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ABSTRACT
Introduction  Infectious diseases are a major cause 
of mortality and morbidity among the highly vulnerable 
occupants of residential aged care facilities (RACFs). 
The burden of vaccine preventable diseases (VPDs) 
among RACFs residents is mostly unknown and there is 
a lack of quality data from population-based prospective 
VPD surveillance in RACFs. The increasing burden of 
emerging and existing VPDs (eg, COVID-19, influenza, 
pneumococcal, pertussis and varicella-zoster) necessitates 
the establishment of an active enhanced surveillance 
system to provide real-time evidence to devise strategies 
to reduce the burden of VPDs in RACFs.
Method and analysis  This study proposes a prospective 
active enhanced surveillance that will be implemented 
in RACFs across the Central Queensland (CQ) region. 
The study aims to measure the burden, identify 
aetiologies, risk factors, predictors of severe outcomes 
(eg, hospitalisations, mortality) and impact of the existing 
National Immunization Program (NIP) funded vaccines in 
preventing VPDs in this vulnerable population. CQ Public 
Health Unit (CQPHU) will implement the active surveillance 
by collecting demographic, clinical, pathological, 
diagnostic, therapeutic and clinical outcome data from 
the RACFs based on predefined selection criteria and 
case report forms as per routine public health practices. 
Descriptive statistics, univariate and multivariate 
regression analysis will be conducted to identify the 
predictors of morbidity and clinical outcomes following 
infection.
Ethics and dissemination  The study has been approved 
by the CQHHS Human Research Ethics Committee (HREC) 
(reference number HREC/2021/QCQ/74305). This study 
involves data that is routinely collected as part of the 
surveillance of notifiable conditions under the Public Health 
Act 2005. The CQHHS HREC approved a request to waive 
consent requirements of study participants as researchers 
will be provided non-identifiable data. The findings from 
the study will be actively disseminated through publication 
in peer-reviewed journals, conference presentations, social 
and print media, federal, state, and local authorities to 
reflect on the results that may facilitate revision of policy 

and highlight the stakeholders, funding bodies both locally 
and internationally.

BACKGROUND
Infectious diseases are one of the leading 
contributors to the increasing burden of 
morbidity and mortality among elderly 
populations.1 People living in the residential 
aged care facilities (RACFs) are more prone 
to infections compared with those living 
in the community.2 In Australia, approxi-
mately three-quarters (71%) of the burden 
from vaccine preventable diseases (VPDs) 
is attributable to combined pneumococcus, 
influenza, pertussis and varicella zoster infec-
tions, resulting in substantial morbidity and 
mortality.3 Over the past decades, burden of 
VPDs increased significantly accounting for 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ To the best of our knowledge, this is the first active 
enhanced vaccine preventable diseases (VPDs) sur-
veillance by a regional public health unit to monitor 
the burden of VPDs among elderly residents in resi-
dential aged care facilities (RACFs) in Australia.

	⇒ This study will generate crucial data to prompt rapid 
adoption of public health measures during the on-
going COVID-19 pandemic among the vulnerable 
elderly population in RACFs.

	⇒ Successful implementation of RACF active enhanced 
VPD surveillance in Central Queensland could be an 
exemplar for other regional areas of Australia to de-
vise appropriate strategies to mitigate the burden 
of VPDs.

	⇒ This study will include only the RACFs in Central 
Queensland, hence the findings from the study may 
not be generalisable for all RACFs across the coun-
try due to variation in demographic and disease risk 
characteristics.
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almost one-third (32%) of the disease burden among 
frail individuals aged ≥65 years.3 4 The incidence of VPDs 
among these susceptible groups increased predominantly 
with influenza and varicella-zoster infection particularly 
among the Australian Indigenous population compared 
with the non-Indigenous.3 The fatal burden of pneumo-
coccal disease and pertussis was also considerably higher 
across individual levels due to the inherent case-fatality 
nature of the disease process.3 Older adults living in 
congregate settings such as RACFs harbour a multitude of 
risk factors like age-related immunosenescence, decreased 
capacity to mount an immune response, multiple comor-
bidities and concomitant disabilities. Collectively, these 
contribute to an increased risk of infection and severity, 
subsequently progressing to severe outcomes like hospi-
talisations and deaths in these RACF residents.5–8 More-
over, during the COVID-19 pandemic, we have observed 
devastating death tolls across many countries among older 
adults residing in these congregants closed settings.9–11

