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Abstract
Background Children are susceptible to SARS-CoV-2 infection 
and often present mild manifestations. However, severe and 
critical cases have also been reported. The inflammation and 
coagulation marker profile pattern in these patients along with 
the white blood cell differential count in critical PICU cases with 
non-COVID-19 etiology is not entirely clear. 
Objective To evaluate the inflammation and coagulation profiles 
in children presenting with severe/critical SARS-CoV-2 infection.
Methods A systematic search and review of scientific literature 
was conducted following the PRISMA guidelines using ProQuest, 
SCOPUS, EBSCOHost, ScienceDirect, Cochrane, EMBASE, and 
Pubmed databases. All relevant original studies until March 
11, 2021, were included. The risk of bias was appraised using 
the Modified Newcastle Ottawa Scale and JBI Critical Appraisal 
Checklist tools.
Results We identified 14 studies across 6 countries, including a 
total sample of 159 severe and critically ill pediatric COVID-19 
patients. Most of the subjects showed normal leukocytes, but in-
creased CRP, procalcitonin, ferritin, and IL-6. Studies on coagula-
tion profiles showed normal platelets, PT, aPTT, and inconsistent 
D-dimer results. 
Conclusion Inflammation and coagulation parameters in severe/
critically ill children with COVID-19 are atypical. Several 
inflammatory markers were elevated, including CRP, ferritin, 
procalcitonin, and IL-6. However, the elevated marker values are 
still lower compared to non-COVID infection patients. Further 
investigation of the parameters need to be done in serial examina-
tion multicenter studies, which include control subjects. [Paediatr 
Indones. 2022;62:411-21; DOI: https://doi.org/10.14238/
pi62.6.2022.411-21 ].

Keywords: inflammatory marker; coagulation 
marker; severe pediatric COVID-19

In late December 2019, China first reported 
pneumonia cases of unknown cause in Wuhan. 
The next month, the WHO declared the 
coronavirus outbreak to be a worldwide public 

health emergency. The WHO announced the 
official disease name to be Coronavirus Disease 2019 
(COVID-19), and the etiologic agent name to be 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), as proposed by The International Committee 
on Taxonomy of Viruses.1,2 Pneumonia due to SARS-
CoV-2 infection is still a global concern and there has 
not been a significant transmission reduction. As of 
February 8, 2021, there were 105,805,951 confirmed 
cases of COVID-19, with 2,312,278 deaths.3

Coronavirus disease (COVID) 19 is transmitted 
by droplets and aerosols released by infected patients 
when they cough, sneeze, or speak. Airborne 
transmission is less common, mainly in procedures 
that generate aerosols. Viruses in droplet and aerosol 
particles attach to human mucosal surfaces, such as 
the mouth, nose, and eyes. The symptoms found in 
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COVID-19 patients vary. Mild symptoms include 
headache, anosmia, loss of taste, rhinorrhea, myalgia, 
sore throat, fever, and diarrhea. Patients with severe 
symptoms may develop dyspnea, hypoxia, respiratory 
failure, shock, and multi-organ dysfunction.4

Children are susceptible to SARS-CoV-2 
infection. Their clinical manifestations are often mild, 
but severe and critical cases have also been reported. 
Fewer pediatric studies of severe/critical subjects have 
been done than adult studies. Based on adult reports, 
inflammation and coagulation profiles hallmark the 
differences between mild and severe-critical cases. 
Inflammation profiles include C-reactive protein, 
ferritin, as well as cytokine and chemokine profiles. 
Recent studies highlight coagulopathy as the main 
factor for organ failure in COVID-19 in adults.5

However, the pattern of clinical manifestations, 
inflammation markers, and coagulation profiles are 
not well established in children with severe/critical 
COVID-19 disease. We aimed to elucidate the clinical 
manifestations, inflammation, and coagulation profiles 
in children presenting with severe/critical SARS-
CoV-2 infection, as better knowledge of these profiles 
may translate to better treatment for patients.

