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“Vaccines and antibiotics have made many infectious diseases a thing of 
the past; we’ve come to expect that public health, and modern science 
can conquer all microbes. But nature is a formidable adversary.” 

- Dr. Tom Frieden. 

 

“Epidemiology is like a science of detective work- finding the source of 
diseases, the clues to their spread, and the methods for stopping them.” 

- Dr. William Foege. 
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Thesis Summary 

This thesis is presented in seven chapters. Chapter one outlines the field placement and 

projects meeting the degree requirements. Chapters two through to five describe the 

projects I completed to meet the core requirements of the MAE. Chapter six focuses on 

the teaching activities I undertook during the MAE. Chapter seven presents additional 

public health work conducted during my MAE. The numbering of figures, tables and 

references restart in each chapter. 
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Abstract 
This thesis presents four projects and public health activities from my field placement at 

the South Eastern Sydney Local Health District’s (SESLHD) Public Health Unit (PHU), 

fulfilling the competencies for my Master of Philosophy (Applied Epidemiology) (MAE) at 

the Australian National University. 

In early 2023, I participated in the investigation of a tuberculosis (TB) outbreak in Sydney, 

which underscored the value of genomic sequencing and informed my evaluation of TB 

contact data quality in the state Notifiable Conditions Information System (NCIMS) 

against local clinic records. This evaluation revealed deficiencies in NCIMS data, and I 

was able to review the points at which contacts dropped out of the screening pathway.  

In January 2024, the PHU responded to an outbreak of Legionella pneumophila serogroup 

1 in 15 people who had visited the Sydney central business district (CBD), for which I was 

the lead epidemiologist. I coordinated outbreak management team meetings, produced 

situation reports, maintained a case line list, and collaborated with the Ministry of Health 

to perform geocoding and mapping.  

As part of the post-pandemic response, I conducted an evaluation of the District’s 

existing Acute Respiratory Infections (ARI) report. This assessment focused on the 

report’s timeliness, usefulness, and readability. Following the evaluation, I rebuilt the 

report using R statistical software and based on the World Health Organization’s (WHO) 

guidelines for respiratory surveillance, to enhance the report's utility and relevance post-

pandemic. This included developing workplace instructions and introducing automation 

to increase efficiency. 

My final project examined factors associated with delayed hepatitis B (HBV) diagnosis in 

SESLHD using linked population-based data. The findings provided evidence to inform 

local policy and prevention activities. 

Additionally, I engaged in various public health activities, including teaching 

epidemiology, participating in seasonal arbovirus control, touring the Australian Nuclear 

Science and Technology Organisation (ANSTO) for biopreparedness activities, 

developing a new reporting format for acute respiratory disease outbreaks in aged care 

facilities, establishing a local R club, creating outbreak documentation templates, 

managing infectious disease cases, and participating in field work including legionella 

sampling, cruise ship inspections, and a sex on premises site visit. These experiences 

enriched my understanding of applied epidemiology and contributed to public health 

operations and decision-making. 
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Tamarama beach on a winter’s day located within SESLHD  
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Overview 
I commenced my MAE field placement at the South Eastern Sydney Local Health District 

(SESLHD) Public Health Unit (PHU) in Randwick, Sydney in February 2023. I was 

fortunate to already be working as an epidemiologist and public health nurse within the 

PHU prior to undertaking the MAE. This provided a foundation of experience and 

workplace familiarity to ensure I capitalised on the learning opportunities available when 

I commenced the MAE. SESLHD is one of the largest local health districts in 

metropolitan NSW, covering Sydney’s central business district, the eastern beaches of 

Bondi down to Cronulla and The Royal National Park. SESLHD covers the local 

government areas of City of Sydney (partially), Waverley, Woollahra, Randwick, Bayside, 

Georges River and Sutherland Shire. 

The PHU is part of the Population and Community Health (PaCH) Directorate and is 

responsible for surveillance, prevention, and control of communicable disease in 

SESLHD, as well as managing environmental health issues. Activities include: 

• Providing advice on guidelines for preventing disease spreading from person to 

person and from animals to people 

• Managing cases, contacts, and outbreaks of communicable diseases, 

• Coordination of community and school-based vaccination programs within SESLHD  

• Monitoring and responding to disease outbreaks within SESLHD  

• Planning for pandemics and biosecurity threats  

• Disease surveillance  

• Exotic mosquito surveillance  

• Cruise ship surveillance 

SESLHD has provided me the opportunity to apply field epidemiology skills while 

learning about public health practice and the operations of a local public health unit in 

NSW. I have been able to experience and contribute to the core functions of the PHU, 

including routine surveillance, responding to public health threats, using evidence to 

help inform local policies, and daily functions of the infectious diseases team. As part of 

this experience, I have achieved the competencies for the MAE Program (Table 1). 

Major Competencies 
Table 1: Summary of projects and core competencies of the MAE program 
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Competency Chapter 2 
 

Outbreak 
investigations: 

TB and 
Legionella 

Chapter 3 
 

Respiratory 
infections 

surveillance 
report 

Chapter 4 
 

Analysis of 
Hepatitis B 

delayed 
diagnosis 

Chapter 5 
 

TB contact 
data 

evaluation 

Chapter 6 
 

Teaching 
field 

epidemiology 

Chapter 7  
 

Additional 
PH 

activities 

Investigation of an 
acute public health 
problem 

 

     

Analysis of a 
public health 
dataset 

 
  

   

Evaluate a 
surveillance or 
health information 
system 

 
 

 
 

  

Design and 
conduct an 
epidemiological 
study 

  
 

   

Literature review 
 

 
 

   

Report to a non-
scientific audience 

 
     

Conference 
presentation 

 
     

Peer-reviewed 
publication 

 
     

Teaching field 
epidemiology 
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Investigation of an acute public health problem or threat 

Genomic Sequencing Identifies Tuberculosis Outbreak in Inner City Sydney Boarding 

House, Sydney, Australia 2022 

In 2023, I was part of a team investigating a tuberculosis cluster in a Sydney boarding 

house. We identified 91 contacts and uncovered a fourth case linked to the cluster. I 

presented the findings at the NSW TB Conference and the Communicable Disease and 

Immunisation Conference (CDIC) in 2023. 

Where the cooling water drifts: an outbreak of Legionella pneumophilia serogroup 1 in the 

central business district of Sydney, 2024 

In summer 2024, I investigated a Legionella outbreak in Sydney’s central business district 

with 15 cases, including 14 hospitalisations, linked to a contaminated cooling water 

system. The investigation emphasised the need for stricter cooling water system 

regulations and timely international reporting. I presented this investigation at CDIC and 

will present at ESCAIDE in Sweden in November 2024. 

Analysis of a public health dataset 

Evaluation and review of the South Eastern Sydney Local Health District Acute 

Respiratory Infections Report 

The SESLHD Public Health Unit transitioned from separate influenza and COVID-19 

reports to a combined weekly Acute Respiratory Infections (ARI) report post-pandemic. I 

led an evaluation incorporating stakeholder feedback, to redesign the report format. The 

new version integrates WHO guidelines, additional data sources, descriptive data 

analysis, and automated processes for greater efficiency, and improved data 

interpretation. 

Evaluation of a surveillance or health information system 

Enhancing TB Contact Screening: An evaluation of surveillance systems in South Eastern 

Sydney Local Health District 

This evaluation assessed the quality and completeness of TB contact data in SESLHD, 

revealing 100% completion but identified data quality issues suggesting more efficient 

surveillance systems are needed. The findings highlight the need for a better 

understanding of TB contact data and development of more user friendly and efficient 

data collection systems. 

Design and conduct and epidemiological study 

Factors associated with delayed diagnosis of hepatitis B in South Eastern Sydney Local 
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Health District  

Using linked health data, this study analysed factors associated with delayed hepatitis B 

(HBV) diagnosis, focusing on demographic and clinical variables. Results identified 

associations of late diagnosis with age, sex, and the year of diagnosis of decompensated 

cirrhosis (DC) or hepatocellular carcinoma (HCC), while associations with local 

government area (LGA) and country of birth were not significant. 

Minor Competencies 

Literature review search strategy 

A targeted literature search and synthesis of relevant information was undertaken for 

each project. The search was conducted as part of the outbreak of tuberculosis in a 

boarding house and the search strategy and results are detailed in Chapter II. 

Report to a non-scientific audience 

The pertussis (whooping cough) contact letters (Appendix I) for the Public Health Unit 

(PHU) were reviewed and revised to provide advice and information to pertussis contacts 

in various exposure settings. Additionally, a media release for the Legionella outbreak 

was drafted, with both documents tailored to ensure comprehension at a basic literacy 

level (Appendix II). 

Peer-reviewed publication 

A manuscript has been submitted to Western Pacific Surveillance and Response for my 

outbreak report of TB in a boarding house. A late-stage draft has also been completed 

for the investigation of the Legionella pneumophilia serogroup 1 outbreak in the Sydney 

central business district 2024 for planned submission to Communicable Diseases 

Intelligence. 

Teaching of topics in field epidemiology 

I developed and delivered a teaching exercise on “Tuberculosis contact tracing in low-

incidence settings”, along with participation in cohort-led Lessons from the Field 

exercises and local R club sessions. Additionally, I led education sessions on Excel data 

and hepatitis D that were provided to the PHU Infectious Disease Team. 

Conference presentations 

I had the opportunity to present my work at more than one conference, this is detailed in 

Table 2. 

Table 2: Conference presentations undertaken during the MAE 
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Conference  
 

NSW Tuberculosis Conference, March 2023 Oral presentation on the TB outbreak (10 
minutes + 5 minutes of questions) 

Communicable Disease and Immunisation 
Conference, June 2023 

Oral presentation on the TB outbreak (10 
minutes + 5 minutes of questions) 

Communicable Disease and Immunisation 
Conference, June 2024 

Oral presentation on the Legionella outbreak 
(6 minutes + 4 minutes of questions) 

European Scientific Conference on Applied 
Infectious Disease Epidemiology, November 
2024 

Oral poster presentation on the Legionella 
outbreak (3 minutes + 5 minutes of questions) 

Course work 

I successfully completed the following courses as part of the program requirements 

administered by the Australian National University (ANU). 

POPH8913 Analysis of Public Health Data 

POPH8914 Issues in Applied Epidemiology 

POPH8915 Research Design and Methods 

POPH8916 Outbreak Investigation 

POPH8917 Public Health Surveillance 
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Additional field placement activities 
In addition to the activities related to the core program requirements, I also took part in 

the following activities and projects detailed in Table 3 and Table 4. These activities are 

also detailed in Chapter: VII. 

Table 3: Summary of workshop and conference attendance throughout the MAE program. 

Conference and workshop attendance 

New South Wales Tuberculosis Conference, 16-17 March 2023 

Communicable Disease and Immunisation Conference, 19-21 June 2023 

SESLHD Eliminating Hepatitis C Workshop, 18 July 2023 

Urban Insights Walk for Homelessness Awareness Week, 9 August 2023 

South Asia Field Epidemiology and Technology Network (SAFETYNET) Scientific Conference, 
11-15 September 2023 

New South Wales Health Infectious Disease Workshop, 13-14 November 2023 

New South Wales Arborvirus Workshop, 11-12 December 2023 

New South Wales Tuberculosis Conference, 3 May 2024 

OzFoodNet Face to Face open sessions meeting, 14 May 2024 

Centre for Research Excellence Tuberculosis Symposium 30-31 May 2024 

Communicable Disease and Immunisation Conference, 11-13 June 2024 

European Scientific Conference on Applied Infectious Disease Epidemiology, 20-22 November 
2024 
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Table 4: Additional public health activities undertaken during the MAE 

Other activities 

Participated in routine seasonal arbovirus control and surveillance activities  

Assisted a cruise ship vessel inspection  

Revised and produced a monthly Residential Aged Care Facility (RACF) Acute Respiratory 
Infections (ARI) outbreak report  

Supported Legionella environmental sampling  

Attended Australian Nuclear Science and Technology Organisation tour  

Participated in Infectious Disease Network Lunch and Learn Sessions: CDIC presentations  

Completed the Nurse Immunisation Course  

Participated in multijurisdictional outbreak investigation (MJOI) of shigellosis 
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Appendix I  
Example pertussis contact letter 
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Prologue 
Introduction 

In December 2022 the South Eastern Sydney Public Health Unit (PHU) was notified by 

the New South Wales (NSW) Tuberculosis (TB) Program of genomically clustered 

Mycobacterium tuberculosis isolates from two smear-positive TB patients diagnosed 

three months apart. Initial investigations found the TB smear-positive patients lived in the 

same boarding house but were not known to each other. 

My Role 

Although this outbreak was recognised prior to me commencing the MAE, most of the 

follow-up and contact investigations took place in the first months of my placement 

(2023). Under the guidance of my field supervisors, I was responsible for maintaining and 

collecting case and contact information, contact follow-up, and documentation of 

findings. I collaborated with the local TB clinic, who led the investigation, to maintain a 

central line list of contacts for follow-up and liaised regularly with the team to ensure 

the data were kept up to date.  In March 2023 I conducted a site visit to perform an 

environmental investigation and interviewed the facility manager to obtain further 

information on cases and their movements in the facility. From the site visit I drew a floor 

plan and mapped case and contact locations to try and determine transmission 

pathways. I used other health databases to search for additional contact details of 

contacts who had been lost to follow up and attempted to reach them for follow-up. I 

liaised with TB services in other districts to collect outcomes of contact screening, 

performed descriptive analysis and collated tables and figures to summarise the 

outbreak investigation. I also conducted a literature review to understand the use of 

genomic sequencing techniques to detect outbreaks and transmission events of TB, and 

to contextualise this piece of work. 

Lessons Learnt 

I enjoyed greatly my participation in this outbreak investigation. This was my first 

experience with a TB investigation and contact follow-up, and I found it a welcome 

challenge to learn of the complexities of TB diagnoses and risk assessments. I learnt 

about the roles and responsibilities of the local TB services, PHU and NSW TB program 

when investigating a large contact group such as this. The investigation exposed me to 

the importance of routine genomic sequencing as a means of cluster identification. I also 

developed a greater understanding and appreciation of the challenges and barriers when 

performing contact follow-up. Throughout this investigation I was in awe of the 
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knowledge and expertise of the local TB clinic nurses and those who work primarily in 

the field of TB. I valued the opportunity to learn from these professionals to enhance my 

knowledge of TB and how they cover so many areas of TB control that would often go 

unnoticed by the public. 

Public Health Impact 

This outbreak demonstrated the value of routine genomic sequencing to identify 

clustering and local transmission of TB, leading to targeted public health investigation. It 

also displayed the importance of robust outbreak investigation using a multi-disciplinary 

team, with broad screening and multiple follow-up strategies in multi-dwelling buildings 

or other complex exposure sites. Unrecognised transmission of TB in Australia poses a 

significant risk to the maintenance of low-TB incidence and adds to the prevalence of TB 

infection [latent tuberculosis infection (LTBI)]. Contact investigation and robust outbreak 

management are essential elements for control in low-incidence settings. 

Acknowledgements 
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Abstract 
Objective 

In 2022 the New South Wales (NSW) TB Program were notified of genomically clustered 

Mycobacterium tuberculosis isolates from two smear-positive tuberculosis (TB) patients 

diagnosed three months apart. Investigations found they resided in the same boarding 

house. We investigated this cluster and conducted active case finding among contacts to 

prevent ongoing transmission. 

Methods 

We conducted a site visit to understand transmission risk, reviewed patient histories, 

performed a risk assessment, and conducted onsite TB contact screening, including 

interferon-gamma release assay (IGRA) testing. Long-term residents were also screened 

via chest x-rays. Past residents were referred to local TB services. TB disease or infection 

was defined as per the NSW Health Tuberculosis Control Guidelines and TB cases were 

considered part of the outbreak if they had resided at the boarding house during the 

exposure period. 

Results 

We identified four residents with TB disease, three of which were genomically linked to 

the outbreak. We determined the exposure period in the boarding house as January 2021 

to September 2022. All residents and staff were considered contacts requiring 

screening. Of the 91 contacts identified, 37 (41%) completed screening. Sixteen (48%) of 

33 current residents attended the onsite clinic. Of 37 screened contacts, we found one 

resident with TB disease (patient number four), three residents and one staff member 

with TB infection. 

Discussion 

This outbreak highlights the role of genomic sequencing in detecting TB transmission. 

The first three patients were infectious for prolonged periods prior to diagnosis, likely 

facilitating transmission in the boarding house communal areas. In multi-dwelling 

buildings with TB exposures, contact screening of all residents may be required when 

prolonged exposures are found. If low TB incidence countries are to progress to 

elimination, investment in routine genomic sequencing and robust public health 

investigation should be commonplace in TB management guidelines and policies. 

Introduction 

Tuberculosis (TB) is an illness caused by the bacteria Mycobacterium tuberculosis, 

typically affecting the lungs.1 It spreads through the air when individuals with pulmonary 
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TB cough, sneeze, or spit, and infection can occur by inhaling just a small number of 

these bacteria.1 Australia has one of the world’s lowest incidence rates of TB and has 

maintained this status through excellent TB control over the last three decades, despite 

its proximity to some of the highest incidence countries in the world.2 In 2018 Australia 

reported 1,438 TB notifications representing a rate of 5.8 per 100,000 people with 89% 

of those cases reported in people who were born overseas.2 In the four years between 

2015-2018 the most frequently reported countries of birth for people with TB disease 

diagnosed in Australia were India, Vietnam, the Philippines, China and Nepal.2 

In 2022, the rate of TB in New South Wales (NSW) was 6.5 per 100,000 people, with these 

notifications comprising 41% of the total notifications in Australia.3 The majority (91%) of 

the notified 528 TB patients reported being born overseas.3 The most frequently 

reported countries of birth were India and Nepal.3 Notification rates by country of birth 

varied from 104.7 per 100,000 for those born in Nepal to 0.9 per 100,000 people for those 

who were born in Australia.3 

During 2016, NSW Health introduced routine whole genome sequencing (WGS) for all 

Mycobacterium tuberculosis isolates, which has allowed for the surveillance of circulating 

strains, detection of genotypic drug susceptibility, differentiation of TB endogenous re-

lapse from exogenous re-infection, inference of transmission pathways and cluster 

detection to guide public health responses, as well as detection of laboratory cross 

contamination.4, 5 Routine WGS has also the potential to allow for better targeting of 

contact tracing interventions and prevention strategies.5 

With Australia being a country of low incidence for TB, transmission amongst the general 

population is expected to be uncommon, with most incident TB generated by reactivation 

of TB infection [latent tuberculosis infection (LTBI)] acquired overseas.6, 7 Local 

transmission is occasionally recognised, but is unexpected and usually occurs in 

households, health care facilities, or congregate settings such as prisons or facilities for 

people experiencing homelessness.8 The low incidence of locally acquired TB can lead to 

reduced awareness of the risk and result in delayed identification of transmission, which 

may have significant epidemiological and public health impact.6 A comprehensive 

understanding of local epidemiology and transmission is crucial in low-incidence 

countries, as detailed by the World Health Organization’s Framework towards TB 

elimination in low-incidence countries.8 The framework outlines the requirement for 

tailored approaches to contain local outbreaks with rigorous contact investigations and 

outbreak management being essential elements for control of TB in low-incidence 

settings.8 



Chapter II – Investigation of an acute public health problem 

 Page | 20 

We report an outbreak of TB in a boarding house in inner-city Sydney, NSW, Australia 

that was detected via routine WGS. 

Methods 
In November 2022 the South Eastern Sydney Local Health District’s (SESLHD) Public 

Health Unit (PHU) and the chest clinic at St Vincent’s Hospital (SVH) were notified by the 

NSW Health TB Program of genomically clustered M. tuberculosis isolates from two 

tuberculosis patients with a single nucleotide polymorphism (SNP) difference on routine 

WGS. At time of notification for each patient, it was apparent that these two patients 

shared the same residential address, a boarding house in inner-city Sydney, but were not 

known to one another or identified during individual patient follow-up, when prompted 

about boarding house exposures. 

Epidemiological investigation 

Epidemiological investigation was undertaken by the SVH chest clinic in accordance with 

the NSW TB control guidelines. 8 The boarding house was contacted and notified of the 

exposure in the building; boarding house details and a list of residents who stayed in the 

boarding house during the exposure period were obtained. We undertook an inspection 

of the boarding house to assess transmission risk. The boarding house manager was 

interviewed to determine staff and resident movements within the building. 

Boarding house screening 

Based on preliminary investigation, one of the patients reported that a relative who had 

previously lived with her in the boarding house had been diagnosed with pulmonary TB 

after leaving Australia. Investigations into this patient found their symptom onset was 

approximately April-May 2021. Based on these findings’ investigation dates were 

extended back to January 2021 (to include a margin of uncertainty). 

We conducted a risk assessment to determine the screening strategy. We determined 

that all residents, staff, and visitors (resided at the boarding house for ≥7 days) of the 

boarding house warranted contact tracing and screening for TB infection for the period 

of January 2021 to September 2022 (when the second case was admitted to hospital). 

Contact tracing 

Identified contacts were screened for TB symptoms8 and TB infection via a single 

interferon-gamma release assay (IGRA) as it was more than 8 weeks since last exposure 

to an infectious patient. Residents identified as long term (defined as living in the 

boarding house for more than 2 years) were considered higher risk and offered a chest x-
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ray (CXR) in addition to IGRA testing. 

At the time of investigation, residents and staff of the boarding house were offered 

screening at a one-off clinic held at the boarding house. We recorded any history of TB 

symptoms, previous TB exposures, TB vaccine, and demographic details including 

country of birth and duration of residence/work in the boarding house from people who 

attended screening. Blood for IGRA testing was collected onsite, and long-term 

residents were given a referral for a CXR that could be conducted nearby. Current 

residents/staff who did not attend the on-site clinic were referred to the local chest 

clinic. 

Past residents and staff were contacted via phone to notify the potential TB risk, obtain 

TB risk history, and referred to their nearest chest clinic for screening. The NSW TB 

Program provided support by facilitating use of a call centre, initially set-up for COVID-

19. Past residents were attempted to be called in two rounds of calls on different dates, 

with up to three calls each round. Contact attempts were made via email where available. 

If phone contact was made, the contact was informed of their exposure to TB, screened 

for symptoms, and recommended screening. Contacts were sent written information on 

the exposure and referred to their local chest clinic for follow up. Contacts in other 

health districts in NSW were referred to their local chest clinic, and contacts who were in 

other states or territories were notified to their jurisdictional TB program for follow up. 

Laboratory methods 

WGS was performed on all culture-positive isolates by the Mycobacterium Reference 

Laboratory NSW. Briefly, deoxyribonucleic acid (DNA) was extracted from pure cultures 

by an inhouse method, and a library constructed using Nextera XT (Illumina, CA). 

