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Abstract

Background: Given the differing characteristics of COVID-19 in children compared to adults, there is a need for comprehensive

investigations of associated factors in hospitalized children.

Objectives: Therefore, we aimed to assess demographic, clinical, and paraclinical findings in hospitalized children with COVID-

19.

Methods: This study divided hospitalized patients aged three months to 18 years with a positive polymerase chain reaction

(PCR) test into two groups: Severe and mild cases. Risk factors, including age, sex, weight, place of residence, clinical symptoms,

lung involvement in chest X-rays, and laboratory parameters, were compared between these two groups (mild and severe).

Results: The study included 375 hospitalized patients (75 severe and 300 mild cases). The mean age was 7.50 ± 5.57 months.

Among the patients, 215 males (58%) were enrolled. Severe cases exhibited a higher frequency of sleepiness (40%) and shortness

of breath (41.3%). Clinical signs such as respiratory rate (35 breaths/min) and heart rate (120 bpm) were higher in severe cases,

while blood oxygen levels (92%) were lower. Severe cases also showed higher lung involvement in radiographs (85.7%). Among

laboratory factors, white blood cell count (8650), neutrophils (6762), and lymphocytes (2090) were higher in severe cases, while

alkaline phosphatase (320.5) was lower.

Conclusions: Our results highlighted key findings regarding demographic, clinical, and paraclinical features in hospitalized

children with COVID-19, offering valuable insights into this novel phenomenon. The study recommends close monitoring of

patients with symptoms such as shortness of breath and sleepiness to prevent disease progression to a severe state.
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1. Background

Coronavirus 2019 is an emergent outbreak, officially

named COVID-19. Fever, cough, fatigue, chest tightness,

and difficulty breathing are common symptoms of this
disease (1, 2). Real-time reverse transcription-polymerase

chain reaction (RT-PCR) remains the preferred method
for diagnosing COVID-19 due to its speed and accuracy in

confirming active viral infection (2, 3). Severe cases are

identified by respiratory distress with age-specific
tachypnea, oxygen saturation of 93% or less at rest in

room air, or a partial pressure of arterial oxygen to
fractional inspired oxygen concentration of 300 mmHg

or less. Critical cases involve respiratory failure

requiring ventilation, the occurrence of shock, or multi-

organ failure requiring intensive care unit management

(4-6).

Given the importance of predicting disease severity

for follow-up treatment of infected children and
implementing timely therapeutic interventions to

reduce disease risks, identifying risk factors in children

is crucial. Although numerous cases in children have

been reported, clinical and epidemiological patterns in

this population remain less clear (7, 8).

Iran has been among the countries most affected by
COVID-19, with high prevalence and mortality rates

globally (9, 10). While many studies have reported

clinical parameters related to COVID-19 in children

worldwide, there is limited information about pediatric

patients in Iran (10, 11). Identifying individuals with
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these risk factors can lead to preventive measures such

as health recommendations and self-quarantine to

mitigate the consequences of this disease.

2. Objectives

Given the different characteristics of COVID-19 in

children compared to adults, there is a need for
comprehensive investigations of associated factors in

hospitalized children. Therefore, we aimed to assess

demographic, clinical, and paraclinical findings in
hospitalized children with COVID-19. Clarifying these

risk factors will hopefully aid healthcare professionals
in managing children affected by this disease (12, 13).

3. Methods

The present study is an analytical cross-sectional
study conducted from March 2020 to March 2023 at 17

Shahrivar Hospital in Rasht, Iran. The inclusion criteria

included individuals with a positive PCR test or CT scan

indicative of COVID-19, confirmed by a pediatric

infectious diseases subspecialist, and aged between
three months and 18 years. The exclusion criteria

included the incompleteness of patient file information.

Severe disease was defined by the presence of

respiratory distress with tachypnea, respiratory

retractions, and nasal flaring, or hypoxia (SpO2 less than

90%), or the need for intensive care unit admission,

respiratory failure, septic shock, or the involvement of

more than 50% of the lungs on CT scans. Patients not

meeting these criteria were placed in the non-severe or

mild group (14).

The sample size was determined based on Fahimzad

et al.'s investigation (15), in which the frequency of heart

disease in the non-severe and severe groups was 1.9% and

11.4%, respectively. Considering α = 0.05, β = 0.20, and

assuming a four-fold ratio of non-severe to severe cases

due to the limited number of severe cases, this resulted

in a sample size of 75 individuals in the severe group

and 300 individuals in the non-severe group, with a

total required sample size of 375 individuals.

