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ABSTRACT

This article offers a thorough review of current
early warning systems (EWS) and advocates for
establishing a unified research network for EWS in
infectious diseases between China and Australia. We
propose that future research should focus on improving
infectious disease surveillance by integrating data from
both countries to enhance predictive models and
intervention strategies. The article highlights the need
for standardized data formats and terminologies,
improved  surveillance  capabilities, and  the
development of robust spatiotemporal predictive
models. It concludes by examining the potential
benefits and challenges of this collaborative approach
and its implications for global infectious disease
surveillance. This is particularly relevant to the ongoing
project, early warning systems for Infectious Diseases
between China and Australia (NetEWAC), which aims
to use seasonal influenza as a case study to analyze
influenza trends, peak activities, and potential inter-
hemispheric transmission patterns. The project seeks to
integrate data from both hemispheres to improve
outbreak predictions and develop a spatiotemporal
predictive modeling system for seasonal influenza
transmission based on socio-environmental factors.

INTRODUCTION

Infectious disease outbreaks, particularly emerging
infectious diseases (EID), have significantly impacted
global health over the last several decades. Notably, the
2003 severe acute respiratory syndrome (SARS/SARS-
CoV-1) epidemic impacted 26 countries, resulting in
over 8,000 cases and approximately 774 deaths,
reflecting a case fatality rate of around 9.6% (I). The
2009 pandemic influenza A HINT affected more than
214 countries, with over 18,449 recorded fatalities
worldwide (2). More recently, the coronavirus disease
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2019  (COVID-19) caused
approximately seven million deaths globally (3) and
has had extensive social, economic, and political
ramifications, continuing to affect nearly every facet of
life worldwide (4). In response to the ever-changing
infectious disease landscape, there is a critical need to
enhance our surveillance and early warning approaches.
Current early warning systems (EWS) for EID often
depend on a limited range of data sources, primarily
healthcare facilities, and are hindered by delays in
disease detection due to the reliance on clinical
diagnosis data, which may be inadequate for timely
infectious disease surveillance.

Over the past two decades, China has confronted
several outbreaks of EID, such as SARS-CoV-1 (5),
highly pathogenic avian influenza A(H5N1) (6),
A(H5N6) (7), A(H7N9) (8), a human Streptococcus
suis outbreak in Sichuan Province (9), and COVID-19
(10). In response, China has bolstered its capacity for
early detection and response through an integrated
approach, which includes enhancements in systems like
the Infectious Disease Automated-Alert and Response
System  (CIDARS)  (11). Furthermore, the
establishment of the Public Health Emergency
Response Information System (PHERIS) (72) and
syndromic surveillance mechanisms has strengthened
its EWS infrastructure. In contrast, Australia utilizes
the National Notifiable Disease Surveillance System
(NNDSS) and augments it with hospital-based
syndromic surveillance, which monitors notifiable
pathogens and lays the groundwork for more advanced
national surveillance and EWS. Recognizing the
critical importance of rapid response and preparedness
for infectious disease outbreaks, both China and
Australia, as prominent players in public health within
the Asia-Pacific region, have acknowledged the need
for a cooperative infectious disease EWS network. The
geographical positioning of China in the Northern
Hemisphere and Australia in the Southern Hemisphere
offers a unique opportunity to establish an inter-
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hemispheric EWS focused on seasonal influenza. The
Research Network of EWS for Infectious Diseases
between China and Australia (NetEWAC) was
inaugurated in August 2023, supported by a grant
from the Australian Department of Foreign Affairs and
Trade (DFAT). This collaborative effort is designed to
enhance early outbreak detection, facilitate data
sharing, and strengthen regional health security.

This article offers a detailed overview of the current
state of EWS and introduces a concept for developing
an integrated NetEWAC. As key players in the Asia-
Pacific region, the establishment of this collaborative
network is projected to be mutually beneficial,
enhancing not only national but also regional and
global health security. Through such bilateral
partnerships, there is potential for expansion and to
serve as models for broader regional collaboration, thus
strengthening  collective  responses  to  health
emergencies.

A Review of Existing EWS

EWS are essential for the early detection of
infectious diseases that exceed predefined thresholds,
providing alerts to health authorities before a
significant increase in cases. EWS incorporate various
surveillance approaches that differ depending on the
specific diseases or symptoms monitored and the
effectiveness of the systems or indicators, enabling
rapid detection of small case clusters before they
escalate and burden healthcare systems (13). In several
high- or middle-income countries, EWS have been
implemented based on national notifiable infectious
disease  surveillance systems, including China’s
CIDARS (11), Norway’s national web-based outbreak
rapid alert system (Vesuv) (/4), and Sweden’s
Computer Supported Outbreak Detection System
(CASE) (15). In contrast, syndromic surveillance-based
EWS focuses on identifying non-specific symptoms at
the initial stages of illness, which allows for the
identification of illness clusters before formal diagnoses
are confirmed and reported to public health authorities
(16). Such systems are not only crucial but also
extensively utilized in various nations. Prominent
examples include the USA’s Early Aberration
Reporting System (EARS) (Z7) and the Electronic
Surveillance System for the Early Notification of
Community-Based Epidemics (ESSENCE) (18-19);
the United Kingdom’s Emergency Department
Sentinel Syndromic Surveillance System (EDSSS) (20)
and the National Health Service (NHS) Direct
Syndromic Surveillance (21); and Australia’s Public
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Health  Real-Time  Emergency =~ Department
Surveillance System (PHREDSS) (22). Additionally,
other EWS configurations compile real-time data from
diverse sources, such as laboratory tests, over-the-
counter (OTC) drug sales, emergency call volumes,
ambulance dispatches, and patient attendance records
at primary care facilities (13).

To address the escalating risk of infectious disease
epidemics worldwide, the World Health Organization
(WHO) initiated the Global Outbreak Alert and
Response Network (GOARN) in  2000. This
collaborative network comprises institutions and
international organizations concerted in providing a
swift and effective response to outbreaks wherever they
occur. Since its establishment, GOARN has played a
pivotal role in managing major outbreaks such as
SARS, Ebola, H5N1, and the 2009 HIN1 pandemic
(23). Additionally, in 2004, WHO launched the Early
Warning Alert and Response Network (EWARN) to
aid low-income countries in promptly identifying and
managing infectious disease outbreaks during
humanitarian EWARN has been
deployed in countries including South Sudan, Haiti,
Somalia, Congo, Mozambique, Syria, Iraq, and the
Philippines (24). It notably detected the reemergence
of wild poliovirus in Somalia in 2013 (25). However,
EWARN serves as a temporary measure during crises,
not as a replacement for permanent national
surveillance systems. Once the humanitarian crisis
concludes, the notification activities revert to routine
surveillance, limiting outbreak detection capabilities
outside of emergencies where robust surveillance
systems might be absent (24). Furthermore, the WHO
Global Influenza Surveillance and Response System
(GISRS) gathers global data to enhance data sharing
and integration, crucial for early detection and
preparedness  against outbreaks  (26).
Nonetheless, disparities exist in the early warning
capabilities and coverage across GISRS-participating
countries, indicating that regional networks like
NetEWAC could enhance global surveillance efforts by
bolstering local capacities and fostering regional
cooperation in infectious disease early warning.

