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Abstract
Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected people of all ages,
but limited data are available on children with mild and severe coronavirus disease 2019 (COVID-19).

Methods: Clinical characteristics, inflammation, and other biochemical biomarkers have been described, but
information is scarce in asymptomatic and mild cases. Laboratory investigations were performed with
pediatric patients (n=70) for liver function and kidney function, along with C-reactive protein (CRP).

Results: Mild clinical characteristics and symptoms were observed in pediatric patients. Even in moderate
cases of COVID-19, elevated levels of biomarkers indicate altered liver and kidney function in children. The
levels of liver enzymes, bilirubin, creatinine, and CRP varied significantly between the three classes,
particularly between asymptomatic and moderate cases. Liver enzymes, bilirubin, and creatinine levels in
moderate COVID-19 pediatric cases were twice as elevated as in asymptomatic cases. Liver enzymes and
CRP levels were moderately elevated.

Conclusion: Monitoring blood biomarkers consistently can assist in the accurate identification of infection
in young patients as well as in the prevention of its spread and the administration of appropriate treatment.
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Introduction
Coronavirus disease 2019 (COVID-19 is an ongoing pandemic since March 11, 2020, and until the time of
writing this article (August 2022), there have been about 660 million people affected and 6.7 million killed
globally [1]. People of all ages are vulnerable to this infection, but children seem to be specifically less
susceptible [2,3]. Besides, in comparison to adult patients, children presented milder symptoms [4]. For
reasons not clearly understood, many children remain asymptomatic or mildly symptomatic and hence
remain undiagnosed. They prove to be major carriers of viruses, unknowingly transmitting them to other
vulnerable groups of people. Understanding the role of children in viral transmission and their response to
the infection is of utmost concern now that schools have reopened all over the world, although COVID-19
cases are still emerging. Reports also suggest that children are mainly infected after coming into contact
with other family members at home [5]. Recent reports indicate that there were 518,057 pediatric cases
(between 0 and 19 years of age) in Italy, representing 14.1% of the affected population, with 22 pediatric
fatalities. Infection with SARS-CoV-2 in children is uncommon, typically spreads within family clusters, and
manifests with mild and diverse symptoms [6-8], including fever, nasal congestion, cough, dyspnea, myalgia,
arthralgia, headache, gastrointestinal, and skin manifestations with the characteristic anosmia and ageusia
[8,9]. Rarely, severe respiratory symptoms necessitating intensive care, or multisystem inflammatory
syndrome (MIS-C) have been reported [10,11].

Furthermore, the disease has spread to numerous regions in Saudi Arabia. There have been 377,383
confirmed cases, of which 2.22% have been fatal [12,13]. Children account for 1% to 5% of all cases of
COVID-19 and are less likely to report symptoms [13,14]. Based on Saudi Arabian data indicating an
incidence of approximately 8%, the preponderance of pediatric cases is identified through contact tracing
[15]. Infants younger than one year are the most susceptible to COVID-19 infection among all pediatric age
categories [16,17]. Currently, epidemiological data regarding pediatric COVID-19 disease is available, and
several investigations have been conducted in Saudi Arabia [18-20]. To acquire a better understanding of the
disease's nature and effects, however, additional research is required.

Since COVID-19 is a disease that affects multiple organs, several biochemical and other biomarkers can be
used to understand the pathogenesis. Information regarding serum biomarker levels can help in timely
diagnosis and appropriate treatment, and save the lives of critical patients. Biomarkers of COVID-19 can
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assist in the confirmation of disease severity as a deciding factor for hospital admission and treatment
strategies [20- 21]. Studies have to be conducted to comprehend the differential character of biomarkers in
the advancement of disease in both adult and pediatric patients. In general, children with abnormalities
show severe illness; otherwise, only mild symptoms are displayed. Laboratory biochemical biomarkers have
been described in COVID-19 for liver function (alkaline phosphatase (ALP), alanine transferase (ALT),
aspartate transferase (AST), gamma-glutamyl transferase (GGT), bilirubin) and kidney function (blood urea
nitrogen (BUN), chloride (Cl), creatinine, sodium (Na), glucose, potassium (K)). Other markers like levels of
calcium (Ca), magnesium (Mg), albumin, total proteins, and C-reactive protein (CRP) are also good
indicators [22,23]. The purpose of the present study was to evaluate the biomarker levels in children with
COVID-19 while comparing the levels in adults during the infection period. The association between the
biomarker alteration and the severity of the disease was also analyzed. Identification of biomarkers in
infected children can help physicians provide suitable treatment for children at the earliest and also provide
data for the development of COVID-19-appropriate guidelines specific to children.

