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Abstract

Background. This meta-analysis provides a quantitative measure of the otorhinolaryngologi-
cal manifestations of coronavirus disease 2019 in children.

Methods. A structured literature review was carried out using PubMed, Embase and Cochrane
Central, employing pertinent search terms. The statistical analysis was performed using Stata
version 14.2 software, and the analysed data were expressed as the pooled prevalence of the
symptoms with 95 per cent confidence intervals.

Results. The commonest symptoms noted were cough (38 per cent (95 per cent confidence
interval = 33-42; I = 97.5 per cent)), sore throat (12 per cent (95 per cent confidence interval =
10-14; I = 93.7 per cent)), and nasal discharge (15 per cent (95 per cent confidence interval =
12-19; I*=96.9 per cent)). Anosmia and taste disturbances showed a pooled prevalence of
8 per cent each. Hearing loss, vertigo and hoarseness were rarely reported.

Conclusion. Cough, sore throat and nasal discharge were the commonest otorhinolaryngolo-
gical symptoms in paediatric patients with coronavirus disease 2019. Compared with adults,
anosmia and taste disturbances were infrequently reported in children.

Introduction

The coronavirus disease 2019 (Covid-19) pandemic, which started in Wuhan, China, has
affected 242 348 657 people worldwide to date and has claimed 4 927 723 lives as of 22
October 2021." The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus
classically homes to the upper respiratory system, which acts as a gateway to the lower
respiratory system, and spreads predominantly by aerosol transmission. Though the
lower respiratory system involvement is associated with much of the morbidity and mor-
tality, the upper respiratory symptoms are often present in isolation or precede the onset
of lower respiratory system symptoms. Therefore, quantitative documentation of upper
respiratory tract manifestations is vital to help identify the disease symptoms early within
the community, and possibly undertake testing and containment steps at an early stage in
order to curb the community transmission.

There are well-documented differences in the disease characteristics and disease course
between paediatric and adult patients. The disease in children usually behaves mildly with
lower mortality (0.17 out of 100 000) compared with adult patients.” Severe illness has
been reported to occur in almost 7 per cent of children compared with 26 per cent of
adults.” Nevertheless, this lower disease severity may still be associated with sustained
transmission to those susceptible to more severe disease.

Because the upper aerodigestive tract serves as the sentinel to the entry of
SARS-CoV-2, Covid-19 symptoms often begin with or are concomitantly present in the
upper respiratory tract. The information on clinical aspects of the disease in children is
still evolving and is quite limited compared with that in adults. The lower respiratory
manifestations and systemic symptoms are well documented in the literature, but focused
quantitative documentation regarding upper respiratory symptomatology is still lacking.
Though ENT symptoms encountered in Covid-19 patients are unlikely to be life-
threatening (as opposed to, for example, shortness of breath, pneumonia and acute
respiratory distress syndrome), a close familiarity with the symptoms is vital to identify
and isolate the affected individuals in a timely fashion. We conducted this meta-analysis
to summarise the upper respiratory tract and otorhinolaryngological manifestations of
Covid-19 in children.

Methods

We aimed to evaluate the pooled prevalence of 10 otorhinolaryngological symptoms: loss
of smell, loss or alteration of taste, cough, nasal discharge, nasal blockage, hearing loss,
vertigo, sore throat, throat pain and hoarseness.
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Two authors (AS and MY) independently searched three
databases (PubMed, Embase and Cochrane Central Register
of Controlled Trials) for the relevant information published
between December 2019 and June 2021. The search was con-
ducted using three basic groups of terminologies or key words;
the search terms related to: the infection being studied
(Covid-19), the patient population (child*/pediatr*) and the
otorhinolaryngological manifestations (ear/ oto* /cough/ hear-
ing/ vertigo/ dizziness/ pharynx/ pharyng*/ throat/ larynx/ lar-
yng*/ hoarse*/ taste/ smell/ olfact*/ nasal/ nose/ naso*/ rhino*/
sinus/ ageusia/ dysgeusia). The bibliographic information
obtained from selected articles was also searched manually to
include further relevant articles. The protocol was registered in
the ‘Prospero’ International Prospective Register of Systematic
Reviews (code: CRD42021230455), and we followed the
Meta-analyses of Observational Studies in Epidemiology
(‘MOOSE’) guidelines when reporting the findings.*

Study selection

The complete search strategy (including Medical Subject
Headings (MeSH) terms) can be found in Supplementary
Table 1.

The inclusion criteria were: prospective or retrospective
studies, or clinical trials, reporting otorhinolaryngological
symptoms in the paediatric population (aged 18 years or
younger). We excluded: (1) case reports or series reporting
fewer than 20 patients; (2) review articles; (3) editorials, opi-
nions, technical reports, and conference abstracts with insuffi-
cient information; and (4) studies involving all age groups
where no separate paediatric data were available.
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Fig. 1. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (‘PRISMA’) flowchart.

Non-English-language articles and studies reporting solely on
multisystem inflammatory syndrome in children were also
excluded. Any discrepancies relating to study inclusion were
resolved through discussion with a third reviewer (JMS). The
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (‘PRISMA’) flowchart (Figure 1) depicts the pro-
cess of study selection and inclusion.

Data extraction and quality or bias assessment

Data were extracted using a well-structured, standardised
proforma. Specifically, we documented the following: first
author’s name; year of publication; journal title; study setting
and design; methods; study population; baseline demographic
characteristics; details of intervention and control groups (in
the case of clinical trials); case definition of Covid-19; preva-
lence of smell loss, taste loss or alteration, cough, nasal dis-
charge, nasal blockage, hearing loss, vertigo, sore throat,
throat pain, and hoarseness; and information for assessment
of risk of bias. The risk of bias was evaluated using the scale
by Hoy et al.” Two investigators performed the risk of bias
assessment independently (AS, MY), and any discrepancies
encountered were resolved by discussion with a third reviewer
(JMS). Wherever provided, the data on asymptomatic patients
were also recorded.