Sequencing was performed on an IIlumina NextSeq500 (Illumina, San Diego, California) 

with a 150bp paired-end protocol using NextSeq 500/550 v2 Kits. Analysis was 

performed after samples passed quality control (QC) and mapped against reference 

genome of M. tuberculosis H37RV. 3 Clustering was defined as isolates having 12 or less 

SNPs. 

Findings from the outbreak were presented at the NSW TB Conference along with 

presentations to Prince of Wales and St George Hospital Infectious Disease grand 

rounds. 

Results 
We identified 94 people living or working in the boarding house during the period of 
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interest from January 2021 to September 2022. No visitors were identified during the 

exposure period. This included three people with TB disease (active TB) identified at the 

start of the investigations. During the contact investigations, a fourth resident with TB 

disease (patient four) was diagnosed during routine investigations they were having at 

the time, bringing the total number of TB patients in the building to four (4%) of 94 

people (Table 1.1). 
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Table 1.1 Summary of tuberculosis screening results for the whole cohort of residents and staff 
within the boarding house (n = 94) 

 
Current 

residents 
Past 

residents Staff Total n (%) 

TB disease (Active TB) 3 1 - 4 (4%) 

Positive IGRA 3 - 1 4 (4%) 

Screening negative 17 14 1 32 (34%) 

Not screened - Unable to contact - 22 - 22 (23%) 

Not screened – Contacted but 
declined screening 7 1 3 11 (12%) 

Not screened – Contacted but did not 
attend/lost to follow up 

5 16 - 21 (22%) 

Total 35 54 5 94 (100%) 

TB disease patients 

We identified four people with active, fully susceptible, TB in this outbreak (Table 1.2). 

Patient 1: A female in her 20’s, was born in a low incidence country and presented to the 

hospital emergency department (ED) in July 2022, with a four-month history of weakness, 

weight loss, fever, chills, and non-productive cough. At the time of presentation, she was 

breathless and had a persistent cough that prohibited her from walking the few metres 

from the bed to the door of her room in the boarding house. She also reported resting in 

the stairwell of the boarding house to catch her breath and wait for her cough to resolve 

when going to her room on the third floor. Her sputum samples on admission were 3+ 

positive on microscopy for acid fast bacilli (AFB) and culture positive for Mycobacterium 

tuberculosis. She had no known co-morbidities; however, she did report a previous TB 

exposure during her childhood. However, we considered her infection to likely be from a 

more recent exposure to her relative patient 3. 

Patient 2: A female in her 50’s, who was also born in a low incidence country, was 

admitted to hospital in September 2022 with abdominal pain along with a six-week 

history of weight loss, nausea and vomiting, iron deficiency and a ‘smoker’s cough’ of 

unknown duration. She had a previous diagnosis of diabetes. After initial investigations 

she underwent a CXR which showed abnormalities. Her sputum sample was 2+ positive 

on microscopy for AFB and positive on culture for M. tuberculosis. 

WGS results indicated a single SNP difference between M. tuberculosis isolates from 

patients 1 and 2. 



Chapter II – Investigation of an acute public health problem 

 Page | 24 

Patient 3: A male in his 20’s, who was born in a low incidence country was diagnosed with 

TB outside of Australia. Patient 1, his relative, reported he had onset of cough from 

approximately April or May 2021. He reported that a CXR he received on return to his 

home country that showed cavities. He was tested for COVID-19 while in Australia but did 

not seek review of his symptoms. Patient 3 lived in the boarding house from January 

2020 to August 2021. We consider patient 3 the likely primary patient in this outbreak. 

Patient 4: An Australian born male, in his 70’s was identified as a resident contact in the 

building. He reported a history of a previous TB exposure in 2019 with a borderline 

tuberculin skin test (TST) at the time. He completed treatment for TB infection in 2019. 

Whilst the patient was asymptomatic, routine imaging for chronic obstructive pulmonary 

disorder (COPD) follow-up in November 2022 showed changes, and he was investigated 

further. Initially TB sputum and culture were negative, however bronchoscopy specimens 

from December 2022 were AFB microscopy and culture positive. WGS showed his M. 

tuberculosis isolate was genomically linked to isolates from patients 1 and 2. 

An isolate from patient 3 was not available for genomic sequencing. A phylogenetic tree 

summarising the genomic sequencing is shown in Figure 1.1. 

The genomic sequencing results from isolates of patients 1 and 2 were the results which 

triggered the outbreak investigation. Both patients were interviewed, and patient 1 

reported that her relative, patient 3, who previously lived in the boarding house had 

returned to their home country 11 months earlier in August 2021, where he had been 

diagnosed with TB disease. 
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Figure 1.1 Maximum likelihood phylogenetic tree of tuberculosis genomes sequenced from 3 case-
patients in this outbreak. All isolates belong to the European American lineage. Reference isolate 
used in mapping is M. tuberculosis H37Rv) 
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Contact tracing and screening for TB disease 

There were 91 residents and staff during the exposure period who required contact 

screening, 54 (58%) were past residents, 35 (36%) were current residents and 5 (5%) 

staff. There were 23 (25%) long-term residents in the cohort, duration of stay in the 

boarding house was unavailable for six (7%) contacts. Of the 91 residents and staff 

identified, 69 (76%) were able to be contacted either by the onsite communications, 

phone, or email. Twenty-two (24%) contacts were unable to be contacted. From the 69 

contacts we were able to contact 37 (54%) completed screening. 

Of the 69 residents and staff contacted, screening was not completed in 32 (46%) 

contacts: 21 (30%) were lost to follow-up, two (10%) of whom were considered high-risk; 

and 11 (16%) declined to be screened, 6 (55%) of whom were considered high-risk 

contacts. Of the 37 contacts who completed screening 20 (54%) residents attended the 

onsite clinic, 13 (35%) attended an NSW Health chest clinic and 4 (11%) were referred 

interstate. One (3%) contact was diagnosed with TB disease (patient 4). Four (11%) 

contacts returned a positive IGRA and 32 (87%) returned a negative IGRA. Of the 32 that 

returned a negative IGRA, two (6%) were symptomatic with a normal CXR and two (6%) 

were asymptomatic with an abnormal CXR. These four contacts were placed on CXR 

surveillance. A summary of the contact follow-up is shown in Figure 1.2. 

The four IGRA positive residents and staff are described in Table 1.2. Three are current 

long-term residents at the boarding house and were born in Australian with no known 

prior TB exposure or screening history. They were all asymptomatic and had normal 

CXRs. One reported going into the room of patient 2 on several occasions whilst she was 

unwell. The other two residents did not have any known direct exposure to any of the 

patients. The fourth IGRA positive contact is a staff member of the boarding house. They 

were born in a high TB burden country, were asymptomatic, and had a normal CXR. A 

timeline of active and latent patients is summarised in Figure 1.3. 

The environmental investigation identified the boarding house consisted of five floors 

including a communal rooftop. The staircase was narrow and had a landing halfway 

between each floor. Each floor consisted of individual studio apartments with shared 

bathrooms and toilets on each floor. The corridors were narrow and poorly ventilated. 

There was a communal laundry located on the rooftop that was utilised by all residents. 

A floorplan was collated based on the site visit and it was determined that the three 

residents with latent TB infection each resided on the same floor as a TB disease patient. 

Patients 1 and 2 changed rooms several times during their stay within the facility.  

Figure 1.2 Flow chart showing the results of the contact follow up for the 91 contacts identified 
during the investigation (n = 91) 
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Table 1.2 Summary of tuberculosis disease patients and latent tuberculosis infection contacts 
who were identified during contact screening of the boarding house (n = 8) 

Tuberculosis disease patients  

 Patient 1 Patient 2 Patient 3 Patient 4 

Sex F  F M  M 

Onset April 2022 August 2022 ~May 2021 Asymptomatic 
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Symptoms Cough 10 weeks 

Fever 

Night sweats  

Weight loss 

Cough unknown duration  

Iron deficiency 

Weight loss 

Nausea & vomiting  

Undefined respiratory 

symptoms 

Asymptomatic  

Lab Results  Sputum microscopy 

(3+) and culture positive 

for AFB 

Sputum microscopy (2+) 

and culture positive for 

AFB 

Reported to have cavities 

on imaging 

Bronchoscopy 

microscopy, PCR and 

culture positive for 

AFB 

Diagnosis July 2022  October 2022  ~August 2021 (overseas)  December 2022 

Risk factors Childhood exposure to 

TB; brother recent TB  

Diabetes Childhood exposure to TB  COPD 

Previous unrelated 

TB exposure 2019* 

COB Low incidence country  Low incidence country  Low incidence country  Australia 

Contacts with positive IGRA on screening  

 Contact 1 Contact 2 Contact 3 Contact 4 

Sex M M F M 

Arrival in boarding 

house 

April 2016 March 2014 March 2017 Staff does not live 

onsite 

Symptoms Asymptomatic Asymptomatic Asymptomatic Asymptomatic  

Lab Results IGRA positive 

CXR negative  

IGRA positive 

CXR negative 

IGRA positive 

CXR negative 

IGRA positive 

CXR negative 

Diagnosis  December 2022  December 2022  December 2022  December 2022 

Previous risk 

factors 

Nil Nil Nil Born and lived in 

high burden country 

COB Australia Australia Australia High incidence 

country 

* TB infection treated. AFB = Acid Fast Bacilli, PCR = Polymerase Chain Reaction, COPD = Chronic Obstructive 
Pulmonary Disorder, IGRA = interferon-γ gamma release assay, CXR = Chest X-ray, COB = Country of Birth 
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Figure 1.3 Time course of tuberculosis disease and tuberculosis infection patients in the boarding house (n = 8) 

1IGRA = interferon-γ gamma release assay.
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Discussion  
We present an outbreak of four TB disease patients and four TB infection contacts 

residing within the same boarding house in inner-city Sydney. Patients 1, 2 and 3 were 

symptomatic for long-periods of time prior to diagnosis, facilitating transmission, most 

likely in the building’s communal areas. The identification of this outbreak has 

highlighted the importance and value of routine genomic sequencing of TB isolates in 

confirming a TB outbreak in a low incidence setting such as Australia. We have also 

demonstrated the value of mass contact screening and the broad contact screening that 

should be considered when transmission has occurred in a residential building. 

A major strength in the identification of this outbreak was the routine application of 

genomic sequencing, which was able to detect genomic relatedness between patient 

isolates. This then allowed for prompt and targeted public health investigation and 

follow-up. Strong collaboration between the local chest clinic, the PHU, NSW TB 

Program, and pathology service, and early formation of an outbreak management team, 

were crucial in coordination of the outbreak investigation. 

The local chest clinic which conducted the patient interviews, had established a working 

relationship with the manager at the boarding house, who assisted in facilitating the 

distribution of risk communications to current residents and establishing the onsite clinic 

within a week of the investigation commencing. This ensured residents at the boarding 

house were provided with convenient options for screening rather than relying on them 

to present to a chest clinic, enhancing our ability to promptly conduct contact follow up 

and screening. 

Whilst there were many strengths to this investigation, there were also limitations. 

Despite intensive contact investigation efforts, we were still unable to contact a large 

proportion of contacts identified. We suspect that many of the former temporary 

residents were not able to be contacted as they had returned overseas. There were also 

a considerable number of contacts who we contacted, made aware of their exposure, but 

did not complete screening. This meant we may have missed identifying all TB infection 

patients associated with this outbreak. We were unable to know the reasons why 

contacts did not complete screening, and whether this stemmed from health system or 

patient factors. This suggests further work is required to understand the reasons why 

people do not complete screening for TB if we are to increase screening completion 

rates and maintain a low incidence of TB in Australia. While TB testing and treatment are 

free in public clinics in NSW, irrespective of eligibility for government-funded health 
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care, anecdotally a few contacts that had attempted screening were deterred from 

completion when they were referred to private pathology services and asked to pay a 

fee. In addition, some temporary residents may have been concerned that TB testing 

would impact immigration visas.9, 10 

We were unable to elicit the exact transmission pathways from either the WGS (due to 

the limited SNP differences) or the patient epidemiology, due to some patients having 

multiple exposures to infectious patients. One of the key questions left unanswered from 

this outbreak is the possibility of more than one chain of transmission among the known 

patients. Knowing how TB was transmitted between the patients would have assisted in 

providing a more precise risk stratification of people in the facility. Another limitation is 

that we were not able to know whether the people with positive IGRA tests were linked 

to this exposure. While three out of the four people with positive IGRA tests had no 

known history of prior TB exposure, another source cannot be ruled out, as none had 

received prior screening for TB disease. The fourth TB infection patient was born in a 

high burden country for TB, so we were unable to ascertain if their TB infection was a 

result of exposure from the boarding house or from their country of birth. 

Despite the limitations of our investigation, the value of routine genomic sequencing of 

M. tuberculosis for public health investigations is beneficial and considered the gold 

standard in the assessment for transmission and strain relatedness.11 The identification of 

closely related strains allows for detection of clusters that may indicate recent 

transmission and require more intensive public health investigation and follow up.11 The 

usefulness of routine WGS was demonstrated in this investigation as clustering was only 

identified after genomic sequencing results were notified, which then expanded our 

contact and active case finding investigation. Although we were unable to determine the 

exact transmission pathways of this outbreak, when more genomic diversity is present 

genomic sequencing has the potential to suggest the direction of transmission.5 Despite 

our investigation displaying the utility of routine genomic sequencing for TB program 

development and control, results should be interpreted along with epidemiological or 

clinical information.5, 12  

Outbreaks of TB pose a significant risk to communities and if left without intervention, 

they add to the incidence of TB disease and prevalence of TB infection, threatening the 

maintenance of low-TB incidence and increasing the risk of local transmission.13 

Therefore, contact investigation and robust outbreak management are essential 

elements for TB control in low-incidence settings.8 When local transmission is suspected, 

or an outbreak identified, a coordinated and prompt response based on a multi-
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disciplinary approach is required.14 A risk assessment to prioritise contact follow up 

based on the infectiousness of the index patient and intensity of exposure should be 

considered, especially in multi-dwelling buildings or other complex exposure sites.15 This 

approach to the risk assessment and epidemiological investigation helps optimise 

resources, which are often stretched in TB programs.13  

Conclusion 
This outbreak has demonstrated the value of routine genomic sequencing to identify 

clustering and local transmission of TB, leading to targeted public health investigation. 

We have shown the importance of robust outbreak investigation using a multi-

disciplinary team, with broad screening and multiple follow-up strategies in this boarding 

house environment where residents did not necessarily know each other. Despite 

intensive contact tracing efforts, we were not able to complete screening for a 

substantial proportion of contacts, suggesting that methods to improve TB contact 

screening completeness should be explored.  If low TB incidence countries are to 

progress to elimination, investment in routine genomic sequencing and robust public 

health investigation should be commonplace in TB management guidelines and policies.  
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Appendix I  
Literature review search strategy 

I conducted a literature review to contextualise the role of whole genomic sequencing to 

detect outbreaks of TB in low incidence settings 

Specifically, the objectives of my search were to: 

Assess how routine genomic sequencing contributes to identify transmission clusters 

and guiding public health investigations. 

Determine the role of genomic sequencing in enhancing contact and active case finding 

during TB outbreaks.  

Explore the integration of genomic sequencing with traditional epidemiological and 

clinical data to improve outbreak management and TB control in low-incidence settings. 

Research question 

What is the role of routine genomic sequencing of Mycobacterium tuberculosis isolates in 

detecting TB outbreaks in low-incidence settings? 

Search strategy 

The search strategy included the following terms: 

(tuberculosis OR "Mycobacterium tuberculosis") to capture studies on the disease 

• AND ("low incidence settings" OR "low burden") to capture geographical 

regions of low-incidence TB 

• AND (outbreak* OR "Disease Outbreaks" OR transmi* OR "disease 

transmission") to identify studies describing outbreaks, or transmission events. 

• Preference was also given to studies that mentioned genomic sequencing or 

building transmission. 

Databases searched 

The search was conducted across multiple databases to ensure comprehensive coverage 
of existing literature. The databases included:  

• SCOPUS 

• PubMed 

• MedLine 

Methods 

The search was limited to English language papers published between 2013 to 2023. 

Articles were excluded if the study type or design did not align with the objectives such 

as papers that focused on basic epidemiology, cost-effectiveness or descriptive studies 
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without exploring the role of genomic sequencing. Studies conducted in high-burden 

settings or non-outbreak settings were excluded as they did not address low-incidence 

scenarios or outbreak dynamics. Articles that mentioned genomic tools in passing 

without evaluating their role in detecting or managing outbreaks were excluded. Articles 

that were general reviews or commentaries on TB control without presenting new 

findings, case studies, or insights relevant to low-incidence settings were also excluded. 

Articles were screened by title, abstract, and full text were necessary. 

Results 

The search of the three databases returned 129 articles. Sixty were duplicates. Sixty-

nine articles had their abstract and titles screened and 16 were retained for full article 

review. A further 11 were removed after full article review as they did not meet the 

inclusion criteria. Five studies met the inclusion criteria and directly addressed the 

research objectives, providing insights into the role of WGS in low-incidence TB outbreak 

detection and management. The findings from these papers were used to inform the 

discussion section of the report, emphasising the importance of genomic sequencing as a 

complementary tool to traditional TB control methods. 

 
Figure 1.4 Literature review database search strategy
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Where the cooling water drifts: An outbreak of Legionella 
pneumophilia serogroup 1 in the central business district of Sydney, 
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Prologue 
Introduction 

In January 2024 the South Eastern Sydney Public Health Unit (PHU) was alerted to four 

people with a confirmed diagnosed of Legionella pnuemophilia serogroup 1. The four 

cases did not reside within SES Local Health District (LHD), but they all had visited the 

Sydney central business district (CBD) during their exposure period. 

My Role 

When we began investigating this outbreak, I was the only epidemiologist rostered on at 

the time. The outbreak occurred during a period of low activity over the Christmas and 

New Year holiday period. As a result, I was the lead epidemiologist for this outbreak. I 

was responsible for coordinating outbreak management team meetings and distributing 

agendas and minutes for these meetings. I produced regular situation reports, 

maintained a case line list and collaborated with the One Health Branch at the Ministry of 

Health to perform geocoding and mapping of case locations, walking routes and 

environmental investigation areas. I also drafted a media release outlining the initial 

investigations of the outbreak. 

Lessons Learnt 

This outbreak provided an invaluable learning experience. One of my key 

accomplishments was quickly mastering geocoding and mapping software, despite 

having no prior experience. Adapting to new tasks was crucial, particularly since I had no 

background in Legionella or its control. A significant lesson I learned was the importance 

of organisation—collaborating with multiple internal and external stakeholders 

presented challenges in data sharing and coordination. Finding fast, effective solutions 

became essential. One of the more complex aspects involved translating environmental 

health fieldwork into electronic records for epidemiological analysis, something I had to 

navigate without prior experience in environmental investigations. Managing data from 

several contributors while maintaining a single source of truth was another challenge. 

Additionally, learning about Legionella risk management plans, cooling water system 

registration, and numbering significantly contributed to improving the accuracy of data 

collection. 

Public Health Impact 

This outbreak demonstrated the potential impact of construction dust on contamination 

of nearby cooling water systems in the Sydney CBD. We suspect that dust and debris 

from an adjacent construction site may have contributed to ongoing contamination of a 
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cooling water system (CWS), even after initial disinfection. Construction activities have 

been previously documented to increase the risk of Legionella proliferation. This ongoing 

contamination could have extended the exposure risk despite the prompt environmental 

interventions described in this outbreak. This outbreak has highlighted the importance of 

enhanced monitoring and cleaning protocols for CWS during periods of nearby 

construction.  
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Abstract 
Objective 

Legionnaires’ disease (LD) causes severe pneumonia. Outbreaks are infrequent in 

Australia, with cooling water systems (CWS) regulated to reduce risk. In summer 2024, a 

Legionella pneumophila serogroup 1 (Lp1) outbreak was detected in visitors to the Sydney 

central business district (CBD). We investigated to identify cases and control the source. 

Methods 

Case-patients were detected through routine laboratory notifications and classified as 

per surveillance case definitions. Case-patients were also identified following a public 

health alert. Case-patients were interviewed to determine symptoms, and environmental 

exposures 2-10 days prior to symptom onset. We mapped exposures sites and used a 

500m radius buffer to identify overlapping areas for investigation. CWS in shared 

exposure areas were inspected and tested for Legionella. Historical results from routine 

CWS testing were reviewed. Genomic sequencing was performed on environmental and 

patient isolates. Clinician and public alerts were issued, and CBD building managers were 

requested to maintain CWS. 

Results 

The investigation identified 15 legionellosis case-patients: two had Lp1 positive sputum 

cultures, 14 were hospitalised, and six required intensive care. All case-patients visited 

the CBD between 12-26 December 2023. Between 3-12 January 2024, 166 CWS across 

118 CBD sites, plus three water fountains were tested. Lp1 was cultured from one CWS. 

Genomic sequencing from five environmental and two clinical isolates showed a 

probable link. The positive CWS was decontaminated but continued to have Lp1 

detected, below the reportable limit, possibly due to ongoing dust contamination, 

necessitating additional maintenance. 

Weeks later, a case-patient diagnosed in Europe who had visited key exposure locations 

in the CBD between 21-23 December 2023 was epidemiologically linked to the outbreak. 
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Conclusion 

Our investigation indicates a contaminated CWS may have been the source of this 

outbreak, potentially precipitated by nearby construction. Given the CWS was 

contaminated with levels below the reported limit, this emphasises the importance of 

strengthening regulations to reduce Lp1 outbreak risk, and timely reporting under 

International Health Regulations to identify additional outbreak cases. 
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Introduction 

Legionellosis is a severe but uncommon form of pneumonia caused by Legionella 

bacteria. 1 In Australia Legionella pneumophilia serogroup 1 (Lp1) causes most outbreaks 

of legionellosis. L. pneumophila thrives in engineered water systems that can produce 

inhalable water aerosols, such as air conditioning cooling towers, evaporative 

condensers, humidifiers, decorative fountains, hot tubs and showers.1, 2 

Air conditioning cooling towers, also known as cooling water systems (CWS) have 

previously been associated with outbreaks in the Sydney central business district 

(CBD).3-6 In response to two significant outbreaks in the Sydney CBD in 2016, the NSW 

public health regulations were updated.6, 7 Preventative measures for CWS focus on 

minimising the growth of the bacteria within the CWS. These measures are governed by 

the Public Health Act 2010 and the Public Health Regulation 2022, requiring all CWS to 

be equipped with a disinfection procedure that is always in operation to ensure the 

concentration of Legionella in the system is <10 colony-forming units per millilitre 

(cfu/mL) and the heterotrophic colony count (HCC) is <100,000 cfu/mL.3, 8 The New South 

Wales (NSW) Guidelines for Legionella Control in CWS stipulate that each system must 

be assigned a distinct identifying number registered with the local government.9 

Additionally, the guidelines mandate the development of a risk management plan (RMP) 

and annual audits, with certificates of completion submitted to the local government 

authority.9  

Monthly sampling and testing for Legionella and HCC are mandatory, with any results 

exceeding 1,000 cfu/mL for Legionella and 5,000,000 cfu/mL for HCC to be reported to 

the local government.7, 9 

In January 2024 the South Eastern Sydney Public Health Unit (SESPHU) were notified of 

several Lp1 patients who had visited the Sydney CBD during their exposure period, 

prompting an investigation. 
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Methods  
Clinical and epidemiological investigations 

Case-patients were detected through routine laboratory notifications to local public 

health units. A confirmed case of Lp1 is defined in the NSW Health Legionellosis Control 

Guidelines1 and requires laboratory and clinical evidence. Laboratory evidence includes 

isolation of Legionella or detection of Lp1 urinary antigen; clinical evidence includes 

symptoms of fever or cough or pneumonia. Where possible, sputum specimens were 

collected from patients and prepared for culture. Case-patients were interviewed via 

phone and email using the Communicable Disease Network of Australia Legionellosis 

Investigation Form,1 to obtain information on clinical symptoms, risk factors and locations 

of potential environmental exposures 2-10 days prior to symptom onset Appendix I. 

