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Abstract 
Introduction 
The Paediatric Active Enhanced Disease Surveillance (PAEDS) network is an Australian hospital-based active surveillance system employing prospective case ascertainment for selected serious childhood conditions, particularly vaccine preventable diseases and potential adverse events following immunisation (AEFI). This report presents surveillance data for 2019. 
Methods 
Specialist nurses screened hospital admissions, emergency department records, laboratory and other data on a daily basis in seven paediatric tertiary referral hospitals across Australia, to identify children with the conditions under surveillance. Standardised protocols and case definitions were used across all sites. In 2019, the conditions under surveillance comprised: acute flaccid paralysis (AFP; a syndrome associated with poliovirus infection), acute childhood encephalitis (ACE), influenza, intussusception (IS; a potential AEFI with rotavirus vaccines), pertussis, varicella-zoster virus infection (varicella and herpes zoster), invasive meningococcal and invasive Group A streptococcus diseases and two new conditions, Kawasaki disease and gram-negative bloodstream infections. An additional social research component continued to evaluate parental attitudes to influenza vaccination. 
Results 
PAEDS captured 2,701 cases for 2019 across all conditions under surveillance. Key outcomes of PAEDS included: contribution to national AFP surveillance to reach the World Health Organization reporting targets for detection of poliomyelitis cases; demonstration of high influenza activity in 2019 and influenza-associated deaths in ACE cases; identification of key barriers to influenza vaccination of children hospitalised for acute respiratory illness; reporting of all IS cases associated with vaccine receipt to relevant state health department; and showing a further reduction nationally in varicella cases. Enhanced pertussis surveillance continued to capture controls to support vaccine efficacy estimation. Invasive meningococcal disease surveillance showed predominance of serotype B and a reduction in cases nationally. Surveillance for invasive group A streptococcus captured severe cases in children. Monitoring of Kawasaki disease incidence and gram-negative bloodstream infections commenced. 
Conclusions 
PAEDS continues to provide unique policy-relevant data on serious paediatric conditions using sentinel hospital-based enhanced surveillance. 
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Introduction 
This is the fifth annual report of the Paediatric Active Enhanced Disease Surveillance (PAEDS) network and summarises data collected in 2019. PAEDS data, including their impact and outcomes from previous years, can be found in earlier reports.1–4 
PAEDS is a sentinel hospital-based active surveillance system for serious childhood conditions of public health importance, particularly vaccine preventable diseases (VPDs) and adverse events following immunisation (AEFI). Through prospective case identification and ascertainment, PAEDS collects timely and detailed enhanced clinical data on children requiring hospitalisation for the select conditions under surveillance. In some instances, emergency department (ED) and other ambulatory care presentations are also included. Data captured by PAEDS are used to better understand these conditions; to inform policy and practice under the National Immunisation Program (NIP); and to enable rapid public health responses for certain conditions of public health importance. PAEDS is better positioned to adequately capture timely and comprehensive data than other surveillance systems that are usually unable to do so.5,6 
During 2019, the PAEDS network consisted of seven participating hospitals: 
· The Children’s Hospital at Westmead (CHW), Sydney, New South Wales (NSW); 
· The Royal Children’s Hospital (RCH), Melbourne, Victoria; 
· Women’s and Children’s Hospital (WCH), Adelaide, South Australia; 
· Perth Children’s Hospital (PCH), Perth, Western Australia; 
· Queensland Children’s Hospital (QCH), Brisbane, Queensland; 
· Royal Darwin Hospital (RDH), Darwin, Northern Territory; and 
· Monash Health, Melbourne, Victoria. 
All sites remained active with PAEDS in 2019. In 2019, one non-PAEDS site, Sydney Children’s Hospital Randwick (SCH), contributed data into the network database for a grant funded study of gram-negative bloodstream infections. PAEDS is coordinated by the National Centre for Immunisation Research and Surveillance (NCIRS) based at CHW in Sydney. 
PAEDS activities are substantially supported through funding from the Australian Government Department of Health and the six respective state and territory health departments as well as external research grants. In addition, the Australian Paediatric Surveillance Unit (APSU) and the Influenza Complications Alert Network (FluCAN) collaborate with PAEDS on specific conditions. PAEDS produces monthly data reports for all funding bodies and collaborators, including timely notification of severe cases. Core seasonal influenza data are reported through FluCAN, with some sites producing additional weekly or ad-hoc reports for their local health authorities. 


Methods 
Active case ascertainment 
Specialist surveillance nurses in each participating hospital identified children diagnosed with the conditions under surveillance, as defined in Table 1, by reviewing admission and ED databases, clinical records, laboratory logs and through liaison with clinical and laboratory staff.1–4 
Table 1: PAEDS conditions under surveillance, case definitions and rationale, 2019
	Condition and case definition
	Rationale

	Acute flaccid paralysis (AFP)
Case definition:
Any child aged from birth to < 15 years and presenting with acute flaccid paralysis: onset of flaccid paralysis in one or more limbs or acute onset of bulbar paralysis.
	WHO requires active national surveillance for cases of AFP in children aged < 15 years in order to monitor for potential cases of paralytic poliomyelitis. PAEDS collaborates with the APSU in nationwide surveillance in an effort to meet the target enrolment of 1 non-polio case per 100,000 children aged < 15 years. Data collected on AFP also contribute to separate analysis for SANE.a

	Acute childhood encephalitis (ACE)
Case definition:
Any child aged from birth to < 15 years AND hospitalised with acute encephalopathy AND who has one or more of the following: fever, seizures, focal neurological findings, at least one abnormality of cerebrospinal fluid, or EEG/neuroimaging findings consistent with infection-related encephalitis.
	Encephalitis is a critical condition that is considered a marker syndrome for emerging infectious diseases. It is most often caused by viruses (including those which are or potentially will be vaccine preventable). It can also be immune-mediated, and uncommonly can be associated with vaccine receipt. As there are limited epidemiologic data on encephalitis, PAEDS is uniquely placed to undertake active, syndromic surveillance, and can collect biological specimens. Enrolment of participants into comprehensive follow-up studies to improve understanding of long-term neuropsychological sequelae also occurs.12 Data collected on ACE also contribute to separate analysis for SANE.a

	Influenza – FluCAN
(Seasonally: April–October)
Case definition:
Any child aged from birth to < 18 years who is hospitalised, clinically suspected of having influenza (respiratory symptoms +/- fever) and confirmed influenza PCR-positive.
	The emergence of H1N1-09 influenza in 2009 demonstrated the importance of enhanced influenza surveillance in children.13 PAEDS provides unique timely sentinel data from 6 states/territory around Australia (Sydney, Perth, Brisbane, Melbourne, Adelaide and Darwin) on influenza hospitalisations, including complications and deaths, which can be used to inform public health response and policy. The data on children supplement adult data from 15 other FluCAN sites. Information on influenza test-negative (control) patients with acute respiratory illness (ARI) is also collected and allows calculation of vaccine effectiveness to be performed.

	Social research
(Seasonally: April–October)
Parents of any child aged from birth to < 18 years who is hospitalised, clinically suspected of having influenza (respiratory symptoms +/- fever) and confirmed influenza PCR-positive or PCR-negative
	Influenza vaccine uptake in Australia is low. In 2018, when most Australian jurisdictions funded influenza vaccination for all children aged between six months and five years, uptake was estimated to be 25.6%.14 Though this was a fivefold increase in uptake compared to 2017, three-quarters of eligible children remained unvaccinated. Most children hospitalised with laboratory-confirmed influenza represent the vaccine-preventable disease burden and thus give insight into how policy and/or practice can be improved and prioritised in order to increase influenza vaccine uptake. Therefore, the primary aim of this body of research was to understand attitudes about and access to influenza vaccination experienced by parents of children hospitalised for ARI.