In the domain of digital surveillance, platforms such
as Google Flu Trends (GFT) (27) initially emerged as
pioneering, web-based systems for the real-time
tracking of influenza-like illnesses (ILI). Though GFT
highlighted the potential of utilizing search engine data
for disease surveillance, it was ultimately phased out
due to issues related to its accuracy and reliability. This
highlights the critical need for ongoing evaluation of
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the effectiveness and limitations of such digital tools in
public health surveillance (28). Complementary to
these platforms, HealthMap distinguishes itself as an
impactful digital instrument within global health
monitoring. By consolidating data from varied sources
including news reports, eyewitness accounts, and
official records, HealthMap delivers real-time insights
on a broad spectrum of health threats, including
infectious diseases and drug resistance. This system has
been instrumental in the real-time tracking of disease
dissemination, enhancing early detection and
intervention during health crises (29). The integration
of HealthMap into the global health surveillance
framework enhances the capabilities of conventional
systems such as GOARN, EWARN, and GISRS,
thereby improving overall early warning and response
mechanisms for infectious disease threats. For a
detailed review of EWS established in various countries
and by international organizations, refer to Table 1.

Infectious Diseases Surveillance in China

and Australia

Following the 2003 SARS epidemic, the Chinese
government initiated a series of enhancements to the
National Notifiable Infectious Diseases Reporting
Information  System (NIDRIS) (41) to bolster
infectious disease surveillance capabilities. Although
NIDRIS  significantly improved the reporting
timeliness for notifiable infectious diseases, its capacity
for early outbreak detection remained limited. In
response, in 2004, China launched the PHERIS, a
web-based, event-based system designed to gather data
on a variety of public health events, including
infectious disease outbreaks, 57 clusters of diseases of
unknown cause, extensive food or occupational
poisonings, and other significant public health events
(12). This system expanded the surveillance scope
beyond that provided by NIDRIS. In 2008, China
introduced the CIDARS (42), an EWS operating
nationally that builds on the existing NIDRIS data
concerning 28 notifiable diseases prone to outbreaks,
thus enhancing early detection capabilities. CIDARS
performs real-time and daily data analysis based on
four key elements: aberration detection, signal creation,
signal distribution, and feedback on signal responses
(Figure 1). It automatically identifies data anomalies
reported through NIDRIS and swiftly issues alert to
the corresponding county-level CDC via Short
Message Service (SMS). Moreover, CDCs at national,
provincial, and prefecture levels coordinate the
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response to each signal, providing expertise and
facilitative support to ensure efficient information
exchange and coordinated response efforts to prevent
disease spread (/7). Evaluations of the system have
demonstrated CIDARS’s effectiveness in generating
timely and specific warning signals, with evidence from
2009 to 2012 showing successful detection of all 30
dengue fever outbreaks during the period (43). Its
efficacy in identifying hand, foot, and mouth disease
outbreaks in China has also been validated (44).
However, CIDARS’s dependence on the data from
diagnosed and reported cases within NIDRIS can
impede its ability to detect outbreaks before these cases
are clinically identified. Challenges such as reporting
delays and underreporting may result in delayed or
missed warnings, particularly with EID (71).

Syndromic surveillance-based EWS in China are
primarily  employed for monitoring influenza
epidemics (45). Within this EWS framework, the
pneumonia of unknown etiology (PUE) surveillance
system, established after the SARS outbreak in 2004, is
integral for tracking novel respiratory pathogens,
including avian influenza and SARS (46). From 2005
to 2013, the PUE system was instrumental in detecting
23 of the 43 cases of avian influenza A (H5N1) in
Chinese mainland (46). Notably, as part of the
comprehensive EWS, the PUE system also identified
the first four cases of novel coronavirus (2019-nCoV)-
infected pneumonia (NCIP) in Wuhan on December
29, 2019 (47). However, the PUE system encounters
challenges such as significant underreporting, which
impairs its overall effectiveness (48). After the 2008
Sichuan earthquake, mobile phones equipped with
infectious disease reporting software were distributed
to local healthcare providers, enhancing early detection
and response capabilities for infectious disease
outbreaks (49). Additionally, China CDC has
implemented media surveillance to identify infectious
disease outbreaks. This system gathers information
from three key sources: searches for public health-
related keywords using Baidu’s search engine (50),
global health platforms including WHO GOARN,
GPHIN, ProMED, and CIDRAP, and reports from
domestic public health institutes. An automated
monitoring system screens this information daily,
compiling a list of relevant public health events. These
events are then assessed by a specialized team who
initiates a comprehensive procedure of in-depth follow-
up, verification, and tailored response for each
identified health concern (51).

Several early warning and detection methods,
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TABLE 1. Overview of early warning systems for infectious disease outbreaks.

EWS name Geographical Data source Disease or Strengths Limitations
scope syndromes
CIPARS uses rgal-tlme reporting CIDARS relies on notifiable infectious
information via the Internet, . . .
. L disease surveillance data, which may
enhancing the timeliness and . "
.~ .. beless timely and sensitive compared
completeness of data reporting; it .
. . ) : to other outbreak detection systems
28 infectious employs three aberration detection . ) . )
. diseases methods to detect unusual using pre-dlagn03|s data or mt_edla
CIDARS (11) China NIDRIS notifiable to occurrences of 28 notifiable rsgjsr:z’ g:::éizcs)gam r;?g:;:vlislg()r;ellz,
NIDRIS infectious diseases; nationwide 9 ) ry signal resp
. Lo . work for local staff; maintaining normal
implementation, involving all levels of . .
. . - operations of the system and managing
CDCs in China, facilitates early o
. over 6,000 users pose significant
outbreak detection and prompt
: challenges.
reporting across the country
Notifiable Real-time data analysis, early S Ep VISIt.S‘ [reaigioniand
PHREDSS . . . ) data sharing with other health
Australia/NSW ED infectious  warning system, enhance the overall .
(30) . . e surveillance systems can be
diseases surveillance capabilities .
challenging
. Community repor_tlng; real-t|me data Reliance on self-reported data, lack of
) Community- on ILI trends; cost-effective . L L )
FluTracking . - . detailed clinical information; potential
Australia Based ILI compared to traditional surveillance - L .
(37) . L : participant bias; dependent on internet
Surveillance methods; wide geographical
f access
coverage and public engagement
ESSENCE demonstrates high
accuracy in data representation,
MTFs from ‘partlcularlylln gastromtesgnal The sensitivity for respiratory diseases
diseases, which have the highest
over 300 . e was lower (65.7%) compared to
ESSENCE o Communicable overall sensitivity (89%) and ) . . . .
USA military . P . - gastrointestinal diseases; the quality of
(19) . . diseases  specificity (96%); the military system
installations . data depends on the accuracy of ICD-9
worldwide provides near-complete data codin
coverage of outpatient visits, which is 9
advantageous for public health
surveillance
EARS includes various aberration
detection methods, providing
flexibility and options for different The effectiveness of EARS depends on
Deliberatel surveillance needs; it allows local and the quality and reliability of the input
Public health emerain y state health departments to modify data; challenges in differentiating false
EARS (17) USA surveillance infect?oug sensitivity and specificity thresholds alarms, leading to potential over-
data . according to their public health investigation; complexity in operation
diseases ) ’ . L . .
importance; and providing flexibility and cost and resource-intensive
and options for different surveillance requirements
needs in various data sources,
enhancing its applicability
Province
Electronic ARTSSN analyses multiple electronic
Health data sources concurrently in real-
Record (e.g., Communicable time, delivers timely, comprehensive, Dependence on data source stability,
ARTSSN Canada/Alberta Health Link and non-  and automated surveillance; capable interpreting signals from multiple data
(32) calls, ED communicable of monitoring a wide range of health streams and understanding free-text
visits, school  diseases conditions, including infectious and medical records remain complex tasks
absenteeism, chronic diseases, injuries, and
laboratory environmental hazards
tests)
Timely detection of public health
Pre-defined threats, comprehensive data Dependence on data quality, integration
EDSSS (20) UK ED Syndromic  collection, real-time surveillance, and with other health surveillance systems,
indicators can be adapted to focus on specific and limited to ED data.
health conditions or syndromes.
National Unique data sources outside of  The reliance on self-reported symptoms
NHS Direct Telephone 10 common traditional clinical settmgs, capturing could lead to vgrlgblllty in dgta .qga!lty
UK Health health concerns that might not result and challenges in interpretation; limited
(21) Advice syndromes
Helpline