The burden of vaccine preventable infectious diseases 
among the RACF residents is mostly unknown. A prospec-
tive cohort study found an overall incidence of infection 
of 4.6/1000 resident days in 10 selected RACFs from 
Western Australia.12 A retrospective surveillance system 
including four RACFs in Victoria, Australia reported an 
annual average of 4.16 episodes per 1000 occupied bed-
days (95% CI 3.92 to 4.41).13 The incidence of pneumonia 
among older adults aged ≥65 years reported to be as high 
as 274 per 100 000 population with a 6.1% case fatality 
rate among hospitalised cases.14 Recurrent outbreaks of 
pertussis in the RACFs were reported in 2004–2005 with 
an attack rate of 15.7% among residents.15–17 Earlier 
researchers reported serology confirmed infection of 
pertussis among adults aged  ≥65 years with an inci-
dence rate of 19.7 per 100 person-years. The incidence 
of varicella-zoster has also been identified as one of the 
leading notifiable diseases reported among elderly Austra-
lians for more than two decades. Varicella-zoster in the 
elderly population often manifests as shingles adversely 
impacting the quality of life of RACF residents.18 19The 
Australian NIP supports government-funded vaccines 
against pneumococcal, varicella-zoster and seasonal influ-
enza for elderly Australians.20 However, adult vaccination 
coverage (50%–70%) is much lower compared with child-
hood vaccination rates (90%) despite the introduction of 
an updated nationally funded programme in May 2015. 
Moreover, a recent report by the Australian Aged Care 
Quality Agency found that nearly two-thirds of the RACF 
residents do not receive optimum coverage of the NIP-
funded vaccines.21

Surveillance of infectious diseases is an essential epide-
miological tool to estimate the burden of disease, monitor 
the trends, identify outbreak events and prompt case inves-
tigations to control the spread of pathogens.22–24 Rapid 
identification of outbreaks from existing or emerging 
organisms following syndromic, case-based active surveil-
lance facilitates immediate public health interventions 
to curb the disease transmission and mitigate disease 

burden.25 In Australia, effective infection control across 
the RACFs is mandated by the26Aged Care Act 1997, and 
Public Health Units are responsible for the surveillance 
of notifiable conditions under the Public Health Act 
2005 to provide infection control and prevention advices 
to RACFs.27 However, under-notification pervades from 
several influencing factors, and ‘notified fraction’ varies 
by jurisdiction over states, territories, facilities, case defi-
nition, patient characteristics and variability in reporting 
practices.3 28 It is critical for generating evidence-based 
information to provide timely feedback for developing 
strategies to decrease the burden of infection within 
enclosed settings of RACFs.4 26 To date, there has not been 
any prospective active surveillance in Australian RACFs to 
determine the burden of infectious diseases among resi-
dents. Moreover, there has not been any population-level 
data on the impact of NIP-funded vaccines in preventing 
infectious disease burden among elderly residents in 
Australian RACFs.

To address these, we have established an active 
enhanced VPD surveillance among RACF residents in 
Central Queensland (CQ), Australia. Our aim is to define 
the disease burden, aetiologies, risk factors and to evaluate 
the impact of NIP-funded vaccines in preventing VPDs 
(eg, COVID-19, influenza, pneumococcal, pertussis) in 
this vulnerable population.

RATIONALE
The findings will help to optimise regional public health 
preparedness for vaccine preventable infections and 
provide generalisable population representative data and, 
therefore, useful for other regional Public Health Units 
and operating agencies. If the data from this enhanced 
surveillance project demonstrate that active enhanced 
surveillance is effective in reducing the burden of infec-
tious diseases both in terms of morbidity, mortality and 
is a cost-effective strategy in the regional settings of CQ, 
this model can be replicated in other regional areas 
of Australia. Thereafter, nationwide adoption of the 
programme will facilitate appropriate evidence-based 
strategies to mitigate the burden of infectious diseases.