3.1. Data Collection and Procedure

The required data were gathered using a checklist

based on the patients' medical records. It included

demographic factors such as age, sex, weight, and place
of residence. Clinical symptoms were also covered,

including fever and its severity, shivering, body pain,
sore throat, nasal discharge or congestion, anosmia, dry

cough, productive cough, dizziness, sleepiness, chest

pain, shortness of breath, abdominal pain, vomiting,
diarrhea, and blood oxygen saturation (SpO2 above 93%,

between 90 and 93%, and less than 93%).

The study also encompassed various laboratory

findings, including white blood cell count (WBC) and

leukocytosis, neutrophil and lymphocyte counts, and

neutropenia by age according to guidelines. Additional

laboratory parameters included platelet count, C-

reactive protein (CRP), glucose, blood urea nitrogen

(BUN), creatinine (Cr), alanine transaminase (ALT),

aspartate transaminase (AST), alkaline phosphatase

(ALP), sodium, and potassium levels.

3.2. Ethical Considerations

This study was approved by the Ethics Committee of

the Vice-Chancellor of Research at Guilan University of

Medical Sciences (approval number:
IR.GUMS.REC.1401.594).

3.3. Statistical Analysis

The obtained data were analyzed using SPSS IBM

Statistics software version 21 (for Windows, version 20,

USA). The normality of the quantitative data was
assessed using the Kolmogorov-Smirnov test.

Descriptive statistics, including mean and standard
deviation, were reported for quantitative variables. For

non-normally distributed data, the median and

interquartile range were used. For qualitative variables,
frequency and percentage were reported. The

relationship between variables was examined using the
chi-square test and Fisher's exact test. Additionally,

independent t-tests and Mann-Whitney U tests were

employed to compare quantitative variables between

groups, depending on the normality of data

distribution.

4. Results

In this study, 75 severe cases and 300 individuals with

mild symptoms were compared. The mean age of the

study participants was 7.50 ± 5.57 months, and no

statistically significant difference was noted between

the two groups (P-value = 0.270). Table 1 shows the

demographic characteristics of the patients.

p =
p1 + rp2

1 + r

n ≥

[Z1−
√(r + 1)p(1 − p) + Z1−β√rp1(1 − p1)+p2(1 − p2]

2

α

2

r(p2 − p1)2

https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=323611
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Table 1. Determining and Comparing Demographic Variables in Two Severe and Mild Groups of Children with COVID-19 Disease a

Demographic Variables Mild COVID-19 Cases Severe COVID-19 Cases P-Value

Age 55.78 ± 46.19 64.84 ± 65.82 0.270 b

Weight percentile 0.047 c

Normal 212 (80.3) 47 (71.2)

< 5 16 (6.1) 10 (15.2)

> 95 36 (13.6) 9 (13.6)

Gender 0.888 c

Female 125 (42.2) 31 (41.3)

Male 171 (57.8) 44 (58.7)

Location 0.076 c

Rural 111 (38.3) 34 (50)

Urban 179 (61.7) 34 (50)

Comorbidity 0.078 c

No 257 (85.7) 58 (77.3)

Yes 43 (14.3) 17 (22.7)

a Values are expressed as mean ± SD or No. (%).

bt-test.

c Chi-square test.

A total of 16 individuals (6.1%) in the mild disease

group, compared to 10 individuals (15.2%) in the severe

group, had a weight percentage below 5%, which was

statistically significant (P-value = 0.047) (Table 1).

The frequency of sleepiness and shortness of breath

showed a statistically significant difference between the
two study groups. Sleepiness was reported in 82 cases

(27.3%) in the mild group and 30 cases (40%) in the

severe group (P-value = 0.032), while shortness of breath

was reported in 32 cases (10.7%) in the mild group and 31

cases (13.1%) in the severe group (P-value < 0.001).

The frequencies of shivering, body pain, sore throat,

nasal discharge or congestion, anosmia, dry cough,
productive cough, dizziness, chest pain, abdominal

pain, vomiting, and diarrhea did not show a statistically

significant difference between the two study groups (P-

value > 0.05).

Using the Mann-Whitney U test, the respiratory rate

in the two groups was compared. The median

respiratory rate in the mild cases (IQR 22-30) was 25, and

in the severe cases (IQR 25-46.5) was 35, with a

statistically significant difference between the two

groups (P-value < 0.001). The respiratory rate in the

severe group was higher than in the mild group.