	Intussusception (IS)
Case definition:
Any child aged < 9 months presenting with a diagnosis of acute intussusception confirmed using the Brighton Collaboration clinical case definition (Level 1 or 2). Includes hospitalised or ED only.15
	Intussusception is the most common cause of bowel obstruction in infants and young children and was associated with a previous rotavirus vaccine in the USA which was withdrawn in 1999. Timely, active and systematic surveillance of IS cases is important and has identified a temporal but low incidence association with the rotavirus vaccines currently available under the NIP (since July 2007).16 Surveillance also aims to describe the epidemiology, aetiology and severity of IS.17,18

	Pertussis
Case definition:
Hospitalised pertussis - Any child aged from birth to < 15 years hospitalised with laboratory confirmed pertussis.
Pertussis vaccine effectiveness study - Any child aged from birth to < 6 months with laboratory-confirmed pertussis identified from either the ‘Hospitalised pertussis’ study (above) or from the ED.
	Despite immunisation coverage approaching 93%, pertussis continues to cause significant morbidity and mortality, particularly in very young Australian children.19 The aims of this surveillance are to determine the burden of disease from hospitalised pertussis, with special emphasis on the duration of hospitalisation, use of intensive care, death and disability. Possible sources of infection and co-morbidities to severity of pertussis are examined. The adjunct study seeks to estimate the effectiveness of pertussis vaccination (either in infancy or maternal) against pertussis hospitalisations and emergency department presentations by comparing pertussis vaccination status in infants with pertussis < 6 months of age and test-negative controls. These surveillance data will assist in optimising pertussis prevention strategies.

	Varicella zoster virus (VZV) infection
Case definition:
Any child aged from birth to < 15 years hospitalised for varicella or herpes zoster with or without complications.
	Complications of varicella or herpes zoster requiring hospitalisation provide a measure of disease burden and severity. Ongoing surveillance aims to show trends in incidence and severity of both varicella and herpes zoster related to the varicella vaccination program and allow vaccine effectiveness estimations.20 The timely collection of vesicle samples and genetic subtyping of varicella-zoster virus infection allows for identification of vaccine failures in immunised children and genotypes associated with severe complications or derived from the live attenuated vaccine.

	Invasive meningococcal disease (IMD)
Any child aged from birth to < 18 years who is hospitalised with laboratory confirmed invasive meningococcal disease.
	IMD causes death in young healthy children and adolescents in 5–10% of cases.21–23 No other infectious disease has such debilitating consequences following resolution of the infection, with 20–57% of surviving children developing long term complications including amputation, cerebral infarction and severe skin scarring.24–26 Surveillance of IMD will enable identification of serogroup/genotypes causing disease and any associations between serogroup and severity of disease and sequelae and presenting clinical features. This study also seeks to estimate vaccine effectiveness against meningococcal disease and disease severity in IMD cases pre and post introduction of meningococcal vaccine programs in Australia.

	Invasive group A streptococcus (IGAS)
Any child aged from birth to < 18 years hospitalised with laboratory confirmed invasive group A streptococcus disease.
	The group A beta-haemolytic streptococcus is a common infective agent in children and adults that causes the widest range of clinical disease in humans of any bacterium. Invasive disease (IGAS identified in a sterile site) is less common, but has high rates of mortality and long-term morbidity. Group A streptococcal toxin mediated diseases include streptococcal toxic shock syndrome (STSS), which is usually found in association with invasive disease and has a case fatality rate over 50%.27,28 There is no vaccine currently available for prevention of streptococcal infection although research is underway. Further epidemiological data on incidence, severity, clinical features and pathogen characteristics (genotype) are warranted.

	Kawasaki disease (KD)
Any child aged from birth to < 16 years hospitalised with Kawasaki disease.
	KD is a childhood vasculitis of unknown aetiology. It is the commonest cause of acquired heart disease in children in the developed world.29 KD has a number of significant sequelae including coronary artery aneurysms, myocarditis, myocardial infarction and arrhythmia.29 Adult survivors of KD continue to be at risk of cardiac complications with higher rates of myocardial infarction and premature death extending the disease burden beyond childhood.30 The incidence of KD internationally is increasing markedly31 and it is thought to have an incidence of 3–15 children < 5 years old per 100,000 per year in Australia.32 Ascertaining the exact burden of the disease in Australia has been difficult as there is no national disease registry as exists elsewhere in the world. Understanding the childhood disease patterns and therapeutic response will allow development of effective treatment to reduce short- and long-term sequelae and allow investigation of the possible aetiology of KD. A better understanding of intravenous immunoglobulin (IVIG) prescription patterns and the use of adjunctive therapies will allow the development of national therapeutic guidelines, improved patient outcomes and opportunities for future research into more effective treatment regimens.

	Gram-negative bloodstream infections (GNBSI)
Any child aged from birth to < 18 years hospitalised with laboratory confirmed gram-negative bloodstream infection.
	Bloodstream infections (BSI) in children are increasingly healthcare-associated and occur in those with complex comorbidities. Gram-negative organisms cause almost one half of all BSI in children and are associated with significant mortality.33 In an era of increasing antimicrobial resistance, GNBSI represent a significant concern.34 The development and evaluation of new, effective antimicrobials for resistant gram-negative infections is particularly limited in children.35 Existing surveillance systems rarely capture paediatric-specific data. This surveillance is necessary to understand the clinical and molecular epidemiology of GNBSI and multi-drug resistant GNBSI in children. It will augment data collected by the Australian Group on Antimicrobial Resistance (AGAR) Gram-Negative Sepsis Outcome Program (GNSOP) and will help to inform risk factors for an optimal treatment of antimicrobial-resistant gram-negative infections in children.


a	SANE: Serious acute neurological event.
In 2019, PAEDS participating hospitals were approved to operate under a waiver-of-consent model for surveillance of approved conditions. Previously, PAEDS sites were approved by individual site ethics committees. Leading up to 2019, PAEDS successfully transitioned to a new ethics framework (Figure 1), approved by the Sydney Children’s Hospital’s Network (SCHN) Human Research Ethics Committee (HREC/18/SCHN/72). Six sites participated in ethics approval via the National Mutual Acceptance scheme and were approved under the PAEDS Program of Research; RDH was approved by the Northern Territory Department of Health and Menzies School of Health Research (2017-2775). The PAEDS Program was designed to clearly distinguish between surveillance activities that operate under a waiver of consent, and linked research activities that require consent. This approach has led to streamlined ethics and governance processes and improved the transparency of all activities undertaken within the network. The social research was also approved under the National Mutual Acceptance (NMA) Scheme by the SCHN Human Research Ethics Committee (HREC/18/SCHN/207) and the Northern Territory Department of Health and Menzies School of Health Research (2017-2775). The additional site (SCH, Randwick) was approved by SCHN HREC to participate in GNBSI surveillance only.
Surveillance nurses collected detailed clinical information from the medical records and vaccination history from the Australian Immunisation Register (AIR). Information not available in the medical record was obtained by contacting the child’s parent/guardian; participation was voluntary. In some cases, the parent/guardian was approached for consent to their child’s participation in additional research studies, involving elements such as long-term follow-up or non-routine specimen collection. In this instance, a patient information sheet and consent form was provided to facilitate participation (Figure 2). 
Conditions under surveillance 
In 2019, there were ten conditions approved for surveillance: acute flaccid paralysis (AFP), acute childhood encephalitis (ACE), intussusception (IS), pertussis, varicella-zoster virus infection (VZV; varicella and herpes zoster), influenza (in collaboration with FluCAN), invasive meningococcal disease (IMD), invasive group A streptococcus (IGAS) and two new conditions, Kawasaki disease (KD) and gram-negative bloodstream infections (GNBSI). All sites suspended IS surveillance in July 2019 following discussion with stakeholders. Surveillance of AFP, influenza and KD was conducted by all sites; ACE was expanded from five to seven sites with RDH and MH commencing surveillance in July 2019. A social research component of influenza continued in CHW, WCH, PCH, QCH and RDH. In response to funding adjustments, site participation in each condition varied from July 2019 (Table 2). 
Table 2: Site participation in PAEDS conditions under surveillance, 2019 
	
	CHW-NSW
	RCH- VIC
	MH-VIC
	QCH-QLD
	WCH-SA
	PCH-WA
	RDH-NT
	SCH-NSW

	Acute flaccid paralysis
	
	
	
	
	
	
	
	x

	Intussusception 
	a a
	 a
	 a
	 a
	 a
	 a
	 a
	x

	Varicella zoster virus 
	
	 a
	 a
	
	 a
	 a
	 a
	x

	Hospitalised pertussis
	 a
	
	
	
	 a
	 a
	
	x

	Pertussis vaccine effectiveness
	
	
	x
	
	
	
	
	x

	Encephalitis 
	
	
	 b
	
	
	
	 b
	x

	Influenza (FluCAN)
	
	
	
	
	
	
	
	x

	Invasive meningococcal disease 
	 a
	 a
	 a
	 a
	
	
	 a
	x

	Invasive group A streptococcus disease 
	x
	
	
	
	x
	
	
	x

	Kawasaki disease (KD)
	
	
	
	
	
	
	
	x

	Gram-negative bloodstream infection 
	
	
	x
	
	x
	
	x
	

	Social research
	
	x
	
	
	
	
	
	x


a	1 January – 30 June 2019.
b	1 July – 31 December 2019. 
Collection of biological samples 
Surveillance nurses facilitated collection of samples in line with public health requirements and condition protocols. For example, children hospitalised with AFP require collection of two stool samples for enteric virus identification by the National Enterovirus Reference Laboratory (NERL) in Melbourne, Australia as part of the Global Polio Eradication Initiative.7,8 For other conditions, samples were collected for planned viral genotyping (e.g. VZV) or for additional pathogen characterisation (e.g. ACE, IGAS, GNBSI). 