in hospital or GP visits; accessible to clinical validation, and integration with
a large proportion of the population.
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Continued
EWS name Geographical Data source Disease or Strengths Limitations
scope syndromes
Provides prompt and reliable
information on SARI in patients in
Germany; explores different
di::llgn.osis gr?ups and cle?sses Lack of complementary virological
SARI- Private (admission or discharge; primary or jnformation; discharge data lagged the
surveillance Germany hospital SARI secondary); high sensitivity with  information from primary care sentinel
(33) network Sensitive Case Definition (SCD), surveillance, leading to delayed
which includes not only patients with availability of data
primary discharge from J09 -J22 but
also cases with any secondary
discharge diagnosis from J09-J22
The system records 77.5% of the
total number of deaths, the extensive Lack of medical causes of death limits
SurSauD F All-cause Mortality coverage ensures effective tt:je dat:lllty to t?;ga rec$m merlq?)tli{ns
(34) rance mortality data  variations ~ monitoring of expected and unusual and de ermlme. © specilic F:on r.| R
i breaks: hiah .. .. of events like influenza epidemics and
el e S’_ _'9 Sy heatwaves to overall mortality
and specificity
Vesuv allows information included in
) each notification to be modified and n ]
Igfectlous updated as the outbreak investigation Awar?Pet§s Iand tralnlptg:j r:.eedl.s, cannot
iseases o ; quantitatively assess its timeliness, as
rogresses, which is practical for
Vesuv (14) Norway MSIS notifiable to prog Wi . 'S practi the date of identification of the outbreak
users conducting outbreak L
MSIS . s . is missing.
investigations; Vesuv is an event-
based reporting system
CASE is adaptable to different
contexts, enhancing its usefulness in
various settings; CASE uses emails
for notifications, presenting
SmiNet information in a familiar format
(national . without requiring users to learn a new  The effectiveness of the system is
o Communicable ] AT . .
CASE (15) Sweden notifiable . interface, simplifying the highly dependent on the quality and
. diseases - . .
disease communication process; allowing completeness of the data from SmiNet.
database) users to select statistical methods
best suited to the characteristics of a
specific disease; this flexibility
enables more accurate detection and
analysis of disease outbreaks
ICARES can detect differences in the
|n<.:|dence. of Var"OLfS dlseasg groups ICARES faces challenges in measuring
in real-time, within a 24-window; sensitivity due to imperfections in
GP, and Clusters of ble of making historical . i
. . . capable of making historica coding for non-specific syndromes and
ICARES (35)  Netherlands hospital infectious . e o S
. comparisons specific to each a limited number of participating
records diseases

GPSURV

(36) New Zealand

healthcare provider and adjusting  healthcare facilities, resulting in both

baseline values for seasonal false positive and false negative alerts

variations in disease incidence

Effectively monitors acute infectious
disease syndromes like Complexity in denominator population

GP electronic Three acute gastroenteritis, influenza-like illness, definition; GPSURV’s focus on record

clinical |nf.ect|ous and skin infections; adaptive complet{on and.data. capture, .rather
records disease denominator definition ensures a than diagnostic reliability, raised
syndromes questions about the system’s data

more accurate representation of the quality
patient population
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Continued
Geographical Disease or TR
EWS name Data source Strengths Limitations
scope syndromes
Media
reports, Global reach: ProMED-mail The postings on ProMED-mail are often
official disseminates information to over  drawn from general media sources and
reports Emerging 30,000 people in more than 180 lack scientific language, which can
ProMed-mail Global online infectious countries, indicating its wide reach affect their credibility among
(37) TERES diseases and and influence and diverse information professionals; a large volume of
- ' toxins sources, including media reports, postings originate from doubtful
observers official reports, online summaries, sources, dependence on confirmation
and otheré and observations from other sources
Wide reach, it gathers and analyzes . . L .
) - Data inaccuracies and sampling issues;
Web search healthcare-seeking behavior in the the lack of standardized search criteria
Google Flu Global ueries Influenza form of online search queries, means different users may enter
Trends (27)" relgted to flu reflecting a global user base; symptoms different! affec);in the
usefulness in developed countries; a}::ct?rac and consii,tenc of?jata
correlation with traditional data y y
Member
States, EIOS,
EBS,
disease-
specific
networks, ) )
network of |nfectious Globa! ‘collaborat}on, ]2l reésponse o source limitations political and
collaboratin . capability, expertise and experience, : ’ S
GOARN (23) Global il ell 9 dlsease_and information sharing, capacity bureaucratic challenges, van_'|ab|l|ty in
institutions, emerging o health systems, data quality, and
direct reports  infections building, and research and sharing issues
from the field EEElem .
and other
International
organizations
(e.g., FAO,
and OIE)
Influenza
surveillance
data from ) " s
NICs, WHO . Existing global and regional networks Varying gapa0|t|es of NI.CS’ limited
Respiratory . ; . geographical coverage; inadequate
H5 viruses for surveillance of circulating and human and veterinary surveillance;
GISRS (38) Global Reference includin‘ emerging strains of respiratory workforce constrgintS' oor ’
laboratories, 9 viruses, including influenza; robust . T P .
Influenza intersectoral coordination; and funding
ERLs and laboratory network constraints
WHO
regional
databases
News a Vg]idheerjt?]ge Multistream real-time surveillance; Dealing with unstructured and
reports, threats. such extensive data collection; global unorganized internet data; difficulty in
HealthMap Global eyewitness as infe;:tious reach and language expansion; differentiating between distinct types of
(29) accounts, diseases and automated system for data reports; focus on conspicuous but low-
and official dru organization; wide usage by impact events; time-consuming for
records resista%ce government agencies users
Facilitating the collection and sharing
influenza surveillance data from NICs
of the GISRS and other national ~ Quality and timeliness of data depend
Influenza influenza reference laboratories on the participating countries’
V|rolgg|cal collaborating actively with GISRS survelllan_ce capacities; _ _
FluNet (39) Global surveillance  Influenza | underrepresentation of some regions in

across the globe; providing near rea

time data on influenza virus strains

circulating worldwide; allowing for the

analysis of global and regional trends
in influenza activities

data (NICs of
the GISRS)

developing countries; not covering
other respiratory viruses or emerging
pathogens
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Continued
EWS name Geographical Data source Disease or Strengths Limitations
scope syndromes
Real-time or near-real-time Effectiveness depends on the quality
Infectious monitoring; data integration from and reliability of the data fed into it; a
EPIWATCH Open-source disease and various sources; early warning limited scope, focusing on specific
Global . - ) . . .
(40) data emerging capability; customizable alerts based diseases or regions; potential false