Materials And Methods
This retrospective research was carried out at the Maternity and Children's Hospital, Madinah, Saudi Arabia.
In June 2021, 70 cases of COVID-19 infection in children aged three months to 13 years were selected at
random. In this context, the word "sampling random" refers to the population from which samples are
collected; in this situation, it would be a list of all pediatric patients who are relevant to the research. We
focused on children who were diagnosed with COVID-19 infection throughout the research period (2021).
Following their entry into a database, the clinical and laboratory data of the patients were analyzed before
being interpreted. The inclusion and exclusion criteria were applied to each and every one of the instances
that were examined. Patients who met the inclusion criteria of having confirmed COVID-19 were further
divided into asymptomatic, mild, moderate, and severe categories based on their clinical characteristics,
symptoms, and chest radiography results [20]. As patient information had been carefully recorded in the
respective patient files, a database capable of being examined was developed.

Alterations in biomarker levels were assessed, and the clinical relevance of organ function was investigated
in the laboratories of the hospital. By assessing biomarkers for liver function (including ALP, ALT, AST, GGT,
and bilirubin) and kidney function (including BUN, Cl, creatinine, Na, glucose, and K), the researchers
investigated their association with the progression of the illness.

For the analysis of the data, the Statistical Package for the Social Sciences (SPSS) version 20 (IBM Corp.,
Armonk, NY USA) or GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA) was used. Quantitative
data is stated in a variety of ways, including percentages, the mean, the standard deviation (SD), and the
range. In order to evaluate the degree of similarity or difference between the results obtained from the
various study groups, a two-way analysis of variance (ANOVA) was carried out. All of the differences were
determined to be statistically significant when compared to a threshold of p≤0.05 or 0.001, respectively. This
study was approved by the Institutional Review Board of Maternity and Children Hospital-Madinah
(approval no. 100-2021).

Results
General and clinical characteristics of children with SARS-CoV-2
infection
For the present study, COVID-19-positive children (n=70; 28 boys and 42 girls) were selected on the basis of
RT-PCR analysis from Maternity and Children Hospital in Madinah during the period of study (2021) The
youngest child was a three-month-old male and the oldest was a 13-year-old female (mean age was 10±4.8

years). All the children had a mild fever (37.4°C to 38.5°C) with a mild cough and a sore throat. None of the
children needed intensive care, mechanical ventilation and did not have any severe complications. The
biochemical estimations revealed that children had increased levels of AST (25± 10 U/L), GGT (32± 11.4 U/L),
BUN (20± 1.8 mmol/L), bilirubin (41± 27 µmol/L), Cl (136± 26 mmol/L), and CRP (25± 8.5 mg/L) but lower
levels of Na (52± 38 mmol/L) in comparison to the normal range. The total protein content at 25± 3.4 g/L was
also lower than the normal range (Table 1).
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Parameters Children with COVID-19 (n=70) Normal range