Figure 1. PAEDS Program Structure
[image: Figure 1 demonstrates the PAEDS Program of Research framework. Leading up to 2019, PAEDS successfully transitioned to a new ethics framework, approved by The Sydney Children’s Hospital’s Network (SCHN) Human Research Ethics Committee (HREC/18/SCHN/72). The PAEDS Program was designed to clearly distinguish between surveillance activities that operate under a waiver of consent, and linked research activities that require consent. All PAEDS conditions are approved under Stream 1: surveillance, operating under a waiver of consent model. Select conditions are approved under Stream 2: Additional Research with these conditions requiring consent for components, such as long-term outcomes, biological or social research. A third stream, Evaluation enables PAEDS to conduct an evaluation on the overall surveillance system and individual study arms. This new approach has led to streamlined ethics and governance processes and improved the transparency of all activities undertaken within the network. ]


Figure 2: PAEDS method for surveillance using the waiver of consent model plus opt-in consent for additional research of specific study arms
[image: Figure 2 demonstrates the general flow of how PAEDS hospital-based surveillance is conducted. Specialist paediatric surveillance nurses identify potential cases from various sources such as emergency and inpatient databases, laboratory and other clinical records and through contact with key clinicians.
For surveillance activities, PAEDS operates under a waiver of consent. Patients that meet the case definition criteria for any of the PAEDS conditions are therefore included. PAEDS nurses obtain clinical information regarding the presentation as well as any medical history, immunisation status treatment and outcome. In some circumstances samples are collected for further clinical or public health investigation such as varicella zoster virus genotyping or stool testing of AFP cases for polio virus by the Victorian Infectious Disease Reference Laboratory (VIDRL).
For select study arms, such as encephalitis, opt-in consent is offered for participation in additional research which may include long term follow up or non-routine sample collection/salvage.
All information is compiled and entered into a secure web-based data management system which allows for centralised data extraction and analysis.  The PAEDS team is then able to utilise the nationally acquired data in producing timely reports and comprehensive publications that inform policy and practice.  
]
Quality assurance and ICD-10-AM audits 
In previous years, PAEDS nurses at each site conducted regular retrospective audits of hospitalisation records to check for completeness of case ascertainment and for the purpose of case recapture.1–4 This was conducted by searching for primary and secondary ICD-10-AM codes ascribed to the relevant conditions (e.g. K56.1 for IS). Cases ascertained through these audits were compared with the cases ascertained prospectively by PAEDS for the same period. Additional cases identified by the ICD-10-AM audit process were retrospectively included into PAEDS. Previous ICD-10-AM audits resulted in consistently low additional case numbers, with only 4–5% of total recruited cases for 2017–2018 captured from ICD-10-AM audits.1–4 The audit framework was modified by PAEDS from July 2019 such that audits were completed for new conditions only, or if a specific need for quality assurance purposes was identified. For example, due to an identified decrease in AFP case numbers in South Australia (< 1 non-polio AFP case per 100,000 children aged < 15 years) identified by the Commonwealth Polio Expert Panel, WCH conducted an ICD-10-AM audit for the period of July to December 2019 which confirmed no AFP cases were missed from active surveillance. As an additional quality assurance measure, periodic audits were undertaken by investigators of case medical records to assess accuracy of data collected for some conditions. 
Data management 
PAEDS utilises web-based secure data management systems, enabling online data entry by surveillance nurses at each site and centralised data extraction. Data are held securely and exported on a regular basis by staff at the PAEDS coordinating centre for clinical review, monthly quality checks, analysis and reporting. Previously, the majority of PAEDS conditions have been managed in the WebSpirit database system,9 with some conditions held in REDCap.10,11 In 2019, a transition plan to migrate all conditions to REDCap was developed. In addition to data from the two conditions (FluCAN and IGAS) already held in REDCap, data for four other conditions under surveillance — AFP, ACE, KD and GNBSI — were transitioned into REDCap by the end of 2019.
Results 
In 2019, there were 202,956 admissions at the seven participating PAEDS sites (Table 2). PAEDS identified 2,701 cases of the ten conditions under surveillance across all PAEDS sites in 2019 (Table 3). Data on an additional 1,450 influenza test-negative controls were collected under FluCAN surveillance and a further 48 pertussis test-negative controls were collected for a vaccine effectiveness study. 
Since the inception of PAEDS in 2007, a total of 10,766 cases (excluding controls) have been recruited. 


Table 3: Total hospital admissions and ED presentations (including admitted patients) for the seven hospitals participating in PAEDS in 2019 
	2019

	PAEDS sitea
	Hospital admissions
	ED presentations
	Total PAEDS cases, all conditions
(% hospital admissions)b

	CHW, Sydney
	35,855
	64,098
	692 (1.9)

	RCH, Melbourne
	52,202
	91,991
	634 (1.2)

	WCH, Adelaide
	21,114
	47,431
	236 (1.1)

	PCH, Perth
	30,701
	69,674
	303 (1.0)

	QCH, Brisbane
	40,512
	73,460
	403 (1.0)

	RDH, Darwin
	9,432
	12,700
	48 (0.5)

	MH, Melbourne
	13,140
	70,633
	385 (2.9)

	Total
	202,956
	429,987
	2,701 (1.3)


a	See Table 2 for sites participating in conditions under surveillance.
b	Denominator used is hospitalisations. Some cases, e.g. intussusception, pertussis (< 6 months of age for VE study), may not be included as they may be treated in ED only.
Condition-specific surveillance results for 2019 and recent baseline case detection 
Table 4 shows case numbers for all ten conditions per year. 


Table 4: Number of cases captured by PAEDS in 2019 by condition, including comparison to 2018
	Condition
	Total cases captured by active surveillance 2019
	Total cases captured by active surveillance 2018

