Global epidemiology of COVID-19 infection in young children under five years: a systematic review and meta-analysis
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Introduction:
Globally acute respiratory infection (ARI) including pneumonia is the leading cause of morbidity and mortality in young children aged less than five years. Respiratory viruses such as influenza and respiratory syncytial virus (RSV) remain the leading causes of ARI in under five children (1). The immature immune system have been linked to increased risk of respiratory viral infections in young children (1). The ongoing pandemic disease (COVID-19), which is caused by a novel respiratory virus, coronavirus SARS-CoV-2, is primarily causing pneumonia characterised by fever, cough and difficulty in breathing in the earlier stages of the disease and progressing to severe acute respiratory distress syndrome (ARDS) or respiratory failure in severe disease (2). 

Data from the early stages of the pandemic suggested that children might not have been at increased risk of respiratory infection from SARS-CoV-2. However, as the pandemic progressed, more data emerged on COVID-19 in children. There is now evidence suggesting that children of all age groups are susceptible to the SARS-CoV-2 infection with most severe COVID-19 cases among children aged less than five years (3). Additionally, studies have reported that around 12-18% of infected children were aged <12 months (3, 4). Few studies have reported neonates born to mothers with SARS-CoV-2 infection, yet, evidence on vertical transmission is scarce (5-7).

As of 28th  July 2020, globally there have been 16,646,987 confirmed cases of COVID-19 with 656,608 deaths (8). The magnitude of the crisis has led to unprecedented speed in developing an effective vaccine. There are currently 199 candidate vaccines against SARS-CoV-2 infection at different stages of development with at least two being in second/third stages of clinical trial (9). It is possible that a safe and efficacious vaccine may become available for clinical use by early 2021. Often vaccines for respiratory infections, such as influenza and pneumococcal disease are targeted to groups of population at increased risk of severe disease including children aged less than five years, pregnant women, people with chronic morbidities and elderly population (aged>65 years) (10). 

When the paper is being written (July) it has already been six months since the pandemic emerged. More than 35200 research studies and case reports have been published as of 28th July 2020 which provides updated information relating to how the pandemic has evolved in different sub-groups of people indifferent parts of the world .However, there lacks comprehensive epidemiological data relating to the pandemic specifically in children aged less than five years, the most at-risk paediatric age-population for respiratory infection and vaccine recipient globally. The objective of this systematic review and meta-analysis was to compile existing literature and analyse published data to provide a comprehensive understanding on epidemiological and clinical pattern of COVID-19 in children aged less than five years to guide a road map for COVID-19 vaccine in young children once it becomes available. 



Methods:
Search strategy and selection criteria
This systematic review and meta-analyses of available literature on epidemiology and clinical features of COVID-19 in children aged less than five years was conducted following standard PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) guidelines. The review protocol was registered in PROSPERO (CRD42020181936).
Relevant articles and reports published as of June 4, 2020 in the electronic databases MEDLINE, Pubmed, EMBASE, Web of Science, Scopus, CINAHL and Google Scholar reporting epidemiological and clinical data on laboratory confirmed COVID-19 in children aged <18 years were searched. The search strategy included a combination of free search terms and MESH terms with no language restriction. One review author (MUB) with previous experience of searching literature in electronic databases developed the search strategy. The following terms were included but not limited to the database search: “2019 nCoV”, “2019ncov”, “2019-nCoV”, “2019 novel coronavirus”, “Novel coronavirus 2019”, “COVID 19”, “COVID-19”, “COVID19”,  “Wuhan coronavirus”, “Wuhan pneumonia”, “SARS CoV-2”, “SARS-Cov-2” and were limited to “all child (0-18 years)”, and “Human”. The detailed search strategies applied for different databases are available in Supplementary table 1. was used to manage literature search output. 

The primary eligibility for inclusion of studies were published studies investigating epidemiology, transmission and clinical features of COVID-19 infection in children confirmed by laboratory diagnosis of SARS-CoV-2 from any type of biological specimen (e.g. respiratory specimen, stool etc.) through  reverse-transcriptase polymerase chain reaction (rt-PCR). Publications included peer-reviewed articles, correspondences, short communication, case reports, case series, case control studies and cross- sectional studies. We excluded other systematic reviews of COVID-19 in children, policy and case-management guidelines, commentary, abstracts only, opinion pieces, editorials or letters to the editor with critical appraisal of an article. Additional studies were identified by hand searching reference lists from screened articles and reviews. Details of eligibility criteria for studies in this review are described in Supplementary Table 2.