Methods

In this systematic review, the inclusion criteria were: 
1) original study (e.g., cohort, cross-sectional, case 
series, case reports) conducted in pediatric COVID-19 
patients aged 0-18 years; 2) available in full text and 
English language; and 3) date of publication in the 
previous 2 years (March 11, 2018 to March 11, 2021). 

Subjects were severe and critically pediatric 
COVID-19 patients. According to the WHO in 
2021, severe COVID-19 was defined if pediatric 
patients showed clinical signs of pneumonia and at 
least one of the following criteria: (1) central cyanosis 
or SpO2<90%, severe respiratory distress, a general 
danger sign, inability to breastfeed, or drink, lethargy 
or unconsciousness or convulsions; (2) fast breathing: 
<2 month-olds: ≥ 60 times/min; 2 to 11-month-old: 
≥ 50 times/min; 1-5 years: ≥ 40 times/min. The 
diagnosis of severe COVID-19 may be assisted by 
chest imaging (radiograph, CT scan, ultrasound). 
Diagnoses of critically ill pediatric COVID-19 patients 
included sepsis, septic shock, acute thrombosis, and 

MIS-C.5

 We systematically searched ProQuest, SCOPUS, 
EBSCOHost, ScienceDirect, Cochrane, EMBASE, 
and Pubmed with the search terms "covid 19" AND 
("child*" OR "pediatric") AND ("inflammatory 
marker" OR "procalcitonin" OR "crp" OR "ferritin" 
OR "interleukin" OR “leukocyte” OR “neutrophil” 
OR “lymphocyte” OR “platelet” OR “prothrombin 
time” OR “APTT” OR “D-dimer” OR “fibrinogen”) 
as shown in Table 1. Duplicate articles were removed. 
The remaining articles were independently screened 
by two authors (NP and YN) for their abstracts' 
relevance. Selection was made through title and 
abstract screening, followed by full-text screening 
according to the inclusion criteria. A third investigator 
(TF) checked the article list and corresponding 
data to ensure that no duplications were made 
and adjudicated any discrepancies. Any conflicting 
decisions found in the articles were settled by the 
other reviewers (NDP and AHP). The search was 
finalized on March 11, 2021. The study was conducted 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.6 

Data extraction was performed independently 
by two reviewers.  We used standardized extraction 
forms that included study design, sample size, as 
well as inflammatory and coagulation markers. The 
quality and risk of bias assessment of included studies 
was performed using the Modified Newcastle-Ottawa 
Quality Assessment Form for cohort, case control, and 
cross-sectional studies,7-9 and the JBI Critical Appraisal 
Checklist for Case Series for case series studies.10

The Modified Newcastle-Ottawa Scale was a 
risk-of-bias assessment tool for observational studies 
(i.e., cohort and case control studies) which includes 
three categories of evaluation: patient selection, 
comparability, and outcome. Criteria of Modified 
Newcastle Ottawa Scale for cohort studies were 
as follows: 1. Representativeness of the exposed 
cohort, 2. Selection of the non-exposed cohort,  
3. Ascertainment of exposure, 4. Demonstration that 
outcome of interest was not present at the start of 
the study, 5. Comparability of cohorts on the basis 
of the design or analysis, 6. Assessment of outcome,  
7. Was follow-up long enough for outcomes to occur?, 
and 8. Adequacy of follow up cohorts.7 On the other 
hand, the criteria of Modified Newcastle Ottawa 
Scale for case control studies differed. The criteria 
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Table 1. Keywords for search strategies.

