrombocytopenia (p<0.001), leukocytosis
(p<0.001), and lymphopenia (p<0.001) correlated with the
severity of the disease. Also, D-dimer values were closely

monitored due to the high association of this parameter with
an unsatisfactory prognosis and a severe form of the disease.
Conclusion: The D-dimer values and complete blood count
are useful parameters in COVID-19 evaluation in children.

The first cases of atypical pneumonia with uncommon
manifestations and evolution emerged three years ago, on
31st December 2019, in Hubei Province, China (1). The
inability of public health organizations to contain it and
restrict its global spread made it a public health emergency
of international concern on the 10th of January 2020, when
the World Health Organization (WHO) announced more
cases of pneumonia of unknown etiology in Wuhan (2). 

During this pandemic, naturally, many mutations emerged.
The variants of concern (VOC) include the Alpha variant
(firstly identified in Great Britain, in December 2020); Beta
(the first case reported in December 2020 in South Africa);
Gamma (first reported on January 2021, in Brazil); Delta
(reported in India, in December 2020) and last, but not least,
Omicron (identified in multiple African countries in
November 2021) (3). These viral mutations are not unusual,
but they may represent particularities of the virus that must
be examined and followed over time (4). The VOC,
constitute public health problems regarding transmission,
clinical presentations, and treatment (5). Some of them have
changed in the incubation period, while others have more
frequent fatal evolutions. The modifications may appear both
in pediatric and adult patients, but the immediate and long-
term effects were different depending on the mutations (6).

Knowledge of the virus’ capacity, mutation rate, and
adaptability are continually expanding. Medical literature
claims that around two viral variants have appeared per
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month, globally (7-10). The possibility of the emergence of
new, more contagious, or dangerous variants remains an
unsolved problem.

The infection rate has varied over the years, and five peaks
are currently recognized in Romania. During the fourth and
fifth waves, the Delta variant was responsible for the most
severe form of the disease, requiring hospitalization. The
infection with the Delta variant is correlated with severe cases
and appears to be globally dominant since June 2020. From
December 2019 to the present day, more than 554,466,955
cases including over 6,300,000 deaths have been confirmed
worldwide. In Romania, until July 2022, approximately
2,919,461 cases of SARS-CoV-2 infection have been
confirmed, including 65,739 deaths. Approximately 15% of
these reported cases of COVID-19 were pediatric patients (11-
13). In the case of children, COVID-19 can manifest at any
age, and the incidence of it increases with age. 

Clinically, COVID-19 is manifested by a diversity of
symptoms, the most frequent being fever and respiratory
symptoms (14). Cardiovascular, hematological, central
nervous, gastrointestinal (GI), hepatobiliary, and renal
systems are all affected by COVID-19, due to the presence
of angiotensin-converting enzyme 2 (ACE2) receptors in all
these organs (15-18). Approximately one-third of all cases
are clinically asymptomatic (19), but the rest are classified
as mild, moderate, severe, and critical. Pediatric patients
present with milder forms of COVID-19, compared to adults
(14); however, there are studies which suggest a significant
deterioration in children than initially reported and
anticipated (20, 21) (Figure 1). Clinical manifestations in
most pediatric cases are not so different compared to those
reported in adults. In fewer cases, the literature mentions
some other, less common signs such as crepitations, sputum,
abdominal pain, lymphadenopathy, cyanosis, and hypoxemia
(22). Other, rare complications were reported, including
purpuric rashes, a multisystem inflammatory syndrome in
children (MIS-C), and chilblain-like lesions (CLLS) (23-27). 

Together with clinical manifestations, it is mandatory to
assess laboratory markers, which change according to the
setting and the development of the inflammatory process. An
increase in D-dimers, C-reactive protein and white blood
cells, neutrophils, and lymphocyte count is expected in
patients infected with SARS-CoV-2 (28). The study of Alkan
et al. (2021) involving 550 pediatric cases of COVID-19,
presented the analysis of a complete laboratory biomarker
panel and indicated all the possible and eventual changes in
biomarkers upon infection with SARS-CoV-2. They reported
decreases in the levels of lymphocytes (36%), leukocytes
(19.2%), and a significant increase in D-Dimers (17.9%) and
reactive C protein (20.7%) (28). 

A few studies showed white blood cell (WBC) elevation
whereas others reported a decrease or no change (23, 29-38).
In terms of lymphocytes, normal or elevated levels were

reported, whereas reduced levels were scarcely reported (23,
29-38). The study by Zheng et al. (2020), on a group of 25
children in China, determined median values for WBCs to
be 6.2×109/l (reference values: 4.5-11×109/l). 