Descriptive analysis was performed on case-patient’s demographic and characteristic 

details. 

Reported case-patient locations in the Sydney CBD during their exposure period, 

including walking and other travel routes, were geocoded in R v4.3.2, using 

tidygeocoder.10 These geocoded locations were then mapped using QGIS v3.34.3.11 

Targeted environmental investigation areas were defined using case locations and 

walking routes. These investigation areas were modified and expanded as additional 

case-patients and case-patient locations were identified. 

An alert was distributed, advising of the outbreak and prompting testing using the NSW 

Health Safety Alert Broadcast System (SABS) for hospital clinicians. An alert to general 

practitioners was also distributed. A media release was issued to inform the public and 

prompt medical review for symptomatic people who may have been in the Sydney CBD. A 

letter was emailed to all building managers within the CBD informing them of the 

outbreak investigation, reminding them of regulatory requirements for 

maintenance/operation and noting the possible effect of construction dust on 

disinfection systems. 

Environmental health investigation 

CWS within the investigation area were prioritised for inspection and sampling using a 

risk matrix of low, medium or high risk (determined by the CWS RMP). These risk 

classifications were based on previous noted non-compliances in an unsatisfactory audit 

or recent reportable Legionella or HCC. CWS were further prioritised for inspection and 

sampling based on expert knowledge of environmental health officers and local factors 

identified during field work.  All high risk CWS within the key exposure area were 
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inspected and sampled, in addition to some lower-risk towers. Audit reports, cleaning, 

maintenance, and microbial sampling results from the three months prior to case-patient 

detection were also reviewed. CWS water samples were sent to the laboratory at the 

Forensic and Analytical Science Service (FASS) for culture. 

Laboratory investigations 

Environmental and clinical isolates underwent confirmatory Lp1 typing and whole 

genome sequencing to examine relatedness. Isolates were cultured and serotyped as 

previously described.12 Genomic DNA was extracted using the DNeasy UltraClean 

Microbial Kit (QIAGEN) with modifications.13 Sequencing libraries were prepared using 

Illumina DNA Prep (Illumina) and sequenced on the NextSeq2000 or NextSeq500 

instruments. Sequencing reads were quality controlled and assembled as previously 

described.14 L. pneumophilia sequence-based typing (SBT) was performed on the 

assembled genomes using legsta v0.4.0.15 Core Single Nucleotide Polymorphism (SNP) 

analysis was conducted using snippy v4.3.516 against a SBT211 reference genome, 

AUSMDU00010536 (GenBank accession: CP045974.1). A core SNP phylogenetic tree 

was constructed IQ-TREE v1.6.717running the GTR+G4 substitution model and visualised 

in R using ggtree v1.99.1.18 

Results 
Clinical and epidemiological investigations 

There were 15 confirmed case-patients (Table 2.1) of legionellosis identified through 

notification of positive Lp1 urinary antigen tests between 28 December 2023 and 15 

January 2024 who had visited Sydney CBD in their exposure period (Figure 2.1). Four 

(27%) case-patients were female and 11 (73%) were male. The age of case-patients 

ranged from 28 to 81 years; the median age was 66 years. Fourteen (93%) case-patients 

required hospital admission of whom six (43%) required high dependency or intensive 

care unit admission. Eight case-patients had a sputum sample collected, of which two 

were successfully cultured for Lp1. 

 All case-patients had visited the Sydney CBD between 12-26 December 2023 (Figure 2.2) 

with some patients visiting the Sydney CBD on more than one occasion during their 

exposure period. Fourteen (93%) of the 15 patients spent time in the CBD between 19-21 

December 2023 and all visited locations in the same area of the CBD. 

 
Table 2.1 Case-patient demographic, hospitalisation, and prevalence of legionellosis risk factors. 
(n= 15) 
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Characteristics N (%) Median 
(range) 

Sex  

 

Male  

Female 

11 (73%) 

4 (27%) 

 

Age [years]    66 (28-81) 

Hospitalisation  

 HDU1/ICU2 

14 (93%) 

  6 (43%) 

 

Length of hospital stay [days]    5 (2-59) 

Deaths  0 (0%)  

Risk factors  

  

Medical conditions 

>50 years 

Smoking 

11 (73%) 

10 (67%) 

2 (13%) 

 

HDU = High dependency unit, ICU = Intensive care unit
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Figure 2.1 Epidemiological curve of Legionella pneumophila case-patients by date of symptom onset, with exposures in the Sydney CBD between 12-26 
December 2023. (n= 15) 
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Figure 2.2 Legionella pneumophila patients and the date/s they visited the central business district 
(CBD) during their exposure period, December 2023. (n= 15) 

 

Environmental health investigation 

From 3-12 January 2024, 166 CWS were sampled across 118 sites, along with three water 

fountains. Figure 2.3 shows the targeted environmental investigation areas where CWS 

were inspected and sampled across the five days of testing. 

One (0.6%) CWS was positive for Legionella pneumophilia serogroup 1 at a level of 150 

cfu/ml. Following initial decontamination of the CWS, the CWS continued to test positive 

at levels of >500 cfu/ml, requiring additional decontamination, investigation, and 

management strategies.   

Genomic investigation 

Five environmental and two clinical Lp1 isolates were available for whole genome 

sequencing. All five environmental isolated were from the same positive CWS and were 

sampled across several days and sites within the CWS. All seven genomes belong to the 

same sequence type (ST211) which is a common L. pneumophila sequence type found in 

Sydney. Isolates were 0 to 5 SNPs apart, suggesting a probable link between the 

environmental source and clinical cases ( 

Figure 2.4). Of note, a clinical sample (24-001-0010) and an environmental sample (24-
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001-0103) collected four days apart were genomically indistinguishable (i.e. showed 0 

SNP difference). All cases were between 11 and 14 SNPs different to the reference 

genome.  

Figure 2.3 Map of the locations visited and walking routes of Legionella pneumophilia case-
patients and the areas of the focused environmental health investigations, Sydney CBD, 
December 2023 to January 2024. (n= 15) 
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Figure 2.4 Phylogenetic tree of Lp1 genomes of in the Sydney CBD cluster, December 2023 to 
January 2024. Environmental isolates are coloured blue and clinical isolates are coloured red. 
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Discussion 

Between late December 2023 and early January 2024, 15 people who had visited the 

Sydney CBD during their exposure period were identified with Legionnaires’ disease (LD) 

due to Lp1. All were epidemiologically linked to the outbreak. A thorough investigation of 

possible sources related to case-patients’ movements took place. Lp1 was isolated from 

one CWS, with genomic sequencing from five environmental and two clinical isolates 

showing a probable link between the environmental source and case-patients. Seven 

weeks after the outbreak one additional case-patient was epidemiologically linked to the 

outbreak, after the National Incident Room (NIR) was notified of a person who had visited 

the CBD during the key exposure period and subsequently developed LD due to Lp1 and 

required intensive care on return to their home country.  

A key strength in this outbreak investigation was the ability to rapidly obtain exposure 

information from case-patients and liaise with the local government to establish an 

environmental investigation area. Despite staffing limitations over the Christmas holiday 

period, we were able to mobilise rapidly and conduct extensive field investigations. The 

collaboration between stakeholders ensured rapid communications to building managers 

within the CBD informing them of the outbreak and instructing them to begin disinfection 

of CWS to mitigate ongoing Legionella exposure to the community. As this 

communication occurred at initiation of the outbreak investigation, it is possible that 

some CWS were disinfected prior to sampling. For this reason, systems may no longer 

have contained Legionella at the time of testing, thus limiting our ability to detect all 

CWS contaminated with Legionella.  

In addition to the communications to building managers, we also delivered rapid 

communications to clinicians and the public, which prompted testing amongst the 

community, facilitating active case finding. The delay between illness onset and prompt 

from public health for sputum collection, limited some case-patients’ ability to produce a 

sputum sample that was suitable for culture and genomic sequencing. Whilst detection 

of Lp1 urinary antigen is a rapid way to diagnose people with legionellosis, a sputum 

culture is required for genomic sequencing, however this is not always obtainable. 

This investigation was also subject to the limitation that due to the density of CWS in the 

CBD not all CWS in the investigation area were able to be prioritised for testing. 

Therefore, there could have been a CWS classified as low risk that may have contributed 

to this outbreak but was not tested.  Finally, the positive tower may not have been the 

source for some or all cases, as there is the possibility that another CWS was positive 
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and effectively decontaminated prior to testing and the tower we present in this 

outbreak was secondarily contaminated.2 

We suspect that dust from a nearby construction site contributed to the contamination of 

the CWS, and ongoing contamination even after initial disinfection. The United States 

(US) Centre’s for Disease Control and Prevention (CDC) investigated the sources of 

Legionella outbreaks between 2000 and 2014, which found that of all outbreaks related 

to external sources, 43% were due to nearby construction. 19 A 2010 study also showed 

an association between construction and LD, in which they found widespread 

contamination of potable water within a hospital with L. pneumophila during a period of 

major construction. 20 The authors noted that construction nearby the hypothesised 

exposure site was completed within seven days of the first notification of L. pneumophila 

in a patient. Our inspectors noted high levels of construction dust in and around the 

cooling water system that had Lp1 contamination, from building demolition in the 

adjacent block. This highlights the need for those responsible for CWS maintenance to 

consider additional cleaning and monitoring when construction is occurring nearby. 

There is also evidence to suggest that changes in weather conditions could also 

contribute to Legionella contamination. 21, 22 In Sydney, like other regions globally, 

legionellosis cases tend to peak during autumn or summer, particularly during periods of 

increased rainfall and humidity, with a lag of 1–2 weeks between weather conditions and 

case onset. 14 In the two weeks preceding the outbreak, Sydney experienced a heatwave 

with temperatures reaching 40 degrees Celsius and relatively humidity averaging 81% 

for the month of December 2023. 23, 24 There is evidence to support association between 

temperature and relatively humidity and the occurrence of legionellosis, as these 

conditions allow the bacteria to survive for longer in the environment and provide ideal 

conditions for bacteria growth. 21, 25 A 2023 study from Switzerland investigated the 

impacts of air pollution on LD in Switzerland which showed a strong association between 

elevated daily mean temperature 6-14 days before occurrence of LD. 25 Another study 

found that the risk of disease increased when temperature increased at high relative 

humidity, which indicated that airborne L. pneumophila could survive for longer in the 

environment, such as areas of pooled water following rain events. 21 A 2024 study, 

looking at associations between weather and LD in Sydney found that there were 

significant associations between LD cases and mean relative humidity and temperature 

at 9am and 3pm. 14 Periods of higher-than usual temperature should also be a prompt to 

enhance CWS maintenance.  

Considerations should also be given to review the current threshold for notification of 
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Legionella detections in CWS. The contaminated CWS in this outbreak did not reach the 

reporting threshold of 1,000 cfu/ml, yet our findings suggest that this was the source of 

the outbreak. This has also been found in prior outbreaks, including a cluster in Western 

Sydney in 1998. 26 Notification of any detection of Lp1 on routine testing would facilitate 

prompt follow up by local government and allow earlier identification and mitigation of 

any issues. 

Conclusions 

Our investigation indicates a contaminated CWS may have been the source of this 

outbreak, potentially precipitated by nearby construction and preceding hot weather.  

This emphasises the importance of proactive CWS management, including building 

occupiers revising their RMP and having mitigation measures in place to address 

increased contamination from external sources. These findings support strengthening 

the current regulations to reduce the risk of Lp1 contamination of CWS, for example 

through lowering the Legionella notification threshold to identify and address increased 

Legionella levels as a proactive public health measure. 

Following conclusion of this outbreak a debrief was held with all members of the 

outbreak management team, this resulted in recommendations and updates to standard 

operating procedures. 

Acknowledgements 
The authors thank pathology service providers in NSW for their contribution to 

legionellosis surveillance and to Eby Sim (University of Sydney) and Basel Suliman (NSW 

Health Pathology) for their expert assistance in the typing and genotyping of Lp1 

isolates. 

  



Chapter II – Outbreak of LP1 in the CBD of Sydney 

 Page | 53 

References 
1. NSW HP. Legionnaires' disease control guideline Sydney: NSW Ministry of Health; 

2023 [Available from: 

https://www.health.nsw.gov.au/Infectious/controlguideline/Pages/legion.aspx. 

2. European Centre for Disease Prevention and Control (ECDC). Legionnaires’ 

Disease Annual Epidemiological Report for 2021. Stockholm, Sweden: European Centre 

for Disease Prevention and Control; 2021. Available from: 

https://www.ecdc.europa.eu/sites/default/files/documents/legionnaires-disease-annual-

epidemiological-report-2021.pdf. 

3. Communicable Diseases Network Australia. Legionellosis CDNA National 

Guidelines for Public Health Units. In: Australia CDN, editor. 2017. 

4. Capon A, Cains T, Draper J, Sintchenko V, Ferson M, Sheppeard V. Investigation of 

a legionellosis outbreak in Sydney CBD – a brief report. Australian and New Zealand 

Journal of Public Health. 2023;47(2):100018. 

5. Quinn E, Johnstone T, Najjar Z, Cains T, Tan G, Huhtinen E, et al. Lessons Learned 

From Implementing an Incident Command System During a Local Multiagency Response 

to a Legionnaires’ Disease Cluster in Sydney, NSW. Disaster Medicine and Public Health 

Preparedness. 2018;12(4):539-42. 

6. Erin Griffiths, Robin Gilmour, Matthew Carlin, Sheena Adamson, Verlaine Timms, 

Sharon Chen, et al. Summary: Public Health invesitgation into the Legionella outbreaks in 

Sydney CBD- March and May 2016. In: NSW HP, editor. Sydney: NSW Health 2016. 

7. NSW Health. Proposed changes to the regulation of water-cooling systems to 

prevent Legionnaires’ disease in NSW: Consultation Discussion Paper. Sydney: NSW 

Health; 2016. 

8. Public Health Regulation 2022. NSW Government; 2023. 

9. NSW HP. NSW Guidelines for Legionella Control in Cooling Water Systems. 

Sydney: NSW Ministry of Health; 2018. 

10. Cambon J. tidygeocoder: Geocoding Made Easy with R: Comprehensive R Archive 

Network (CRAN); 2023 [Available from: https://cran.r-

project.org/web/packages/tidygeocoder/vignettes/tidygeocoder.html. 

11. Q. P. QGIS Resource Hub 2024 [Available from: https://qgis.org/resources/hub/. 

12. Timms VJ, Rockett R, Bachmann NL, Martinez E, Wang Q, Chen SC, et al. Genome 

Sequencing Links Persistent Outbreak of Legionellosis in Sydney (New South Wales, 

Australia) to an Emerging Clone of Legionella pneumophila Sequence Type 211. Appl 

Environ Microbiol. 2018;84(5). 



Chapter II – Investigation of an acute public health problem 

 Page | 54 

13. Sim E. DNA extraction for long-read sequencing of bacteria v12022. 

14. Timms VJ, Sim E, Pey K, Sintchenko V. Can genomics and meteorology predict 

outbreaks of legionellosis in urban settings? Appl Environ Microbiol. 

2024;90(8):e0065824. 

15. Seemann T. Legsta. GitHub repository 2024 [Available from: 

https://github.com/tseemann/legsta. 

16. Seemann T. Snippy. GitHub repository. 2024 [Available from: 

https://github.com/tseemann/snippy. 

17. Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effective 

stochastic algorithm for estimating maximum-likelihood phylogenies. Mol Biol Evol. 

2015;32(1):268-74. 

18. Yu G, Smith DK, Zhu H, Guan Y, Lam TT-Y. ggtree: an r package for visualization 

and annotation of phylogenetic trees with their covariates and other associated data. 

Methods in Ecology and Evolution. 2017;8(1):28-36. 

19. Garrison LE, Kunz JM, Cooley LA, Moore MR, Lucas C, Schrag S, et al. Vital Signs: 

Deficiencies in Environmental Control Identified in Outbreaks of Legionnaires' Disease - 

North America, 2000-2014. MMWR Morb Mortal Wkly Rep. 2016;65(22):576-84. 

20. Mermel LA, Josephson SL, Giorgio CH, Dempsey J, Parenteau S. Association of 

Legionnaires' Disease with Construction: Contamination of Potable Water? Infection 

Control and Hospital Epidemiology. 1995;16(2):76-81. 

21. Pampaka D, Gómez-Barroso D, López-Perea N, Carmona R, Portero RC. 

Meteorological conditions and Legionnaires’ disease sporadic cases-a systematic review. 

Environmental Research. 2022;214:114080. 

22. Cains T, Shalak H, Timms VJ, Kiss A, Smith A, Sintchenko V, et al. Legionella 

pneumophila serogroup 1 infection associated with the use of an apartment building spa 

pool. Commun Dis Intell (2018). 2022;46. 

23. Bureau of Meteorology. Daily maximum tempreature: Sydney (Observatory Hill): 

Australian Government; 2023 [Available from: 

http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=122&p_display_typ

e=dailyDataFile&p_startYear=2023&p_c=-876882577&p_stn_num=066214. 

24. Bureau of Meteorology. Sydney, New South Wales: December 2023 Daily Weather 

Observations 2023 [Available from: 

http://www.bom.gov.au/climate/dwo/202312/html/IDCJDW2124.202312.shtml. 

25. Fischer FB, Saucy A, Vienneau D, Hattendorf J, Fanderl J, de Hoogh K, et al. 

Impacts of weather and air pollution on Legionnaires’ disease in Switzerland: A national 

case-crossover study. Environmental Research. 2023;233:116327. 



Chapter II – Outbreak of LP1 in the CBD of Sydney 

 Page | 55 

26. Brown J, Hort K, Bouwman R, Capon A, Bansal N, Goldthorpe I, et al. Investigation 

and control of a cluster of cases of Legionnaires’ disease in western Sydney. Commun 

Dis Intell Q Rep. 2001;25(2):63-6. 

  



Chapter II – Investigation of an acute public health problem 

 Page | 56 

Appendix I  
Legionellosis case interview form 
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Appendix II  
Legionellosis outbreak media release 
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Prologue 
Introduction  

This project was an evaluation of the weekly South Eastern Sydney Local Health District 

(SESLHD) Acute Respiratory Infections (ARI) report as well as an analysis of the annual 

acute respiratory infections impact in SESLHD. The final product, the annual report, 

incorporated findings from the evaluation to produce an annual report for 2023 to meet 

the needs of stakeholders. Since the implementation of the weekly ARI reports in 2021, 

there had been no formal evaluation to determine its effectiveness, readability, and 

whether it fully utilised the range of surveillance data available at the District level. This 

evaluation aimed to assess the impact of the report, ensure it met stakeholder needs, 

and redefine the report’s post-pandemic surveillance objectives. Following the 

evaluation, a comprehensive data analysis of yearly respiratory virus activity in the 

District was conducted to identify trends and patterns. By combining insights from the 

evaluation and data analysis, the goal was to develop an updated ARI report that is more 

useful, informative, and aligned with the evolving needs of healthcare professionals. 

Given the large body of work in this chapter, it has been presented in two sections. 

Section 1 will detail the evaluation of the original ARI report, and Section 2, will detail the 

analysis and new annual report structure using 2023 data. 

My Role  

I was responsible for survey design, collating responses, analysis and documentation of 

evaluation results. I also sourced data from external sources, ensuring direct access for 

the raw data (not in pdf reports or extracted from emails) where possible, and ensuring 

formats were appropriate for use in R. I created the framework for the new report design 

and built the entire program in R for both a weekly report and an annual report. Both are 

set up so the reports can be run automatically with no editing of dates or calculated 

fields. I was responsible for all design and development for both reports and distribution 

of the initial pilot reports to the District. I also developed work place instructions and 

designed all local processes for the local epidemiology team. I hosted information 

sessions for the epidemiology team and staff specialists providing insights to the 

function and design of the report. I collated one-page quick reference guides for each of 

the annual and weekly reports and I also have held individual sessions with the 

epidemiology team demonstrating how to produce the report and troubleshooting where 

required. I continue to support production of the reports.  



Chapter III – Data analysis and evaluation of a surveillance system 

 Page | 67 

Lessons Learnt 

This project was the first time I had ever used R Markdown, and I was equal parts nervous 

and excited to use this tool. R code can be incredibly fickle, so having patience is key to 

being able to find the solution rapidly. I also realised by the end of this project that I now 

know how to ask a question to get the answer I am looking for. This came from having to 

seek answers from the community of R users on a frequent basis. Initially I found myself 

knowing what I wanted to do, but unable to ask for it accurately. But by the time we hit 

the third figure to build I was on a roll! I think this also came from having more familiarity 

with R programming language and understanding more of the basic functions. This 

project has greatly enhanced my confidence in my R skills and following completion of 

this project and the development of these reports, I now feel confident in my R skills and 

answering questions about R from my colleagues.  

I also further indulged in teaching, which I thoroughly enjoyed! I really loved being able to 

help the team transition to using this report and watching them also develop new skills, it 

was a very rewarding process.  

Public Health Impact   

The redevelopment of the ARI report at SESLHD has enabled provision of data on 

transmission, severity, and impact of COVID-19, influenza, and RSV, helping to inform 

district-level planning, resource allocation, and outbreak management. By identifying 

trends in vulnerable populations, such as the elderly and young children, the report 

supports targeted interventions, improves preparedness for future respiratory outbreaks, 

and enhances the capacity to protect high-risk groups.  
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Chapter III – Section 1 

Evaluation of the South Eastern Sydney Local Health District 
(SESLHD) acute respiratory infections (ARI) report 

Abstract 
Introduction 

In 2021, the South Eastern Sydney Local Health District (SESLHD) Public Health Unit 

(PHU) transitioned from separate influenza and COVID-19 reports to a combined weekly 

Acute Respiratory Infections (ARI) report to provide a comprehensive overview of 

respiratory illness. We conducted an evaluation of the ARI report to assess its 

usefulness, ensure it met stakeholder needs, and refine the surveillance objectives, as 

well as developing a more informative report aligned to the needs of healthcare 

professionals. 