alarms or overreport, leading to
unnecessary responses

on specific diseases or geographical
areas of interest

infections

Abbreviation: CIDARS=China infectious disease automated-alert and response system; NIDRIS=national notifiable infectious diseases
reporting information system; PHREDSS=the NSW public health real-time emergency department surveillance system; NSW=New South
Wales; ED=emergency departments; ILI=influenza-like illness; ESSNCE=electronic surveillance system for theearly notification of
communicable-based epidemics; USA=United States of America; MTFs=military treatment facilities; EARS=early aberration reporting
system; ARTSSN=the alberta real time syndromic surveillance; EDSSS=emergency department sentinel syndromic surveillance system;
UK=United Kingdom; NHS=national health service; SARI=severe acute respiratory infections surveillance system; SurSaUD=reactive
mortality surveillance system-syndromic surveillance system; Vesuv=national web-based outbreak rapid alert system; MSIS=norwegian
surveillance system for communicable diseases; CASE=computer supported outbreak detection system; SmiNet=internet-based
surveillance system for communicable diseases; ICARES=integrated crisis alert and response system; GP=general practitioner;
GPSURV=electronic general-practitioner-based syndromic surveillance system; SID-SSS=school-based syndromic surveillance system;
GOARN=global outbreak alert and response network; EIOS=epidemic intelligence from open sources; EBS=event-based surveillance;
FAO=food and agriculture organization; OlE=world organization for animal health; GISRS=WHO global influenza surveillance and response
system; NICs=national influenza centers; ERLs=WHO essential regulatory laboratories.

* Google Flu Trends stopped publishing current estimates on August 9, 2015.
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FIGURE 1. Flow diagram of the CIDARS.
Abbreviation: CIDARS=China infectious diseases automated alert and response system; SMS=short message service;
NIDRIS=national notifiable infectious diseases reporting system.

including the Pudong Syndromic Surveillance and
Early Warning System (PD-SEWS) (52), “Xiao Lian
Xing” (XLX), an app-based sentinel syndromic
surveillance system (SSS) utilizing school absenteeism
data (53), OTC drug sales, hospital and school-based
ILI data, Baidu search queries (54), and the Integrated
Surveillance System for infectious diseases in rural
China project (ISSC) (55), have proven to be effective
in the early detection of outbreaks (73). These
methods are crucial components of an integrated
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infectious disease surveillance and EWS. In China,
efforts are increasing to enhance the integration and
connectivity of various infectious disease surveillance
systems. Such initiatives aim to develop a
comprehensive platform that combines multi-channel
surveillance data, including mandatory case reporting,
syndromic of deaths, and
laboratory reports, with multi-point triggers such as
OTC drug sales, internet search queries, school

absenteeism, social media, and news reports. The

surveillance, causes

Chinese Center for Disease Control and Prevention



China CDC Weekly

objective is to build a robust, interconnected
surveillance network and EWS for infectious diseases.
While this approach is promising, it requires
significant ongoing development (56).

In contrast, Australia’s NNDSS, established in 1991,
mandates that healthcare providers and laboratories
report case data to state or territory health authorities.
These authorities, in turn, transmit de-identified data
to a national database (57). Although the NNDSS is a
highly valued resource for infectious disease control
and prevention in Australia (58), the recent global
spread of infectious diseases, particularly highlighted
by the COVID-19 pandemic, has emphasized the
necessity for more effective and precise surveillance
systems (59). While Australia has not adopted a
comprehensive national surveillance and EWS for
infectious diseases akin to CIDARS (/1), it has
developed  sophisticated ~ syndromic  surveillance
systems. These systems have evolved over the years to
incorporate data from varied sources such as hospitals,

emergency  departments,  general  practitioners,
laboratories, and communities. By monitoring
symptoms and health-related data across these

platforms, the system plays a pivotal role in the early
detection of outbreaks prior to laboratory
confirmation, thereby enabling swift responses.
Notably, during the 2009 HIN1 influenza pandemic,
this system was instrumental in tracking viral spread,
assessing case severity, and informing vaccination
strategies (60). This approach could serve as a
blueprint for surveillance of emerging infections and
EWS development within the country.

NetEWAC

The primary goal of the NetEWAC initiative is to
improve seasonal influenza surveillance and EWS. By
capitalizing on the unique seasonality of influenza in
different
seasons, the program aims to enhance the accuracy of
predictive models and the effectiveness of intervention
strategies. The network will concentrate on analyzing
influenza trends, peak activities, and potential inter-
hemispheric transmission patterns, with customizations
to specifically tackle the challenges associated with
seasonal influenza. This strategy could potentially be
adapted for the surveillance, prediction, and
management of other infectious diseases.

In China, the seasonality of influenza varies
significantly due to its extensive geographical size,
diverse climate zones, and population distribution. In

countries with asynchronous influenza
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the northern regions, similar to other temperate zones,
influenza typically peaks during the winter months,
with epidemics occurring from December to February.
Conversely, southern China, which features a
subtropical to tropical climate, experiences two
influenza peaks: a primary peak in winter and a
secondary, smaller peak in summer. Additionally,
influenza may circulate year-round in these southern
regions (61). Factors such as absolute humidity,
minimum temperature, rainfall, and ultraviolet light
contribute to the seasonality of influenza (67-62).
Moreover, urban areas, which have denser populations
and more frequent person-to-person interactions, often
exhibit distinct influenza trends compared to rural
settings (63).

In Australia, the influenza
commences in May or June, reaching its peak during
the winter months. However, in tropical and
subtropical areas, influenza cases may be present
throughout the year, typically increasing during the
cooler or rainier months. The timing and severity of
influenza seasons vary annually, influenced by factors
such as the strains of circulating viruses, population
immunity levels, and travel patterns. Notably, due to
the COVID-19 pandemic and resultant travel
restrictions, there was a significant reduction in
influenza activity from March 2020 to October 2021.
Influenza activity resumed in Victoria, Australia (64),
in November 2021, with an escalation leading to a
major outbreak by May 2022 (65). Additionally, non-
seasonal spikes can emerge, particularly during
pandemics, such as during the 2009 HIN1 pandemic
(66-67). The influenza seasonality in Australia
generally occurs about five to six months behind
China’s primary influenza season, owing to the
opposing seasons in the Northern and Southern
Hemispheres (Figure 2).

Influenza surveillance is critical for tracking and
addressing seasonal epidemics and emergent strains.
Both China and Australia have robust influenza
surveillance systems, though they vary in size, coverage,
and methodologies for data gathering. In China,
surveillance relies on a network of healthcare facilities
with mandatory reporting for both clinically diagnosed
and laboratory-confirmed cases through the China
National Influenza Surveillance Network (NISN). The
NISN, which includes 554 sentinel hospitals and 410
laboratories, collects data pertaining to ILI and severe
acute respiratory infections (SARI). This surveillance
network plays a pivotal role in identifying novel
influenza strains and detecting the onset of epidemics

season  generally
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FIGURE 2. Cross-correlation of influenza epidemics between China and Australia.

Note: This figure illustrates the correlation between influenza incidence rates in China and Australia over time. Negative lag
values indicate that China’s influenza season precedes that of Australia, while positive lag values suggest the opposite. The
bars represent correlation coefficients for various time lags, and the horizontal red lines indicate the confidence interval
range of [-0.1, 0.1]. Bars crossing these lines denote a significant correlation. The strongest correlation occurs when
Australia’s influenza season lags 4 to 5 months behind China’s, indicating a pattern where China’s influenza season can

help predict the subsequent season in Australia.

(68) (Figure 3).