Data synthesis and statistical analysis

We undertook a quantitative synthesis of the prevalence of vari-
ous otolaryngological symptoms of Covid-19 in children from
the included studies. The categorical data were expressed in
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Table 1. Characteristics of included studies

M Yadav, A Singh, J Meena et al.

Patients Risk of
Study (year) Country (n) Population characteristics Study design bias
Prata-Barbosa et al.” Brazil 79 Median age =4 y; 41% had co-morbidities; intensive Multicentric, Low
(2020) care setting prospective
Hurst et al.® (2021) USA 293 <21y eligible, median age =10.4 y; 36% had Multicentric, Low
co-morbidities prospective
Hijazi et al.? (2021) Saudi Arabia 660 3-15 y; mean age = 8.42 y; 43.6% asymptomatic; Unicentric, High
4.4% hospitalised; 0.3% died retrospective
Bernaola Abraira et al.® Spain 30 Asymptomatic patients & <6 y excluded; mean age = Unicentric, High
(2021) 11.1 y; 63.3% hospitalised; 40% had severe disease retrospective
Adedeji et al.* (2020) Nigeria 53 Mean age = 12.6 y, majority (60%) asymptomatic; no Unicentric, High
severe or critical disease retrospective
Alnajjar et al.* (2021) Saudi Arabia 62 <14 y; median age =6 y; 12.9% hospitalised; 6.4% Unicentric, High
required intensive care; 14.5% had co-morbidities retrospective
Arslan et al.™® (2021) Turkey 176 Median age =79 months; 13% had moderate-severe Unicentric, High
illness; 1.7% had underlying disease retrospective
Bai et al.** (2020) China 25 <18 y; median age =11 y; none severe or critical; Multicentric, High
only 1 child had underlying disease; all were retrospective
hospitalised
Bardellini et al.*® (2021) Italy 27 0-14 y; mean age =4.2 y; none required oxygen Unicentric, High
supplementation retrospective
Bayesheva et al.!® (2020) Kazakhstan 650 <19y eligible; mean age=7.1y; 18.8% were Multicentric, Moderate
neonates or infants; 74% were city dwellers retrospective
Natera-de Benito et al.'” Spain 29 Children with neuromuscular disorders; mean age = Multicentric, High
(2021) 8.4 y; 38% asymptomatic; 90% did not require retrospective
hospitalisation
Bonciioglu et al.'® Turkey 101 Mean age=14.1y; 77.2% were >13 y; compared Unicentric, High
(2021) findings with abnormality on lung imaging retrospective
Bustos-Cordova et al.*® Mexico 50 <18 y eligible; median age = 56.6 months; 50% were Unicentric, Moderate
(2020) hospitalised; 22% were asymptomatic; 52% had prospective
pre-existing chronic medical condition
Cairoli et al.*® (2020) Argentina 191 Hospitalised population, median age=7.7 y; 27.7% Unicentric, Moderate
had co-morbidities unclear
Calitri et al.?* (2021) Italy 46 <14 y; median age =8 y; 23.9% were asymptomatic; Unicentric, Moderate
8.7% were hospitalised; 13% had mild chronic unclear
disease
Caro-Dominguez et al.? Multiple 91 Median =6.1 y, majority (93%) were symptomatic Multicentric, High
(2020) retrospective
CDC COVID-19 Response USA 291 <18 y eligible; median age =11 y; 23% had Multicentric, High
Team® (2020) underlying conditions retrospective
Chen et al.®* (2020) China 32 Mean age =9.5y; all were previously healthy; 14 had Multicentric, High
lung involvement; none with severe illness retrospective
Chua et al.?® (2020) China, Korea, 423 <19y eligible; all had mild disease; 26% were Multicentric, High
Hong Kong asymptomatic; mean age=6.6 y in patients from retrospective
Wuhan
Chua et al.*® (2021) Hong Kong 265 <18 y; mean age =9.95 y; none had pneumonia or Multicentric, Moderate
oxygen requirement; 58.1% were asymptomatic; retrospective
compared data of 3 waves
Cleto-Yamane et al.*’ Brazil 35 0-18 y eligible if serology findings were positive; Unicentric, High
(2021) median age =11 y; immunosuppressed children prospective
(cancer or solid organ transplant patients); 77.1%
were asymptomatic; all received out-patient care
Concheiro-Guisan Spain 33 <15 y; mean age = 8.4 y; otherwise well children; Unicentric, Moderate
et al.?® (2021) >6 y olds completed olfactory test unclear
Costa et al.®® (2022) Portugal 94 Median age =11 y; all symptomatic; none Unicentric, High
hospitalised; 21% had underlying conditions retrospective
De Jacobis et al.*® Italy 66 All were hospitalised; median age=5.98 y; 13.6% Unicentric, High
(2021) had co-infections; 21.2% asymptomatic retrospective
Du et al.*' (2020) China 182 Hospitalised children <16 y were eligible; median Unicentric, Moderate
age=6y; 83.5% were <10 y; 30.2% were retrospective
asymptomatic; 43 had history of allergy
(Continued)
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Table 1. (Continued.)

