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Abstract

BACKGROUND

New, more severe inical manifestations associated with the coronavirus disease 2019
(COVID-19) are emerging constantly in the pediatric age group. Patients in this age
group are also primary carriers of the influenza virus and are at higher risk of
developing severe infection. However, studies, comparing influenza and COVID-19 to

show which condition causes a more severe form of disease amongst the pediatric age

group, are scarce.

AIM
To compare the laboratory results, clinical symptoms, and clinical outcomes in pediatric

patients with COVID-19 and influenza.

METHODS
A systematic and comprehensive search was carried out in databases and search

engines, including EMBASE, Cochrane, MEDLINE, ScienceDirect, and Google Scholar




from 1964 until January 2022. A metg_analysis was carried out using a random-effects

model and pooled odds ratio (OR) or standardized mean difference (SMD) and 95%Cl.

RESULTS

A total of 16 studies satisfied the inclusion crjteria. Pediatric COVID-19 patients had
significantly reduced risk of cough (pooled OR = 0.16; 95%CIL: 0.09 to 0.27), fever
(pooled OR = 0.23; 95%CI: 0.12 to 0.43), and dyspnoea (pooled OR = 0.54; 95%CI: 0.33 to
0.88) compared to influenza patients. Furthermore, total hemoglobin levels (pooled
SMD = 1.22; 95%CI: 0.29 to 2.14) in COVID-19 patients were significantly higher as
compared to pediatric influenza patients. There was no significant difference in
symptoms such as sore throat, white blood cell camt, platelets, neutrophil and
lymphocytes levels, and outcomes like mortality, intensive care unit admission,

mechanical ventilation, or length of hospital stay.

aONCLUSION

COVID-19 is associated with a significantly lower rate of clinical symptoms and
abnormal laboratory indexes compared to influenza in the pediatric age group.
However, further longitudinal studies of the outcomes between influenza and COVID-

19 pediatric patients are needed.
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Core Tip: Deyeloping new strategies for prevention, early diagnosis and adequate
managementﬁpediatﬂc patients infected with coronavirus disease 2019 (COVID-19) or

influenza is crucial. It is still not clear which of these two viruses is more severe in




pediatric patients and requires intensive interventions. In addition, co-circulation of
influenza and COVID-19 present certain diagnostic and therapeutic difficulties, given
the similarities in the clinical features, and may lead to adverse treatment outcomes.
Our review is the first attempt to compare the various clinical features, laboratory
parameters, and outcomes between COVID-19 and_influenza pediatric patients.
However, longitudinal evidence is required to identify reliable effect sizes and to make

evidence-based recommendations for developing interventions in the hospital setting.




INTRODUEON
The recent coronavirus disease ZOIE(COVID-IQ) pandemic resulted in millions of
deaths around the world. When the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) started circulating late in 2019, it was immediately compared to seasonal
and pandemic inﬂueraa viruses due to the fairly similar features shared by these
viruses!!l. The disease caused by both SARS-CoV-2 and influenza viruses have similar
clinical manifestations (fever, respiratory symptoms like cough and sore throat), and
may lead to severe forms of lung infectionsl2l. Both viruses have also demonstrated a
imilar route of human-to-human transmission via respiratory droplets®l. However,
COVID-19 has distinct clinical characteristics, such as anosmia and hypogeusial®l. While
efficacious vaccines are available for COVID-19, the search for the optimal treatment is
still ongoing. In contrast, influenza is easily detectable, treatable, and vaccine-
preventablel2l. Recent reports suggested that pediatric COVID-19 patients are at higher
risk of the multi-system organ than the adult population. Therefore, it is not possible to
manage the pediatric patients based only on the adult datal3-51.