Australia’s National Influenza Surveillance Scheme,
established in 1994, collects both syndromic and
laboratory-confirmed influenza cases via multiple
channels including hospitals, general practitioners,
community reporting, and mortality records (69). This
scheme integrates data from various surveillance
systems into the Australian Influenza Surveillance
Report (AISR) during the flu season (65). In addition
to mandatory reporting of laboratory-verified cases
through the NNDSS, the initiative employs numerous
data sources for comprehensive influenza surveillance
data collection. Sentinel surveillance systems such as
general practice (GP)-based ILI sentinel surveillance
[e.g., the Australian Sentinel Practices Research
Network (ASPREN)], emergency department (ED)
surveillance systems for influenza, and hospital-based
systems [e.g., the Influenza Complications Alert
Network (FIuCAN) and the Australian Pediatric
Surveillance Unit (APSU)] are utilized. Together with
a network of sentinel laboratories, they provide robust,
near real-time medically attended data on ILI and
virology, thus offering an in-depth view of influenza
activity (70). Additionally, non-medically attended
community-reported SARI or ILI cases as well as
healthcare-seeking behaviors are directly captured from
the public via web-based platforms such as
FluTracking (37) and Healthdirect. Surveillance of
influenza-related mortality further illuminates the
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severity of each season (77) (Figure 4).

While China and Australia employ divergent
influenza surveillance strategies, cooperation between
the two countries is possible due to their different
geographical positions and climatic conditions, which
lead to asynchronous influenza seasons. Analysis of
data from each hemisphere demonstrates distinct
seasonal patterns and varied peak periods. Concurrent
outbreaks indicate  potential
transmission. By integrating cross-hemispheric data,
this collaboration can enhance comparative analyses,
thereby improving predictive models and intervention
strategies.

cross-hemispheric

Feasibility, Benefits, and Challenges
of NetEWAC

China and Australia, located in the northern and
southern hemispheres, respectively, experience distinct
climatic conditions and population dynamics, leading
to asynchronous influenza seasons and differing virus
transmission patterns. Analyzing data from each
hemisphere separately uncovers unique infection trends
and variable influenza season peaks. Although typically
these hemispheres suffer influenza outbreaks at
different times, the occurrence of simultaneous
epidemics implies the possibility of cross-hemispheric
transmission. Integrating data from both hemispheres
allows for comprehensive comparative analyses, which
can elucidate trends, seasonal peaks, and inter-
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hemispheric ~ transmission mechanisms  (72-73). countries such as the United States, Australia, and
Previous research has demonstrated significant Chile (74); Argentina and South Korea (75). This
correlations between seasonal influenza outbreaks in facilitates more timely and accurate predictions of
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seasonal trends and the formulation of effective
preventive measures (74—75). Furthermore, utilizing
patterns  from  both
hemispheres enhances the robustness of predictive
models by incorporating broader seasonal dynamics.
One study showed that combining data from both
hemispheres markedly increased the accuracy of
models, especially in predicting the timing of influenza
outbreaks (73). Additionally, incorporating
environmental factors like climate from both
hemispheres has been shown to improve these models
further (76). These findings underscore the importance
of cross-hemispheric data integration in refining
influenza prediction and highlight its implications for
both national and global influenza surveillance and
preparedness. By inter-hemispheric
transmission patterns, NetEWAC can leverage the
asynchronous influenza seasons between China and
Australia to develop more accurate predictive models
and devise effective intervention strategies.

Based on the components of the ongoing research
network for an EWS between China and Australia, we
recommend the following actions. 1) Establish data-
sharing agreements: develop agreements with relevant
institutions to access specific datasets from both
countries. These agreements should define the terms of
data use to ensure compliance with the legal
frameworks of both nations. 2) Develop standardized
data formats and terminologies: Create standardized
formats and terminology to facilitate the integration
and analysis of cross-national datasets. 3) Protect
sensitive information: emphasizing aggregated and de-
identified information data to protect sensitive
information while enhancing early warning and
surveillance. 4) Enhance surveillance capabilities:
improve surveillance system in both nations to gather
real-time, multi-source (77), historical, and cross-
hemispheric surveillance data, along with other
pertinent  socio-environmental factors. 5) Develop
robust spatiotemporal predictive models: Create
predictive models to forecast influenza epidemics using
socio-environmental factors, historical and ongoing
surveillance data. 6) Translate findings into policy:
Ensure that research findings are translated into
actionable policy recommendations to support effective
early warning and response strategies.

The creation of the collaborative NetEWAC
network has substantial implications for global
cooperation in the surveillance of EIDs. This initiative
provides a blueprint for effective partnership among
countries with varying healthcare systems, resources,

complementary  influenza

examining
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and levels of experience. Successful regional
collaborations naturally lead to an expansion of the
network, bringing more countries in the Western
Pacific Region into the fold. Such expansion not only
broadens the network’s geographic reach but also
amplifies its surveillance capabilities. Moreover, these
regional partnerships lay the groundwork for wider
international collaborations and networks.

The effectiveness of NetEWAC depends on its
specialized strategy for monitoring seasonal influenza.
The advantages of this collaboration are a better
comprehension ~ of  influenza  patterns
hemispheres, improved accuracy in predicting the
timing of outbreaks, and the facilitation of more
efficient public health interventions. Nevertheless,
obstacles like data standardization, privacy issues, and
the harmonization of various surveillance approaches
need to be overcome. The network’ goal is to create a
strong framework for data exchange and analysis,
concentrating on the specific dynamics of seasonal
influenza in both China and Australia.

across

CONCLUSIONS

In conclusion, the creation of NetEWAC marks a
substantial advancement in targeted seasonal influenza
surveillance and EWS. This collaborative effort
between China and Australia concentrates on influenza
and promises to significantly improve the
understanding and management of this consequential
disease. Given their status as major players in the
WHO Western Pacific region, the knowledge derived
from this collaborative effort could establish a model
for similar initiatives, which might expand to include
more comprehensive regional cooperation in infectious
disease surveillance. While the primary emphasis is on
influenza, the techniques and insights obtained from
NetEWAC may also enhance approaches to other
infectious diseases, thereby bolstering regional and
global health security.

Conflicts of interest: No conflicts of interest.

Funding: Supported by the National Foundation for
Australia-China Relations (Grant No. 220011) and the
Australian Department of Foreign Affairs and Trade
(DFAT). Additionally, we acknowledge support from
the Healthy Environments And Lives (HEAL)
National Research Network, which is funded by the
National Health and Medical Research Council
(NHMRC) through the Special Initiative in Human
Health and Environmental Change (Grant No.
2008937).

Chinese Center for Disease Control and Prevention



China CDC Weekly

doi: 10.46234/ccdcw2024.166
* Corresponding author: Wenbiao Hu, w2.hu@qut.edu.au.

' Ecosystem Change and Population Health Research Group, School of
Public Health and Social Work, Queensland University of Technology,
Brisbane, Australia; > Division of Infectious Disease, National Key
Laboratory of Intelligent Tracking and Forcasting for Infectious
Diseases, Chinese Centre for Disease Control and Prevention, Beijing,
China; > WHO Collaborating Centre for Reference and Research on
Influenza, VIDRL, Doherty Institute, Melbourne, Australia;
# Department of Microbiology and Immunology, University of
Melbourne, Victoria, Australia; ° Communicable Disease Branch,
Queensland Health, Brisbane, Queensland, Australia; ¢ National
Centre for Immunisation Research and Surveillance, Sydney Children’s
Hospitals Network, Westmead, NSW, Australia; School of
Mathematical Sciences, Faculty of Science, Queensland University of
Technology, Brisbane, Queensland, Australia; * School of Population
Medicine & Public Health, Chinese Academy of Medical
Science/Peking Union Medical College, Beijing, China; ° HEAL
Global Research Centre, Health Research Institute, University of
Canberra, Australian Capital Territory, Australia; '° National Centre
for Epidemiology and Population Health, College of Health and
Medicine, The Australian National University, Canberra, Australian
Capital Territory, Australia.