OBJECTIVES
Primary objectives
This study aims to generate scientific evidence on the 
burden of vaccine preventable infectious diseases among 
elderly populations and to formulate a practical solu-
tion to prevent infectious disease-related mortality and 
morbidity among RACF residents in CQ through transla-
tional research in a regional Public Health Unit.
1.	 Investigate the burden and aetiologies of vaccine pre-

ventable infection-related mortality and morbidity in 
people aged ≥65 years in RACFs in CQ.

2.	 Investigate the uptake and impact of new (eg, varicella-
zoster), existing (eg, influenza, pertussis and pneu-
mococcal) and emerging (COVID-19) vaccines in 
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preventing mortality and morbidity among RACF 
residents.

Secondary objectives
To estimate and compare healthcare cost (direct and indi-
rect) with the adoption of enhanced surveillance system 
associated with vaccine preventable infections among this 
vulnerable group population.

METHODS AND ANALYSIS
Study design and surveillance settings of notifiable conditions
We commenced an active enhanced VPD surveillance 
system for selected notifiable VPDs in CQ, Australia in 
July 2021. The notifiable VPDs include COVID-19, influ-
enza, pneumococcal disease, pertussis, varicella-zoster 
and will be identified on a predefined standardised clin-
ical case definition. Each case for the disease of interest 
will be ascertained following the criteria as defined by the 
Communicable Diseases Network Australia guidelines.29

COVID-19 case definition
A person who (1) tests positive to a validated specific 
SARS-CoV-2 nucleic acid test; OR (2) has the virus isolated 
in cell culture with PCR confirmation using a validated 
method; OR (3) undergoes a seroconversion to or has a 
significant rise in titre of SARS-CoV-2 neutralising or IgG 
antibody level (fourfold or greater).

Probable case: a person who has SARS-CoV-2 neutral-
ising or IgG antibody and has had a compatible clinical 
illness and meets one or more of the epidemiological 
criteria as per suspected case definition

Influenza/Influenza-like illness case definition
A person who meets WHO case definition for influenza/
influenza-like illness (ILI) as an acute onset of symp-
toms of respiratory infection with measured tempera-
ture ≥38°C and cough within past 10 days with/without 
one of the following definitive laboratory evidence.

(1) Isolation of influenza virus by culture/detection 
of influenza virus by nucleic acid testing/detection of 
influenza virus antigen from appropriate respiratory 
tract specimen, (2) significant increase in antibody level 
or fourfold or greater increase in antibody titre or IgG 
seroconversion to influenza virus, (3) single high titre by 
complement fixation test or haemagglutination inhibi-
tion assay to influenza virus

Pneumococcal disease case definition
Infection of pulmonary parenchyma with Streptococcus 
pneumoniae is known as pneumococcal pneumonia. A 
pneumococcal disease (invasive) case will be confirmed 
with laboratory evidence showing isolation of S. pneumo-
niae by culture or detection by nucleic acid testing from a 
normally sterile site.

Pertussis case definition
A person experiencing clinical feature of coughing 
illness lasting 2 or more weeks or paroxysms of coughing 

or inspiratory whoop or post-tussive vomiting along with 
laboratory evidence showing (1) isolation of Bordetella 
pertussis or detection by nucleic acid testing or serocon-
version in paired sera for B. pertussis or specific antigen in 
the absence of recent pertussis vaccination.

A case will be confirmed either only from the definitive 
presence of laboratory evidence or laboratory suggestive 
evidence and clinical feature.

Varicella-zoster case definition
A person manifesting vesicular skin rash with a derma-
tomal distribution that may be associated with pain in 
the affected area supplied by sensory nerves of the dorsal 
root ganglia. A case will be confirmed based on the 
concomitant presence of clinical evidence with one of the 
following laboratory evidences showing: (1) isolation of 
varicella-zoster virus or detection of varicella-zoster virus 
by nucleic acid testing or detection of varicella-zoster 
antigen by direct fluorescent test from skin or lesion swab.