In addition, heart rate was significantly different and

is summarized in Table 2. Using the Mann-Whitney U

test and interquartile range, the blood oxygen levels in

the two groups were compared. The blood oxygen level

in the severe group was significantly lower.

Systolic and diastolic blood pressure did not show a

statistically significant difference between the groups.

Using the chi-square test, the frequency of lung

involvement in patients with chest X-rays showed a
statistically significant difference between the two study

groups (P-value < 0.05). The results are presented in
Table 3.

Using the Wilcoxon rank-sum test and interquartile

range, the white blood cell count was compared

between the mild and severe cases. The median white

blood cell count in the mild cases (6600, range: 4600 -
9500) significantly differed from the severe cases (8650,

range: 5050 - 13500), with a P-value of 0.003. This
indicated that the severe group had a higher white

blood cell count than the mild group.

The same statistical tests were applied to compare

the neutrophil count between the two groups. The

median neutrophil count in the mild cases (4670.5,

range: 2692.25 - 6908.25) significantly differed from the

severe cases (6762, range: 2684 - 9699), with a P-value of

0.027, suggesting a higher neutrophil count in the

severe group compared to the mild group.

A similar analysis was conducted for lymphocyte

count, platelet count, CRP, glucose, BUN, creatinine,

alanine aminotransferase (ALT), aspartate

aminotransferase (AST), ALP, sodium, and potassium. In

each case, significant differences were observed

between the mild and severe groups, indicating
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Table 2. Determining and Comparing the Frequency of Clinical Symptoms in Two Severe and Mild Groups of Children with COVID-19 Disease

Clinical Symptoms
Severity of COVID-19

P-Value
Mild (%) Severe (%)

Fever 0.553

No 42 (19.4) 5 (16.1)

Mild 140 (64.8) 23 (74.2)

Severe 34 (15.7) 3 (9.7)

Shivering 0.176

No 274 (91.3) 72 (96.0)

Yes 26 (8.7) 3 (4.0)

Body pain 0.342

No 279 (93.0) 72 (96.0)

Yes 21 (7.0) 3 (4.0)

Sore throat 0.121

No 277 (92.3) 73 (97.3)

Yes 23 (7.7) 2 (2.7)

Nasal discharge 0.292

No 240 (80.0) 64 (85.3)

Yes 60 (20.0) 11 (14.7)

Anosmia 0.999

No 298 (99.3) 75 (100.0)

Yes 2 (0.7) 2 (0.5)

Dry cough 0.345

No 209 (69.7) 48 (64.0)

Yes 91 (30.3) 27 (36.0)

Productive cough 0.768

No 277 (92.3) 70 (93.3)

Yes 23 (7.7) 5 (6.7)

Dizziness 0.999

No 296 (98.7) 74 (98.7)

Yes 4 (1.3) 1 (1.3)

Sleepiness 0.032

No 218 (72.7) 45 (60.0)

Yes 82 (27.3) 30 (40.0)

Chest pain 0.703

No 294 (98.0) 74 (98.7)

Yes 6 (2.0) 1 (1.3)

Shortness of breath < 0.001

No 268 (89.3) 44 (58.7)

Yes 32 (10.7) 31 (41.3)

Abdominal pain 0.183

No 269 (89.7) 71 (94.7)

Yes 31 (10.3) 4 (5.3)

Vomiting 0.282

No 188 (62.7) 52 (69.3)

Yes 112 (37.3) 23 (30.7)

Diarrhea 0.364

No 238 (79.3) 63 (84.0)

Yes 62 (20.7) 12 (16.0)

Respiratory rate (per minute) 25 (22 - 30) 35 (25 - 46.5) 0.000

Pulse rate (per minute) 110 (100 - 120) 120 (100 - 140) 0.011

O 2 saturation (%) 98 (97 - 99) 92 (88 - 98) 0.000

Systolic blood pressure (mmHg) 95 (90 - 100) 95 (90 - 110) 0.095

Diastolic blood pressure(mmHg) 60 (60 - 70) 60 (60 - 68.75) 0.71

Table 3. Determining and Comparing the Frequency of Imaging Results in two Severe and Mild Groups of Children with COVID-19 Disease

Imaging Results Mild (%) Severe (%) P-Value

Chest X-ray 0.013

Yes 2 (18.2) 6 (85.7)

No 9 (81.8) 1 (14.3)

variations in these parameters based on the severity of

the disease (Table 4).

