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Abstract 

This thesis demonstrates my fulfilment of the requirements of the Master of Philosophy in 

Applied Epidemiology (MAE) program at the Australian National University. My MAE 

placement was with the State Government of Victoriaôs Department of Health from February 

2021 to December 2022. Chapter one describes a test of the utility of interrupted time series 

segmented regression analysis for detecting point-source and continuous-source waterborne 

disease outbreaks. Building on from chapter one, chapter two details the deployment of a 

syndromic surveillance system for monitoring and evaluating the public health impacts of 

drinking water contamination events using data from public hospital emergency departments. 

The third chapter describes an estimation of the accuracy of wastewater surveillance for 

detecting the presence of SARS-CoV-2 infected people. Chapter four details an investigation 

of a COVID-19 outbreak at a residential aged-care facility, while chapter five comprises a 

mixed-methods systematic review on the COVID-19 vaccine attitudes of racial and ethnic 

minorities. The sixth and final chapter includes a portfolio of my teaching commitments and 

other public health activities, including an FAQ on monkeypox following the outbreak in May 

2022. I present each chapter with a reflective discussion of my role, my lessons learnt, and 

the projectsô public health impacts. 
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Introduction 

This thesis demonstrates my fulfilment of the requirements of the Master of Philosophy in 

Applied Epidemiology (MAE) program at the Australian National University (ANU). My 

candidature involved a full-time placement at the State Government of Victoriaôs Department 

of Health (the Department) from February 2021 to December 2022. I was supervised by Dr. 

Davoud Pourmarzi at the ANU and Dr. Jim Black at the Department. The MAE requires that 

Scholars demonstrate core competencies in field epidemiology in accordance with its 

accreditation under the Training Programs in Epidemiology and Public Health Interventions 

Network (TEPHINET). This thesis is organised into six chapters. Chapters one through four 

each detail a project addressing the four major MAE competencies. I address all minor 

competencies in chapters five and six, and at various points throughout the thesis (Table 1). 

Chapter one describes an analysis of a public health dataset. The Department is currently 

building its syndromic surveillance capabilities for rapidly detecting gastroenteritis outbreaks 

following drinking water contamination events to prevent large-scale morbidity and mortality, 

and associated costs. In deploying this system, I tested the utility of interrupted time series 

segmented regression analysis for detecting point-source and continuous-source waterborne 

disease outbreaks following such events. This involved retrospectively analysing a past 

lapse in water treatment. Given the absence of recent events leading to outbreaks, we then 

simulated outbreaks of various sizes to determine the number of excess presentations 

needed for such methods to statistically signal a detection. The models demonstrated high 

specificity, while sensitivity was dose dependent. 

Building on from chapter one, chapter two details the establishment of a surveillance system 

for drinking water contamination events. Most Victorians are currently supplied with potable 

water by retail water corporations; these agencies have a legislative requirement to notify the 

Department of any known or suspected contamination events. To help monitor and evaluate 

these notifications, we deployed a syndromic surveillance system that statistically signals 

potential gastroenteritis outbreaks in affected postcodes using the methods described in 

chapter one. The system comprises a report/dashboard that ingests data on gastroenteritis 

presentations at public hospital EDs, which are updated daily. When used in conjunction with 

microbiological testing and consultation with key stakeholders, such as OzFoodNet 

epidemiologists, this system can help inform public health decision-making, including the 

issuing, and lifting of boil water advisories.  

The third chapter details an epidemiological study. In Victoria, wastewater surveillance was 

initially implemented to facilitate COVID-19 case finding. Wastewater samples are collected 

from sewage and analysed for SARS-CoV-2 fragments shed by infected people. Of note, 
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viral shedding from the digestive system often persists longer than oneôs infectious period, 

which may limit the programôs utility. To estimate its accuracyðconsidering its limitationsðwe 

conducted a diagnostic test accuracy study, through which, the program showed high 

specificity and moderate sensitivity. We then forecasted the detection probability for varying 

numbers of infected people at varying periods of potential shedding. Probabilities were 

elevated for catchments with any number of infected people than catchments with no 

infected people, even for periods up to 84 days following symptom onset/testing dateða likely 

consequence of persistent faecal shedding. Our findings were shared with colleagues who 

are now evaluating the program to ensure efficiency and appropriate resource allocation, 

and to potentially extend its uses to other pathogens. 

The fourth chapter describes a COVID-19 outbreak investigation at the Arcare Maidstone 

residential aged-care facility (RACF). The outbreak was declared on 29 May 2021 when the 

index case was notified to the Department. I was subsequently deployed to the Western 

Public Health Unit (WPHU) to help investigate the outbreak, which involved collecting and 

analysing key epidemiological and genomic data to inform decision-making, and to enact 

rapid control measures to prevent further transmission. With this, the outbreak was stood 

down on 21 June 2021. My findings were captured in a report for WPHU and the 

Department, which was used to inform subsequent RACF-outbreaks. 

Chapter five details a mixed-methods systematic review on the prevalence of, and reasons 

for, COVID-19 vaccine hesitancy among racial and ethnic minorities and foreign-born 

populations in high-income English-speaking countries. These populations can experience 

lower access and acceptance of COVID-19 vaccines, despite facing a disproportionate 

burden of COVID-19. Addressing hesitancy among such populations can therefore improve 

health outcomes, promote health equity, and help countries reach and exceed their 

vaccination targets, which provided the impetus for this project. Through our systematic 

review, we found that hesitancy could be attributed to a mistrust in institutions, health 

concerns, and a lack of access, though these were not exclusive to minorities. That said, 

certain groups did report greater mistrust in governments, and greater concerns about 

vaccine safety and effectiveness as drivers of hesitancy. My findings were subsequently 

used to inform the Departmentôs vaccine outreach initiatives and policy interventions. 

Finally, chapter six comprises a portfolio of my other public health activities during my 

candidature. To meet the MAE teaching requirements, my fellow MAE 2021 Scholars and I 

delivered a lecture on antimicrobial resistance and healthcare-associated infections to the 

2022 cohort. I also conducted a peer-to-peer teaching session (ñlessons from the fieldò) 

where I discussed the use of diagnostic test accuracy studies for estimating the accuracy of 

wastewater surveillance for detecting the presence of SARS-CoV-2 infected people in 
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catchments. In addition to the MAE requirements, I also: 1) delivered a lecture on interpreting 

diagnostic test accuracy studies to paediatric trainees at a workshop organised by the Royal 

Society of Medicine UK; 2) facilitated a workshop on adult learning principles and 

experiential learning theories for field epidemiology trainers at the 11th TEPHINET Global 

Scientific Conference; and 3) facilitated population health tutorials and problem-based 

learning sessions for first- and second-year Doctor of Medicine and Surgery (MChD) 

students at the ANU. To meet the lay summary minor competency, I prepared an FAQ on 

monkeypox to assist the Departmentôs social media team with their public engagements 

following the monkeypox outbreak in May 2022. 

This thesis demonstrates my competencies in outbreak investigation, public health 

surveillance, analysis of public health data, and research design and methodsðall of which 

are crucial to best practice epidemiology. But above all, the MAE has taught me 

perseverance. The COVID-19 pandemic provided a challenging backdrop for which to 

complete the MAE. Despite the personal and professional hurdles it brought to my 

candidature, I am proud to have produced this thesis. I first learnt about the MAE at the end 

of high school and thought how cool it would be to work as a boots-on-the-ground disease 

detective. A decade later, and I will soon graduate from that very program!
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Table 1. Master of Philosophy in Applied Epidemiology (MAE) competencies and relevant thesis chapters. 

MAE competencies 

Thesis chapters 

Chapter 1: 

Interrupted time 

series analysis of 

water events 

Chapter 2: 

Syndromic 

surveillance for 

water events 

Chapter 3: 

SARS-CoV-2 

wastewater 

surveillance 

accuracy 

Chapter 4: 

COVID-19 

outbreak in 

aged-care 

Chapter 5: 

COVID-19 

vaccine 

hesitancy in 

minorities 

Chapter 6: 

Other public 

health 

activities  

Major competencies 

Investigation of an acute 

public health problem or 

threat 

   ṉ   

Analysis of a public health 

dataset 
ṉ      

Establish or evaluate a 

surveillance system or 

other health information 

system 

 ṉ     

Design and conduct an 

epidemiological study 
  ṉ    

Minor competencies 

Literature review     ṉ  

Lay summary      ṉ 

Conference presentation ṉ  ṉ    

Peer-reviewed publication ṉ ṉ ṉ  ṉ  

Teaching field 

epidemiology 
     ṉ 
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Chapter 1: Interrupted time series segmented regression 

analysis for detecting waterborne disease outbreaks by 

syndromic surveillance 

Prologue 

This chapter meets the MAE major competency on completing an ñanalysis of a public health 

datasetò. The Department is currently building its syndromic surveillance capabilities for 

rapidly detecting gastroenteritis outbreaks following drinking water contamination events to 

prevent large-scale morbidity and mortality, and associated costs. In deploying this system, I 

tested the utility of interrupted time series segmented regression analysis for detecting point-

source and continuous-source waterborne disease outbreaks following such events. This 

involved retrospectively analysing a past lapse in water treatment. Given the absence of 

recent events leading to outbreaks, we then simulated outbreaks of various sizes to 

determine the number of excess presentations needed for such methods to statistically 

signal a detection. The models demonstrated high specificity, while sensitivity was dose 

dependent; it was therefore used to determine incidence thresholds to identify potential 

outbreaks in the syndromic surveillance system detailed in chapter two. 

This project was largely conceptualised by Dr. Jim Black, my field supervisor, and was born 

out of the broader SynSurv project, which is the Departmentôs syndromic surveillance 

system. Syndromic surveillance is used in many jurisdictions worldwide, including the United 

States, the United Kingdom and France. In Victoria, the first version of SynSurv was 

developed for the 2006 Commonwealth Games in Melbourne. It currently comprises a set of 

tools to answer specific questions on behalf of ñclientsò to help inform public health actions 

for which they are responsible. At present, modules have been deployed for thunderstorm 

asthma and point-source smoke hazards, among others. A new module for drinking water 

contamination eventsðdetailed in chapters one and twoðwas conceptualised to build the 

Departmentôs capacity for monitoring and evaluating such events and to inform subsequent 

interventions, including the issuing, and lifting of boil water advisories. 

My role 

This project began with a thorough review of the academic and grey literature of existing 

syndromic surveillance systems and their analytical approaches for determining incidence 

thresholds to identify potential outbreaks. I also consulted other SynSurv epidemiologists 

and reviewed operating documents for existing SynSurv modulesðincluding those for 

thunderstorm asthma and point-source smoke hazardsðto learn their approaches. This was 
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used to inform my own study protocol and data analysis plan. Ethical approval was then 

sought from the State Government of Victoriaôs Department of Health and Department of 

Family, Fairness and Housing Human Research Ethics Committee. Upon approval, I 

performed data cleaning and linkage across multiple datasets and data typesðincluding 

spatial dataðand conducted descriptive and inferential statistical analyses using R. 

Our findings were drafted into a scientific manuscript and submitted to Communicable 

Disease Intelligence for peer-review on 17 August 2022; the contents of this manuscript form 

the body of this chapter. I also presented our findings at the Communicable Diseases and 

Immunisation Conference in Sydney on 22 June 2022; the slides are included in this 

chapterôs appendix (Appendix A). Both works meet the MAE minor competencies on 

preparing a ñpeer-reviewed publicationò and a ñconference presentationò.  

Lessons learnt 

Through this project, I developed a newfound appreciation for how data can be a key 

communication tool with stakeholders and for driving decision-making. If stakeholders know 

how big a problem isðfor example, in a drinking water contamination eventðthey are more 

likely to become engaged and to allocate resources to that problem.  

I also learnt about the value of adopting analytical techniques from other disciplines to 

applied epidemiology. Interrupted time series analysis is typically used to evaluate the 

impact of policy interventions in a population. But as this chapter highlights, this approach 

also has potential for informing incidence thresholds in syndromic surveillance systems.  

This project also taught me how to repurpose data for public health surveillance. ICD-10 

codes, for example, are used in public and private hospitals in Australia to classify episodes 

of admitted patient care. These codes are then used by the Independent Hospital Pricing 

Authority to fund hospitals based on the mix of patients they treat. But as this chapter 

demonstrates, ICD-10 codes also have utility in monitoring and evaluating the impacts of 

public health hazards.  

Public health impacts 

In retrospectively analysing a past lapse in drinking water treatment, our study demonstrated 

the utility of interrupted time series segmented regression analysis for detecting waterborne 

disease outbreaks through the syndromic surveillance of gastroenteritis presentations to 

public hospital emergency departments (EDs). We also simulated outbreaks of various 

sizesðgiven the absence of recent events leading to outbreaksðand demonstrated the ability 

for segmented regressions to statistically signal a detection, even without a large excess in 

presentations. Its sensitivity was also dose-dependent, i.e., a small outbreak may go 



Chapter 1 

7 
 

undetected with this approach. This should not pose major ramifications to public health as 

such events will likely see low morbidity. In contrast, this approach will likely detect large 

outbreaks, which should prompt rapid and localised public health actions to resolve the 

issue. The simulations also showed that this approach is highly specific, with a false-positive 

detection rate of less than 10%. Our study therefore supports the use of such analyses for 

informing Victoriaôs syndromic surveillance system for such events, when used in 

conjunction with timely public hospital ED data.   
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Abstract 

Introduction 

Pathogens can enter the drinking water supply and cause gastroenteritis outbreaks. Such 

events can affect many people in a short time, making them a high risk for public health. In 

Australia, the State Government of Victoriaôs Department of Health is deploying a syndromic 

surveillance system for drinking water contamination events. We assessed the utility of 

segmented regression analyses for detecting such events and determined the number of 

excess presentations needed for such methods to signal a detection. 

Methods 

The study involved an interrupted time series study of a past lapse in water treatment. The 

baseline period comprised the four weeks before the minimum incubation period of 

suspected pathogens, set at two days post-event. The surveillance period comprised the 

week after. We used segmented linear regression to compare the count of gastroenteritis 

presentations to public hospital emergency departments (EDs) between the surveillance and 

baseline periods. We then simulated events resulting in varying excess presentations. These 

were superimposed onto the ED data over fifty different dates across 2020. Using the same 

regression, we calculated the detection probability at P<0.05 for each outbreak size. 

Results 

In the retrospective analysis, there was strong evidence for an increase in presentations 

shortly after the event. In the simulations, with no excess presentationsði.e., with the ED 

data as isðthe models signalled 8% detections. The models returned 50% detections with 28 

excess presentations and 100% detections with 78 excess presentations. 

Conclusions 

The transient increase in presentations after the event may be attributed to microbiological 

hazards or increased health seeking behaviour following the issuing of boil water advisories. 

The simulations demonstrated the ability for segmented regressions to signal a detection, 

even without a large excess in presentations. The approach also demonstrated high 

specificity and should therefore be considered for informing Victoriaôs syndromic surveillance 

system. 

Keywords 

Drinking water contamination; syndromic surveillance; waterborne disease outbreaks.  



Chapter 1 

9 
 

1. Introduction 

In drinking water contamination events, pathogensðsuch as Shiga toxin-producing 

Escherichia coli (STEC) and Cryptosporidiumðcan cause outbreaks of acute gastroenteritis 

(1ï3). Such outbreaks can affect many people in a short time, making them a high risk for 

public health (4). Recognising and responding to such outbreaks quickly can therefore 

mitigate downstream morbidity and mortality, and associated costs (5,6). In the Milwaukee, 

Wisconsin cryptosporidiosis outbreak of 1993, for example, up to 85% of the 403,000 cases 

could have been avoided had surveillance systems detected it earlier (7).  

One avenue for early detection is syndromic surveillance. Syndromic surveillance uses pre-

clinical and clinical pre-diagnostic data, and proxy measuresðsuch as hospital admission 

reports and over-the-counter pharmaceutical salesðto identify potential outbreaks (8ï11). 

Syndromic surveillance can therefore detect outbreaks earlier than surveillance systems that 

rely on laboratory-confirmed cases (5,6). In the Milwaukee outbreak, for example, calls to 

nurse hotlines reported a four-fold increase in diarrhoeal disease; this was observed one day 

before local pharmacists noticed that over-the-counter anti-diarrhoeal drugs were selling out, 

and five days before the local public health unit was notified of a potential outbreak (12,13). 

Although the impetus for its initial expansion was for bioterrorism preparedness, the 

Milwaukee event demonstrated the utility of syndromic surveillance for detecting waterborne 

disease outbreaks (14).  

Victoria, Australia also experiences sporadic drinking water contamination events. In such 

events, water agencies are required to report to the State Government of Victoriaôs 

Department of Health (the Department) any known or suspected contamination, in 

accordance with the Safe Drinking Water Act 2003. One such occasion occurred in 2020, 

when a storm caused a power outage, which then caused a generator to fail. Undisinfected 

water subsequently entered the water distribution zones of the two affected water agencies, 

resulting in the issuing of boil water advisories. Although there is little evidence that this 

eventðor any other recent eventsðhave resulted in outbreaks, preparedness for future 

outbreaks is important to avoid situations like the Milwaukee event.  

Given this, the Department is building its capacity for the syndromic surveillance of such 

events by using rapidly acquired but non-specific information on gastroenteritis presentations 

to public hospital emergency departments (EDs). This system will consider incorporating 

inferential statistics to help signal the occurrence of potential outbreaks. One potential 

analytical approach is interrupted time series segmented regression analysis, which is a 

powerful statistical method typically used to evaluate policy interventions (15). In this paper, 

we adapted this approach to the study of drinking water contamination events. 
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By retrospectively analysing the 2020 event, we aimed to answer the following question: 

What is the utility of applying interrupted time series segmented regression analyses for 

detecting excess gastroenteritis presentations to public hospital EDs following a drinking 

water contamination event? 

Given there is little evidence of recent events resulting in outbreaks, we then simulated 

outbreaks of various sizes to answer the following question: What number of excess 

presentations to public hospital EDs are needed for such methods to statistically signal a 

detection?  
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2. Methods 

2.1. Study design 

This study involved an ecological time series study of secondary panel data stratified by 

postcode and days. The study population included all people resident in the affected 

Victorian postcodes for the period from 1 January 2020 to 31 December 2020. 

2.2. Data sources 

Shapefiles of the various water distribution zones were provided by each water agency. By 

layering these zones over Victorian postcodes, we determined which postcodes are served 

by which agencies (Figure 1). Because some postcodes are served by multiple agencies, or 

only partially served by an agency, we defined two different analyses: 

¶ An ñinclusiveò option, where postcodes are considered part of a zone if they are 

served at least in part by a water agency; and 

¶ A ñcoreò option, where postcodes are considered part of a zone if they are only 

served by a water agency, and wholly served by that agency.  

Of note, not all postcodes are served by a water agency. And of those that are, not all areas 

in that postcode are connected to the network. Unserved populations commonly access their 

drinking water from bores, wells, and rainwater collections.  

 

Figure 1. Water distribution zones of water agencies overlaying Victorian postcodes (grey 

borders). Each colour represents the area served by a different water agency. 
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ED presentations were retrieved from the VEMD, which includes de-identified demographic, 

administrative and clinical data detailing presentations at Victorian public hospitals EDs. 

Residential addresses for each presentation were mapped to their corresponding water 

distributions zones. Gastroenteritis presentations were identified using diagnosis fields that 

included an ICD-10 code with the prefix "A0". 

2.3. Interrupted time series analysis 

2.3.1. Suspected contamination event 

The dataset was restricted to those postcodes served by the affected water agencies for 

both the ñinclusiveò and ñcoreò definitions described above. 

The baseline period was defined as the four weeks before the minimum incubation period of 

pathogens commonly implicated in such events, like Cryptosporidium and STEC (17,18); this 

was set at two days post-event. The surveillance period was defined as the week after that 

minimum incubation period. Interrupted time series analysis was used to test the hypothesis 

that the count of gastroenteritis presentations is different between the baseline and 

surveillance periods. The following segmented linear regression model was used for our 

interrupted time series analysis: 

Yt = ȁ0 + ȁ1T + ȁ2Xt + ȁ3TXt 

This model required three key variables: 

1. T: the days since the start of the study period. 

2. Xt: a dummy variable indicating the baseline and surveillance periods. 

3. Yt: the outcome at time t. 

Upon entering these variables into the model, we retrieved the following coefficients for 

analysis: 

¶ ȁ0: is the constantði.e., the value at which the regression crosses the y-axis. 

¶ ȁ1: the baseline trendði.e., the change in presentations with a time unit increase in 

the baseline period. 

¶ ȁ2: the level change, i.e.ðthe immediate change in presentations in the surveillance 

period compared to the baseline period; this coefficient can signal a point-source 

outbreak. 

¶ ȁ3: the slope change, i.e.ðthe change in the regression gradient of the surveillance 

period compared to the baseline period; this coefficient can signal a continuous-

source outbreak. 
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2.3.2. Simulated outbreaks 

To help interpret negative and positive results of future analyses, we simulated single-day 

water contamination events causing point-source outbreaks of log-normal distribution, 

resulting in varying numbers of excess gastroenteritis presentations to public hospital EDs 

(Figure 2). Given the absence of recent events leading to outbreaks, these excess 

presentations were then superimposed onto the existing VEMD data for the same postcodes 

as in the previous analysis, but over a different date. We reran the same segmented 

regression model and used P<0.05 for the ȁ2 coefficient to signal a detection. We repeated 

this process for 50 different dates across 2020 and calculated the proportion of positive 

detections for each outbreak size simulated in Figure 2. 

 

Figure 2. Simulated point-source outbreaks of Shiga-toxin producing Escherichia coli 

following a single-day water contamination event resulting in excess gastroenteritis 

presentations to public hospital emergency departments (EDs). The number of excess 

presentations in each outbreak is as follows: blue (1), orange (3), light grey (6), yellow (10), 

light blue (15), light green (21), dark blue (28), dark brown (36), dark grey (45), light brown 

(55), dark blue (66) and dark green (78).  
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3. Results 

3.1. Suspected contamination event 

The ñinclusiveò analysis included 237 postcodes. There were approximately 15 

gastroenteritis presentations to public hospital EDs at the beginning of the study (ȁ0=15.52), 

with little evidence for a change in rate across the baseline period, which comprised the four 

weeks before the minimum incubation period of suspected pathogens, set at two days post-

event (ȁ1=-0.08, P=0.33). There was very strong evidence for a level change in 

approximately 11 additional presentations immediately following the minimum incubation 

period of suspected pathogens (ȁ1=10.94, P<0.001), with strong evidence showing a 

subsequent decrease in presentations over the surveillance week (ȁ3=-1.67, P=0.02) (Figure 

3).  

The ñcoreò analysis included 97 postcodes. The beginning of the study period saw 

approximately 7 presentations (ȁ0=6.56), with little evidence for a change in rate across the 

baseline period (ȁ1=-0.03, P=0.68). There was strong evidence for an immediate increase in 

presentations following the minimum incubation period of suspected pathogens (ȁ1=7.39, 

P=0.01), and some evidence to show a subsequent decrease in presentations over the 

surveillance week (ȁ3=-1.04, P=0.07) (Figure 3).  

3.2. Simulated outbreaks 

Over fifty runs of the simulated outbreaks for the ñinclusiveò analysis, with no excess 

presentationsði.e., with the ED data as isðthe models signalled a detection 8% of the time. 

The models returned 50% detections with 28 excess presentations, and 100% detections 

with 78 excess presentations (Table 1). For the ñcoreò analysis, with no excess 

presentations, the models signalled a detection 6% of the time. The models returned over 

50% detections with 21 excess presentations, and 100% detections with 45 excess 

presentations (Table 1).  
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Figure 3. Interrupted time series study of gastroenteritis presentations to public hospital emergency departments (EDs) before and after a 

suspected contamination event in affected postcodes in Victoria, Australia (2020). A: includes postcodes that are served at least in part by the 

affected source. B: includes postcodes that are only served, and wholly served, by the affected source. The contamination event (red line), boil 

water advisory (blue line) and the minimum incubation period of suspected pathogens (yellow line) are depicted. 