Patients Risk of
Study (year) Country (n) Population characteristics Study design bias
Duramaz et al.*? (2021) Turkey 43 28 days to 18 y; median age =10.5 y in PCR-positive Multicentric, High
patients; emergency department setting; all were retrospective
symptomatic; RT-PCR negative patients were also
included; 79.1% were previously healthy
Elghoudi et al.*® (2021) UAE 288 Mean age =7.3 y; 67% were hospitalised; 19.4% had Unicentric, Moderate
underlying health conditions; none required retrospective
invasive ventilation
Erat & Giiler** (2021) Turkey 69 Median age = 11 y; hospitalised patients; 50.7% were Unicentric, High
>10 y; 1 with co-morbidities; none required retrospective
intensive care
Fakiri et al.>® (2020) Morocco 4 <18 y (excluding newborns) were enrolled; median Unicentric, High
age=7y; 73% were asymptomatic & the rest had retrospective
mild symptoms
Foster et al.>® (2021) USA 1215 <21 y; median age=7.1y; 6.5% were 18-21y; 8% Multicentric, Moderate
were hospitalised, of which 35% required intensive retrospective
care; 63.9% of admitted patients had underlying
medical conditions; 15.9% were asymptomatic
Gaborieau et al.*" (2020) France 192 Confirmed or highly suspicious cases; median age = Multicentric, Moderate
1y; 29% with underlying condition; hospitalised prospective
children, of which 12.5% required intensive care
Garazzino et al.*® (2021) Italy 759 Mean age=7.3 y; 21.1% were infants; 17.9% had Multicentric, Moderate
underlying chronic disease; 48.9% were unclear
out-patients; 12% were asymptomatic; 28.3% had
co-infections; 4% required intensive care; 3.9% had
multisystem inflammatory syndrome
Geis et al.* (2021) Germany 148 All diagnosed by serology; patients with previous Multicentric, High
chronic disease were excluded; mean age=7.5y; unclear
25.7% were asymptomatic; 1.3% were hospitalised
Goss et al.* (2021) USA 26 Solid organ transplant recipient; <18 y at time of Multicentric, High
transplant; median age=8y (5 months to 18 y) retrospective
Guo et al.** (2020) China 136 <14y olds were eligible; median age =7'y; 5.9% were Multicentric, High
asymptomatic; 99.3% had mild-moderate illness retrospective
Han et al.** (2021) Korea 91 <19 y; median age =11 y; hospital & non-hospital Multicentric, High
isolation facilities; 22% were asymptomatic; 7% had retrospective
underlying diseases; 3% required oxygen
supplementation; none required ventilation
Hassan et al.** (2021) Qatar 41 Neonates & young infants (<8 weeks); 3% required Unicentric, High
intensive care retrospective
Jamjoom™ (2021) Saudi Arabia 52 0-14 y were eligible; emergency department setting; Unicentric, High
median age =6 y; 8% had chronic illness; 85% had retrospective
mild disease
Li et al.*® (2020) Singapore 39 Mean age=7.8 y; 37.5% had co-morbidities; 38.5% Unicentric, Moderate
asymptomatic; compared features between unclear
symptomatic & asymptomatic patients
Kainth et al.*® (2020) USA 65 <22 y were eligible; median age =10.3 y; 48% were Unicentric, High
>12 y; 55% had underlying medical condition retrospective
Kanburoglu et al.*’ Turkey 37 Neonatal intensive care setting (73% admitted); all Multicentric, Moderate
(2020) were symptomatic; 2 had congenital anomalies; prospective
41% required oxygen
Kanthimathinathan UK 45 All were in-patients; median age=3.5 y; 33% were Unicentric, High
et al.*® (2020) infants; 205 received supplemental oxygen; 64% had retrospective
some pre-existing condition
Karbuz et al.*® (2021) Turkey 1156 Median age = 10.75 y; 1.5% had severe disease; 7.8% Multicentric, Moderate
were <1 y; 12.9% had underlying conditions retrospective
Kilani et al.>® (2020) Jordan 61 <18 y; median age =6 y; 44.2% were asymptomatic; Unicentric, Moderate
3.3% had underlying condition retrospective
Kim et al.>* (2020) Uzbekistan 46 Adult patients were included; information provided Multicentric, High
as per age bands; none received oxygen; 14.3% retrospective
children were asymptomatic
King et al.>? (2021) Canada 1987 <18 y; 0.4% were admitted; mean age =9.3 y; 35.9% Multicentric, Moderate
were asymptomatic unclear
(Continued)
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Table 1. (Continued.)

Patients Risk of

Study (year) Country (n) Population characteristics Study design bias

Korkmaz et al.>* (2020) Turkey 81 Median age =9.5 y; 54% were hospitalised; included Unicentric, High
2 newborns (both asymptomatic) retrospective

Krajcar et al.>* (2020) Croatia 230 <19 y eligible; median age=10y; 16.1% had Multicentric, High
pre-existing illness; 41.3% had no symptoms retrospective

Li et al.>® (2020) China 72 Median age =2 y; comparative analysis with Multicentric, High
adenovirus; 22 were asymptomatic retrospective

Kumar et al.>® (2021) India 141 10-19 y olds with mild-moderate Covid-19; mean Unicentric, High
age=15.2 y; severe disease excluded prospective

Lavaine et al.>” (2021) France 33 Median age=1y & 9 months; 21.2% were Unicentric, High
asymptomatic; 78.8% were hospitalised; 27.2% had retrospective
co-existing conditions

Lazzerini et al.>® (2021) Italy 159 54% were >10 y; 17.6% had co-morbidities; 78% Multicentric, Moderate
cases were mild; 28.3% were hospitalised; 5.0% retrospective
were asymptomatic

Leung®® (2020) Brazil 3213 <2y, 23% neonates, 49.6% males Multicentric, Moderate

retrospective

Liang et al.®° (2021) China 71 Median age =2.6 y; compared features with Multicentric, High
influenza A retrospective

Liu et al.®* (2020) China 46 <1y enrolled; 84.8% were >28 days old; 87% had Unicentric, Moderate
moderate disease; 21.7% had co-morbidities retrospective

Luo et al.®? (2020) China 37 625 patients; 37 (5.9%) were <18 y; no severe or Multicentric, Moderate
critical cases retrospective