Despite recent advances in developing experimental antiviral medications,
supportive ﬁeatment remains the primary mode of management for COVID-19
patientsl*5l. However, new and more severe clinical manifestations associated with the
COVID-19 are emerging constantly in the pediatric age group. Developing new
strategies for prevention, early diagnosis and adequate management of pediatric
patients infected with COVID-19 or influenza is crucial. It is still not clear which of
these two viruses is more severe in pediatric patients and requires intensive
interventions. In addition, co-circulation of influenza and COVID-19 present certain
diagnostic and therapeutic difficulties, given the similarities in the clinical features, and
may lead to adverse treatment outcomes. However, there are stilhﬂot enough studies
that compare influenza and COVID-19 in pediatric patients. To the best of my
knowledge, there are no pooled data on the difference in laboratory results, clinical
symptoms, zad clinical outcomes between COVID-19 and influenza patients of this age

group. The purpose of the present review is to pool data from individual studies to




examine the possible differences in laboratory results, clinical symptoms, and clinical

outcomes between pediatric COVID-19 and influenza patients.

MATERIALS AND METHODS

igibility criteria
Type of study design: Observational studies (cross-sectional/cohort/case-control) that
satisfied the inclusion criteria were included. Full-text articles were included, while

conference abstracts, case series, case reports, or grey literature were excluded.

Type of participants: Studies that provided data of both pediatric (<18 years) influenza
and COVID-19 patients independently.

Type of exposure and comparator group: Studies evaluating the differences in
laboratory results, clinical symptoms, and clinical outcomes between pediatric COVID-

19 and influenza patients.

Type of outcomes: Clinical symptoms: Fever, cough, dyspnoea, sore throat, and fatigue;
Laboratory results: Hemoglobin, white bloﬁ cell (WBC), platelets, neutrophils, and
lymphocytes; Clinical outcomes: Mortality, intensive care unit (ICU) admission, need

for mechanical ventilation, and length of hospital stay

Search strategy

A comprehensive search in the databases such as EMBASE, Cochrane library,
MEDLINE, and search engines like Google Scholar and ScienceDirect was carried out
(Supplementary Table 1). The search strategy included combined medical subject
headings (MeSH) and free-text terms and Boolean operators (“AND” & “OR”). The
following filters were applied during the search: time point [January 1964 (inception of

Medline database) to January 2022], language (English only), and design (observational




study). References from the identified articles were further searched for additional

relevant studies.

Study selection process
The selection process involved 3 stages: Two independent investigators (XH and RM)
screened the titles and abstracts. Full-text studies were retrieved after shortlisting based
on the inclusion criteria; Retrieved full texts were then screened by the same set of
investigators (XH and RM) and assessed against inclusion criteria, and the reasons for
exclusion were recorded for the excluded studies; Disagreements were resolved by
discussion with the third investigator (HH).

The review was reported according to the PRISMA statement 2020I¢l. Prospero
registration ID: CRD42022302686.

Data extraction process
Data were manually extracted using a pre-defined structured data extraction form and
included the following: authors, the title of study, year of publication, study period,
study design, setting, country/region, total sample size, outcome assessment details,
average age, primary and secondary outcomes in each group. Data entry was
completed by the first author (BY) and the entry was reviewed for correctness by the
second author (HC).

Risk of bias assessment

The risk of bias was assessed by two independent authors (RM and HH) using the
Newcastle Ottawa scale for the observational studies. This assessment includes the
following domains: Selection (four stars), comparability (two stars) and outcome (two
stars). The final score ra&es from zero to eight starts, and studies ranging from 7 to 8

stars indicate “good”, 5 to 6 stars indicate “satisfactory”, and 0-4 stars indicate

“unsatisfactory” qualityll.




Statistical analysis
Pooled effect estimation and visualization: The meta-analysis was carried outésing
STATA version 14.2 (StataCorp, CollegeStation, TX, Unjted States). The binary
outcomes, number of events, and sample size in each group were presented as pooled
odds ratio (OR) with a 95%CI. For the continuous outcomes, the mean % SD in each
group was entered and the final estimate was interpreted in terms of standardized
mean difference (SMD) with 95%CI. Random effects model with inverse-variance was

performed to account for the methodological heterogeneityl8l. A forest plot was used to

visually depict the study-specific estimate & pooled estimate.

Investigation of statistical heterogeneity: Heterogeneity was evaluated using a chi-
square test and the amount of inconsistency was quantified using the I* statistic. The
interpretation of 2 was as follows: I2 < 25% indicated mild, 25%-75% moderate and >
75% substantial heterogeneity®l.

Additional analysis: Sensitivity analysis was executed to evaluate the robustness of the
pooled estimate. The assessment of publication bias was analyzed using a funnel plot

and Egger’s test was performed for outcomes with more than 10 studies!®l.