 

Table 1. The probability of detection in an interrupted time series study of gastroenteritis presentations to public hospital emergency 

departments (EDs) before and after simulated outbreaks of various sizes in affected postcodes in Victoria, Australia (2020). Details of the 

simulated outbreaks and resultant excess presentations are given in Figure 2.  

Excess presentations to public hospital EDs (n) 0 1 3 6 10 15 21 28 36 45 55 66 78 

Proportion detected for the ñinclusiveò 1 analysis 8% 8% 10% 18% 24% 32% 44% 50% 58% 76% 88% 94% 100% 

Proportion detected for the ñcoreò2 analysis 6% 10% 14% 20% 36% 44% 60% 78% 88% 100% 100% 100% 100% 
1 Includes postcodes that are served at least in part by the affected source 
2 Includes postcodes that are only served, and wholly served, by the affected source

! . 
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4. Discussion 

This study demonstrated the utility of applying segmented regression analysis to an 

interrupted time series study of gastroenteritis presentations to public hospital EDs before 

and after a suspected drinking water contamination event. We also simulated outbreaks of 

various sizesðgiven the absence of recent events leading to outbreaksðand demonstrated 

the ability of segmented regressions to statistically signal a detection, even without a large 

excess in presentations. Our study therefore supports the use of interrupted time series 

analysis for informing Victoriaôs syndromic surveillance system for such events in conjunction 

with timely public hospital ED data. 

In this study, the suspected contamination event saw a transient increase in presentations, 

but indicator microorganisms were undetected in samples taken from the affected 

waterbodies. We recognise there are limitations to monitoring extensively for specific 

pathogens in large water distribution networks, like those implicated in this event. It therefore 

remains possible that the transient increase in presentations could be attributed to 

microbiological hazards. Alternatively, our findings may be ascribed to increased health 

seeking behaviour following the issuing of boil water advisories (3).  

The segmented regressions also signalled detections when applied to other dates in the 

VEMDða likely consequence of random error (19). With a false-positive rate of less than 

10% for both the ñinclusiveò and ñcoreò analyses, a positive detection is therefore suggestive 

of a gastroenteritis outbreak in a defined geographical setting, which may be attributed to a 

water contamination event. Its sensitivity, i.e., its true-positive detection rate, was dose-

dependent. This is consistent with other syndromic surveillance approaches that use health 

insurance data, telephone triage and over-the-counter pharmacy sales (8,20). 

Of note, our study period occurred during the COVID-19 pandemic. ED presentations likely 

fluctuated with stay-at-home orders, which may have introduced additional noise to the 

baseline rates of gastroenteritis presentations. By restricting the baseline period to four 

weeks, we were able to retain sufficient data to establish a robust baseline, while minimising 

the impact of variable lockdowns and seasonal variability. 

Our analyses did have some limitations. Firstly, gastroenteritis syndromes were identified 

using ICD-10 codes, which can be subject to misclassification. Similarly, there is likely 

misclassification in how we determined which postcodes are served by which water source. 

The ñinclusiveò definition will have captured all affected postcodes, with the drawback being 

the inclusion of unaffected populations in sections served by other zones. The ñcoreò 

definition has the advantage of restricting analyses to postcodes completely affected by the 

event, at the expense of excluding affected postcodes served additionally by other zones. 
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The misclassification in ICD-10 codes and postcodes are likely non-differential between the 

baseline and surveillance periods, thus biasing the effect estimates towards the null. As 

such, the sensitivity estimates of our models are likely minimum estimates of the true value.  

Furthermore, some people may have ingested water in the affected postcodes, but gotten ill 

in another, thereby reducing case ascertainment. This was minimised by the presence of 

stay-at-home orders during the study period. However, we recognise that this limitation will 

be exacerbated in its future applications to syndromic surveillance during non-lockdown 

contexts. 

Our retrospective analysis was also limited to a single water contamination event as the 

model for a waterborne disease outbreak. This is sufficient for a proof of concept of the 

methodsðwhich was the principal aim of the paperðbut is limited by the uncertainties around 

whether the event was the cause of any illness. These methods should therefore be tested 

against other water events to better assess its accuracy for detecting such outbreaks. 

Our simulation was also run over 50 different dates across 2020; the results may therefore 

lack precision and may benefit from additional runs. Furthermore, all simulations were 

modelled after single-day water contamination events leading to point-source outbreaks of 

STEC. Therefore, our findings may not be generalisable to outbreaks with different 

characteristics. Future simulations could incorporate other pathogens and other outbreak 

types, including continuous-source outbreaks, to better assess the modelôs sensitivity and 

specificity. Future studies could also explore the utility of interrupted times series analysis 

applied to other outcome data, such as telephone triage, web-based queries, and over-the-

counter pharmaceutical sales (8). One key assumption in our discussion is that the boil water 

advisories may have increased health seeking behaviour. However, there is a dearth of 

literature to support this assumption, which presents another avenue for novel research. 

In closing, this study demonstrated the utility of interrupted time series analysis for the early 

detection of waterborne disease outbreaks when used in conjunction with timely public 

hospital ED data. This approach will therefore be considered for informing Victoriaôs 

syndromic surveillance system for monitoring and evaluating such events.  
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Chapter 2: Establishing a syndromic surveillance system for 

detecting gastroenteritis outbreaks following drinking water 

contamination events in Victoria, Australia 

Prologue 

This chapter meets the MAE major competency to ñestablish or evaluate a surveillance 

system or other health information systemò. Building on from chapter one, chapter two details 

the establishment of a surveillance system for drinking water contamination events. Most 

Victorians are supplied with potable water from retail corporations; these agencies have a 

legislative requirement to notify the State Government of Victoriaôs Department of Health (the 

Department) of any known or suspected contamination events. To help monitor and evaluate 

these notifications, we deployed a syndromic surveillance system that statistically signals 

potential gastroenteritis outbreaks in affected postcodes using the methods described in 

chapter one. The system was built in accordance with the USA Centers for Disease Control 

and Prevention (CDC) Updated Guidelines for Evaluating Public Health Surveillance 

Systems. The system comprises a report/dashboard that ingests data on gastroenteritis 

presentations at public hospital EDs, which are updated daily. When used in conjunction with 

microbiological testing of the affected waterbody, and consultation with key stakeholders, 

such as OzFoodNet epidemiologists, this system can help inform public health decision-

making, including the issuing, and lifting of boil water advisories.  

As with chapter one, this project was largely conceptualised by Dr. Jim Black, my field 

supervisor, and forms part of the Departmentôs broader SynSurv project. The impetus for this 

project was born out of the Departmentôs lack of capacity to monitor and evaluate the public 

health impacts of drinking water contamination events. This chapter introduces the data 

sources used, our analytical approach for determining incidence thresholds to identify 

possible outbreaks, a demonstration of the report/dashboard, and ends with a discussion of 

the systemôs efficiency and effectiveness.  

My role 

I was responsible for leading all consultations with key stakeholders, including SynSurv 

epidemiologists, OzFoodNet epidemiologists and members of the Water Unitðall of whom 

were identified as the primary end-users of the system. In doing so, I could determine their 

end-user needs, which helped in drafting a clear protocol for the subsequent design of the 

system. Our protocol was also informed by a thorough review of the academic and grey 
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literature, and operating documents for other SynSurv modules, including those for 

thunderstorm asthma and point-source smoke hazards.  

Chapter one details a pilot study that I led, which demonstrated the utility of interrupted time 

series analysis for detecting waterborne disease outbreaks through the syndromic 

surveillance of gastroenteritis presentations to public hospital EDs. This analytical approach 

was subsequently incorporated into this system to help determine incidence thresholds to 

identify possible outbreaks. I authored the R code for cleaning, linking, and analysing the 

data, and built the report/dashboard using Microsoft Power BI.  

Upon completion, the final system was presented to all key stakeholders, and training was 

provided on how to operate the report/dashboard. I also acted as the central source of 

knowledge and advice and was responsible for resolving and troubleshooting any issues that 

arose; these included issues with the underlying R and DAX code that drive the 

report/dashboard. The Manger of the Communicable Diseases Epidemiology and 

Surveillance unit at the Department also invited me to present the system at the weekly 

surveillance meeting, which was attended by over 100 people from across the Department 

and Local Public Health Units. 

Our findings were drafted into a scientific manuscript for peer-review in Communicable 

Disease Intelligence; the contents of this manuscript form the body of this chapter. This 

manuscript meets the MAE minor competency on preparing a ñpeer-reviewed publicationò. 

Lessons learnt 

Establishing a surveillance system can be a difficult task, and this project was no exception. 

This project proved to be the most challenging to complete, which made for many lessons 

learnt along the way.  

For example, I learnt much about project management and leading stakeholder 

consultations. Early in the project, I presented a business case with well-documented case 

studies, which proved instrumental in securing early stakeholder buy-in and subsequent 

engagement. Engaging stakeholders throughout the course of the project was also essential 

for delivering a product that was appropriate and acceptable for the end-usersô needs. It was 

particularly challenging engaging those with many responsibilities and priorities. Scheduling 

meetings well in advance proved useful for securing a time in their busy calendars. It was 

also important to come to these meetings prepared to capitalise on the limited time I had with 

these stakeholders.  
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The more technical aspects of the project also taught me much about R coding and DAX 

programming in Microsoft Power BI. Above all, the project taught me to appreciate the 

intricacies and complexities that go into establishing a new surveillance system. 

Public health impacts 

This syndromic surveillance system provides an accessible tool for the Department to 

monitor and evaluate the public health impacts of drinking water contamination events. 

Water agencies have a legislative requirement to notify the department of any known or 

suspected events. Upon receiving such notifications, the Department can use this 

report/dashboard to visualise the temporal and spatial distribution of gastroenteritis 

presentations in the affected postcodes. The users will also receive alerts when syndromes 

exceed certain statistical thresholds that could signal an outbreak. When used in conjunction 

with microbiological testing of the affected waterbody, and consultation with key 

stakeholders, including OzFoodNet epidemiologists, this system can help inform timely and 

localised public health actions, including the issuing, and lifting of boil water advisories. 
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Abstract 

Background 

In Victoria, Australia, water agencies supply most Victorians with potable water, and have a 

legislative requirement to notify the State Government of Victoriaôs Department of Health (the 

Department) of any known or suspected contamination. This project established a syndromic 

surveillance system for such events using gastroenteritis presentations to public hospital 

emergency departments (EDs). 

Methods 

The system report/dashboard was built using R and Microsoft Power BI. ED presentations 

per residential postcode were derived from the Victorian Emergency Minimum Dataset. 

Gastroenteritis syndromes were flagged using ICD-10 codes. We superimposed the 

shapefiles of each agencyôs water distribution zones over shapefiles of Victorian postcodes 

to determine which postcodes are served by which agencies, and therefore, which postcodes 

are implicated in contamination events. Following implementation, we then discussed the 

systemôs efficiency and effectiveness against the USA Centers for Disease Control and 

Prevention (CDC) Updated Guidelines for Evaluating Public Health Surveillance Systems. 

Results 

Using the parameters of an event, the report/dashboard will plot the count of gastroenteritis 

presentations for a selected pre- and post-event period. Interrupted time series segmented 

regression models will test the hypothesis that counts are statistically different between the 

pre- and post-event periods. If there is strong evidence that the post-event count is higher 

than the pre-event count, the user is alerted to a potential outbreak. 

Conclusions 

Upon receiving a notification for a contamination event, the Department can use this report to 

monitor and evaluate the short-term public health impacts of these events. When used in 

conjunction with microbiological testing of the affected waterbody, and consultation with key 

stakeholders, including OzFoodNet epidemiologists, this report can inform subsequent public 

health actions, including the issuing, or lifting of boil water advisories.  
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1. Introduction 

Water-related gastroenteritis outbreaks can affect many people in a short time, thus making 

them a high risk for public health (1). The early detection and resolution of such outbreaks is 

therefore crucial for mitigating downstream morbidity and mortality, and associated costs 

(2,3). In Australia, reports of waterborne gastroenteritis outbreaks are rare (4). Most 

Australians are supplied with potable water by retail water corporations. This water is often 

disinfected, whichðtogether with filtrationðis credited with substantial reductions in 

waterborne disease (5). Disinfection reduces the risk of microbial contaminants which may 

enter the supply through point sources of pollution (e.g., human, and industrial waste 

discharges) and diffuse sources (e.g., agricultural and animal husbandry activities) (6). 

In Victoria, water agencies are required to notify the State Government of Victoriaôs 

Department of Health (the Department) any known or suspected contamination events 

pursuant to Sections 18 or 22 of the Safe Drinking Water Act 2003 (Victoria). Following such 

events, the Department may issue boil water advisories; these are public announcements 

advising that drinking water should be boiled (or otherwise disinfected) prior to consumption 

until the issue is rectified (6).  

The Department is currently building its syndromic surveillance capabilities to monitor and 

evaluate the public health impacts of these events. Syndromic surveillance uses pre-clinical 

and clinical pre-diagnostic data, and proxy measuresðsuch as hospital admission reports 

and over-the-counter pharmaceutical salesðto identify potential outbreaks (7ï10). Syndromic 

surveillance can therefore detect outbreaks earlier than surveillance systems that rely on 

laboratory-confirmed cases (2,3). 

Interest in syndromic surveillance increased after the cryptosporidiosis outbreak in 

Milwaukee, Wisconsin in 1993, which resulted in more than 400,000 cases of diarrhoeal 

disease and over 100 preventable deaths (1). The outbreak remained undetected by both 

the water quality monitoring system and the notifiable disease surveillance system until it 

was already widespread. An estimated 85% of cases could have been avoided had 

surveillance systems detected the outbreak at the earliest point in the illness course (11). 

Another study of a Swedish cryptosporidiosis outbreak in 2011 similarly suggested that 

detection at the earliest signal (via calls to a health line) could have reduced the total 

outbreak size from 18,500 cases to 2,300 cases (12). 

Syndromic surveillance is now used in many jurisdictions worldwide, including the United 

States, the United Kingdom and France. In Victoria, the first version of SynSurv was 

developed for the 2006 Commonwealth Games in Melbourne. It currently comprises a set of 

tools to answer specific questions on behalf of ñclientsò to help inform public health actions 
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for which they are responsible. At present, modules have been deployed for thunderstorm 

asthma and point-source smoke hazards, among others. 

This paper details the establishment of a SynSurv module for drinking water contamination 

events using rapidly acquired but non-specific information on gastroenteritis presentations to 

public hospital emergency departments (EDs). This project was informed by the USA 

Centers for Disease Control and Prevention (CDC) Updated Guidelines for Evaluating Public 

Health Surveillance Systems (13). The objectives of the project were to: 

1. Build a technical platform that ingests existing (near real-time) data from public 

hospital EDs; 

2. Monitor gastroenteritis syndromes following drinking water contamination events in 

affected postcodes, and to generate alerting of potential outbreaks; and 

3. Determine how the report will be used by the Department and other stakeholders to 

inform public health decision-making.  
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2. Methods 

2.1. Surveillance system design 

2.1.1. Stakeholder engagement 

Multiple stakeholders were consulted for establishing and operationalising the technical 

platform. Firstly, we liaised with members of the Water Unit, OzFoodNet and SynSurv at the 

Department to define the system objectives and to establish their end-user needs for the final 

report/dashboard. SynSurv epidemiologists were also consulted to brainstorm different 

analytical approaches for determining incidence thresholds to identify possible outbreaks.  

2.1.2. Data sources 

Each water agency provided us with shapefiles of their water distribution zones. By layering 

these zones over Victorian postcodes, we determined which postcodes are served by which 

agencies, and therefore, which postcodes are implicated in contamination events (Figure 1). 

 

Figure 1. Water distribution zones of water agencies overlaying Victorian postcodes (grey 

borders). Each colour represents the area served by a different water agency. 

ED presentations were retrieved from the VEMD, which includes de-identified demographic, 

administrative and clinical data detailing presentations at Victorian public hospital EDs. 

Residential addresses for each presentation were mapped to their corresponding water 

distributions zones. Because some postcodes are served by multiple agencies, or only 

partially served by an agency, we defined two different analyses: 
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¶ An ñinclusiveò option, where postcodes are considered part of a zone if they are 

served at least in part by a water agency; and 

¶ A ñcoreò option, where postcodes are considered part of a zone if they are only 

served by a water agency, and wholly served by that agency.  

2.1.3. Syndrome definition 

Gastroenteritis presentations were identified using diagnosis fields that included an ICD-10 

code with the prefix "A0".  

2.1.4. Software  

The system report/dashboard ingests data from the VEMD, which is refreshed daily. R (a 

programming language for statistical computing and graphics) was used for data cleaning, 

linkage, and analysis. Microsoft Power BI (an interactive data visualisation software product) 

was used for generating the data visualisations. 

2.2. Incidence thresholds to identify possible outbreaks 

2.2.1. Pilot study 

A pilot study was conducted to test the utility of interrupted time series segmented regression 

analysis for detecting waterborne disease outbreaks by syndromic surveillance. This 

involved retrospectively analysing a past lapse in water treatment. Here, we observed strong 

statistical evidence for an increase in gastroenteritis presentations to public hospital EDs 

shortly after the event. This may indicate a point-source outbreak attributed to 

microbiological hazards, or it may reflect increased health seeking behaviour following the 

issuing of boil water advisories. We also simulated outbreaks of various sizesðgiven the 

absence of recent events leading to outbreaksðand demonstrated the ability of segmented 

regressions to statistically signal a detection, even without a large excess in presentations. 

The modelôs sensitivity was dose dependent, while its specificity was highðand was therefore 

considered for incorporation into the present system.  

2.2.2. Implementation 

The system uses interrupted time series analysis to test the hypothesis that the count of 

gastroenteritis presentations in a selected surveillance period is different to a given baseline 

period; the baseline and surveillance periods represent the days before and after the 

minimum incubation period of the suspected pathogen(s) implicated in the event. The 

baseline period was set at 28 days; this is long enough to establish a robust baseline, but 

short enough to minimise the effects of seasonal variability and variable lockdowns. Users 

have the option of selecting a surveillance period that spans 7 to 14 days. Selecting a period 
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of less than 7 days would increase the chance of random error; the analysis is then 

compromised. Options for periods exceeding 14 days is unnecessary, as the system is 

principally interested in the early detection of events and in the evaluation of recent events.  

The following segmented linear regression model is used for our interrupted time series 

analysis: 

Yt = ȁ0 + ȁ1T + ȁ2Xt + ȁ3TXt 

This model requires three key variables: 

¶ T: the days since the start of the study period. 

¶ Xt: a dummy variable indicating the baseline and surveillance periods. 

¶ Yt: the outcome at time t. 

Upon entering these variables into the model, we retrieve the following coefficients for 

analysis: 

¶ ȁ0: the constantði.e., the value at which the regression crosses the y-axis. 

¶ ȁ1: the baseline trendði.e., the change in presentations with a time unit increase in 

the baseline period. 

¶ ȁ2: the level change, i.e.ðthe immediate change in presentations in the surveillance 

period compared to the baseline period; this coefficient can signal a point-source 

outbreak. 

¶ ȁ3: the slope change, i.e.ðthe change in the regression gradient of the surveillance 

period compared to the baseline period; this coefficient can signal a continuous-

source outbreak. 

2.3. Surveillance system attributes 

This system was built in accordance with the attributes outlined in the USA CDC Guidelines 

for Evaluating Surveillance Systems. These attributes are usefulness, simplicity, flexibility, 

data quality, acceptability, sensitivity, predictive value positive, representativeness, 

timeliness, and stability (13). We discuss the systemôs efficiency and effectiveness against 

these guidelines. In building this system, we considered how we could achieve the best 

results for each of these attributes. Future evaluations of this system should be made against 

these criteria by a neutral third party for best practice epidemiology.  
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3. Results 

Upon receiving a notification for a known or suspected contamination event, stakeholders 

can use this report/dashboard to monitor and evaluate the eventôs impact on gastroenteritis 

presentations to public hospital EDs in the affected postcodes. The user is required to supply 

the parameters of the event into the control panel, including the date of the contamination 

event, the days since the first public health actions were issued, and the minimum incubation 

period of the suspected pathogens. Take cryptosporidiosis for example; its incubation period 

spans one to 14 days, with a median of seven days. We cannot miss any potential 

outbreaks, so we should select one for this parameter. However, the implicated pathogens 

are often unknown, in which case, the users are advised to select a number at the lower end 

of the given options. The user must also select the desired surveillance period, which 

represents the days following that minimum incubation period. Finally, the user must select 

the water agencies implicated in the event (Figure 2). 

 

Figure 2. Control panel of the SynSurv module for drinking water contamination events. 

Based on the water agencies selected, the report will then determine which postcodes are 

affected by the event for both the ñinclusiveò and ñcoreò definitions as defined in the Methods 

(Figure 3). 
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Figure 3. Maps of affected postcodes. 

With the affected postcodes identified for both the ñinclusiveò and ñcoreò definitions, the 

report will then aggregate the count of gastroenteritis presentations per day for the period 

identified in the control panel (Figure 4). Of note, the ñinclusiveò analysis captures all affected 

postcodes, but also captures unaffected populations in sections of postcodes served by 

other zones (i.e., there is likely overcounting). The "core" analysis is restricted to postcodes 

completely affected by the event, but excludes affected postcodes served additionally by 

other zones (i.e., there is likely undercounting). The true number of presentations in affected 

populations therefore exists somewhere between the "inclusive" and "core" analyses.  

Using the plot for the ñinclusiveò analysis, the report then runs an interrupted time series 

segmented regression to test the hypothesis that the surveillance period is statistically 

different to the baseline period. The report will signal a potential point-source outbreak if 

there is strong evidence for an immediate increase (level change) in presentations in the 

surveillance period. It will signal a potential continuous-source outbreak if slope of the 

surveillance period is greater than that of the baseline period (P<0.05) (Figure 5). The same 

analysis is then repeated for the plots for the ñcoreò analysis (Figure 6).  
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Figure 4. Count of gastroenteritis presentations in affected postcodes (inclusive and core). 

 

 

Figure 5. Interrupted time series analysis of gastroenteritis presentations in affected 

postcodes (inclusive).  
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Figure 6. Interrupted time series analysis of gastroenteritis presentations in affected 

postcodes (core). 
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4. Discussion 

This project established a syndromic surveillance system for drinking water contamination 

events. The system comprises a report/dashboard that ingests data on gastroenteritis 

presentations at public hospital EDs, which are updated daily. After inputting the required 

parameters for the analysis, the users are then alerted to potential outbreaks when incidence 

thresholds are breached, which can help inform public health decision making, such as the 

issuing, and lifting of boil water advisories. Note that this analysis is intended to be run when 

the Department is notified of a water contamination incident and is not run and reviewed 

proactively to detect water contamination incidents. 

4.1. Surveillance system attributes 

In this section, we discuss the systemôs efficiency and effectiveness against the USA 

Centers for Disease Control and Prevention (CDC) Updated Guidelines for Evaluating Public 

Health Surveillance Systems. Please note this is not a formal evaluation of the system as it is 

intrinsically biased, given that we built the system and authored this report. This section 

functions as a pilot piece to inform future evaluations, which would require a neutral third 

party for best practice epidemiology. 

4.1.1. Usefulness  

Usefulness refers to the systemôs ability to contribute to the prevention and control of 

adverse health events (13). While benefits realisation is beyond the scope of this projectðas 

delivery of benefits is a long-term endeavourðthis surveillance system is anticipated to: 

1. Provide novel information and detect trends signalling acute changes in 

gastroenteritis incidence following known or suspected contamination events; 

2. Assist with the mobilisation of rapid and localised responses to such eventsðe.g., the 

issuing of boil water advisoriesðto reduce morbidity and mortality; and 

3. Provide data to stakeholders for later evaluations of events and interventions. 

These key benefits also support the Department in achieving its vision that Victorians are the 

healthiest people in the world. 