	Acute flaccid paralysis
	55
	50

	Intussusception
	29a
	53

	Varicella or herpes zoster
	25b
	47

	Pertussis
	40b
	44

	Acute childhood encephalitis
	157
	143c

	Influenzad
	1,850
	426

	Invasive meningococcal disease
	22b
	53

	Invasive group A streptococcus
	48b
	109

	Kawasaki disease
	190
	N/Ae

	Gram-negative bloodstream infections
	285f
	N/A

	Total
	2,701
	N/A


a	All sites ceased surveillance in July 2019.
b	Limited site participation in surveillance condition (Table 2).
c	Excluding RDH and MH.
d	An additional 1,450 influenza test-negative controls were captured for 2019 by the PAEDS network.
e	N/A: not applicable.
f	Excluding SCH, Randwick cases (n = 12). 
Acute flaccid paralysis 
PAEDS reported 55 cases of AFP to the NERL in 2019, meeting the national surveillance target of 1 non-polio AFP case per 100,000 children aged < 15 years7 (the estimated Australian population in this age group was 4.74 million in 2019, yielding 1.2 cases per 100,000 children aged <15 years).36 Of these 55 cases, at least one stool sample was collected within two weeks of onset of paralysis for 42 cases (76%), and two stool samples were collected for 29 cases (53%). The most common diagnoses associated with AFP were Guillain-Barré syndrome (GBS; 27%), transverse myelitis (24%) and acute demyelinating encephalomyelitis (ADEM; 7%). The Australian Government Department of Health Polio Expert Panel (PEP) sub-classified three cases as acute flaccid myelitis (AFM), one of whom showed detection of enterovirus A71 in stool, an important regional cause of severe neurological illness in children. 
Vaccine-proximate cases were clinically reviewed and any that were deemed plausibly consistent with an AEFI were reported via existing channels. In 2019, two cases were reported, both with documented receipt of influenza vaccine, one of these with receipt of other vaccine types as well. 
Acute childhood encephalitis 
PAEDS identified 157 cases of suspected ACE in 2019. The highest number of cases (20/157; 13%) was recorded in August, consistent with previous winter peaks observed in prior years. All ACE cases underwent a review process by an expert panel and were classified as: infectious 63/157 (40%); immune-mediated 27/157 (17%); unknown 15/157 (10%); and ‘not encephalitis’ 52/157 (33%). Influenza virus was detected in 16/105 encephalitis cases tested (15%), with the highest frequency observed in August; influenza was detected in four cases presenting prior to the influenza season. Herpes simplex virus and enteroviruses were detected in 9/105 (9%) cases each; parechovirus was detected in 3/105 (3%) cases. The most frequent bacterial pathogens detected were Mycoplasma pneumoniae, 8/105 (8%), and Streptococcus pneumoniae, 5/105 (5%). Just over half of the suspected ACE cases (82/157; 52%) were admitted to intensive care, and 12/105 (11%) of the cases classified as confirmed encephalitis died. Influenza was detected in five of these deaths, with four of these aged < 5 years; herpes simplex virus was detected in three cases; enteroviruses were detected in two cases; and the final two cases had a mix of pathogens detected. 
Following clinical review, five suspected ACE cases were assessed as AEFI and were reported via existing channels. Of these, two cases had documented receipt of influenza vaccine, and both had also received other vaccine types. 
Influenza 
During the 2019 influenza season (April–October), 1,850 children were hospitalised with laboratory-confirmed influenza across the PAEDS network: CHW (470); RCH (402); MH (313); WCH (201); PCH (200); QCH (227); and RDH (37). Of these children, 203 (11%) were aged < 6 months, 835 (45%) were aged between 6 months and < 5 years and 812 (44%) were aged ≥5 years. Influenza A was detected among 1,209 cases (65%) and Influenza B among 618 cases (33%); 23 cases (1%) had multiple sub-types detected. In addition, 1,450 influenza test-negative controls were enrolled, to support calculation of vaccine effectiveness. Of the hospitalised influenza cases, 800/1841 (43%) had underlying medical conditions, 167/1850 (9%) were admitted to intensive care units and 11/1839 (0.6%) died. Influenza vaccine uptake among cases was reported for 212/810 (26%) children aged between 6 months and < 5 years and 812 (44%) were aged ≥5 years. Among infant cases aged < 6 months, maternal vaccination status was ascertained in 166 paired mothers, with 60 (36%) reporting vaccination for influenza during pregnancy. Among controls, vaccine uptake was reported for 341/758 (45%) children aged between 6 months and < 5 years and 812 (44% were aged ≥5 years. Among infant controls aged < 6 months, maternal vaccination status was ascertained in 292 mothers. Of these, 122 (42%) were vaccinated during pregnancy. 
Social research 
In 2019, 595 parents/guardians of children hospitalised in five PAEDS/FluCAN sites for acute respiratory illness (± laboratory-confirmed influenza) participated in an online survey. The survey was informed through our qualitative interviews with parents of children hospitalised for influenza37 and sought to measure parents/guardians’ capability, opportunity and motivation to vaccinate.38 Of the 595 parents/guardians who participated, 58% (342) of their hospitalised children (342/595) were aged 6–59 months, 47% (282) had ≥ 1 comorbidities, 68% (406) were influenza-positive, and 71% (421) were not vaccinated prior to hospitalisation. We identified that the strongest barriers to influenza vaccination of children prior to hospitalisation were:39 lack of health care provider recommendation; difficulties in remembering to make an appointment to vaccinate; difficulties in getting an appointment for vaccination; perceiving that other parents were also not vaccinating their children against influenza; general lack of support of influenza vaccination of children; and a lack of history of influenza vaccination of the child and parent. 
Intussusception 
In 2019, there were 29 cases of IS identified, of which 21 (72%) met Brighton level 1 criteria. Five cases (24%) had received a rotavirus vaccine in the 21 days preceding intussusception: one case occurred following the first dose, and four cases occurred following the second dose of the vaccine. Of the 21 cases of level 1 IS, four children (19%) required surgery and 17 (81%) were resolved with air/hydrostatic enema. Of the five children who had IS within 21 days of vaccination, two (40%) required surgery (ages 8 and 20 weeks) and three (60%) were successfully treated with air/hydrostatic enema. There were no deaths. 