5. Discussion

Our study presents the demographic, clinical, and

paraclinical aspects of hospitalized children with

confirmed COVID-19 in Iran. The results of the present

study showed that among the demographic findings,

children with a weight percentile below 5% were more
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Table 4. Determining and Comparing the Frequency of Laboratory Findings in Two Severe and Mild Groups of Children with COVID-19 Disease a

Laboratory Variables Mild COVID-19 Cases Severe COVID-19 Cases P-Value

WBC(K.µL) 6600 (4600 - 9500) 8650 (5050 - 13500) 0.003

Neutrophil (K.µL) 4670.5 (2692.25 - 6908.25) 6762 (2684 - 9699) 0.027

Lymphocyte (K.µL) 1444.5 (810 - 2576.25) 2090 (1270 - 3875) 0.000

Platelet (K.µL) 219000 (172500 - 268500) 249000 (171000 - 325500) 0.069

CRP (mg.L) 6 (1.2 - 32.93) 16.05 (6.83 - 47.45) 0.005

Glucose (mg.dL) 101 (88.5 - 119) 109 (95 - 133) 0.029

BUN (mg.dL) 10 (7.8 - 12.65) 11.4 (8.3 - 15.65) 0.015

Creatinine (mg.dL) 0.5 (0.4 - 0.6) 0.5 (0.4 - 0.7) 0.039

ALT (U.L) 17 (12 - 26) 23 (17 - 50) 0.000

AST (U.L) 32 (23 - 43.5) 36 (28.25 - 74.75) 0.013

ALP (U.L) 452 (368 - 566) 320.5 (228.75 - 467.75) 0.000

Sodium (meq.L) 137.8 ± 82.93 137.34 ± 4.95 0.379

Potassium (meq.L) 3.94 ± 0.42 4.10 ± 0.83 0.104

< 20 188 (69.4) 37 (58.7)

0.222
20.1 - 50 58 (21.4) 16 (25.4)

50.1 - 100 20 (7.4) 9 (14.3)

> 100 5 (1.8) 1 (1.6)

Abbreviations: WBC, white blood cell; CRP, C-reactive protein; BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase.

a Values are expressed as mean ± SD, No. (%) unless otherwise indicated.

likely to be in the severe group, and among the

symptoms related to COVID-19, sleepiness and shortness

of breath were significantly more common in the severe

group than in the mild group. Additionally, among the

clinical signs related to COVID-19, respiratory rate and

heart rate were significantly higher in severe cases than

in mild cases, while blood oxygen percentage was

significantly lower in severe cases. In our study, lung

involvement in X-rays was significantly greater in severe

cases. White blood cells, neutrophils, lymphocytes,

glucose, BUN, creatinine, ALT, and AST were significantly

higher in severe cases than in mild cases, while alkaline

phosphatase was lower in severe cases than in mild

cases.

Results revealed that patients with severe COVID-19

tend to be older, although this finding is not statistically

significant. In the study by Fahimzad et al., younger

children were more likely to suffer from severe COVID-19

(P = 0.02) (15). The larger sample size in our study may

enhance the effectiveness of the results, thereby

increasing their reliability. Furthermore, the severity of

the disease tends to be more pronounced in infants,

while it escalates with age, particularly in adults.

Although the precise pathogenic mechanisms of COVID-

19 remain incompletely understood, it is evident that

the disease inflicts organ damage due to the spike

protein's strong affinity for the human angiotensin-

converting enzyme 2 (ACE2) cell receptor, which is

prominently expressed in organs such as the lungs,

heart, liver, kidneys, and brain. Generally, clinical

severity and mortality rates of the disease are lower in

children compared to adults, potentially attributed to

the reduced presence of ACE2-expressing AT2 cells and

lower ACE2 protein levels in children relative to adults

(16, 17).

The frequency of male gender was higher in severe

cases, urging increased attention to affected boys,

although more studies in this field are necessary.

Studies by Hayden and Wang et al. have indicated

increased mortality and morbidity associated with older

age, male gender, cardiovascular diseases, diabetes, and

smoking (18, 19). Williamson et al. found that older age

and male gender are primary risk factors for severe

outcomes in COVID-19. Many pre-existing conditions,

such as cardiovascular diseases, hypertension, diabetes,

respiratory diseases, and cancer, are associated with a

higher risk of mortality (20).

The number of mild cases was higher among urban

residents in the study. This result may be attributed to

the fact that people living in cities have better access to

health facilities and find it easier to reach hospitals

compared to those living in rural areas.