RESULTS

Study selection

A total of 1283 articles were identified through the literature search. Of them, 88 studies
met the criteria for the full-text analysis. Three additional articles were identified by
screening the references of the retrieved full texts. After the final screening against
eligibility criteria, 16 studies containing 17529 participants were included in the review

(Figure 1)810-24],

Characteristics of the included studies




Most of studies (except Pokorska-Spiewak et all!%) were retrospective. Mostﬁ out of 16)
were conducted in China followed by Turkey (3 studies). The sample sizes ranged from
39 to 10169. The mean age of the children in the COVID-19 group ranged from 12 to 128
mo and in the influenza group-from 12 to 112 mo. Most of the studies were conducted

on patients with influenza A and B (Supplementary Table 2).

Risk of bias assessment ”

All the studies except for the study by Pokorska-Spiewak et all!l had a higher risk
bias in terms of the representativeness of the sample, and 13 out of 16 studies had a
higher risk of bias in terms of the sample size justification. Seven studies had reported
on non-response rates. Nine studies reported on ascertainment of exposure and 14
studies reported on the assessment of outcome. However, only five studies did

appropriate control of confounding. To summarize, most of the included studies (11 out

of 16 studies) had poorer quality (Supplementary Table 3).

Clinical symptomns

Fever: Thirteen studies examined the difference in fever between pediatric COVID-19
and influenza patientsl®1012-151719-24] The pooled OR was 0.23 (95%CIL 0.12 to 043; 2=
87.5%), indicating that there was a significantly lower risk of having a fever in pediatric
COVID-19 patients when compared to pediatric influenza patients (P < 0.001) (Figure
2A). We did not find significant publication bias (Egger’s P value = 0.93), as further

confirmed by the symmetrical funnel plot (Supplementary Figure 1).

Cough: Thirteen studies examined the difference in having a cough between pediatric
patients with COVID-19 and influenzal®10.12-1517.15-24] The pooled OR was 0.16 (95%CI:
0.09 to 0.27; I = 86.1%), indicating that the pediatric patients with COVID-19 had an
84% lower risk of having a cough when compared to pediatric influenza patients (P <
0.001) Egure 2B). No significant publication bias was found for this outcome (Egger’s P

value = 0.98), as confirmed by the symmetrical funnel plot (Supplementary Figure 2).




Dyspnoea: Nine studies examined the diffegence in dyspnoea between pediatric
COVID-19 and influenza patientsl91012.131519-22] The pooled OR was 0.54 (95%Cl: 0.33 to
0.88; I’= 68.3%), indicating that the pediatric patients with COVID-19 had a 46% lower
risk of having dyspnoea when compared to pediatric influenza patients (P = 0.01)

(Figure 3A).

Sore throat: Six studies examined the difference in having a sore throat between
pediatric COVID-19 and influenza patients/[17.19-21.2324 The pooled OR was 0.62 (95%CI:
0.22 to 1.76; 1> = 75.7%), which suggests no significant difference in incidences of the
sore throat between pediatric patients with COVID-19 or influenza (P = 0.37) (Figure
3B).

Fatigue: Six studies examined the difference in fatigue between pediatric COVID-19
and influenza patients!®1>17.19.20.24] The pooled OR was 0.63 (95%CI: 0.41 to 0.96; 2= 0%).
This shows that the pediatric patients with COVID-19 have a 37% lower risk of fatigue

when compared to pediatric influenza patients (P = 0.03) (Figure 3C).

Laboratory results

Hemoglobin: Seven studies examined the difference in hemoglobin level between
pediatric COVID-19 and influenza patients(®1013141617.23]  The pooled SMD was 1.22
(95%CI: 0.29 to 2.14; 2= 97.7%), indicating that COVID-19 causes significantly higher

hemoglobin levels when compared to pediatric influenza patients (P = 0.01) (Figure 4A).

WBC: Seven studies examined the difference in WBC concentrations between pediatric
COVID-19 and influenza patientsl®10.131617.23.24] The pooled SMD was -0.72 (95%CI: -2.06
to 0.63; I? = 98.3%), indicative of no significant difference in WBC count between

pediatric COVID-19 patients and pediatric influenza patients (P = 0.30) (Figure 4B).