Pertussis 
In 2019, there were 40 eligible children with laboratory-confirmed pertussis identified across the PAEDS network. The median age was 4 months, with a range of 1 week to 14 years. Of identified cases, 37/40 were children eligible for vaccination (aged 6 weeks or greater; 27 were aged 6 weeks to < 12 months, and ten were aged ≥ 12 months to 14 years). Of these children, 31/37 (84%) had received a dose of pertussis-containing vaccine prior to presenting to hospital with pertussis (22 children aged 6 weeks to < 12 months, and nine children aged ≥ 12 months to 14 years). Of the 3/40 cases who were infants aged < 6 weeks, the mothers of two had not received a pertussis-containing vaccine during pregnancy, while the mother of one child had received a pertussis-containing vaccine at a gestational age of 23 weeks. No children required admission to an intensive care unit. 
Varicella and herpes zoster 
In 2019, there were 25 cases of varicella-zoster virus infection identified across the PAEDS network (20 varicella; five herpes zoster). Of these 25 children, 15 (60%) were eligible for NIP-funded varicella vaccination; where vaccination status was ascertained, 11/14 (79%) had been vaccinated. Amongst these cases, a minority reported complications. These included: ataxia (1/23; 4%); hepatitis (1/23; 4%); dehydration (4/21; 19%); and secondary bacterial infection (2/23; 9%). 
Invasive meningococcal disease 
In 2019, there were 22 cases of IMD identified across the PAEDS network. Of these cases, 15/22 (68%) were aged < 5 years, and 6/22 (27%) were < 12 months of age. Five cases (23%) were aged between 5 and 15 years, and two were aged ≥ 15 years. Serogroup B was the predominating strain (16/22 cases); 12/16 of these (75%) were in children aged < 5 years. One of these children (aged 2 years) had received an incomplete course of meningococcal B vaccine (one dose when aged < 23 months); the remainder were unvaccinated for meningococcal B. Serogroup W was identified in three cases and serogroup Y in one case: none of these children were vaccinated for serogroups A, C, W-135 and Y with quadrivalent vaccine. Serogroup C was identified in one case, and this child had not been vaccinated for meningococcal C. The serogroup could not be determined for one case. Nine cases (9/22; 41%) had meningitis and 18/22 (82%) were septicaemic; six of these children had both meningitis and septicaemia. The most common reported symptoms on presentation were fever (21/22; 96%); rash (18/22; 82%); lethargy (17/21; 81%); unwell appearance (16/22; 73%); vomiting (16/22; 73%); irritability (14/21; 67%); and refusal to eat or drink (14/22; 64%). Eleven children (50%) were admitted to the intensive care unit (ICU), and one death occurred. 
Invasive group A streptococcus 
In 2019, IGAS surveillance was reduced to five sites: RCH, MH, QCH, PCH and RDH. There were 48 IGAS cases admitted to participating PAEDS sites. In addition to hospital data, PAEDS surveillance teams contacted these cases six months after discharge to assess longer-term outcomes. 
Kawasaki disease 
In 2019, there were 190 cases of KD admitted across the PAEDS network. The median age was 3 years and the male to female ratio was 1.7:1. Of the children admitted, 99% (188/190) received at least one dose of IVIG, whilst 22% (42/190) received two or more doses of IVIG. Admission to the intensive care unit was required for 4% of children (7/183). 
Gram-negative bloodstream infections 
In this first year of surveillance, 297 clinical episodes of GNBSI were identified (285 at PAEDS sites and 12 at SCH; see Table 4). Among the 297 episodes, the median age was 39 months (interquartile range (IQR) 7 to 90 months). Sixty-two percent of episodes occurred in males, and 7% in children from families identifying as Aboriginal or Torres Strait Islander. While a majority of infections (56%) had community onset, almost 70% occurred in children with significant comorbidities, and 57% occurred in children with indwelling central venous catheters. The most frequent comorbidities identified were malignancies. More than 40% of episodes had no focus of infection, and the most commonly-recorded foci were central venous catheter-associated BSI (51) and urinary tract infection (44). The predominant organisms identified were Escherichia coli (83); Salmonella species (44); Klebsiella species (36); Enterobacter species (28); and Pseudomonas species (28). Sixteen infections were polymicrobial. All BSI caused by Salmonella had community onset, and cases with E. coli were also more likely to present from the community. Cases with other Enterobacterales and with non-fermenting bacteria were more likely to have hospital onset. The most frequent sequence type (ST) observed in E. coli was ST95. No dominant sequence types were identified in other species by whole genome sequencing. One quarter of E. coli and Klebsiella pneumoniae (27/106) were resistant to third generation cephalosporins. A single carbapenem-resistant Enterobacter cloacae was identified, not associated with detection of a carbapenamase gene. IMP-4 was detected in two other isolates, both these were phenotypically susceptible to meropenem. One third of Pseudomonas aeruginosa (8/25) were MDR, though only two were carbapenem-resistant. Resistance in P. aeruginosa was observed to ceftolozane-tazobactam (3/24) and ceftazidime-avibactam (5/25). Death occurred in 8% of all episodes (25/297). Thirty-six children were inpatients in ICU at the time of BSI onset; a further 29 required ICU admission. The median duration of hospital stay was 12 days (IQR 6 to 32 days); 63 children were discharged to an outpatient antimicrobial administration service. 
Discussion 
Since 2007, PAEDS has collected and reported novel and unique data on hospitalisation due to uncommon serious childhood conditions. In 2019, PAEDS expanded its surveillance through partnerships with grant funded research whilst maintaining its performance with respect to its core public health surveillance function. PAEDS has continued its role of reporting enhanced clinical and vaccination data to public health partners, describing detailed clinical epidemiological features of severe childhood conditions. 
PAEDS surveillance of AFP continues to report the majority of cases into national AFP surveillance, enabling Australia to meet the WHO AFP case detection target for poliomyelitis surveillance for 2019.7 Ongoing difficulty achieving adequate stool collection rates from AFP cases continues to be a challenge. PAEDS nurses facilitated collection of two stool samples in 53% of PAEDS AFP cases ascertained in 2019 and continue to aim to meet the WHO surveillance target of adequate stool collection in 80% of cases.7,40 To improve performance, PAEDS implemented a nurse-led action plan in July 2019, with standardised data collection to identify the barriers that contribute to unsuccessful stool specimen collection. Early data from 2020 indicate that the stool collection rate is improving. The newly-recognised and emerging syndrome, AFM, associated with non-polio enteroviruses—initially identified in the United States of America and Europe in 2014—has since been recognised in Australia, with a cluster noted retrospectively in March 2016 in a review of PAEDS data.41 The PEP has since begun sub-categorising AFP cases as AFM guided by US Centers for Disease Control and Prevention (CDC) definitions to enhance monitoring of this syndrome in Australia; three PAEDS AFP cases were sub-categorised as AFM in 2019, one associated with the important neuro-tropic non-polio enterovirus, EVA71. 
PAEDS encephalitis surveillance continues to support early detection of epidemic infectious diseases in children. ACE is a severe syndrome with half of the cases identified requiring admission to intensive care, and with high case fatality. Encephalitis-associated pathogens observed in 2019 were consistent with those previously described as leading infectious causes of childhood encephalitis.12,42 Notably, influenza was the leading cause of ACE-related death in 2019. PAEDS data on ACE have previously highlighted the burden of influenza-associated neurological disease, particularly in otherwise-well children aged < 5 years, supporting the funding of vaccine programs aimed at influenza prevention in this age group.43 These severe, albeit rare, manifestations of paediatric influenza are monitored by PAEDS, which will contribute to program evaluation over time. PAEDS surveillance of ACE also enables identification of cases with influenza detected outside the usual influenza season (November–March), with 4/16 (25%) out-of-season influenza-associated ACE cases in 2019. Severe ACE cases (those deceased or requiring intensive care admission) were notified by PAEDS to the Australian Government Department of Health and the respective recruiting site’s state health departments in near real-time. In 2019, with the Australian Government Department of Health provision of funding support for ACE surveillance, PAEDS-ACE investigators have successfully improved the efficiency of data collection and subsequent case review and reporting. 
In 2019, the influenza season saw high activity which commenced and peaked approximately five weeks earlier than the average for the previous five years;44 nonetheless, despite large case numbers, clinical severity overall remained low.45 For children aged 6 months to < 5 years, seasonal vaccination was funded by all states and territories across Australia in 2019 and vaccine uptake was 45%, an improvement of nearly 10% compared to 2018.4,46 Vaccine uptake was lower (40%) for children > 5 years, as was maternal vaccine uptake among test-negative control infants aged < 6 months at 42%; however, due to infant age and availability of vaccination during pregnancy, not all mothers would have been able to access vaccination. Continued effort is needed to promote the importance of vaccination among all ages,39 especially for at-risk groups, with 2019 a reminder of the unpredictability and burden of seasonal influenza. Point estimates of vaccine effectiveness ranged from 43% to 70% for 2019 using data from the entire FluCAN network, consisting of adults and children > 6 months, with the greatest protection seen against influenza A (H1N1).44 Continued surveillance and timely reporting of paediatric influenza hospitalisation data is important to inform policy and practice on immunisation programs impacting all Australian children. 
Data collected by PAEDS have been instrumental in quantifying the association between IS and rotavirus vaccine when given to infants.15–17 Given the documented but low vaccine-associated risk, IS surveillance has been suspended by PAEDS, but could be reactivated in the setting of any vaccine or program changes. 
Despite vaccination, pertussis remains endemic in Australia with epidemics occurring every 3–4 years.19,47 Infants too young for vaccination, or those for whom vaccination is delayed, are at the highest risk of severe morbidity and mortality.19,47 In 2019, ninety-two percent of the 37 cases were eligible for vaccination; most eligible cases (82%) had received at least one dose of pertussis-containing vaccine. Since 2015, early infant protection via maternal vaccination during each pregnancy has been recommended, and antenatal pertussis vaccination has been funded since 2018;48–50 however, in 2019, only one of three mothers of infant cases aged < 6 weeks had received a pertussis-containing vaccine during pregnancy. Continued surveillance can provide additional evidence to inform expectant parents, immunisation providers and policy makers of the importance of timely pertussis vaccination. 
There were fewer varicella-related hospitalisations in 2019 than in 2017 or 2018,4 acknowledging the reduction in participating PAEDS sites with only two sites (CHW and QCH) continuing surveillance from July 2019. As the varicella vaccine program has now been in place for 15 years on the National Immunisation Program, there is considerable evidence of a reduction nationally in varicella cases, notwithstanding Australia maintaining a one-dose schedule with expected lower efficacy than a two-dose program.51 Changing the vaccine schedule from a monovalent varicella vaccine to a combined measles, mumps, rubella varicella vaccine has not shown any reduction in vaccine effectiveness. 
There were fewer cases of IMD in 2019 than in 2018,4 acknowledging the reduction in participating PAEDS sites with only two sites (WCH and PCH) continuing surveillance from July 2019. At both of these sites fewer cases were identified in 2019 than in 2018 (WCH 8 and 14 cases; PCH 4 and 8 cases in 2019 and 2018 respectively). Serogroup B was the dominant strain in hospitalised children nationally. This is expected, as serogroup W disease, which predominated during the serogroup W outbreak in 2016–2018, has now reduced following the introduction of national meningococcal ACWY vaccine programs in 2018 (at 12 months) and 2019 (adolescents and young adults aged 15–19 years), which followed earlier state funded programs and may also explain the reduction in IMD cases in 2019. As meningococcal B vaccine has been included on the National Immunisation Program from 1 July 2020 for Aboriginal and Torres Strait Islander infants up to 2 years of age and people of any age with specific risk conditions, and in a state-funded program for infants and adolescents in South Australia, monitoring of vaccine effectiveness and impact remains important. Any IMD cases in vaccinated children will be investigated through PAEDS. 
PAEDS continues to monitor IGAS admissions in comparison to the low number of viral infections, including seasonal influenza, which have been associated with seasonal increases in cases in the past. Future projects include determining the cost burden of IGAS at paediatric hospitals via the PAEDS sites. This will be important health economics data as Group A streptococcal vaccines come down the pipeline.52 
Kawasaki disease is a leading cause of acquired heart disease in children with the potential to cause lifelong damage to the coronary arteries. While there is an effective treatment (IVIG), the diagnosis of KD remains challenging, as there is no diagnostic test that can reliably differentiate KD from other conditions. Surveillance undertaken by the PAEDS network is providing important insights into the diagnostic and treatment decisions that clinicians make regarding KD. In contrast to other published studies,53 our data show that Australian clinicians have a generally unified approach to the treatment of KD. We intend to further analyse these data to better understand how clinicians approach the care of more complicated cases, and to estimate the burden of coronary disease in children that is attributable to KD. 
The treatment of invasive gram-negative infections in children is increasingly complicated by antimicrobial resistance. Paediatricians need access to new antimicrobial agents, informed by evidence generated in studies that include children. Surveillance undertaken by the PAEDS network is providing systematic data that will inform the clinical management of these complicated infections in hospitalised children. As reported elsewhere, our data reveal a significant burden of healthcare-associated and hospital-acquired infections. Morbidity (including prolonged hospital and ICU stay) and mortality are substantial. Already, notable differences can be observed between our data and those captured by existing surveillance systems that focus on adult patients and on antimicrobial-resistant infections alone. Our comprehensive surveillance will allow us to draw important inferences regarding risk factors for antimicrobial resistance, and adverse outcomes. Furthermore, whole genome sequencing will allow us to explore transmission dynamics in both susceptible and resistant infections. Surveillance continues in 2020 and results to date have supported leveraging of further funding through a successful NHMRC Investigator award. 
The PAEDS system is limited by the now-variable participation in surveillance for some conditions (VZV, pertussis, IMD, IGAS) across the network. This impacts on the network’s capacity to obtain a nationally representative picture for these conditions of interest. However, by having some sites continuing surveillance and retaining the data collection capability, the network has the ability to rapidly re-activate surveillance for these conditions in any jurisdiction or nationally in response to a public health need. Further, as a sentinel surveillance system, PAEDS cannot directly calculate age-specific population incidence rates of the conditions under surveillance, although ongoing efforts are directed to optimally determining the population coverage of our network’s hospitals. Additionally, PAEDS demographic and geographic coverage, whilst enhanced by the inclusion of MH and RDH, could be further enriched in the future. 
PAEDS continues to be an important capacity-building initiative to enhance existing public health surveillance for serious childhood conditions, particularly VPDs and AEFIs, with the overarching aim of improving child health outcomes. PAEDS has demonstrated its agility as a network by responding to jurisdictional public health needs in 2019. The PAEDS network is a unique surveillance platform that has the potential to be used for other urgent or research-focused studies for which active surveillance is optimal. In 2020, this capability has been used to support the national response to the COVID-19 pandemic through active surveillance of hospitalised COVID-19 in children, including complications.54 The PAEDS network continues to actively consider future child health priorities in Australia, and actively engage with similar networks internationally6 to further optimise surveillance.[footnoteRef:2] [2:  More information on PAEDS is available at https://www.paeds.edu.au.] 