Methods 

A survey was conducted among key ARI stakeholders from clinical and non-clinical areas 

to gather feedback on the report’s acceptability, usefulness, and timeliness. 

Results 

Of the 120 stakeholders surveyed, 22 (18%) responded, 95% of respondents (21/22) 

reported reading the original ARI report and found it useful for monitoring infection rates 

and facility impacts. Feedback highlighted the need for improvements such as better 

readability, additional data on other respiratory viruses, and more interpretation of data. 

Insights from the survey and data review led to redesigning the report template using 

the WHO PISA tool, focusing on transmission, severity, and impact. The redesigned 

report integrated these findings, focusing on enhanced data sources, automation, and 

improved efficiencies. 

Conclusion 

The evaluation of the weekly report revealed its usefulness for monitoring disease trends 

but highlighted the need for broader data coverage and improved readability post-

pandemic. Using the PISA framework and evaluation findings the report was redesigned 

to address these issues. 
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Introduction 
The public health unit (PHU) within South Eastern Sydney Local Health District (SESLHD) 

has long produced regular infectious disease surveillance reports to keep both health 

professionals and the public informed about various circulating infectious diseases in the 

District. Historically, the PHU generated dedicated influenza reports throughout the 

influenza season. During the COVID-19 pandemic, the focus shifted to producing weekly 

COVID-19 surveillance reports due to the decrease in reported influenza cases. These 

reports provided a comprehensive overview of COVID-19 case numbers, geographic 

distribution, and demographics. The reports summarised outbreaks of high-priority 

groups such as aged and disability care services, serving as a critical resource for 

healthcare planning and preparedness across the District. 

As the public health response transitioned back to routine operations in 2021, a need for 

broader infectious disease reporting evolved. To address this need, the PHU integrated 

its influenza and COVID-19 reporting into a combined weekly acute respiratory infections 

(ARI) report. This report was distributed internally to key stakeholders before being made 

publicly available on the LHD website. 

Since the implementation of the weekly ARI report in 2021, there has been no formal 

evaluation to determine its usefulness, readability and whether it fully utilises the range 

of surveillance data available at the district level. This evaluation aimed to assess the 

report’s current acceptability, ensure it meets stakeholder needs, and redefine its 

surveillance objectives post-pandemic. In addition to the evaluation, a comprehensive 

data analysis of yearly respiratory virus activity in the District was conducted to identify 

trends and patterns. By combining insights from the evaluation and data analysis, the 

goal was to develop an updated ARI report that is more useful, informative, and aligned 

with the evolving needs of healthcare professionals. 
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Methods 
Describe the structure of the report 

The current weekly ARI report was reviewed to identify areas that were no longer 

required post pandemic. Data sources used for the report were also identified, along with 

local workplace instructions to identify areas for improved efficiency. 

Attributes of the report 

We assessed several surveillance attributes of the report using an evaluation survey. The 

survey was created in Microsoft Forms1 and emailed to all recipients on the existing 

distribution list for the weekly respiratory virus report. The email distribution list 

comprised of key staff from both clinical and non-clinical areas, including emergency 

departments (ED), infection control, intensive care services, hospital and District 

executives. The evaluation survey questions are shown in Appendix II. 

The survey comprised both multiple choice and open-ended questions. A digital link was 

created for the survey and was included in the routine email that accompanies the report 

and remained open for two weeks. While respondents had the option to remain 

anonymous, facility and speciality information was collected. A maximum of two targeted 

reminders were sent to key stakeholders who had not yet completed the survey. 

Acceptability 

Stakeholders were asked about reading the report to determine if they read the email 

that provided a summary of key findings, read the PDF version of the full report, read 

both the email summary and the report, or did not read the email summary or report at 

all. If respondents indicated that they did not read the report at all they were provided 

the opportunity to provide any additional feedback and then the survey ended. 

Additionally, data from the LHD’s website was accessed to review web page traffic and 

usage patterns for the webpage where the weekly report was publicly available. 

Usefulness and timeliness 

We asked the respondents to report on the usefulness of the report on a scale of 1-10 - 

with a score of one indicating not useful at all and a score of ten indicating to be very 

useful - and how it informs their work. We also asked respondents about the timeliness 

of the report, if they thought the data in the report and frequency was suitable for 

informing of respiratory virus trends in the District. We also reviewed the process for 

compiling the weekly report, including data cleaning and analysis. 

Stability  
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Data sources were identified and reviewed for how they were accessed and managed. 

The preparation, saving, and distribution methods of the report were reviewed, and the 

steps taken by staff to produce and distribute it. The workplace instruction was also 

reviewed to determine if it appropriately detailed how to produce the report. 

Report design 

The new report design template used feedback from the evaluation survey. The WHO 

PISA2 tool was incorporated in the template to focus the report on three key assessment 

areas: transmission, severity, and impact. 

Existing data sources identified during the evaluation were reviewed to improve 

accessibility and integration into the new report design. Additional data sources were 

identified to enhance the three key assessment areas. Once the data sources were 

established, a new report script was developed using R version 4.3.23 statistical software 

and R Markdown, 4 enabling automation into a word document based on the District’s 

existing reporting template. 

Dates and text elements were automated using calculations embedded within the script. 

The final output was generated in a Word document formatted according to the pre-

approved reporting template.  

To support this process, a detailed workplace instruction was created, multiple 

information sessions were conducted, and a step-by-step walkthrough of the report 

generation and script execution was provided. Additionally, a one-page quick reference 

guide was developed as a supplementary support tool. Ad-hoc support on an ongoing 

basis was also provided to the local epidemiology team. 
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Results 
Structure of the report 

The weekly report was approximately four pages long and comprised five key areas: key 

summary messages for local services, data summary, demographic data, residential 

facility outbreaks, and emergency department presentations and admissions. Data was 

presented on case numbers of COVID-19 and influenza by local government area (LGA) 

followed by epidemiological curves for both diseases. Test positivity was then presented 

as a line graph for COVID-19, influenza and respiratory syncytial virus (RSV) followed by 

pyramid graphs for COVID-19 and influenza case numbers by age and sex. Residential 

aged care facility exposures and outbreaks for COVID-19 and influenza were shown on a 

line graph. The final section of the report showed line graphs of current and previous 

years’ presentations to ED and admissions from ED for respiratory, fever and unspecified 

infection, influenza like illness, COVID-19/coronaviruses and bronchiolitis. 

Survey respondents 

There were an estimated 120 stakeholders on the ARI report email distribution list of 

which 22 (18%) responded to the survey (Table 1). Additional efforts were made to 

increase the response ratee, through targeted reminder emails. 

Table 1  Location of respondents who completed the evaluation survey on the weekly respiratory 
report (n =22) 

Location N % 

St George Hospital  6 27% 

SESLHD  6 27% 

Prince of Wales Hospital  3 14% 

Sydney Eye Hospital  2 9% 

Sydney Children's Hospital  2 9% 

Population and Community Health  1 5% 

St Vincent's Hospital  1 5% 

Royal Hospital for Women 1 5% 

Total 22 100% 

 

Figure 1 shows the area in which the respondents currently work. Fifteen (68%) of the 

respondents were from hospitals in the District, with the remainder in executive/District-

wide positions. 
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Figure 1 Area of work for respondents who completed the evaluation survey of the weekly 
respiratory report (n = 22)  

Attributes of the report 

Acceptability 

Twenty-one (95%) respondents read the report, with 67% (n = 14/21) reporting reading 

both the report and the accompanying email summary. Twenty four percent (n = 5/21) 

only reported reading the email summary, and 10% (n = 2/21) reported reading only the 

full report and not the email summary.  

Some of the feedback themes from accessing the report are summarised below.  

• Helpful in monitoring rates of infections and impact on facilities 

• Quick and easy to understand [email summary], if unable to review full report 

• Graphs useful for comparisons 

The one respondent who indicated they no longer read the report was prompted to 

provide a reason for this response. They indicated that the information in the report was 

no longer required.  

If respondents indicated that they did not read the report (n=1/21) or read the email 

summary only (n=5/21), the survey ended. Respondents who answered reading the report 

or both the report and email summary (n=16/21) continued the survey and were then 

asked about specific aspects of the report. 

The webpage data extracted for the period of 1 January to 2 August 2023 showed 

minimal interactions, with only four sessions recorded for accessing the page where the 

weekly report is published and no interaction with the link to the PDF version of the 
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report during this time. It is suspected that this interaction with the webpage is local PHU 

staff checking the report had been published appropriately. 

Usefulness and timeliness 

Feedback indicated that report was helpful for monitoring infection rates and facility 

impact, the email summary was appreciated for being quick and easy to understand, and 

the graphs were useful for comparisons.  

Sixteen respondents rated the usefulness of the weekly report on a scale from 1 -10. The 

results indicated that 88% (14/16) of respondents rated the report as very useful (scores 

of 7 or higher), with six of the 16 (38%) respondents providing a rating of eight out of ten. 

The report was considered useful for increasing awareness of trends, understanding the 

prevalence of specific viruses, and evaluating impacts on emergency departments and 

workforce planning. Respondents expressed that the report was also used to inform 

clinical teams and shared through regular newsletters. All (16/16) respondents agreed 

that the report was timely, with it being distributed on the Monday of each week, 

reporting on the previous week’s data. 

Themes of how the report informs the respondents' work are summarised below: 

• Awareness of trends 

• Prevalence of specific viruses 

• Impacts on emergency departments and planning for surge in 

presentations/admissions 

• Report is shared with teams or other clinicians to evaluate impact on the facility 

• Published in a regular newsletter to nursing and medical teams 

• Impacts on workforce 

Respondents were asked to comment on each of the sections/figures within the report, 

these responses are summarised below  

Key messages for local services 

This section was found to be useful for all respondents as it gave a quick overview of the 

report without the need to read further. There was feedback to better consolidate this 

information, so it provides better clarity and readability. All 16 (100%) respondents found 

this section useful. However, despite all respondents indicating it was useful, some 

respondents did provide additional feedback on the section: 

• “Too wordy, very text heavy, dot points would increase the readability”. 
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• “Information on number of new cases was more useful when testing was 

compulsory”. 

• “More information on paediatric populations” 

• “Deaths and aged care outbreaks not useful” 

Case numbers and rates by local government area 

Some respondents no longer found this section useful post-pandemic. Sixty-nine percent 

(11/16) of respondents found this helped inform their work, 31% (5/16) did not find this 

section helpful to inform their work. Those who indicated it was no longer useful, stated 

that breakdown by LGA is no longer relevant. 

“LGA breakdown was previously useful during the pandemic to help inform pop up 

testing or vaccination clinics”. 

Epidemiological curves and test positivity 

Most respondents found the epidemiological curves useful to see disease trends, but 

responses collected on the graphs for test positivity indicated more interpretation in the 

report might be needed as respondents didn’t understand how to interpret the figures. 

Feedback on the epidemiological curves and test positivity is summarised below. 

• Epidemiological curves 

“Ability to see a full year of trends compared to previous years”. 

“Yearly data can be overshadowed by large peaks from previous years”. 

“Great way to see trends quickly”. 

“Not useful to include historical data from pandemic”. 

• Test positivity 

“More useful, shows virus prevalence at time points”. 

“Interesting and quick and easy to see trends”. 

“Very helpful for labs and infection prevention and control” 

“Not as useful anymore, only reviewed and shared with colleagues when in a COVID 

wave”. 

Age and sex distribution 

Feedback on the age and sex distribution figures is summarised below. 

“Sex distribution not useful” 
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“Age distribution useful” 

“Not an area usually reviewed”. 

“Not that useful to inform work or impact on hospitals”. 

Aged care facility outbreaks 

“Not relevant to department/area”. 

“Useful indicator for hospital impact”. 

“Interesting to see how elderly are affected”. 

Emergency department presentations and admissions 

Fifteen of 16 (94%) respondents found the figures showing the ED presentation and 

admission trends useful.  

One of 16 (6%) respondents did not find the figures on emergency department 

presentations and admissions useful as they said by this point in the report they were 

“seeing too many graphs”. 

Feedback from the emergency department data is summarised below: 

“This section is comprehensive enough”.  

“Dependent on clear infection control instructions, an overview of the state or LHD in 

the report would be beneficial, or links to find them”. 

“Table is useful as a quick update on trends”. 

“Complements the rest of the report well”. 

Additional feedback 

Respondents were asked about inclusion of RSV into the report and what data they 

would like to see incorporated. Eleven of the 16 (69%) respondents answered this 

question, which is summarised below: 

• Numbers and trends 

• Graphical view of incidence  

• Test positivity. 

• Rates or comparators of adult vs paediatrics. 

We also asked about including data in the report that is not currently shown, All 16 

respondents provided a response to this question. The key themes are summarised 

below: 
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• Addition of other respiratory virus testing 

• Summary box indicating increase in other infections and a link to see further 

information.  

• Infection control guidance or the most current guidelines  

• Interactive intranet page document instead of the static pdf 

Stability 

Case numbers and case demographics such as age, sex and local government area are 

compiled from the state Notifiable Conditions Information Management System. This is 

analysed in SAS software, to produce tables, epidemiological curves and pyramid 

graphs. Tables and figures are then copied into a word document, containing the report 

template. Data on test positivity is obtained from a weekly email produced by New South 

Wales Health Pathology Randwick. Data is extracted from an attached pdf report and 

entered in a local Excel spreadsheet, where test positivity is calculated and a line graph 

is produced showing test positivity for COVID-19, influenza and RSV. 

Outbreaks and exposures of aged care facilities in the district are collated from a local 

public health unit line list used by the PHU to monitor outbreaks and exposures in the 

District. Each week the epidemiology team perform a manual count of exposures and 

outbreaks of COVID-19 and influenza and enter this into a separate spreadsheet to 

create the line graph produced in the report. 

The graphs showing SESLHD emergency department presentations and admissions are 

copied from the Public Health Rapid Emergency, Disease and Syndromic Surveillance 

(PHREDSS) SharePoint site and copied into the report. 

Figure 2 shows the data sources used to compile the weekly report. 
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Figure 2 Flow chart showing data sources used to create weekly respiratory report  

New Report Design 

From the feedback in the evaluation, data on COVID-19, influenza and RSV was included 

in the design of the new report, for the three key assessment areas of transmission, 

severity and impact. 

Transmission 

Transmissibility was assessed using weekly percentage positivity rates, age rates, and 

sewage surveillance data. Notification data for SESLHD was obtained via NCIMS, which 

contained all laboratory tests for all infections, using a connection written into R script. 

Laboratory testing data from NSW Health Pathology-Randwick (SESLHD) was 

maintained from the old report. Population data from the ABS and are the official 

estimates for 2022, were sourced from the NSW Health SAPHaRI portal to calculate 

disease rates by age group. 5 FluTracking for SESLHD was obtained from FluTracking 

Australia. However, this data was only available on an annual basis. Prior to the 

pandemic, FluTracking was only conducted during the expected influenza season, so 

comparative data prior to 2020 is only available from April to October. The raw data from 

the COVID-19 Sewage Surveillance Program was not available at the local level, and so 

the graphs used in the report were copied from the NSW Health Respiratory Surveillance 

Report. 

Severity 

Severity was assessed using the proportion of people presenting to EDs in the District to 

who are admitted. This was done using data obtained from PHREDSS for SESLHD, which 
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provides daily information about presentations to NSW public hospital EDs and 

subsequent admission to hospital categorised by symptom profile and age group. 6 The 

data was used to report on COVID-19, influenza-like illness and bronchiolitis (which is 

mainly caused by RSV). This data was not able to be made public and could only be used 

for internal reporting. Death data was unavailable at the local level. 

Impact 

Impact was assessed using weekly outbreaks in aged care facilities and ED presentation 

counts. PHREDSS data was also used in this section to show year on year comparisons. 

Whilst the raw data was unavailable, graphs from the PHREDSS online dashboard were 

used, as was done in the pre-evaluation report. Data on aged-care facility outbreaks from 

NCIMS was also obtained. A full overview of the data used to create the new report is 

shown in Figure 3. 

An example weekly report is presented in Appendix I.  A full report of the evaluation 

finding was collated and provided to the Directors of Public Health and Population 

Health. 
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Figure 3 Flow chart showing data sources and process for developing the new report format
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Discussion  
Overall, the feedback was positive for the weekly respiratory viruses’ report with the 

respondents finding it useful to help inform their work. Most of the respondents were 

from clinical areas in the District and use the report to understand the impact increasing 

disease transmission will have on their services. Breakdowns of data by LGA and gender 

were no longer relevant in a regular reporting model but are useful in an epidemic or 

pandemic situation. There is a desire to continue breakdowns by age and include data on 

other respiratory viruses including RSV. Feedback indicated that some respondents 

might lack a clear understanding of the indicators in a respiratory surveillance report and 

could be misinterpreting the data. 

The weekly respiratory virus report contained comprehensive and reliable data sources, 

but it was no longer suited to a post pandemic climate where individual case numbers 

were no longer useful indicators for measuring the impact or severity of respiratory 

diseases. 7 Despite the recognition that the report was no longer suitable for respiratory 

surveillance in the District, there were several key takeaways from the evaluation that 

benefitted the development of the new report. Firstly, whilst there were a small 

proportion of respondents to the survey, the people who did respond were from key 

clinical areas in the District. Secondly, these respondents indicated that the email 

summary provided with the weekly report, was easy to understand, enabling 

stakeholders to grasp key points without needing to read the full report. This feature was 

found to be useful for those with limited time. Thirdly, stakeholders felt that the report 

was timely in its distribution and data was up to date. Fourthly, graphs and visual data 

were valued for their ability to illustrate trends quickly and aid in comparisons, helping 

stakeholders understand and communicate data effectively. Finally, information in the 

report was used to inform clinical teams and prepare for surges on the healthcare 

system by guiding workplace planning, demonstrating its practical application in 

healthcare settings. 

Despite these strengths of the existing report there is also several weaknesses identified 

in the report’s format. Firstly, feedback indicated that some sections, such as the key 

messages, were seen as too wordy or text heavy. Suggestions were made to condense 

the bullet points for better readability and clarity. Secondly, the breakdown of cases by 

LGA was considered less useful post pandemic and that it was more relevant during 

outbreaks or epidemics to inform local interventions such as testing and vaccination 

clinics. Thirdly, whilst the graphs were useful, some of the feedback indicated that more 
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interpretation is needed, particularly for test positivity rates. Fourthly, there was limited 

engagement with the online version of the report on the LHD website, suggesting the 

public were unaware of its availability or no longer find it necessary. Stakeholders may 

also find this format not as accessible or unnecessary, limiting the reports reach. Lastly, 

stakeholders expressed a desire to include data on other respiratory viruses and 

comparisons between adult and paediatric populations. The incorporation of these 

findings and feedback could enhance the new report’s comprehensiveness and utility. 

The design of the new report using the PISA framework aimed to address these issues 

and ensure the report was adequate in its surveillance of respiratory disease in a post 

pandemic environment.  Recognising the need for standardisation and consistency in 

measuring influenza and other respiratory disease activity, the World Health 

Organization (WHO) developed the Pandemic Influenza Severity Assessment (PISA) tool. 2 

This tool, established after the 2009 influenza pandemic, defines severity using three 

indicators: transmissibility, severity, and impact. 2 It aims to standardise reporting and 

enable real-time global assessments. 2, 8 The PISA tool recommends that transmissibility 

and impact indicators are measured using weekly rates, and that disease seriousness is 

measured using a cumulative value. 8 We applied the PISA framework to redevelop the 

ARI report to align it with best practices and support accurate and meaningful 

interpretation. 

However, despite the new design there was unavailability of important data, such as 

local mortality figures and weekly FluTracking updates. These gaps will restrict the 

ability to monitor disease transmission and impact fully. Additionally, some data, such as 

sewage surveillance, had to be adapted from state-level reports, which somewhat 

reduced the efficiency the new format aimed to achieve. 

Given the limited interaction with the online report, it may be worthwhile reconsidering 

the value of publishing it in its current format. Instead, respiratory virus trends could be 

communicated through more engaging platforms, such as social media. The low public 

engagement with the online version of the report also suggests a need to rethink 

accessibility and dissemination strategies. The internal stakeholders who receive the 

report via email, are the primary users, and there was little evidence to suggest that 

anyone outside of the PHU staff accessed the report online. 

Despite the unavailability of some of the data, the new report format and data sources 

addresses the PISA framework comprehensively. The inclusion of RSV and data 

categorised by age groups has allowed for standardised disease severity assessment. 

This is a great addition to the report as standardised disease severity assessments 
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enable cross cohort comparisons of disease burden between different viral pathogens, 

aiding healthcare facility preparedness and planning.7 

Conclusion 
The evaluation of the weekly respiratory report highlighted the positive reception of the 

weekly respiratory viruses report among stakeholders, particularly in clinical areas, who 

found it useful for monitoring disease trends and planning responses. Despite the 

report’s strengths – such as timely distribution, clear summaries, and effective data 

visualisation – the report had limitations in a post-pandemic context. Individual case 

numbers and detailed local breakdowns are less relevant outside of epidemic situations, 

and there is a need for greater data interpretation to enhance stakeholder 

understanding. Feedback suggested expanding the report to include other respiratory 

viruses such as RSV and improving readability by condensing key information. The design 

of the new report, using the PISA framework, aims to address these issues, but 

challenges do remain due to data availability constraints. Despite this, additions like age-

specific data and standardising severity assessments will strengthen the report’s ability 

to effectively monitor respiratory virus transmission, severity and impact on the 

healthcare system. 

It is recommended that following implementation of the new reporting format, it is again 

evaluated in the same manner to ensure the new report is achieving its aims. 
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Chapter III – Section 2 

Annual report of acute respiratory infections (ARI) in South Eastern 
Sydney Local Health District (SESLHD), 2023 

Abstract 

Introduction 

Acute respiratory infections (ARI) are common. They are typically mild and short-lived, 

however can result in severe outcomes. This report presents an overview of respiratory 

infections in SESLHD in 2023, including COVID-19, influenza and RSV, drawing 

information from several different data sources.  