Three reviewers conducted the initial search using different databases (MUB, MZH and NH). MUB compiled all articles identified through literature search. Two reviewers (MUB and ES) independently screened the title and abstract of all publications to confirm eligibility. The lists of potentially eligible articles from two reviewers were compared. Any discrepancies in primary screening were initially discussed by two reviewers and resolved by consensus. A third reviewer (NH) resolved any disagreements between the two primary reviewers. The reviewers extracted the following information from each eligible study: the year of publication, location of study, study year and timeline, total number of children with COVID-19 studied, the average age of study children (median or mean, whichever reported, if both reported, then median was preferred over mean), duration of illness, key symptoms, number of children developed severe illness requiring intensive care unit (ICU) admission, number of children died, and number of asymptomatic children (Supplementary table 3). For studies which included both adults and children of all ages, only data relating to children aged less than five years were extracted. Studies where data were not extractable for children aged less than five years, were not included in the analysis.

Data Analysis
The study characteristics including study design, implementing country was tabulated. Using data from all eligible studies, where available, descriptive analysis on socio-demographic characteristics of children less than five years with laboratory-confirmed COVID-19 infection, their clinical characteristics including signs and symptoms,  disease severity and outcomes and vertical transmission of SARS-Cov-2 from COVID-19  positive mother  to newborn children were done. The clinical signs and symptoms were categorised under broad clinical headings: a) Upper respiratory included rhinorrhoea, cough and blocked or stuffy nose; b) Lower respiratory included tachypnoea and dyspnoea; c) Gastrointestinal included vomiting, diarrhoea, abdominal pain and abdominal distention and, d) Other signs and symptoms that included, headache, poor feeding/decreased oral intake, hypothermia, tachycardia, paroxysmal crying, fatigue/drowsiness and hypotension were reported in few studies. Disease severity was classified as mild (no hospitalisation required or discharged from emergency room), moderate (required hospitalisation) or severe (required admission at intensive-care or high-dependency care unit or mechanical ventilation support). The meta-analysis initially intended to estimate the pooled prevalence for SARS-CoV-2 infection in children less than five years of age; however, as there were very few publications reported the denominator (total number of children tested for SARS-CoV-2), pooled prevalence could not be performed.  All studies except case reports and case studies were included in meta-analysis and pooled estimates on key demographic (age, sex) and clinical characteristics (upper respiratory symptoms, lower respiratory symptoms, other symptoms,  disease duration and severity, treatment received) was assessed using Freeman-Tukey double arcsine method, a random effects model. (11). Heterogeneity was assessed by Pearson 2 (Q statistic) test and I2 statistics was used to report variations (12). An I2 value of <25% was taken to indicate low heterogeneity, 26%-74% moderate heterogeneity, and >75% high heterogeneity(12).
PRISMA guidelines were followed for critical review of the publications and data extraction. The risk of reviewer publication bias was minimised by involving two independent reviewers and a third reviewer when required, and by using predefined inclusion and exclusion criteria to identify all relevant studies. Extracted data from each publication were recorded in a spreadsheet. The risk of bias were evaluated by methodological quality assessment tool suggested by Murad et al. (13) for case series and case reports, and by Hoy et. al (14) for all other studies included in the review.

Role of the funding source
No funding was secured for this publication. The first authors and corresponding author had the full access to all the data in the study and had final responsibility for the decision to submit this manuscript for publication.