Our study area is the CQ region, which is composed 
of 117 588 square kilometres of land area with a popu-
lation approximately over 220 000. Approximately 14% 
of the population is aged ≥65 years and 6% of the popu-
lation are Aboriginal and/or Torres Strait Islanders.30 
The region consists of 20 RACFs with a total capacity of 
1361 residential aged care beds.31 Residents occupying 
these facilities meeting the selection criteria are included 
in our surveillance study. The selection criteria for the 
surveillance are listed in table 1. This active surveillance 
will continue over a period of 2 years from 1 July 2021 to 
30 June 2023.

Public Health nurses experienced in communicable 
disease control will identify RACF residents with the 
conditions under surveillances as defined by liaising with 
RACFs staff. A minimum of weekly communication occurs 
with RACFs enrolled in the surveillance to inquire about 
probable or new cases of notifiable conditions. Addition-
ally, the Public Health nurses monitor emergency depart-
ment admissions and laboratory logs to identify further 
cases from RACF residents. Identifying a case triggers the 

Table 1  Selection criteria of participants

Selection criteria

Inclusion 
criteria

	► Diagnosis with one of the following notifiable 
diseases: influenza, pneumococcal, pertussis, 
varicella-zoster, COVID-19

	► Residents of aged care facilities aged ≥65 years
	► Residing with the boundaries of CQHHS or managed 
by the CQPHU

	► Cases between 1 July 2021 and 30 June 2023

Exclusion 
criteria

	► Cases of notifiable disease of investigation prior to 1 
July 2021 or after 30 June 2023

	► Residents of community or aged care facilities ≤64 
years

	► Residents who were not at an aged care facility 
during the exposure or infectious period for the 
notifiable VPDs under surveillance.

CQHHS, Central Queensland Hospital and Health Service; CQPHU, 
CQ Public Health Unit; VPD, vaccine preventable disease.
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subsequent collection of potential data to document in 
the case report forms (CRFs) (table 2). All information 
collected on CRFs is entered and stored in a secured elec-
tronic database (figure 1).

Earlier outbreaks reported an annual incidence rate of 
approximately 96.8 per 100 000 for ILIs across the RACFs 
in New South Wales, Australia. We expect approximately 
212 cases that could meet case definition for ILI annually 
within our period of interest.28 However, there is a paucity 
of data on non-influenza (pertussis, varicella-zoster) 
outbreaks among the RACF population. Data collected 
will be analysed by CQPHU epidemiologists. The analysis 
will be conducted to measure the outcome as per primary 

and secondary objectives. The total number of cases will 
be calculated along with the cumulative incidence and 
prevalence to estimate the burden and morbidity as an 
indicator of notifiable VPDs. In addition, the indices of 
severity such as hospitalisation rates, case-fatality rates 
will be used to better understand the impact of these 
diseases within this population. Regression analysis will 
be conducted to identify the independent risk factors 
predicting morbidity and clinical outcome. Continuous 
and categorical variables will be reported using descrip-
tive statistics. Group differences will be explored using 
independent sample t tests or Mann-Whitney U test for 
continuous variables or χ2 test for categorical variables. 
All statistical tests will be two sided with a p value ≤0.05 
considered as statistical significance. To estimate the 
impact of NIP-funded vaccines, we will collect the immu-
nisation status of confirmed cases and we will use a test-
negative case–control design.32 Our study settings for the 
notifiable VPDs will identify cases and controls appropri-
ately based on laboratory surveillance data to estimate 
vaccine effectiveness (VE) and test negative case–control 
design as it is a convenient and suitable method across 
population levels for influenza and invasive pneumo-
coccal disease.33 The test-negative case–control design 
is an alternative modified method to measure VE in 
a cohort. It has been used for many VPDs during last 
decades, for example, influenza, pneumococcal, cholera, 
rotavirus, etc.34–38 Using laboratory-confirmed disease 
as outcome measure, test-negative case–control design 
is good approach to minimise misclassification bias and 
healthcare-seeking behavioural bias which are inherent 
in cohort studies. In this design method, subjects with 
positive test results for influenza are classified into cases, 
while subjects with negative results are classified as 
controls, and then vaccination status during the season 
can be compared between cases and controls. All the resi-
dents that are diagnosed with lab-confirmed notifiable 
disease of interest will be termed as cases and test-negative 
result will be noted as controls. Overall, the sample size 
depends on the incidence of VPDs of interest within the 
study population over the observation time. We will esti-
mate the crude disease-specific VE using OR as effect 

