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Abstract
BACKGROUND 
Even though coronavirus 2019 disease (COVID-19) clinical course in children is 
much milder than in adults, pneumonia can occur in the pediatric population as 
well. Here, we reported a single-center pediatric case series of COVID-19 from 
Kazakhstan during the first wave of pandemic.

AIM 
To analyze the main clinical and laboratory aspects in severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) positive and negative children diagnosed 
with pneumonia.

METHODS 
This is a retrospective analysis of 54 children, who were medically assessed as 
close contacts of COVID-19 adults in their family setting, between June and 
September 2020. These children were all hospitalized: We compared the clinical 
and laboratory characteristics of children affected with pneumonia in the presence 
(group 1) or absence (group 2) of SARS-CoV-2 infection.

RESULTS 
Overall, the main clinical manifestations at the admission were fever, cough, loss 
of appetite, fatigue/weakness, nasal congestion and/or rhinorrhea, and dyspnea. 
Based on the SARS-CoV-2 polymerase chain reaction (PCR) test, 24 positive 
children with pneumonia (group 1) and 20 negative children with pneumonia 
(group 2) were identified; 10 positive children did not show any radiological 
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findings of pneumonia. No significant differences were found between the two pneumonia study 
groups for any clinical and laboratory parameters, except for C-reactive protein (CRP). Of course, 
both pneumonia groups showed increased CRP values; however, the COVID-19 pneumonia group 
1 showed a significantly higher increase of CRP compared to group 2.

CONCLUSION 
In our case series of children assessed for SARS-CoV-2 infection based on contact tracing, the acute 
inflammatory response and, in detail, CRP increase resulted to be more pronounced in COVID-19 
children with pneumonia than in children with SARS-CoV-2-unrelated pneumonia. However, 
because of multiple limitations of this study, larger, controlled and more complete clinical studies 
are needed to verify this finding.