Of note, the system should not be used in isolation. Changes in gastroenteritis epidemiology 

following contamination events may be attributed to microbiological hazards, or they may be 

confounded by concurrent foodborne outbreaks. They may also reflect increased health 

seeking behaviour following the issuing of boil water advisories. This report should therefore 

be used in conjunction with microbiological testing of the affected waterbody, and 

consultation with key stakeholders, such as OzFoodNet epidemiologists, to help inform 

public health decision-making. 
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A key weakness of the system is the requirement that all parameters be entered for the 

analyses to run. This issue is moot where pathogen(s) implicated in an event are known. 

Oftentimes, however, this information is unknown. In such cases, the users are required to 

input parameters based on their best judgement. The conclusions drawn from this system 

may in turn lack accuracy and may be inappropriate for informing public health actions. 

4.1.2. Simplicity 

Simplicity relates to the design and size of the system (13). The underlying code to program 

the system is complex, and alterations to the algorithms requires familiarity with R and DAX 

(the programming language in Power BI). That said, all code has been adequately 

annotated, so that others can easily contribute changes to the system. The report/dashboard 

itself is also simple to use. Upon supplying the required parameters, it then conducts the 

data cleaning, linkage, and analysis, and generates the visualisations.  

4.1.3. Flexibility 

Flexibility refers to the systemôs ability to adapt to changing information needs or operating 

conditions (13). Following implementation, we received stakeholder requests for more 

granular water distribution zones, which were not available at the time. Securing these 

shapefiles from each water agency will likely be timely, but upon acquisition, the 

implementation of such zones should be relatively simple for someone familiar with R. 

Likewise, ICD-11 codes will soon be implemented in the VEMD, upon which, the 

gastroenteritis syndromes will have to be redefined. Again, this should be relatively simple 

for someone familiar with R. 

The system is also flexible with changing operating needs. In particular, the 

report/dashboard was built to accommodate the many ways a water contamination event can 

manifest. For example, the system can account for a suite of implicating pathogens, and their 

corresponding minimum incubation periods. 

4.1.4. Data quality 

Data quality reflects the care taken in managing data systems (13). The VEMDðthe source of 

outcome dataðis likely accurate, as it is subject to various quality assurance checks. Data 

submitted by health services are subject to a validation process, which includes checks for 

valid values and compliance with VEMD business rules. The Department also performs 

monthly data quality checks on ED-only admissions, overlapping ED presentation times and 

admission times, and VEMD length of stays of over 24 hours. Health services are required to 

correct the data where anomalies are detected.  
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4.1.5. Acceptability 

Acceptability refers to the systemôs ability to reflect the willingness of the end users to accept 

and use the data generated through the system (13). All end-users were involved in defining 

the system objectives, and were consulted throughout the design, development, and 

implementation of the system. We therefore anticipate high acceptance among users in 

SynSurv, the Water Unit and OzFoodNet. The system has already demonstrated high short-

term acceptability; following implementation, the system has been used to monitor and 

evaluate several suspected contamination events. We must continually engage with users to 

assess its long-term acceptability. 

4.1.6. Sensitivity and predictive value positive 

Sensitivity and predictive value positive both measure the systemôs ability to accurately 

detect an outbreak (13). In our pilot study, the segmented regression models had a false-

positive rate of less than 10% for both the ñinclusiveò and ñcoreò analyses. Given its high 

specificity, a positive detection is therefore suggestive of a gastroenteritis outbreak in a 

defined geographical setting, which may be attributed to a water contamination event. Its 

sensitivity, i.e., its true-positive detection rate, was dose-dependent. This should not pose 

major ramifications to public health. A small event that is resolved quickly will unlikely signal 

a detection. However, a large eventðinvolving high morbidity and mortalityðwill likely be 

detected, upon which, public health actions and appropriate resources can be mobilised to 

resolve the event. 

4.1.7. Representativeness 

Representativeness refers to the systemôs ability to describe the occurrence of the condition 

over time and to characterise the distribution of disease in the population by place and 

person (13). The system currently provides information on the geographical and temporal 

distribution of presentations, but not on age and sex. Future iterations of the system will 

incorporate such variables to better understand the epidemiology of such presentations. 

4.1.8. Timeliness 

Timeliness reflects the speed between steps in a public health surveillance system (13). The 

system report/dashboard ingests data from the VEMD, which is updated by health services 

dailyðwhich makes for a timely system. However, it currently defines syndromes using ICD-

10 codes, which are only assigned at discharge and are therefore subject to lags. Future 

iterations will identify syndromes using triage text, which are submitted to the Department 

shortly after a patient presents at a triage desk, thus improving its timeliness.  
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4.1.9. Stability 

Stability refers to the reliability and availability of the public health surveillance system (13). 

Leave or illness among staff should not pose an issue to the systemôs performance. All the 

underlying code for the data cleaning, linkage and analysis is adequately annotated and 

backed up to provide extra stability. Unfortunately, all SynSurv staff are employed on short-

term fixed-term contracts. If contracts are not renewed, the functionality of SynSurv and its 

modules may suffer, particularly in the event of unforeseen system failures. Therefore, 

increased competency in R and DAX amongst epidemiologists across the Department is 

paramount for this systemôs long-term stability. 

4.2. Limitations and future directions 

The current SynSurv module has potential for improved timeliness. Other SynSurv modulesð

like the thunderstorm asthma moduleðcurrently receive data from public hospital EDs at near 

real-time. This includes data on the hospital/site name, presentation date and time, patient 

age, patient gender, patient postcode and triage text detailing the admit reason. Natural 

language processing is then used to rapidly classify this text into syndromes, which enables 

analysis and insight faster than traditional syndromic surveillance approaches. We hope to 

use this approach in the present module to improve its timeliness. 

We also hope to assign syndromes using data from the stateôs nurse-on-call line. This data 

includes a free-text field akin to triage text and is amenable to the same natural language 

processing techniques. Nurse-on-call data provides a valuable addition to the emergency 

department data, helping to bridge geographic and temporal gaps. Therefore, incorporating 

such data into the current system can improve its usefulness and representativeness. 

4.3. Conclusions 

This syndromic surveillance system provides an accessible tool for the Department to 

monitor and evaluate the public health impacts of drinking water contamination events. 

Water agencies have a legislative requirement to notify the department of any known or 

suspected events. Upon receiving such notifications, the Department can use this 

report/dashboard to visualise the temporal and spatial distribution of gastroenteritis 

presentations in the affected postcodes. The users will receive alerts when syndromes 

exceed certain statistical thresholds that could indicate an outbreak. When used in 

conjunction with microbiological testing of the affected waterbody, and consultation with key 

expertsðincluding OzFoodNet epidemiologistsðthis system can help inform timely and 

localised public health actions, including the issuing, and lifting of boil water advisories.  
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Chapter 3: Estimating the accuracy of wastewater surveillance 

for detecting the presence of SARS-CoV-2 infected people in 

catchments in Victoria, Australia 

Prologue 

This chapter meets the MAE major competency to ñdesign and conduct an epidemiological 

studyò. In Victoria, wastewater surveillance was initially implemented to facilitate COVID-19 

case finding. Wastewater samples are collected from sewage and analysed for SARS-CoV-2 

fragments shed by infected people. Of note, viral shedding from the digestive system often 

persists longer than oneôs infectious period, which may limit the programôs utility. To estimate 

its accuracyðconsidering its limitationsðwe conducted a diagnostic test accuracy study, 

through which, the program showed high specificity and moderate sensitivity. We then 

forecasted the detection probability for varying numbers of infected people at varying periods 

of potential shedding. Probabilities were elevated for catchments with any number of infected 

people than catchments with no infected people, even for periods up to 84 days following 

symptom onset/testing dateða likely consequence of persistent faecal shedding. Our findings 

were shared with colleagues who are now evaluating the program to ensure efficiency and 

appropriate resource allocation, and to potentially extend its uses to other pathogens. 

This project was largely conceptualised by Dr. Jim Black, my field supervisor, who had 

conducted an earlier study to estimate the accuracy of SARS-CoV-2 wastewater 

surveillance. This study was conducted during low caseloads, and so its findings may not 

translate to contexts involving high transmissionðprompting the conceptualisation of the 

present project. This chapter introduces the data sources used, our study design and 

methods, key calculations of test accuracy, and a discussion of our findingsô implications on 

the programôs future. 

My role 

I was responsible for coordinating every stage of the project cycle; this included leading and 

chairing meetings with the SARS-CoV-2 wastewater surveillance team. Using the results of 

my consultationðtogether with a review of the current literature on wastewater-based 

epidemiologyðI was able to draft a study protocol and data analysis plan. Ethical approval 

was then obtained from the State Government of Victoriaôs Department of Health and 

Department of Family, Fairness and Housing Human Research Ethics Committee. 

I then designed and conducted a diagnostic test accuracy study. In cross-classifying the 

wastewater test results with the presence of known SARS-CoV-2 infected people resident in 
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catchments, we could estimate the accuracy of the program. I conducted all data cleaning, 

linkage, and analysis in R. In mid-2021, I also volunteered with the SARS-CoV-2 wastewater 

surveillance team to assists with the programôs operations; this was instrumental in 

understanding the implications of my results.  

Our findings were drafted into a scientific manuscript and submitted to Science of the Total 

Environment for peer-review on 13 August 2022; the contents of this manuscript form the 

body of this chapter. I also presented our findings at the 11th TEPHINET Global Scientific 

Conference in Panama on 9 September 2022; the poster is included in this chapterôs 

appendix (Appendix A). Both works meet the MAE minor competencies on preparing a ñpeer-

reviewed publicationò and a ñconference presentationò. 

Lessons learnt 

This project took the longest time for me to complete, and I learnt many lessons in the 

process. Multidisciplinary collaborations are an exciting opportunity for knowledge exchange, 

but they also bring about specific challenges. For example, my stakeholders and I initially 

had trouble reaching a consensus on the project scope. As the project coordinator, I had to 

exercise facilitation, coaching and mediation to ultimately reach an acceptable middle-

ground. I also learnt the importance of clear communication and in leveraging meeting 

minutes at every point in the project lifecycle. The latter was particularly useful for resolving 

conflicts around actions, deadlines, and accountabilities.  

I also learnt much about data management. The datasets I worked with were complex and 

required much cleaning and manipulation, such as merging multiple datasets and 

transforming datasets from wide to long. This was incredibly useful for developing my 

proficiency with R. With the push towards bigger and more detailed datasets, these lessons 

will stand me in good stead for future analyses. 

Public health impacts 

This study provides novel insights into the accuracy of wastewater surveillance for detecting 

the presence of SARS-CoV-2 infected people in Victoria. Given its high specificity, 

catchments with positive detections likely contain infected residents, and should beðand 

have beenðtargeted for rapid and localised public health action. Its variable sensitivity is 

biologically plausible, as faecal shedding is variable between individuals, and among those 

who shed, the virus may degrade in sewage. Passive sampling produced higher sensitivity 

estimates than grab sampling, and similar estimates to composite sampling; this is 

reassuring as it currently predominates the program and is cheaper, safer, and easier than 
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composite sampling. Our findings were shared with colleagues at the Department who are 

now evaluating the program to ensure efficiency and appropriate resource allocation. 

Wastewater surveillance was initially implemented to facilitate COVID-19 case detections. 

However, in the current context of high caseloads, this is less informative. That said, the 

programðwith the already established infrastructureðcan be leverage for potentially detecting 

incursions of new variants in the community. Wastewater surveillance can also help 

understand disease prevalence by correlating viral concentrations with community case 

levels. With the infrastructure already in place, the Department can potentially leverage the 

program for other viable pathogens, including influenza.  
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Abstract 

Background 

In Australia, the State Government of Victoria uses wastewater surveillance to detect new 

incursions of COVID-19. The Government is now evaluating the program to ensure efficiency 

and appropriate resource allocation. This study estimated the accuracy of wastewater 

surveillance for detecting the presence of SARS-CoV-2 infected people in catchments. We 

also estimated the detection probability for varying numbers of infected people at varying 

periods around symptom onset/testing date. 

Methods 

We conducted a diagnostic test accuracy study from 25 August 2020 to 27 September 2021 

in Victoria, Australia. Sensitivity and specificity were estimated by cross-classifying 

wastewater test results (index test) with the presence of known SARS-CoV-2 infected people 

resident on each catchment sampling day (reference test). Estimates were then stratified by 

days with/without lockdowns and sampling methods. The detection probability was estimated 

using logistic regression.  

Results 

Sensitivity was moderate and specificity was high for detecting people at -2 to +7 days 

around symptom onset/testing date. Sensitivity was higher during lockdowns than non-

lockdowns, and with multi-day passive sampling than single-day grab sampling. The 

estimated detection probability was elevated for catchments with any number of infected 

people than catchments with no infected people, even for periods up to 84 days following 

symptom onset/testing date.  

Conclusions 

Given its high specificity, catchments with positive detections likely contain infected 

residents, and should be targeted for public health action. Its moderate sensitivity is 

biologically plausible, as faecal shedding is variable between individuals, and among those 

who shed, the virus may degrade in sewage. Sensitivity estimates are also likely closer to 

the true value during lockdowns, as there is less misclassification between the index and 

reference tests. The higher sensitivity estimated with passive sampling is reassuring as it 

currently predominates the program. The increased probability of detection beyond the 

infectious period may be attributed to persistent faecal shedding.  

Keywords 

COVID-19; SARS-CoV-2; wastewater surveillance; wastewater-based epidemiology.  
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1. Introduction 

At the end of 2019, a novel coronavirusðsevere acute respiratory syndrome coronavirus 2 

(SARS-CoV-2)ðemerged in Wuhan, China, causing an outbreak of unusual viral pneumonia 

(1). The novel outbreak was declared a pandemic of ñcoronavirus disease 2019ò (COVID-19) 

by the World Health Organization on 11 March 2020 (2). In response to the pandemic, the 

State Government of Victoriaôs Department of Health (the Department) implemented 

wastewater surveillance to help detect new incursions of COVID-19 in communities.  

Wastewater samples are collected from sewer networks and analysed for SARS-CoV-2 

fragments (3). Catchments with positive SARS-CoV-2 detections and no recent SARS-CoV-

2 infected residents or visitors have been targeted for rapid and localised public health 

action. Wastewater sampling does not hinge on individual actionðsuch as recognising 

symptoms and seeking diagnostic testsðand can therefore contribute important information 

about COVID-19 transmission that cannot be obtained otherwise, particularly for individuals 

who are asymptomatic, pre-symptomatic or undiagnosed (4). 

The Departmentôs wastewater surveillance program uses three different sampling methods. 

Grab sampling provides a crude point-in-time sample (3). Composite sampling uses 

autosamplers and flow meters to take frequent flow- and time-proportional samples (5). 

Finally, passive sampling involves deploying a device in a waterbody for a period to allow for 

pollutants to interact with the device (5). Short passive sampling involves a deployment of 

less than four hours and is typically used following an urgent trigger. Long passive samplingð

often over a few daysðis otherwise preferred. Following sampling, wastewater samples are 

then analysed for SARS-CoV-2 fragments using reverse transcription quantitative 

polymerase chain reaction (RT-qPCR) (3).  

Of note, viral shedding from the digestive system often persists longer than oneôs infectious 

period (6). For example, one infected individual was found to excrete the virus in faeces for 

up to 20 weeks (7). One study showed that the odds of detection in wastewater was elevated 

even at 55 days after symptom onset or testing date for symptomatic and asymptomatic 

individuals, respectively (ñsymptom onset/testing dateò hereafter) (3). Positive detections 

could therefore be the product of oneôs non-infectious shedding period, which limits the 

programôs utility for case finding. Viral excretion in faeces also varies between individuals, 

with limited data showing wide variability (8). And among those who do shed in faeces, the 

virus is likely to degrade in wastewater, especially at higher ambient temperatures and in the 

presence of detergents and other substances (9). 

Despite these limitations, wastewater surveillance has been integral to the Departmentôs 

COVID-19 response. The Department is now evaluating the program to ensure efficiency 
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and appropriate resource allocation, and to potentially extend its uses to other pathogens. As 

part of this evaluation, we aimed to answer the following research questions: 

¶ What is the estimated accuracy of wastewater surveillance for detecting the presence 

of SARS-CoV-2 infected people in catchments? 

¶ How does accuracy vary with different sampling methods and catchment properties? 

¶ What is the probability of detection for varying numbers of infected people at varying 

periods around symptom onset/testing date?  
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2. Methods 

2.1. Study design 

We conducted a diagnostic test accuracy study for the period 25 August 2020 to 27 

September 2021 in Victoria, Australia.  

2.2. Data sources 

Data were sourced from the Departmentôs COVID-19 surveillance databases, including data 

on (1) SARS-CoV-2 wastewater surveillance test results, and (2) known SARS-CoV-2 

infected people.  

2.2.1. SARS-CoV-2 wastewater surveillance 

The study included all RT-qPCR tests for SARS-CoV-2 sub-genomes in wastewater 

samples. The testing algorithm defined a positive detection as any RT-qPCR amplification 

using the PerkinElmer kit that included both Orf1ab and N gene signals or a single gene 

signal that was independently confirmed by sequencing. A negative detection was defined as 

the absence of any gene signal in RT-qPCR. A single gene detection that was not 

independently confirmed by sequencing was considered a negative detection. Laboratory 

methods are further described elsewhere (3).  

Wastewater test results were analysed per catchment sampling day, i.e., each day of 

deployment was considered an individual observation. For example, a passive sampler 

deployed from 5 June 2021 to 7 June 2021 provides three observationsðone for each day it 

was deployed forðwhile a grab sampler deployed and retrieved on 8 June 2021 provides one 

observation.  

Catchments designated as site types 1 and 4, were excluded. Site type 1 includes effluent 

treatment plants and water treatment plants; these are large catchments serving over a 

million people and receive in-flows from network catchments, and therefore have a greater 

likelihood of containing SARS-CoV-2 contributions from infected people at various stages of 

infection. Including such catchments in analyses would likely distort the accuracy estimates. 

In contrast, site level 4 catchments are smaller and only sampled following a trigger at a 

higher level, particularly at levels 2 and 3. Site level 4 catchments are often large industrial 

areas or small residential areas that have lower likelihoods of detection; including such 

catchments would also distort the estimates. Given this, we also excluded catchments with 

populations less than 30 residents and those with unknown populations. 
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2.2.2. SARS-CoV-2 infected people 

The study included all known SARS-CoV-2 infected people in Victoria until 27 September 

2021. The latitude and longitude of the peopleôs residences were used to identify the 

wastewater treatment plant and/or sewage network catchment they are served by. The 

number of infected people per catchment sampling day was aggregated and joined to the 

wastewater surveillance data to determine the presence and/or count of infected people for 

each wastewater test result. 

2.3. Data analysis 

2.3.1. Accuracy estimates 

The index test was the wastewater test result, while the reference test was the presence or 

absence of known infected people in catchments. Residential addresses were used as the 

best proxy for where infected people may have been using the bathroom, and potentially 

shedding SARS-CoV-2 into sewage. Accuracy was estimated by cross classifying the index 

test with the reference test (10). 

Sensitivity and specificity were the proportion of positive and negative reference test results 

with matching index test results, i.e., the true-positive and true-negative proportions, 

respectively. The positive predictive value (PPV) and negative predictive value (NPV) were 

the proportion of index test results with matching reference test results. 

Stratified analysis by days with/without lockdowns 

The dataset was restricted to long passive sampling and composite sampling, as these 

methods were the preferred sampling methods at the time of writing. Infected people were 

included at -2 to +7 days around symptom onset/testing date. Accuracy estimates were then 

stratified by days with or without lockdown (stay-at-home orders). 

Stratified analysis by sampling methods  

The dataset was restricted to lockdown days to reduce the misclassification of where 

infected people were using bathrooms, resulting in more accurate estimates of the true 

sensitivity and specificity. Infected people were included at -2 to +7 days around symptom 

onset/testing date. Calculations were subsequently stratified by sampling methods (grab, 

composite, and short and long passive sampling).  

Stratified analysis by catchment properties 

The dataset was restricted to both lockdown days, and to long passive and composite 

sampling methods. Infected people were included at -2 to +7 days around symptom 



Chapter 3 

50 
 

onset/testing date. Calculations were then stratified by catchment properties (site region, site 

type, catchment size, catchment population).  

Accuracy estimates for varying numbers of infected people at varying periods of shedding 

Using the same restricted dataset, we then calculated the estimated sensitivity and 

specificity for catchment sampling days with a single known infected person, few (Ò 5) known 

infected people, and any number of infected people at -2 to +7, +14, +21, and +28 days 

around symptom onset/testing date. Given limitations with the dataset, we did not conduct 

calculations for catchments with >5 known infected people. 

2.3.2. Estimated probability of detection 

The outcome variable was the wastewater test result, and the exposure variable was the 

count of known SARS-CoV-2 infected people resident per catchment sampling day. 

Shedding periods were defined as having begun two days before symptom onset/testing 

date. Upper limits of shedding were defined at seven-day intervals, from +7 to +84 days. 

Analyses were conducted using univariate logistic regression, given the binary outcome. 

Separate models were fitted with the outcome variable and the various definitions of the 

exposure. The ñpredictò function in R was used to estimate the detection probability for each 

definition of the exposure for varying numbers of infected people present in catchments.  
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3. Results 

3.1. Accuracy estimates 

This study focused on sensitivity and specificity, rather than the predictive values. The latterð

although useful for interpreting positive and negative wastewater test resultsðare affected by 

prevalence and do not translate well to other contexts (10).  

3.1.1. Stratified analysis by days with/without lockdowns 

The non-overlapping confidence intervals suggest strong evidence that lockdowns had a 

higher sensitivity estimate and a lower specificity estimate than non-lockdowns (Table 1). 

Table 1. Accuracy estimates of wastewater surveillance (index test) for detecting the 

presence of known SARS-CoV-2 infected people resident per catchment sampling day 

(reference test) from 25 August 2020 to 27 September 2021 in Victoria, Australia; infected 

people were included at -2 to +7 days around symptom onset/testing date.  

Lockdown 

(n) 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive 

predictive value 

(95% CI) 

Negative 

predictive value 

(95% CI) 

No (16,665) 0.30 (0.27, 0.33) 0.96 (0.96, 0.97) 0.32 (0.29, 0.35) 0.96 (0.96, 0.96) 

Yes (8,477) 0.49 (0.47, 0.52) 0.83 (0.82, 0.83) 0.38 (0.36, 0.41) 0.88 (0.87, 0.89) 

 

3.1.2. Stratified analysis by sampling methods 

There was strong evidence to show that long passive sampling had a higher sensitivity than 

grab sampling. Composite sampling and short passive sampling showed little evidence for a 

difference in sensitivity compared to both grab and long passive sampling given the 

overlapping confidence intervals. Composite sampling had a higher estimated specificity 

than grab and long passive sampling (Table 2). 
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Table 2. Accuracy estimates of wastewater surveillance (index test) using different sampling 

methods for detecting the presence of known SARS-CoV-2 infected people resident per 

catchment sampling day (reference test) from 25 August 2020 to 27 September 2021 in 

Victoria, Australia; infected people were included at -2 to +7 days around symptom 

onset/testing date.  

Sampling 

method  

(n) 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive 

predictive value 

(95% CI) 

Negative 

predictive value 

(95% CI) 

Grab  

(1,652) 
0.36 (0.29, 0.43) 0.83 (0.81, 0.85) 0.23 (0.19, 0.28) 0.90 (0.89, 0.92) 

Composite 

(303) 
0.50 (0.31, 0.69) 0.92 (0.88, 0.95) 0.39 (0.24, 0.57) 0.94 (0.91, 0.97) 

Short passive 

(113) 
0.33 (0.19, 0.51) 0.87 (0.77, 0.94) 0.55 (0.32, 0.76) 0.74 (0.63, 0.82) 

Long passive 

(8,174) 
0.49 (0.47, 0.52) 0.82 (0.81, 0.83) 0.38 (0.36, 0.41) 0.88 (0.87, 0.89) 

 

3.1.3. Stratified analysis by catchment properties 

There was strong evidence that sensitivity was higher in metropolitan areas than regional 

areas, in influent sites than network sites, and in the smallest quartile of catchment size. For 

catchment population, the estimated sensitivity was lowest for the largest quartile; all other 

quartiles showed little evidence for a difference. There was strong evidence that specificity 

was higher in regional areas than metropolitan areas, in influent sites than network sites, and 

in the largest quartiles of catchment size and catchment population (Table 3). 