Acknowledgements 
We thank all PAEDS investigators, collaborators, surveillance nurses and laboratory teams who contributed to PAEDS in 2019. 
The PAEDS network comprises: N Wood, P Britton, K Macartney, E Elliott, P McIntyre, R Booy, H Quinn, C Jones, J McRae, L Rost, K Meredith, G Saravanos, N Dinsmore, S Wong, J Buttery, N Crawford, A McMinn, D Lee, M Gibson, P Richmond, C Blyth, T Snelling, C Finucane, R West, J Kent, J Clark, A Kynaston, S Dougherty, S Cook, N Doran, H Marshall, M Walker and C Heath. 
We would also like to thank: A Cheng and J Garlick (FluCAN); A Kesson, K Leung, D Grote and G Stewart (CHW Laboratory); C Lopez and V Clifford (RCH laboratory); K Monahan and N George (Pathology Queensland); L Sammels, K Lindsey, A Levy and J Wuillemin (Pathwest, Western Australia); T Korman and M. Weiringa (Monash Pathology, Victoria); A Lawrence (SA Pathology); RDH micro department (Territory Pathology); L Hobday and B Thorley B (VIDRL); C Toi (ICPMR) and J Leask (social study). 
PAEDS and this paper would not have been possible without their important and sustained contributions. 
We also thank the Australian Government Department of Health and departments of health in the participating jurisdictions (New South Wales, Victoria, South Australia, Western Australia and Queensland) for funding support. Funding for PAEDS participation in FluCAN comes via the Australian Government Department of Health, and ACE surveillance has been supported by the Australian Government Department of Health (Surveillance Branch), Arkhadia Fund/Norah Therese Hayes-Ratcliffe Fellowship, Marie Bashir Institute, Sydney Medical School Dean’s fellowship, the Shepherd Foundation, Sir Albert Sakzewski endowment and the Sasakawa memorial fund of the Children’s Hospital Foundation Queensland, NHMRC partnership grant (ID1113851) and other NHMRC (various sources). 
Study data were collected and managed using REDCap (Research Electronic Data Capture) tools hosted at the University of Sydney, the University of Queensland, Monash University and the Murdoch Children’s Research Institute.10,11 REDCap is a secure, web-based software platform designed to support data capture for research studies, providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking data manipulation and export procedures; 3) automated export procedures for seamless data downloads to common statistical packages; and 4) procedures for data integration and interoperability with external sources.


Author details 
Ms Nicole Dinsmore1
Ms Jocelynne E McRae1,2 
Dr Helen E Quinn3,4 
Ms Catherine Glover5 
Ms Sonia Dougherty6 
Ms Alissa McMinn7 
A/Prof. Nigel Crawford8 
A/Prof. Helen Marshall9 
Ms Samantha J Carlson10 
A/Prof. Christopher Blyth11,12 
Dr Ryan Lucas2,13 
Dr Adam Irwin14 
Prof. Kristine Macartney4,15,16,17 
Dr Philip N Britton4,15 
A/Prof. Nicholas Wood4,18,19 
1. PAEDS Manager, Clinical Nurse Consultant, National Centre for Immunisation Research and Surveillance (NCIRS), Kids Research Institute, The Children’s Hospital at Westmead, New South Wales 
2. Discipline of Child and Adolescent Health – Faculty of Medicine and Health, The University of Sydney, Sydney, New South Wales 
3. Senior Research Fellow, National Centre for Immunisation Research and Surveillance, Kids Research Institute, The Children’s Hospital at Westmead, New South Wales 
4. Faculty of Medicine and Health, University of Sydney, New South Wales 
5. Research Officer, National Centre for Immunisation Research and Surveillance, Kids Research Institute, The Children’s Hospital at Westmead, New South Wales 
6. Nurse Coordinator, Queensland Children’s Hospital, Brisbane, Queensland 
7. Nurse Coordinator, Murdoch Children’s Research Institute, SAEFVIC, Victoria 
8. Director, SAEFVIC, Group leader, Murdoch Children’s Research Institute. Honorary Principal Fellow, Department of Paediatrics, University of Melbourne, Victoria 
9. Senior Medical Practitioner and Director, Vaccinology and Immunology Research Trials Unit, Women and Children’s Hospital, Adelaide, South Australia 
10. School of Public Health, Faculty of Medicine and Health, University of Sydney, New South Wales 
11. Infectious Diseases Department, Perth Children’s Hospital, Perth, Western Australia 
12. Wesfarmers Centre for Vaccines and Infectious Diseases, Telethon Kids Institute, University of Western Australia, Perth, Western Australia 
13. Department of General Medicine – The Children’s Hospital at Westmead, Sydney, New South Wales 
14. Senior Lecturer in Paediatric Infectious Disease, The University of Queensland, UQ Centre for Clinical Research, Queensland 
15. Staff Specialist, Department of Infectious Diseases & Microbiology, The Children’s Hospital at Westmead, Sydney, New South Wales 
16. Director, National Centre for Immunisation Research and Surveillance, Kids Research Institute, The Children’s Hospital at Westmead, New South Wales 
17. Professor, Discipline of Child and Adolescent Health, University of Sydney, New South Wales 
18. Clinical fellow, National Centre for Immunisation Research and Surveillance (NCIRS), Sydney, New South Wales 
19. Post-graduate coordinator, Clinical school, Child and Adolescent Health, University of Sydney, New South Wales 
Corresponding author 
Ms Nicole Dinsmore 
PAEDS Manager, National Centre for Immunisation Research and Surveillance (NCIRS), Kids Research Institute, The Children’s Hospital at Westmead, Locked Bag 4001, Westmead NSW 2145 Australia. 
Telephone: +61 2 98453024 
Email: nicole.dinsmore@health.nsw.gov.au