Key Words: Pediatric COVID-19; SARS-CoV-2; Pneumonia; C-reactive protein; Chest X-ray; Inflammatory 
parameters
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Core Tip: This is a single-center pediatric case series of coronavirus 2019 disease (COVID-19) from 
Kazakhstan during the first wave of pandemic. We analyzed the main clinical aspects in those children 
diagnosed with pneumonia. In detail, we compared the clinical and laboratory characteristics of children 
affected with pneumonia in the presence (group 1) or absence (group 2) of severe acute respiratory 
syndrome coronavirus-2 infection. No significant differences were found between these study groups for 
any clinical and laboratory parameters, except for C-reactive protein (CRP). Of course, both pneumonia 
groups showed increased CRP values, overall; however, COVID-19 pneumonia group showed a 
significantly higher increase of CRP compared to pneumonia children without COVID-19.
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INTRODUCTION
In December 2019, a new type of coronavirus infection rapidly spread from Wuhan city (in Hubei 
province, China), which was implicated in many cases of pneumonia and severe respiratory distress. On 
February 11th, 2020, the Research Group of the International Committee on Taxonomy of Viruses 
defined this new coronavirus as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), and 
the World Health Organization (WHO) named the related infectious disease as coronavirus 2019 disease 
(COVID-19). On March 11th, 2020, the WHO announced a pandemic of COVID-19[1-3]. The Republic of 
Kazakhstan borders with China, and the first case of COVID-19 was registered on March 13th, 2020, in 
Almaty city. Accordingly, several restrictions were promptly implemented like in most parts of the 
world, which also affected the general medical practice and patients’ management all over the country
[4]. Overall, COVID-19 in children is characterized by a milder clinical course, in terms of both clinical 
manifestations and risk of complications[5]. According to the report from the American Academy of 
Pediatrics, as of September 17th, 2020 (thus, related to the first wave of pandemic), the proportion of 
pediatric COVID-19 diagnoses in the United States was only 10.3% of all the COVID-19 registered cases; 
the mortality rate in children was < 0.2%[6]. A study from China, including 2,143 pediatric patients, 
confirmed a mild clinical course of COVID-19 in most children and, indeed, only 5.9% of cases were 
diagnosed as severe in the same period[7]. Therefore, most pediatric COVID-19 cases showed an 
asymptomatic or mild clinical course[8-9]. The most commonly reported symptoms in children were 
fever and cough and, in general, respiratory manifestations (such as rhinorrhea, nasal congestion, 
undifferentiated upper airways inflammatory syndrome, dyspnea); however, gastrointestinal symptoms 
(including nausea, vomiting, abdominal pain, and diarrhea) were described as well[9-11]. Here, we 
reported a pediatric case series of COVID-19 from Kazakhstan. In detail, we analyzed the development 
of pneumonia in children medically and microbiologically assessed for SARS-CoV-2 infection in the 
context of a household contact tracing strategy implemented at the beginning of the pandemic.
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MATERIALS AND METHODS
We retrospectively analyzed the medical records of 54 children aged 5 days to 17 years, who were 
medically assessed and hospitalized since they were close contacts of COVID-19 adult patients in their 
family setting. In detail, all these children were consecutively admitted and assessed at the Emergency 
Department of the multidisciplinary Children's Municipal Hospital No. 1 in Nur-Sultan (Kazakhstan), 
from June 8th to September 15th, 2020, because they were diagnosed with SARS-CoV-2 infection and/or 
affected with pneumonia. Indeed, this case series is a part of all those pediatric patients that received 
medical attention at the Emergency Department of Children's Municipal Hospital No. 1, because of 
previous close contact with a family member diagnosed with COVID-19, as already mentioned. All 
these children underwent SARS-CoV-2 polymerase chain reaction (PCR) test, but only those who 
resulted to be PCR positive and/or were diagnosed with pneumonia (even despite the negative PCR 
result), were admitted to the department of Pulmonology. Indeed, children who had contact with family 
members diagnosed with COVID-19 but resulted to be PCR negative and without pneumonia, were not 
admitted to the hospital and, thus, were discharged from the Emergency Department; unfortunately, 
these data could not be reliably retrieved. In order to assess the infection with SARS-CoV-2 in these 
children, the biospecimen was obtained by oropharyngeal swab, and the samples were placed in 3 mL 
of transport medium, in order to be delivered to the authorized laboratory according to the rules 
approved by the Ministry of Health of Republic of Kazakhstan (protocol No. 15990). The analysis of the 
viral RNA presence (by SARS-CoV-2 PCR test) was carried out by using the diagnostic kit KH-G-M-565-
48-CE (manufactured by Shanghai Kehua Bio-engineering Co., Ltd; analyzer Xi'an Tian Long Science 
and Technology Co., Ltd., Shaanxi, China). Upon admission to the hospital, these children underwent a 
complete clinical examination (including an accurate collection of personal and family history) and first-
level diagnostic work-up (including a complete blood cell count -CBC-, erythrocyte sedimentation rate -
ESR-, urinalysis and general biochemistry). The biochemical analyses included plasmatic calcium, 
glucose, sodium, potassium, chloride, urea, creatinine, total protein, alanine aminotransferase, aspartate 
aminotransferase, bilirubin, creatine phosphokinase, in addition to serum C-reactive protein (CRP). All 
patients received a chest X-ray, in addition to the SARS-CoV-2 PCR test, as mentioned above. 
Additionally, according to the attending physician’s recommendation for individual patients, the 
coagulation panel (including D-dimer) and additional laboratory tests (such as procalcitonin, lactate 
dehydrogenase, vitamin D) were performed in some patients only. Moreover, based upon the actual 
clinical condition and previous results, some children variably received a chest computerized 
tomography, abdominal ultrasound, renal ultrasound, echocardiography, electrocardiogram, cranial 
sonography (in patients younger than 1 year). Whenever these children received this additional 
diagnostic work-up, it was performed within the first week after the hospital admission. The clinical 
monitoring was established based on individual patients’ condition. Temperature normalization, 
resolution of clinical symptoms, and 2 negative consecutive SARS-CoV-2 PCR tests were the adopted 
criteria to discharge these pediatric patients from the hospital. Data collection and descriptive analysis 
were carried out by Microsoft® Excel 2010 for Windows. Wherever appropriate and feasible, the 
statistical data analysis was performed: The differences in specific variables/parameters between two 
groups of patients were assessed for statistical significance by using the GraphPad Prism® software 
(version 4.0). In detail, laboratory parameters were expressed as mean ± SD error of the mean, because 
of the small and variable size of the study groups; accordingly, unpaired t-test (with Welch’s correction) 
was used to compare two groups: P value < 0.05 was considered statistically significant.