3.1.4. Accuracy estimates for varying numbers of infected people at varying periods of 

shedding 

There was strong evidence that sensitivity was higher for catchments with any number of 

infected people present, than for catchments with few infected people or with a single 

infected person (Table 4). Estimates were also higher for periods up to +7 days after 

symptom onset/testing date, than for periods up to +14, +21 and +28 days (Table 4). 

Specificity estimates showed little evidence for a difference across catchments with a single, 

few, or any number of infected people. Estimates were also similar for periods up to +7, +14, 

+21 and +28 days after symptom onset/testing date (Table 5). 

3.2. Estimated probability of detection 

With no known infected people resident, wastewater surveillance had an estimated 19% 

probability of detection for all periods around symptom onset/testing date. The estimated 

probability of detection was elevated for catchments with any number of infected people than 
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catchments with no infected people, even for periods up to 84 days following symptom 

onset/testing date. Catchment sampling days with more known infected people resident had 

higher probabilities of detection. In the presence of 100 known infected residents, 

catchments had an estimated 100% probability of detection at -2 to +7 days around symptom 

onset/testing date; this dropped to approximately 50% with 15 to 20 people. Probabilities 

generally decreased with increasing days following symptom onset/testing date (Table 6). 
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Table 3. Accuracy estimates of wastewater surveillance (index test) with different catchment properties for detecting the presence of known 

SARS-CoV-2 infected people resident per catchment sampling day (reference test) from 25 August 2020 to 27 September 2021 in Victoria, 

Australia; infected people were included at -2 to +7 days around symptom onset/testing date.  

Catchment property (n) 
Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Positive predictive 

value (95% CI) 

Negative predictive 

value (95% CI) 

Region 
Regional (1,087) 0.17 (0.07, 0.34) 0.98 (0.97, 0.99) 0.25 (0.10, 0.47) 0.97 (0.96, 0.98) 

Metro (7,390) 0.50 (0.47, 0.53) 0.80 (0.79, 0.81) 0.39 (0.36, 0.41) 0.86 (0.85, 0.87) 

Site type 
Influent (2,291) 0.58 (0.53, 0.64) 0.89 (0.88, 0.90) 0.49 (0.44, 0.53) 0.92 (0.91, 0.94) 

Network (6,186) 0.47 (0.44, 0.49) 0.80 (0.79, 0.81) 0.36 (0.33, 0.38) 0.86 (0.85, 0.87) 

Catchment size 

(quartiles) 

1 (Largest) (2,120) 0.42 (0.38, 0.46) 0.91 (0.89, 0.92) 0.64 (0.59, 0.69) 0.80 (0.78, 0.82) 

2 (2,119) 0.56 (0.52, 0.60) 0.77 (0.75, 0.79) 0.43 (0.39, 0.47) 0.85 (0.83, 0.87) 

3 (2,119) 0.44 (0.38, 0.49) 0.78 (0.76, 0.80) 0.29 (0.25, 0.33) 0.87 (0.86, 0.89) 

4 (Smallest) (2,119) 0.79 (0.69, 0.87) 0.85 (0.83, 0.86) 0.19 (0.15, 0.23) 0.99 (0.98, 0.99) 

Catchment population 

(quartiles) 

1 (Largest) (2,120) 0.40 (0.36, 0.44) 0.86 (0.84, 0.87) 0.57 (0.52, 0.61) 0.75 (0.73, 0.77) 

2 (2,119) 0.56 (0.52, 0.60) 0.78 (0.76, 0.80) 0.54 (0.50, 0.58) 0.79 (0.77, 0.82) 

3 (2,119) 0.58 (0.49, 0.66) 0.78 (0.76, 0.79) 0.15 (0.12, 0.18) 0.96 (0.95, 0.97) 

4 (Smallest) (2,119) 0.64 (0.50, 0.77) 0.88 (0.87, 0.90) 0.12 (0.09, 0.17) 0.99 (0.98, 0.99) 
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Table 4. Estimated sensitivity (95% CI) of wastewater surveillance (index test) for detecting 

the presence of known SARS-CoV-2 infected people resident per catchment sampling day 

(reference test) from 25 August 2020 to 27 September 2021 in Victoria, Australia.  

Days around symptom 

onset1/testing date2  

Single infected 

person 

Few infected 

people (Ò5) 

Any number of 

infected people 

-2 to +7 0.11 (0.08, 0.15) 0.25 (0.22, 0.29) 0.49 (0.47, 0.52) 

-2 to +14 0.09 (0.06, 0.13) 0.21 (0.18, 0.24) 0.45 (0.43, 0.48) 

-2 to +21 0.08 (0.05, 0.12) 0.17 (0.14, 0.19) 0.42 (0.40, 0.44) 

-2 to +28 0.08 (0.05, 0.11) 0.15 (0.13, 0.18) 0.40 (0.38, 0.42) 
1 Applicable to symptomatic individuals 
2 Applicable to asymptomatic individuals 

 

Table 5. Estimated specificity (95% CI) of wastewater surveillance (index test) for detecting 

the presence of known SARS-CoV-2 infected people resident per catchment sampling day 

(reference test) from 25 August 2020 to 27 September 2021 in Victoria, Australia.  

Days around symptom 

onset1/testing date2 

Single infected 

person 

Few infected 

people (Ò5) 

Any number of 

infected people 

-2 to +7 0.83 (0.82, 0.83) 0.83 (0.82, 0.83) 0.83 (0.82, 0.83) 

-2 to +14 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 

-2 to +21 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 

-2 to +28 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 0.82 (0.81, 0.83) 
1 Applicable to symptomatic individuals 
2 Applicable to asymptomatic individuals 

 

Table 6. Estimated probability of detection for varying numbers of infected people at varying 

periods around symptom onset/testing date in Victoria, Australia from 25 August 2020 to 27 

September 2021.  

Days around 

symptom onset1/ 

testing date2 

 Number of infected people present 

0 1 5 10 15 20 25 50 75 100 

-2 to +7 19% 20% 26% 35% 45% 55% 65% 93% 99% 100% 

-2 to +14 19% 20% 24% 29% 35% 42% 49% 79% 94% 98% 

-2 to +21 19% 20% 23% 28% 33% 38% 43% 71% 89% 96% 

-2 to +28 19% 20% 23% 27% 31% 36% 41% 67% 86% 95% 

-2 to +35 19% 20% 23% 26% 30% 35% 39% 63% 82% 93% 

-2 to +42 19% 20% 22% 26% 29% 33% 38% 60% 79% 91% 

-2 to +49 19% 20% 22% 25% 29% 33% 37% 58% 77% 89% 

-2 to +56 19% 20% 22% 25% 29% 32% 36% 57% 76% 88% 

-2 to +63 19% 20% 22% 25% 28% 32% 36% 56% 75% 87% 

-2 to +70 19% 20% 22% 25% 28% 31% 35% 55% 73% 86% 

-2 to +77 19% 20% 22% 25% 28% 31% 35% 54% 72% 85% 

-2 to +84 19% 20% 22% 25% 28% 31% 34% 54% 72% 85% 
1 Applicable to symptomatic individuals 
2 Applicable to asymptomatic individuals  
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4. Discussion 

This study provides new evidence on the accuracy of wastewater surveillance for detecting 

the presence of SARS-CoV-2 infected people in Victoria, Australia. Sensitivity was moderate 

and specificity was high for detecting people at -2 to +7 days around symptom onset/testing 

date. Sensitivity was higher during lockdowns than non-lockdowns, and with multi-day 

passive sampling than single-day grab sampling. The estimated detection probability was 

elevated for catchments with any number of infected people than catchments with no 

infected people, even for periods up to 84 days following symptom onset/testing date. 

The estimated sensitivity and specificity are consistent with a similar study conducted for the 

period 25 August 2020 to 27 October 2020 (3). Its moderate sensitivityði.e., its moderate 

true-positive and false-negative proportionsðis biologically plausible, as faecal shedding is 

variable between individuals (8), and of those who shed, the virus may degrade in sewage 

(9). Negative tests therefore only provide some confidence in the absence of infected people. 

With its high specificityði.e., its high true-negative and low false-positive proportionsð

catchments with positive wastewater tests likely contain infected residents (11), and should 

be, and have been, targeted for public health action in low case load settings.  

Estimates are likely closer to the true values during lockdowns; people are shedding in their 

places of residence, resulting in less misclassification between the index test and the 

reference test. Given this, sensitivity estimates were expectedly higher during lockdowns. 

The applications of wastewater surveillance may therefore be limited in future contexts 

where large geographical lockdowns are no longer imposed.  

Specificity was lower in lockdowns; this may be attributed to higher wastewater detections of 

viral contributions by persistent shedders, which increases the false-positive proportion. 

Alternatively, people may have been reluctant to, or lacked access to COVID-19 testing 

during lockdowns, thereby reducing case ascertainment, and increasing the false-positive 

proportion, which may also explain the lower specificity observed. 

Long passive sampling produced higher sensitivity estimates than grab sampling, and similar 

estimates to composite sampling; this is reassuring as it currently predominates the program 

and is cheaper, safer, and easier than composite sampling (5). Grab sampling resulted in the 

lowest sensitivity estimates. In catchments with few infected people close to the sampling 

site, viral fragments may pass as a bolus and evade detection. Detections with grab 

sampling are likely hinged on fortuitous timing (3). 

Sensitivity estimates were also higher in influent catchments than network catchments. 

Influent catchments are larger and receive in-flows from various networks and thereforeð
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depending on the sampling methods usedðhave greater opportunity for receiving SARS-

CoV-2 contributions. With greater opportunities for detection, the higher estimated sensitivity 

is biologically plausible.  

The smallest quartile of catchment size produced the highest sensitivity estimates; the 

smallest catchments are those located in metropolitan Melbourne, where population density 

is higher than in regional Victoria. Such catchments are therefore more likely to have multiple 

persons shedding into the catchment, thereby increasing the probability of detection through 

wastewater surveillance, which may explain the higher sensitivity. 

This study presented some limitations. The elevated probability of detection beyond the 

infectious period, and the elevated probabilities in the absence of known infected residents, 

may be attributed to false-positive detections of SARS-CoV-2 contributions from persistent 

shedders (12), which were not ascertained for this study. False-positive detections may also 

include contributions from undiagnosed infected people. This misclassification was 

minimised by high testing rates and contact tracing at the time of data collection (3). 

Nonetheless, our specificity estimates are likely a minimum estimate of the true value. 

Furthermore, our reference test and outcome variable were defined according to the 

residences of known infected people. This is not always correct, as people may be using 

toilets and bathroomsðand contributing to sewageðoutside of their residences. This 

misclassification was minimised by restricting most analyses to lockdown days, where 

people were most likely shedding in their places of residence, resulting in lower 

misclassification between the index and reference tests. The reference test is also hinged on 

people getting tested. As there are multiple influences on testing behaviour, which can vary 

over time and with different populations, using notifications as a reference test may affect the 

validity of our conclusions. 

In the current context of high caseloads, detections of new incursions of COVID-19 into the 

community is less informative. However, the programðwith its moderate sensitivity, coupled 

with the high caseloadsðhas potential for rapidly detecting incursions of new variants in the 

community. This was demonstrated in New York, where wastewater surveillance detected 

the Omicron variant before the first documented clinical case (13). Wastewater surveillance 

can also help understand disease prevalence by correlating viral concentrations with 

community case levels. RNA loads have also been used to predict hospitalisations in Attica, 

Greece, which can be useful for informing workforce policy and planning (14). 

Prior to the pandemic, wastewater surveillance was used to detect the presence of poliovirus 

(15). With the infrastructure already in place, the Victorian wastewater surveillance program 

could be leveraged for other pathogens. One study quantified influenza A virus RNA in 
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wastewater during an active outbreak; RNA concentrations were strongly associated with 

reported clinical cases and reflected the outbreak pattern and magnitude, suggesting its 

viability for wastewater surveillance (16,17). Organisms transmitted via the faecal-oral route, 

such as norovirus and Salmonella, are usually excreted in large numbers in faeces, making 

them likely contenders too (18).  

In closing, this study provides novel insights into the accuracy of wastewater surveillance for 

detecting the presence of SARS-CoV-2 infected people in Victoria. Given its high specificity, 

catchments with positive detections likely contain infected residents, and should beðand 

have beenðtargeted for rapid and localised public health action. Its variable sensitivity is 

biologically plausible, as faecal shedding is variable between individuals, and among those 

who shed, the virus may degrade in sewage. Passive sampling produced higher sensitivity 

estimates than grab sampling, and similar estimates to composite sampling; this is 

reassuring as it currently predominates the program and is cheaper, safer, and easier than 

composite sampling. Our findings were shared with colleagues at the Department who are 

now evaluating the program to ensure efficiency and appropriate resource allocation, and to 

potentially extend its uses to other pathogens.  
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Appendix A. Poster and oral presentation at the 11th TEPHINET Global Scientific Conference in Panama City, Panama on 9 September 2022. 
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Chapter 4: Investigation of a COVID-19 outbreak at the Arcare 

Maidstone residential aged-care facility 

Prologue 

This chapter meets the MAE major competency to complete an ñinvestigation of an acute 

public health problem or threatò. This chapter describes a COVID-19 outbreak investigation 

at the Arcare Maidstone residential aged-care facility (RACF). The outbreak was declared on 

29 May 2021 when the index case was notified to the Department. I was subsequently 

deployed to the Western Public Health Unit (WPHU) to help investigate the outbreak, which 

involved collecting and analysing key epidemiological and genomic data to inform decision-

making, and to enact rapid control measures to prevent further transmission at the site. With 

this, the outbreak was stood down on 21 June 2021. My findings were captured in a report 

for WPHU and the Department, which was used to inform subsequent RACF-outbreaks. 

This project was conceptualised by Dr. Jim Black, my field supervisor, and: 

¶ Stacey Rowe, Director, COVID-19 Response, Department of Health; 

¶ Dr. Sheena Sullivan, Senior Public Health Officer, COVID-19 Response, Department 

of Health; 

¶ Mohana Baptista, Director, COVID-19 Response, Department of Health; 

¶ Dr. Frances Ampt, Epidemiologist, WPHU, Western Health; and 

¶ Gabrielle Hales, Epidemiologist, WPHU, Western Health. 

My role 

I was deployed to WPHU to co-lead the investigation with Dr. Frances Ampt and Gabrielle 

Hales. My responsibilities during the investigation were to attend key meetings as the lead 

epidemiologist. I also developed an ad hoc surveillance system for monitoring the 

movements of all attendees at the site during the outbreak period and implemented revisions 

to the system to additionally capture testing data, vaccination records and QR code 

attestations. I also prepared dynamic situational reports and responded to ad hoc requests 

for intelligence relating to the outbreak. Protocols for the retrospective analysis of the 

outbreakðincluding calculations of attack ratesðwere prepared. Upon analysing the 

epidemiological and genomic data, I prepared the final outbreak management report for both 

internal and external stakeholders. Throughout my secondment, I supervised three Data 

Assurance Officers, and oversaw their data collection and cleaning duties. 
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Lessons learnt 

This project taught me about the complexity and urgency of COVID-19 outbreak 

investigations. Outbreaks at RACFs are particularly sensitive, and often undergo strict public 

scrutiny, given the disproportionate COVID-19 morbidity and mortality at such facilities. 

Considering this, our investigation focused on rapidly recognising cases and enacting control 

measures to prevent further transmission at the site. Through these efforts, the outbreak 

resulted in zero deaths.  

I also learnt about the importance of accurate data collection at all points in the investigation. 

Knowing who was attending the site throughout the outbreak period was imperative for case 

finding. Genomic analysisðalthough costly in terms of time and moneyðprovided confidence 

in the epidemiological links between cases; it also confirmed the variant responsible for the 

outbreak. Testing data was used to determine if transmission was still occurring at the site, 

and when transmission had ceased, thus allowing for the outbreak to be stood down.  

However, some of the dataðparticularly the sign-in sheets and rostersðwere compromised 

by spelling errors and missing fields. This made surveillance particularly challenging, 

especially when linking records across multiple datasets, including testing data, vaccination 

records and QR code check-ins. As such, much time was spent manually cleaning the data. 

Public health impacts 

The investigation of the Arcare Maidstone RACF outbreak was essential for understanding 

the transmission patterns of SARS-CoV-2 at the site. This information provided the evidence 

base for enacting public health measures to mitigate further spread of the virus within the 

site, and within the broader Victorian community. The methodology and analyses captured in 

this report were used to inform future COVID-19 outbreak investigations.  
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Abstract 

Background 

An outbreak at the Arcare Maidstone RACF was declared on 29 May 2021 when the index 

case was notified to the State Government of Victoriaôs Department of Health (the 

Department). The index case was an employee who developed symptoms on 28 May. They 

were tested on the same day and diagnosed on 29 May. The individual had worked in the 

facility on the Magnolia unitða high-care non-dementia ward that housed 36 residentsðwhile 

likely infectious on 26 and 27 May. The investigation aimed to collect and analyse key 

epidemiological and genomic data to inform public health decision-making, and to enact 

rapid control measures to prevent further transmission at the site.  

Methods 

Upon notification of the index case, an Outbreak Management Team (OMT) meeting was 

convened on 30 May to monitor and manage the outbreak. WPHU was the lead public health 

entity and acted on behalf of, and as part of, the Departmentôs COVID-19 response. Case 

finding and surveillance involved reviewing lists of staff, contractors, visitors, and residents 

who attended the site during the outbreak period. The acquisition source was investigated by 

comparing the acquisition sites of the index case with exposure sites generated by cases 

from concurrent outbreaks in Victoria. Epidemiological links were established by reviewing 

the acquisition sites and exposure sites of cases and identifying places where they may have 

intersected. Whole genome sequencing helped verify these epidemiological links and 

identified the variant responsible for the outbreak. Public health actions were enacted to 

mitigate further transmission at the site. The OMT aimed to stand down the outbreak at 14 

days after the last case was onsite and to close the outbreak after 28 days. 

Results 

The outbreak period was defined as having begun two days before the first symptom onset 

date (i.e., on 26 May), and as having ended two incubation periods after the last infected 

person onsite went into isolation on 5 June (i.e., 3 July). At the beginning, there were 79 

residents and 110 staff onsite; 72 residents were left by the end. A total of 406 attendees 

were accounted for during the entire outbreak period. The outbreak resulted in 12 cases and 

245 close contacts. Three (25%) were residents, five (42%) were staff members and four 

(33%) were household contacts. Residents presented an attack rate of 3.8% (3/79), while 

staff presented an attack rate of 1.0% (4/405, excluding the staff index case). Genomic 

analysis confirmed that all cases were of the B.1.617.1 variant. Public health actions 

included zoning, cohorting, movement restrictions, use of tier 3 PPE, cleaning and 
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disinfection, and vaccinations. Transmission was attributed to breaches in infection 

prevention and control measures, all of which were addressed at notice. The outbreak was 

stood down on 21 June 2021, upon which all enhanced public health actions were ceased. 

Conclusion 

The Arcare Maidstone outbreak experienced relatively low morbidity and no mortalityða 

testament to the rapid response. This investigation will serve as a precedent and a learning 

tool for future COVID-19 outbreaks in RACFs.  
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1. Introduction 

1.1. COVID-19  

At the end of 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

emerged in Wuhan, China, causing an outbreak of unusual viral pneumonia (1). The novel 

outbreak was eventually declared a pandemic of ñcoronavirus disease 2019ò (COVID-19) by 

the World Health Organization on 11 March 2020 (2). Initial estimates of the mean incubation 

period of COVID-19 ranged from 5.6 (95% CI: 5.2ï6.0) to 6.7 days (95% CI: 6.0ï7.4) (3). At 

the time of writing, symptoms included cough, fever, fatigue, and headache, while some 

cases also experienced rhinorrhoea, diarrhoea, and altered smell and taste. It was also fatal 

in a relatively small proportion of cases with early estimates of the fatality rate ranging from 

0.17% to 1.7% (4).  

1.2. Variants of concern 

SARS-CoV-2, like other RNA viruses, is prone to genetic evolution while adapting to their 

new human hosts. Such adaptive mutations can result in variants with different pathogenicity 

to the ancestral strain (5). Multiple variants of SARS-CoV-2 have been identified, most of 

which are considered variants of interest, as opposed to variants of concern (VOCs)ðthe 

latter of which pose greater risks to public health. VOCs are marked by enhanced 

transmissibility or virulence, reduced neutralisation by antibodies, the ability to evade 

detection, and/or decrease the effectiveness of therapeutics and vaccination. As of 22 June 

2021, the WHO identified four SARS-CoV-2 VOCs: 

¶ Alpha (B.1.1.7)ðfirst VOC identified in the UK in late December 2020; 

¶ Beta (B.1.351)ðfirst reported in South Africa in December 2020; 

¶ Gamma (P.1)ðfirst reported in Brazil in January 2021; and 

¶ Delta (B.1.617.2)ðfirst reported in India in December 2020 (6ï9). 

At the time of writing, outbreaks in Victoria since Mayðincluding the Arcare Maidstone 

residential aged-care facility (RACF) outbreakðhave been of the delta variant. 

1.3. Transmission 

Respiratory transmission through droplets from coughing or sneezing, or airborne 

transmission through the inhalation of aerosol droplets exhaled by an infected person, are 

the dominant forms of transmission, with transmission risk being predicated on proximity and 

ventilation (10ï12). Vertical transmission (13) and transmission from minks (14) have also 

been documented, but rarely occur. Fomite transmission is also possible but is difficult to 

demonstrate directly (10,11). Live virus has been isolated from saliva (15) and stool (16) and 
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viral RNA has been isolated from semen (17) and blood (18), but there are no reported cases 

of transmission via faecalïoral, sexual, or bloodborne routes (11). Cases show heterogenous 

transmission dynamics, i.e., most people do not transmit the virus, while some can cause 

many secondary cases (superspreading events) (19).  

1.4. Diagnosis 

1.4.1. Specimen collection 

COVID-19 is typically diagnosed through laboratory tests. Specimens for virus detection are 

acquired through nasopharyngeal and oropharyngeal swabs, but may also involve broncho-

alveolar lavage, sputum, stool, urine, and blood, depending on the clinical manifestation of 

the individual (20,21). 

1.4.2. Nucleic acid test 

The current gold standard for detecting SARS-CoV-2 is nucleic acid testing (NAT), such as 

real-time reverse transcription-polymerase chain reaction (RT-PCR), which aims to detect 

SARS-CoV-2 RNA in samples (22). NAT is both sensitive and specific; for example, the 

nasopharyngeal swab NAT has a reported sensitivity of 85.7% (95% CI=76.5%-93.4%) and 

a specificity of 98.9% (95%C=97.4%-99.7%) (23). Of note, false-negative results can arise if 

viral genome is insufficient or if the optimal time-window of viral replication is missed. False-

positive results can arise when RT-PCR detects residual RNA in non-infectious convalescent 

individuals (24). 

1.4.3. Antigen test 

Antigen-based tests can use specific monoclonal antibodies to bind to specific SARS-CoV-2 

antigens in samples. These tests typically target structural proteins, such as spike, 

membrane, envelope and nucleocapsid proteins. However, given its lower sensitivity and 

specificity, antigen-based tests are not considered the gold standard (25).  

1.4.4. Serological assays 

Serological assays aim to detect specific antibodies (IgG and IgM) produced against SARS-

CoV-2 in serum, plasma, or whole blood. Such antibodies are usually detected one to three 

weeks after symptom onset, and so serology tests are limited to detecting infections later in 

the infection course, and for identifying people with immunity against the disease (26).  

1.5. Treatment 

At the time of writing, therapeutic options included the following (29): 

¶ Antiviral drugs, e.g., remdesivir; 
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¶ Anti-SARS-CoV-2 monoclonal antibodies, e.g., bamlanivimab/etesevimab and 

casirivimab/imdevimab; 

¶ Convalescent plasma from recovered COVID-19 patients; 

¶ Anti-inflammatory drugs, e.g., dexamethasone; and 

¶ Immunomodulating agents, e.g., baricitinib and tocilizumab. 