Results:
We identified 1,964 articles from electronic databases and manual search (Figure 1). After removing duplicates, titles and abstracts were screened for 1,120 articles and 185 were eligible for full-text examination. Of 185 full-text articles, 65 articles including 26 case studies and case reports were included in this review. The main characteristics of the studies are presented in Table 1. Risk of bias assessment for included articles is displayed in Figure 2 and 3. 
Figure 1: PRISMA Flow Diagram (15)
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Figure 3: Risk of bias assessment for studies included in the review (excluding case reports and case series studies) (14)
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The included 65 studies were conducted in 11 different countries: China, United States, Iran, Vietnam, Lebanon, Iraq, France, United Kingdom, Malaysia, Canada and Germany (Table 1), and from four different WHO regions (European region, n=3; Western Pacific region, n=52 Pacific American region, n=6; Eastern Mediterranean region, n=4).
[bookmark: _Toc44917077]Table 1: Study and demographic characteristics of 1,214 children included from 65 eligible studies*
	Study
	Country
	Data collection month
	Study design
	Total number of <5 years children with COVID-19
	Age
	Male (n)
	Reported Source of infection

	
	
	
	
	N
	<1 year
	1-5 years
	
	
	

	An P(16)
	China
	Feb
	Case report
	1
	0
	1
	36m
	0
	Family 

	Cai J(17)
	China
	Jan – Feb 
	Prospective data collection
	4
	2
	2
	3m - 60m
	1
	Community 

	Cai X(18)
	China
	Jan – Feb
	Case report
	4
	3
	1
	2m-15m
	3
	Family,
Community

	CDC(19)
	USA
	Feb – Apr 
	Retrospective (medical record reviews)
	689
	398
	291
	0-5y
	NA
	community