Madhusoodhan et al.®® USA 98 Paediatric oncology patients <21 y receiving Multicentric, High

(2020) anti-cancer therapy; median age =12.8 y; 37.8% retrospective

were >15 y; 22% were obese; 67.3% were
symptomatic; 17.3% had severe disease; 7.1%
required ventilation

Mahmoudi et al.% Iran 35 All were in-patients; median age=7.5 y; 40% had Unicentric, High

(2020) severe pneumonia; 51% had pre-existing medical unclear
condition

Mania et al.®® (2021) Poland 106 1 month to 17 y; mean age =9.27 y; 88.7% were Unicentric, High
out-patients; 3.8% had underlying disorders; none unclear
ventilated

Mamishi et al.%® (2020) Iran 24 All in-patients; median age=6y; 71% cases were Unicentric, High
severe retrospective

Mannheim et al.?” (2020) USA 64 <18 y; median age =11 y; 45% were >14y; 26% had Multicentric, High
pre-existing conditions; 16% were hospitalised; 5% retrospective
had no symptoms

He et al.?® (2020) China 35 <16 y were eligible; mean age=7.1y; 4 had Unicentric, High
co-infections & only 2 had co-morbidities; 20% were retrospective
asymptomatic

Mizrahi et al.*®® (2020) Israel 862 Mixed age group; separate paediatric data; mild Multicentric, Moderate
Covid-19; mean age of children group =10.7 y; 14% retrospective
had chronic medical condition

Nallasamy et al.’® (2021) India 31 <14 y; median age =33 months; 19% had Unicentric, High
co-morbidities; 58% were asymptomatic; 10% retrospective
required intensive care

Ma et al.”* (2020) China 216 Median age =7.25 y; 47% were mild cases; 25% had Unicentric, Moderate
associated medical history retrospective

Nanavati et al.”® (2021) India 21 Neonates; 33.3% were symptomatic; 28.6% required Unicentric, High
intensive care retrospective

Nathan et al.” (2020) France 23 Hospitalised, median age=4.9 y, 56.5% had Unicentric, High
co-morbidities retrospective

Ozkan & Erdeniz’™ Turkey 30 Median age =10 y; 11.5% had co-morbidities; 56.6% Unicentric, High

(2021) were >10 y; 16.6% were asymptomatic; all except 1 retrospective
had mild course

Parri et al.” (2020) Italy 170 0-18 y eligible; emergency department setting; Multicentric, High
median age =45 months; 22% had co-morbidities; retrospective