COVID-19 cases with associated respiratory insufficiency should also be monitored with 

continuous pulse oximetry and administered with oxygen supplementation via nasal cannula 

or Venturi mask. Non-invasive treatments such as High-Flow Nasal Cannula or Non-invasive 

Positive Pressure Ventilation should be considered for cases where there is no clinical 

improvement or worsening of symptoms or oxygen saturation (30). 

1.6. Vaccination 

Vaccines work by stimulating the body to produce specific antibodies against SARS-CoV-2; 

individuals will then experience an anamnestic response when the body is exposed to 

SARS-CoV-2 again (31). They are crucial for achieving herd immunity to attenuate the 

COVID-19 pandemic (32). 

Vaccine development was expedited rapidly at the outset of the pandemic, with more than 

150 candidate vaccines in development within the first 5 months of 2020 (33). By the end of 

February 2021, more than 40 countries and regions were working on developing COVID-19 

vaccines. At the time of writing, among those in clinical trials, two vaccines from the United 

States (Moderna and Johnson & Johnson/Janssen), one codeveloped by the United States 

(Pfizer) and Germany (BioNTech), one from the UK (AstraZeneca/Oxford), four from China, 

and one from Russia have been granted conditional authorisations in one or more countries 

(34). As of 10 April 2021, the top five countries with vaccination programs were the United 

States (6.129 million), China (4.052 million), the European Union (2.66 million), the United 

Kingdom (1.82 million) and India (1.084 million) (31). 

1.7. Residential aged-care facilities (RACFs) 

By the end of 2020, Australia recorded over 27,000 COVID-19 cases, the bulk of which 

occurred in Victoria between May and October 2020. In Victoria, approximately 2,000 cases 

occurred in RACFs, which saw 647 deaths. At the time, 75% of the countryôs deaths 

occurred in such facilities (35).  

1.8. COVID-19 outbreak at the Arcare Maidstone RACF in May 2021 

The Arcare Maidstone RACF is located at 31 Hampstead Rd, Maidstone, Victoria 3012. Its 

110 staff work on dedicated assignments, where they each care for the same few residents. 
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The site includes 90 suites sectioned into three zones. The facility has an al fresco café, a 

movie theatre, hair salon, worship room, dining rooms, and two courtyards.  

An outbreak at the Arcare Maidstone RACF was declared on 29 May 2021 when the 

presumed index case was notified to the State Government of Victoriaôs Department of 

Health (the Department). They were an employee who developed symptoms on 28 May. 

They were tested on the same day and diagnosed on 29 May. The individual worked on the 

Magnolia unitða high-care non-dementia ward that housed 36 residentsðduring their 

presumed infectious period (26 to 27 May).  

1.9. Aims and objectives 

The investigation aimed to collect and analyse key epidemiological and genomic data to 

inform public health decision-making, and to enact rapid control measures to prevent further 

transmission at the site. The investigation also aimed to stand down the outbreak after one 

full incubation period of SARS-CoV-2 (i.e., 14 days), and to close the outbreak after two full 

incubation periods (i.e., 28 days) from the date the last infected case was onsite.  

The strategic intent and objectives of the investigation were to: 

¶ Describe the epidemiology and genomics of the Arcare Maidstone outbreak; 

¶ Manage infection prevention and control measures to prevent further transmission; 

¶ Conduct critical contact tracing and testing to identify all at-risk individuals; 

¶ Arrange vaccinations for unvaccinated residents and staff; and 

¶ Organise priorities and logistics for the care of the residents.  
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2. Methods  

2.1. Ethics 

Ethical approval was obtained from the Australian National University Human Research 

Ethics Committee (Protocol 2017/909). All data were collected, stored, and destroyed under 

the provisions of the Public Health and Wellbeing Act 2008 (Victoria). 

The main ethical considerations were related to the use of raw data that contained the 

patientsô re-identifiable IDs; patient confidentiality could have been compromised at any point 

in the investigation. Several mitigation strategies were in place to prevent such breaches. All 

the data were stored and analysed within the Microsoft Azure virtual machine within the 

Departmentôs firewall and Western Health servers. Both are only accessible to employees 

who use the same data as part of their normal duties. Therefore, the collection, storage, and 

eventual destruction of the data in this study do not create any new ethical considerations. 

To avoid identification of individual patients, all results have been presented in aggregate 

form; at meetings, cases were identified by the first two letters of their first and last names. 

2.2. Governance 

Upon notification of the index case, an Outbreak Management Team (OMT) meeting was 

convened on 30 May to monitor and manage the outbreak. The Western Public Health Unit 

(WPHU) at Western Health was the lead public health entity and acted on behalf of, and as 

part of, the Departmentôs COVID-19 response. The chair of the Outbreak Management Team 

(OMT) was either the Director or the Medical Lead at WPHU.  

The OMT meeting occurred daily and was attended by representatives of the following: 

¶ The Arcare Maidstone RACF, who have approved provider obligations under the 

Aged Care Act and are responsible for enacting the outbreak management plan; 

¶ WPHU, who have a legislative responsibility for declaring the outbreak, managing the 

public health aspects of the outbreak, standing down the outbreak, and co-ordinating 

resident hospital transfers when required for public health reasons; 

¶ The Departmentôs COVID-19 Investigation Case Contact Outbreak Management 

(ICCOM) division, including the Infection Prevention and Control Advisory Response 

(IPCAR); 

¶ The Victorian State COVID-19 operations team of the Australian Government 

Department of Health, including The Aged Care Quality and Safety Commission; 

¶ Sonic Pathology (Melbourne Pathology) who was responsible for onsite testing; 

¶ Melbourne Health (the Aged Care Hub); 
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¶ Western Health Chronic and Complex Care; 

¶ The Victorian Aged Care Response Centre; and 

¶ Aspen, who was responsible for onsite vaccinations. 

2.3. Epidemiological investigation 

The epidemiological investigation was conducted in accordance with the Victorian 

Residential Aged-Care Facility COVID-19 Outbreak Management Guidelines (ñVictorian 

guidelinesò hereafter).  

2.3.1. National case definitions 

As per national guidelines, COVID-19 case definitions are outlined in Table 1. 

2.3.2. Outbreak case and contact definitions 

In the Arcare Maidstone outbreak, confirmed cases, close contacts and surveillance contacts 

were defined as follows. 

Confirmed case  

A person with a definitive laboratory test for COVID-19 with an epidemiological link to a 

confirmed case of the Arcare Maidstone RACF outbreak, with symptom onset (or infectious 

period) on/after 14 May 2021 (14 days prior to symptom onset of the earliest confirmed 

case). 

Close contact 

Up until 5 June 2021, the tier 1A primary close contact (PCC) definition for staff, contractors 

and visitors was defined as: 

¶ Any staff member, contractor or visitor in/to the facility and attended Unit 2 between 7 

am and 1:30 pm on 26 May or 27 May (including handovers, etc.); OR 

¶ Any staff member, contractor or visitor in/to the facility who shared communal 

facilities (e.g., tearoom or office space) with a confirmed case between 7 am and 1:30 

pm on 26 May or 27 May. 

On 6 June, PCC definitions for staff, contractors and visitors were amended to:  

¶ Any person who had been on the Magnolia Unit since 7am on 26 May 2021 (the date 

the index case was likely first infectious); OR 

¶ Any staff member, contractor or visitor in/to the facility who shared communal 

facilities (e.g., tearoom or office space) with a confirmed case on or after 7am on 26 

May 2021. 
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Table 1. COVID-19 case definitions as prescribed by the Communicable Disease Network for Australia (CDNA) national guidelines for public 

health units (6 June 2021); source: https://www1.health.gov.au/internet/main/publishing.nsf/Content/cdna-song-novel-coronavirus.htm. 

Category Criteria Supplementary information 

Confirmed 

case 

Laboratory definitive evidence 

(where not classified as a 

historical case)  

Laboratory definitive evidence: 

1. Detection of SARS-CoV-2 by nucleic acid testing OR  

2. Isolation of SARS-CoV-2 in cell culture, with confirmation using a nucleic acid test OR 

3. SARS-CoV-2 IgG seroconversion or a four-fold or greater increase in SARS-CoV-2 

antibodies of any immunoglobulin subclass including ótotalô assays in acute and 

convalescent sera, in the absence of vaccination. 

Laboratory suggestive evidence: 

1. Detection of SARS-CoV-2 by polymerase chain reaction (PCR) on two specimens at 

least 24 hours apart with results suggestive of a historical infection on both specimens 

AND detection of IgG or total antibody, in the absence of vaccination OR 

2. Negative SARS-CoV-2 PCR AND detection of IgG or total antibody, in the absence of 

vaccination OR 

3. Detection of SARS-CoV-2 by PCR with initial test results suggestive of a historical 

infection AND a subsequent PCR is negative, taken at least 24 hours apart. 

Clinical evidence: 

1. Fever (Ó37.5ÁC) or history of fever (e.g., night sweats, chills) OR  

2. Acute respiratory infection (e.g., cough, shortness of breath, sore throat) OR  

3. Loss of smell or loss of taste. 

Epidemiological evidence: 

ω Close contact with a confirmed case 

ω International travel 

ω Workers supporting designated COVID-19 quarantine and isolation services 

ω International border staff 

ω Air and maritime crew 

ω Health, aged or residential care workers and staff with potential COVID-19 contact 

ω People who have been in a setting where there is a COVID-19 case 

ω People who have been in areas with recent local transmission of SARS-CoV-2. 

Historical 

case 

Laboratory suggestive 

evidence; AND either: 

1. Previous (prior to the past 

14 days) clinical evidence OR 

2. Previous (prior to the past 

14 days) epidemiological 

evidence. 

A historical case should not 

have symptoms of COVID-19 

(or not have had symptoms of 

COVID-19 for the past 14 

days). 

Probable 

case 

A person who meets the above 

clinical AND epidemiological 

criteria. 

Clinical and public health 

judgement should be used in 

assessing if hospitalised 

patients with non-specific signs 

of infection and/or patients who 

do not meet the clinical or 

epidemiological criteria should 

be considered suspect cases. 

https://www1.health.gov.au/internet/main/publishing.nsf/Content/cdna-song-novel-coronavirus.htm
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Throughout the outbreak period, the tier 1A PCC definition for residents included any 

resident who attended or was at Arcare Maidstone in any part of the facility from 26 May. 

Tier 2 casual contacts were defined as any other attendance at the Arcare Maidstone RACF 

since 7am from 26 May. 

Surveillance 

Attendees since 7am on 26 May 2021 were all registered with WPHU for surveillance 

awareness and oversight. 

2.3.3. Testing 

Up until 5 June 2021, testing teams were onsite every 48 hours to test staff and residents 

who were present at the time. Symptomatic residents were tested at notice. As of 6 June, all 

attendees were classified into three categories for testing: 

¶ Daily testing for regular staff onsite at 9 am; 

¶ Surveillance testing (3 per week) for those deemed high risk (e.g., irregular staff); and 

¶ PCC testing at notice and at day 13. 

As of 8 June, daily testing was instigated for all staff onsite, including night shift staff, to 

improve case finding. The final round of testing (day 13 since last case was onsite) was 

conducted on 19 June. 

2.3.4. Case finding and contact tracing 

Contacts were identified through various measures. Arcare Maidstone RACF provided lists 

of staff, contractors, visitors, and residents during the outbreak period to the WPHU Medical 

Lead and Epidemiologists. Staff at Arcare Maidstone RACF were also briefed verbally and in 

writing to raise awareness and to check staff against contact definitions. Contact definitions 

were also provided to families to identify visitors. Contact definitions were published on the 

Departmentôs exposure sites website to assist with identifying visitors and contractors who 

may have attended during the outbreak period. Using this information, attack rates for 

residents and staff were calculated using the population at-risk as the denominator. 

2.3.5. Case interviews 

All confirmed cases were interviewed by Public Health Officers at WPHU. Under the Public 

Health and Wellbeing Act Victoria (2008), cases were required to answer all questions, but 

could refuse if their answers would incriminate them. Cases were asked for their 

demographic information, whether they wished to receive a once-off $1,500 support payment 

(if eligible), information on their general practitioner, questions about conditions that may 
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place them at an increased risk of COVID-19 complications, questions about contact with a 

confirmed case, symptoms, movements in the 14 days prior to symptom onset for 

symptomatic cases or testing date for asymptomatic individuals, information about close 

contacts during acquisition and infectious periods, and finally advice on isolation. Cases 

were also followed up with welfare checks and with reminders for day 13 testing.  

2.3.6. Staff Attestation and Visitor Registration (SAVR) application 

SAVR is an electronic application that rapidly screens for COVID-19 symptoms and records 

the details of any attendees at Victorian health facilities. The SAVR tool was implemented at 

the Arcare Maidstone RACF on 9 June 2021 to assist with contact tracing, and in the 

surveillance of attendees. Scanners were required to fill in their first and last names, their 

phone numbers, and the unit they were working on (Jasmine or Magnolia). Compliance with 

SAVR was calculated by cross-classifying the number of attendees who checked in via 

SAVR against the number of attendees on rosters and sign-in sheets. 

2.3.7. Wastewater surveillance 

As part of the Departmentôs COVID-19 response, wastewater surveillance was introduced to 

facilitate case detection. Wastewater samples are collected from sewage and analysed for 

SARS-CoV-2 fragments shed via an infected personôs saliva, sputum, stool, or urine. Daily 

targeted testing was initiated on 16 June 2020. 

2.3.8. Acquisition source and epidemiological links 

The index caseôs acquisition sites were compared with existing exposure sites generated by 

cases from concurrent outbreaks in Victoria to identify the acquisition source of the outbreak. 

Epidemiological links were established by reviewing the acquisition sites and exposure sites 

of cases in the current outbreak to identify places where cases may have intersected. 

2.4. Genomic investigation 

All viruses recovered from cases were forwarded to the Microbiological Diagnostic Unit 

Public Health Laboratory (MDU PHL). The laboratory genetically sequenced SARS-CoV-2 

viral specimens from the cases to identify links between cases in the outbreak, and with 

cases in concurrent outbreaks in Victoria. 
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2.5. Public health actions 

2.5.1. Isolation 

Throughout the outbreak period, confirmed cases and close contacts were instructed to 

isolate or quarantine for 14 days. Casual contacts were instructed to test and isolate until 

they received a negative result. 

2.5.2. Immediate tasks 

As per Victorian guidelines, the OMT was advised to commence all public health actions 

outlined in Table 2 within 24 hours of the COVID-19 outbreak being declared. Table 3 lists 

the initial stakeholder allocated to key tasks.  

Table 2. Key tasks to be completed within the first 24 hours of a COVID-19 outbreak in a 

residential aged-care facility. 

Domain Action 

Infection 

prevention 

and control 

Isolate residents and cease communal activities 

Staff to wear Tier 3 personal protective equipment (PPE) (P2/N95 mask, 

eye protection, gown, and gloves) for all resident interactions 

Institute spotters to observe PPE use 

Set up donning and doffing stations 

Organise a deep clean of the facility 

Staff 

Advise close contacts to quarantine 

Allocate staff to work only in a specific area across their entire shift and for 

different shifts, including for tea breaks 

Ensure staff are not working across other residential aged-care facilities 

Address critical staffing issues 

Ensure all communal staff spaces meet the density quotient, and that staff 

are 1.5 meters apart in staff communal spaces 

Logistics 

Ensure PPE and alcohol-based hand rub stocks are adequate 

Ensure waste disposal is adequate 

Ensure meal provisions are adequate 

Ensure adequate provision of medications and equipment to support the 

clinical needs of residents, e.g., oxygen 

Resident 

care 

Check if any residents need a clinical review 

Transfer residents who have been recommended for public health reasons 

Cease all new admissions and transfers into the facility 

Cease all visitation (except for end-of-life care) and advise visitors currently 

on site to leave and isolate at home until further advised 

Testing Test all residents and staff for COVID-19 

Vaccinations If possible, vaccinate all residents and staff 
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Table 3. Stakeholder allocations to key tasks; RACF=residential aged-care facility. 

Key task 
Primary stakeholder 

initially allocated  

Alternative stakeholder if primary 

stakeholder is unable/unlikely to 

complete the task within 24 hours 

Infection prevention 

and control 

RACF management and 

Infection Prevention 

Lead working with the 

Health Service Aged 

Care Representative 

RACF Management and Infection 

Prevention Lead working with the 

Department Outbreak Squad 

Close contact 

definition determined/ 

resident hospital 

transfer plan for public 

health reasons 

WPHU  

Complete close 

contact spreadsheet  
RACF Management 

Once returned, WPHU will generate a 

list of close contacts who will be 

contacted for further instructions 

regarding testing and quarantine 

Workforce planning  RACF management  

The Australian Government Case 

Manager can coordinate surge 

staffing; this is likely unavailable on 

day 0, and alternative staff pools may 

be accessible via the Health Service 

Cluster and the Department 

Ensuring PPE stock/ 

waste disposal and 

food and equipment 

(e.g., oxygen) is 

adequate 

RACF Management 
Australian Government Case 

Manager 

Residentôs care 

RACF staff and 

residentsô General 

Practitioners 

Escalation to Local Health Service 

Residential in Reach team if needed 

Initial testing 

The Australian 

Government will 

coordinate site testing 

through Sonic Pathology 

(Melbourne Pathology) 

If testing via the Department/ 

Australian Government cannot be 

performed within 24 hours, the Health 

Service Cluster may be asked to 

perform 

 

2.5.3. Standing down the outbreak 

Public health actionsðincluding zoning, cohorting, movement restrictions, use of tier 3 PPE, 

cleaning and disinfection, and vaccinationsðwere initiated to mitigate any further 

transmission onsite, with the goal of standing down the outbreak at 14 days after the last 

case was on site. This required certain criteria to be met, as per Victorian guidelines. 
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Standing down an outbreak (previously called ñtransitioning to enhanced surveillanceò) 

would cease all enhanced public health actions. This is generally considered when: 

¶ At least 14 days have elapsed since the last infectious staff member was on site AND 

¶ At least 14 days have passed since the last resident case on-site was considered 

infectious (i.e., the date the resident was deemed eligible for órelease from isolationô 

or the date of death or transfer out of the facility) AND 

¶ A final round of testing has been conducted for all workers and residents on or at 

about 13 days from the last potential infectious exposure on-site (either since the last 

infectious staff member was on site or the last resident case on-site was considered 

infectious, whichever is later) and returned negative results AND 

¶ All negative residents remain asymptomatic.  
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3. Results 

3.1. Descriptive Epidemiology 

The outbreak period was defined as having begun two days before the first symptom onset 

date (i.e., on 26 May), and as having ended two incubation periods after the last infected 

person onsite went into isolation on 5 June (i.e., 3 July). At the beginning, there were 79 

residents and 110 staff onsite. By the end, there were 72 residents left onsite. Seven were 

transferred offsite for reasons related, or unrelated, to COVID-19 or were deceased. A total 

of 406 workers were onsite across the entire outbreak period. 

The outbreak resulted in 12 cases and 245 close contacts (Table 4, Figure 1). Case 1ðthe 

suspected index caseðwas linked to two household contacts who eventually became 

confirmed cases. Case 3 was also a close contact of case 1, as they worked onsite on the 

same days. The resident casesðcase 4, 5 and 8ðwere all considered close contacts of the 

presumed index case (Figure 1). Cases were spread across six households, including the 

Arcare Maidstone RACF, and linked to three other concurrent Victorian outbreaks (Figure 1). 

Table 4. High-level summary of the epidemiology of the Arcare Maidstone residential aged-

care facility outbreak (2021).  

Variable Value 

Confirmed cases (n) 12 

Close contacts (n) 245 

Date of first diagnosis 29 May 2021 

Date of first symptom onset 28 May 2021 

Date of last symptom onset 09 June 2021 

Date of last isolation start 13 June 2021 

 

Half of cases were female, and half were male. The median age was 34 years, with a range 

of 19 to 99 years. No cases identified as Indigenous. Half (50%) spoke English at home, and 

nine (75%) were born outside of Australia. Three cases (25%) were hospitalised, and no 

cases were deceased (Table 5). Half (n=6) were symptomatic, i.e., ever developed 

symptoms during their infectious period (Figure 2). Three cases (25%) were residents, five 

(42%) were staff members, including agency staff, and four (33%) were household contacts 

(Figure 3). Residents presented an attack rate of 3.8% (3/79). All attendees were considered 

at risk and presented an attack rate of 1.0% (4/405). Attack rates were not calculated for 

household contacts due to the absence of denominator data. 
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Figure 1. Social-location networks/epidemiological links in the Arcare Maidstone residential aged-care facility outbreak (2021). Red circles and 

squares represent confirmed cases (see legend for more information). Blue boxes show outbreaks that cases are linked to. Black boxes show 

which households cases belong to. Lines joining cases/households to outbreaks also describe key events relating to potential transmission.
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Table 5. Summary of the demographics and clinical outcomes of cases linked to the Arcare 

Maidstone residential aged-care facility outbreak (2021). 

Variable Number Percentage (%) 

Total 12 100 

Sex 
Female 6 50 

Male 6 50 

Age group (years) 

0-14 0 0 

15-24 1 8 

25-34 5 42 

35-44 1 8 

45-54 2 17 

55-64 0 0 

65+ 3 25 

Indigenous status 

Indigenous 0 0 

Non-Indigenous 9 75 

Unknown 3 25 

Language 

English 6 50 

Filipino/Tagalog 2 17 

Missing/Unknown 4 33 

Country of birth 

Australia 3 25 

Brazil 1 8 

India 2 17 

Philippines 3 25 

United Kingdom 3 25 

Clinical outcomes 
Hospitalised 3 25 

Not hospitalised 9 75 

 

 

Figure 2. Epidemic curve for the Arcare Maidstone residential aged-care facility outbreak 

(2021). 
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Figure 3. Epidemic curve for the Arcare Maidstone residential aged-care facility outbreak by 

diagnosis date and case type (household, resident, or staff) (2021).  

3.1.1. SAVR compliance 

Following its inception on 9 June 2021, QR code check-ins via the SAVR application saw an 

average daily compliance of around 20%. The lowest compliance was observed on 10 June 

2021, the day after its inception, at 6%. In contrast, the greatest compliance was observed 

on 14 June 2021 at 30% (Table 6). An upward trend in compliance was observed throughout 

the outbreak period (Figure 4). Approximately 7% of attendees checked in via QR codes but 

were not accounted for on agency lists each day (Table 6).  

Table 6. Number of attendees on logs and attendees who checked in via the Staff Attestation 

and Visitor Registration (SAVR) application per day of the Arcare Maidstone residential 

aged-care facility outbreak (2021); SAVR was instituted on 9 June 2021. 

Date   10 

Jun 

11 

Jun 

12 

Jun 

13 

Jun 

14 

Jun 

15 

Jun 

16 

Jun 

17 

Jun 

18 

Jun 

19 

Jun 

Attendees on logs   57 105 105 78 108 111 121 100 109 129 

Attendees checked in 

via SAVR app 
  17 24 25 21 39 36 35 35 29 30 

Attendees on logs 

OR SAVR app 
  70 110 113 87 113 116 127 112 112 131 

Attendees on logs 

AND SAVR app 
  4 19 17 12 34 31 29 23 26 28 

Percentage 

attendees on logs 

AND SAVR app (%) 

  6 17 15 14 30 27 23 21 24 21 
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Figure 4. QR code check-ins via the Staff Attestation and Visitor Registration (SAVR) 

application during the Arcare Maidstone residential aged-care facility outbreak (2021); SAVR 

was instituted on 9 June 2021. The total number of recorded attendees is shown in blue; the 

proportion who checked-in via SAVR is shown in orange. 

 

3.1.2. Wastewater surveillance 

Daily wastewater testing was instigated from 16 June 2021 until the outbreak was stood 

down on 21 June 2021. Testing returned negative results on each day, which provided 

reassurance in the absence of SARS-CoV-2 infected people on the premises. 