Database Search query Hits

Cochrane ab(covid 19) AND ab(children OR child OR pediatric) AND ab(inflammatory marker OR procalcitonin 
OR CRP OR ferritin OR blood OR interleukin OR leukocyte OR lymphocyte OR platelet OR prothrombin 
time OR APTT OR D-dimer OR fibrinogen)

 36

EBSCOHost covid 19 AND (child OR children) AND (procalcitonin OR ferritin OR CRP OR interleukin OR blood 
OR leukocyte OR lymphocyte OR platelet OR prothrombin time OR APTT OR D-dimer OR fibrinogen)

 61

Scopus TITLE-ABS-KEY ("covid 19"  AND  (children  OR  child)  AND  (procalcitonin  OR  CRP  OR  interleukin  
OR  ferritin  OR  blood OR leukocyte OR lymphocyte OR platelet OR prothrombin time OR APTT OR 
D-dimer OR fibrinogen)  AND NOT  adult) 

330

ProQuest ab(covid 19) AND ab(children OR child OR pediatric) AND ab(inflammatory marker OR procalcitonin 
OR CRP OR ferritin OR blood OR interleukin OR leukocyte OR lymphocyte OR platelet OR prothrombin 
time OR APTT OR D-dimer OR fibrinogen)

 83

Science Direct TITLE-ABS-KEY covid 19 AND ( child OR children OR pediatric ) AND ((inflammatory marker OR 
procalcitonin OR ferritin OR CRP OR interleukin OR leukocyte OR lymphocyte OR platelet OR prothrombin 
time OR APTT OR D-dimer OR fibrinogen))

 35

PubMed (covid 19[Title/Abstract] AND (child [Title/Abstract] OR children [Title/Abstract] OR pediatric) [Title/
Abstract]) AND ((inflammatory marker OR procalcitonin OR ferritin OR CRP OR interleukin OR leukocyte 
OR lymphocyte OR platelet OR prothrombin time OR APTT OR D-dimer OR fibrinogen)

352

EmbaseEMBASE 'covid 19':ab AND (severe OR critical) AND (child:ab OR children:ab) AND (procalcitonin:ab OR ferritin:ab 
OR crp:ab OR interleukin:ab OR blood:ab OR leukocyte:ab OR lymphocyte:ab OR platelet:ab OR 
'prothrombin time':ab OR aptt:ab OR 'd dimer':ab OR fibrinogen:ab) AND [embase]/lim

628

were as follows: 1.  Is the case definition adequate?, 
2. Representativeness of the cases, 3. Selection of 
controls, 4.  Definition of controls, 5. Comparability 
of cases and controls on the basis of the design or 
analysis, 6. Ascertainment of exposure, 7. Same 
method of ascertainment for cases and controls, and 
8. Non-response rate.8  Lastly, criteria of Modified 
Newcastle Ottawa Scale for cross-sectional studies 
included: 1. Representativeness of the sample,  
2. Sample size, 3. Non-respondents, 4. Ascertainment 
of exposure, 5. The subjects in different outcome 
groups were comparable based on the study design 
or analysis. Confounding factors were controlled.,  
6. Assessment of the outcome, 7. Statistical test.9

The JBI critical appraisal tool was an internal 
validity and risk of bias assessment tool especially 
designed for case series studies which included 
questions regarding confounding, selection, and 
information bias, in addition to the importance of 
clear reporting.  Criteria of JBI Critical Appraisal 
Checklist for case series studies were as follows:  
1. Were there clear criteria for inclusion in the case 
series?, 2. Was the condition measured in a standard, 
reliable way for all participants included in the case 
series?, 3. Were valid methods used for identification 
of the condition for all participants included in the 
case series?, 4. Did the case series have consecutive 

inclusion of participants?, 5. Did the case series have 
complete inclusion of participants?, 6. Was there clear 
reporting of the demographics of the participants in 
the study?, 7. Was there clear reporting of clinical 
information of the participants?, 8. Were the outcomes 
or follow up results of cases clearly reported?, 9. Was 
there clear reporting of the presenting site(s)/clinic(s) 
demographic information?, 10. Was statistical analysis 
appropriate?10