Submitted: December 21, 2023; Accepted: June 18, 2024

REFERENCES

1. Koh D, Sng J. Lessons from the past: perspectives on severe acute
respiratory syndrome. Asia Pac J Public Health 2010;22(3 suppl):132S-
6S. http://dx.doi.org/10.1177/1010539510373010.

2. World Health Organisation. Disease Outbreak News / Item / Pandemic
(HINI1) 2009 - update 112. 6 August 2010. heeps://www.who.int/
emergencies/disease-outbreak-news/item/2010_08_06-en.

3. World Health Organisation. Coronavirus (COVID-19) Dashboard.
WHO. https://covid19.who.int/dashboards/covid19/cases?n=c.

4. Doherty PC. What have we learnt so far from COVID-192. Nat Rev
Immunol 2021;21(2):67 - 8. https://doi.org/10.1038/s41577-021-
00498-y.

5. Zhong NS, Zheng BJ, Li YM, Poon LLM, Xie ZH, Chan KH, et al.
Epidemiology and cause of severe acute respiratory syndrome (SARS) in
Guangdong, People's Republic of China, in February, 2003. Lancet
2003;362(9393):1353 - 8. https://doi.org/10.1016/S0140-6736(03)
14630-2.

6. Wang H, Feng Z]J, Shu YL, Yu HJ, Zhou L, Zu RQ, et al. Probable
limited person-to-person transmission of highly pathogenic avian
influenza A (H5N1) virus in China. Lancet 2008;371(9622):1427 - 34.
https://doi.org/10.1016/S0140-6736(08)60493-6.

7. Jiang H, Wu P, Uyeki TM, He JF, Deng ZH, Xu W, et al. Preliminary
epidemiologic assessment of human infections with highly pathogenic
avian influenza A(H5NG) virus, China. Clin Infect Dis 2017;65(3):383
- 8. https://doi.org/10.1093/cid/cix334.

8. Li Q, Zhou L, Zhou MH, Chen ZP, Li FR, Wu HY, et al
Epidemiology of human infections with avian influenza A(H7N9) virus
in China. N Engl ] Med 2014;370(6):520 - 32. https://doi.org/10.
1056/NEJMoal304617.

9. Yu HJ, Jing HQ, Chen ZH, Zheng H, Zhu XP, Wang H, et al.
Human streptococcus suis outbreak, Sichuan, China. Emerg Infect Dis
2006512(6):914 - 20. https://doi.org/10.3201/eid1206.051194.

10. Pan A, Liu L, Wang CL, Guo H, Hao XJ, Wang Q, et al. Association of
public health interventions with the epidemiology of the COVID-19
outbreak in Wuhan, China. JAMA 2020;323(19):1915 - 23. https:/
doi.org/10.1001/jama.2020.6130.

11. Yang WZ, Li Z], Lan Y], Wang JF, Ma JQ, Jin LM, et al. A nationwide
web-based automated system for outbreak early detection and rapid
response in China. Western Pac Surveill Response J 2011;2(1):10 - 5.

Chinese Center for Disease Control and Prevention

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

heeps://doi.org/10.5365/WPSAR.2010.1.1.009.

Liang HG, Xue YJ. Investigating public health emergency response
information system initiatives in China. Int ] Med Inf 2004;73(9-10):
675 - 85. https://doi.org/10.1016/j.ijmedinf.2004.05.010.

Meckawy R, Stuckler D, Mehta A, Al-Ahdal T, Doebbeling BN.
Effectiveness of early warning systems in the detection of infectious
diseases outbreaks: a systematic review. BMC Public Health 2022;22(1)
:2216. https://doi.org/10.1186/512889-022-14625-4.
Guzman-Herrador B, Vold L, Berg T, Berglund TM, Heier B,
Kapperud G, et al. The national web-based outbreak rapid alert system
in Norway: eight years of experience, 2006-2013. Epidemiol Infect
2016;144(1):215 - 24. https://doi.org/10.1017/5095026881500093X.
Cakici B, Hebing K, Griinewald M, Saretok P, Hulth A. CASE: a
framework for computer supported outbreak detection. BMC Med
Inform Decis Mak 2010;10:14. https://doi.org/10.1186/1472-6947-
10-14.

Abat C, Chaudet H, Rolain JM, Colson P, Raoult D. Traditional and
syndromic surveillance of infectious diseases and pathogens. Int J Infect
Dis 2016:48:22 - 8. hetps://doi.org/10.1016/.ijid.2016.04.021.
Hutwagner L, Thompson W, Seeman GM, Treadwell T. The
bioterrorism preparedness and response early aberration reporting
system (EARS). ] Urban Health 2003;80(1):i89 - 96. https://doi.org/
10.1007/PL00022319.

Witkop C, Duffy M, Cohen L, Fishbein D, Selent M Assessment of
ESSENCE performance for influenza-like illness surveillance after an
influenza outbreak—U.S. air force academy, Colorado, 2009. JAMA
2011;305(18):1851-3.  https://jamanetwork.com/journals/jama/article-
abstract/1029080.

Betancourt JA, Hakre S, Polyak CS, Pavlin JA. Evaluation of ICD-9
codes for syndromic surveillance in the electronic surveillance system for
the early notification of community-based epidemics. Mil Med
2007;172(4):346 - 52. https://doi.org/10.7205/milmed.172.4.346.
Elliot AJ, Hughes HE, Hughes TC, Locker TE, Shannon T, Heyworth
J, et al. Establishing an emergency department syndromic surveillance
system to support the London 2012 Olympic and Paralympic Games.
Emerg Med ] 2012;29(12):954 - 60. htps://doi.org/10.1136/
emermed-2011-200684.

Doroshenko A, Cooper D, Smith G, Gerard E, Chinemana F,
Verlander N, et al. Evaluation of syndromic surveillance based on
National Health Service Direct derived data-England and Wales.
MMWR Suppl 2005;54:117 - 22.

Hope KG, Merritt TD, Durrheim DN, Massey PD, Kohlhagen JK,
Todd KW, et al. Evaluating the utility of emergency department
syndromic surveillance for a regional public health service. Commun
Dis Intell Q Rep 2010;34(3):310-8. https://wwwl.health.gov.au/
internet/main/publishing.nst/ Content/cda-cdi3403i.htm.

Mackenzie JS, Drury P, Arthur RR, Ryan MJ, Grein T, Slattery R, et al.
The global outbreak alert and response network. Glob Public Health
2014;9(9):1023 - 39. hteps://doi.org/10.1080/17441692.2014.951870.
Cordes KM, Cookson ST, Boyd AT, Hardy C, Malik MR, Mala P, et
al. Real-time surveillance in emergencies using the early warning alert
and response network. Emerg Infect Dis 2017;23(13):S131 - 7. https://
doi.org/10.3201/eid2313.170446.

World Health Organization, Div of Global Migration and Quarantine,
National Center for Emerging and Zoonotic Infectious Diseases, Div of
Viral Diseases, National Center for Immunization and Respiratory
Diseases, and Global Immunization Div, et al. Outbreak of
poliomyeliti—Somalia and Kenya, May 2013. MMWR Morb Mortal
Wkly Rep 2013;62(23):484. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4604849/.