The meta-analysis by Qui et al. (2021), which evaluated 37
articles, totaling 2,874 children with COVID-19, found that the
most frequently altered laboratory markers were lymphopenia
(25 studies), leukopenia (27 studies), high reactive protein C
(24 studies), high alanine transaminase (21 studies) and
leukocytosis with high aspartate aminotransferase (both found
in 19 studies); the D-dimer increase was found in a total of 11
studies (39).

The aim of this study was to present and discuss several
laboratory markers that may influence the prognosis of
pediatric patients with SARS-CoV-2 infection and identify
the specific parameters to be assessed for the clinician to
adopt a more appropriate course of therapy.

Patients and Methods
Protocol. A cohort study, including cases from August 2020 to
November 2021, was performed in the Pediatric Unit of Dr. Gavril
Curteanu, Municipal Hospital, Oradea, Romania. The hospital was
a COVID-19 support unit during that period, treating only
confirmed cases of SARS-CoV-2 infection. A total of 234 cases
were selected for inclusion in this study. 

The inclusion criterion was the positive diagnosis of COVID-19,
while cases with oncological and hematological comorbidities were
excluded (Figure 2). 

The diagnosis of the virus was performed by detecting the antigen
(rapid test) or the ribonucleic acid (RNA) [Real-time polymerase chain
reaction (RT-PCR) assay] of SARS-CoV-2. All samples were collected
within the first two hours following admission to the hospital. A Rapid
Antigen kit (DDS DIAGNOSTIC, Bucharest, Romania) was used for
the antigen detection of SARS-CoV-2. The kit contains anti-SARS-
CoV-2 antibodies for the capture of the virus and anti-SARS-CoV-2
antibodies for detection. The test is performed with a nasopharyngeal
sample and has a relative sensitivity of 98.77% and relative specificity
of 99.03% (40). For the RT-PCR, the AllplexTM 2019-nCoV Assay
was used, with the amplifier CFX96 Real-time System with the
extractor SEEGENE NIMBUS, See-gene South Korea. The test had a
sensitivity of 99.95% and a specificity of 100% (41).

Complete blood count from venous blood samples was measured
using the DxH 900 Hematology Analyzer, Beckman Coulter (Brea,
CA, USA).
D-dimers in plasma samples were analyzed using the DIAGON
XXL Analyzer, Diagon (Budapest, Hungary), with normal values in
the range of 0-198 ng/ml.
Severe forms of COVID-19 in children were defined according to
the Romanian National Protocol for the treatment of infection with
SARS-CoV-2 (42) as follows:  
1. Asymptomatic form: identification of viral antigen or RNA
SARS-CoV-2 in the nasopharyngeal sample. 
2. Mild form: general and/or respiratory tract features, without
pulmonary involvement.
3. Moderate form: general and/or respiratory tract features, with
pulmonary involvement (clinical or imaging), with oxygen
saturation (SpO2) ≥94% on room air.
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4. Severe form: SpO2 <94% on room air, a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2)
<300 mm Hg, a respiratory rate >30 breaths/minute or lung
infiltrates >50%.

Ethical statement. Written informed consent was obtained from the
parents or legal guardians of the minors for all subjects involved in
the study. The study was approved by the Ethics Commission of the
County Clinical Emergency Hospital of Oradea, Bihor County,
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Figure 1. Symptoms commonly found in pediatric patients.

Figure 2. CONSORT flow diagram of the study. n: Number of cases.



Romania, (20335/23.06.2022) and respected the World Medical
Association Code of Ethics (Declaration of Helsinki, 1967).

Statistical analysis. The software SPSS (Statistical Package for the
Social Sciences), version 26, was used for statistical analysis and
graphical representation. The comparison between the means of the
different parameters was performed using the ANOVA test.
Univariate analysis of variance (Levene’s test) was used to examine
the homogeneity of the dispersion of the samples if the ANOVA test
was statistically significant. The Hochberg GT2 test was performed
as a post-hoc analysis to compare two-by-two groups. The values
obtained for different parameters were considered primary data for
performing the Bravais-Pearson correlation coefficient (r). Its
interpretation has value only in cases with p<0.05. Chi-squared test
was used for comparing frequencies or proportions for two or more
samples. Statistical significance was considered for a p-value ≤0.05.