In order to interpret the assessment results 
according to AHRQ standards, several thresholds 
were defined: good, fair, and poor. The study was 
considered as good quality if it gained 3 or 4 stars in 
selection domain AND 1 or 2 stars in comparability 
domain AND 2 or 3 stars in outcome/exposure 
domain. Whereas, the study was considered fair 
quality if it gained 2 stars in selection domain AND 1 
or 2 stars in comparability domain AND 2 or 3 stars in 
outcome/exposure domain. Lastly, poor quality study 
would gain 0 or 1 star in selection domain OR 0 stars 
in comparability domain OR 0 or 1 stars in outcome/
exposure domain.7 On the other hand, there was no 
standardized method or guideline to interpret the 
results of JBI Critical Appraisal Checklist, resulting in 
ramification for how appraisers interpret the results 
after using the tool.10

The primary endpoint of the study was 
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Figure 1. PRISMA flow diagram of study selection process
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inflammatory and coagulation markers, including 
leukocytes, lymphocytes, neutrophils, CRP, ferritin, 
procalcitonin, natural killer (NK) cells, interferon 
gamma, TNF-alpha, interleukin, platelets, PT, aPTT, 
D-dimer, and fibrinogen.

Results

A total of 1525 citations were found by literature 
search with the additional 4 records identified by 
manual searching. After removing duplicates, these 
records were screened, with only 86 full-text articles 
assessed for their eligibility. Among them, 72 articles 
were excluded for various reasons, including not being 
available in the English language, irrelevant outcomes, 

and review articles. Finally, 14 articles were included 
in our systematic review (Figure 1). 

The included studies were conducted in the 
USA, Spain, China, and the Middle East, including 
Turkey, Kuwait, and the Kingdom of Saudi Arabia. 
The study designs were 11 cohort studies, 2 case 
control studies, and 1 case series. All studies involved 
pediatric patients under the age of 21 years. Sample 
sizes ranged from 1 to 30 severe/critical cases per 
study, with a total sample of 163 severe and critically 
ill pediatric COVID-19 patients (Table 2). Risk of 
bias analyses revealed that all studies were eligible for 
further analysis, as shown in Tables 3, 4, 5, and 6.

We extracted descriptive data from all studies 
on the inflammatory marker profiles, including 
leukocyte count, lymphocyte count, neutrophil count, 
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Table 2. Characteristics of included studies

Author, year Origin Study design Sample size of severe and 
critically ill

Mean age (SD), years Male (%)

Alfraij et al.11 Kuwait and 
Kingdom of 

Saudi Arabia

Multicenter 
retrospective cohort

25 2.78 (0.21 - 8.51)* 60

Fisler et al.12 USA Retrospective 
cohort

30 (47 non-PICU) 12** 37

Chao et al.13 USA Retrospective 13 (33 medical unit) 14.8 (11.6 - 15.9)* 62

Storch-de-Gracia et al.14 Spain Retrospective 15 (24 uncomplicated) 9 (12 days - 16 years)* 59

Ren et al.15 China Multicenter 
retrospective cohort

1 (40 COVID pneumonia 
284 other viral pneumonia)

COVID-19 pneumonia 
cohort : 6.4*

Lu et al.16 China Retrospective 12 severe 8 critical 6.36 (3.08)+ 2.71 
(2.96)++

85

Al Yazidi et al.17 Middle East Multicenter 
retrospective

13 severe 1.8 (0.2-6.9)* 64

Zachariah et al.18 USA Cohort 9 severe 14 (8 -19)* 44

Diorio et al.19 USA Cohort 11 severe 15 (14-17)* 45

Sun et al.20 China Case series 8 severe 5.04 (0.8-13.9)* 75

Wang et al.21 China Case control 8 severe 5.06 (0.97–13.83)* 75

Ozenen et al.22 Turkey Case control 1 severe, 3 critical 15.1 (2.1) 40

Dul et al.23 China Cohort 1 severe, 3 critical 4.5 (0.8-13.4)* 75

Zheng et al.24 China Cross-sectional 2 critical 0.67 (1) 100

*Data presented in median (IQR), +severe group, ++critically ill group, **Data presented in mean (without available SD)