	Chen H(20)
	China
	Jan
	Retrospective
	0
	0
	0
	Newborn
	NA
	Vertical 

	Chen Y(21)
	China
	Jan – Feb 
	Case report
	0
	0
	0
	Newborn
	NA
	Vertical

	Cui Y(22)
	China
	Feb
	Case report
	1
	1
	0
	55d 
	0
	Community

	Dong L(23)
	China
	Feb 
	Case report
	0
	0
	0
	Newborn
	NA
	Vertical

	Dong Y(3)
	China
	Feb 
	Retrospective
	223
	86
	137
	0-5y
	NA
	Community

	Dumpa V(24)
	USA
	Mar
	Case report
	1
	1
	0
	22d
	NA
	Community

	Jiang S(25)
	China
	May
	Case report
	1
	0
	1
	3.5y
	0
	Community

	Kamali Aghdam M(26)
	Iran
	Mar
	Case report
	1
	1
	0
	15d
	0
	Community

	Kan M(27)
	USA
	Apr
	Case report
	1
	1
	0
	35d
	0
	Community

	Le H(28)
	Vietnam
	Mar
	Case report
	1
	1
	0
	3m
	0
	Community

	Li W(29)
	China 
	Jan – Feb
	Retrospective
	4
	0
	4
	10m-4y
	3
	Community 

	Li Y(30)
	China
	Jan – Feb 
	Retrospective
	8
	0
	8
	1-5y
	3
	Community

	Li Y(31)
	China
	Feb
	Case report
	0
	0
	0
	Newborn
	NA
	Vertical 

	Liu H(32)
	China 
	 Jan – Feb 
	Retrospective
	2
	2
	0
	2-11m
	2
	Community 

	Liu M(33)
	China
	 -
	Case report
	2
	1
	1
	7m-2.4y
	1
	Community 

	Liu P(34)
	China
	Jan – Mar
	Prospective
	0
	0
	0
	Newborn
	24
	Vertical

	Liu W(35)
	China
	Jan – Feb
	Prospective
	0
	0
	0
	Newborn
	NA
	Vertical

	Liu W(36)
	China 
	Jan
	Retrospective 
	5
	0
	5
	1-5y
	2
	Community

	Lou X(37)
	China
	 Dec 2019
	Retrospective
	1
	1
	0
	6m
	1
	Family 

	Lu X(38)
	China 
	Jan – Feb
	Retrospective
	71
	31
	40
	1d-5y
	NA
	 Community

	Lu Y(39)
	China
	Jan – Feb 
	Retrospective
	3
	1
	2
	2m-3y
	2
	Community

	Ma H(40)
	China
	Jan – Feb
	Retrospective
	50
	NA
	NA
	<2.5y
	28
	Community

	Ma X(41)
	China
	Feb
	Retrospective
	4
	1
	3
	11m-43m
	2
	Community

	Mansour A(42)
	Lebanon
	Mar
	Case report
	1
	0
	1
	16m
	0
	Community

	Mao L(43)
	China
	Feb
	Case report
	1
	0
	1
	14m
	1
	Community

	Merza M(44)
	Iraq
	Mar – Apr  
	Prospective
	1
	0
	1
	60m
	1
	Family

	Morand A(45)
	France
	Mar
	Case report
	1
	0
	1
	55m
	0
	Family

	Munoz A(46)
	USA
	-
	Case report
	1
	1
	0
	21d
	1
	Community

	Ng K(47)
	UK
	Mar – Apr
	Retrospective
	8
	8
	0
	5d-12m
	2
	Community

	Paret M(48)
	USA
	Mar
	Case report
	2
	2
	0
	25-56d
	2
	Community

	Peng Z(49)
	China 
	NA
	Case report
	0
	0
	0
	Newborn
	NA
	Vertical 

	Qiu H(50)
	China
	Jan – Mar
	Prospective
	10
	NA
	NA
	0-5y
	6
	Family cluster & Community

	Rahimzadeh G(51)
	Iran
	NA
	Case report
	4
	0
	4
	2-5y
	2
	Community

	See K(52)
	Malaysia
	Jan – Feb 
	Case report
	2
	0
	2
	20m-4y
	1
	Community

	Shekerdemian L(53)
	USA & Canada
	Mar – Apr 
	Retrospective
	14
	8
	6
	<1-5y
	NA
	Community

	Shen Q(54)
	China
	Jan – Feb 
	Retrospective
	2
	0
	2
	1-2y
	0
	Community

	Song Q(55)
	China
	Jan – Mar  
	Retrospective
	4
	1
	3
	11m-3y
	4
	Community

	Su L(56)
	China
	Jan – Feb 
	Retrospective
	5
	2
	3
	11-43m
	2
	Community 

	Sun D(57)
	China
	Jan – Feb 
	Retrospective
	4
	2
	2
	2-25m
	3
	Community; Family

	Tan Y(58)
	China
	Jan – Mar 
	Retrospective
	3
	0
	3
	13m-3y7m
	1
	Community

	Wang J(59)
	China
	Feb 
	Case report
	1
	1
	0
	23d
	1
	Community 

	Wang S(60)
	China
	Mar
	Case report
	1
	1
	0
	Newborn
	1
	Vertical

	Wei M(61)
	China
	Dec - Feb
	Community
	9
	9
	0
	1-11m
	2
	Community

	Wolf G(62)
	Germany
	Jan – Feb 
	Case report
	1
	0
	1
	2y
	1
	Family 

	Xia W(63)
	China
	Jan – Feb 
	Retrospective 
	14
	9
	5
	<1m-3y
	NA
	Community

	Xing Y(64)
	China
	Jan – Mar 
	Prospective
	1
	0
	1
	1.5y
	1
	Family 

	Xu Y(65)
	China
	Apr
	Prospective
	3
	2
	1
	2-41m
	2
	Community

	Yang H(66)
	China
	Jan – Mar 
	Retrospective
	0
	0
	0
	Newborn
	NA
	Vertical

	Yang H(67)
	China
	Jan – Mar 
	Prospective
	0
	0
	0
	Newborn
	NA
	Vertical

	Yang P(68)
	China
	Jan
	Prospective
	0
	0
	0
	Newborn
	NA
	Vertical

	Zachariah P(69)
	USA
	Mar – Apr 
	Retrospective
	12
	12
	0
	<1yr
	NA
	Community

	Zeng H(70)
	China
	Feb
	Retrospective
	0
	0
	0
	Newborn
	NA
	Vertical 

	Zeng L(71)
	China
	Feb – Mar 
	Case report
	1
	1
	0
	<1y
	NA
	Community

	Zhang G(72)
	China
	Jan
	Case report
	2
	0
	2
	14m
	0
	Community

	Zhang Y(73)
	China
	Jan
	Case report
	1
	1
	0
	3m
	1
	Community

	Zhang ZJ(74)
	China
	Jan – Mar 
	Retrospective
	4
	4
	0
	30h-17d
	3
	Family

	Zheng F(75)
	China
	Feb 
	Retrospective
	10
	NA
	NA
	1m-3y
	NA
	Community

	Zhong Z(76)
	China
	NA
	Retrospective
	3
	1
	2
	3m-2y
	1
	Community

	Zhou Y(77)
	China
	Jan – Feb
	Retrospective
	9
	NA
	NA
	7m-3y
	4
	Community

	Zhu H(78)
	China
	Jan – Feb 
	Retrospective
	0
	0
	0
	Newborn
	NA
	Vertical

	Zhu L(79)
	China
	Jan – Feb 
	Retrospective
	2
	0
	2
	1y7m-4y
	2
	Community


* Data presented where data available from selected publications included in the review; NA= Not available
 Study design: Prospective: Data were collected prospectively; Retrospective: Data were collected by reviewing medical records