3.1.3. Acquisition source 

Case 1 was the suspected index case; they were a personal care assistant and became 

symptomatic on 28 May 2021. The case was swabbed that same day and tested positive on 

29 May 2021. The staff member reported working at the facility exclusively on 26 and 27 May 

2021, i.e., during their probable infectious period. Their acquisition source was investigated, 

but no epidemiological links with cases in concurrent Victorian outbreaks were established. 

Case 2, a household contact of Case 1, was also investigated as the potential index case; 

their symptom onset date was the same as Case 1, but again, acquisition was undetermined.  

3.2. Genomic analysis 

As of 13 June 2021, sequencing data was available for all twelve cases to help establish 

transmission chains through genomic analysis. All cases were B.1.617.1 and were thus 

related to each other. The virus recovered from the index case was closely related to viruses 

recovered from cases linked to an earlier community outbreak in Whittlesea (Figure 1). 

However, no epidemiological links were established between the two outbreaks. All viruses 
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in the Arcare Outbreak sat within cluster B.1, a sub cluster of the larger Cluster B that was 

associated with the Reservoir Workplace Transmission site in the City of Whittlesea 

Community Outbreak.  

A sample from the later Southbank Community outbreak was closely related to samples from 

the Arcare Maidstone RACF outbreak. Epidemiological links were also established between 

the two outbreaks, thus supporting the hypothesis that the Arcare Maidstone RACF outbreak 

seeded this outbreak. These outbreaks were managed separately. 

3.3. Outline of public health actions 

3.3.1. Timeline of public health actions 

Outbreak control measures were enacted to prevent further transmission at the Arcare 

Maidstone RACF. Measures were enacted in accordance with Victorian guidelines, and 

included zoning, cohorting, movement restrictions, use of tier 3 PPE, cleaning and 

disinfection, and vaccinations. A timeline of key public health actions, infection prevention 

and control breaches and other key events is given in Table 7. 

3.3.2. Standing down the outbreak 

The outbreak was stood down after meeting the following criteria on 21 June 2021. All 

enhanced public health actions were subsequently ceased.  

Criterion 1ð14 days have elapsed since the last infectious staff member was onsite 

The last infectious staff member was onsite on Friday 4 June 2021. 

Criterion 2ð14 days have elapsed since the last infectious resident was onsite 

The last infectious resident was onsite on Sunday 6 June 2021. 

Criterion 3aðall residents are negative for COVID-19 on day 13 testing since the last 

potential infectious exposure onsite 

As of 20 June 2021, there were 72 residents at the Arcare Maidstone RACF, of whom, 71 

were tested from late Friday 18 June until Saturday 19 June (day 13 testing) and were 

negative. One resident had a saliva test, which returned a negative test on the same day. 

The OMT deemed the result acceptable for standing down the outbreak. 
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Table 7. Timeline of key events and public health actions taken during the Arcare Maidstone residential 

aged-care facility outbreak (2021). 

Date Event 

29 May First case diagnosed in a staff member  

30 May 

First outbreak management team (OMT) convened 

Primary close contact (PCC) definition established 

Facility in lockdown 

Cohorting and tier 3 personal protective equipment (PPE) in place for resident interactions 

Donning/doffing stations implemented with infection prevention and control (IPC) nurse and quality support nurses in 

place 

Vaccination offered for previously unvaccinated residents/staff 

Commonwealth to aid with staffing, and preference expressed for Aspen and agencies before moving staff from 

acute hospitals 

First terminal clean conducted and additional cleaning contractors sourced 

Onsite testing  

Three additional cases diagnosed (household, resident, and staff)  

31 May 

Aspen attended for further vaccination of residents (Pfizer)  

Resident case transferred to Epping Private Hospital 

Staff case moved to hotel quarantine unit 

1 June 

All clinical placements ceased 

Western Public Health Unit (WPHU) received initial lists of primary close contacts (PCC) for contact tracing and 

surveillance  

IPC Advice and Response (IPCAR) and Royal Melbourne Hospital (RMH) onsite to advise new staff on IPC 

2 June 
No PPE spotters or IPC leads onsite 

Resident case diagnosed and transferred out to Epping Private Hospital  

3 June 

Genomics test results received, and outbreak strain identified as the same strain as other Melbourne outbreaks 

Arcare provided raw attestation data to WPHU 

All staff now only at the Arcare Maidstone RACF and no other site  

4 June One household case diagnosed (related to case 1) 

6 June 
PCC definition amended  

One resident diagnosed and transferred to Epping Private Hospital, and two staff cases (cleaner and RN) diagnosed 

7 June 

IPCAR review completed; spotter and PPE expertise deficiency noted 

Household case diagnosed (related to case 7) 

Staff case (case 9) transferred to hotel quarantine unit (HQU) 

8 June 

Two teams of senior nursing staff sourced to work alongside Arcare team 

Daily testing instigated  

WPHU begins efforts to reconcile all attendees onsite since 26 May 2021 

9 June 

PCC clearance underway by WPHU  

QR code sign-ins via Staff Attestation and Visitor Registration (SAVR) application implemented 

Final IPCAR report submitted; new recommendations on donning and doffing in the carpark, and IPC education 

10 June WPHU expressed the requirement for accurate attestation of all staff entering the site 

11 June 
Testers not compliant with PPE protocol; escalated to Sonic 

Diagnosis of case related to Arcare case, triggering Kings Park Southbank outbreak 

12 June Staff case diagnosed 

13 June 
Yesterdayôs case referred to Household Engagement Programme (HEP) 

Cleaner and household case (case 7 and 10) transferred to HQU 

14 June Barrier wall erected for staff to don PPE 

15 June 
Repatriation of resident PCC to Arcare 

Daily wastewater testing instigated for 16 June 

16 June  

No repatriation of cases or PCCs from Epping Private to Arcare  

Day 13 testing of staff  

Diagnosis of case related to Arcare cases, triggering Epping Private Hospital outbreak 

17 June Arcare staff moving from 12-hour to 8-hour shifts 

18 June Household case diagnosed 

19 June 
Final round of testing (day 13 testing) 

Expert Review Panel (ERP) for residents in Epping Private Hospital 

21 June Outbreak stood down  

3 July  Outbreak closed 
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Criterion 3bðwhere possible all aged care workers who have attended the facility since the 

last potential infectious exposure onsite (06/06/2021) have been tested and found to be 

negative for COVID-19 

As of 20 June 2021, 270 people were identified as having attended in any capacity as an 

aged care worker since 6 June 2021. Of the 270 people: 

¶ 266 (99%) had a negative test since 6 June 2021; four had no recorded test result. 

¶ 238 (88%) had a negative test since 16 June 2021, i.e., in the five days prior to 

standing down the outbreak. 

Negative test results were returned by 200 (74%) on either 19 or 20 June; Arcare and Aspen 

showed the highest rates of testing on these dates, with close to 80% of employees being 

tested (Table 8). 

Criterion 4ðany negative residents remain asymptomatic 

On 20 June 2021, two residents on the Jasmine Unit were unwell in the preceding 24 hours. 

Both were confirmed to be non-COVID-19 cases on 21 June 2021, allowing for the outbreak 

to be stood down. 

Table 8. Breakdown of workers who attended the Arcare Maidstone residential aged-care 

facility and returned a negative test from 6 June 2021 to 20 June 2021; IPCAR=Infection 

Prevention and Control Advisory Response, DH=Department of Health (Victoria). 

Employer Total 
Number tested since 16 June 

2021 (%) 

Number tested on 19/20 June 

2021 (%) 

Arcare  204 183 (90) 161 (79) 

Aspen 24 22 (92) 19 (79) 

IPCAR & DH 1 0 (0) 0 (0) 

Melbourne 

Health 
7 5 (71) 3 (43) 

Sonic 22 19 (86) 12 (55) 

Western 

Health 
12 9 (75) 5 (42) 

Total 

attendees 
270 238 (88) 200 (74) 
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4. Discussion 

An outbreak at the Arcare Maidstone RACF was declared on 29 May 2021. The outbreak 

period was defined as having begun on 26 May, and as having ended on 3 July. At the 

beginning, there were 79 residents and 110 staff onsite; 72 residents were left by the end. A 

total of 406 attendees were accounted for during the entire outbreak period. The outbreak 

resulted in 12 cases and 245 close contacts. Three were residents, five were staff members 

and four were household contacts. Genomic analysis confirmed that all cases were of the 

B.1.617.1 variant.  

Public health actions included zoning, cohorting, movement restrictions, use of tier 3 PPE, 

cleaning and disinfection, and vaccinations. Transmission was attributed to breaches in 

infection prevention and control measures, all of which were addressed at notice. The 

outbreak was stood down on 21 June 2021, upon which all enhanced public health actions 

were ceased. Given the dearth of literature on COVID-19 outbreak investigations in RACFs 

at the time, we did not conduct a comparison with other similar outbreaks. 

4.1. Key learnings 

4.1.1. Case definitions 

On 6 June 2021, primary close contact (PCC) definitions were broadened mid-outbreak to 

capture as many at-risk people as possible for surveillance. However, this caused a sudden 

furlough of many key staff, including PPE spotters and quality support officers at donning 

and doffing stations, thus leaving gaps in infection prevention and control (IPC). In response, 

Arcare had to employ approximately 100 new staff to assist at very short notice. In future, 

PCC definitions should be confirmed early in the outbreak, and attention needs to be paid 

sooner to the need for replacement staff, to prevent critical staff shortages. 

Of note, all staff and resident cases arose within 14 days of initial exposure. This outbreak 

may therefore have been characterised by a single exposure eventðin which case, all the 

evolving outbreak measures, such as changing the contact definitions, were unnecessary. 

4.1.2. Case finding 

This outbreak was the first RACF outbreak in Victoria to have robust denominator data for 

calculating attack ratesða testament to the investigationôs thorough case finding and 

surveillance. However, this was not without its challenges.  

At the time, Directions required RACFs to record all attendees onsite. In this outbreak, all 

agencies were required to supply rosters and sign-in sheets to WPHU every day. At the 

beginning, WPHU had to manually digitise the documents, as many were handwritten. 
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Compiling these logs everyday proved time-consuming, particularly for Arcare Maidstone 

and WPHU, but was the only way to accurately monitor attendees.  

The SAVR app was implemented mid-outbreak to help automate and digitise the 

surveillance process, but at best, saw 30% compliance on any given day. The low 

compliance meant that SAVR could not be used for surveillance, and hence why paper-

based logs were relied upon throughout the outbreak. The use of QR codes has clear 

advantages over logs in providing a single source of information. The electronic nature of 

SAVR also makes it less vulnerable to being destroyed or made unavailable compared to 

other paper-based alternatives. QR codes were mandated for all RACFs soon after this 

outbreak, and with high compliance, can be an effective and efficient tool for outbreak 

management and control. 

4.1.3. Infection Prevention and Control 

Several IPC approaches proved effective throughout the outbreak. Positive residents were 

transferred offsite and cared for in hospital, so that staff working onsite had less risk of 

contracting COVID-19 and of being furloughed. Although this proved beneficial at mitigating 

transmission at the RACF, it did however trigger an outbreak at one of the participating 

healthcare facilities. Future transfers should therefore be assessed on a case-by-case basis 

with consideration for the risks of triggering another outbreak.  

IPC issues were addressed often, e.g., mask testing and fitting performed by Western Health 

and Melbourne Health. However, a formal review of IPC practices at the investigation debrief 

determined that IPC breaches at the beginning of the outbreak were likely responsible for 

continued transmission among residents and staff. These early breaches may be attributed 

to conflicting advice at the initial OMTs, particularly around donning and doffing practices. 

These issues were discussed at a ñlessons learntò session after the outbreak was stood 

down. Future IPC advice should be consistent and documented to establish clarity and 

accountability to mitigate breaches.  

4.1.4. Vaccinations 

The RACF relied on self-reports to gauge peopleôs vaccination statuses, given there were 

issues with accessing the Australian Immunisation Records throughout the outbreak period. 

Despite the inaccuracies inherent to self-reports, this was the best available evidence for 

informing the many vaccination campaigns. Unfortunately, this information was unavailable 

at the time of writing and has not been captured in this report. 

 



Chapter 4 

90 
 
 

4.1.5. Communication  

Several issues with communication were identified during the outbreak. At one point, Senate 

estimates included information about the Arcare Maidstone RACF outbreak, and the public 

was notified of positive cases before Arcare was. A public apology was issued by 

government officials and should not happen again. 

Additionally, the OMT meeting times changed frequently throughout the outbreak period, 

which affected Arcareôs ability to attend. There was also contention around who could attend 

the OMTs. At times, the OMT actions and deadlines were also impractical and confusing. For 

example, some OMT actions were sent after 5 pm, but required that actions be met by 5 pm. 

Future OMTs should be consistent, and minutes should be sent shortly after the close of the 

meeting, so that all parties are aware of what actions they are responsible for and when. 

4.2. Conclusions 

The Arcare Maidstone RACF outbreak experienced relatively low morbidity and mortality for 

an RACFða testament to the rapid response. Transmission likely occurred due to breaches 

to infection prevention and control measuresðe.g., a lack of PPE spotters and low 

compliance with PPE requirementsðwhich were addressed at notice. The facility eventually 

achieved zero transmission and was successfully stood down. The lessons learnt from this 

outbreak investigation should help inform future COVID-19 outbreaks in RACFs as COVID-

19 remains a considerable burden globally. 
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Chapter 5: COVID-19 vaccine hesitancy among racial and 

ethnic minorities and foreign-born populations in high-income 

English-speaking countries: A mixed-methods systematic 

review 

Prologue 

This chapter meets the MAE minor competency to complete a ñliterature reviewò. This 

chapter details a systematic review on the prevalence of, and reasons for, COVID-19 

vaccine hesitancy among racial and ethnic minorities in high-income English-speaking 

countries. These populations can experience lower access and acceptance of COVID-19 

vaccines, despite facing a disproportionate burden of COVID-19. Addressing hesitancy 

among such populations can therefore improve health outcomes, promote health equity, and 

help countries reach and exceed their vaccination targets, which provided the impetus for 

this project. Through our systematic review, we found that hesitancy could be attributed to a 

mistrust in institutions, health concerns, and a lack of access, though these were not 

exclusive to minorities. That said, certain groups did report greater mistrust in governments, 

and greater concerns about vaccine safety and effectiveness, as drivers of hesitancy. My 

findings were subsequently used to inform the Departmentôs vaccine outreach initiatives.  

This project was conceptualised through a mutual interest in migrant health between me and 

my academic supervisor, Dr. Davoud Pourmarzi. As a migrant himself, Davoud is intimately 

acquainted with the structural barriers that can impinge a migrantôs access to healthcare and 

health information. I have also witnessed such inequities firsthand, having come from a 

family of migrants and refugees. This topic therefore presented an excellent opportunity for 

which to complete this MAE competency.  

My role 

For this project, I formulated the research question, registered the protocol, defined the 

inclusion and exclusion criteria, conducted the literature search, screened for eligible studies, 

extracted the data, evaluated the risk of bias, and interpreted and discussed the results. Our 

findings were drafted into a scientific manuscript and submitted to BMC Globalization and 

Health for peer-review on 4 August 2022; the contents of this manuscript form the body of 

this chapter. This manuscript meets the MAE minor competency on preparing a ñpeer-

reviewed publicationò.  
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Lessons learnt 

As my first ever systematic review, this experience came with many lessons learnt. Firstly, 

systematic reviews are a mammoth task! The PRISMA guidelines were incredibly useful for 

managing the project pipeline, and for breaking it down into manageable bite-sized tasks.  

Defining appropriate inclusion criteria was essential for ensuring the project could be 

completed within the confines of the MAE, without compromising the reviewôs quality. We 

had to change criteria several times, given the surplus of papers retrieved with the initial 

searches. Upon refinement, the exercise became more feasible. I also developed a better 

understanding of how using Boolean operators, quotation marks and database filters in 

search strategies can yield papers that are most relevant to the research question.  

Screening and data extraction can be timely and requires excellent document version 

control. I often felt disheartened by the long arduous process, but I am lucky to have Dr. 

Davoud Pourmarzi as a supervisor, as he was incredibly understanding and supportive 

throughout the project. I also discovered how Rayyan (a free web-tool) can be useful for 

screening papers, while Excel can be useful for data extraction and synthesis.  

This project also gave me a newfound appreciation for qualitative research, which I had little 

prior experience with. Qualitative research can provide a wealth of knowledge that cannot be 

obtained otherwise. Given this, I hope to incorporate more qualitative methodsðincluding 

qualitative systematic reviewsðin my future public health practice. 

Public health impacts 

By systematically reviewing the current literature, this review provides insights into the 

vaccine attitudes that are unique to, or more prevalent, amongst racial and ethnic minorities 

and foreign-born populations. Given the higher disease burden experienced by minorities, 

the Department required urgent solutions and strategies to improve their vaccine uptake, and 

in turn, attenuate transmission in the community. Our findings support the use of clear, 

accessible, and tailored information campaigns led by trusted and collaborative healthcare 

and community networks. Our findings were shared with the Department to help inform 

targeted outreach initiatives and policy interventions, to improve health outcomes, promote 

health equity, and help the Government reach and exceed its vaccination targets. Our 

findings may have implications throughout the entire COVID-19 vaccination campaign 

courseðincluding the administration of subsequent boostersðand may remain salient for 

future vaccination campaigns.  
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Abstract 

Background 

Vaccine acceptance is crucial for attenuating COVID-19 disease and transmission, and 

associated costs. Racial and ethnic minorities and foreign-born populations in high-income 

English-speaking countries may experience lower access to, and acceptance of, vaccines 

despite facing a disproportionate burden of COVID-19. Addressing hesitancy among such 

populations can therefore improve health outcomes, promote health equity, and help 

countries reach and exceed their vaccination targets. With this, we conducted a mixed-

methods systematic review to synthesise the current evidence on the prevalence of, and 

reasons for, COVID-19 vaccine hesitancy among racial and ethnic minorities and foreign-

born populations in high-income English-speaking countries. 

Methods 

The search was conducted on 22 September 2021. Quantitative and qualitative studies were 

sought from Scopus, PsycInfo and PubMed, and included if they provided analysis on the 

study population. Inclusion was limited to papers published in English and after 2019. The 

quantitative component was further limited to papers with data collection during or after the 

US Food and Drug Administration approved the first COVID-19 vaccine on 11 December 

2020. Methodological quality was assessed using Joanne Briggs Institute tools. Quantitative 

findings were synthesised using narrative review, and qualitative findings were meta-

aggregated and meta-synthesised. 

Results 

Of the 537 papers screened, 22 quantitative and five qualitative studies were included. 

Nineteen studies were from the USA and others were from the UK and Canada. Compared 

to White populations, Black populations exhibited higher hesitancy. This was true for other 

groups, but to a lesser extent. Hesitancy can be attributed to a mistrust in institutions, health 

concerns, and a lack of access; these reasons were not exclusive to minorities. Black 

populations reported greater mistrust in governments, and greater concerns about vaccine 

safety and effectiveness, as drivers of hesitancy. 

Conclusions  

By systematically synthesising the current literature, this study provides insights that may 

help inform policy interventions to improve vaccine uptake among priority populations. Our 

findings have implications throughout the entire COVID-19 vaccination campaign courseð

including the administration of boostersðand will likely remain relevant beyond COVID-19.  
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1. Introduction 

Vaccine acceptance is crucial for attenuating COVID-19 disease and transmission, and 

associated costs (1). Vaccination efforts are impeded by vaccine hesitancy, defined as the 

ñdelay in acceptance or refusal of vaccinationò (2). Hesitancy exists on a continuum; 

strategies to engage hesitant populations must therefore be nuanced to meet diverse needs 

(2). Hesitant individuals are more likely to exhibit caution than outright rejection (3,4), which 

suggests opportunities to influence behaviour and promote uptake (5). 

Racial and ethnic minorities and foreign-born populations in high-income English-speaking 

countries may experience lower access to, and acceptance of, COVID-19 vaccines, despite 

facing a disproportionate burden of COVID-19 (6,7). Addressing hesitancy can therefore 

improve health outcomes, promote health equity, and help countries reach and exceed their 

vaccination targets.  

Racial and ethnic minorities encompass a diverse group. In general, race refers to categories 

of people divided by ancestry and physicality, while ethnicity refers to a personôs cultural, 

linguistic, customary, and religious identities (8). Both terms are shaped by geographical, 

cultural, and socio-political forces, and continue to evolve (8,9). These constructs may be 

useful for studying disparities in health and healthcare (9). 

Foreign-born populations include migrants, refugees, and asylum seekers. Migrants are a 

heterogenous group with no formal definition; they generally refer to persons moving within 

or between countries for economic and social reasons (10). Refugees are formally defined in 

the 1951 Refugee Convention and includes people residing outside their countries of 

nationality owing to fears of persecution, while asylum seekers are those awaiting decisions 

on their applications for refugee status (10). 

Past reviews have described vaccine attitudes across various populations (11ï15). Hesitancy 

can be ascribed to a mistrust in institutions, concerns around vaccine safety and 

effectiveness, and a lack of access to information and vaccination points (11,12). 

Understanding the attitudes that are unique to, or more prevalent among, priority populations 

can help inform targeted policy solutions to improve uptake. This systematic review therefore 

aimed to synthesise the quantitative and qualitative evidence on the prevalence ofðand 

reasons forðCOVID-19 vaccine hesitancy among racial and ethnic minorities and foreign-

born populations in high-income English-speaking countries. 
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2. Methods 

The protocol was registered on PROSPERO (ref: PROSPERO 2021 CRD42021278450). 

2.1. Inclusion criteria 

We included quantitative and qualitative studies conducted in countries where English is 

spoken as a first language by most of the population; these include Australia, Canada, 

Ireland, New Zealand, Singapore, the United Kingdom (UK) and the United States of 

America (USA). Inclusion was restricted to studies published in peer-reviewed journals and 

preprints. Papers were included if they provided analysis, or sub-group analysis, on those 

who matched the study population. We only included papers written in English and published 

after 2019. The quantitative component was further restricted to papers with data collection 

during or after the first COVID-19 vaccine was approved by the USA Food and Drug 

Administration (FDA) on 11 December 2020.  

2.2. Search strategy 

The search was conducted on 22 September 2021. Published studies were sought from 

Scopus, PsycInfo and PubMed. The search strategy in PubMed was as follows: 

(COVID-19 OR SARS-CoV-2 OR coronavirus) AND (vaccin*) AND (accep* OR uptake OR 

hesitan* OR attitude OR inten* OR willin*) AND (race OR racial OR ethni* OR migran* OR 

migrat* OR refuge* OR asylum OR minorit* OR colour OR color OR "language other than") 

2.3. Assessment of methodological quality 

Methodological quality was assessed using the Joanna Briggs Institute (JBI) Critical 

Appraisal tools by one author and independently reviewed by a second author. 

Disagreements were resolved through discussion until a consensus was reached.  

2.4. Data extraction 

Quantitative outcomes for vaccine hesitancy (prevalence of, and reasons for) were extracted. 

Outcomes for vaccine acceptance were used instead where measures of hesitancy were 

absent. For the qualitative component, the reasons for hesitancy and their supporting quotes 

were extracted. Their credibility was established by assessing the congruency between the 

supporting data and the authorsô analytic interpretations using the following scale (16): 

¶ Unequivocal: findings accompanied by an illustration that is beyond reasonable 

doubt and therefore not open to challenge. 
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¶ Equivocal: findings accompanied by an illustration lacking clear association with it 

and therefore open to challenge. 

¶ Unsupported: findings not supported by the data. 

The extracted data were reviewed independently by two of the authors, and differences were 

discussed until a consensus was reached.  

2.5. Data synthesis 

Data synthesis methods were adapted from the JBI convergent segregated approach, which 

maintains a clear distinction between the quantitative and qualitative evidence. Quantitative 

findings were synthesised in narrative form. Qualitative findings and their supporting quotes 

were meta-aggregated into categories based on their similarity; these were then further 

synthesised (17).   
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3. Results 

3.1. Search results 

Among 760 identified titles, 537 were screened, of which, 22 quantitative studies and five 

qualitative studies were included for data extraction (Figure 1). 