Methods 

Notification data was obtained from the Notifiable Conditions Information Management 

System (NCIMS), pathology testing data was obtained from New South Wales (NSW) 

Health Pathology Randwick. Data on hospital presentations and admissions was 

collected from the Public Health Rapid Emergency, Disease and Syndromic Surveillance 

(PHREDSS). Data were cleaned and analysed in R statistical software. Transmission was 

assessed using test positivity rates, FluTracking surveys, and COVID-19 sewage 

surveillance. Severity was assessed by calculating proportions of people admitted to 

hospital, while impact was assessed using hospital presentations and aged care facility 

outbreaks. 

Results 

COVID-19 test positivity peaked twice during 2023, with the highest rates in those aged 

65 years or older, likely due to ongoing testing and transmission in aged care. Influenza 

peaked in winter, while respiratory syncytial virus (RSV) mainly affected children under 

five. COVID-19 and bronchiolitis saw spikes in emergency department (ED) presentations 

and COVID-19 was the leading cause of ARI outbreaks in aged care facilities, peaking at 

33 outbreaks in April. Data limitations, such as the lack of local mortality figures and 

weekly FluTracking updates impacted the completeness of the analysis.  

Conclusion 

The 2023 annual report provided valuable insights into COVID-19, influenza, and RSV 

transmission, impact and severity.  
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Introduction 
Acute respiratory infections (ARI) are common. They are typically mild and short-lived, 

however can result in severe outcomes.7 This report presents an overview of respiratory 

infections in South Eastern Sydney Local Health District (SESLHD) in 2023, including 

COVID-19, influenza and respiratory syncytial virus (RSV), drawing information from 

several different data sources. These data assist in understanding the distribution of 

acute viral respiratory illness activity in the community, the severity of the disease, which 

populations might be at risk of severe disease, and impact of acute viral respiratory 

illness on the community and health system in SESLHD. 

Methods 
An annual report for 2023 was prepared using the newly integrated data sources and 

script along with incorporating feedback from the stakeholder survey as presented in 

section one. Notification data was obtained from the Notifiable Conditions Information 

Management System (NCIMS), pathology testing data was obtained from New South 

Wales (NSW) Health Pathology Randwick. Data on hospital presentations and admissions 

was collected from the Public Health Rapid Emergency, Disease and Syndromic 

Surveillance (PHREDSS). Data were cleaned and analysed in R statistical software. 

Transmission was assessed using test positivity rates, FluTracking surveys, and COVID-

19 sewage surveillance. Severity was assessed by calculating proportions of people 

admitted to hospital, while impact was assessed using hospital presentations and aged 

care facility outbreaks. 

Transmission 

Data on COVID-19, influenza and RSV were included in the report. Disease positivity rates 

were calculated using local laboratory testing data and routine notification data for 

SESLHD residents from the state Notifiable Conditions Information System (NCIMS) for 

each of the pathogens. Rates of notifications by age-groups were calculated per 100,000 

population. 

FluTracking data was used to calculate proportions of SESLHD residents reporting 

influenza-like illness in the online weekly survey conducted by the FluTracking team. 9 

COVID-19 sewage surveillance data from the local sewage outlet (Bondi) was extracted 

from the NSW Health COVID-19 Sewage Surveillance Program website. 

Severity 

Public Health Rapid Emergency, Disease and Syndromic Surveillance (PHREDSS) data 
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was used to show the number of presentations and admissions to hospitals in SESLHD. 6 

Proportions of people admitted were calculated amongst those presenting with COVID-

19, influenza-like illness or bronchiolitis. 

Impact 

PHREDSS data were used to report numbers of COVID-19, influenza-like illness (ILI), and 

bronchiolitis presentations to hospitals in SESLHD compared to the previous 5 years. 

Outbreaks in residential aged care facilities located in SESLHD were counted for COVID-

19, influenza and RSV for each month. 

Results 

The annual report details ARIs, with a focus on COVID-19, influenza and RSV, in SESLHD 

from 1 January to 31 December 2023. 

Transmission 

COVID-19 test positivity increased between March and June, with a second test positivity 

peak in December at 12%, despite notifications remaining low (Figure 4), indicating a 

lower proportion of cases in the last quarter of the year were detected after mandatory 

RAT notification ceased and access to community PCR testing was restricted. The 

highest rates of COVID-19 were seen in those aged 65 years or older (Figure 5). This could 

be a result of continued testing and transmission in aged care facilities leading to an over 

representation of notifications in this population within the District. 

Figure 4 Weekly COVID-19 notifications and test positivity, 2023, SESLHD 
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Figure 5 Rate of COVID-19 notifications by age group per 100,000 population, 2023, SESLHD 

 

Influenza followed a usual seasonal trend with a peak over the winter months of May – 

September. Influenza B was the predominant strain during this time and test positivity 

peaked at 9% (Figure 6). Influenza A was detected for the entire 12 months and reported 

at higher levels than is usually seen during spring and summer. Influenza notifications 

were highest amongst children under 16 years and followed an upward trend during May 

through to July. The rate of influenza notifications among children 5-16 years peaked at 

232 per 100,000 people in late June, followed by those aged 3-4 years with a rate of 211 

per 100,000 people in early July (Figure 7). 

Figure 6 Weekly influenza notifications by serogroup and influenza test positivity, 2023, SESLHD 
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Figure 7 Rate of influenza notifications by age group per 100,000 population, 2023, SESLHD 

 

RSV notifications increased four-fold from February to April, then persisted throughout 

the year with test positivity reaching a peak of 6% in April (Figure 8). Rates of RSV 

notifications were highest in children aged less than 5 years. The rate of RSV 

notifications among children aged 1 year peaked at 596 per 100,000 people in April 

(Figure 9). The age group with the next highest rate was in children aged 0 years with a 

rate of 410 per 100,000 people in early April. 

Figure 8 Weekly RSV notifications and RSV test positivity, 2023, SESLHD  
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Figure 9 Rate of RSV notifications by age group per 100,000 population, 2023, SESLHD 

 

FluTracking data showed that people reporting fever and cough was overall less in 2023 

compared to 2022 (Figure 10). Proportions increased during the winter months before 

decreasing towards the end of spring and then increasing in December, aligning with 

COVID-19 trends 

Figure 10 Proportion of SESLHD FluTracking participants who reported fever and cough, by 

weekend ending, 1 January to 31 December 2023, SESLHD 

Severity 

Presentations to EDs for COVID-19 were high in January, then increased during April to 

June and again in December. Hospital admissions increased during the same time 

periods. The proportion of people requiring admission remained stable throughout the 

year ranging between 35-45% of people presenting to ED requiring admission to 

hospital. 

ILI presentations and admissions peaked during June and July. The proportion of people 

requiring admission was highest during February and November, however the absolute 

number of presentations during those months was small. 

Bronchiolitis data was presented for children aged 0-4 years. There was a steep increase 
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in the first three months, with the peak seen in April. Admissions followed a similar trend. 

Proportions of children requiring admission ranged from 35-55%. 

Impact 

Presentations for COVID-19 were high at the beginning of the year, then declined by 

March, before increasing towards the end of the year. Influenza-like illness presentations 

remained low throughout 2023, with a slight peak in mid-year. Bronchiolitis presentations 

fluctuated throughout the year, with increases during March to August. 

COVID-19 was the main cause of ARI outbreaks in residential aged care facilities during 

2023. The number of outbreaks of COVID-19 reported in a month reached a peak of 33 in 

April. Outbreaks of influenza and RSV remained low throughout the year (Figure 11). 

Figure 11 Acute respiratory infection outbreaks in SESLHD residential aged care facilities 
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Discussion 
The 2023 annual report provided a detailed analysis of COVID-19, influenza and RSV 

activity in SESLHD, highlighting key trends and age-specific impacts. COVID-19 test 

positivity peaked in March and December, while influenza and RSV followed typical 

seasonal patterns, with influenza B predominating in winter and RSV impacting children 

under five. 

The annual report successfully integrated multiple data sources, offering a structured 

design that facilitates clear comparisons across age groups and time periods. This 

approach made it a valuable tool for understanding local epidemiological trends and 

informing future seasonal planning and response. The use of the WHO PISA indicators 

helped standardise severity assessments, aligning the report with recommended 

reporting practices. 

The report highlighted trends in respiratory virus transmission. COVID-19 test positivity 

peaked twice in 2023, primarily among older adults, likely due to continued testing in 

aged care settings experiencing outbreaks. Influenza followed expected seasonal 

patterns but saw increased notifications for influenza A during spring and summer. RSV 

had the greatest impact on children, with the notification rate peaking in April. These 

findings highlight the importance of ongoing monitoring of age specific trends, 

particularly in vulnerable groups. 

Additionally, the report showed how fluctuations in respiratory illness affected ED 

presentations and hospital admissions. Both COVID-19 and bronchiolitis saw peaks in ED 

presentations and admissions, particularly in the children under five for bronchiolitis. 

COVID-19 remained the predominant cause of ARI outbreaks in aged care settings, 

underscoring the need for continued robust outbreak management strategies in aged 

care settings. 

Conclusion  
The 2023 annual report highlighted key trends in COVID-19, influenza, and RSV activity in 

SESLHD, providing insights into age-specific impacts and seasonal patterns. The 

integration of several data sources and the use of WHO PISA indicators enabled 

standardised severity assessments, enhancing the report’s utility for local planning and 

preparedness. COVID-19 remained the main cause of ARI outbreaks in aged care 

settings, highlighting the need for ongoing targeted monitoring and robust outbreak 

management strategies.
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Appendix I  
Example weekly report 
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Appendix II  
Evaluation survey 
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Chapter: IV 
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Factors associated with delayed diagnosis of hepatitis B in South 
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Prologue 
Rationale 

This chapter summarises my epidemiological project; a population-based cohort study 

exploring factors associated with delayed diagnosis of hepatitis B in South Eastern 

Sydney Local Health District (SESLHD). This study addresses the public health 

challenges of hepatitis B virus (HBV), where late diagnosis can lead to severe outcomes 

such as decompensated cirrhosis (DC) and hepatocellular carcinoma (HCC). 1, 2 Despite 

global efforts to eliminate HBV by 2030, Australia’s diagnosis rates remain below target, 

with delayed diagnosis contributing to poor survival rates due to liver complications. 3 The 

higher chronic hepatitis B prevalence among people born overseas, along with health 

access disparities in culturally and linguistically diverse communities, reinforces the 

requirement for targeted interventions. 4 In SESLHD, where 30% of the population is from 

non-English speaking backgrounds, tailored strategies for timely HBV diagnosis are 

crucial. 5 This research aimed to provide local data to guide more effective prevention 

and screening efforts.  

My Role 

Under the guidance of Professor Gregory Dore and the Viral Hepatitis Clinical Research 

Program (VHCRP) at the Kirby Institute, I was able to use a large, linked dataset to 

conduct a population-based cohort study, for which I filtered the data to investigate 

factors associated with HBV late diagnosis for SESLHD residents. I performed data 

cleaning and preparation, descriptive and analytical analysis, and collated all results and 

findings of the study.  

Lessons Learnt 

Always check your code, more than once and never undervalue the importance of local 

context when conducting population analyses! This was my first experience with a large 

dataset, and I was nervous about making a mistake and potentially losing data during the 

analysis. I also faced the challenge of translating STATA code into R. One of my biggest 

hurdles was ensuring the data was correctly coded, especially as the wider research 

team was analysing the data for all of New South Wales (NSW), while I was just focused 

on a subset of this data for SESLHD.  

To ensure accuracy, I double checked my code against previous work from the team to 

verify correct filtering of the data. This was also a learning experience as this was the 

first time I had built my code from start to finish. This meant I often had to re-order 

coding operations to achieve the desired datasets and outputs for analysis. Due to the 
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smaller sample for my local analysis, I ended up with small numbers for some local 

government areas (LGAs). Toward the end of the analysis, it became apparent that one of 

the local government areas (LGAs) was missing from the descriptive data. As I was still 

developing my knowledge of HBV in the district, I had thought, given the small numbers, 

that this was an acceptable finding. However, my supervisor pointed out that this was an 

anomaly and the LGA should be included.  

This led to two days of backtracking through my code to identify the issue. Through this 

process, I gained a much deeper understanding of the data, and discovered the LGA 

coding across the linked datasets was disparate. I proposed a solution for this issue and 

after consultation with my supervisors, a consensus was reached on how to best code 

the variable appropriately for analysis.  

Public Health Impact  

This research aimed to provide local evidence to guide more effective and targeted HBV 

prevention and screening in SESLHD. 
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Abstract 
Objective 

Hepatitis B virus (HBV) remains a public health challenge, with chronic HBV infection 

leading to advanced liver disease complications including decompensated cirrhosis (DC) 

and hepatocellular carcinoma (HCC). Prevention of HBV related DC and HCC relies on 

effective interventions, particularly antiviral therapy, with late diagnosis a missed 

opportunity for their earlier introduction. This study investigated factors associated with 

late HBV diagnosis in a large metropolitan area of Sydney, Australia (South Eastern 

Sydney Local Health District [SESLHD]). 

Methods 
A population-based cohort study used a linked dataset, consisting of notification data for 

HBV, human immunodeficiency virus (HIV) and hepatitis C virus (HCV), and hospital 

admission data. Late diagnosis was defined as HBV notification at or within two years of 

a decompensated cirrhosis (DC) or HCC diagnoses. Cross-tabulation and unadjusted and 

adjusted logistic regression analyses were performed exploring the association of late 

diagnosis with demographic, temporal, geographic, and clinical factors. 

Results 
Between 2002 and 2022, 10,910 individuals in SESLHD were notified with HBV, with 296 

(3%) diagnosed with DC or HCC. Late diagnosis occurred in 102 (34%) of these individuals 

and was more common in females (43%) versus males (31%), individuals born between 

1945 and 1964 (55%), and those born in West/South Asia (43%). Female sex was the only 

factor independently associated with late HBV diagnosis (adjusted odds ratio [aOR] 1.92, 

95%CI 1.08-3.42). There were trends towards associations with late HBV diagnosis for 

birth cohort (≥1965) (aOR 2.02, 95% CI 0.85-4.82), overseas birth (aOR 1.92, 95% CI 0.96–

4.01), history of alcohol use disorder (aOR 2.72, 95% CI 0.86–8.96), and year of DC or 

HCC diagnosis being (aOR 0.57, 95% CI 0.28–1.16 2016-2021 vs 2001-2008). 

Conclusion  
A third of people with HBV related advanced liver disease complications are diagnosed 

late, reducing opportunities for effective interventions. Strategies to enhance earlier 

HBV diagnosis, particularly for women, are required to reduce HBV disease burden and 

advance HBV elimination efforts. These findings underscore the importance of localised 

data-and benefits of data linkage. 
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Introduction 
Hepatitis B is an infection of the liver caused by hepatitis B virus (HBV).1 The infection 

can be acute (short and self-resolving) or chronic (long term).1 Chronic infection can put 

people at risk of death from the sequelae of cirrhosis and liver cancer, with 

approximately 1.1 million deaths attributable globally to decompensated cirrhosis (DC) 

and hepatocellular carcinoma (HCC) in 2022.1, 2 The World Health Organization (WHO) 

estimated that around 254 million people were living with HBV infection globally, with 

only 13.4% diagnosed. 6 

In 2016, the World Health Assembly embraced the Global Health Sector Strategy (GHSS) 

focusing on viral hepatitis and aimed for the elimination of HBV as a public health threat, 

intending to achieve a 65% reduction in mortality (now revised to ≤4 per 100,000 

population per year) and diagnosis target of 90% by 2030.7 CHB is a significant public 

health burden and is now the most prevalent blood-borne viral infection in Australia.8 In 

2021 there were an estimated 200,385 people living with CHB in Australia, representing 

0.8% of the population, with an estimated 73% of those people diagnosed, below the 

2022 National Strategy target of 80%.3 

Without effective interventions such as antiviral therapy, around one quarter of people 

who have CHB will develop HCC or DC, despite being generally asymptomatic.9 

Prognosis for individuals with DC is poor, with a 5-year survival rate ranging from 14% to 

35% and poorer for HCC with 5 year survival of 18-20%.10,11  Prior to these complications, 

CHB often has an extended asymptomatic phase which probably contributes to delayed 

diagnosis.12 This highlights the need for improvements across the cascade of care, 

including screening, early diagnosis, linkage to care, and initiation of treatment.13  

Australia’s Fourth National Hepatitis B Strategy 2023-2030, outlines key drivers of 

adverse HBV outcomes including stigma, racism, discrimination, legal issues and other 

social and structural determinants of health.14 In Australia three-quarters of people with 

CHB are either born overseas or identify as Aboriginal or Torres Strait Islander.3 Country 

of birth is a key predictor of CHB risk.4 With an estimated 70% of all people living with 

CHB in Australia in 2021 born overseas.14 Migration patterns to Australia will continue to 

influence the future population of individuals living with CHB, and potentially influence 

numbers of people diagnosed and national goals of elimination.3, 14 The national strategy 

has highlighted the requirement to comprehensively understand the needs of diverse 

priority populations impacted by hepatitis B across cultural, ethnic, linguistic, social, and 

geographical dimensions.14 The higher prevalence of CHB among those born overseas, 
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combined with evidence that culturally and linguistically diverse communities in 

Australia face broader health care access disparities, highlights the importance of 

targeted health interventions.4 

South Eastern Sydney Local Health District (SESLHD) is one of the most populous local 

health districts in metropolitan Sydney, and home to a diverse population, of which 30% 

of people are from a non-English speaking background.5 With this in mind, local 

measures for CHB case finding and diagnosis need to be tailored to specific populations 

within the district. We used an existing population-based linked dataset comprising all 

HBV notifications made in New South Wales (NSW), to analyse the factors associated 

with late diagnosis of HBV for SESLHD residents through a population-based cohort 

study. The aim of the study was to generate local data to inform targeted initiatives to 

improve the HBV cascade of care in SESLHD, thereby contributing to the monitoring of 

HBV to guide the development of improved prevention strategies.15 

Methods 
Study setting, data sources and record linkages. 

The study used an existing linked data set provided by the Viral Hepatitis Research 

Centre at the Kirby Institute. Data linkage had been undertaken by the NSW Centre for 

Health Record Linkage (CheReL). The data spine comprised all HBV and HCV 

notifications made in NSW as recorded by the NSW Notifiable Conditions Information 

Management System (NCIMS) from 1993. Under the Public Health Act 1991, mandatory 

notification for all individuals with positive HBV serology (HBV surface antigen) and tests 

is required in NSW or HBV deoxyribonucleic acid (DNA) is required in NSW.16 HBV 

notifications were linked using deterministic and probabilistic linkage algorithms, using 

demographic details (including full name, gender, date of birth, and address). between 

notifications and hospitalisations (as recorded by the Admitted Patient Data Collection 

database (APDC) which holds all hospital admission from July 2001). 15 Duplicate HBV 

notifications were excluded from all analyses.  

The APDC includes data from all inpatient admissions in public and private hospitals 

since July 2001. Each record contains demographic, administrative, and diagnostic 

information coded at discharge according to the ICD-10. People living with HIV 

coinfection were identified through the National HIV Registry (NHR), which holds HIV 

notifications since 1985. 

Ethics approval was previously obtained from New South Wales Population and Health 
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Services Research Ethics Committee (PHSREC) (HREC/2019/ETH0177). This project also 

received mutual recognition from the Australian National University Human Research 

Ethics Committee (H/2024/0786). 

Study period 

Linked data was extracted for the following periods: NCIMS (1993-31 March 2022), APDC 

(01 July 2001-2022), NHR (1994-2022). The study period was from 2002 to 2022. 

Study population  

The study population included people with an HBV notification and first hospitalisation 

with DC or HCC from 2002 to 2022 who resided in SESLHD at time of ESLD. The study 

was bound by the geographical area of SESLHD as defined by the 2011 NSW local health 

district (LHD) boundaries, determined by the LHD of residence at time of hospital 

admission (all hospitals regardless of LHD of facility in NSW) and were that was missing 

LHD of residents at time of notification was used. The ICD-10 diagnosis codes used to 

identify hospitalisations occurring as DC and HCC are presented in Appendix II. 

Study outcome 

The primary study outcome of interest was late diagnosis (no, yes) of HBV, as defined by 

a HBV notification after, at the time of, or within 2 years before DC or HCC diagnosis. 

Exposure variables 

The primary variable of interest was late HBV diagnosis among people with DC or HCC 

hospitalisation, during the study period (2002-2022). Other variables of interest were age 

at HBV notification (categorised into birth cohorts, ≤1944, 1945-1964, ≥1965), sex (male, 

female, missing/unknown), local government area (LGA) of residence (Bayside, Georges 

River, Randwick, Sutherland Shire, Sydney, Waverley, Woollahra), country of birth and 

history of alcohol use disorder (AUD). History of AUD (no, yes) was defined as any AUD- 

related hospitalisation occurring before HBV notification. AUD is a standard term used to 

define continued drinking despite adverse mental and physical consequences. AUD was 

defined according to hospitalisation with any of the ICD-10 codes as shown in Appendix II. 

Country of birth was grouped by regions (Africa, Americas/Europe/New Zealand, 

Australia, Oceania/East Asia, West/South Asia, Unknown), to support local public health 

policy planning, but was collapsed to be Australia/Overseas analysis in the regression. 

People with unknown country of birth were removed from the regression, following 

consultation with a statistician.  

The study period was sub-divided based on key stages of HBV treatment and prevention, 



Chapter IV – Factors associated with delayed diagnosis of HBV in SESLHD 

 Page | 125 

2001-2008 (prior to broad access to highly effective antiviral therapy), 2009-2015 (highly 

effective antiviral therapy), and 2016-2022 (elimination era). 

Statistical analysis 

Descriptive statistics including means and standard deviations (SD) were calculated for 

continuous variables that were normally distributed. Medians and interquartile ranges 

(IQR) were calculated where a continuous variable was not normally distributed. 

Frequencies with percentages were calculated for categorial variables.  

Logistic regression was used to assess factors associated with late diagnosis, adjusting 

for potential confounding from all other variables, reported as adjusted odds ratios (aOR) 

with 95% confidence intervals (95%CI). Univariate analysis was conducted and used to 

calculate unadjusted OR, assess for statistical significance (p <0.05), examine SD’s and 

95% CI’s for individual variables. A backward elimination approach was employed, where 

all exposure variables were included in the initial regression model and removed one-by-

one, model fit assessed using the likelihood ratio test (LRT). Variables with clinical 

significance were retained in the final model even if they did not meet statistical 

significance in the univariate analysis. A statistician was consulted throughout the 

process and provided guidance in finalising the model to ensure both statistical rigor and 

clinical relevance.  

The linked dataset was cleaned in the STATA v18.0 software (College Station, TX, USA). 

R statistical software, version 3.4.2, were used for all other analyses.17 

Results  

HBV notified population in SESLHD and study participants 

Between 2002 and 2022, there were 10,910 individuals with an HBV notification in 

SESLHD. The median age for all notifications was 35 years (interquartile range 28-47). 