Table 2  Data variables for the case report form

Demographic data Case details (eg, age, sex, ethnicity, marital status, ownership status of the residential aged care 
facility, location of the facility, type of facility, nature of services provided)

Clinical data Onset of disease symptoms, presenting clinical symptoms, severity grade of signs and symptoms, 
duration of symptoms, hospital admission information, case identification method, notification 
decision, duration of hospitalisation, duration of intensive care provision

Pathological data Laboratory diagnosis date, method of diagnosis, laboratory parameters, treatment provided, invasive 
or non-invasive ventilation, specimen used for diagnosis, date of collection, resistance pattern of the 
organism

Diagnostic and 
prognostic data

Date of diagnosis (clinical and laboratory diagnosis), place of acquired infection, exposure settings, 
source of infection, vaccination history, comorbid diseases, presence of any disease risk factors

Outcome Completely or partially recovered, date of recovery, cause of death, date of discharge, date of death, 
development of disease sequeal, rehabilitation

Figure 1  Method for surveillance of vaccine preventable 
diseases (VPDs) in residential aged care facilities (RACFs) 
using waiver of consent model.
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size where VE = (1−OR)×100%, comparing the odds of 
vaccination among disease-positive study participants by 
the odds of vaccination among disease-negative partici-
pants.33 39 Multivariable logistic regression models will be 
used to obtain confounder-adjusted VE for each disease, 
regressing on health outcomes based on exposure status, 
age, gender and relevant confounders of interest. To 
address the secondary objectives, we will explore expen-
diture incurred following hospitalisation from the noti-
fiable VPDs that could be avoided and conduct a health 
economic analysis on the suitability of this preventive 
surveillance model as the retrieved data permit. Admin-
istrative data set submitted to Queensland State Govern-
ment for funding referred to as activity-based funding data 
will be used to estimate and compare healthcare costs. 
The Independent Hospital Pricing Authority publishes an 
annual National Efficient Price (NEP) determination for 
public hospital services for each coming financial year.40 
The NEP underpins activity-based funding across Australia 
for Commonwealth-funded public hospital services. This 
uses ICD-10-AM codes mapped to the diagnosis-related 
groups (DRG) with differing levels of complexity. Each 
DRG code is mapped to national weighted activity units, 
which are inflation-adjusted price points as deemed 
by the NEP determination of price weights and adjust-
ments.41 Ultimately, each DRG code provides an estimate 
of efficient price of care for that person based on many 
patient-specific factors.

Ethics and dissemination
The study has been approved by the CQHHS Human 
Research Ethics Committee (HREC) (reference 
number HREC/2021/QCQ/74305). This study 
involves data that is routinely collected as part of the 
surveillance of notifiable conditions under the Public 
Health Act 2005.27 The CQHHS HREC approved a 
request to waive consent requirements of study partic-
ipants as researchers will be provided non-identifiable 
data. The findings from the study will be actively 
disseminated through publication in peer-reviewed 
journals, conference presentations, social and print 
media, federal, state, and local authorities to reflect 
on the results that may facilitate revision of policy 
and highlight the stakeholders, funding bodies both 
locally and internationally.

Surveillance findings will be disseminated via manu-
scripts in peer-reviewed journals, presentations and/
or posters in conferences. An interim annual report 
will be generated and presented in the CQHHS 
internal meetings and educational sessions and RACFs 
forums in CQ. The final results will be reported to 
inform federal, state and local policy. We also aim to 
include community engagement via social media (ie, 
Facebook, Twitter), print and electronic media (ie, 
newspaper, television, radio).