A total of 1,214 children younger than five years with rt-PCR confirmed COVID-19 (further mentioned as COVID-19 cases) were included in this systematic review (Table 1). Of 1,214 COVID-19 cases, age-distribution data were available for 1,135 (93%) children. The age of 1,135 COVID-19 cases: 596 (53%) were less than one year (infant) and 539 (47%) were one to five years (Table 1).  Among the 596 COVID-19 infant cases, five were newborns. Of 65 studies, 45 studies reported gender distribution for 179 COVID-19 cases: 117 (65%) were male. 
[bookmark: _Hlk45809448]Of 1,214 COVID-19 cases, status of clinical symptoms were reported for 880 (72%) children: 834 (95%) were symptomatic and 46 (5%) were asymptomatic (Table 2). Detailed clinical symptoms were extracted for 196 children: fever (75/196, 38%) was the most frequently reported symptom followed by any upper respiratory symptoms (69/196, 35%). Disease severity (mild, moderate or severe) were extractable for 345 children: the majority were mild illness ( n=155, 44.9%); 22 cases required simply oxygen therapy and 4 (1%) cases required invasive ventilator support. Antiviral treatments were reported in 65 cases, the most common medications reported were Interferon (n=31, 47.7%) and Oseltamivir (n=20, 30.8%). Other antiviral medications included Ritonavir (n=9, 13.8%), Lopinavir (n=7, 10.8%), Ribavirin (n=7, 10.8%), Chloroquine (n=4, 6.2%) and Ioponavir (n=2, 3.1%). Antibiotic treatments were reported in 29 cases with the most commonly reported antibiotics being Azithromycin (n=8, 27.6%), Meropenem (n=5, 17.2%) and Vancomycin (n=4, 13.8%). Other antibiotics reported included Linezolid (n=2, 6.9%), Augmentin (n=2, 6.9%), Gentamicin (n=2, 6.9%), Ampicillin (n=1, 3.4%), Cefepime (n=1, 3.4%), Penicillin (n=1, 3.4%), Ceftriaxone (n=1, 3.4%), Amikacin (n=1, 3.4%),  Cefotaxime (n=1, 3.4%), Amoxicillin (n=1, 3.4%) and Ceftazidime (n=1, 3.4%). Steroidal treatment was reported in nine cases: all received Methylprednisolone.
Disease outcome was reported for 121 cases, of these cases 120 cases were discharged from hospital or recovered with one death. The deceased case was a 10 month-old female infant with no underlying medical conditions or no history of preceding exposure to a known COVID-19 case. The infant died due to multiple organ failure (18).
Table 2: Descriptive clinical characteristics of 1,214 RT-PCR confirmed COVID-19 cases for all 65 articles included in review
	
	
	Number of children (N)
	(%)