Results

In the chosen period (August 2020 – November 2021) 252
children were declared eligible. Of these, 18 patients were
excluded due to exclusion criteria. A total number of 234
children were finally included in the study. The group was
relevant with a probability of 95%. The ratio of males to
females was 1.08:1 (p=0.513). The study included pediatric
patients with ages 0 to 17 years old, with a median age of
7.38±6.13 years old (Table I). The analysis of the disease
manifestation in the current group underlined the presence
of a milder form of infection (p<0.001) (Figure 3).
Hematological alterations encountered during COVID-19 in
the cohort are presented in Table II. 

Leukocytosis was significantly more common in the
severe form of the disease, (p<0.001). Leukopenia was more
frequent in the age group over 12 years of age (p<0.05). No
statistically significant correlation between leukopenia and
disease manifestation was found (p=0.065).

Lymphopenia showed a significant correlation with the
disease form, being more frequent in the severe form of the
disease (p<0.001, r=0.324). Neutrophilia occurred more
often in the age group over 12 years (p=0.040). No
statistically significant associations were observed between
neutrophilia and the form of the disease. The value of
neutrophil to lymphocyte (NLR) index over 3 was often
encountered in patients over 12 years old (p<0.001).
Thrombocytopenia had a statistically significant correlation
with the severe form of the illness (p<0.001, r=0.256),
especially in the age group above 12 years old children
(p=0.004, r=0.186). Thrombocytosis was common in infants
(p=0.016). A statistically significant correlation was
identified between thrombocytosis and the disease form,
being more frequent in the severe form (p<0.001, r=0.345).

The mean value for D-dimers in the study group was
256.20±1,042.70 ng/ml, with a minimum of 20 ng/ml and a
maximum of 4,700 ng/ml. The values of D-dimers at the four
age categories were the following: 179.85±519.81 ng/ml

(group <1 year), 150.37±213 ng/ml (group 1-4 years),
152.50±285.66 ng/ml (group 4-12 years), and 439.72±1,706.24
ng/ml (group 12-18 years).

The ANOVA test revealed a significant difference between
these values, F(3, 233)=3.057; p=0.029. To choose a test
post-hoc, the homogeneity of the dispersion through the
Levene test was verified. According to the statistical analysis
made through this test, the dispersions between these four
groups were considered equal (p=0.720). 

In the cases with equal dispersions and an unequal subject
number, a post-hoc Hochberg GT2 test was performed (Table
III). The post-hoc analysis, applied to compare the groups
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Table I. Demographic characteristics of the study group.

Parameter                                                         Study group

Age groups                                                           M±SD
<1 year                                                               0.66±0.22
1-4 years                                                            2.00±0.94
4-12 years                                                          7.28±2.39
12-18 years                                                       14.90±1.65

                                                        N (%)                                p-Value

<1 year                                          61 (26.1)                               0.081
1-4 years                                       43 (18.4)                                    
4-12 years                                     51 (21.8)                                    
12-18 years                                   79 (33.8)                                    
Sex                                                                                                   
Female                                         112 (47.8)                               0.513
Residence                                                                                        
Urban                                          109 (46.69)                             0.295

M: Median, SD: standard deviation; N: total number.

Table II. Hematological changes in the study group.

Parameter                                                                      Study group

Leukocyte modifications                                                  N (%)
Leukocytosis                                                                   11 (4.7)
Leukopenia                                                                    48 (20.51)
Neutrophilia                                                                   25 (10.68)
Neutropenia                                                                     41 (17.5)
Lymphopenia                                                                 35 (14.95)
NLR*                                                                              37 (15.8)
Platelet modifications                                                            
Thrombocytopenia                                                           12 (5.1)
Thrombocytosis                                                               16 (6.8)
Erythrocyte modifications                                                     
Anemia                                                                             19 (8.1)
Hypochromic microcytic anemia                                     4 (1.7)
Normochromic, normocytic anemia                               15 (6.4)

N: Total number; NLR: neutrophil-lymphocyte ratio, *NLR >3.



two by two, showed that there was a statistically significant
difference between the value of the mean and standard
deviation of D-dimers registered for the patients with ages
below 1-year-old versus those between 12 and 18 years old
(p=0.033). Other statistically significant differences between
the values of the D-dimers registered in the other groups
were not observed.

Discussion

During the COVID-19 pandemic years, pediatric patients
were initially neglected. However, with the occurrence of
more VOCs, particularities of pediatric patients were
inevitable. The COVID-19 pandemic still poses a threat and
there is still much research to perform to fully comprehend
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Figure 3. Form of disease distribution of study group. 0 – asymptomatic forms; 1 – mild forms; 2 – moderate forms; 3 – severe forms.