Patient and public statement
Both RACFs staff and residents are considered as 
consumers in this project. As part of this active 

enhanced surveillance near-real time data on vaccine 
preventable infectious diseases are collected from the 
participating RACFs. Key contact persons from the 
participating RACFs are contacted on a weekly basis. 
Moreover, any possible VPD case/clusters are imme-
diately managed and relevant public health messages 
are shared with the RACF residents and staff.

DISCUSSION
We commenced this active enhanced surveillance 
study through the regional Public Health Unit to 
generate evidence-based data across highly suscep-
tible residents in RACFs to estimate the burden of 
VPDs. The higher burden of infections among resi-
dents within RACFs significantly increases morbidity 
and the risk of adverse outcomes such as hospital-
isations and case fatalities.28 42–44 This prospective 
enhanced active surveillance will be of substantial 
importance to regional Australia, particularly for the 
vulnerable older residents within RACFs. At present, 
there is no prospective surveillance system in Australia 
to monitor the VPD trends in the older adults residing 
in the aged care facilities.

With such limited prevalent estimates available, the 
establishment of an active surveillance system for the 
vulnerable residents in RACFs to mitigate the burden 
of the disease is necessitated. During 2018–2019, there 
were 70 536 RACFs in Australia providing residential 
care services to 242 612 older adults at an annual 
cost of 12.3 billion dollars.45 Queensland reported 
RACFs usage rate of 70.6 per 1000 target population 
(aged ≥65 years, 50–64 years for indigenous) within 
its region.45 The unknown burden of notifiable VPDs 
and incurring healthcare expenditure accentuates 
the stress on the overall health system. Pre-existing 
financial and systematic resource limitations provide 
no incentive for RACFs to adhere to rigorous infec-
tion control practices across the industry.46 Such 
deplorable situations became evident as more than 
three-quarters of the COVID-19 pandemic deaths 
tolls occurred among the residents in care facilities in 
Australia.46 Apart from the infrastructure limitations, 
infection surveillance is difficult to achieve in RACFs 
due to multiple influencing factors such as variation 
in testing and reporting practices using traditional 
methods (eg, review of charts, passive reporting of 
vaccine preventable notifiable diseases), disease 
severity, patient characteristics in care seeking, avail-
able diagnostics, which require frequent intersectoral 
coordination with multiple sources (eg, hospitals, 
pathology, general practitioner) to collect complete 
information. Therefore, the most practical and 
rigorous method for infection surveillance in RACFs 
is to establish an enhanced prospective regional 
population-based surveillance programmes such as 
the Active Bacterial Core surveillance system in the 
USA.47 Our surveillance model will incorporate a 
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systematic timely collection of notifiable VPDs data 
from the RACFs addressing the undernotification 
issues and ensuring data quality by the regional Public 
Health Unit team. Additionally, periodic analysis and 
reporting to federal, regional state and local author-
ities will be of paramount public health importance 
in devising immediate planning, action, programme 
evaluation and policy formulation along with genera-
tion of novel research hypotheses.

Currently, the exact burden of notifiable infec-
tious diseases in CQ aged care facilities is unknown. 
This information is essential for optimising clinical 
and public health policy and practice. The prospec-
tive model would identify the exact number of noti-
fiable infectious disease cases in RACF within the 
CQ region. This identification will ultimately trigger 
outbreak responses, where appropriate, and imple-
mentation of immediate preventative measures, such 
as early lockdown of the facility, isolation and infec-
tion control. Furthermore, the findings will inform 
intermediate and long-term indicators for the burden 
of vaccine preventable notifiable infectious diseases; 
vaccine/immunisation coverage in RACFs, the rate 
of specific vaccine preventable infectious diseases 
and guide targets for immunisation coverage. It is an 
urgent priority to generate evidence-based data to 
adopt pragmatic interventions in order to reduce the 
disease-associated morbidity and mortality.
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