 

Figure 1. PRISMA flow diagram of search and study selection process. 

3.2. Methodological quality appraisal 

3.2.1. Quantitative studies 

Among the 22 quantitative studies, one was a preprint (18); the rest were peer-reviewed 

articles. All were cross-sectional studies: two were nested within cohort studies (19,20), and 

one was incorrectly identified as a cohort study (18). One study did not clearly define their 

inclusion criteria (18); confounders were not identified in two studies (5,21); all other criteria 

were met by all studies.  
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3.2.2. Qualitative studies 

Among the five qualitative studies, one was a preprint (22) and all others were published 

peer-reviewed articles. One paper reported the researchersô cultural or theoretical positions 

(23). All other criteria were met by all studies (22ï26).  

3.3. Characteristics of included studies 

3.3.1. Quantitative studies 

Data collection ranged from March 2020 to April 2021. Nineteen studies were from the USA, 

one was from the UK (27), one was from both the UK and the USA (18), and one was from 

Canada (28). One paper included adult refugees who recently arrived in the USA (29); 

another paper included adults who self-identified as Asian American or Pacific Islander in the 

USA (30); and one included members of the 100 Black Men of Augusta, a local chapter of a 

national non-profit community organisation in the USA (20). One paper had an unspecified 

population (18). All other papers included the general adult population of their study settings. 

All studies retrieved their samples using convenience and snowball sampling (Table 1). See 

section 7 for tables. 

3.3.2. Qualitative studies 

Data collection spanned June 2020 to March 2021. Three studies were from the USA and 

two were from the UK (Table 2). In the USA-based studies, one included Hispanic/Latinx 

adults in the East Coachella Valley of the farm-working community along the Salton Sea 

(22). One study included Black or Latinx individuals in New Jersey (25), while another study 

recruited Black barbershop owners in West Philadelphia (26). The two UK-based papers 

included migrants older than 18 years, and who resided in the UK for less than 10 years 

(23,24). One was further restricted to those with precarious immigration statuses (24). All 

studies retrieved their samples using convenience or snowball sampling (Table 2). 

3.4. Quantitative synthesis 

3.4.1. Vaccine hesitancy 

Fourteen studies reported outcomes on vaccine hesitancy. Ten studies reported the 

prevalence (3,5,18,20,21,28,29,31ï33). Six papers reported prevalence ratios or odds ratios 

(3,4,18,31,32,34); all used White populations as the reference group, except one (34). All 

studies used a single question to measure hesitancy. Of the fourteen studies, seven defined 

ñhesitancyò as those who probably or definitely would not get vaccinated 
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(3,4,20,21,28,34,35); seven studies additionally included those who were unsure 

(5,18,27,29,31ï33) (Table 1). 

In studies reporting hesitancy in the USA, prevalence among White populations ranged from 

7.4% to 62.7%, and from 27.8% to 74.0% among Black populations, 15.6% to 59.5% among 

Hispanic/Latinx population, 6.5% to 36.0% among Asians, and 16.6% to 68.0% among those 

who identified as multiracial or other (3,5,18,21,31ï33). In one study on racial and ethnic 

minority menðpredominantly Black menð15.6% were hesitant (20) (Table 1). 

In the USA, Black populations had 1.2 (1.0-1.5) to 3.3 (2.2-5.0) times the odds of hesitancy 

than White populations (3,4,18,31). Odds ratios ranged from 0.9 (0.7-1.2) to 2.1 (1.2-3.6) for 

Latinx/Hispanic populations (3,18,31), 0.3 (0.3ï0.4) to 1.3 (1.2-1.5) for Asians, and 1.5 (1.4-

1.6) to 3.6 (1.4-9.1) for multiracial or other populations, relative to White populations (3,4,18). 

One paper reported that Hispanic/Latinx ethnicities had 0.6 (0.5ï0.6) times the odds of 

hesitancy compared to non-Hispanic/Latinx ethnicities (4) (Table 1). 

In one UK study, prevalence was 5.1% among white populations, 18.4% among Black 

populations, 9.8% among South Asians, 11.1% among Middle Eastern and East Asians, and 

9.4% among multiracial or other populations (18). Compared to White populations, Black 

populations had 2.8 (2.7-3.0) times the odds of hesitancy. Odds ratios were 1.7 (1.6-1.8) for 

South Asians, 1.8 (1.7-2.0) for Middle Eastern and East Asians, and 1.5 (1.4-1.6) for 

multiracial or other populations, relative to White populations (18) (Table 1). 

A Canadian study showed that hesitancy was higher among visible minorities (12.3%)ð

defined as ñpersons, other than Aboriginal peoples, who are non-Caucasian in race or non-

white in colouròðthan non-minorities (8.8%) (P<0.0001). Hesitancy was also higher among 

Indigenous (14.6%) than non-Indigenous populations (8.7%) (P<0.0001) (28) (Table 1). 

3.4.2. Vaccine acceptance 

Among the eight studies that did not report vaccine hesitancy, seven reported results for 

vaccine acceptance, of which, five reported the prevalence or odds ratios in the USA (19,36ï

39). All seven papers measured the outcome with a single question; acceptance was defined 

as probable or definite intent and excluded those who were unsure (19,36ï41) (Table 1). 

Vaccine acceptance in the USA ranged from 59.6% to 73.5% among White populations, 

38.7% to 65.0% among Black populations, 55.3% to 71.9% among Hispanic/Latinx 

populations, and 73% to 91.5% among Asians (36ï39). Compared to White populations, the 

odds ratio of acceptance ranged from 0.3 (0.2-0.4) to 2.0 (1.4-3.0) for Black populations, 0.6 

(0.4-0.7) to 1.5 (1.0-2.3) for Hispanic/Latinx populations, and 0.6 (0.3-1.1) to 1.2 (1.2ï1.2) for 

Asians (19,36ï38) (Table 1). 
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3.4.3. Reasons for vaccine hesitancy 

Eight studies reported reasons for vaccine hesitancy in the USA (3,4,21,29,30,35,40,41); 

reasons included a mistrust in vaccines and institutions, concerns about vaccine 

effectiveness, concerns about their safety and side effects, among other reasons (Table 3). 

Mistrust in vaccines and institutions 

Compared to White populations, Black and other racial/ethnic groups reported more mistrust 

towards COVID-19 vaccines (P<0.05) (21), and experienced more circumspection and low 

confidence in vaccines (P<0.05) (35). Black and Hispanic/Latinx populations were also more 

likely than White populations to report concerns that vaccines were rushed; they also 

preferred to wait to see how the vaccines worked first (P<0.05) (3,21). Fear of the vaccines 

was also lower among White populations than minority populations (P<0.05) (40) (Table 3). 

Mistrust in the government to develop COVID-19 vaccines was also higher among non-

Hispanic Black populations than non-Hispanic White populations (P<0.05) (3), while mistrust 

in pharmaceutical companies was not statistically different between groups (P>0.05) (3). 

One study showed that mistrust in vaccines, government and the medical establishment was 

lowest among Asians (4) (Table 3). 

Concerns about vaccine safety and side effects 

Compared to White populations, Black populations reported greater concerns about vaccine 

safety and side effects and were more likely to believe that they could cause COVID-19 or 

were more harmful than COVID-19 (P<0.05) (21,41). Some studies reported little evidence 

for a difference in concerns about safety across groups (P>0.05) (3,41). Among refugees, 

concerns about side effects were the most cited reason for hesitancy (29) (Table 3). 

Concerns about vaccine effectiveness 

Compared to White populations, Black populations were more likely to report concerns about 

vaccine effectiveness (P<0.05); the same study observed little evidence for a difference 

between White, Hispanic/Latinx and Asian groups (P>0.05) (21). Another study observed 

little evidence for a difference across all groups for such concerns (P>0.05) (3) (Table 3). 

3.5. Qualitative synthesis 

Of the five qualitative studies, two used focus groups, two used semi-structured interviews, 

and one used both for data collection. All studies analysed data using thematic analysis. 

Thirty-six findings were extracted; 33 were unequivocal and the rest were equivocal. 

Hesitancy was attributed to a mistrust in the government, mistrust in medical science, 
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concerns about the safety and effectiveness of COVID-19 vaccines, personal philosophies 

on health, social norms, lack of access to information or access to conflicting information, 

and a lack of financial or geographical access (Table 4). 

3.5.1. Mistrust in the government 

Among Black and Hispanic/Latinx populations in the USA, vaccine hesitancy was attributed 

to the political environment (26). There were fears the government had implanted another 

deadly virus, or a microchip to monitor and control behaviour (22). For those with precarious 

immigration statuses in the UK, there were fears of being the last to receive the vaccine (23), 

or of being excluded completely (24). One paper described fears that immigration statuses 

would be shared with the Home Office (24). There were also fears of being charged, and of 

immigration checks at access points (24) (Table 4). 

3.5.2. Mistrust in medical science 

Black and Hispanic/Latinx populations in the USA reported uneasiness about the short 

timelines for testing; some felt disbelief a vaccine could be developed so rapidly (25,26). 

Participants also felt they were under-represented in clinical trials (23). There were concerns 

they were being used for medical experiments, and some preferred to wait to see how others 

would respond first (23,25). Some participants also cited historical medical experimentation 

and mistreatment towards the Black community (25,26), and unethical research practices on 

prison populations, as reasons for hesitancy (26). Beliefs that COVID-19 was a hoax also 

deterred vaccine uptake (23) (Table 4). 

3.5.3. Concerns about the safety and effectiveness of COVID-19 vaccines 

Hesitancy was attributed to concerns about the effectiveness of vaccines for Black and 

Hispanic/Latinx populations in the USA (26). Some viewed COVID-19 vaccines as unsafe 

and harmful (22,23), with some describing concerns about the short- and long-term 

repercussions (25). There were also concerns about how they could affect fertility (25). 

Hesitant attitudes were also attributed to beliefs that existing medications, like 

hydroxychloroquine, were more appropriate, though this was equivocal (26) (Table 4). 

3.5.4. Personal philosophies on health 

Among minorities and migrants in the USA and UK, complacency towards the severity and 

duration of the COVID-19 pandemic contributed to hesitancy (26), as did the idea that 

COVID-19 was less likely to affect certain groups (23). Some participants preferred to 

improve their health using home remedies to protect against COVID-19 (23,26) (Table 4). 
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3.5.5. Social norms 

Black Americans reported that their social networks contributed to hesitancy (26). 

Recommendations to take the vaccine from famous individuals and role models of similar 

cultural backgrounds would not contribute to vaccine uptake among some participants (26). 

Those considering vaccinations were considered foolish, less educated, or unable to make 

unbiased decisions, though this finding was equivocal (26) (Table 4). 

3.5.6. Lack of access to information or access to conflicting information 

The inaccessibility of sufficiently understandable materials among minorities and migrants in 

the USA and UK contributed to hesitancy (24). Some participants sought information in their 

own languages (24), and information specific to their communities (25). Some expressed an 

inability to distinguish real news from fake news (24) (Table 4). 

3.5.7. Lack of financial or geographical access 

Financial or geographical access can also affect oneôs attitude towards vaccination. In the 

UK, the potential costs of the vaccines contributed to hesitancy among migrants (24). There 

were also preferences for settings requiring minimal travel (24) (Table 4). 

3.6. Synthesised findings 

Compared to White populations, Black populations exhibited higher hesitancy, while Asians 

exhibited lower hesitancy. Hesitancy was attributed to a mistrust in the government, mistrust 

in medical science, concerns about the safety and effectiveness of the vaccines, personal 

philosophies on health, social norms, lack of access to information or access to conflicting 

information, and a lack of financial or geographical access; however, these were not 

exclusive to minorities. That said, Black populations did report greater mistrust in 

governments, and greater concerns about vaccine safety and effectiveness.  
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4. Discussion 

This review provides insights on the prevalence of, and reasons for, COVID-19 vaccine 

hesitancy among racial and ethnic minorities and foreign-born populations in high-income 

English-speaking countries. Compared to White populations, Black populationsðand to a 

lesser extent, other groupsðwere more likely to be hesitant. These findings are not unique to 

COVID-19 and have also been observed for HPV, pneumococcal and influenza vaccines 

(42ï44).  

While mistrust exists across sociodemographic, geographic, and political contexts (11,12), it 

is consistently higher among Black populations. Black Americans, for example, are more 

likely to mistrust the governmentôs motivesðsentiments that likely stem from historical 

inequities (45). Black Americans also exhibit greater mistrust in health services and medical 

science, which may be rooted in past exploitation by physicians and researchers, such as 

the syphilis study at Tuskegee, where hundreds of Black men were withheld treatment 

(22,23). Institutions should therefore acknowledge and address how racist structures and 

interactions have fostered mistrust among Black Americans (39,46). For minorities and 

migrants more broadly, addressing anti-immigration and xenophobic sentiments may also 

improve trust and reduce hesitancy (22).  

Some minorities are also more likely to express concerns about the safety and effectiveness 

of COVID-19 vaccines. Studies show that a providerôs recommendation is a key driving 

factor for vaccine uptake (48,49), and racial and ethnic minorities are more accepting of 

healthcare regulations when engaged by providers of the same cultural background (50). 

Diverse healthcare spokespeople are therefore key in vaccination campaigns (21).  

Uptake may also be improved by debunking notions that COVID-19 is not severe, or less 

likely to affect certain races and ethnicities (23,51). Demystifying notions around the 

effectiveness of home remedies and alternative options may also prove fruitful.  

Social norms as a reason for hesitancy was highlighted in the current review, but not in other 

reviews of broader populations (11,12). Therefore, this finding may be unique toðor more 

prevalent amongðsome minority communities. Given the influence of social networks on 

vaccine attitudes, uptake among individuals may have a ripple effect on their peers (26). 

Engaging minorities and migrant groups in co-designing interventions to facilitate uptake is 

therefore crucial (23). Initiatives should be expedited through trusted networks, such as 

religious leaders, teachers, nursery workers and advice workers (47).  

Poor access to information is a key driver of hesitancy, and can be ameliorated with clear, 

honest, and responsive information that is culturally and religiously sensitive (52). Publishing 
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in various languages can better engage linguistically diverse groups (23). Accessibility may 

be improved through online platforms that translate resources and provide language-specific 

advice. For individuals who lack access and skills to use technology, multiple communication 

channels should be considered, such as letters and posters in local community hubs (23). 

The Swedish ñcorona linesòða telephone service offering advice in various languagesðis an 

example of good practice (53).  

Geographical access can be improved with trusted and well-defined access points, such as 

mobile services, and walk-in clinics in community centres and places of worship. 

Collaborations with existing networks can help broadcast these access points (24). 

Addressing financial burdens, including travel costs, should also improve uptake (24). 

4.1. Strengths and limitations  

By systematically reviewing the current literature, this review provides insights into the 

vaccine attitudes that are unique to, or more prevalent, amongst racial and ethnic minorities 

and foreign-born populations. Our findings may prove useful in informing policy interventions 

and outreach initiatives throughout the COVID-19 vaccination campaign course, including 

the administration of boosters (51). The implications of these findings may also remain 

salient for future vaccination campaigns (24).  

However, there are limitations that need to be acknowledged. Firstly, most papers were from 

the USA. Given the varied countrywide COVID-19 responses, results from this review may 

not be generalisable to other contexts. This review also collected data at a single point 

period. As vaccination programs have progressed, participants who were initially hesitant 

may now hold more positive attitudes (12). In all included studies, vaccination status and 

intentions were self-reported and are thus subject to social desirability bias. Response rates 

across the studies were also variable; one study reported a response rate of about 15% and 

is therefore subject to non-response bias (32). All studies recruited participants using 

convenience sampling or snowball sampling, and therefore, samples may not be 

representative of their target populations. As most studies used internet-based surveys in 

English, a section of the computer-averse or non-English-speaking population were 

excluded, thus furthering selection bias.  

4.2. Recommendations for future research 

This review has identified potential avenues for future research. Firstly, racial, and ethnic 

minorities and foreign-born populations come from different cultural, linguistic, and religious 

backgrounds across various socioeconomic strata, with varying proficiencies in English (47). 
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Therefore, our findings may not be generalisable to each distinct subgroup (21). Qualitative 

research could be useful for elucidating differences between groups. 

Due to data limitations, some priority groups were not studied. For example, COVID-19 has 

disproportionately impacted Indigenous Americans, yet little is known about their vaccine 

intentions (39). Similarly, Middle Eastern and North African populations are 

underrepresented in research on health disparities in the USA, despite increasing evidence 

that this groupðparticularly Arab Americansðcan experience barriers to care, including 

group-based medical mistrust and perceived discrimination (54,55). Future studies should 

therefore adopt sampling strategies to explore vaccine attitudes among such groups (39). 

Furthermore, there is currently a dearth of literature on how vaccine attitudes translate into 

actually getting vaccinated. Longitudinal studies may help elucidate such questions. 

Interventional studies on policies and programs that aim to reduce barriers to vaccine uptake 

may also prove insightful. 

4.3. Conclusions 

In closing, this review provides insight into the prevalence of, and reasons for, COVID-19 

vaccine hesitancy among racial and ethnic minorities and foreign-born populations in high-

income English-speaking countries. Urgent solutions and strategies to improve vaccine 

uptake among such priority populations are needed to improve health outcomes, promote 

health equity, and to help governments reach and exceed their vaccination targets. These 

findings have implications throughout the vaccination campaign course and are salient 

beyond the COVID-19 pandemic. 
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7. Tables 

Table 1. Characteristics of and data from quantitative studies (prevalence of vaccine hesitancy/acceptance) 

Paper 
Study design and 

study population 

Date of data 

collection 
Sample size Measurement tool Vaccine hesitancy/acceptance measurement 

Allington 

et al., 

2021 (27) 

Cross-sectional 

study of residents 

aged 18-75, UK 

21 November 

to 21 

December 

2020 

N=4343: 91% white, 7% 

other ethnicity 

Tool: "If a vaccine for coronavirus becomes 

available, how likely or unlikely would you 

personally be to get the vaccine/if you were 

offered it?" 

Hesitancy: Fairly likely, not very likely, not at 

all likely, definitely not, donôt know 

Fully adjusted linear rank order model; White=ref.; Other 

ethnicity: Est.=0.05, Low=0.00, High=0.11, P=0.048 

Daly et al., 

2021 (5) 

Cross-sectional 

study of adults, 

USA 

March 2021 N=6035  

Tool: Participants were asked how likely they 

were to get vaccinated against COVID-19 

Hesitancy: Unsure or somewhat/very 

unlikely to vaccinate 

Prevalence (95% CI); White=34.8% (32.8%-36.8%), 

Hispanic=36.4% (31.2%-41.7%), Black=43.0% (37.3%-

48.7%), other=20.4% (14.3%-26.6%) 

Doherty et 

al., 2021 

(31) 

Cross-sectional 

study of adults at 

34 COVID-19 

testing sites in 9 

counties of North 

Carolina, USA 

27 August to 

15 December 

2020 

N=859: 28.4% White, 

58.7% Black, 12.9% 

Latinx 

Tool: ñWould you get vaccinated against 

COVID-19 as quickly as possible when the 

vaccine becomes available?ò 

Hesitancy: No or donôt know/not sure 

Prevalence (P-value); White=62.7% (ref.), Black=74.0% 

(P=0.002), Latinx=59.5% (P=0.560) 

Multivariate logistic regression, OR (95% CI) (P-value); 

White=ref., Black=1.68 (1.16-2.45) (P=0.006), Latinx=1.14 

(0.67-1.91) (P=0.634) 

Grumbach 

et al., 

2021 (19) 

Cross-sectional 

study of the 

general population 

in 6 counties of 

the San Francisco 

Bay Area, USA 

27 November 

2020 to 15 

January 2021 

N=3161  

Tool: ñHow likely are you to get an approved 

COVID-19 vaccine when it becomes 

available?ò 

Acceptance: Scoring Ó3 on 1-7 Likert scale 

anchored at ñnot at all likelyò and ñvery likelyò 

Adjusted OR (95% CI); White=ref., Black=0.29 (0.20-0.43), 

Latinx=0.55 (0.43-0.71), Asian=0.57 (0.47-0.70), other=0.62 

(0.38-1.02), multiple races=0.65 (0.46-0.92) 

Killgore et 

al., 2021 

(40) 

Cross-sectional 

study of English-

speaking adults, 

USA 

10 to 15 

December 

2020 

N=1017: 75.7% White, 

11.1% Black/African 

American, 4.7% 

Hispanic/Latino, 5.4% 

Asian, 0.7% Native 

American/American 

Indian/Alaska Native, 

0.3% Native 

Hawaiian/Pacific, 2.2% 

other 

Tool: ñI will get the new COVID-19 vaccine 

as soon as it is offered to meò 

Acceptance: 7-point Likert scale from ñtotally 

disagreeò to ñtotally agreeò 

Stepwise multiple linear regression; race/ethnicity (White): 

B=0.068, P=0.009 
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Kreps et 

al., 2021 

(41) 

Cross-sectional 

study of the adult 

population, USA 

11 to 15 

February 2021 

N=1027: 65% White, 

11% Black, 15% Latinx, 

4% Asian, 6% Other 

Tool: ñOnce a vaccine to prevent COVID-19 

is available to you, would you...?ò 

Acceptance: 4-point scale (definitely will 

vaccinate to definitely will not vaccinate) 

Ordered logit regression, coefficient (95% CI) (P-value); 

White=ref., Black=-1.17 (-1.73-0.61) (P=0.00); Latinx=-0.38 (-

0.93-0.17) (P=0.17) 

Kricorian & 

Turner, 

2021 (21) 

Cross-sectional 

study of adults, 

USA 

January 2021 

N=1950: 63.8% White, 

12.1% Black, 10.5% 

Hispanic, 2.7% Asian, 

6.7% Other 

Tool: "After the COVID-19 vaccine is broadly 

available, how long do you plan to wait to get 

the vaccine?" 

Hesitancy: "I do not plan to get the COVID-

19 vaccine" 

Prevalence; White (ref.)=18.7%, Black=27.8%*, 

Hispanic=16.7%, Asian=6.5%; other=35.1%* 

*P<0.05 

Liu & Li, 

2021 (35) 

Cross-sectional 

study of the 

Household Pulse 

Survey, USA 

 

6 January to 

29 March 

2021 

N=443680: 75% White, 

4.7% Asian, 7.2% Black, 

9.7% Hispanic, 3.5% 

other/mixed 

Tool: Intention to get a vaccine once it 

becomes available 

Hesitancy: ñprobably notò or ñdefinitely notò 

Multilevel models, log odds estimation (P-value); White=ref., 

Asian=-0.93 (P<0.001), Black=0.33 (P<0.001), Hispanic=-0.29 

(P<0.001), other/mixed=0.29 (P<0.001) 

McElfish et 

al., 2021 

(32) 

Cross-sectional 

study of adults in 

Arkansas, USA 

30 October 

2020 to 16 

January 2021 

N=754; 747 with 

race/ethnicity data: 

17.14% Black/African 

American, 70.41% 

White, 8.17% other race 

or multiracial, 4.28% 

Hispanic/Latinx 

Tool: ñIf a vaccine for COVID-19 were 

available today, what is the likelihood that 

you would get vaccinated?ò 

Hesitancy: ñdonôt know/not sure,ò ñunlikely,ò 

or ñvery unlikelyò 

Prevalence; Black/African American=63.03%, White=31.24%, 

other/multiracial=46.43, Hispanic/Latinx=51.72%, P<0.001 

Full-information maximum likelihood logistic regression, OR 

(P-value); White=ref., Black/African American=3.08 (P=0.000), 

other/multiracial=1.77 (P=0.65), Hispanic/Latinx = 2.19 

(P=0.059) 

Mondal et 

al., 2021 

(36) 

Nationwide cross-

sectional study of 

adults, USA 

May 2020 and 

January 2021 

N=2978; 2874 with 

race/ethnicity data: 4.5% 

Asian, 6.9% African 

American, 7.1% 

Hispanic, 77.1% White, 

4.5% Others 

Tool: ñWould you like to get the COVID-19 

vaccine, if available?ò 

Acceptance: Yes 

Prevalence; Asian=91.47%, African American=64.97%, 

Hispanic=71.92%, White=72.66%, others=84.12%, P<0.001 

Stepwise backward logistic regression, OR (95% CI) (P-

value); White=ref., Asian=0.56 (0.27-1.14) (P=0.11), 

Black=2.04 (1.37-3.04) (P<0.001), Hispanic=1.52 (1.01-2.28) 

(P=0.04), others=1.77 (1.10-2.85) (P=0.02) 

Moore et 

al., 2021 

(20) 

Cross-sectional 

study of adult 

members of the 

100 Black Men of 

Augusta 

organisation, USA 

January to 

April 2021 
N=257; 69.5% Black 

Tool: ñIf given to you for free, how likely are 

you to take a COVID-19 vaccination?ò 

Hesitancy: neutral 

Resistance: unlikely and very unlikely 

Prevalence of hesitancy=15.6% 

Prevalence of resistance=16.3% 

K. H. 

Nguyen et 

al., 2021 

(37) 

Cross-sectional 

study of adults, 

USA 

17 March to 

29 March 

2021 

N=77104 

Tool: ñOnce a vaccine to prevent COVID-19 

is available to you, would youédefinitely, 

probably, probably not, or definitely not get a 

vaccineò. 