17% were asymptomatic; 63% were mild cases; 43%
were hospitalised

(Continued)
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Table 1. (Continued.)
Patients Risk of
Study (year) Country (n) Population characteristics Study design bias
Peng et al.”® (2021) China 211 Median age =6 y; 70% were symptomatic Unicentric, Moderate
retrospective
Pérez-Gaxiola et al.”” Mexico 51 Median age =10 y; 39% were >12 y; 62.2% had mild Unicentric, High
(2021) disease; 8.1% cases were fatal retrospective
Pourakbari et al.”® Iran 96 Median age=7.5y; 6% had RNAemia; 57% had Unicentric, Moderate
(2021) underlying disease; 39.6% had severe disease; unclear
10.4% died
Qiu et al.” (2020) China 36 <16 y; mean age =8.3 y; 47% had mild disease; 28% Multicentric, Moderate
were asymptomatic retrospective
Otto et al.* (2020) USA 424 Median age=10y; 11% were 18-21y; 18% of Multicentric, High
positive patients were hospitalised; 57% had retrospective
medical co-morbidity
Rabha et al.®! (2020) Brazil 115 <18y eligible; median age=2y; 26.1% had Multicentric, High
co-morbidities; 14% had severe pneumonia; 50.4% retrospective
were <3 y; oxygen required in 7 cases; none
ventilated
Ramteke et al.®? (2021) India 30 Median age=10.5 y; 8 months to 14 y; hospitalised Unicentric, Moderate
children; only 30% were symptomatic unclear
Ranabothu et al.® USA 1353 <18'y; 19% were in-patients; 1.9% were in intensive Multicentric, Moderate
(2020) care retrospective
Rouger-Gaudichon France 37 Mean age=11.2 y; 6 patients were >18 y; had Multicentric, High
et al.#* (2020) undergone cancer therapy in previous 6 months; unclear
5 patients admitted to intensive care
Rusetsky et al.®® (2021) Russia 79 >5 y; severe cases excluded; median age=12.9 y; Unicentric, Moderate
all were hospitalised prospective
Sarangi et al.%® (2020) India 50 Median age =6 y; 58% were asymptomatic; 40% had Unicentric, High
mild disease; none had hypoxemia; only 2 had unclear
co-morbidities
Sena et al.®” (2021) Brazil 682 <20 y; mean age =9 y; 10.9% had co-morbidities; Unicentric, Moderate
46.2% were hospitalised; 5.6% cases were fatal retrospective
Shahbaznejad et al.%® Iran 100 Mean age =8.7 y; 62% required oxygen Multicentric, High
(2021) supplementation; 6% required invasive ventilation; retrospective
4% cases were fatal; 13% had multisystem
inflammatory syndrome
Sharma et al.®® (2020) Nepal 121 Mean age =8.8 y; 40.5% were adolescents; 71.9% Multicentric, Moderate
were asymptomatic; only 1.8% required oxygen unclear
support
Siddiqui et al.®° (2021) Turkey 206 Median age =7.55 y; compared features with Unicentric, Moderate
influenza A or B; 9.2% had underlying chronic retrospective
disease; 3.4% were hospitalised; 2.4% were
intensive care admissions
Somekh et al.** (2020) Israel 31 Both children & adults studied in 20 families; Unicentric, High
31 were aged 5-17 y; out-patient setting unclear
Song et al.” (2020) USA 315 Median age=9.7 y; compared clinical features to Unicentric, High
seasonal influenza; 17.1% were hospitalised & 5.7% retrospective
required intensive care
Sousa et al.>* (2020) Brazil 2570 <20 y; all were admitted; 38% had pre-existing Multicentric, High
co-morbidities; 25% had intensive care support unclear
Soysal et al.”* (2020) Turkey 237 0-17 y; median age =87 months; 30% were Multicentric, High
asymptomatic; 28% were hospitalised; 1.2% retrospective
required intensive care; no severe or critical cases;
5 had underlying chronic disease
Sun et al.’® (2020) China 74 Median age=5.8 y; 48.7% were >6 y; 18.9% had Unicentric, High
pre-existing illnesses; 1 patient received oxygen; retrospective
29.7% were asymptomatic
Szépfalusi et al.”® (2021) Austria 28 5-21 y; median age = 13 y; chiefly serology-based Unicentric, Moderate
data; 46.2% were asymptomatic; 23.1% had chronic prospective
disease
Temel et al.”” (2021) Turkey 81 Mean age =9.3 y; 26% were asymptomatic; 60% Unicentric, High
were mild cases; only 3 hospitalised unclear
(Continued)
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Table 1. (Continued.)
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Patients Risk of
Study (year) Country (n) Population characteristics Study design bias
Tripathi et al.%® (2021) USA 233 <18 y eligible; median age = 10.8 y; non-multisystem Multicentric, High
inflammatory patients (56.5%) compared with retrospective
multisystem inflammatory syndrome patients;
61.9% had co-morbidities; critical illness in 30.9%;
only 33.6% without oxygen therapy; 20.2% were
ventilated
Wu et al.®® (2020) China 74 Hospitalised children; median age =6 y; 20 were Multicentric, High
asymptomatic; 1 had severe pneumonia retrospective
Xia et al.*®° (2020) China 114 <16y eligible; Wuhan residents; 10% were aged Multicentric, High
<6 months; 72% had abnormal lung imaging retrospective
Xiong et al.*®* (2020) China 244 <18 y; median age =82 months, 34.8% were Unicentric, Moderate
asymptomatic; 1.6% required ventilation; compared retrospective
features with SARS 2003
Xu et al.*? (2020) China 32 <18 y; mean age = 8.7 y; 9% had co-morbidities; 34% Multicentric, High
were asymptomatic retrospective
Yilmaz et al.*® (2020) Turkey 105 Mean age =9 y; co-morbidities in 3.8%; 56% were Unicentric, High
asymptomatic retrospective
Zhamankulov et al.'** Kazakhstan 94 3-17 y with recurrent respiratory infections; Unicentric, High
(2021) excluded those with co-morbidities; mean age = retrospective
5.9 y; evaluated as atopic phenotype & vitamin D
deficiency phenotype groups
Zhang et al.*® (2020) China 34 Median age=2.7 y; 47% had mixed infections; 82% Multicentric, High
had moderate disease; 17.6% had co-morbidities retrospective
Zhang et al. %% (2020) China 41 <14 y; mean age=5.9 y; 73.2% were mild cases; Unicentric, Moderate
none were severe retrospective
Zhang & Huang™”’ China 33 <19 y eligible; mean age=9.6 y; all were admitted Multicentric, High
(2020) but none was critical retrospective
Zheng et al.**® (2020) China 52 0-18 y (excluding newborns); median age=9 y; Multicentric, Moderate
21.1% were <3'y; 23.1% were asymptomatic; none retrospective

with co-morbidities; none required ventilation

y =years; CDC = Centers for Disease Control and Prevention; UAE = United Arab Emirates; PCR = polymerase chain reaction; RT-PCR = reverse transcriptase transcription polymerase chain
reaction; Covid-19 = coronavirus disease 2019; SARS = severe acute respiratory syndrome or median with interquartile range

percentages, while the continuous data were expressed as means
and standard deviations. The statistical analysis was performed
using Stata® version 14.2 software, and the analysed data were
expressed as the numerical value of the pooled prevalence of
the symptoms with 95 per cent confidence intervals (Cls).

The studies that did not report an outcome were excluded
from the denominator for the pooled prevalence. Wherever
explicitly stated as absent from the cohort, we considered
zero prevalence towards the final pooled estimate.

Heterogeneity between studies was explored using I” statis-
tics, and the data were pooled using a random-effects model. A
subgroup analysis was performed to explain any heterogeneity
detected in the most prevalent symptoms (i.e. those with a
pooled prevalence of more than 10 per cent).

A sensitivity analysis was performed to assess the effect of
studies with a high risk of bias on final prevalence estimates.
The funnel plot asymmetry and Egger’s test were used to
determine the publication bias.

Results
Study selection and characteristics

The search strategy produced 5271 results; 2299 duplicates
were manually removed and 1692 were deemed ineligible by
automation tools. The title and abstracts of 1280 records
were screened manually and using Rayyan® software; the latter
is an application designed to expedite the initial screening of
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abstracts and titles. Of the subsequent 170 retrieved reports,
68 were excluded after full-text review (Figure 1). Eventually,
102 publications, comprising 24 335 children with Covid-19,
were included in the meta-analysis.””'® The number of chil-
dren enrolled in the individual studies ranged from 21 to 3213.

Table 1 provides the key characteristics of the included
studies.” 1% Of the included studies, 22 (21.6 per cent) were
from China, while 12 were from Turkey and 11 were from
the USA. Most studies (n = 96) had provided clinical informa-
tion for children only; the remaining six studies investigated
both adult and paediatric populations but had provided the
paediatric data separately.