Overall, 54% of individuals were male, 14% were born in Australia, 36% were born in 

West/South Asia and 24% resided in Georges River LGA. Additionally, 86 people (1%) had 

a history of AUD (Table 1). We found no individuals in our cohort diagnosed with HIV or 

HCV coinfection. 

Of individuals with an HBV notification, 296 (3%) had a diagnosis of ESLD, based on first 

hospitalisation for DC or HCC. The median age was 51 years (interquartile range 42-61 

years), with most ESLD cases in individuals between 35 and 70 years (Figure 1). Males 

accounted for 74% of people diagnosed with ESLD, with a comparison of characteristics 

by sex in Appendix I. A higher proportion of individuals with ESLD were born in 
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West/South Asia (46% vs. 36%) and had a history of AUD (5% vs.1%) compared to all HBV 

notifications. Geographically, Georges River (23%) and Bayside (22%) LGAs contributed 

the largest proportions of people with ESLD (Table 1)  

Late diagnosis among people with HBV-ESLD 

Of the 296 people with ESLD in this study, 102 (34%) had a late HBV diagnosis. Among 

those with late HBV diagnosis the median age was 57 years (interquartile range 28-87 

years). Although males constituted 68% of late diagnoses among those with ESLD, but 

females had a higher proportion with late diagnosis compared to males (43% vs. 31%) 

(Figure 2). Individuals born between 1945 and 1964, represented 55% of late diagnoses, 

compared to people born before 1945 (23%) and after 1964 (23%). West/South Aisa was 

the country of birth region that contributed the largest proportion (43%) of people with a 

late HBV diagnosis. Among those with late HBV diagnosis more people had a history of 

AUD (9%) compared to all those with ESLD (9% vs. 5%) (Table 1). 

Factors associated with late diagnosis among people with HBV-ESLD 

The only factor independently associated with late HBV diagnosis among people with 

HBV-ESLD was female sex (adjusted OR [aOR] 2.14, 95% CI 1.17–3.94). There were trends 

towards associations with late HBV diagnosis for birth cohort (≥1965) (aOR.2.02, 95% CI 

0.85-4.82), overseas birth (aOR 1.92, 95% CI 0.96–4.01), history of AUD (aOR 2.72, 95% CI 

0.86–8.96), and year of ESLD diagnosis being (aOR 0.57, 95% CI 0.28–1.16; 2016-2021 vs. 

2001-2008)(Table 2)  
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Table 1 Demographic characteristics of people with a hepatitis B (HBV) notification in SESLHD 
(2002-2022), overall and among those with HCC/DC and a late HBV diagnosis (n =10, 910)* 

Characteristics 

All HBV notified HCC/DC 
HBV late 

diagnosis 

N (%)* N (%)^ N (%)^ 

Total  10,910  296 (3%) 102 (34%) 

Sex Male 5,909 (54%) 220 (4%) 69 (31%) 

 Female 4,950 (45%) 76 (2%) 33 (43%) 

 Not Stated/Unknown 51 (0%)   

Age (yrs.) Age at HBV notification, median (IQR) 35 (28-47) 51 (42-61) 57 (28-87) 

Birth Cohort ≤1944 871 (8%) 79 (9%) 23 (29%) 

 1945-1964 3,659 (34%) 166 (5%) 56 (34%) 

 ≥1965 6,379 (58%) 51 (0%) 23 (45%) 

Local Government 
Area (LGA) Bayside 2,111 (19%) 65 (3%) 21 (32%) 

 Georges River 2,583 (24%) 69 (3%) 26 (38%) 

 Randwick 1,533 (14%) 43 (3%) 14 (33%) 

 Sutherland Shire 749 (7%) 26 (4%) 8 (31%) 

 Sydney 2,121 (19%) 40 (2%) 20 (50%) 

 Waverley 421 (4%) 10 (2%) 3 (30%) 

 Woollahra 321 (3%) 4 (1%) 2 (50%) 

 LGA outside of SESLHD 1,071 (10%) 39 (4%) 8 (21%) 

Year of DC/HCC 
Diagnosis 2001-2008  91 (31%) 38 (42%) 

 2009-2015  113 (38%) 38 (34%) 

 2016-2021  92 (31%) 26 (28%) 

Country of Birth Africa 75 (1%) 6 (8%) 4 (67%) 

 Americas, Europe, New Zealand 726 (7%) 58 (8%) 21 (36%) 

 Australia 1,497 (14%) 65 (4%) 17 (26%) 

 Oceania/East Asia 212 (2%) 20 9%) 12 (60%) 

 West/South Asia 3,908 (36%) 135 (3%) 44 (33%) 

 Unknown 4,492 (41%) 12 (0%) 4 (33%) 

Alcohol Use Disorder 
(AUD) No 10,824 (99%) 280 (3%) 93 (33%) 

 Yes 86 (1%) 16 (19%) 9 (56%) 

*Percentages are shown as column percentages 
^Percentages are shown as row percentages 
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Figure 1 Age (years) distribution among people with DC/HCC by late CHB diagnosis in SESLHD, 
2002-2022 (n=296) 

Figure 2 Distribution of late HBV diagnosis by sex of people with DC/HCC in SESLHD, 2002-2022 
(n=296) 
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Table 2 Logistic regression (unadjusted and adjusted), evaluating factors associated with late 
HBV diagnosis among people with a diagnosis of decompensated cirrhosis (DC) or hepatocellular 
carcinoma (HCC) in SESLHD, 2002-2022 (n=296 

  Late Diagnosis/ 
HCC-DC 

Unadjusted Adjusted 

Characteristics n/N (%) OR (95% CI) p-value OR (95% CI) p-value 

Sex Male 69/220 (32%) Reference  Reference  

Female 33/76 (68%) 1.68 (0.98, 2.87) 0.06 2.14 (1.17, 3.94) 0.01 

Birth Cohort ≤1944 23/79 (29%) Reference  Reference  

1945-1964 56/166 (34%) 1.24 (0.70, 2.24) 0.47 1.54 (0.81, 3.00) 0.19 

≥1965 23/51 (45%) 2.00 (0.96, 4.20) 0.06 2.02 (0.85, 4.82) 0.11 

Local Government 
Area (LGA) 

Sutherland Shire 8/26 (31%) Reference  Reference  

Georges River 26/69 (38%) 2.34 (0.97, 6.16) 0.06 1.34 (0.49, 3.86) 0.57 

Sydney-Waverley-
Woollahra 

25/54 (46%) 3.34 (1.34, 9.01) 0.01 1.66 (0.59, 4.93) 0.34 

Bayside 21/65 (32%) 1.85 (0.75, 4.94) 0.19 0.78 (0.28, 2.3) 0.64 

Randwick 14/43 (33%) 1.87 (0.70, 5.3) 0.22 0.99 (0.34, 3.05) 0.98 

Year of diagnosis 2001-2008 38/91 (42%) Reference  Reference  

2009-2015 38/113 (34%) 0.71 (0.40, 1.25) 0.23 0.74 (0.38, 1.40) 0.35 

2016-2021 26/92 (28%) 0.55 (0.29, 1.01) 0.05 0.57 (0.28, 1.16) 0.12 

Country of Birth Australia 17/65 (26%) Reference  Reference  

Overseas 81/231 (35%) 1.6 (0.88, 3.03) 0.13 1.92 (0.96, 4.01) 0.07 

Alcohol use disorder No 93/280 (33%) Reference  Reference  

Yes 9/16 (56%) 2.58 (0.94, 7.44) 0.06 2.72 (0.86, 8.96) 0.08 

Discussion  
Our study identified important patterns in ESLD (DC and HCC), and late HBV diagnosis in 

SESLHD. Between 2002-2022 the overall number of ESLD cases declined and most 

cases were born between 1945 and 1964 and, predominantly male, and more likely to 

have a history of AUD. A third of people with first hospitalisation for ESLD had a late HBV 

diagnosis within two years of this clinical presentation. This late HBV diagnosis was 

associated with female sex, despite a majority of all cases being male. There were also 

trends towards associations with late HBV diagnosis, including for people born overseas. 

These findings will assist in informing local public health policy and practice. 



Chapter IV – Design and conduct and epidemiological study 

 Page | 130 

Data linkage has enhanced our ability to assess disease severity and identify risk factors 

for late HBV diagnosis within the SESLHD. Through the linkage of administrative 

datasets including HBV notifications and hospitalisations, we have been able to gain 

valuable insights into the characteristics of individuals diagnosed later with HBV. This 

methodology demonstrates the power of linked data as a tool for health planning, 

enabling and considering a wide range of risk factors and improving the ability to capture 

hard-to-reach populations. 18 The use of linked data for this research has allowed for a 

focused analysis of SESLHD by combining patient characteristics from multiple sources, 

enriching the dataset and enabling a more nuanced investigation of population 

demographics for public health interventions. 

Despite the strengths of using a linked data source, we acknowledge several study 

limitations. Firstly, HBV notifications in NSW are based on HBV serology and other 

markers (HBV DNA) that demonstrate active HBV infection rather than chronic HBV 

infection, although the vast majority would be expected to have chronic infection. 

Secondly, we relied on hospital coding data to diagnose DC and HCC, which may have led 

to either over-diagnosis or under-diagnosis, due to potential misclassification. Thirdly, 

administrative data used to define AUD has limited sensitivity, with reports indicting only 

68% sensitivity and 97% for detecting heavy alcohol intake. 19 Fourth, discrepancies were 

found when coding LHD and LGA due to incomplete data, with the APDC showing a 

higher proportion of LGA misclassification compared to the notification data. This could 

have led to an over or under representation of certain LGAs. To address this, we used 

notification data for coding LGA because it was more complete, while APDC data was 

used for LHD coding as it was considered to retain more current patient information, 

thereby improving our analysis. Fifth, country of birth data was unavailable for a large 

proportion (41%) of individuals with an HBV notification. In the analysis people with an 

unknown country of birth were removed from the adjusted model (n=12). Lastly, we 

acknowledge that there were small numbers being analysed in the regression, therefore 

this may impact the statistical significance and perhaps a larger sample could show 

more factors that are associated with late HBV diagnosis that are statistically significant. 

Our study revealed that although males made up most of the cohort and people with late 

diagnosis, a higher proportion of females with ESLD had late HBV diagnosis. While this 

may seem surprising, it aligns with existing research showing that outcomes often differ 

by sex in HBV. 20 In New South Wales all pregnant women must be offered screening for 

HBV, but our findings suggest that older women, particularly those born overseas, may 

fall outside this screening, resulting in missed diagnosis opportunities. 21 This situation 
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raises a question of equity in SESLHD. Research shows that women are often under-

represented in HBV-related clinical care and translational studies, potentially 

contributing to gaps in timely diagnosis and care. 20 Addressing these disparities is 

crucial for more inclusive research and tailored interventions, which could improve 

screening, treatment, and resource allocation.  

Although our study did not show an independent association between country of birth 

and late HBV diagnosis among those with ESLD, we believe this remains an important 

factor to consider in future screening and prevention strategies. Australia’s hepatitis B 

population continues to grow, not only due to new domestic diagnoses but also because 

of individuals who acquired their infection in their country of birth before migrating. 9 

Given the high rates of HBV among overseas-born populations, especially from regions 

with high endemicity, targeting these communities through culturally tailored screening 

programs could improve early diagnosis and reduce the burden of late-stage disease. 9, 22, 

23  

Conclusion 
Our study identified that a third of people with first hospitalisation for ESLD in SESLHD 

had a late HBV diagnosis, with female sex independently associate with late HBV 

diagnosis. Late HBV diagnosis proportion did vary geographically, with some specific 

LGAs being over-represented. Although we did not find a significant association between 

country of birth and late diagnosis, this remains a critical consideration for future public 

health interventions, given the large proportion of people born overseas in SESLHD. 

Targeting high-risk groups through culturally tailored screening and prevention 

programs could help to reduce the burden of late diagnosis of HBV. These findings 

underscore the importance of localised, data-informed strategies to improve early HBV 

diagnosis and prevention efforts contributing to the wider goal of HBV elimination. 
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Recommendations  
1. Enhance targeted screening programs: Develop culturally tailored screening 

initiatives for high-risk groups, such as overseas born populations with high HBV 

endemicity. This can help improve early diagnosis and reduce the risk of ESLD.  

2. Increase awareness and access to screening for women: Given the higher 

proportion of late CHB diagnoses among women, there is a need for targeted 

outreach to ensure these groups are adequately screened. Expanding efforts 

beyond standard antenatal screening to include older women could help address 

potential missed diagnoses. 

3. Localised public health strategies: Using the associations with LGAs to inform 

local public health policies, resources and interventions to areas within the 

District with higher rates of CHB late diagnosis can be supported. This approach 

could improve the efficiency of prevention and treatment programs. 

4. Monitor and adapt strategies based on local epidemiology: Regularly assess and 

updated local prevention and treatment strategies based on surveillance data. 

This will aid the adaptation of interventions to changing patterns in HBV 

diagnoses and ensure alignment with the goals towards HBV elimination.  
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Appendix I  
Additional tables and figures 

Table 3 Frequency and percentage of individuals with DC/HCC by birth cohort and sex. (n =296) 

Birth Cohort Female n (%) Male n (%) 

≤1944 23 (30%) 56 (25%) 

1945-1964 41 (54%) 125 (57%) 

≥1965 12 (16%) 39 (18%) 

Total 76 (100%) 220 (100%) 

 
 
Table 4 Frequency and percentage of individuals with DC/HCC by local government area (LGA) 
and sex. (n =296) 

Local Government Area (LGA) Female n (%) Male n (%) 

Bayside 21 (28%) 44 (20%) 

Georges River 20 (26%) 49 (22%) 

Randwick 11 (14%) 32 (15%) 

Sydney-Waverley-Woollahra 9 (12%) 45 (20%) 

Sutherland Shire 7 (9%) 19 (9%) 

LGA outside of SESLHD 8 (11%) 31 (14%) 

Total 76 (100%) 220 (100%) 

 
 

Table 5 Frequency and percentage of individuals with DC/HCC by country of birth and sex. (n 
=296) 

Country of Birth Female n (%) Male n (%) 

Australia 12 (16%) 53 (24%) 

Americas, Europe, New Zealand 15 (20%) 43 (20%) 

Africa 2 (3%) 4 (2%) 

Oceania/East Asia 9 (12%) 11 (5%) 

West/South Asia 33 (43%) 102 (46%) 

Unknown 5 (7%) 7 (3%) 

Total 76 (100%) 220 (100%) 
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Table 6  Frequency and percentage of individuals with DC/HCC by year of DC/HCC diagnosis and 
sex. (n =296) 

Year of Diagnosis Female n (%) Male n (%) 

2001-2008 23 (30%) 68 (31%) 

2009-2015 25 (33%) 88 (40%) 

2016-2021 28 (37%) 64 (29%) 

Total 76 (100%) 220 (100%) 

 
 

Table 7 Frequency and percentage of individuals with DC/HCC by alcohol use disorder (AUD) and 
sex. (n =296) 

Alcohol Use Disorder (AUD) Female n (%) Male n (%) 

Yes 2 (3%) 14 (6%) 

No 74 (97%) 206 (94%) 

Total 76 (100%) 220 (100%) 
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Appendix II  
ICD-10 codes used for categorising alcohol use disorder 

ICD-10 Code Description 

Z71.4 Alcohol abuse counselling and surveillance 

I42.6 Alcoholic cardiomyopathy 

E42.6 Alcohol-induced pseudo-Cushing’s syndrome 

G72.1 Alcoholic myopathy 

G62.1 Alcoholic polyneuropathy 

Z50.2 Alcohol rehabilitation 

G31.2 Degeneration of nervous system due to alcohol 

F10 Mental and behavioural disorders due to alcohol 
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Chapter: V 
Evaluate a surveillance system 

 

Enhancing Tuberculosis (TB) Contact Screening: An evaluation of TB surveillance 
systems and TB contact outcomes in South Eastern Sydney Local Health District. 
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Prologue 
Rationale 

Evaluation of tuberculosis (TB) contact data has not previously been undertaken in South 

Eastern Sydney Local Health District (SESLHD). Understanding the relative performance 

of the multiple data systems, and the issues associated with each one, will enable 

current data to be better understood and may suggest more efficient ways to use 

existing systems. It will also inform the development of future surveillance systems for 

TB contact data. We evaluated the data collection process for TB contact data in 

SESLHD and assessed the data quality of contact data in the local TB clinical system and 

the state surveillance system, Notifiable Conditions Information Management System 

(NCIMS). 

My Role 

As this project had been proposed at the District level, I was responsible for all aspects, 

from the data collection to the analyses and the collation and distribution of results. I 

was responsible for the development of the project proposal. I coordinated meetings with 

the local TB clinic both remotely and in person. I was responsible for the development of 

data collection tools and templates and managing the data in an effective and 

appropriate way. Prior to data collection I created a data collection template which 

would provide for easier analysis of the data. I ensured all data was de-identified and 

stored in a secure manner. I conducted all the analyses and sought frequent feedback 

and guidance from my supervisors. 

Lessons Learnt 

TB contact data is complex! TB follow-up is complex! The data is quite diverse as there 

are so many pathways a contact can take in their follow-up journey, which makes it 

challenging to collate the data in a manner that is easily summarised for clear and useful 

interpretation. The respect I have for not only the disease but also the people who work 

in the field only continues to grow as I further develop my skills and knowledge in TB. I 

was grateful for having developed some experience in TB contact follow-up during my 

outbreak investigation prior to undertaking this project. This meant I had a foundational 

understanding of the mechanisms of contact follow-up and experience in collecting 

contact tracing data, which ensured I could create a robust data collection template that 

would make the analysis slightly easier. Although, I think my epidemiology skills also 

helped with this, as I ensured I collected the data in a way that would benefit the 

analysis, despite any incomplete data there might be. 
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Public Health Impact 

The public health impact of this study stems from its identification of critical gaps and 

inconsistencies in TB contact data collection and reporting, which are essential for 

effective TB surveillance and control efforts. By highlighting discrepancies between 

local clinical systems and state epidemiological surveillance systems, as well as 

challenges faced by clinical staff in maintaining accurate data entry, the evaluation 

underscores the need for improvements in the accuracy, consistency and efficiency of 

TB contact tracing data. Enhanced data quality will allow for better monitoring of TB 

transmission, more effective follow-up with contacts and improved evaluation of 

prevention efforts. Ultimately, addressing these issues will support timely interventions, 

reduce the spread of TB, and contribute to stronger public health outcomes by ensuring 

that TB case and contact data are managed more effectively.  
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Abstract 
Introduction 

TB contact screening is essential for tuberculosis (TB) elimination in low-incidence 

countries like Australia. Contact tracing helps detect TB disease and TB infection, 

supporting treatment and follow-up. However, the District’s TB data is collected through 

unconnected systems, creating the potential for inefficiencies and inaccuracies in 

surveillance and reporting. This evaluation aimed to assess the performance and data 

quality of these systems to improve TB contact data management and inform future 

surveillance enhancements. 

Methods 
Flowcharts were created to describe the data follow-up process. From the state 

Notifiable Conditions Information Management System (NCIMS), we extracted laboratory 

confirmed pulmonary TB case data for cases reported between 1 January 2022 and 30 

June 2023. Contact follow-up data for these cases was extracted from the local chest 

clinic records and electronic medical records. Data were compiled, and cross-referenced, 

and NCIMS data was compared with clinic data. A descriptive analysis was performed, to 

assess data quality. Descriptive analyses assessed follow-up durations, screening rates, 

and contact pathways. 

Results 
The comparison between NCIMS and the local chest clinic identified errors in the 

accuracy of contact follow-up data. While NCIMS showed 100% data completeness for 

mandatory fields, local clinic records were often incomplete, due to primary use of 

electronic medical records (eMR) instead of contact line lists. Data entry errors in NCIMS 

included misclassifying TB cases as contacts and inaccuracies in tuberculin skin test 

(TST)/interferon-γ gamma release assay (IGRA) results. Follow-up data in NCIMS was not 

always updated when contact screening extended beyond the reporting period, leading 

to inconsistencies between the two systems in terms of accurate contact tracking and 

outcomes. 

Discussion 
The evaluation revealed discrepancies between NCIMS and local clinic TB contact data, 

including classification errors and incomplete documentation. Clinic staff reported 

difficulty in finding time away from clinical care to do manual surveillance data entry. 

Clearer guidelines and integrated systems are needed to ease reporting requirements 

for clinic staff, streamline data collection, and support accurate surveillance of TB.
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Introduction 

The screening of tuberculosis (TB) contacts is a priority action area as part of the World 

Health Organization’s Action Framework Towards TB Elimination for Low-Incidence 

Countries.1 TB contacts are people who have close contact with patients with infectious 

TB (TB disease) and are at high risk of infection.2 Contact tracing of TB disease aims to 

identify cases of both TB disease and TB infection (also referred to as latent tuberculosis 

infection (LTBI)) and provide adequate treatment and follow up.3 Contact tracing of TB 

supports the ongoing drive for TB elimination, specifically in low-incidence settings such 

as Australia.3 In New South Wales (NSW), contact management, including tuberculin skin 

tests (TST) and preventative therapy for TB infection is guided by NSW Health policy 

directives.4 

In NSW, TB contact investigations are undertaken by TB services (chest clinics) within 

each Local Health District (LHD) and supported by public health units (PHU) where 

requested by the chest clinics, or when significant public health risks occur.5 The 

screening process for TB involves notifying identified contacts via phone, email, or letter, 

with all attempts documented in the contact’s medical record.5 Once contacted, contacts 

are informed of their exposure, and offered assessment and screening, which is of no 

cost to them if performed through the public hospital system.5 If initial contact is 

unsuccessful, guidelines dictate that three attempts must be made, using methods such 

as phone calls, SMS and registered mail, with provisions for translation if required.5 

Contacts ideally undergo screening at two time periods: baseline testing within two 

weeks of their last exposure to the infectious case, and follow-up “break of contact” 

testing after 8 to 12 weeks. This allows assessment of conversions in this time period, 

suggesting recent exposure.5 However, if the baseline testing is not able to be 

performed in the required timeframe, only a one-off screening in performed. 

Screening assesses for TB disease through symptom evaluation, and TB infection using 

TST or interferon-γ gamma release assay (IGRA), depending on the contact’s history.5 

Positive results lead to further evaluation with a chest X-Ray (CXR) and assessment by a 

TB clinician. People with evidence of TB infection may be recommended treatment or 

CXR surveillance.5 

South Eastern Sydney Local Health District (SESLHD) is one of the largest health 

districts in metropolitan Sydney, covering a geographical area of 468 square kilometres, 

and containing four chest clinics.6 In 2021 there were 90 cases of TB notified among 

SESLHD residents, making up 16% of the 558 cases notified in NSW and a rate of 9.3 per 
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100,000 people per year.7 

Data on contacts of people with TB is important to inform service planning, policy 

development, and TB control efforts. Currently, data on TB contacts is collected across 

disparate systems in SESLHD: the local TB (chest) clinical systems – which varies 

between chest clinics in the District – and the state Notifiable Conditions Information 

Management System (NCIMS). They do not connect and have different purposes, 

including clinical management, medical record keeping, and public health surveillance. 