Platelet count: Seven studies examined the difference in telet count between
pediatric COVID-19 and influenza patients[?10131617.2324] The pooled SMD was 0.11
(95%Cl: -0.40 to 0.62; > = 93.2%), with no significant difference in platelet count between
pediatric COVID-19 patients and pediatric influenza patients (P = 0.68) (Figure 4C).

Neutrophils: Seven studies examined the difference in neufgophil count between
pediatric COVID-19 and influenza patientsl?1013141617.23] The pooled SMD was -1.61
(95%Cl: -3.25 to 0.03; 2= 98.7%), indicating that the neutrophil count was similar in
pediatric COVID-19 and influenza patients (P = 0.06) (Figure 4D).

Lymphocytes: Seven studies examined the difference in lymphocyte count between
pediatric COVID-19 and influenza patients[“r13f“:16f”f231. The pooled SMD was 0.52
(95%Cl: -0.62 to 1.66; 2= 97.9%), indicating that there was no significant difference in
terms of lymphocyte count between pediatric COVID-19 patients and pediatric

influenza patients (P = 0.37) (Figure 4E).

Clinical outcomes

Length of hospital stay: Seven studies examined the difference in length of hospital
stay between pediatric COVID-19 and influenza patients(%-1117.202123] The pooled SMD
was 1.16 (95%CIL: -0.09 to 2.40; > = 99.5%), with no significant difference between
pediatric COVID-19 patients and pediatric influenza patients (P = 0.37) (Figure 5A).

ICU admission: Ten studies examined the difference in ICU admission between
pediatric COVID-19 and influenza patients(®11-13171820-3] " The pooled OR was 0.76
(95%CI: 042 to 1.39; 2 = 88.3%), with no significant difference in terms of ICU
admjgsion between pediatric patients with COVID-19 or influenza (P = 0.37) (Figure
5B). No significant publication bias was detected for this outcome (Egger’s P value =

0.59), as further confirmed by the symmetrical funnel plot (Supplementary Figure 3).




Mechanical ventilation: Six studies examined the difference in mechanical ventilation
requirements between pediatric COVID-19 and influenza pgtients[1217.20-3]. The pooled
OR was 048 (95%CI: 0.19 to 1.22; > = 91.5%), indicating that there is no significant
difference between both groups of patients (P = 0.12) (Figure 5C).

Mortality: Ten studies examined the difference in mortality between pediatric COVID-
19 and influenza patientsl?111217.182024] We found no significant difference in terms of
mortality in both groups, with the pooled OR of 1.48 (95%CI: 0.63 to 3.44; 2= 70.9%) (P
= 0.37) (Figure 5D), and no significant publication bias (Egger’'s P value = 0.20) which

was further confirmed by symmetrical funnel plot (Supplementary Figure 4).

Additional analysis
A sensitivity analysis revealed no significant variation in the effect size (in terms of
magnitude and direction). This indicates a lack of a single study effect on the overall

estimate for any of the outcomes.

DISCUSSION

Our results show that pediatric COVID-19 patients have a significantly lower risk of
having fever, cough, and dyspnoea when compared to children, diagnosed with
influenza. Hemoglobin was the only peripheral blood index significantly elevated in
pediatric COVID-19 patients. Finally, there were no differences in clinical outcomes
between pediatric COVID-19 and influenza patients.

A total of 16 studies fulfilled the eligibility criteria of this review. Most of these
studies were done in China followed by European countries such as Turkey, Sweden,
France, and Poland. Almost all of studies (except Pokorska-Spiewak et alll%)
followed a retrospective design. Most studies were of poor quality with a high risk of
bias.