As previously mentioned, the spike (S) protein of the

virus binds to the ACE2 receptor, facilitating entry into

host cells alongside the transmembrane protease
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TMPRSS2. In individuals whose immune response is

sufficiently robust, the spread of the infection within

the lower respiratory tract can be swiftly contained,

resulting in either asymptomatic or mild illness.

However, an inadequate initial immune response allows

for unchecked viral replication, potentially leading to

severe acute respiratory distress syndrome or systemic

disease characterized by hyperinflammation,

multiorgan failure, and prolonged recovery, often

necessitating hospitalization and posing life-

threatening risks. Thus, a thorough understanding of

COVID-19's pathogenesis is crucial for devising effective

clinical management strategies. Addressing specific

pathogenic mechanisms at various stages of the disease

is imperative for mitigating severity and lowering

morbidity and mortality rates associated with SARS-CoV-

2 infection (21).

Regarding the importance of this novel virus, we

aimed to assess the symptoms of severe cases to

facilitate concise predictions and rapid management. In

our study, more severe cases reported fever, aligning

with findings from other studies. Notably, severe cases

exhibited higher rates of respiratory symptoms, such as

shortness of breath. The study emphasized the

correlation between the intensity of sleepiness and

COVID-19 severity. In Fahimzad et al.'s study, shortness of

breath was significantly higher in severe cases than in

mild cases, which is consistent with our study (15).

Therefore, in cases of shortness of breath, patients

require more specialized care. In the study by Wang et

al., fatigue and lethargy were reported more frequently

in severe cases than in mild cases (P < 0.0001) (19). This

aligns with our study in terms of reduced levels of

consciousness; thus, if a patient is sleepy, it is advisable

to provide closer monitoring.

Vital signs and laboratory parameters differed

significantly between severe and mild cases. Severe

cases demonstrated lower oxygen levels, higher heart

and respiratory rates, and abnormal chest X-rays, which

is consistent with other research. In the study by

Babamahmoudi et al., high respiratory rates, elevated

heart rates, and lower blood oxygen percentages during

hospitalization were associated with increased

mortality (7). Therefore, it is very important to assess

vital signs upon hospital admission, as this can help

predict disease severity (22). In the study by Sedighi et

al., patchy opacities were observed in the imaging of

severe cases of the disease compared to mild cases (23).

COVID-19 has the potential to trigger severe acute

respiratory distress syndrome (ARDS), which may

escalate to multiorgan failure. This progression is

thought to be driven by the dysregulation of

inflammation and the onset of cytokine storms. Given

the pivotal role of inflammatory processes in severe

cases, indicators such as fever, leukocytosis, and C-

reactive protein levels are recognized as predictors of

severe illness. Additionally, a range of other biomarkers

has been identified as valuable prognostic tools for

patients battling COVID-19 infection (24).

The results of this study showed that the frequencies

of white blood cells, neutrophils, lymphocytes, glucose,

BUN, creatinine, ALT, and AST in the two investigated

groups had statistically significant differences, with all

these parameters being higher in the severe group than

in the mild group. Wang et al.'s study also revealed

significant differences in inflammatory factors,

including white blood cell count, neutrophil

percentage, lymphocyte percentage, and glucose,

among mild and severe groups (19). Babamahmoudi et

al.'s study found an association between increased

creatinine, AST, ALT, and CRP, decreased lymphocyte

count, increased WBC count, and higher mortality rates

(22).

5.1. Strengths and Limitations

Although we successfully assessed 375 children with

COVID-19, this study had some limitations. We must

acknowledge the retrospective and cross-sectional

nature of the study. Examining the files makes the

possibility of losing some findings inevitable, including

the incompleteness of recorded examinations and

requested tests in the patients' files during emergencies.

5.2. Conclusions

Our results highlighted important points regarding

the demographic, clinical, and paraclinical findings in

hospitalized children with COVID-19, which can shed

light on this novel phenomenon. As sleepiness and

shortness of breath were significantly more common in

the severe group than in the mild group, the study

recommended close monitoring of patients with these

issues to prevent disease progression to a severe state.

Given the emerging nature of COVID-19 and the

importance of conducting comprehensive

investigations, further prospective studies are

recommended to focus on larger samples from multiple

centers to validate these findings.

Footnotes

Authors' Contribution: Study concept and design: S. D.,

H. H., and S. SM.; acquisition of data: S. D., H. H., S. SM.,

and P. R.; analysis and interpretation of data: S. D., H. H.,



Dalili S et al.

Arch Pediatr Infect Dis. 2024; In Press(In Press): e146495. 7

and A. HR.; drafting of the manuscript: S. SM., P. R., A.