Table III. D-dimer variations according to the ages.

Multiple comparisons
Dependent variable: D-dimer values  
Hochberg  

(I) Age (year)                (J) Age (year)                   MD (I-J)                         SE                      p-Value                                             95%CI

                                                                                                                                                                                    Lower bound                Upper bound

<1                                           1-4                              –0.051                        0.068                      0.973                              –0.23                             0.13
                                              4-12                             –0.032                        0.064                      0.997                              –0.20                             0.14
                                             12-18                            –0.162*                      0.058                      0.033                              –0.32                           –0.01
1-4                                          <1                                0.051                        0.068                      0.973                              –0.13                             0.23
                                              4-12                               0.018                        0.070                      0.999                              –0.17                             0.20
                                             12-18                            –0.112                        0.064                      0.409                              –0.28                             0.06
4-12                                        <1                                0.032                        0.064                      0.997                              –0.14                             0.20
                                               1-4                              –0.018                        0.070                      0.999                              –0.20                             0.17
                                             12-18                            –0.130                        0.061                      0.189                              –0.29                             0.03
12-18                                      <1                                0.162*                      0.058                      0.033                                0.01                             0.32
                                               1-4                                0.112                        0.064                      0.409                              –0.06                             0.28
                                              4-12                               0.130                        0.061                      0.189                              –0.03                             0.29

MD: Mean difference; SE: standard error; CI: confidence interval. *The mean difference is significant at the 0.05 level.



the magnitude of this virus and its implications and
manifestations in pediatric patients. In Romania, there are
still few studies on the association of laboratory findings
with COVID-19 manifestations.

The values of NLR, leukocytes, and neutrophils, along with
the inflammatory syndrome are paraclinical markers used early
to identify the etiologies of various infectious diseases. Their
elevation indicates bacterial infection, before obtaining results
from cultures or specific tests for microorganisms’
identification. However, when interpreting the results, it is
necessary to consider the variations in lymphocytes and
neutrophils according to the age of the child.

Leukopenia can occur in the case of infections with
certain types of viruses, or in the case of severe bacterial
infections. The decrease in the number of leukocytes impairs
the defence of the body by depriving it of specialized
immune cells. Leukopenia has been reported in cases of
coronavirus infection causing severe disease in humans, and
less in common human coronaviruses, which cause common
flu-like symptoms (43). In this study, most cases (48,
20.51%) and especially those in the age group above 12
years old presented leukopenia, which may be due to the
presence of puberty (44). Our results are consistent with
those in the medical literature. A statistically significant
correlation could not be established between leukopenia and
the manifestation of the disease. The study by Bari et al.,
conducted from May to June 2021, on 83 pediatric patients,
showed that changes in leukopenia did not represent a useful
prognostic factor (45). However, in this study, leukocytosis
appeared to be strongly correlated to the disease form.
Currently, the literature lacks sufficient information
regarding the role of leukopenia as a prognostic factor for
pediatric patients. 

NLR is considered to reflect a poor outcome in pediatric
patients. In the retrospective study of Ciccullo et al.,
conducted on 74 patients with COVID-19, in March 2020, a
median value of NLR of around 4.5 was correlated with the
severity of the illness and the poor evolution (46). In this
study, NLR values above 3 were mainly observed in the
group aged above 12 years old, again an aspect which varies
from individual to individual and which might be dependent
on the onset of puberty (44). NLR is a parameter by which
clinicians can evaluate the stress on the body at a current
time (47). Puberty, through the hormonal storm it brings,
results in increased stress to the human body, which is added
to that of infection with an aggressive virus that can cause a
storm of cytokines and low-molecular-weight proteins whose
functions are often mimicked by the hormones.

Lymphopenia is usually observed in viral infections due
to the action of the virus on the immune system and the
destruction of CD4+ cells, which results in the reduction in
the levels of cytokines that protect against various pathogens
(48). The study of Liu et al. (2021) underlined the significant

difference between children and adults, where children
below 12 years of age presented more often with
lymphopenia in the first days of the disease, possibly
because of the different immunological responses (48).
Lymphopenia was also registered in this study group at a rate
of approximately 35%. There is a lack of studies on
lymphocytic changes, which does not allow comparison of
the data from the present study to those of the literature;
there are only two studies (49, 50) in small cohorts of 66 and
52 patients. The study of Guang et al., on 66 cases, reported
no significant changes in lymphocytic values used to
evaluate prognosis or to differentiate from mild to moderate
or severe illness (49). In this study, significant lymphopenia
was present in the severe form of the disease. On the other
hand, the study of Rezaei et al., on 52 patients, reported an
increase in lymphocytic values in opposition to the
previously mentioned study, in moderate and mild cases (50).
In the study by Alkan et al., (2021), performed on a pediatric
group of 633 patients with COVID-19 between March 2020
to January 2021, lymphopenia was also found present in
approximately 36% of cases (28). The difference between the
present study and the study of Guang et al., can be explained
by the small number of patients and the age difference.