The results presented here showed that there is a significantly reduced risk of having

fever, cough, and dyspnoea among pediatric COVID-19 patients when compared to




pediatric influenza patients. Sensitivity analysis did not reveal any significant single-

study effect on the magnitude or direction of this association. While there were no
previous pediatric patient reviews to compare the current study findings, the obtained
results are in line with the frequency of symptoms in adults. As shown by numerous
studies, fever cough and dyspnoea occurred less frequently in COVID-19 patients when
compared to patients with influenzal®-?’l, Our results could be explained by the
difference in the pathophysiology of the entry receptors for both viruses. The human
influenza A virus tends to bind to the alpha 2,6-linked sialic acid cell receptors that are
expressed within the respiratory tract, specifically in the nasopharynx, trachea, and
bronchi, but not in the alveoli, where the 2,3-linked sialic acid receptors are
ﬁredominantpgl. In contrast, SARS-CoV-2 wuses another functional receptor,
Angiotensin-converting enzyme-2 (ACE-2) protein (key regulator enzyme of the renin-
angiotensin-aldosterone system) to enter the cell. The tissue distribution of the ACE-2
protein is higher in the small intestinal and lung alveolar epithelial cells and endothelial
cells, but it is poorly expressed on the nasopharyngeal cell surfacel??]. This differential
expression of receptors may be responsible for the difference in clinical symptoms
between influenza and COVID-19. The observed difference in clinical symptoms might
help, therefore, in the initial screening and identification of different viral infections in
pediatric patients.

Rahi et all3233] have reported that the COVID-19 infection may significantly affect the
coagulation cascade, causes cytokine storms, and eventual intravascular thrombosis.
Studies in adult patients also indicated that COVID-19 can cause arterial and venous
thrombosis, such as pulmonary embolism and pulmonary micro-thromboses®234. A
systematic review consisting of 624 children with COVID-19 showed wide variability in
leukocyte indices in pediatric patients with mild and severe COVID-19. These results
suggest that these indices are the least reliable in terms of determining the disease
severity in childrensl.

An up-to-date review of the existing pediatric studies performed to date revealed

lower WBC and neutrophil counts, and higher lymphocyte counts in COVID-19




patients compared to patients with influenzal'>2l. The results of our study are in
agreement with these observations.

Almost all the peripheral blood parameters, except hemoglobin, were similar in both
groups of patients in our study, which was consistent with the observed levels in the
adult population!?l. Higher hemoglobin levels in COVID-19 patients could be because
by binding to the sialic acid receptors of the host cellsnthe influenza virus causes
agglutination of the erythrocytesl3l. It is important to note that, unlike the adults, much
more studies are required to make unequivocal and clearer statements on such issues in
children, and all the changes in the acute phase reactants need to be carefully monitored
by the clinicians.

There was no significant difference in clinical outcomes (death, admission,
mechanical ventilation, and length of hospital stay) in pediatric COVID-19 and
influenza patients. However, previous studies in adult patients have shown higher
mortality, ICU admissions, and need for mechanical ventilation with delayed hospital
discharge, especially in the adults older than 50 years2>-27l. This difference may be
related to the associated comorbidities like diabetes mellitus, hypertension, or heart
disease conditions among the middle-aged and elderly adult age group. Further
longitudinal studies are needed to compare the outcomes between influenza and
C%VID-IC) pediatric patients.

The major strength of this revie‘ﬁis in the rigorous methodology and comprehensive
literature search. In addition, this review adds to the limited evidence that is currently
available on the comparison of clinical symptoms, laboratoré results, and clinical
outcomes between pediatric COVID-19 and influenza patients. Sensitivity analysis did
not detect significant changes in the magnitude or direction of the association, and no
significant publication bias was found for any of the assessed outcomes. This might
further enhance the credibility of the study results. However, there are some limitations
to this study. Substantial between-study variability was found for most of the outcomes.
Most of the included studies were of poorer quality and limited heterogeneity. This

might affect the external validity (generalisability), reliability, and stability of the




findings. Though we have included 16 studies with more than 17000 participants, most
clinical features, laboratory parameters and outcomes had a limited number of samples,
which might affect the preciseness of the estimates. Almost all the studies were

retrospective, making it difficult to establish the causal association.

CONCLUSION

Our review is the first attempt to compare the various clinical features, laboratory
parameters, and outcomes between COVID-19 and influenza pediatric patients. We
found that in the pediatric age group COVID-19 has caused a significantly lower rate of
clinical symptoms and abnormalities in laboratory indices compared to influenza.
However, longitudinal evidence is required to identify reliable effect sizes and to make

evidence-based recommendations for developing interventions in the hospital setting.
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