RESULTS
Patients’ demographic and study groups
Fifty-four children (age range: 5 days to 17 years; mean age and SD: 56 ± 55 mo) were assessed because 
of a positive SARS-CoV-2 PCR test and/or clinical/radiological finding of pneumonia after a close 
contact with a family member diagnosed with COVID-19.  As graphically summarized in Figure 1, 
based on the SARS-CoV-2 PCR test and the radiological findings, 24 COVID-19 children with 
pneumonia (group 1) and 20 COVID-19 negative children with pneumonia (group 2) were identified, in 
addition to 10 SARS-CoV-2 PCR positive children who did not show any radiological findings of 
pneumonia. The detailed clinical and demographic characteristics of these 44 pneumonia children 
enrolled in the study are shown in Table 1. Overall, among all those 34 SARS-CoV-2 PCR positive 
children, 4 patients were completely asymptomatic (11.8%), 6 children were affected with upper airway 
acute respiratory infection (17.6%), and 24 patients developed mild to moderate pneumonia (70.6%). 
Among these 24 patients diagnosed with pneumonia (who represent our study population), the lung 
disease was bilateral in 17 cases, segmental in 5 cases, and subsegmental in 2 patients. Among those 20 
SARS-CoV-2 PCR negative children diagnosed with lung disease, 15 children developed bilateral 
pneumonia and 5 patients showed unilateral subsegmental (always right-sided) pneumonia. All these 
radiological aspects are also summarized in Table 1.
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Table 1 Clinical and demographic characteristics of the study participants at the hospital admission

Group 1 Group 2

(PCR+ pneumonia) (PCR- pneumonia)
Patients

Number 24 20

Gender

Male 16 (66. 7%) 9 (45.0%)

Female 8 (33. 3%) 11(55.0%)

Age

0-5 yr 14 (58. 3%) 11 (55.0%)

5-10 yr 4 (16. 7%) 4 (20.0%)

> 10 years 6 (25. 0%) 5 (25.0%)

Clinical manifestations

Cough 17 (70. 8%) 15 (75.0%)

Fever 17 (70. 8%) 16 (80. 0%)

Dyspnea 7 (29. 2%) 7 (35. 0%)

Loss of appetite 15 (62. 5%) 13 (65.0%)

Fatigue 15 (62. 5%) 13 (65. 0%)

Weakness 15 (62. 5%) 13 (65. 0%)

Vomiting/nausea 2 (8. 3%) 3 (15. 0%)

Diarrhea 1 (4. 2%) 0 (0. 0%)

Flatulence 1 (4. 2%) 0 (0. 0%)

Rhinorrhea 8 (33. 3%) 9 (45. 0%)

Sweating 0 (0. 0%) 0 (0. 0%)

Chest pain 0 (0. 0%) 0 (0. 0%)

Dizziness 1 (4. 2%) 0 (0. 0%)

Joint pain 1 (4. 2%) 0 (0. 0%)

Seizures 0 (0. 0%) 0 (0. 0%)

Chest X ray findings 

Bilateral pneumonia 17 (70. 8%) 15 (75. 0%)

Segmental pneumonia 5 (20. 8%)

Subsegmental pneumonia 2 (8. 3%) 5 (25.0%)

Comorbidity

CHD 1 (4. 2%) 0 (0. 0%)

PTI 1 (4. 2%) 0 (0. 0%)

AML 1 (4. 2%) 0 (0. 0%)

Partial epilepsy 0 (0. 0%) 0 (0. 0%)

CHD: Congenital heart disease; PTI: Idiopathic Thrombocytopenic Purpura, AML: Acute Myeloid Leukemia.

Patients’ clinical characteristics
Overall, the main clinical manifestations at the admission were fever, cough (which was reported to be 
dry and not productive in most cases), loss of appetite, fatigue and weakness, nasal congestion and/or 
rhinorrhea, dyspnea, as summarized in Table 1. Gastrointestinal symptoms, such as vomiting/nausea, 
diarrhea, and flatulence, were unusual in our patients, and were mostly reported in children younger 
than 3 years. Only one 16-year patient complained of intense sweating, chest pain and dizziness, but he 



Zhamankulov A et al. Pediatric SARS-CoV-2 positive and negative pneumonia

WJEM https://www.wjgnet.com 30 March 20, 2022 Volume 12 Issue 2

Figure 1 Flowchart describing the patients’ study enrollment according to the severe acute respiratory syndrome coronavirus-2 
polymerase chain reaction testing and chest X-ray results. COVID-19: Coronavirus disease 2019; PCR: Polymerase chain reaction.