HR., and SH. M.; critical revision of the manuscript for

important intellectual content: S. D., H. H., S. SM., P. R. A.

HR., and SH. M.; statistical analysis: P. R. and A. HR.;

administrative, technical, and material support: S. D., H.

H., S. SM., and A. HR.; study supervision: S. D., H. H., S. SM.,

A. HR., and SH. M.

Conflict of Interests Statement: Authors declared no

conflict of interests.

Data Availability: The dataset presented in the study is

available on request from the corresponding author

during submission or after publication.

Ethical Approval: This study was approved by the

Ethics Committee of the Vice-Chancellor of Research at

Guilan University of Medical Sciences

(IR.GUMS.REC.1401.594 ).

Funding/Support: There was no funding to be declared

in this study.

Informed Consent: As we assessed the records of

patients, there was no need for obtaining informed

consent. Therefore, we did not have any informed

consent.

References

1. Johnson I. COVID-19 pandemic as a threat to African security and

development: insights from Nigeria. Afr J Psychol Stud Soc Issues.

2024;27(1):86-97.

2. Ladhani SN, Amin-Chowdhury Z, Davies HG, Aiano F, Hayden I, Lacy J,

et al. COVID-19 in children: analysis of the first pandemic peak in

England. Arch Dis Child. 2020;105(12):1180-5. [PubMed ID: 32796006].

[PubMed Central ID: PMC7431771]. https://doi.org/10.1136/archdischild-

2020-320042.

3. Bin Najeeb MA, Singh M, Kamath N. A study of detection and genome

sequencing of SARS-CoV-2 from clinical samples in a tertiary care

hospital. J Popul Ther Clin Pharmacol. 2024;31(1):1983-94.

https://doi.org/10.53555/jptcp.v31i1.4282.

4. Merikanto I, Dauvilliers Y, Chung F, Wing YK, De Gennaro L, Holzinger

B, et al. Sleep symptoms are essential features of long-COVID -

Comparing healthy controls with COVID-19 cases of different severity

in the international COVID sleep study (ICOSS-II). J Sleep Res.

2023;32(1). e13754. [PubMed ID: 36208038]. [PubMed Central ID:

PMC9874584]. https://doi.org/10.1111/jsr.13754.

5. Rochmawati E, Iskandar AC, Kamilah F. Persistent symptoms among

post-COVID-19 survivors: A systematic review and meta-analysis. J Clin

Nurs. 2024;33(1):29-39. [PubMed ID: 36426658].

https://doi.org/10.1111/jocn.16471.

6. Abu Hamdh B, Nazzal Z. A prospective cohort study assessing the

relationship between long-COVID symptom incidence in COVID-19

patients and COVID-19 vaccination. Sci Rep. 2023;13(1):4896. [PubMed

ID: 36966161]. [PubMed Central ID: PMC10039348].

https://doi.org/10.1038/s41598-023-30583-2.

7. Baghela A, An A, Zhang P, Acton E, Gauthier J, Brunet-Ratnasingham E,

et al. Predicting severity in COVID-19 disease using sepsis blood gene

expression signatures. Sci Rep. 2023;13(1):1247. [PubMed ID: 36690713].

[PubMed Central ID: PMC9868505]. https://doi.org/10.1038/s41598-

023-28259-y.

8. Pranata S, Vranada A, Armiyati Y, Samiasih A, Aisah S, Kurnia A, et al.

Inflammatory markers for predicting severity, mortality, and need

for intensive care treatments of a patient infected with covid-19: a

scoping review. Bali Med J. 2023;12(1):324-30.

https://doi.org/10.15562/bmj.v12i1.3751.

9. Khalagi K, Gharibzadeh S, Khalili D, Mansournia MA, Mirab Samiee S,

Aghamohamadi S, et al. Prevalence of COVID-19 in Iran: results of the

first survey of the Iranian COVID-19 Serological Surveillance

programme. Clin Microbiol Infect. 2021;27(11):1666-71. [PubMed ID:

34111585]. [PubMed Central ID: PMC8226066].

https://doi.org/10.1016/j.cmi.2021.06.002.

10. Raoofi A, Takian A, Akbari Sari A, Olyaeemanesh A, Haghighi H, Aarabi

M. COVID-19 Pandemic and Comparative Health Policy Learning in

Iran. Arch Iran Med. 2020;23(4):220-34. [PubMed ID: 32271594].

https://doi.org/10.34172/aim.2020.02.