Retrospective reports (n = 76, 74.5 per cent) constituted the
majority of studies, and nearly half (n = 48, 47 per cent) were mul-
ticentric studies. The diagnosis of Covid-19 was based on: reverse
transcription polymerase chain reaction (n =76, 74.5 per cent), a
combination of clinical and laboratory parameters (n =16, 15.7
per cent), or serology alone (n=2). Eight studies lacked clear
information on the method employed to confirm the Covid-19
diagnosis. The median age of participants was 7.8 years (inter-
quartile range =6, 10), and they ranged from newborns to 15.2
years. Both sexes were equally represented across the studies.

The risk of bias was moderate (n =35) to high (n=65) in
almost all the eligible studies; only two studies were considered
to have a low risk of bias. The lack of random selection of the
sample and data collection from hospital records (not directly
from study subjects) were the most commonly observed biases
noted in the eligible studies.


https://doi.org/10.1017/S0022215122000536

The Journal of Laryngology & Otology

Sty

Xong 2020

2020 ——
Kanburoglu 2020 —_—

Ouramaz 2020

Foster2020

o B — ——

Mannhamz020

Madhusoodhan 2020 .._‘_
Chen2020 _‘_._

Jomes A King 2021
sz

Baz0m

Znang2o
Qw20

L2020

Kiani 2020

-

—_—

ang 220 ——
——

ou2az0

-

Zneng2020 _’_
1

Xa 20

ang 2020 — ——

1
o —_—l

Rabha 2020

SustosCordora 220 —_—
anwe2020 —_—

Kuanrong Li2020

sz —_—

Sopetzaz0 ——
Sorg 20 —_——
sanoam 2520 ——

cocumRan

Pari 2020 —_——

Chua 2020

P—
sovozz0 [ E—
-

Kanth 2020

ngo 0 _—

Guo 2020 el —

J— ——
Fakri 2020 ——

o ——L

vinaz 2020 ——

Rouger Gausicnon 2020

w220 -

Manishi 2020

Py 220 ——
Ramieke 2020 _’_‘_

carl 520 ——

Prate Barbosa 2020

iz — ——

20 ——

oo 220 -

Mahmoudi 2020
Kekmaz 2020
ROt 2020

Goss 2020

Nathan 2020

Leung 2020

Care-Dominguez 2020

[ —

- -

Bardaini 2021

1
f— ———
1
-
D g

Hassan 2021 _.+

Galti 2021 ———
Scitausize1 ———e

Kabuz 2021

Elghoust 2021

T, 2021 —_—
g 221 —_——

‘Skiqui 2021 ——

Nallasamy 2021 —_—

rtan 2021

Pa—— —

enunzen ——
——

Kumar 2021

- 1—‘_

Sona 2021

Peroz Garica 2021

e —_—
Banciioglu 2021 +

o 21 —

cokan 2021

P—— ——

Zhamankuloy 2021

Shanbaznejad 2021

Oveal (2297.8%,p=0000 ¢

—

Es(@s% 1)

082(055,069)
038,025,058
027,015,049
063(048,076)
041(038,044)
030,017,048
075,083,089
045036, 058)
031018, 049)
025(023,026)
085(044,068)
052(033,070)
062(045,076)
019,010,035
05(044,072
020(010,034
0.11(006,022
041(032,051)
045,037,052
048(035,081)
054(044,062
018,009,034
039(026,059
051 (042,060
035(024,050)
0%2(023,049
058(044,071)
017,007,036
039033, 048)
048,035,061
048,035,081
054 (045,060
043,036,050
042(037,048)
015,012,018
080,071,087
010(004,026)
056,041,069
068 (066,070
049037,081)
040(026,058)
016(008,029)
017,012,022
0%2(025,041)
0.14(008,021)
007 (003, 0.19)
028,020,039
016,010,020
050,033,067
005,004,007
083(043,079)
037,030,049
041(034,048
027,014,048
010007016
052(041,064
021 012,039
034(029,039)
015,014,047
080,064,080
052(041,062
052(047,087)
048(02,068)
048,029,067
050,045,052
055,045,069
033,023,048
009(003,022
034(026,044)
017,029
037,022,058
029018, 044)
02012038
007 002,029
049(048,052)
045(035,051)
039(033,048)
0%2(023,049
023,018,029
019(008,038)
045,038,052
0012,031)
0 015,025
021(015,028
048036, 081)
052(045,058)
067 (053,078
032(025,040)
034025043
010(003,029)
050,033,067
033,030,037
035088, 098)
068(058,076)

038,033,042

0%

100

102

100

08

108

os

0%

100

™

100

0%

108

100

100

10000

0ot

Fig. 2. Forest plot showing the pooled prevalence of cough. ES = effect size; Cl = confidence interval; CDC = Centers for Disease Control and Prevention; Covid-19 =

coronavirus disease 2019
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Fig. 3. Forest plot showing the pooled prevalence of nasal discharge. ES = effect size; Cl = confidence interval; CDC = Centers for Disease Control and Prevention;

Covid-19 = coronavirus disease 2019

Clinical symptoms

The commonest symptoms were cough, nasal discharge and
sore throat (Figures 2-4, and Supplementary Figure 1).
The pooled prevalence of cough was 38 per cent (95 per
cent Cl=33-42; >=97.5 per cent), while that of sore throat
was 12 per cent (95 per cent CI=10-14; I>=93.7 per cent).
The prevalence of nasal discharge was 15 per cent (95 per
cent CI=12-19; I*>=96.9 per cent; Table 2). The least
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commonly reported symptoms were hearing loss, throat pain
and hoarseness, with fewer than five contributory studies for
each symptom. Loss of taste or smell was less commonly
reported, with an expectedly similar pooled prevalence of 8
per cent (95 per cent CI=6-10 for smell and 5-10 for
taste). Vertigo and hoarseness of voice had a much lower
pooled prevalence of 1 per cent each. Table 2 shows the pooled
prevalence of these 10 symptoms and the proportion of
asymptomatic patients in the eligible studies.
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Fig. 4. Forest plot showing the pooled prevalence of sore throat. ES = effect size; Cl=confidence interval; CDC = Centers for Disease Control and Prevention;

Covid-19 = coronavirus disease 2019

Only 66 studies had information regarding the proportion
of asymptomatic children, and the resultant estimate of 27
per cent (95 per cent CI=23-32) was derived from informa-
tion across 12 687 children.