Anecdotally, this is known to create challenges in the efficiency, accuracy, and 

timeliness of TB contact surveillance data that is recorded in NCIMS and used for routine 

public health reporting. We also assessed the mandatory reporting fields in NCIMS for 

completeness. 

Evaluation of the TB contact data system has not previously been undertaken in 

SESLHD. Understanding the relative performance of the multiple data systems, and the 

issues associated with each one, will enable current data to be better understood and 

may suggest more efficient ways to use existing systems. This evaluation was partially 

prompted by a report distributed to LHDs by the Ministry of Health (MoH), reporting on 

contact tracing completeness as per NCIMS data, and a desire to compare this to clinic 

records. 

We assessed the data collection process for TB contact data in SESLHD, focusing on the 

quality of NCIMS surveillance data, compared with the local TB clinic records. The main 

objectives of this evaluation were to evaluate the data quality of NCIMS surveillance 

data by comparing it to the local TB clinic data, and to analyse the points at which 

contacts drop out of the TB screening pathway. Strengthening these data systems is 

essential to enhancing TB contact tracing and management, ultimately supporting more 

effective control and prevention of TB transmission across the District. 

Methods 

Site selection 

All four TB services (chest clinics) within SESLHD have differing local systems. For this 

evaluation, we used the chest clinic with the greatest annual notifications of TB, the 

South clinic. 

Describe the structure of the surveillance system 

Meetings were conducted with clinic staff to introduce the evaluation and agree on the 

project scope. Site visits to the clinic were conducted to document the processes for 
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follow-up of TB cases and their contacts, as well as to clarify the roles and 

responsibilities of the PHU and local chest clinic in the evaluation. 

During the site visit, the clinical nurse consultant (CNC), who manages the data entry into 

NCIMS, provided a detailed walkthrough of the processes followed when a TB case is 

notified to the clinic. This included how contacts are identified, how their information is 

managed, how contacts are followed up, and the procedures for data collection. The CNC 

further explained how data is entered into NCIMS, outlining each stage of the process. 

Additionally, areas that were identified as time consuming, challenging or inefficient 

were discussed, offering insights into potential areas for improvement. 

Attributes of the surveillance system 

Data quality 

The NSW TB program was consulted to determine the mandatory reporting fields, and 

the method used to calculate contact screening outcomes, that are used for quarterly 

and yearly reporting. The mandatory reporting fields (Table 2) and proportions calculated 

for quarterly and annual reporting, enabled the comparison of the proportion of contacts 

recorded in the local clinic data for each TB case and the corresponding NCIMS record. 

Local clinic data were compared to NCIMS, using the local chest clinic data as the ‘gold 

standard’ reference. All laboratory confirmed positive pulmonary TB case data within the 

local chest clinic jurisdiction was extracted from NCIMS between 1 January 2022 and 30 

June 2023. A data extraction template was developed to retrieve cases and their 

associated contacts from local chest clinic databases. In instances where contact follow-

up information was incomplete, electronic medical records (eMR) were consulted. For 

cases involving large-scale contact screening beyond the local clinic’s jurisdiction, 

follow-up was conducted with other chest clinics across the state. 

Data were compiled into two line lists: one for TB cases and their aggregate contact 

numbers (allowing for comparison to NCIMS contact summaries), and another for 

individual contacts of each case, which were cross referenced by the cases’ unique 

NCIMS number. Data cleaning and analysis were performed using R statistical software 

(version 4.3.2).8 

A flow chart was developed to illustrate the overall data sources used for TB contact 

follow-up. Descriptive analysis was performed on the TB cases using both NCIMS and 

local chest clinical systems data, to calculate median and means for continuous 

variables, and frequencies and percentages for categorial variables. Number of contacts 

and duration of contact follow-up for each case was calculated using the local chest 
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clinic data. Duration of follow-up (days) for each case was calculated from date of 

notification in NCIMS to the date the last contact of that case completed follow-up (if 

available) from the local chest clinic data. If NCIMS was missing any demographic 

information for the cases, then the local chest clinic data was used.  

Outcome of individual contact screening 

The individual contact line list from the local chest clinic was analysed to calculate the 

proportions of contacts identified, contacted and screened as well as the duration of 

follow-up based on prescribed screening pathways. A separate flow chart was created to 

depict the individual contact follow-up pathways. Descriptive analysis of contacts 

demographic features was performed, with means and standard deviations (SD) 

calculated for continuous variables where data is normally distributed and median and 

interquartile range (IQR) for non-normal distributions. Frequencies and percentages were 

calculated for categorical variables. Duration of follow-up for each contact was 

calculated from the date of first contact attempt made with each contact to the date of 

last follow-up with the clinic or upon completion of screening. 

Results  

Structure of the surveillance system 

Local chest clinic data 

Consultation with the local chest clinic showed that cases of TB are entered into NCIMS 

via automatic electronic laboratory record (ELR) notification. The clinic then creates a 

folder within their local shared drive and initiates a contact line-list for each case. The 

contact line list template was developed by the NSW TB program and is provided to all 

chest clinics in the state. Following interview/s with the case, contacts identified are 

entered into the contact line list, regardless of if personal information or contact details 

are available for the contact. The contacts are then contacted and if a name, date of birth 

and contact information is provided by the contact, the local chest clinic then creates an 

eMR record for the contact. Each contact attempt of an identified contact is recorded on 

the contact line list and in eMR (if one has been created). The follow-up of that contact is 

then recorded on the case’s contact line list, including test date and results, outcomes of 

screening and if preventative treatment was commenced/completed, in addition to the 

contact’s eMR. Where contact follow-up exceeded 12 weeks, it was found that the 

contact-line list was often not updated by the local chest clinic and only eMR was 

completed for the contact, with eMR becoming the main source of contact follow-up 

information. 
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NCIMS TB surveillance 

The objectives identified for the collection of TB contact data in NCIMS were to monitor 

and evaluate the effectiveness of contact tracing, facilitate early diagnosis and 

management of contacts, assess treatment outcomes, support epidemiological 

surveillance and reporting, and ensure compliance with state and national guidelines. 

Each TB case is required to be entered into NCIMS, this is routinely done via ELR. 

However, on occasion this can also be done manually by chest clinic staff, the local PHU 

or the NSW TB program. TB contacts are not entered as individual records. For each 

case, a summary of the contact tracing is required to be entered. This summary data 

included the number of contacts identified, number of contacts screened, number of 

contacts with active TB (TB disease), number of contacts with a single positive TST/IGRA, 

number of contacts with a TST/IGRA conversion at the end of contact screen, number of 

contacts commenced on CXR surveillance, number of contacts commenced on 

preventative treatment, number of household contacts which are children under five 

years, number of household contacts screened that are children under five years, 

number of household contacts with a positive TST/IGRA that are children under five 

years, and number of household contacts commenced on preventative treatment that are 

children under five years. 

To complete the summary data for contacts of a TB case, the local chest clinic uses the 

contact line list created for each case. The contact line list is preformatted on the first 

tab to display these summary figures for the clinic. The fields on the first tab are 

calculated based on data entered on the proceeding tab, the contact line list. The data 

entry for contacts into NCIMS must be completed quarterly, which is determined by the 

notification date of a case. In instances where the contact follow-up continues beyond 

the quarterly (~90 days) reporting time frame, for example, if a contact was placed on 

annual CXR surveillance or responded to the clinic months later, the contact summary 

data in NCIMS is not retrospectively updated by the local chest clinic. 

 Figure 1 illustrates this data flow process between each of the surveillance and data 

systems 

Comparison of contact data from the two systems 

Tuberculosis cases and contact summary 

Twenty-nine cases of pulmonary TB occurred in the study period and were included in 

the analysis. Contact data for these cases was collated from NCIMS and the local chest 

clinic. From the 29 cases there were 167 contacts obtained from the local clinic data. Of 

167 contacts from the clinic data, demographic characteristics and outcomes of 159 were 
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able to be included in the analysis of outcomes. Data for eight contacts followed up by 

another LHD clinic were not reported back to the chest clinic so were not able to be 

included in the individual contact follow-up outcomes, only aggregate data was reported, 

thus they are excluded from descriptive characteristics analysis for the 29 cases. Of the 

29 cases 22 (76%) contacts were male and 7 (24%) were female. Twenty-eight (97%) of 

the cases were newly diagnosed and one (3%) was a recurrence (relapse or re-infection) 

following partial treatment overseas. The mean age for TB cases was 50 years (standard 

deviation [SD], 21 years). The median number of contacts for each TB case was 2 

(interquartile range [IQR], 1-4). Most TB cases were born overseas, with the most common 

countries being Nepal (31%) and China (excludes SARs and Taiwan) (28%). The median 

duration for contact follow-up to be completed for each case was 204 days, with a range 

of 16-363 days and IQR of 98-253 days (Table 1). 

. 
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 Figure 1 Flow chart of data flow process for a single TB case and their contacts and the associated surveillance and data systems and data entry points 
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Data quality 

The comparison between NCIMS and the local clinic data showed discrepancies across 

all mandatory reportable fields (Table 2). Data completeness was 100% for all reportable 

mandatory fields in NCIMS. However, there were discrepancies in what is reported in 

NCIMS compared to the local clinic data. Data completeness was unable to be calculated 

for the local chest clinic data as they did not solely use the contact line list. 

The discrepancies observed in the mandatory reportable fields in NCIMS and the local 

clinic data, as shown in Table 2, were reviewed in the local chest clinic line lists, which 

showed errors in the translation and entry of the data from the line lists into NCIMS. In 

two of the cases, there were five contacts who were identified as contacts, when they 

were diagnosed TB cases (recorded in contact line list as ‘Positive on previous TB test’). 

Four of these TB cases were household members, and one was from the workplace. It is 

likely that the previously known TB case was the index case and therefore should not 

have been included in the contact screening numbers or follow-up. We also found that 

these TB cases were recorded in the contact counts as positive on initial TST/IGRA and 

commencing CXR surveillance in NCIMS.  

Two of the 29 TB cases had contacts in NCIMS as positive on initial TST/IGRA, but in the 

clinic line list they were recorded as having a negative TST/IGRA on baseline and a 

positive break of contact (BOC) TST/IGRA. This should have been entered as a 

TSTS/IGRA conversion. There was one instance of a TST/IGRA conversion in NCIMS when 

it should have been recorded as a single positive TST/IGRA. Another data entry error was 

where a case had four contacts recorded in NCIMS as commencing CXR surveillance, but 

in the clinic line list it is shown two had a one off CXR as part of their screening and two 

declined an IGRA so were commenced on CXR surveillance. Of the remaining two 

contacts who proceeded with an IGRA, one was positive and the other negative, which 

was correctly recorded in NCIMS. The other example of this same data entry error was 

where a case had a contact recorded in NCIMS as commencing CXR surveillance, but in 

the clinic line list, the contact is recorded as having a one off CXR, not being placed on 

CXR surveillance, in addition to a positive IGRA. On review of the NSW TB Data Dictionary 

for NCIMS is it not clear if this field is for contacts who decline a TST/IGRA and were 

commenced on CXR surveillance or for contacts who had a positive TST/IGRA and 

declined preventative treatment and were placed on CXR surveillance.9  

Table 1 Descriptive characteristics of TB cases obtained from NCIMS and local clinic data from a 
chest clinic in SESLHD, 1 January 2022 to 30 June 2023 (n = 29) 

Descriptive characteristics   N (%) 



Chapter V – Enhancing TB Contact Screening 

 Page | 153 

Sex Male 22 (76%) 

 Female 7 (24%) 

Age (yrs.) Mean (SD) 50 (21) 

 Range 22-97 

Number of contacts Median (IQR) 2 (1-4) 

Range 0-16 

Contact follow-up duration (days) Median (IQR) 204 (98-253) 

Range 16-363 

Country of birth Australia 1 (3%) 

Bosnia and Herzegovina 1 (3%) 

India 1 (3%) 

Indonesia 1 (3%) 

Korea, Republic of (South) 1 (3%) 

New Zealand 1 (3%) 

Malaysia 3 (10%) 

Philippines 3 (10%) 

China (excludes SARs and Taiwan) 8 (28%) 

Nepal  9 (31%) 

SD = standard deviation, IQR = interquartile range 
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Table 2 Comparison of NCIMS mandatory reporting fields to local chest clinic data for 29 TB 
cases, SESLHD, 1 January 2022 to 30 June 2023 

TB = tuberculosis, TST = tuberculin skin test, IGRA = interferon-γ gamma release assay, CXR = chest X-ray 
surveillance 
*Gold standard 

Reportable field 
NCIMS  

N (%) 

Local Chest Clinic*  

N (%) 

Ratio 

NCIMS to clinic 

Contacts found 168 167 1.01 

Contacts screened 115 (68%) 110 (66%) 1.05 

Contacts with active TB 0 (0%) 0 (0%) - 

Contacts with initial TST/IGRA positive 29 (25%) 26 (24%) 1.12 

Contacts with IGRA/TST conversion 3 (3%) 5 (5%) 0.60 

Contacts commenced CXR surveillance 9 (28%) 3 (10%) 3.00 

Contacts commenced preventative treatment 9 (28%) 21 (68%) 0.43 

Household contacts under 5yrs 7 (4%) 8 (5%) 0.88 

Household contacts under 5 yrs. screened 7 (100%) 8 (100%) 0.88 

Household contacts under 5 yrs. commenced preventative 
treatment 3 (43%) 3 (38%) 1.00 

Household contacts under 5yrs positive TST/IGRA 0 (0%) 0 (0%) - 
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Tuberculosis contacts 

Of the 159 contacts we had outcomes for, we excluded seven (4%) contacts from the 

descriptive analysis, as five were previously diagnosed TB cases and two were deemed 

not a contact. 

From the remaining 152 contacts, 78 (57%) were male and the median age was 36 years 

(IQR 23-58 years). One hundred and three (68%) contacts had completed screening, 32 

(21%) had not completed screening, 10 (7%) contacts were unknown if screening was 

completed and seven (5%) were still in the process of completing screening at time of 

data collection. Figure 3 details screening completion by sex for the 152 contacts. 

The largest proportion of contacts were in the 19-34 year age group (n = 41, 27%). Figure 

4, shows the age distribution of contacts by screening completion. Forty-five (30%) 

contacts were born in Australia. The next most common regions of birth were South Asia 

(20%) and South East Asia (16%). Country of birth was not documented for 31 (20%) of 

contacts. The median duration of follow up for a contact was 73 days (IQR 19-134 days) ( 

Figure 5). One hundred and nine (72%) contacts were classified as high-risk contacts and 

the main setting for exposure was household (47%) and healthcare/workplace (38%) 

(Figure 3). Figure 6 and Figure 7 show screening outcomes by exposure setting and 

exposure risk 
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Figure 2 Age distribution by sex for 152 contacts using local chest clinic data systems from a 
local chest clinic in SESLHD 

Figure 3 Screening completion for 152 contacts by sex using local chest clinic data systems from 
a local chest clinic in SESLHD 
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Figure 4 Outcome of screening by age for TB contacts using local chest clinic data systems from 

a chest clinic in SESLHD, (n = 152) 

 

Figure 5 Duration of follow-up (days) by screening completion for 135 contacts from 29 TB cases 
using local chest clinic data systems from a local chest clinic in SESLHD* 

*N = 17 contacts removed from histogram due to ongoing screening or screening outcome unknown 
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Figure 6 Exposure setting of contacts by screening completion for 152 contacts from 29 TB cases 
using local chest clinic data systems from a local chest clinic in SESLHD 

 
Figure 7 Risk category of 152 contacts from 29 TB cases using local chest clinic data systems 
from a local chest clinic in SESLHD 
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Table 3 Descriptive characteristics of TB contacts extracted from local chest clinic data systems 
from a local chest clinic in SESLHD, (n = 152) 

IQR = Interquartile range.  

Descriptive characteristics N (%) 

Sex Female 57 (41%) 

Male 78 (57%) 

Unknown/Not Stated 17 (11%) 

Age (yrs) Median (IQR) 36 (23-58) 
Age group <5 years 7 (5%) 

5-19 years 13 (9%) 

19-34 years 41 (27%) 

35-49 years 25 (16%) 

50-64 years 18 (12%) 

≥65 years 23 (15%) 

Unknown 25 (16%) 

Screening completion No 32 (21%) 

Yes 103 (68%) 

Ongoing 7 (5%) 

Unknown 10 (7%) 

Contact follow-up duration (days) Median (IQR) 73 (19-134) 

Contact follow-up duration group <90 days 82 (54%) 

90-179 days 34 (22%) 

≥180 days 25 (16%) 

Unknown/Not Stated 11 (7%) 

Exposure setting Household 71 (47%) 

Workplace 55 (36%) 

Institutional 14 (9%) 

Unknown/Not Stated 6 (4%) 

Social  3 (2%) 

Healthcare 3 (2%) 

Exposure risk Low 7 (5%) 

Medium 14 (9%) 

High 109 (72%) 

Unknown/Not Stated 22 (14%) 

Country of Birth (region) Australia/New Zealand 45 (30%) 

Unknown/Not Stated 31 (20%) 

South Asia 30 (20%) 

South East Asia 24 (16%) 

North East Asia 13 (9%) 

Europe 6 (4%) 

South America 1 (1%) 

Africa 1 (1%) 

Middle East and Central Asia 1 (1%) 
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Figure 8 Overview of TB contact screening using chest clinic data systems from a local chest clinic in SESLHD, 1 January 2022 to 30 June 2023 (n=159)
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Exploration of contact outcomes 

Outcome of contact screening 

Of the 159 contacts identified from the local clinic data systems, contact details (i.e a 

phone number, email address, or home or workplace address) were available for 94% 

(n=150); nine (6%) contacts lacked any contact details. One hundred and forty-three 

(95%) of the 150 contacts were contacted and made aware of their exposure to TB and 

4% (n=7) were unable to be contacted. Of the individuals contacted, 85% (n=122) 

commenced screening. The remaining 15% (n=21) were not screened for various reasons: 

seven (33%) were lost to follow-up (LTFU) after several contact attempts, seven (33%) 

declined screening, five (24%) were already known TB cases and two (10%) were 

contacted and re-classified as having no exposure to TB (Figure 8).  

Among the 122 contacts who initiated screening, one person (1%) declined to have an 

IGRA or TST and was commenced on CXR surveillance that remains ongoing. Fifty-two 

(43%) individuals were recommended to have a one-off TST/IGRA test. Among these, 32 

(62%) were negative and 18 (35%) were positive. Two contacts (4%) initially agreed to 

screening and scheduled an appointment, but later did not attend and, upon follow-up by 

the clinic, declined to proceed with the screening. Among the individuals who were 

positive on the one-off TST/IGRA, 33% (n=6) were not started on preventative therapy, 

four were transferred to another chest clinic and two were lost to follow-up. Nine (50%) 

were prescribed preventative therapy, of whom eight (89%) completed the treatment, 

one (11%) remains incomplete and is still ongoing. Three (16%) declined preventative 

treatment and were commenced on CXR surveillance, which is ongoing. 

Sixty-nine (56%) of the 124 individuals were recommended to have two-stage TB 

screening, with an initial and a BOC TST/IGRA. Of these, one (1%) missed the baseline 

IGRA/TST and then declined to continue screening. Twelve (17%) completed the initial 

TST/IGRA, four (33%) were negative, three (75%) were LTFU, and one (25%) declined the 

second TST/IGRA and was placed on CXR surveillance that is still ongoing, and eight 

(65%) were positive. Of those that were positive on the initial TST/IGRA, one (13%) 

declined preventative therapy and was commenced on CXR surveillance that is still 

ongoing. Seven (88%) were commenced on preventative therapy and all (100%) 

successfully completed. Fifty-six (81%) completed both the initial and BOC TST/IGRA, 51 

(91%) were negative and five (9%) were positive on BOC. From the five positive 

individuals, one (20%) was LTFU and four (80%) were commenced preventative 

treatment and all (100%) successfully completed. 

Overall, the majority of contact drop out from the screening pathway occurred prior to 
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the initial appointment booking, from not having contact details, not making contact, or 

not agreeing to attend a screening appointment. One hundred and twenty-two of 152 

(80%) eligible contacts had a screening appointment made. Of the 122 contacts who 

commenced screening, 115 (94%) completed screening (obtaining either a positive or 

negative result). 

Discussion  
This comparison of TB contact data between the state surveillance system (NCIMS) and 

the local chest clinic identified several deficiencies in the way TB contact data is 

recorded. Whilst data completion in NCIMS was 100% for mandatory reporting fields, 

there were issues with the data quality in how the information is transcribed from local 

clinic data systems into NCIMS. Errors were found in the classification of contacts, 

including instances where previously diagnosed TB cases were incorrectly included as 

contacts. Additionally, contact follow-up was often inconsistently documented, with the 

contact line list frequently not updated, or updated in NCIMS when contact follow-up 

extended beyond the reporting periods. Furthermore, differences were noted in the 

recording of screening results, particularly with TST/IGRA conversions, leading to 

misclassification of contacts. The findings underscore the need for improved consistency 

and accuracy in TB contact reporting across the surveillance systems.  

As this evaluation is the first of its kind within SESLHD the findings of this study will 

provide valuable insights into how recording of TB contact data can be improved and 

streamlined. These findings also provide a foundation for further qualitative work to 

better understand the local chest clinic views and user experiences of the surveillance 

systems, along with exploring clinicians’ views as to why TB contacts are unlikely to 

complete screening. Despite these strengths we do acknowledge several limitations of 

our work. Firstly, our sample is small, with only 29 TB cases and 159 contacts with 

screening outcomes reported, thus we were unable to perform any statistical analysis to 

explore factors associated with screening completion as we had initially intended. It was 

not feasible to review a larger cohort due to the poor quality of the data, saved in at least 

two locations, with data collection performed manually. The small number of contacts 

could also be a result of the public health measures, such as public mask wearing, social 

isolation and working from home, implemented during the pandemic. 10 Secondly, we 

were unable to evaluate all the local chest clinics in SESLHD as the other chest clinics 

used different local systems to our chest clinic sampled, making it not feasible to have a 

larger sample size and explore data collection and completion across all chest clinics in 
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SESLHD. Lastly, where a contact screen occurred outside of the SESLHD jurisdiction we 

were unable to obtain individual contact screening outcomes, leading to contacts 

missing from the individual analysis that were included in the aggregate analysis only. It 

was found that the contact line lists used in these large screens are expected to be 

returned upon completion to the local chest clinic managing the TB case, however we did 

not see this occur during our evaluation. We were also unable to obtain outcomes for 

four contacts who were referred to other chest clinics in NSW.  