11. Zareie B, Roshani A, Mansournia MA, Rasouli MA, Moradi G. A model

for COVID-19 prediction in Iran based on China parameters. medRxiv.

2020;Preprint. https://doi.org/10.1101/2020.03.19.20038950.

12. Winograd DM, Fresquez CL, Egli M, Peterson EK, Lombardi AR, Megale

A, et al. Rapid review of virus risk communication interventions:

Directions for COVID-19. Patient Educ Couns. 2021;104(8):1834-59.

[PubMed ID: 33583651]. [PubMed Central ID: PMC7817441].

https://doi.org/10.1016/j.pec.2021.01.024.

13. Sattar N, McInnes IB, McMurray JJV. Obesity Is a Risk Factor for Severe

COVID-19 Infection: Multiple Potential Mechanisms. Circulation.

2020;142(1):4-6. [PubMed ID: 32320270].

https://doi.org/10.1161/CIRCULATIONAHA.120.047659.

14. National Committee for Children's COVID-19. [Coronavirus Disease

2019 (COVID-19) Diagnosis and Treatment Guideline in children and

infants]. 7th ed. Tehran: Ministry of Health, Treatment and Medical

Education of the Islamic Republic of Iran; 2022. FA.

15. Fahimzad A, Sedighi I, Pak N, Khalili M, Farahmand M, Shokrollahi

MR, et al. A Comparative Analysis of Clinical Characteristics and

Laboratory Findings of COVID-19 between Intensive Care Unit and

Non-Intensive Care Unit Pediatric Patients: A Multicenter,

Retrospective, Observational Study from Iranian Network for

Research in Viral. FrontEmerg Med. 2021;5(4). e41.

https://doi.org/10.18502/fem.v5i4.6692.

16. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, et al.

Cryo-EM structure of the 2019-nCoV spike in the prefusion

conformation. Science. 2020;367(6483):1260-3. [PubMed ID: 32075877].

[PubMed Central ID: PMC7164637].

https://doi.org/10.1126/science.abb2507.

17. Silva MG, Falcoff NL, Corradi GR, Di Camillo N, Seguel RF, Tabaj GC, et

al. Effect of age on human ACE2 and ACE2-expressing alveolar type II

cells levels. Pediatr Res. 2023;93(4):948-52. [PubMed ID: 35739259].

[PubMed Central ID: PMC9219367]. https://doi.org/10.1038/s41390-022-

02163-z.

18. Hayden MR. Endothelial activation and dysfunction in metabolic

syndrome, type 2 diabetes and coronavirus disease 2019. J Int Med Res.

2020;48(7):300060520939746. [PubMed ID: 32722979]. [PubMed

Central ID: PMC7391440]. https://doi.org/10.1177/0300060520939746.

19. Wang J, Guo S, Zhang Y, Gao K, Zuo J, Tan N, et al. Clinical features and

risk factors for severe inpatients with COVID-19: A retrospective study

in China. PLoS One. 2020;15(12). e0244125. [PubMed ID: 33332437].

[PubMed Central ID: PMC7745975].

https://doi.org/10.1371/journal.pone.0244125.

20. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et

al. Factors associated with COVID-19-related death using OpenSAFELY.

Nature. 2020;584(7821):430-6. [PubMed ID: 32640463]. [PubMed

Central ID: PMC7611074]. https://doi.org/10.1038/s41586-020-2521-4.