Neutropenia is frequently associated with viral infections
due to the viral-induced capacity of the neutrophils to
redistribute from the main circulation to marginal areas,
which occurs after the first 1-2 days of the infection and
remains up to 8-9 days (51). Even so, there still is a lack of
data in terms of its correlation with disease severity.
Neutropenia was detected in the present study at an increased
rate of 17.5%. In the medical literature, the rate of
neutropenia in COVID-19 pediatric patients was found to be
approximately 7.6% (28, 52, 53). In this study, neutrophilia
was present in approximately 10.68% of the analyzed cases,
mostly in patients aged above 12 years, and it was not
correlated to the disease form. 

The elevation of D-dimers was one of the frequently
followed biomarkers in adults and an indicator of the risk of
development of various coagulopathies. The inclusion of it in
the guidelines, for pediatric COVID-19 patients, was made
later during the pandemic period (44, 54, 55). D-dimer values
ranged from 20-4,700 ng/ml in the present study. The meta-
analysis of Zhang et al. (2021), which included a total of
5,557 articles extracted from the Web of Science, revealed that
the D-dimer increase can separate fatal cases of COVID-19
from moderate or mild cases, with a sensitivity of 77% and a
specificity of 71% (56). Their study suggests that D-dimer
values can predict prognosis, even though the patients
considered were adults, the increase reported by us was also
associated with a poor prognosis. In the study of Alkan et al.
(2021), D-dimers were found to be elevated in approximately
17.9% of patients (28). In the present study, elevated values
of D-dimers were statistically significantly more present in the
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age group above 12 years old, with small differences from the
other age groups. However, this difference may be attributed
also to the continuously moving curve of puberty. Bellis et al.,
(2006), traced the changing curve of puberty from the 19th
century to the present and revealed a decrease in the age of
puberty, as well as the appearance of specific body changes as
early as 11 years old, while in the 19th century these changes
occurred only at the age of 16-17 years (44).

In the present study, thrombocytopenia was strongly
correlated with the severe form of COVID-19, especially in
children over 12 years of age. Thrombocytosis was found
more frequently in infants being correlated with severe
forms. Thus, 6.8% of cases with thrombocytosis and 5.1%
with thrombocytopenia were recorded. Considering the
medical literature, these parameters apparently do not
differentiate between the form or severity of the disease.
These changes might be associated with the treatment with
heparin, and thrombocytopenia has been mostly reported in
pediatric patients who develop MIS-C (57). Evens so, there
is a lack of findings in the medical literature regarding these
parameters, and there are only a few case reports regarding
thrombocytosis and thrombocytopenia (57-61).

Some particularities can be discussed from a strengths and
weaknesses point of view. A weak point of this study is that
the effect of different viral variants on the monitored
laboratory parameters was not examined. In terms of strengths,
the total number of patients was significant, as well as the
number of patients included in the different age groups. This
study is the first Romanian study to focus on changes in
laboratory biomarkers in pediatric patients with COVID-19.

The risk of bias was not evaluated in the current study, but
the authors report no bias or conflict of interest. All the
studies, reviews, and meta-analyses included in this study
have been qualitatively assessed and the considered sources
have been checked multiple times for bias risks and conflict
of interests. 

Future research and re-evaluation of the presented criteria
may include a larger number of patients from different
hospitals. Also, identification of the virus variant should be
included in future studies allowing the establishment of
separate blood panels for each variant. These panels may
determine whether the patient may be placed at risk for the
development of severe disease with future complications. 

Conclusion

COVID-19 represents a major health problem. Therefore, it
still requires much study and protocol development. The
present study recommends monitoring D-dimers, neutrophils,
platelets, and lymphocytes to determine disease prognosis.
NLR may be a potential predictor of poor prognosis. The
other laboratory markers have not been clinically correlated
to the disease form but following these markers should be

enough for a clinician to adapt the treatment scheme and
evaluate the disease prognosis.
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