A key finding from this evaluation was the way in which contact data was entered into 

NCIMS and user understanding of the mandatory reporting fields. NSW Health TB 

Program has developed a user guide to TB data collection that is available on a local 

SharePoint site and is accessible to all chest clinics in NSW. 9 This tool also outlines the 

deadlines for data completion in NCIMS for the various reports generated using this data. 

This guide is predominantly for entering the case information and only features a small 

section on completing the contact tracing summary for the case. Notably there is no 

descriptor to explain that in the section for ‘Contacts found’ this should not include 

previously diagnosed cases. This descriptor would be relevant in instances where the 

previously diagnosed case is a household member and likely the index case. Also, the 

definition provided for ‘Number of contacts commenced on CXR surveillance’ doesn’t 

specify if this is for people who were positive on screening and declined preventative 

treatment and were placed on CXR surveillance, or if this if for people who declined a 

TST/IGRA and were placed on CXR surveillance. This question appears after entering the 

number of contacts with a positive baseline or BOC TST/IGRA and the number of 

contacts commenced on preventative treatment, therefore it could be inferred that the 

numbers commenced on CXR surveillance are for those who were positive on screening 

and declined preventative therapy. It is clear from our findings that for data to be 

recorded accurately in NCIMS clearer definitions are needed to guide chest clinic staff, 

who are not epidemiologists, on how to complete the mandatory data fields in NCIMS.  

We found from our evaluation that NCIMS is lacking key data fields that would be useful 

in showing the work undertaken by local chest clinic staff to follow-up TB contacts. 

Currently there is no way to record the number of overall contacts found whose names 

may not be known. From our findings we report that approximately 90% of contacts 

identified by TB cases were able to be contacted by Chest Clinic staff. This is an 

important finding, and higher than expected, and means that most contacts were able to 

be made aware of their exposure to TB regardless of if they proceed to or even complete 

the screening process. Whilst some may not go on to complete screening, it is beneficial 
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and still good public health practice to ensure an individual is aware of their exposure 

should they develop symptoms of TB or wish to seek treatment later. However, this 

proportion may be overestimated if many contacts are not even able to be identified or 

entered on the spreadsheet. This is a limitation of the surveillance system and needs to 

be acknowledged when interpreting contact data and completion rates, as well as 

capturing workloads of chest clinics.  

A major challenge highlighted during this evaluation was the inconsistency in data 

collection not only between state and local systems but also within SELSHD, with chest 

clinics using differing operating systems for contact follow-up. Anecdotally, in speaking 

to clinic staff during this evaluation we found that chest clinic staff prioritise clinical 

management, and report being stretched for resources for this primary objective. Data 

collection and reporting is considered a lesser priority, and given the double data-

handling, is a drain on their resources. Whilst clinic staff understand the importance of 

data collection, they report being too busy to complete this. As shown in Figure 1 and 

explained above, clinic staff primarily use eMR for case and contact follow-up and having 

to enter data into several different data systems becomes cumbersome on already 

stretched clinic staff. If data quality is to improve when it comes to TB contact screening, 

we need to better understand the daily function and operation of local chest clinics and 

have better collaboration to develop tools that reduce the burden of data entry and 

collection for epidemiological reporting. There is also a clear need for NSW Health 

surveillance systems to internally link to one another to improve TB contact data and 

improve the useability of these systems from a clinical point of view. Currently, a “new 

NCIMS” is being designed, as well as a single statewide eMR system. These may provide 

an opportunity to streamline and improve surveillance data for TB cases and contacts 

Conclusion 

This evaluation has revealed discrepancies in TB contact data collection and reporting 

between NCIMS and the local chest clinic, as well as how data is captured and 

documented across different systems within the same health district. The findings 

underscore the need for clearer guidelines and definitions to support accurate data 

entry, particularly when it comes to contact classification and screening result reporting. 

Moreover, clinic staff, whose primary focus is providing essential clinical services under 

already stretched resourcing, face challenges in maintaining routine data entry. While 

they understand the importance of accurate data collection, their role as clinicians, 

rather than epidemiologists, can contribute to gaps in data entry.  
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To improve TB contact reporting, it is crucial to streamline data collection processes, 

foster better collaboration between local and state systems, and ensure that 

surveillance tools are both clinically practical and effective for epidemiological purposes. 

Recommendations include the review of the current NCIMS data entry guide to ensure 

clear definitions for completing mandatory reporting fields, training for staff to enhance 

data management skills, and integration of digital solutions that reduce manual data 

entry burden. These recommendations and findings will be presented to the NSW TB 

Program and the local chest clinic staff.  

This report can also serve as a valuable input to the sub-working group currently being 

formed to configure a single digital patient record. Leveraging these findings in the 

planning and configuration process can help address existing data discrepancies and 

contribute to more accurate and integrated data management. Addressing these issues 

will enhance the accuracy and utility of TB contact data, ultimately improving public 

health outcomes and moving closer to achieving TB elimination. 

Recommendations 
1. Clarify data entry guidelines: Review and update NCIMS data entry guide to 

provide clearer definitions, particularly for contact classification and screening 

result reporting. This will help to reduce misclassification and improve the 

accuracy of contact data. 

2. Review opportunities to improve contact engagement and follow up in the early 

stage of the screening pathway: This may include reviewing processes for 

contacting contacts and the scripts used in the initial conversation. 

3. Streamline data collection: Develop integrated digital solutions that reduce the 

manual data entry burden on clinic staff, ensuring data is captured efficiently and 

accurately across systems. This includes better alignment between the state and 

local systems, leading to minimisation of double data handling. Additionally 

streamlining between local clinics is needed to help standardise data collection 

practices and improve overall data consistency. 

4. Leverage findings for system improvement: Findings from this evaluation should 

be used to inform the design of the ‘new NCIMS’ and single digital patient record, 

to enhance integrated data management and improve outcomes to TB contact 

tracing.  
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Teaching first year scholars- MAE Skills and Ask a 
Second Year 

Introduction  

The 2023 cohort of 22 scholars was divided into five groups to prepare short teaching 

sessions to deliver to the first year Master of Philosophy (Applied Epidemiology (MAE) 

Scholars. The scope of the teaching sessions could encompass technical or general skills 

that are not already covered in the MAE program. The session my group presented on 1 

March 2024 was titled “MAE Skills and Ask a Second Year”. Our teaching session 

provided an opportunity to share our learnings from a broad range of areas including 

time management, support networks, and useful methods for organising yourself in the 

program. The teaching session aimed to provide an interesting, helpful introduction to 

the 2024 cohort. 

The learning objectives of the teaching session were to: 

• Know how to manage multiple MAE projects effectively across the program 

period.  

• Advocate for the MAE program within your field placement.  

• Navigate the supervisor-scholar relationships. 

• Identify key support networks to facilitate learning with the MAE program. 

I worked within a group of three to develop a session on how to survive and thrive during 

the MAE program. The focus of our teaching was to provide relevant and useful 

information to the first year MAE scholars that we felt would have been beneficial to 

know in the first year of the program. As a group, we combined our shared learning 

experience thus far and consulted with our wider cohort to ensure we could share any 

insightful learning experiences they wished to also share with the first-year scholars. I 

assisted in writing the learning objectives and developed three slides that covered 

managing MAE projects and workload. I also contributed to the overall design and 

structure of the presentation (Appendix I). 

We employed a facilitator/guide teaching style1 for our session, emphasising active 

engagement and interactive learning. We developed interactive Slido2 activities, as 

shown in Appendix I, to help maintain engagement and understand the preconceptions of 

the 2024 cohort regarding key aspects of our session. This approach encouraged first-

year students to ask questions and participate in discussions, fostering a collaborative 
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learning environment. The responses to these questions helped shape the information we 

presented, ensuring it was relevant and tailored to their needs. Overall, the feedback was 

positive, as shown in Figure 1- Figure 5 below. The feedback indicated the first-year MAE 

cohort gained knowledge from the session, achieved the learning objectives, and rated 

our teaching performance highly. 

The first-year scholars found us well prepared as presenters and thought the session 

was delivered in a clear and interesting manner. Technology was used effectively, and 

we were able to maintain their interest throughout the session. By adopting the 

facilitator/guide style, we ensured that the session was not only informative but also 

engaging and interactive, enhancing the learning experience for the first-year scholars. 

Lessons Learnt  

I learned that practising presentations is helpful to become comfortable and confident 

when delivering content to others. Familiarity with the content, drawn from our own 

experiences throughout the MAE program, boosted my confidence. This familiarity made 

it easier to share information effectively with the first-year cohort. Additionally, 

incorporating questions and prompts that encourage participation greatly enhanced 

engagement. This interactive approach benefited both the first-year students, as active 

participants, and our group, as presenters maximising the overall value of the session for 

everyone involved. 
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Feedback survey results from first-year scholars 

Figure 1 How satisfied are you with the knowledge you gained from the session? (n=15) 

 
Figure 2  Do you feel you achieved the desired learning outcome? (n=15) 

 

Figure 3  How would you rate the instructors’ overall teaching performance? (n=15) * 

*1= poor, 5=excellent 
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Figure 4  How do you agree with the following statements? (n=15) 

 

 

Figure 5  How effective were the learning activities used in this session? (n=15) 

  



Chapter VI – Teaching Field Epidemiology 

Page | 174 
 

Lessons from the field - Tuberculosis (TB) contact 
tracing. 

Introduction  

Australia has one of the world’s lowest incidence rates of tuberculosis (TB) and has 

maintained this status through excellent TB control over the last three decades, despite 

its proximity to some of the highest incidence countries in the world.3 In 2018 Australia 

reported 1,438 TB notifications, representing a rate of 5.8 per 100,000 people, with 89% 

of those cases reported in people who were born overseas.3 In the four years between 

2015-2018 the most frequently reported countries of birth for TB cases diagnosed in 

Australia were India, Vietnam, the Philippines, China, and Nepal.3 

The screening of TB contacts is a priority action area as part of the World Health 

Organization’s Action Framework Towards TB Elimination for Low-Incidence Countries.4 

Contact tracing of active TB cases aims to identify both active TB cases and latent 

tuberculosis infection (LTBI) and then provide adequate treatment and follow up, which 

supports the ongoing drive for TB elimination, specifically in low-incidence settings such 

as Australia.5 In New South Wales (NSW) contact management, including tuberculin skin 

tests (TST’s) and preventative therapy is guided by the NSW Health policy directives.6  

I developed this lesson based on my firsthand experience with a tuberculosis (TB) 

outbreak (Chapter II – Section 1) in a boarding house, where I conducted TB contact 

tracing for the first time. Prior to this, my field epidemiology experience was with COVID-

19 contact tracing, making this TB investigation a particularly eye-opening and 

challenging endeavour. The outbreak occurred in a boarding house where we found that 

the architecture facilitated TB transmission, with numerous communal areas throughout 

the building. 

I was aware that none of my colleagues in my lessons from the field (LFF) group had field 

placements in local public health units, so I communicated with my group and offered 

two lesson options: mapping using QGIS or TB contact tracing. The group indicated that 

they had limited to no experience with TB contact tracing in a low incidence setting, so I 

leveraged my experience to develop this lesson aiming to expand their knowledge and 

provide practical education that would be useful in their careers as field epidemiologists. 

The teaching style I used for this activity was the facilitator/guide style.1 This approach 

emphasised active engagement and interaction throughout the session, encouraging 

students to take an active role in their learning. By offering a choice for the lesson 
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content and incorporating practical, experience-based insights, I was able to foster a 

collaborative and participatory environment. This style was very useful for engagement 

of the group, facilitating discussion and ensuring the session was practical, informative, 

and interactive. 

Lessons Learnt  

I really enjoyed teaching this session and thoroughly appreciated the opportunity to 

share the aspects of TB and TB contact tracing that I initially found challenging to 

understand. Explaining these concepts to my peers in a way that I found useful not only 

reinforced my own understanding but also helped my peers grasp the complexities of TB 

transmission, exposure and risk assessments required to evaluate a case’s 

infectiousness and identified contacts. 

Overall, the feedback provided in the post session survey was very positive (Table 1), with 

the session well-received. On reflection, it would have been beneficial to include 

different questions or scenarios beyond the pre-provided activities. This would have 

given students the opportunity to apply the knowledge gained from the pre-session 

activities. This was also noted in the feedback from one of the respondents, highlighting 

the potential of incorporating more interactive elements to the session. 

Aim and objectives 

Aim 

To understand how to conduct TB contact tracing in a low incidence setting. 

Learning objectives 

By the end of this exercise, Scholars should be able to: 

• Define what an infectious case of TB is. 

• Describe how pulmonary TB is diagnosed. 

• Describe how TB is transmitted between people.  

• Classify the infectiousness of a case of TB. 

• List the aims of TB contact investigation.  

• Describe how the priorities for TB contact investigation are determined. 

Feedback survey results 

Table 1  Evaluation survey results of Lessons from the field - TB contact tracing (n=6) 
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Question Average score Range 

How satisfied are you with the knowledge you 
gained from the session? 5 4-5 

Do you feel you achieved the learning outcomes? 4.6 3-5 

How satisfied are you with the following aspects of 
the session?   

 Facilitator/Trainer 5 5-5 
 Materials provided 5 5-5 
 Topic relevance 5 4-5 

 Overall content 5 5-5 

 Use of technology 5 3-5 

 Time management 5 5-5 

Did you have any experience with TB contact 
tracing prior to this session? Yes 2(33%), No 4(67%) 

Activities 

I provided students with a list of prior readings to review that provided information on the 

general background of TB along with the New South Wales Health guidelines for TB 

contact investigations. I constructed questions that could be answered directly from the 

readings provided and asked students to review local policies and guidelines for TB 

contact tracing in their respective jurisdictions. This was also supported by a 

presentation as shown in Appendix II. 
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Additional teaching activities 

Hepatitis D education session  

During a morning handover meeting at the Public Health Unit (PHU), we were discussing 

hepatitis D. When I inquired further about the disease, it was suggested that I put 

together a short education session to present to the PHU team. The presentation 

(Appendix II) was to be no more than 10mins long and needed to inform the team on the 

foundations of hepatitis D, providing relevant epidemiological information that would 

benefit the infectious disease team when they receive a hepatitis D notification. Overall, 

the presentation was well received, and anecdotal feedback indicated that the team 

gained new knowledge during the presentation. 

South Eastern Sydney Public Health Unit R Club 

As part of my MAE journey, I have expanded my skills and knowledge in R statistical 

software. Concurrently, the PHU was transitioning from SAS to R for all epidemiological 

analysis. To facilitate this transition, I proposed establishing an R Club to the 

Epidemiology team at the PHU. In consultation with the team, I organised fortnightly 

catchups to learn new R skills and upskill the team, enabling them to confidently use the 

software. I developed example code and data for use during the sessions. My role was to 

lead these sessions, answer questions, and troubleshoot issues as they arose. I would 

ensure the team could run the code successfully and produce the same output, any 

errors or issues with a team member’s code were then resolved prior to moving on in the 

session.  Anecdotally, the team thoroughly enjoyed the sessions and appreciated the 

time taken to compile the resources. All resources have been saved in local share drives 

at the PHU, allowing the team to revisit any skills covered in the future if needed. 

Ministry of Health R Club 

The Ministry of Health hosts an R Club every fortnight for the Health Protection Network. 

Each session features different presenters showcasing unique skills or methods using R 

that are relevant to our day-to-day activities. Outside of the regular meetings, there is a 

chat group where members can post questions and receive support from the network. 

One of my MAE projects involved reproducing the local respiratory surveillance report 

using R, and I frequently utilised the chat group for troubleshooting and knowledge 

sharing. As an active member in the group, I was invited to present at an R Club meeting, 



Chapter VI – Teaching Field Epidemiology 

Page | 184 
 

which I accepted. 

I presented to colleagues from across New South Wales Health Protection on how to 

create a dual axis graph using a specific package in R. I created an example dataset and 

demonstrated the foundational steps for creating the graph. Then, I gradually expanded 

on the code, demonstrating further formatting and customisation to the graph step-by-

step. Additionally, I compared the features of this package to another commonly used 

package for creating graphs and figures, highlighting the different commands that can 

achieve similar outcomes. Overall, the network was very grateful for the presentation as 

they expressed, they were unaware of some of the features of the package I 

demonstrated. 

Tip of the Week  

At the PHU the Infectious Diseases Team hold regular ‘Tip of the Week’ sessions, where 

team members share helpful tips or knowledge that benefit their work. I volunteered to 

present a session on useful tips and tricks for using Excel, as the team frequently use 

Excel spreadsheets in their daily follow up of infectious diseases. I focused on some of 

the simple features in Excel that the team had previously inquired about. The session 

was well received, and the team expressed gratitude, stating that they would be 

incorporating the new knowledge into their daily work.
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Teaching first-year MAE scholars (presentation slides)  
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Appendix II  
Lessons from the field- Tuberculosis (TB) contact tracing (presentation slides)  
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Seasonal arborvirus surveillance and control 
The New South Wales (NSW) Health Arborvirus Surveillance and Monitoring Program 

aims to provide early recognition of mosquito-borne disease risk for the community. 1 It 

involves monitoring mosquito populations through trapping, identifying the dominant 

mosquito species, and testing them for the presence of virus.1 There are two mosquito 

monitoring sites within South Eastern Sydney Local Health District (SESLHD) along 

Georges River at Alfords Point and Illawong.1 During mosquito season, typically from 

November to April, environmental health officers from the Public Health Unit (PHU) set 

and collect mosquito traps weekly.1 The collected mosquitoes are then sent to the 

Department of Entomology at the Institute for Clinical Pathology and Medical Research 

(ICPMR) at Westmead Hospital for analysis.1 

Since 2023, the PHU has been conducting mosquito monitoring in Matraville near an 

international freight terminal to establish baseline data on mosquito species and their 

population in that area. 1 As part of this effort, mosquito control measures are being 

tested in the nearby Eastern Suburbs Memorial Park by placing s-methoprene pellets, a 

growth regulator for mosquito larvae, in water containers.1 

During my Master of Applied Epidemiology, I was fortunate to participate in seasonal 

arborvirus control. I assisted the environmental health team in placing s-methoprene 

pellets in water containers at Eastern Suburbs Memorial Park (Figure 1). I also 

participated in the Environmental Health Workshop where I was able to learn about all 

the different types of mosquito traps used in the field and trapping in the District. 

Figure 1 Participating in seasonal arborvirus control at Eastern Suburbs Memorial Park, 2023 
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Cruise ship vessel inspection 
The PHU operates two public health programs for cruise ships visiting NSW ports: the 

Cruise Ship Health Surveillance Program and the Vessel Inspection Program. These 

programs involve responding to reports of infectious diseases, outbreaks and other 

public health concerns, as well as environmental health inspections of the vessels. In 

November 2023, I participated in the Vessel Inspection Program with the environmental 

health team to inspect a cruise ship at the international passenger terminal in Sydney. 

The inspection involved assessing hygiene and washing, childcare facilities, cleaning 

equipment and linen, medical and body holding facilities, legionella control and planning, 

drinking water, recreational (pools and spas) water, skin penetration, waste management 

and pest control. This experience provided valuable insights into assessing public health 

risks on commercial vessels, including emphasis on preventative measures, 

interdisciplinary collaboration, and biopreparedness in managing public health risks 

whilst at sea (Figure 2). 

Figure 2 Vessel inspection program Internation Passenger Terminal Sydney, NSW, November 
2023 

 

Residential aged care report 

The public health unit (PHU) introduced a monthly residential aged care facility (RACF) 
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outbreak report in 2023, to inform the District aged care services on aged care outbreaks 

in the district. The report in its infancy provided a brief overview of COVID-19 outbreaks, 

by providing information on the number of outbreaks that occurred in the month, average 

attack, hospitalisation, death and vaccination rates. The report then expanded to a 

summary on the key themes that were discussed at a monthly meeting with the 

infectious disease team, about factors contributing to the outbreaks in each facility. 

In mid-2022 I was made responsible for completing the monthly report and from this 

experience, I determined that the report required updating to improve readability and be 

more comprehensive for stakeholders. This update also included the inclusion of 

influenza and respiratory syncytial virus (RSV) reporting, which resulted in a monthly 

acute respiratory infections (ARI) outbreak report. In 2023 I transitioned the report from 

SAS and redeveloped the program in R Markdown to include automation and improve 

efficiency. In the program I developed automated calculations, preformatted text for 

data interpretations and direct rendering into a preformatted Word document that 

aligned with local health district branding and reporting guidelines. I was also 

responsible for the data collection template used in the monthly meetings, organisation 

and chairing of the meetings, data collection, cleaning and analysis, production and 

distribution of the report. An example of the report is shown in Appendix I. 

Australian Nuclear Science and Technology 
Organisation (ANSTO) 
The Australian Nuclear Science and Technology Organisation sits within SESLHD. I was 

fortunate to undertake a tour of the facility with the epidemiology team from the PHU. 

The purpose of the visit was to understand the various areas of the facility and gain an 

understanding of nuclear science and the public health risks. The site visit formed part of 

the PHUs biopreparedness activities. 
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Infectious disease network lunch and learn 
Following the annual Communicable Disease and Immunisation Conference the public 

health network established a “Lunch and Learn” session for people across the network to 

provide people the opportunity to present the work accepted at the conference. This 

allowed for people who did not attend the conference to hear the presentations. I 

presented in both 2023 and 2024, for the tuberculosis and Legionella outbreaks 

respectively. There were several sessions run over the course of a few weeks during 

lunch, where each person presented their work, which was followed by a session for 

questions. 

Multijurisdictional outbreak investigation of 
shigellosis 
In July of 2023 an emergency department (ED) physician alerted the PHU to several 

cases of shigellosis (Shigella flexneri 2a) among passengers who had recently returned 

from overseas on the same flight. The travellers were not known to each other. The PHU 

commenced an investigation, reviewing recent shigellosis notifications to identify other 

cases with similar travel histories and matching flight details. As part of the 

investigation, I established a case linelist and conducted case interviews, to collect 

information such as food consumed during the flight, movements on the plane, and 

stopovers. 

The PHU also notified the One Health Branch (OHB) at the Ministry of Health, prompting 

a statewide request for all PHUs to interview shigellosis cases about international travel, 

flight details and food consumed. Additional cases were identified across Australia, 

leading to the formation of a multijurisdictional outbreak investigation (MJOI) team. Since 

the investigation began in SESLHD, I had the opportunity to continue to attend these 

meetings, which provided valuable insights into the structure of such investigations and 

the role of multidisciplinary teams in outbreak response. 
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Appendix I 
SESLHD Acute Respiratory Outbreaks in Aged Care Facilities Report 
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