References 
1. McRae JE, Quinn HE, Macartney K. Paediatric Active Enhanced Disease Surveillance (PAEDS) annual report 2015: Prospective hospital-based surveillance for select vaccine preventable diseases and adverse events following immunisation. Commun Dis Intell Q Rep. 2017;41(3):264–78. 
2. Zurynski YA, McRae JE, Quinn HE, Wood NJ, Macartney KK on behalf of the PAEDS network. Paediatric Active Enhanced Disease Surveillance inaugural annual report, 2014. Commun Dis Intell Q Rep. 2016;40(3):391–400. 
3. McRae JE, Quinn HE, Saravanos GE, Britton PN, McMinn A, Wood N et al. Paediatric Active Enhanced Disease Surveillance (PAEDS) annual report 2016: prospective hospital-based surveillance for serious paediatric conditions. Commun Dis Intell (2018). 2019;43. doi: https://doi.org/0.33321/cdi.2019.43.5. 
4. McRae JE, Quinn HE, Saravanos GE, Carlson SJ, Britton PN, Crawford NW et al. on behalf of the PAEDS network. Paediatric Active Enhanced Disease Surveillance (PAEDS) 2017 and 2018: prospective hospital-based surveillance for serious paediatric conditions. Commun Dis Intell (2018). 2020;44. doi: https://doi.org/10.33321/cdi.2019.44.49. 
5. Zurynski Y, McIntyre P, Booy R, Elliott EJ, on behalf of the PAEDS Investigators Group. Paediatric Active Enhanced Disease Surveillance: a new surveillance system for Australia. J Paediatr Child Health. 2013;49(7):588–94. 
6. Top KA, Macartney K, Bettinger JA, Tan B, Blyth CC, Marshall HS et al. Active surveillance of acute pediatric hospitalisations demonstrates the impact of vaccination programs and informs vaccine policy in Canada and Australia. Euro Surveill. 2020;25(25):1900562. doi: https://doi.org/10.2807/1560-7917.ES.2020.25.25.1900562. 
7. Roberts JA, Hobday LK, Ibrahim A, Thorley BR. Australian National Enterovirus Reference Laboratory annual report, 2018. Commun Dis Intell (2018). 2020;44. doi: https://doi.org/10.33321/cdi.2020.44.26. 
8. World Health Organization (WHO). Global Polio Eradication Initiative, Surveillance. [Internet.] Geneva: Global Polio Eradication Initiative, WHO. [Accessed on 25 September 2020.] Available from: http://polioeradication.org/who-we-are/strategic-plan-2013-2018/surveillance/. 
9. Paediatric Trials Network Australia (PTNA). WebSpirit. [Internet.] Sydney: PTNA; 2013. [Accessed on 25 September 2020.] Available from: https://www.ptna.com.au/index.php/webspirit. 
10. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap) – a metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed Inform. 2009;42(2):377–81. 
11. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L et al. The REDCap consortium: building an international community of software partners. J Biomed Inform. 2019;95:103208. doi: https://doi.org/10.1016/j.jbi.2019.103208. 
12. Britton PN, Dale RC, Booy R, Jones CA. Acute encephalitis in children: progress and priorities from an Australasian perspective. J Paediatr Child Health. 2015;51(2):147–58. 
13. Elliott EJ, Zurynski YA, Walls T, Whitehead B, Gilmour R, Booy R. Novel inpatient surveillance in tertiary paediatric hospitals in New South Wales illustrates impact of first-wave pandemic influenza A H1N1 (2009) and informs future health service planning. J Paediatr Child Health. 2012;48(3):235–41. 
14. Beard F, Hendry A, Macartney K. Early success with room for improvement: influenza vaccination of young Australian children. Med J Aust. 2019;210(11):484–6. 
15. Bines JE, Kohl KS, Forster J, Zanardi LR, Davis RL, Hansen J et al. Acute intussusception in infants and children as an adverse event following immunization: case definition and guidelines of data collection, analysis, and presentation. Vaccine. 2004;22(5–6):569–74. 
16. Buttery JP, Danchin MH, Lee KJ, Carlin JB, McIntyre PB, Elliott EJ et al. Intussusception following rotavirus vaccine administration: post-marketing surveillance in the National Immunization Program in Australia. Vaccine. 2011;29(16):3061–6. 
17. Carlin JB, Macartney KK, Lee KJ, Quinn HE, Buttery J, Lopert R et al. Intussusception risk and disease prevention associated with rotavirus vaccines in Australia’s National Immunization Program. Clin Infect Dis. 2013;57(10):1427–34. 
18. Quinn HE, Wood NJ, Cannings KL, Amirthalingam A, Wang H, Menzies RI et al. Intussusception after monovalent human rotavirus vaccine in Australia: severity and comparison of using healthcare database records versus case confirmation to assess risk. Pediatr Infect Dis J. 2014;33(9):959–65. 
19. Pillsbury A, Quinn HE, McIntyre PB. Australian vaccine preventable disease epidemiological review series: Pertussis, 2006–2012. Commun Dis Intell Q Rep. 2014;38(3):E179–94. 
20. Marshall H, Quinn H, Gidding H, Richmond P, Crawford N, Gold N et al. Severe and complicated varicella in the post-varicella vaccine era and associated genotypes. [Conference presentation.] Presented at: 15th National Immunisation Conference; 7–9 June 2016; Brisbane. 
21. Bilukha OO, Rosenstein N. Prevention and control of meningococcal disease. Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep. 2005;54(RR-7):1–21. 
22. Peltola H. Meningococcal disease: still with us. Rev Infect Dis. 1983;5(1):71–91. 
23. Trotter CL, Chandra M, Cano R, Larrauri A, Ramsay ME, Brehony C et al. A surveillance network for meningococcal disease in Europe. FEMS Microbiol Rev. 2007;31(1):27-36. 
24. Borg J, Christie D, Coen PG, Booy R, Viner RM. Outcomes of meningococcal disease in adolescence: prospective, matched-cohort study. Pediatrics. 2009;123(3):e502–9. 
25. Davis KL, Misurski D, Miller J, Karve S. Cost impact of complications in meningococcal disease: evidence from a United States managed care population. Hum Vaccin. 2011;7(4):458–65. 
26. Wang B, Clarke M, Thomas N, Howell S, Afzali HH, Marshall H. The clinical burden and predictors of sequelae following invasive meningococcal disease in Australian children. Pediatr Infect Dis J. 2014;33(3):316–8. 
27. Hoge CW, Schwartz B, Talkington DF, Breiman RF, MacNeill EM, Englender SJ. The changing epidemiology of invasive group A streptococcal infections and the emergence of streptococcal toxic shock-like syndrome. A retrospective population-based study. JAMA. 1993;269(3):384–9. 
28. Steer AC, Danchin MH, Carapetis JR. Group A streptococcal infections in children. J Paediatr Child Health. 2007(43):203–13. 
29. Newberger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Burns JC et al. Diagnosis, treatment and long term management of Kawasaki disease: a statement for health professionals from the Committee on Rheumatic Fever, Endocarditis and Kawasaki Disease, Council of Cardiovascular Diseases in the Young, American Heart Association. Pediatrics. 2004;114(6):1708–33. 
30. Gordon JB, Khan AM, Burns JC. When children with Kawasaki disease grow up: myocardial and vascular complications in adulthood. J Am Coll Cardiol. 2009;54(21):1911–20. 
31. Burgner D, Harnden A. Kawasaki disease: what is the epidemiology telling us about the etiology? Int J Infect Dis. 2005;9(4):185–94. 
32. Saundankar J, Yim D, Itotoh B, Payne R, Maslin K, Jape G et al. The epidemiology and clinical features of Kawasaki disease in Australia. Pediatrics. 2014;133(4):e1009–14. 
33. Agyeman PKA, Schlapbach LJ, Giannoni E, Stocker M, Posfay-Barbe KM, Heininger U et al. Epidemiology of blood culture-proven bacterial sepsis in children in Switzerland: a population-based cohort study. Lancet Child Adolesc Health. 2017;1(2):124–33. 
34. Harris P, Paterson D, Rogers B. Facing the challenge of multidrug-resistant gram-negative bacilli in Australia. Med J Aust. 2015;202(5):243–7. 
35. Thompson G, Barker CI, Folgori L, Bielicki JA, Bradley JS, Lutsar I et al. Global shortage of neonatal and paediatric antibiotic trials: rapid review. BMJ Open. 2017;7(10):e016293. 
36. Australian Bureau of Statistics (ABS). Regional population by age and sex. Reference period 2019. [Internet.] Australian Government: ABS; 28 August 2020. Available from: https://www.abs.gov.au/statistics/people/population/regional-population-age-and-sex/latest-release#data-download. 
37. Carlson SJ, Scanlan C, Marshall HS, Blyth CC, Macartney K, Leask J. Attitudes about and access to influenza vaccination experienced by parents of children hospitalised for influenza in Australia. Vaccine. 2019;37(40):5994–6001. 
38. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour change interventions. Implement Sci. 2011;6:42. 
39. Carlson SJ, Quinn HE, Blyth CC, Cheng A, Clark J, Francis JR et al. Barriers to influenza vaccination of children hospitalised for acute respiratory illness: a cross-sectional survey. J Paediatr Child Health. 2020;57(3):409–18. 
40. Bao J, Thorley B, Isaacs D, Dinsmore N, Elliott EJ, McIntyre P et al. Polio – the old foe and new challenges: an update for clinicians. J Paediatr Child Health. 2020;56(10):1527–32. doi: https://doi.org/10.1111/jpc.15140. 
41. Bao J, Thorley B, Elliot E, McIntyre P, Britton PN. Acute flaccid myelitis – has it gone unrecognised in Australian children? Commun Dis Intell (2018). 2020;44. doi: https://doi.org/10.33321/cdi.2020.44.22. 
42. Britton PN, Dale RC, Blyth CC, Clark JE, Crawford N, Marshall H et al. Causes and clinical features of childhood encephalitis: a multicentre, prospective, cohort study. Clin Infect Dis. 2019;70(12):2517–26. 
43. Britton PN, Blyth CC, Macartney K, Dale RC, Li-Kim-Moy J, Khandaker G et al. The spectrum and burden of influenza-associated neurological disease in children: combined encephalitis and influenza sentinel site surveillance from Australia, 2013–2015. Clin Infect Dis. 2017;65(4):653–60. 
44. Sullivan SG, Arriola CS, Bocacao J, Burgos P, Bustos P, Carville KS et al. Heterogeneity in influenza seasonality and vaccine effectiveness in Australia, Chile, New Zealand and South Africa: early estimates of the 2019 influenza season. Euro Surveill. 2019;24(45):1900645. doi: https://doi.org/10.2807/1560-7917.ES.2019.24.45.1900645. 
45. Australian Government Department of Health. Australian Influenza Surveillance Report – No 12 – 2019. [Internet.] Canberra; Australian Government Department of Health; 10 October 2019. Available from: https://www1.health.gov.au/internet/main/publishing.nsf/Content/ozflu-surveil-no12-19.htm. 
46. Blyth CC, Macartney KK, McRae J, Clark JE, Marshal HS, Buttery J et al. Influenza epidemiology, vaccine coverage and vaccine effectiveness in children admitted to sentinel Australian hospitals in 2017: results from the PAEDS-FluCAN collaboration. Clin Infect Dis. 2019;68:940–8. 
47. Dey A, Wang H, Beard F, Macartney K, McIntyre P. Summary of national surveillance data on vaccine preventable diseases in Australia, 2012–2015. Commun Dis Intell (2018). 2019;43. doi: https://doi.org/10.33321/cdi.2019.43.58. 
48. Australian Technical Advisory Group on Immunisation (ATAGI). Australian Immunisation Handbook. [Internet.] Canberra: Australian Government Department of Health; 2018. Available from: https://immunisationhandbook.health.gov.au/. 
49. Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K et al. Effectiveness of maternal pertussis vaccination in England: an observational study. Lancet. 2014;384(9953):1521–8. 
50. Saul N, Wang K, Bag S, Baldwin H, Alexander K, Chandra M et al. Effectiveness of maternal pertussis vaccination in preventing infection and disease in infants: the NSW Public Health Network case-control study. Vaccine. 2018;36(14):1887–92. 
51. Quinn HE, Gidding HF, Marshall HS, Booy R, Elliott EJ, Richmond P et al. Varicella vaccine effectiveness over 10 years in Australia: moderate protection from 1-dose program. J Infect. 2019;78(3):220–5. doi: https://doi.org/10.1016/j.jinf.2018.11.009. 
52. Oliver J, Thielemans E, McMinn A, Baker C, Britton PN, Clark JE et al. Invasive group A Streptococcus disease in Australian children: 2016 to 2018 – a descriptive cohort study. BMC Public Health. 2019;19(1):1750. doi: https://doi.org/10.1186/s12889-019-8085-2. 
53. Dionne A, Burgner D, De Ferranti S, Singh-Grewal D, Newburger J et al. Variation in the management of Kawasaki disease. Arch Dis Child. 2020;105(10):1004–6. doi: https://doi.org/10.1136/archdischild-2019-317191. 
54. COVID-19 National Incident Room Surveillance Team. COVID-19 Australia: Epidemiology Report 25 (Fortnightly reporting period ending 13 September 2020). Commun Dis Intell (2018). 2020;44. doi:https://doi.org/10.33321/cdi.2020.44.77.
Appendix A 
Table A.1: Table of acronyms
	Acronym
	Description