Table 3. Critical appraisal of cohort studies using the Modified Newcastle Ottawa Scale 

Author
Selection comparability outcome

Total
1 2 3 4 5 6 7 8

Alfraij et al.11 * * * * * *****

Fisler et al.12 * * * * * *****

Chao et al.13 * * * * * *****

Storch-de-Gracia et al.14 * * * * * *****

Ren et al.15 * * * * * * * ******

Lu et al.16 * * * * * *****

Al Yazidi et al.17 * * * * * * ******

Zachariah et al.18 * * * * * * ******

Diorio et al.19 * * * * * *****

Dul et al.23 * * * * * * ******

Table 4. Critical appraisal of case-control studies using Modified Newcastle Ottawa Scale 

Author
Selection comparability exposure

Total
1 2 3 4 5 6 7 8

Wang et al.21 * * * ** * * * ********

Ozenen et al.22 * * * * * * ******
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CRP level, ferritin level, procalcitonin level, NK 
cell count, IFN gamma level, TNF alpha level, and 
interleukin levels (IL-1, IL-6, IL-8 and IL-10). We also 
extracted descriptive data regarding the coagulation 
marker profiles, including platelet count, PT, APTT, 
D-dimer level and fibrinogen level. Each study fulfilled 
a minimum of two parameters, and no study had 
fulfilled all the parameters analyzed in this review. 
Most data were presented in mean (SD), and some 
were presented in median (IQR), as shown in Table 
6. The majority of studies showed normal leukocyte 
counts, increased CRP, procalcitonin, ferritin, and 
IL-6. Studies for coagulation profiles showed normal 
platelet count, PT, aPTT, and inconsistent results in 
D-dimer.

Discussion

While severe/critical SARS-CoV-2 infection in 
children is not prevalent, children are more susceptible 
to SARS-CoV-2 than adults. Most pediatric patients 
present with milder symptoms and relatively good 
prognoses. In a previous study in an adult cohort, 
significantly elevated inflammatory markers suggest 
a hyperinflammatory state seen in severe patients.25 

In this systematic review, we examined 14 studies 
conducted in pediatric cohorts, which reported 159 
severe/critical cases in total. Patient ages varied among 
studies, while the male gender was predominant. 

Like previous reports, males were deemed more 
vulnerable to COVID-19 in our systematic review. 
A large-scale meta-analysis showed that male sex 
is highly correlated with the development of severe 
disease, as measured by intensive treatment unit 
(ITU) admission (OR 2.84; 95%CI 2.06 to 3.92; 

Table 5. Critical appraisal of cross-sectional studies using Modified Newcastle Ottawa Scale

Author
Selection comparability exposure

Total
1 2 3 4 5 6 7

Zheng et al.24 * * ** * *****

Table 6. Critical appraisal of case series study using JBI Critical Appraisal Checklist

Author
Selection comparability exposure

1 2 3 4 5 6 7 8 9 10

Sun et al.20 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

P<0.001) and death (OR 1.39; 95%CI 1.31 to 1.47; 
P=5.00 × 10-30).21 This observation might have 
been caused by sex differences in innate and adaptive 
immune systems. Females have higher numbers of 
CD4+ T cells and more active CD8+.26