Age (mean ± SD) 10 ± 4.8 -

Gender (Number) Male=28, Female=42 -

History of diseases None -

Symptoms Mild fever (37.4-38.5°C), Mild cough, Sore throat  

Glucose (mmol/L) 6± 1.5 3.9-7.1 mmol/L

ALT (U/L) 21± 18 24-49 U/L

AST (U/L) 25± 10 1-3.6 U/L

ALP (U/L) 97± 37 44- 147 U/L

GGT (U/L) 32± 11.4 9-20 U/L

Total protein (g/L) 25± 3.4 63-81 g/L

Bilirubin (µmol/L) 41± 27 0-14 µmol/L

Albumin (g/L) 31± 18.3 38-56 g/L

Creatinine (µmol/L) 26± 17 20-70 µmol/L

Urea (mmol/L) 16± 7.5 5-18 mg/dL

BUN (mmol/L) 20± 1.8 1.6-4.6 mmol/L

Na (mmol/L) 52± 38 132-141 mmol/L

K (mmol/L) 5± 4.2 3.3-4.7 mmol/L

Ca (mmol/L) 3± 1.2 2.22-2.52 mmol/l

Cl (mmol/L) 136± 26 97-107 mmol/L

CRP (mg/L) 25± 8.5 0.02 to 14.4 mg/l

TABLE 1: General and clinical Characteristics and laboratory blood test results for children with
SARS-CoV-2 infection
Data presented as mean±SD for age and biomarkers levels in children with SARS-CoV-2 infection

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma glutamyl-transferase, BUN: Blood urea
nitrogen, Na: Sodium, K: Potassium, P: Phosphorus, C: Calcium, Cl: Chloride, CRP: C-reactive protein

Alterations in biomarker levels in different illness classes in children
The patients were classified according to disease severity and symptoms. It was observed that 24.28% were
asymptomatic, 34.28% were mild, and 41.4% were moderate. No severe cases were observed in the present
study. The typical clinical manifestations were fever (55%) and cough (45%). As shown in Table 2, there were
significant differences in the levels of ALT, AST, GGT, bilirubin, creatinine, and CRP between the three
classes, especially between asymptomatic and moderate cases (p<0.05*, <0.001**). The ALT, bilirubin, and
creatinine levels were two-fold higher in moderate COVID-19 pediatric cases than in asymptomatic cases.
The AST, GGT, and CRP levels were only slightly higher (~1.5 fold) (Table 2).
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Biomarkers
Asymptomatic cases, n=17 Mild cases, n=24 Moderate cases, n=29

p-value
Mean± SD Mean± SD Mean± SD

ALT (U/L) 10± 5.8* 19± 9.7 20± 11 0.03*

AST (U/L) 15± 7.9* 20± 9.6 24± 13 0.02*

GGT (U/L) 22± 10.4* 30± 11.7 35± 15.4 0.03*

Total Protein (g/L) 22± 7.5 24± 8.9 26± 8.4 >0.05

Bilirubin (µmol/L) 20± 12.7* 43± 22 45± 25 0.04*

Creatinine (µmol/L) 16± 6.3* 24± 11 32± 14.3 0.01*

Urea (mmol/L) 11± 6.7 12± 6.5 14± 7.5 >0.05

BUN (mmol/L) 18.5± 1.8 19.3± 10.8 21± 11.8 >0.05

Na (mmol/L) 56± 33 52.7± 38 52.9± 39 >0.05

Cl (mmol/L) 130± 16 135± 20 137± 21 >0.05

CRP (mg/L) 18± 6.9* 28± 9.5 30± 10.5 0.004**

TABLE 2: Biomarker levels in asymptomatic, mild, and moderate cases of COVID-19 in children
Data were evaluated by a two-way ANOVA test to compare the three categories of  COVID-19 in pediatric patients. A statistically significant difference was
considered as p<0.05* or <0.001**

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma glutamyl-transferase, BUN: Blood urea
nitrogen, Na: Sodium, K: Potassium, P: Phosphorus, C: Calcium, Cl: Chloride, CRP: C-reactive protein