	ACE
	Acute childhood encephalitis

	AIR
	Australian Immunisation Register

	ADEM
	Acute demyelinating encephalomyelitis

	AEFI
	Adverse events following immunisation

	AFM
	Acute flaccid myelitis

	AFP
	Acute flaccid paralysis

	APSU
	Australian Paediatric Surveillance Unit

	ARI
	Acute respiratory illness

	BSI
	Bloodstream infection

	CDC
	Centers for Disease Control and Prevention

	CHW
	The Children’s Hospital at Westmead

	ED
	Emergency department

	FluCAN
	Influenza Complications Alert Network

	FS
	Febrile seizures

	GBS
	Guillain Barré syndrome

	GNBSI
	Gram-negative bloodstream infections

	ICD
	International Classification of Diseases

	IMD
	Invasive meningococcal disease

	IGAS
	Invasive group A streptococcus

	IS
	Intussusception

	IVIG
	Intravenous immunoglobulin

	LCCH
	Lady Cilento Children’s Hospital Brisbane

	MH
	Monash Health Victoria

	NCIRS
	National Centre for Immunisation Research and Surveillance

	NERL
	National Enterovirus Reference Laboratory

	NESB
	Non-English speaking background

	NHMRC
	National Health and Medical Research Council

	NIP
	National Immunisation Program

	NSW
	New South Wales

	PAEDS
	Paediatric Active Enhanced Disease Surveillance

	PCH
	Perth Children’s Hospital

	QCH
	Queensland Children’s Hospital

	RCH
	The Royal Children’s Hospital Melbourne

	RDH
	Royal Darwin Hospital, Northern Territory

	SANE
	Serious acute neurological event

	VE
	Vaccine effectiveness

	VIDRL
	Victorian Infectious Diseases Reference Laboratory

	VPD
	Vaccine preventable diseases

	VZV
	Varicella zoster virus

	WCH
	The Women’s and Children’s Hospital Adelaide

	WHO
	World Health Organization
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