21. Santiaguel JM, Zamora MKS. Tocilizumab in Severe and Critical

COVID-19 Pneumonia: Streamlining the Mixed Signals. Acta Med

https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=323611
http://www.ncbi.nlm.nih.gov/pubmed/32796006
https://www.ncbi.nlm.nih.gov/pmc/PMC7431771
https://doi.org/10.1136/archdischild-2020-320042
https://doi.org/10.1136/archdischild-2020-320042
https://doi.org/10.53555/jptcp.v31i1.4282
http://www.ncbi.nlm.nih.gov/pubmed/36208038
https://www.ncbi.nlm.nih.gov/pmc/PMC9874584
https://doi.org/10.1111/jsr.13754
http://www.ncbi.nlm.nih.gov/pubmed/36426658
https://doi.org/10.1111/jocn.16471
http://www.ncbi.nlm.nih.gov/pubmed/36966161
https://www.ncbi.nlm.nih.gov/pmc/PMC10039348
https://doi.org/10.1038/s41598-023-30583-2
http://www.ncbi.nlm.nih.gov/pubmed/36690713
https://www.ncbi.nlm.nih.gov/pmc/PMC9868505
https://doi.org/10.1038/s41598-023-28259-y
https://doi.org/10.1038/s41598-023-28259-y
https://doi.org/10.15562/bmj.v12i1.3751
http://www.ncbi.nlm.nih.gov/pubmed/34111585
https://www.ncbi.nlm.nih.gov/pmc/PMC8226066
https://doi.org/10.1016/j.cmi.2021.06.002
http://www.ncbi.nlm.nih.gov/pubmed/32271594
https://doi.org/10.34172/aim.2020.02
https://doi.org/10.1101/2020.03.19.20038950
http://www.ncbi.nlm.nih.gov/pubmed/33583651
https://www.ncbi.nlm.nih.gov/pmc/PMC7817441
https://doi.org/10.1016/j.pec.2021.01.024
http://www.ncbi.nlm.nih.gov/pubmed/32320270
https://doi.org/10.1161/CIRCULATIONAHA.120.047659
https://doi.org/10.18502/fem.v5i4.6692
http://www.ncbi.nlm.nih.gov/pubmed/32075877
https://www.ncbi.nlm.nih.gov/pmc/PMC7164637
https://doi.org/10.1126/science.abb2507
http://www.ncbi.nlm.nih.gov/pubmed/35739259
https://www.ncbi.nlm.nih.gov/pmc/PMC9219367
https://doi.org/10.1038/s41390-022-02163-z
https://doi.org/10.1038/s41390-022-02163-z
http://www.ncbi.nlm.nih.gov/pubmed/32722979
https://www.ncbi.nlm.nih.gov/pmc/PMC7391440
https://doi.org/10.1177/0300060520939746
http://www.ncbi.nlm.nih.gov/pubmed/33332437
https://www.ncbi.nlm.nih.gov/pmc/PMC7745975
https://doi.org/10.1371/journal.pone.0244125
http://www.ncbi.nlm.nih.gov/pubmed/32640463
https://www.ncbi.nlm.nih.gov/pmc/PMC7611074
https://doi.org/10.1038/s41586-020-2521-4


Dalili S et al.

8 Arch Pediatr Infect Dis. 2024; In Press(In Press): e146495.

Philipp. 2024;58(6):3-4. [PubMed ID: 38846162]. [PubMed Central ID:

PMC11151124]. https://doi.org/10.47895/amp.v58i6.10156.

22. Babamahmoodi F, Ahangarkani F, Yazdani Charati J, Alikhani A,

Hatami M, Delavaryan L, et al. [Comparing Clinical and Para-clinical

Findings and Risk Factors among COVID-19 Survived and Deceased

Patients in North of Iran, 2019-2020]. J Mazandaran Univ Med Sci.

2021;31(201):70-82. FA.

23. Sedighi I, Fahimzad A, Pak N, Khalili M, Shokrollahi MR, Heydari H, et

al. A multicenter retrospective study of clinical features, laboratory

characteristics, and outcomes of 166 hospitalized children with

coronavirus disease 2019 (COVID-19): A preliminary report from

Iranian Network for Research in Viral Diseases (INRVD). Pediatr

Pulmonol. 2022;57(2):498-507. [PubMed ID: 34779156]. [PubMed

Central ID: PMC8661970]. https://doi.org/10.1002/ppul.25756.

24. Sharma YP, Gawalkar AA, Batta A, Shrimanth YS, Revaiah PC, Karki P, et

al. Novel markers of COVID-19 mortality-A comparative study with

patients of acute coronary syndrome. J Family Med Prim Care.

2023;12(5):962-6. [PubMed ID: 37448943]. [PubMed Central ID:

PMC10336926]. https://doi.org/10.4103/jfmpc.jfmpc_1629_22.

http://www.ncbi.nlm.nih.gov/pubmed/38846162
https://www.ncbi.nlm.nih.gov/pmc/PMC11151124
https://doi.org/10.47895/amp.v58i6.10156
http://www.ncbi.nlm.nih.gov/pubmed/34779156
https://www.ncbi.nlm.nih.gov/pmc/PMC8661970
https://doi.org/10.1002/ppul.25756
http://www.ncbi.nlm.nih.gov/pubmed/34779156
https://www.ncbi.nlm.nih.gov/pmc/PMC8661970
https://doi.org/10.1002/ppul.25756
http://www.ncbi.nlm.nih.gov/pubmed/37448943
https://www.ncbi.nlm.nih.gov/pmc/PMC10336926
https://doi.org/10.4103/jfmpc.jfmpc_1629_22