Hay AJ, McCauley JW. The WHO global influenza surveillance and
response system (GISRS)—a future perspective. Influenza Other Respir
Viruses 2018;12(5):551 - 7. https://doi.org/10.1111/irv.12565.
Carneiro HA, Mylonakis E. Google trends: a web-based tool for real-
time surveillance of disease outbreaks. Clin Infect Dis 2009;49(10):
1557 - 64. https://doi.org/10.1086/630200.

Richterich A. Using transactional big data for epidemiological

surveillance:  Google flu trends and ethical implications of

CCDC Weekly / Vol. 6/ No. 30 751


mailto:w2.hu@qut.edu.au
https://doi.org/10.46234/ccdcw2024.166
mailto:w2.hu@qut.edu.au

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

752

China CDC Weekly

‘infodemiology’. In: Mittelstadt BD, Floridi L, editors. The ethics of
biomedical big data. Cham: Springer. 2016; p. 41-72. http://dx.doi.org/
10.1007/978-3-319-33525-4_3.

Nelson R. HealthMap: the future of infectious diseases surveillance?.
Lancet Infect Dis 2008;8(10):596. https://doi.org/10.1016/S1473-3099
(08)70219-6.

NSW Health. Rapid surveillance and PHREDSS. https://www.health.
nsw.gov.au/epidemiology/Pages/rapid-surveillance-using-PHREDSS.
aspx. 4 June 2024

Parrella A, Dalton CB, Pearce R, Litt JCB, Stocks N. ASPREN
surveillance system for influenza-like illness: A comparison with
FluTracking and the National Notifiable Diseases Surveillance System.
Aust Fam Physician 2009;38(11):932-6. https://pubmed.ncbi.nlm.nih.
gov/19893847/.

Fan SH, Blair C, Brown A, Gabos S, Honish L, Hughes T, et al. A
multi-function public health surveillance system and the lessons learned
in its development: the Alberta Real Time Syndromic Surveillance Net.
Can ] Public Health 2010;101(6):454 - 8. https://doi.org/10.1007/
BF03403963.

Buda S, Tolksdorf K, Schuler E, Kuhlen R, Haas W. Establishing an
ICD-10 code based SARI-surveillance in Germany—description of the
system and first results from five recent influenza seasons. BMC Public
Health 2017;17(1):612. https://doi.org/10.1186/s12889-017-4515-1.
Baghdadi Y, Gallay A, Caserio-Schonemann C, Fouillet A. Evaluation
of the French reactive mortality surveillance system supporting decision
making. Eur J Public Health 2019;29(4):601 - 7. https://doi.org/10.
1093/eurpub/cky251.

Groeneveld GH, Dalhuijsen A, Kara-Zaitri C, Hamilton B, de Waal
MW, van Dissel JT, et al. ICARES: a real-time automated detection
tool for clusters of infectious diseases in the Netherlands. BMC Infect
Dis 2017;17(1):201. heeps://doi.org/10.1186/512879-017-2300-5.
Jones NF, Marshall R. Evaluation of an Electronic general-
practitioner—based syndromic surveillance system—Auckland, New
Zealand, 2000-2001. MMWR Suppl 2004;53:173-8. https://www.cdc.
gov/mmwr/preview/mmwrhtml/su5301a32.htm.

Zeldenrust ME, Rahamat-Langendoen JC, Postma M]J, Van Vliet JA.
The value of ProMED-mail for the Early Warning Committee in the
Netherlands: more specific approach recommended. Euro Surveill
2008;13(6):8033.  https://www.eurosurveillance.org/content/10.2807/
ese.13.06.08033-en.

Gupta S, Gupta T, Gupta N. Global respiratory virus surveillance:
strengths, gaps, and way forward. Int J Infect Dis 2022;121:184 - 9.
heeps://doi.org/10.1016/.ijid.2022.05.032.

World Health Organisation. FluNet. https://www.who.int/tools/flunet.
Hii A, Chughtai AA, Housen T, Saketa S, Kunasekaran MP, Sulaiman
F, et al. Epidemic intelligence needs of stakeholders in the Asia—Pacific
region. Western Pac Surveill Response ] 2018;9(4):28 - 36. https://doi.
org/10.5365/wpsar.2018.9.2.009.

National Notifiable Infectious Diseases Reporting Information System
(NIDRIS). https://www.chinacdc.cn/ztxm/ggwsjc/jext/200702/
t20070215_41341.html. (In Chinese). 2007-02-15

Lu JH, Milinovich GJ, Hu WB. A brief historical overview of emerging
infectious disease response in China and the need for a One Health
approach in future responses. One Health 2016;2:99 - 102. https://doi.
org/10.1016/j.0nehlt.2016.07.001.

Zhang HL, Li Z], Lai §J, Clements ACA, Wang LP, Yin WW, et al.
Evaluation of the performance of a dengue outbreak detection tool for
China. PLoS One 2014;9(8):¢106144. https://doi.org/10.1371/journal.
pone.0106144.

Li Z]J, Lai SJ, Zhang HL, Wang LP, Zhou DL, Liu JZ, et al. Hand, foot
and mouth disease in China: evaluating an automated system for the
detection of outbreaks. Bull World Health Organ 2014;92(9):656 - 63.
https://doi.org/10.2471/BLT.13.130666.

El Guerche-Séblain C, De Fougerolles TR, Sampson K, Jennings L,
Van Buynder P, Shu YL, et al. Comparison of influenza surveillance
systems in Australia, China, Malaysia and expert recommendations for
influenza control. BMC Public Health 2021;21(1):1750. https://doi.
org/10.1186/5s12889-021-11765-x.

CCDC Weekly / Vol. 6 / No. 30

46.

47.

48.

49.

50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Xiang NJ, Havers F, Chen T, Song Y, Tu WX, Li LL, et al. Use of
national pneumonia surveillance to describe influenza A(H7N9) virus
epidemiology, China, 2004-2013. Emerg Infect Dis 2013;19(11):1784
- 90. hetps://doi.org/10.3201/eid1911.130865.

Li Q, Guan XH, Wu P, Wang XY, Zhou L, Tong YQ, et al. Early
transmission dynamics in Wuhan, China, of novel coronavirus-infected
pneumonia. N Engl ] Med 2020;382(13):1199 - 207. https://doi.org/
10.1056/NEJMo0a2001316.

Xiang NJ, Song Y, Wang Y, Wu JB, Millman AJ, Greene CM, et al.
Lessons from an active surveillance pilot to assess the pneumonia of
unknown etiology surveillance system in China, 2016: the need to
increase clinician participation in the detection and reporting of
emerging respiratory infectious diseases. BMC Infect Dis 2019;19(1):
770. https://doi.org/10.1186/512879-019-4345-0.

Yang CH, Yang J, Luo XS, Gong P. Use of mobile phones in an
emergency reporting system for infectious disease surveillance after the
Sichuan earthquake in China. Bull World Health Organ 2009;87(8):
619 - 23. https://doi.org/10.2471/blt.08.060905.

Baidu's search engine. https://www.baidu.com.

Liping. W, personal communication, October 5, 2023.

Ye CC, Li Z], Fu YF, Lan Y], Zhu WP, Zhou DL, et al. SCM: a
practical tool to implement hospital-based syndromic surveillance.
BMC Res Notes 2016;9:315. https://doi.org/10.1186/s13104-016-
2098-z.

Yang Z, Jiang CH. Pilot influenza syndromic surveillance system based
on absenteeism and temperature in China: development and usability
study. JMIR Public Health Surveill 2022;8(10):e37177. https://doi.org/
10.2196/37177.