was affected with congenital heart disease (pulmonary artery stenosis). The differential descriptive 
analysis of all clinical manifestations according to the group designation is reported in Table 1. 
Therefore, the main chief complaints were fever and cough, overall. No statistically significant 
differences were noticed between these two groups in terms of frequency and type of clinical manifest-
ations. Cough (overall, reported in around 72% of all pneumonia patients) was present in 70.8% and 
75% patients of the COVID-19 positive and negative groups, respectively. Fever (that was detected in > 
75% of the study participants, overall) was reported in 70.8% and 80% patients of COVID-19 positive 
and negative groups, respectively. As regards other concerning respiratory symptoms, dyspnea was 
detected in both groups without any statistical differences and, respectively, in 29.2% and 35% of 
COVID-19 positive and negative groups.

Laboratory investigations
All the available laboratory results are summarized in Table 2. No statistically significant differences 
were found between the study groups for any laboratory parameters, except for CRP. In detail, there 
was a statistically significant difference between COVID-19 positive and negative patients, in terms of 
CRP values (group 1: 41.47 ± 11.23 mg/L, group 2: 15.10 ± 4.21 mg/L; P = 0.0361). However, no inter-
group significant differences were detected as regards ESR. In terms of CBC, no significant differences 
were detected between these pneumonia groups in the main hematological parameters (hemoglobin, 
thrombocytes count and total white blood cells). However, in terms of differential cell blood count (as 
described in Table 2), both groups of children with pneumonia showed a relative lymphocyte reduction 
and, conversely, neutrophil increase. As already mentioned, no significant differences were found for all 
the other biochemical parameters; however, as explained, these data were not available for all study 
participants as regards many parameters, which may have affected the results of the statistical analysis, 
of course.

Other radiological investigations 
Unfortunately, data on additional radiological investigations were available for a minority of patients, 
except for abdominal ultrasound, which was performed in 34 patients: It resulted abnormal with diffuse 
and reactive changes in the liver in only 4 COVID-19 patients (11.8%), who actually did not complain of 
any abdominal symptoms. No additional ultrasonographic alterations were reported. In detail, as 
regards the kidneys, no pathological changes were observed at all. Only 3 children (complaining of 
chest pain) underwent chest ultrasound: All showed signs of a small pleural effusion. In detail, among 
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Table 2 Laboratory parameters in the two study groups of children