	Symptomatic status 
	
	880
	

	
	Symptomatic
	834
	94.7

	
	Asymptomatic
	46
	5.2

	Symptoms reported a
	
	196
	

	
	Fever
	75
	38.2

	
	Upper Respiratory
	69
	35.2

	
	Lower Respiratory
	10
	5.1

	
	Gastrointestinal
	15
	7.7

	
	Other
	27
	13.8

	Disease Severity b
	
	345
	

	
	Mild
	155
	44.9

	
	Moderate
	173
	50.1

	
	Severe
	17
	4.9

	Medications
	
	102
	

	
	Antivirals
	64
	62.7

	
	Antibiotics
	29
	28.4

	
	Steroids
	9
	8.8

	Disease Outcomes
	
	121
	

	
	Recovered/Discharged
	120
	99.2

	
	Dead
	1
	0.8

	Source
	
	1211
	

	
	Community
	1186
	97.9

	
	Family
	12
	0.9

	
	Vertical
	13
	1.2


aUpper respiratory symptoms included rhinorrhoea, cough and blocked or stuffy nose; Lower respiratory symptoms included tachypnoea and dyspnoea; Gastrointestinal symptoms included vomiting, diarrhoea, abdominal pain and abdominal distention; Other symptoms that were reported in few cases included, headache, poor feeding/decreased oral intake, hypothermia, tachycardia, paroxysmal crying, fatigue/drowsiness and hypotension; b Mild Disease= non-hospitalised, Moderate Disease = hospitalised, Severe Disease= HDU/ICU admission/mechanical ventilation. 
Source of infection was reported for 1,211 cases, of which 1,186 (98%) were a community acquired source and 12 (1%) were from a family member. Of the 65 publications included in the review, 14 reported SARS-CoV-2 status in 139 newborns from 137 COVID-19 positive mothers (20, 21, 23, 31, 34, 35, 49, 60, 66-68, 70, 74, 78). Of the 137 deliveries, 122 (89%) were caesarean section (C-section). Of the 139 babies born, five (3.6%) were COVID-19 positive by rt-PCR at age 30 hours to 17 days. All the five mothers completed at least 40 weeks of gestation and all five newborns were delivered by C-section. All but one mothers developed respiratory symptoms before delivery. Of the five newborns, three of them showed at least one respiratory symptom including fever, cough, shortness of breath and vomiting. None of them required intensive care unit admission or mechanical ventilation. The hospital stays of newborns ranged from 16 days to 30 days. 
The outputs from meta-analysis are presented in Table 3. The pooled prevalence showed that among children aged less than five years with COVID-19 infection, 50% (95%CI: 36% to 63%) of children were aged less than one year (Figure 4) and 53% (95%CI: 41% to 65%) were male (supplementary figure 1). Data were unable to be extracted to perform a meta-analysis on transmission source and death. Of the children who required hospitalisation (moderate/severe disease), 49% (95%CI: 12% to 86%) required oxygen therapy (not inclusive of mechanical ventilation), 99% (95%CI: 92% to 100%) were treated with antivirals and 71% (95%CI: 46% to 92%) were treated with antibiotics, many cases reported combined treatments for patients. 

Table 3: Meta-analysis of outcomes (random effects model) a
	
	No. of Studies
	Proportion 
	95%CI b
	Total no. of cases (n)
	I2
	t2
	Q
	P-value

	Age 
	
	
	
	
	
	
	
	

	<1yr
	27
	0.50
	0.36 – 0.63
	580
	78.9%
	0.0379
	123.17
	<0.0001

	1-5yr
	27
	0.50
	0.37 – 0.64
	523
	78.9%
	0.0379
	123.17
	<0.0001

	Sex
	
	
	
	
	
	
	
	

	Male
	24
	0.53
	0.41 – 0.65
	78
	20.4%
	0.0104
	28.88
	0.1844

	Clinical Characteristics
	
	
	
	
	
	
	
	

	Asymptomatic Cases
	9
	0.43
	0.15 – 0.73
	42
	82.7%
	0.1152
	46.24
	<0.0001

	Symptomatic Cases
	11
	0.56
	0.008 – 1.00
	714
	99.4%
	0.7045
	1588.73
	0

	Symptoms reported
	
	
	
	
	
	
	
	

	Fever
	18
	0.76
	0.61 – 0.89
	43
	0.0%
	0
	14.70
	0.6171

	Upper Respiratory Symptoms
	13
	0.75
	0.55 – 0.91
	37
	25.3%
	0.0182
	16.05
	0.1887

	Lower Respiratory Symptoms
	2
	0.34
	0.03 – 0.72
	4
	0.0%
	0
	0.0
	0.9545

	Gastrointestinal Symptoms
	3
	0.73
	0.20 – 1.00
	7
	48.7%
	0.0772
	5.85
	0.1192

	Other Symptoms
	2
	0.97
	0.54 – 1.00
	10
	32.5%
	0.0399
	2.96
	0.2272

	Treatment
	
	
	
	
	
	
	
	