Elevation in CRP was found in a Chinese 
adult cohort study and associated with higher 
mortality.27 In a pediatric COVID-19 cohort, high 
CRP was also associated with the need for mechanical 
ventilation.28 Laboratory testing revealed that initial 
C-reactive protein, leukocyte count, and presenting 
thrombocytopenia were significantly associated 
with the presence of organ dysfunction (P=0.001, 
P=0.034, and P=0.003, respectively).7 Another 
study also noted that PICU admission was associated 
with high C-reactive protein [median 6.6 (range 
2.0-11.8) mg/dL)], high procalcitonin [median 11.5 
(range 1.4-21.5) ng/mL], and low platelet counts 
[median 194,000 (range 138.000-238.000) /mm3].8 
Moreover elevated CRP might be predictive of 
mortality in severe pediatric sepsis and septic shock.29 
Compared to other studies of inflammatory markers 
in non-COVID-19 pneumonia, CRP and IL-6 were 
higher in non-COVID-19 pneumonia patients, with 
a median of 40 (range 12-157) mg/dL and 248.39 
(range 92.33-473.9) pg/mL, respectively.30 A high 
level of procalcitonin is not specific, as inflammatory 
cytokines can trigger it as a response to severe bacterial 
infection. It is also found in severe respiratory viral 
infection, e.g., severe pneumonia cases caused by 
human adenovirus.31 Like CRP, procalcitonin was also 
a predictor for mortality and need for intensive care 
in adult COVID-19 patients.32

The finding of thrombocytopenia in children 
is not prevalent in severe adult COVID-19 
patients.32 Such findings highlight the differences 
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in pathophysiology compared to adults, which seems 
to have thrombotic microangiopathy (TMA) as the 
underlying mechanism for the severity. Compared to 
immunophenotypes in children with sepsis, we noted 
that thrombocytopenia associated multi-organ failure 
(TAMOF) was not the underlying pathophysiology 
for severe and critically ill pediatric conditions due 
to COVID-19. Consistently increased ferritin found 
in our study may relate to macrophage activating 
syndrome in sepsis immunophenotypes. Nevertheless, 
other immunophenotypes such as immune paralysis 
and sequential multi-organ failure need to be explored 
more fully.33

Leukocyte, lymphocyte, and neutrophil counts 
were in the normal range. In contrast, reduced 
lymphocyte and neutrophil counts were observed in 
other types of viral respiratory infection in children, 
including influenza.34 A high neutrophil/lymphocyte 
ratio has also been described as a helpful marker 
in diagnosing other illnesses, such as influenza and 
sepsis.35 It can also be found in adult COVID-19 
patients, where leukopenia is prevalent in severe 
adult cases.36

  An increase in cytokines was not prevalent 
in children, indicating that SARS-CoV-2 infection 
has a more negligible effect on excessive activation of 
children's innate immune systems, thus rarely triggering 
a cytokine storm. Hence, milder manifestations are 
seen in pediatric COVID-19 patients, whereas high 
levels of cytokines were usually detected in severe 
adult COVID-19 patients.36 However, in critically 
ill patients, cytokine storms resulting from lung 
injury can be more pronounced, leading to increased 
plasma concentrations of pro-and anti-inflammatory 
cytokines.37 We also found several studies that showed 
an increase in IL-6 and IL-10,38 as well as IFN-γ and 
IL-8 in a few studies.39 Laboratory testing conducted 
by Ren et al. showed significantly higher levels of IL-6 
(120.31 ng/L), IL-10 (33.38 ng/L), and procalcitonin 
(0.43 ng/mL) in their patients compared to those with 
mild and moderate symptoms.10

In conclusion, inflammation and coagulation 
parameters in severe/critically ill COVID-19 children 
are atypical. To review, several inflammatory parameters 
in the literatures included are increased, namely, CRP, 
ferritin, procalcitonin, and IL-6. Compared to other 
non-COVID infection conditions, these values are 
still much lower. A limitation of this systematic 

review was the high variations in underlying disease 
or comorbidities of subjects, including in each study, 
as well as performing the laboratory examinations at 
different times, and not having a full understanding 
of COVID-19 as a newly emerging disease. Further 
investigations of the parameters need to be done in 
serial examination multicentre studies, including 
control subjects.
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