Dong X, Boulton ML, Carlson B, Montgomery JP, Wells EV.
Syndromic surveillance for influenza in Tianjin, China: 2013-14. ]
Public Health 2017;39(2):274 - 81. https://doi.org/10.1093/pubmed/
fdw022.

Yan WR, Palm L, Lu X, Nie SF, Xu B, Zhao Q, et al. ISS-an electronic
syndromic surveillance system for infectious disease in rural China.
PLoS One 2013;8(4):e62749. https://doi.org/10.1371/journal.pone.
0062749.

Xu L, Zhou C, Luo ST, Chan DK, Mclaws ML, Liang WN.
Modernising infectious disease surveillance and an early-warning
system: the need for China's action. Lancet Reg Health West Pac
2022;23:100485. https://doi.org/10.1016/j.lanwpc.2022.100485.
Gibney KB, Cheng AC, Hall R, Leder K. Australia's national notifiable
diseases surveillance system 1991-2011: expanding, adapting and
improving. Epidemiol Infect 2017;145(5):1006 - 17. https://doi.org/
10.1017/50950268816002752.

Miller M, Roche P, Spencer ], Deeble M. Evaluation of Australia's
national notifiable disease surveillance system. Commun Dis Intell Q
Rep 2004;28(3):311-23.  https://wwwl.health.gov.au/internet/main/
publishing.nsf/Content/cda-2004-cdi2803a.htm.

McClymont H, Bambrick H, Si XH, Vardoulakis S, Hu WB. Future
perspectives of emerging infectious diseases control: A One Health
approach. One Health 2022;14:100371. https://doi.org/10.1016/j.
onehlt.2022.100371.

Muscatello D], Barr M, Thackway SV, Macintyre CR. Epidemiology of
influenza-like illness during pandemic (HIN1) 2009, New South
Wales, Australia. Emerg Infect Dis 2011;17(7):1240 - 7. https://doi.
org/10.3201/eid1707.101173.

Yu HJ, Alonso WJ, Feng LZ, Tan Y, Shu YL, Yang WZ, et al.
Characterization of regional influenza seasonality patterns in China and
implications for vaccination strategies: spatio-temporal modeling of
surveillance data. PLoS Med 2013;10(11):e1001552. https://doi.org/
10.1371/journal.pmed.1001552, .

Ali ST, Cowling BJ, Wong JY, Chen DX, Shan SW, Lau EHY, et al.
Influenza seasonality and its environmental driving factors in mainland
China and Hong Kong. Sci Total Environ 2022;818:151724. https://
doi.org/10.1016/j.scitotenv.2021.151724.

Chen Y, Leng K, Lu Y, Wen LH, Qi Y, Gao W, et al. Epidemiological
features and time-series analysis of influenza incidence in urban and
rural areas of Shenyang, China, 2010-2018. Epidemiol Infect

Chinese Center for Disease Control and Prevention



64.

65.

66.

67.

68.

69.

70.

71.

China CDC Weekly

2020;148:€29. https://doi.org/10.1017/S0950268820000151.

Pendrey CG, Strachan J, Peck H, Aziz A, Moselen ], Moss R, et al. The
re-emergence of influenza following the COVID-19 pandemic in
Victoria, Australia, 2021 to 2022. Euro Surveill 2023;28(37):2300118.
https://doi.org/10.2807/1560-7917.ES.2023.28.37.2300118.
Australian Government - Department of Health and Aged Care. AISR -
2022 national influenza season summary. 2022. https://www.health.
gov.au/resources/publications/aisr-2022-national-influenza-season-
summary?language=en. 20 December 2022.

Hurt AC, Hardie K, Wilson NJ, Deng YM, Osbourn M, Leang SK, et
al. Characteristics of a widespread community cluster of H275Y
oseltamivir-resistant A (HIN1) pdm09 influenza in Australia. J Infect
Dis 2012;206(2):148 - 57. https://doi.org/10.1093/infdis/jis337.

Kelly H, Grant K. Interim analysis of pandemic influenza (HIN1)
2009 in Australia: surveillance trends, age of infection and effectiveness
of seasonal vaccination. Euro Surveill 2009;14(31):19288. https://doi.
0rg/10.2807/ese.14.31.19288-en.

Xu CL, Havers F, Wang L], Chen T, Shi JH, Wang DY, et al.
Monitoring avian influenza A(H7N9) virus through national influenza-
like illness surveillance, China. Emerg Infect Dis 2013;19(8):1289 - 92.
https://doi.org/10.3201/eid1908.130662.

Pennington K, Bareja C, Sullivan SG, Franklin LJ, Raupach J.
Influenza surveillance in Australia. Commun Dis Intell Q Rep 2016;40
(3):E315-6. https://pubmed.ncbi.nlm.nih.gov/28278403/.

Sullivan SG, Raupach ], Franklin LJ, Pennington K, Bareja C, de
Kluyver R, et al. A brief overview of influenza surveillance systems in
Australia, 2015. Commun Dis Intell Q Rep 2016;40(3):E351-5. https:/
/pubmed.ncbi.nlm.nih.gov/28278409/.

Leung VKY, Wong JY, Barnes R, Kelso J, Milne GJ, Blyth CC, et al.

Chinese Center for Disease Control and Prevention

72.

73.

74.

75.

76.

77.

Excess respiratory mortality and hospitalizations associated with
influenza in Australia, 2007-2015. Int J Epidemiol 2022;51(2):458 -
67. https://doi.org/10.1093/ije/dyab138.

Tamerius J, Nelson MI, Zhou SZ, Viboud C, Miller MA, Alonso W7J.
Global influenza seasonality: reconciling patterns across temperate and
tropical regions. Environ Health Perspect 2011;119(4):439 - 45. https:/
/doi.org/10.1289/ehp.1002383.

Zhang YZ, Yakob L, Bonsall MB, Hu WB. Predicting seasonal
influenza epidemics using cross-hemisphere influenza surveillance data
and local internet query data. Sci Rep 2019;9(1):3262. https://doi.org/
10.1038/s41598-019-39871-2.

Choi SB, Kim J, Ahn I. Forecasting type-specific seasonal influenza after
26 weeks in the United States using influenza activities in other
countries. PLoS One 2019;14(11):¢0220423. https://doi.org/10.1371/
journal.pone.0220423.

Choi SB, Ahn 1. Forecasting seasonal influenza-like illness in South
Korea after 2 and 30 weeks using Google Trends and influenza data
from Argentina. PLoS One 2020;15(7):€0233855. https://doi.org/10.
1371/journal.pone.0233855.

Soebiyanto RP, Adimi F, Kiang RK. Modeling and predicting seasonal
influenza transmission in warm regions using climatological parameters.
PLoS One 2010;5(3):¢9450. https://doi.org/10.1371/journal.pone.
0009450.

Cui AL, Xia BC, Zhu Z, Xie ZB, Sun LW, Xu J, Li Z, Zhao LQ, Long
XR, Yu DS, Zhu B. Epidemiological characteristics of human
respiratory syncytial virus (HRSV) among acute respiratory infection
(ARI) cases in 16 provinces of China from 2009 to 2023. Zhonghua yu
Fang yi xue za zhi [Chinese Journal of Preventive Medicine]. 2024 Feb
23;58:1-7.

CCDC Weekly / Vol. 6/ No. 30 753



	INTRODUCTION
	A Review of Existing EWS
	Infectious Diseases Surveillance in China and Australia

	NetEWAC
	Feasibility, Benefits, and Challenges of NetEWAC

	CONCLUSIONS
	Conflicts of interest
	References