	Antibiotics
	5
	0.71
	0.46 – 0.92
	14
	5.4%
	0.0032
	4.23
	0.3757

	Antivirals
	10
	0.99
	0.92 – 1.00
	48
	0.0%
	0
	6.11
	0.7291

	Steroids
	3
	0.65
	0.30 – 0.93
	7
	0.0%
	0
	0.88
	0.6438

	Oxygen Therapy c
	7
	0.49
	0.11 – 0.87
	14
	78.2%
	0.1489
	27.58
	0.0001

	Disease Severity
	
	
	
	
	
	
	
	

	Mild
	4
	0.40
	0.06 – 0.78
	132
	84.1%
	0.0990
	18.91
	0.0003

	Moderate
	7
	0.51
	0.16 – 0.85
	98
	87.9%
	0.1449
	49.75
	<0.0001

	Severe
	5
	0.07
	0.00 – 0.30
	9
	73.5%
	0.0545
	15.08
	0.0045

	Disease duration (days)
	
	
	
	
	
	Mean d
	Min
	Max

	Duration of illness 
	8
	
	
	30
	
	6.51
	10
	33.1

	Duration between symptom onset to detection 
	9
	
	
	43
	
	2.06
	1.79
	7.02

	Duration of hospital stay
	5
	
	
	24
	
	4.08
	8
	22.27


a Data presented in meta-analysis is only from 31 studies with available data (excluded single case reports). 
b 95%CI= 95% Confidence Interval
c Not inclusive of mechanical ventilation
d Mean calculated as weighted average





Figure 4: Forest plot of prevalence of COVID-19 infection in children aged less than one year for 31 studies included in meta-analysis
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Discussion:
As of the 24th July 2020 there have been a total of 15, 296, 926 cases and 628, 903 deaths from COVID-19 globally recorded by the World Health Organisation (80). Since the first publications (24 Jan 2020) most of the published literature has focused on adults or all children aged less than 18 years. In this ever evolving and rapidly changing pandemic, we performed the largest and most comprehensive systematic review and meta-analysis of the literature specific for children aged less than five years with laboratory confirmed COVID-19 infection. Our systematic review suggests that prognosis of COVID-19 in children aged less than five years is excellent with more than 90% of children developing mild to moderate disease. Recent reviews by Castagnoli et al (81) and Hoang et al (82), also reported similar findings with Castagnoli et al also only reporting one death from 1,065 COVID-19 included all children <18 years. This also follows trends that only 7% of cases in our review were severe cases requiring intensive care unit (ICU) or high dependency unit (HDU) admission, comparative to 53% of adults recorded with severe COVID-19 disease requiring ICU admission (83) . Severe COVID-19 disease has been found to be highly resistant in the paediatric population.  This is a particularly important finding given that infants and young children aged less than five years are already at high risk of severe disease associated with other respiratory infections including influenza and RSV due to the immaturity of the immune system(1). Research has suggested that children may be unlikely to produce a vigorous cell-mediated attack, on the alveoli and interstitial tissues of the lungs, due to a reduced number of memory cells that adults typically possess from cumulative exposure to other circulating coronaviruses (84). Adults often become naturally immune to coronaviruses circulating in the population, yet children are more susceptible to infection because they are likely to lack the immunity to circulating coronaviruses (84). As a result, children probably lack the memory cells to the coronavirus antigens, such asSARS-CoV-2 , thus leading to much milder cell-mediated immune responses and less severe inflammation, unlike adults (84). However, there was a large number of hospitalisations due to COVID-19 reported in our studies, this is disproportionate to the actual severity of disease as early in the pandemic many children were hospitalised for isolation only and not necessarily because they required a hospital admission due to severity of infection. It is likely that a substantial proportion of COVID-19 infections classified as moderate illness which meant they required hospital admission were mild disease. This is also likely that most asymptomatic children were not tested and thus only the children with certain level of clinical manifestations were included in this study. Thus, we the reported proportion of severe or moderate case could be higher than the actual proportion.    
Majority (>95%) of the COVID-19 infections in children reportedly had a community source of infection, however, familial clusters were common in four case reports included in the review. Evidence suggests that young adults and children have a high likelihood of developing COVID-19 pneumonia due to household transmission once a family member tests positive to COVID-19 (16). This is of concern, as 43% of children under five years were reported as having asymptomatic disease, suggesting younger children can potentially transmit the disease to older children or adult family members unknowingly. There have also been multiple reports of prolonged faecal virus shedding in paediatric patients with one study concluding two children, aged one and half years and five years respectively, who were still testing RT-PCR positive in stools for up to 20 days, after nucleic acid testing turning negative in respiratory samples (64). Longer duration of virus shedding through the gastrointestinal tract can play a role in potential faecal-oral transmission of the virus, however this is  yet to be confirmed (64, 65).
Our systematic review suggests, children aged less than five with COVID-19 infection do not always present with respiratory symptoms. Specifically, infants can frequently present with non-respiratory symptoms such as paroxysmal crying or poor feeding. As a result of this atypical presentation of the disease many children included in the review were treated empirically with antibiotics and antiviral medications, despite the fact they were unlikely to have severe disease. We found that 71% of children aged less than five were treated with antibiotics, despite having a confirmed diagnosis of COVID-19. This is a concerning proportion of antibiotic use as a treatment for the virus in children, during a continually evolving pandemic, given the inappropriate use of antibiotics in under five children is a significant contributor to the emergence and spread of antimicrobial resistance globally (85, 86). There were few reports in our review of prophylactic treatment with antibiotics in infants until the source of the infection was determined, which is routine in this age for preventing bacteraemia, urinary tract infection (UTI) or pneumonia, although this has limitations in populations of increased antimicrobial resistance (87, 88). It is likely that the empirical use of antibiotics for COVID-19 in children will continue until an effective treatment is sourced.
This meta-analysis with nearly 1250 children aged less than 5 years with COVID-19 infection showed half of the cases were aged less than one year, suggesting young infants.  Infants are particularly at higher risk of infectious disease during the first few months of their lives due to the inadequately developed immune system and are often targeted for prevention strategies. Vaccine is one of the most effective public health interventions to prevent transmission of infectious diseases. However, the immature immune system of newborns also make them unsuitable for many vaccines. Maternal immunization during pregnancy has been proven to be an alternative effective strategy in providing protection to the infants against many vaccine-preventable diseases including pertussis, tetanus and influenza during the first few months of life. Maternal immunization during pregnancy has two benefits, it protects the mother and foetus and it also protects the newborn through transplacental transfer of maternal antibody (89). Till date, we do not have any suitable COVID-19 vaccine, but there are couple of vaccines in advance clinical stages (9). It remains unknown whether these new vaccines will be targeting young infants and neonates. In situation where the new COVID-19 vaccination deemed unsuitable for very young children, maternal immunisation could be an alternative approach to prevent COVID-19 in the infant paediatric population.