Group 1 Group 2 

(PCR + pneumonia) (PCR - pneumonia)Laboratory parameters

n = 24 n = 20

HGB (g/L) 120 ± 3.97 119 ± 3.4

MCV (fL) 85.2 ± 2.6 83.9 ± 1.59

PLT (109/L) 280 ± 19.4 338 ± 18.6

WBC (109/L) 10.3 ± 0.85 9.5 ± 0.77

Lymphocytes (%) 28.3 ± 2.91 32.9 ± 3.4

Lymphocytes (109/L) 2.7 ± 0.31 3.1 ± 0.35

Neutrophils (%) 64.3 ± 3.35 60.8 ± 3.8

Neutrophils (109/L) 7.3 ± 0.75 6.3 ± 0.69

Monocytes (%) 5 ± 0.47 6.1 ± 0.64

Monocytes (109/L) 0.5 ± 0.06 0.5 ± 0.06

ESR (mm/h) 19.1 ± 2.36 18.4 ± 1.88

CRP (mg/L) 41.5 ± 11.2 15.1 ± 4.21

Total bilirubin (µmol/L) 7.2 ± 0.67 9.07 ± 0.94

Total proteins (g/L) 66.5 ± 1.85 62.3 ± 1.56

Creatinine (µmol/L) 43 ± 2.84 41.6 ± 4.32

Urea ( mmol/L) 3.24 ± 0.29 3.47 ± 0.41

Ca (mmol/L) 2.25 ± 0.04 2.24 ± 0.05

K (mmol/L) 4.53 ± 0.24 4.79 ± 0.21

Na (mmol/L) 137 ± 0.50 138 ± 0.71

Cl1 (mmol/L) 102 ± 1.22 104 ± 1.18

Glucose1 (mmol/L) 4.66 ± 0.18 5.54 ± 0.58

ALT1 (U/L) 24.6 ± 8.24 24.4 ± 4.78

AST1 (U/L) 29.6 ± 3.88 30.5 ± 5.42

CK1 (U/L) 70.2 ± 18.7 64 ± 14.3

LDH1 (U/L) 399 ± 120 323 ± 189

PCT1 (ng/mL) 0.5 ± 0.11 0.3 ± 0.09

D dimer1 (μg/mL) 1.4 ± 0.35 0.1 ± 0.02

25 OH vitD1 (ng/mL) 27.3 ± 3.79 25.3 ± 2.67

1The information is not available for all patients.
HGB: Hemoglobin; WBC: White blood cells; MCV: Mean corpuscular volume; ESR: Erythrocyte sedimentation rate; PLT: Platelets; CRP: C reactive protein; 
Ca: Total Calcium.; K: Potassium; Na: Sodium; Cl: Chloride; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CK: Creatinkinase; LDH: 
Lactate dehydrogenase; PCT: Procalcitonin.

these patients, 2 were diagnosed with COVID-19 and one was SARS-CoV-2 negative.

DISCUSSION
Currently, a few articles on COVID-19 from Central Asia can be retrieved in the medical literature: As 
regards the first wave of pandemic, those are mainly epidemiological studies describing the outbreak 
situation until June 2020[12-15]. Our study is a single-center pediatric case series describing the clinical, 
laboratory and radiological characteristics of SARS-CoV-2 positive and negative Kazakhstani children 
with pneumonia, who were identified based on contact tracing in the household setting. The clinical 
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manifestations of these COVID-19 children in our study were not qualitatively and quantitatively 
different from those emerging from previous and larger case series during the first phase of the 
pandemic[16-18]. Interestingly, > 60% of our patients were younger than 5 years; however, this distri-
bution may be easily biased by the different parental awareness for infants and young children: Indeed, 
as explained, we assessed all consecutive pediatric contacts of COVID-19 adults, who were addressed 
for medical evaluation at the hospital. Respiratory symptoms were the most frequent clinical manifest-
ations and were complicated with pneumonia in several patients. Among 54 pediatric contacts with 
family members affected with COVID-19, only 34 children resulted to be SARS-CoV-2 PCR positive, and 
24 of them (70.6%) were concomitantly diagnosed with pneumonia. This diagnostic rate of pneumonia 
among COVID-19 children was quite high in our case series, compared to similar studies from different 
countries (see later), in which contact tracing strategy was the main method used for participants’ 
recruitment, like in the present study. For instance, Alsharrah et al[19] described a retrospective and 
monocentric case series including 134 pediatric COVID-19 patients who mostly (84%) acquired the 
infection from household contacts: 67.9% and 32.1% of these children were reported as asymptomatic or 
affected with mild symptoms or pneumonia, respectively. In detail, only 12 COVID-19 patients (around 
9%) showed “abnormal chest X-ray findings”, which is clearly a much lower rate of COVID-19 pneu-
monia than in our experience presented in this study. Another study from Italy described children 
consulted in a specific COVID-19 Hub Centre coordinating the medical services, including children’s 
admission to the pediatric COVID-19 department of a single referral hospital. In this study, 208 children 
were assessed as suspected cases based on fever and/or respiratory symptoms, in addition to the 
exposure COVID-19-infected relatives or cohabitants. Out of 144 children who were SARS-CoV-2 PCR 
tested, 104 turned out positive, but only 30 children were admitted to the hospital for variable medical 
reasons: In most cases, the hospitalization was mainly driven by relative indications, such as the young 
age (< 12 mo) or the presence of pre-existing comorbidities, or the persistence of fever, rather than 
respiratory complications; as regards pneumonia specifically, these authors mentioned only 1 case in a 
15-year girl[20]. As regards the type of lung involvement, in our case series no significant differences 
were noticed in terms of chest X-ray findings, between SARS-CoV-2 positive and negative patients with 
pneumonia. However, CRP values resulted to be statistically different between these two groups. CRP is 
the most widely used parameter for assessing the acute systemic inflammatory response in children 
requiring medical attention at the pediatric emergency department[21]. Our results are in contrast with 
the study by Zhao et al[22], who compared COVID-19 children (n = 23, all inpatient) with others 
diagnosed with Influenza A (n = 69, inpatient; n = 69, outpatient): Indeed, these authors reported the 
opposite situation, since CRP values were significantly higher in the latter disease than in COVID-19. 
However, the COVID-19 and Influenza A study groups included all types of patients in terms of clinical 
severity (30.4% and 40.6% children developed pneumonia, respectively) and not only those affected 
with pneumonia, unlike our present study. The patients’ age in this study was comparable to that of our 
cases series. Another study Li et al[23] made the same etiological comparison, but here all the enrolled 
children (COVID-19, n = 57; or Influenza A, n = 59) were affected with pneumonia: Again, CRP values 
resulted to be significantly lower in COVID-19 patients (3.7 mg/L vs 15.1 mg/L, P = 0.001). In this 
study, the average patients’ age was 18.7 mo and, thus, they were quite younger than ours. However, 
significant increases of CRP values were described in pediatric patients affected with severe forms. 
Therefore, our observations on CRP values are in contrast with the previous data from those few 
comparable studies and the general findings from larger clinical studies conducted during the first wave 
of pandemic. We cannot provide any clear explanation for our different observations, but we could 
speculate that our patients may have arrived at the medical attention at a later stage than what may 
have happened in other countries for some organizational reasons (e.g. different health system 
procedures; more rapid contact tracing system; others), and/or because additional viruses (e.g. 
Influenza A) were concomitantly implicated. However, a number of study limitations might have 
definitely affected our results. Unfortunately, because of the limited resources for a complete diagnostic 
work-up in each patient at this hospital, the incomplete assessment of some laboratory parameters 
(including PCT, D-dimer and LDH) in all patients did not allow us to fully analyze the systemic inflam-
matory background in our case series, which may have provided further insights into our observations 
on the CRP values and radiological findings. In this regard, no computerized tomography imaging was 
immediately indicated at that time in children: Indeed, this is a retrospective cross-sectional study 
performed at the Emergency Department, and chest computerized tomography may have been 
requested later (and, thus, not recorded in the clinical database available to our research team) based on 
the individual medical indication. Indeed, no precise information about the therapy and, in detail, the 
use of antibiotics (such as macrolides, which were usually prescribed in this first phase of COVID-19 
pandemic)[24] was available to us. Moreover, the small sample size and the absence of a control (SARS-
CoV-2 negative) group without pneumonia have further hampered the data interpretation. Finally, the 
specific patients’ recruitment by family contact tracing might have affected these results as well.
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CONCLUSION
In conclusion, in addition to a relatively high prevalence of pneumonia among Kazakhstani COVID-19 
children diagnosed after contact tracing during the first wave of pandemic, we observed a significant 
difference in CRP values between SARS-CoV-2 positive and negative children affected with pneumonia, 
which may deserve further verification and investigations with larger clinical studies, due to the several 
limitations of this retrospective case series.