Publication bias

The funnel plot suggested a reporting bias for anosmia but
appeared symmetrical for cough (Figure 5). We also used
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Egger’s test to assess the publication bias. While Egger’s test
for anosmia showed significant small study effects (p < 0.001),
this was not the case for studies reporting cough (p =0.14).

Subgroup and sensitivity analysis

We performed subgroup analyses based on study design, case
definition, and risk of bias for the three most prevalent symp-
toms: sore throat, cough and nasal discharge (Supplementary
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Table 2. Pooled prevalence of various otorhinolaryngological manifestations

M Yadav, A Singh, J Meena et al.

Outcome Studies (patients) (n) Pooled prevalence (%) 95% ClI 12 (%) P*
Loss of smell 54 (11 804) 8 6-10 93.7 0.07
Loss of taste 42 (10 895) 8 5-10 93.6 0.06
Cough 94 (22 938) 38 33-42 97.5 0.17
Nasal discharge 57 (13 361) 15 12-19 96.9 0.14
Nasal block 23 (6748) 8 5-12 93.9 0.06
Hearing loss 01 (862) 0.2 - - -
Vertigo 09 (3270) 1 0-2 65.3 <0.001
Sore throat 61 (16 998) 12 10-14 93.7 0.06
Throat pain 02 (120) 7 3-12 - -
Hoarseness 04 (1173) 1 0-5 84.7 0.03
Asymptomatic 66 (12 687) 27 23-32 96.9 0.17
*P for heterogeneity. Cl=confidence interval
Anosmia (@) discharge (12 per cent (95 per cent CI=8-17)). However,
5 heterogeneity was significant for the pooled prevalence of
~ ] s cough, and the pooled prevalence was 30 per cent (95 per
. . . .
® cent CI=24-36) after the exclusion of studies with a
L]
2 high risk of bias.
L = .y
@ ° > The subgroup analyses based on study design and case def-
2 - . . inition also demonstrated significant heterogeneity (Table 3).
E 8 ‘e, The studies with mixed definitions of Covid-19, rather than
o .", YL based on reverse transcription polymerase chain reaction or
o
s oy sy . serology alone, demonstrated more homogeneous results for
i o % * the prevalence of sore throat (15 per cent (95 per cent CI=
. 2
14-17); I* = 0 per cent, p=0.01).
A *s . 5 s
LA o8’ - We also performed meta-regression analyses to assess the
; 55 5 o6 effect of the four different covariates (multicentric, sample
Proportion size, risk of bias and study design) on the pooled estimates
for cough, sore throat and nasal discharge. We did not observe
Cough (b) any significant effect on the pooled estimates of these
£ 5 symptoms with meta-regression analyses (Supplementary
° 5 : . Tables 2-4).
‘ :
~ L
® o -
N o e L .
o e Discussion
o :
£ & | . . . .
v L)
3 .’ S *n . The current meta-analysis summarises the pooled Covid-19
(=] L . . .
S *e S L e . symptoms frequency and distribution values related to the
8 - *e o S e . otorhinolaryngological domain in 24 000 paediatric patients.
: . . . .
o -E. oD IO . The commonest otorhinolaryngological symptom was cough,
O e followed b h d nasal disch i
g | Y ot ollowed by sore throat and nasal discharge. Previous
o . . . reviews'*” have revealed the commonest presenting symptoms
. 0 ha 0.5 08 ! in children to be fever (pooled prevalence of 51 per cent; 95
Proportion per cent CI=45-57) and cough (pooled prevalence of 41

Fig. 5. Funnel plot for studies reporting (a) anosmia and (b) cough.

Figures 2-4 and Table 3). Only two studies had a low risk of
bias, and pooled prevalence of cough and nasal discharge
was 37 per cent (95 per cent CI =32-42) and 13 per cent
(95 per cent CI=9-16), respectively, in these two stud-
ies.””" Data on sore throat were limited to studies with
moderate to high risk of bias. Sensitivity analysis, after
the exclusion of studies with a high risk of bias, did not
show a significant change in the pooled prevalence of
sore throat (10 per cent (95 per cent CI=7-14)) or nasal
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per cent; 95 per cent CI=35-47). By comparison, the com-
monest otorhinolaryngological symptoms noted in adult
patients, by Qiu et al.,''® were olfactory dysfunction (47 per
cent), sneezing (27 per cent) and nasal congestion (19 per
cent). These findings highlight the differences between the
otolaryngological symptom profiles of children and adults.
Cough is a common symptom of Covid-19 infection that
may arise with both upper and lower respiratory involvement.
We found cough to be the commonest symptom, with a pooled
prevalence of 38 per cent, as reported from 94 studies. This is
similar to the findings of previous reports. Though severe
lower respiratory involvement often manifests with accompany-
ing symptoms, it may be difficult to localise the focus to the
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Table 3. Subgroup and sensitivity analysis for cough, sore throat and nasal discharge