We also found that a handful of newborns (5%) from COVID-19 infected mothers had laboratory confirmed COVID-19 infection. Nonetheless, the vertical transmission of COVID-19 remains unclear as none of those studies could persuasively claim mother to neonate transmission.  A recent review on vertical transmission of COVID-19 from infected mothers to newborns concluded with no evidence of intrauterine transmission during delivery from mothers to their fetuses (7). Recent literatures have demonstrated no abnormality in blood biomarkers such as white blood cell count, absolute lymphocyte count, and in immunological markers such as CD3, CD4, CD8, CD4/CD8, IL-2, 4, 6 or IFN-g or TNF-a in neonates as the effect of maternal immune response to COVID-19 (34, 90). Therefore, to date, there is no definite evidence suggesting that vertical transmission of COVID-19 can occur, similar to data reported during previous influenza pandemics and novel coronavirus strains associated with Severe Acute Respiratory Syndrome (SARS-CoV) and Middle East respiratory syndrome (MERS-Cov) epidemics (91, 92).   

LIMITATION: 
The systematic review demonstrates that paediatric population aged less than five years, is not only resistant to severe disease but it also has better outcomes than that of the adult population.  However, half of infected young children are below one year, suggesting the infants should remain as a target for prevention. Despite confirmed diagnosis of the virus, antibiotics have been frequently prescribed as treatments, which is concerning given the ongoing global challenge with antimicrobial resistance. The neonates are at low risk of acquiring the infection from infected mother with limited evidence of vertical transmission till date, however, this should not be ruled out completely. Further research to understand this mode of transmission in infants would benefit future preventive strategies using vaccines to protect young children when available.  
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