ARTICLE HIGHLIGHTS
Research background
Even though coronavirus 2019 disease (COVID-19) clinical course in children is much milder than in 
adults, pneumonia can occur in the pediatric population as well.

Research motivation
To report a single-center pediatric case series of COVID-19 from Kazakhstan during the first wave of 
pandemic.

Research objectives
To analyze the main clinical and laboratory aspects in severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) positive and negative children diagnosed with pneumonia.

Research methods
Retrospective analysis of 54 children, who were medically assessed because they were close contacts of 
COVID-19 adults in their family setting, between June and September 2020. The clinical and laboratory 
characteristics of children affected with pneumonia in the presence (group 1) or absence (group 2) of 
SARS-CoV-2 infection, were compared.

Research results
No significant differences were found between the study groups for any clinical and laboratory 
parameters, except for C-reactive protein. Both pneumonia groups showed higher C-reactive protein 
values than COVID-19 children without pneumonia, overall; however, the COVID-19 pneumonia group 
1 showed a significantly higher increase of C-reactive protein compared to group 2 (SARS-CoV-2 
negative pneumonia).

Research conclusions
In our case series of children assessed for SARS-CoV-2 infection based on contact tracing, the acute 
inflammatory response and, in detail, C-reactive protein increase resulted to be more pronounced in 
COVID-19 children with pneumonia than in children with SARS-CoV-2 negative pneumonia.

Research perspectives
Larger, controlled and more complete clinical studies are needed to verify the different aspects of 
(acute) systemic inflammation in children with SARS-CoV-2 pneumonia.
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