Outcome Subgroup Pooled prevalence (%) 95% ClI 12 (%); P-value
Cough Risk of bias
- High 42 36-48 95.78; <0.001
- Moderate 29 23-36 98.32; <0.001
- Low 37 32-42 -
Study design
- Retrospective 40 35-44 97.04; <0.001
- Prospective 26 17-37 85.95; <0.001
- Unclear 32 18-46 98.96; <0.001
Case definition
- RT-PCR 36 31-42 97.63; <0.001
- Serology alone 9 3-22 -
- Mixed 43 36-51 92.46; <0.001
- Unclear 44 26-62 97.68; <0.001
Sore throat Risk of bias
- High 13 10-17 87.62; <0.001
- Moderate 10 7-14 96.52; <0.001
- Low -
Study design
- Retrospective 12 10-15 94.63; <0.001
- Prospective 15 7-25 68.88; 0.02
- Unclear 10 6-15 93.66; <0.001
Case definition
- RT-PCR 12 9-15 93.82; <0.001
- Serology alone 3 1-15 -
- Mixed 15 14-17 0.00; 0.81
- Unclear 14 5-25 95.71; <0.001
Nasal discharge Risk of bias
- High 19 13-25 94.92; <0.001
- Moderate 12 7-17 97.98; <0.001
- Low 13 9-16 -
Study design
- Retrospective 16 11-22 97.49; <0.001
- Prospective 13 5-24 92.38; <0.001
- Unclear 12 8-18 91.63; <0.001
Case definition
- RT-PCR 15 11-20 97.50; <0.001
- Serology alone -
- Mixed 14 8-23 91.94; <0.001
- Unclear 18 9-29 87.18; <0.001

Cl = confidence interval; RT-PCR = reverse transcription polymerase chain reaction

upper versus the lower respiratory tract in milder cases present-
ing with cough. Regardless, given the potential for significant
aerosol generation, cough remains an important symptom
for disease transmission. In addition, the high prevalence of
cough in children suggests the potential for transmissibility to
other vulnerable age groups and caregivers.

Given the frequent occurrence of common cold symptoms
in children irrespective of Covid-19 infection, it is possible to
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mistake Covid-19 infection for common cold symptoms in
this age group, leading to a higher propensity of community
transmission. Compared with the common cold and allergic
rhinitis, nasal symptoms are less frequent in Covid-19
patients."'’ Rhinorrhoea and nasal congestion are reported
in fewer than one-fifth of Covid-19 cases.'” The present
analysis showed the pooled prevalence of rhinorrhoea and
congestion to be 15 per cent and 8 per cent, respectively.
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Olfactory and taste dysfunction is one of the most familiar
manifestations of Covid-19 encountered in adults. The high
rate of olfactory symptoms correlates with the neurotropism
exhibited by SARS-CoV-2 towards the neuroepithelium present
in the olfactory cleft. These symptoms can occur in isolation
without other nasal symptoms, they typically signal a milder
disease course, and they are reversible in the majority of
patients."'>'"*> The meta-analysis by Qiu et al,''® involving 54
studies and 16 478 adult patients, revealed the pooled preva-
lence of olfactory symptoms to be 47 per cent (95 per cent
CI =29-65). However, in the paediatric age group, the olfactory
and taste symptoms are relatively infrequent. A higher preva-
lence is noted in older children.” This may be attributed to an
age-related biological difference, or may be secondary to the
inability of the children to identify or communicate these symp-
toms effectively. Regarding the pooled incidence, these symp-
toms affected less than a tenth of infected children. A recent
meta-analysis by Yan et al.''* showed the prevalence of smell
and taste disturbances in children to be 15 per cent and 9 per
cent, respectively. Older age and female gender were associated
with a higher prevalence of smell disturbances.

Laryngeal and otological symptoms have been infrequent in
adult and paediatric populations, and were described as case
reports or case series. The current report showed fewer than
10 per cent of the studies reporting on the presence or absence
of these symptoms.''>~'"?

The current analysis showed asymptomatic infections in
almost a fourth of affected children. Previous reviews reported
the proportion of asymptomatic infections as 40-45 per
cent,'”” while the pooled prevalence of asymptomatic cases
was calculated to be 48 per cent by Syangtan et al. using a ran-
dom effect model."*' The same meta-analysis revealed the largest
proportion of asymptomatic cases in children (49.6 per cent),
followed by the adult (30.3 per cent) and elderly (16.9 per
cent) populations. The prevalence of asymptomatic infections
apparent from our data is lower (27 per cent). However, given
that many asymptomatic infected individuals possibly never vis-
ited the hospital, we assume this percentage is larger than that
reflected in the current data. Asymptomatic, equally infectious
individuals are likely to continue spreading the infection in the
community if not detected and isolated. The lower exposure
rate for children compared with adults, secondary to the lack
of workplace and travel-related exposures, may contribute to
the lower predisposition of children to the viral infection.
Once exposed, the children are equally likely as adults to acquire
the infection.'** However, the more favourable immunity profile,
a different pattern of de novo angiotensin-converting enzyme 2
(ACE-2) receptor expression in the airway, or a different pattern
of induction of the lower airway ACE-2 receptor after homing of
the virus to the upper airways in children may underlie the
higher rate of ‘asymptomatic’ infections.'”>'** The usual lack
of associated co-morbidities in children is also protective.

Strength and limitations

This meta-analysis has certain limitations. The inclusion of
English-only articles limited the results obtained. The prog-
nostic importance of otorhinolaryngological manifestations
could not be assessed because of the paucity of such studies
in children. In addition, heterogeneity was significant, limiting
the interpretation of pooled estimates. Despite these
limitations, the current meta-analysis may serve as a helpful
reference  database for the pooled prevalence of
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otorhinolaryngological symptoms, with data obtained from
over 100 studies enrolling over 24 000 children with Covid-19.

Conclusion

The commonest otorhinolaryngological manifestation of
Covid-19 in paediatric patients was cough, followed by sore
throat and nasal discharge. Anosmia and taste disturbances
were less prevalent in children compared with adults based
on the data available in the literature. Hearing loss, vertigo,
throat pain and hoarseness were infrequently reported.
Almost a fourth of the paediatric patients infected with
Covid-19 were found to be asymptomatic.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/50022215122000536
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