Discussion
Pediatric COVID-19 patients display less severe symptoms, the reason for which needs to be investigated. A
similar pattern has been observed earlier with other coronaviruses (SARS and Middle East respiratory
syndrome (MERS)), where both the number and severity of the disease were low in children [20,24]. Of equal
significance is understanding how the level of biomarkers is altered during the infection. The present study
shows that the COVID-19-infected children had mild symptoms with no serious complications. The liver
enzymes AST and GGT were only slightly elevated, while ALT levels were lower than the normal range (Table
1). Our results corroborated well with previous studies by Bourkhissi et al., Henry et al., and Hon et al. [22-
24]. The BUN, bilirubin, and CRP levels were also higher, but levels of Na were lower than the normal range,
indicating some decline in both liver and kidney function. The deviation from the normal range was not very
drastic. Moreover, the higher levels may also be due to other reasons; for instance, elevated BUN may also be
due to dehydration, an injury, or a high protein diet [24,25]. The creatinine level was within the normal
range. The BUN-to-creatinine ratio is more specific than the BUN test alone. Severe acute respiratory
syndrome coronavirus 2 can directly affect the kidneys and lungs by binding to angiotensin-converting
enzyme (ACE2) receptors present in the cells of these vital organs [26]. 

Since children are mostly asymptomatic and free of underlying co-morbidities, diagnosis and infection
source control are more problematic [27]. Around 30% of adult patients reach the ICU, while pediatric
patients are occasionally admitted to the hospital [28]. Also, the duration of hospital stay is shorter [29].
Alterations in serum biomarker levels were more common in these children, maybe due to organ tissue
damage as a result of the disease [30]. Systemic inflammation due to higher levels of IL-6 and IL-10 was
weaker in pediatric patients (mild to moderate cases). The CRP, a serum inflammatory marker protein,
showed abnormal levels in children with COVID-19 and has been identified as a probable biomarker for
disease severity [30]. The reason for lower infection rates in children can be manifold. During the
pandemic, children were confined to their homes with no school and outdoor activities. Whatever minimal
exposure they had was from adults at home.

The SARS-CoV-2, an RNA virus, may be susceptible to mutations, incorrect replication, and immune
evasion. As a result, it can be suggested that children have been exposed to later-generation viruses with
reduced virulence. Hence, milder symptoms may be observed due to significant differences in the immune
response triggered in children in comparison to adults. The innate immune response (first line of defense) is
more robust in children and is capable of taking care of pathogens more swiftly. On the contrary, the
adaptive immune response (antibody generation by B lymphocytes) is activated when innate immunity is
insufficient. It is more specific but takes longer to recognize the pathogen [29,30]. It is well known that the
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virus enters the host with the help of ACE2 receptors and transmembrane serine protease 1 (TMPRSS2) [30].
The number, distribution, and function of these receptors are different in children and adults, hence the
difference in severity of the disease and symptoms.

Another important factor is that the general health status of children and their habits are much better than
those of adults. For example, there are more smokers, alcohol, and tobacco consumers in older people [30]. A
comparison of biomarkers estimated in COVID-19 patients showed that ALT, AST, bilirubin, urea, BUN, and
Cl levels were significantly higher in children than in adults, but the levels of total protein, creatinine, Na,
and CRP were lower in children in comparison to adult patients. Of all the biochemical parameters, bilirubin
levels were significantly higher (29-fold) in children. Bilirubin accumulation is the result of the liver losing
its ability to excrete it from the blood, and such high levels indicate that the liver has been affected
significantly. Studies suggest that COVID-19-associated liver injury is accompanied by an insignificant
increase in transaminases, which is also corroborated by the present work [28-30].

The limitations of the present study are that it only included patients from a single hospital and that the
sample size was small. Nevertheless, the study is significant as it can help in the identification and diagnosis
of disease patterns in children with mild to moderate infection. A comparative analysis of samples from
other hospitals will give a clearer representation.

Conclusions
Children in particular need to be screened based on organ damage indicators that may be quickly found
before the patient develops a major disease if they are just exhibiting moderate symptoms of COVID-19. In
addition to the evaluation of other clinical indicators, testing for liver and kidney function may help in the
process of identifying asymptomatic individuals, which is important in order to quickly contain the virus and
halt its spread. It is necessary to perform more studies with more samples and a wider range of biomarkers.
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