Acceptance: ñdefinitely or probablyò be 

vaccinated 

Weighted prevalence (95% CI); Non-Hispanic White 

(ref.)=73.5 (72.9-74.2); non-Hispanic Black=64.1 (61.7-66.4)*; 

Hispanic=70.8 (68.4-73.1)*; non-Hispanic Asian=86.0 (83.8-

88.2)*; non-Hispanic other/multiple races=64.2 (59.7-68.7)*  

*P<0.05 
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Adjusted prevalence ratio (95% CI); Non-Hispanic White = 

ref.; non-Hispanic Black=0.86 (0.85ï0.88); Hispanic=1.08 

(1.06ï1.09); non-Hispanic Asian=1.17 (1.16ï1.19); non-

Hispanic other/multiple races=0.93 (0.90ï0.95) 

L. H. 

Nguyen et 

al., 2021 

(18) 

 USA and UK 

24 March 

2020 to 16 

February 2021 

N=1341682 

USA: 64144 White, 

2179 Black, 3235 

Hispanic, 3089 Asian, 

1003 more than 

one/other 

UK: 1110544 White, 

8787 Black, 15199 

South Asian, 6946 

Middle East/East Asian, 

13512 more than 

one/other 

Tool: Participant willingness to obtain a 

COVID-19 vaccine if it was offered to them 

Hesitancy: unsure/not willing 

Prevalence; USA: White=7.4%, Black=28.0%, 

Hispanic=15.6%, Asian=10.0%, more than one/other=16.6% 

UK: White=5.1%, Black=18.4%, South Asian=9.8%, Middle 

East/East Asian=11.1%, more than one/other=9.4% 

 

Multivariable-adjusted OR (95% CI); USA: White=ref., 

Black=3.15 (2.86-3.47), Hispanic=1.42 (1.28-1.58), 

Asian=1.34 (1.18-1.52), more than one/other=2.02 (1.70-2.39) 

UK: White=1.0 (ref.), Black=2.84 (2.69-2.99), South 

Asian=1.66 (1.57-1.76), Middle East/East Asian=1.84 (1.7-

1.98), more than one/other=1.48 (1.39-1.57) 

Nino et al., 

2021 (39) 

Cross-sectional 

study from the 

national 

Understanding 

America Study, 

USA 

9 December 

2020 to 6 

January 2021 

N=5023 

Tool: ñHow likely are you to get vaccinated 

for coronavirus once a vaccination is 

available to the public?ò 

Acceptance: somewhat likely/very likely=1  

Prevalence; overall=61%, Latina/o=58%, Asian/Pacific 

Islander=73%, Black=40%, White=64% 

Park et al., 

2021 (30) 

Cross-sectional 

study of Asian 

Americans and 

Pacific Islanders, 

USA. 

24 October to 

11 December 

2020 

N=1646: 97.6% Asian, 

2.4% Native Hawaiian/ 

Pacific Islanders 

Not measured  

Saluja et 

al., 2021 

(3) 

Cross-sectional 

study of adults 

living in Los 

Angeles County, 

USA 

5 December 

2020 and 10 

January 2021 

N=1984: 20.0% Non-

Hispanic White, 15.0% 

Asian, 17.1% Black, 

46.5% Hispanic, 1.4% 

other 

Tool: "Would you be willing to get the 

COVID-19 vaccine once it is available" 

Hesitancy: ñprobablyò or ñdefinitelyò not on a 

4-item scale 

Prevalence; total=28.4%, non-Hispanic White=21.7% (ref.), 

Asian=17.8%, Black=42.1%*, Hispanic=30.7%*, other=68.0%* 

* P<0.05 

 

Logistic regression, adjusted OR (95% CI) (P-value); non-

Hispanic White=ref., Asian=0.8 (0.5-1.5) (P=0.51), Black=3.3 

(2.2-5.0) (P<0.001), Hispanic=2.1 (1.2-3.6) (P=0.008), other= 

3.6 (1.4-9.1) 

Savoia et 

al., 2021 

(34) 

Cross-sectional 

study of adults, 

USA 

13 December 

to 23 

December 

2020 

N=2650: 66.2% non-

Hispanic White, 14.3% 

Black, 7.8% Hispanic, 

4.9% non-Hispanic 

Tool: Respondents were asked how likely 

they would be to take a COVID-19 vaccine if 

offered to them at no cost within two months.  

Association with vaccine hesitancy, crude OR (95% CI); all 

other races=ref., non-Hispanic white=0.94 (0.81-1.10), non-

Hispanic Black=1.22 (1.00-1.48), non-Hispanic Asian=0.87 

(0.63-1.20), Hispanic=0.92 (0.71-1.20) 
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Asian, 4.6% 2+ races, 

1.5% prefer not to say, 

0.7% other 

Hesitancy: unspecified; measured by a 

Likert-type scale; 1 (low hesitancy) to 6 (high 

hesitancy) 

Szilagyi et 

al., 2021 

(38) 

Cross-sectional 

study of non-

institutionalised 

adults, USA 

23 December 

2020 to 19 

January 2021 

Weighted: N=6066: 

62.4% White, 16.6% 

Hispanic, 12.0% Black, 

5.3% Asian, 3.5% other 

Tool: ñHow likely are you to get vaccinated 

for coronavirus once a vaccine is available to 

the public?ò 

Acceptance: ñsomewhat or very likelyò 

Prevalence; White=59.6%, Hispanic=55.3%, Black=38.7%, 

Asian=77.5%, other=59.9% 

 

Multivariate analysis of likelihood of vaccination, adjusted RR 

(95% CI); White=ref., Hispanic=1.04 (0.95-1.13), Black=0.97 

(0.87-1.10), Asian=1.12 (1.02-1.23), other=1.10 (0.98-1.23) 

Tang et 

al., 2021 

(28) 

Cross-sectional 

study of adult 

panel members 

from the Angus 

Reid Forum, 

Canada 

December 

2020 to 

February 2021 

N=14621: 65.7% Not 

visible minority, 14.3% 

visible minority; 91.1% 

not Indigenous, 8.9% 

Indigenous 

Tool: ñWhen a vaccine against the 

coronavirus becomes available to you, will 

you get vaccinated or not?ò 

Hesitancy: ñWill not vaccinateò 

Prevalence (P-value); not visible minority=8.8% (ref.), visible 

minority=12.3% (P<0.0001); not Indigenous=8.7% (ref.), 

Indigenous=14.6% (P<0.0001) 

Thompson 

et al., 

2021 (33) 

Cross-sectional 

study of adults in 

Michigan, USA 

June to 

December 

2020 

N=1835: 52% White, 

21% Black, 5% Arab, 

Chaldean, Middle 

Eastern, or North 

African (MENA), 5% 

Hispanic, 5% Asian, 

11% other 

Tool: ñIf you were offered a coronavirus 

vaccine that had been approved by the US 

Food and Drug Administration today, would 

you agree to be vaccinated?ò 

Hesitancy: Definitely no, probably no, or 

unsure 

Prevalence; total=52%, White=43%; Black=72%, MENA=62%; 

Hispanic=58%; Asian=36%, multiracial or other=57% 

 

Path analysis modelling, B (SE) (P-value); Black=0.51 (0.08) 

(P<0.001), MENA=0.19 (0.14) (P=0.18), Hispanic=-0.02 (0.13) 

(P=0.86), Asian=-0.63 (0.14) (P<0.001), White=-0.20 (0.07) 

(P=0.005) 

Tram et 

al., 2021 

(4) 

Cross-sectional 

study of adults, 

USA 

6 January to 

29 March 

2021 

N=459235: Black=7.7%, 

White=82.5%, 

Asian=5.1%, >=2 

races/other=4.7%; 

Hispanic/Latino (of any 

race)=9.6%, not 

Hispanic/Latino=90.4% 

Tool: Whether they planned on getting a 

vaccine 

Hesitancy: ñprobably notò or ñdefinitely notò 

Adjusted OR (95% CI) (P-value); White=ref.; Black=1.25 

(1.19-1.32) (P<0.001); Asian=0.34 (0.30,0.38) (P<0.01); >=2 

races/other=1.50 (1.39ï1.61) (P<0.001); non-Hispanic=ref., 

Hispanic=0.55 (0.52-0.58) (P<0.001) 

Zhang et 

al., 2021 

(29) 

Cross-sectional 

study of recently 

arrived refugees 

aged Ó8, USA 

December 

2020 to 

January 2021 

N=435: 15.6% 

Afghanistan, 38.2% 

Nepal, 26.0% Somalia, 

9.0% South Sudan, 

7.8% Burma/ Myanmar, 

3.4% others 

Tool: ñIf a vaccine against COVID-19 

becomes available, do you plan to get 

vaccinated?ò 

Hesitancy: unsure/no 

Prevalence=7.6% did not plan to receive a vaccine, and 

22.1% were unsure. 

 

  



Chapter 5 

121 
 
 

Table 2. Characteristics of qualitative studies. 

Paper 
Methodology, method, and 

data analysis  
Date of data collection Inclusion criteria and setting  Study participants 

Deal et al., 2021 (24) 

Qualitative study, semi-

structured interviews, 

thematic analysis 

4 September 2020 to 8 

March 2021 

Recently arrived migrants 

(foreign-born, >18 years old; 

<10 years in the UK) with 

precarious immigration 

status; UK 

N=32; 3 refugees, 19 asylum 

seekers, 8 undocumented 

migrants and 2 with limited 

leave to remain from 15 

different countries 

Gehlbach et al., 2021 (22) 

Community-based 

participatory study, focus 

groups, thematic analysis 

November to December 

2020 

1) Ó18 years, 2) lived in the 

East Coachella Valley, 

California and/or farm-

working community along the 

Salton Sea, 3) self-identified 

as Hispanic, Latinx and/or 

indigenous from Latin 

America, and 4) spoke 

Spanish and/or Purépecha; 

USA 

N=55; 44 Hispanic/Latinx 

and 9 Purépecha 

Jimenez et al., 2021 (25) 

Community-engaged 

qualitative study, 

group/individual interviews, 

thematic analysis 

19 November 2020 to 5 

February 2021 

Black and Latinx individuals 

in New Jersey counties 

(Essex, Middlesex, Passaic, 

and Union); USA 

N=111; 68 Black and 43 

Latinx 

Knights et al., 2021 (23) 

Qualitative study, semi-

structured interviews, 

thematic analysis 

18 June to 30 November 

2020 

Newly arrived migrants (born 

overseas, aged >18 years, 

and <10 years in the UK); UK 

N=17; 15 asylum seekers, 

and 2 refugees 

Momplaisir et al., 2021 (26) 

Qualitative study, focus 

groups, thematic analysis 

(modified grounded theory 

approach) 

July to August 2020 

Black barbershop and salon 

owners in West Philadelphia, 

USA 

N=24 
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Table 3. Data from quantitative studies (reasons for vaccine hesitancy). 

Paper 
Analyses, measures, and 

additional information 
Reasons for vaccine hesitancy Results 

Killgore 

et al., 

2021 

(40) 

Stepwise multiple linear 

regression, B coefficient 

(P-value) 

Feeling afraid Race/ethnicity (White): B=-0.121, P=0.0000 

Kreps et 

al., 2021 

(41) 

Ordered logit regression, 

coefficient (95% CI) (P-

value) 

Perceived side effect severity White=ref., Black=0.71 (0.14-1.28) (P=0.02), Latinx=0.16 (-0.33-0.64) (P=0.53) 

Estimated clinical trial size  White=ref., Black=-0.40 (-1.00-0.19), (P=0.18), Latinx=-0.35 (-0.77-0.07) (P=0.10) 

Perception that vaccines have 

live virus 
White=ref., Black=0.12 (-0.60-0.85) (P=0.74), Latinx=0.17 (-0.57-0.90) (P=0.65) 

Kricorian 

& 

Turner, 

2021 

(21) 

Prevalence, % 

*P<0.05 

Going to be effective White=55.1%, Black=38.7%*, Hispanic=49.3%, Asian=60.6%, other=40.8%* 

Going to be safe White=42.7%, Black=33.6%*, Hispanic=41.1.%, Asian=50.0%, other=32.8%* 

Being rushed out too quickly White=30.1%, Black=47.7%*, Hispanic=42.1%*, Asian=25.0%, other=46.9* 

Just not something I trust White=23.7%, Black=34.0%*, Hispanic=27.0%, Asian=15.2%, other=31.5%* 

Not worth the risk White=15.6%, Black=18.3%, Hispanic=17.1%, Asian=9.1%, other=25.4%* 

Dangerous White=10.0%, Black=16.2%*, Hispanic=13.5%, Asian=6.3%, other=13.7% 

More harmful than getting 

COVID-19 
White=7.8%, Black=12.3%*, Hispanic=8.6%, Asian=6.1%, other=11.5% 

Going to cause people to catch 

COVID-19 
White=6.4%, Black=14.0%*, Hispanic=7.9%, Asian=3.1%, other=16.8%* 

Liu & Li, 

2021 

(35) 

Multilevel models, log 

odds estimation (P-value) 

*P<0.001 

Confidence White=ref., Asian=-1.10*, Black=0.32*, Hispanic=-0.31*, other/mixed=0.35* 

Circumspection White=ref., Asian=-0.88*, Black=0.35*, Hispanic=-0.25*, other/mixed=0.26* 

Complacency White=ref., Asian=-1.39*, Black=-0.38*, Hispanic=-0.55*, other/mixed=0.12* 

Park et 

al., 2021 

(30) 

Prevalence, % 

This study only included 

Asian Americans and 

Pacific Islanders 

Side effects only 34.1% 

Unsafe only 6.0% 

Multiple reasons 36.4% 

Prevalence, % Safety concerns 
Non-Hispanic White=60.6%, Asian=58.3%, Black=54.4%, Hispanic=60.7%, 

other=53.3% 
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Saluja et 

al., 2021 

(3) 

*P<0.05, ref.=non-

Hispanic White 
Don't think the vaccine will work 

Non-Hispanic White=21.4%, Asian=8.9%, Black=26.3%, Hispanic=18.6%, 

other=23.3% 

Don't trust the government to 

develop a COVID-19 vaccine 

Non-Hispanic White=22.1%, Asian=34.8%, Black=36.1%*, Hispanic=33.1%, 

other=33.0% 

Don't trust pharmaceutical 

companies to develop a COVID-

19 vaccine 

Non-Hispanic White=31.2%, Asian=26.4%, Black=27.1%, Hispanic=20.8%, 

other=23.3% 

Want to wait to see how it works  
Non-Hispanic White=27.3%, Asian=44.6%, Black=41.2%*, Hispanic=42.0%*, 

other=38.6% 

Don't believe in getting 

vaccinated in general 

Non-Hispanic White=18.6%, Asian=8.6%, Black=13.3%, Hispanic=15.2%, 

other=16.5% 

Don't think I will get COVID-19 
Non-Hispanic White=10.0%, Asian=6.2%, Black=15.8%, Hispanic=9.1%, 

other=23.3% 

Tram et 

al., 2021 

(4) 

Prevalence, % (95% CI) 

Deliberation 

Black=84.1 (83.0-85.2), White=85.2 (84.8-85.6), Asian=89.4 (87.4-91.1), Ó2 

races/other=83.3 (81.3-85.0); Hispanic/Latino= 87.5 (86.5-88.4), not 

Hispanic/Latino=84.4 (84.1-84.8) 

Dissent 

Black=11.1 (10.3-12.1), White=14.8 (14.3-15.3), Asian=8.3 (6.9-9.9), Ó2 

Races/other=18.5 (17.0-20.2); Hispanic/Latino=11.2 (10.2-12.3), not 

Hispanic/Latino=14.9 (14.5-15.3) 

Distrust 

Black=32.8 (31.5-34.2), White=30.7 (30.2-31.2), Asian=15.0 (13.4-16.7), Ó2 

Races/other=35.1 (33.1-37.1); Hispanic/Latino=25.7 (24.6-26.8), not 

Hispanic/Latino=32.0 (31.5-32.5) 

Zhang et 

al., 2021 

(29) 

Prevalence, % 

This study only included 

recently arrived refugees 

aged Ó18 

Side effects  71.3% 

Donôt think vaccines work well 12.4% 

Don't like needles  8.5% 

COVID-19 is not serious 5.4% 

Believe in natural/traditional 

remedies  
5.4% 

Allergic to vaccines 3.1% 

Religious reasons 2.3% 

Don't have time 0.8% 
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Table 4. Meta-aggregation and meta-synthesis of qualitative findings; findings were rated as unequivocal (U) or equivocal (E). 

Findings Supporting quotes Categories 
Synthesised 

findings 

The political environment and 

the vaccinesô association with 

President Trump (U) 

"You see what's going on with police brutality and things, things have been caught on 

tape and it's not being addressed, so [itôs not so] weird in thinking that the vaccines that 

go to zip codes 19131, 19139, 19104 would be tainted.ò (p. 3) (26) 

Mistrust in 

the 

government 

Hesitancy can 

be attributed to 

a mistrust in the 

government, 

mistrust in 

medical 

science, 

concerns about 

the safety and 

effectiveness of 

the vaccines, 

personal 

philosophies on 

health, social 

norms, lack of 

access to 

information or 

access to 

conflicting 

information, 

and a lack of 

financial or 

geographical 

access. 

The vaccines contain a 

microchip to control and 

monitor behaviour, or contain 

another virus (U) 

"My neighbors say óNoô [to getting the vaccine], because they [the government] are 

going to put a chip in them, or because they might put another virus [in them]." (p. 9) 

(22) 

Concerns about being the last 

to receive the vaccine (U) 
"We have that feeling weôd be the last to have the vaccination" (p. 592) (23) 

Concerns about being 

excluded from the vaccine 

rollout (U) 

ñI listened that it [COVID-19 vaccinations] will come in UK. They will give the British 

people first and we asylum seekers will come in the end.ò (p. 4) (24) 

Fears around being charged 

for the vaccines (U) 

ñAnd government should not come and hunt you that you are owing them. Because you 

took the vaccine you are owing them ò (p. 3) (24) 

Fears around immigration 

checks during vaccination (U) 

"They donôt need to put the word documents [in Covid vaccine adverts] because what if I 

donôt have it, Iôm undocumented. And you said okay come on have your vaccine, weôre 

not going to check you...I wonôt go because I donôt know to what extent is true." (p. 3) 

(24) 

Fears that immigration 

statuses will be shared with the 

Home Office (U) 

"The prime minister has said we want everybody to be vaccinated. But he did not say no 

information will be given to the home office. He did not give that safety blanket and 

security to people that are afraid to give information away." (p. 5) (24) 
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Concerns that testing was 

rushed (U) 

"No, I will not be taking a [COVID-19] vaccineéOne, they didn't have enough studies. It 

takes at least a year and a half, two years or three years for them to complete a study 

and they did it in four months." (p. 2) (26) 

Mistrust in 

medical 

science 

Concerns about how the 

vaccine could be developed so 

rapidly (U) 

ñItôs a lot of things that have been out here for hundreds of years that you couldnôt find a 

vaccine for, but this here, in less than a year, you come up with a vaccine thatôs 

supposed to cure it. So how do you have the vaccine so fast?ò (p. 7) (25) 

Beliefs that their communities 

were under-represented in 

clinical trials (U) 

"The main problem is that we not having the same community participating too much in 

the trials." (p. 591) (23) 

Concerns they would be used 

for medical experiments (U) 

óIf I go there [for a vaccine] they might be using me as a guinea pig or I donôt know." (p. 

591-592) (23) 

Wanting to see how others 

respond first (U) 

ñThe only way I would get the vaccine would be if the same scientists who created it, 

and the executives and owners of the companies who created the vaccine, and the 

President and the entire Cabinet got the vaccine, then I would get the vaccine.ò (p. 7) 

(25) 

Mistrust based on historic 

mistreatment (U) 

"I'm paranoid, I keep getting, when I hear that Tuskegee experiment. But I stay away 

from that. I wouldnôt get a vaccine." (p. 3) (26) 

Mistrust based on unethical 

research practices (U) 

ñYou have more people in prisons have gotten this [COVID-19]. People are trying to get 

help. But I see them trying to go to a place like that to try this stuff on which is what they 

used to do with vaccines, try it on prisoners and see how they respond.ò (p. 3) (26) 

The idea that COVID-19 is a 

hoax (U) 

"Some of the people, culturally, they donôt believe that such a virus exists. They think 

that itôs 5G or something else." (p. 590) (23) 

Uncertainty about vaccine 

effectiveness in general (U) 

ñThey donôt know if youôre going to get it, like you know how you could still get the flu 

even if you get a flu shot." (p. 3) (26) 
Concerns 

about the 

safety and 

effectiveness 

Concerns that the vaccine is 

unsafe (U)  

"There is fears about vaccine safety, people are scared of it, is it safe? Isnôt it safe?" (p. 

591) (23) 
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Concerns that the vaccine is 

harmful (U) 
"If we get vaccinated, we might get more sick, or are going to die." (p. 9) (22) 

of the 

vaccines 

Concerns about the short-term 

side-effects (U) 

"Iôm just like really interested in the adverse outcomes and the changes...we may react 

to it differently. So Iôm really concerned about that.ò (p. 5) (25) 

Concerns about the long-term 

side-effects (U) 

"I wouldnôt feel confident about the vaccine because I wouldnôt know what the long-term 

side effects would be." (p. 7) (25) 

Concerns about the effects on 

reproductive health (U) 

ñ... and they had gave this vaccine to a woman ... they were saying that she may have 

some fertility issues. Thatôs one of the side effectsé Iôm thinking about my children, how 

will it affect themé?ò (p. 5) (25) 

Beliefs that existing 

medications are more 

appropriate than COVID-19 

vaccines (E) 

"A vaccine, that's just being made up as we speak like with no data, noðno real testing, 

but yet hydroxychloroquine has been approved by FDA treated for malaria forðfor 57 

years or 67 years and we already know, the effects and what it does and what it, what it 

is good for." (p. 4) (26) 

Complacency towards COVID-

19 (U) 

"I donôt think that COVID will remain a threat for us for a long time...So why should I put 

extra artificial materials in my body?" (p. 4) (24) 

Personal 

philosophies 

on health 

The idea that COVID-19 is less 

likely to affect racial and ethnic 

minorities (U) 

"Most of the African-descended origin genes are resistant to the COVID." (p. 590) (23) 

The focus should be on 

improving baseline health (U) 

"You have alkaline foods that you can put in your body that fight off the virus, you have 

immune support vitamins out here that can fight off virus." (p. 4) (26) 

Reliance on home remedies to 

protect against COVID-19 (U) 

"You just give one teaspoon honey with seven flaxseeds every morning just give them, 

just to protect from viral." (p. 590) (23) 

Low vaccine uptake among 

social networks (U) 

ñEverybody that I spoke with, every individual that I spoke with was against the vaccine.ò 

(p. 4-5) (26) 
Social norms 
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Recommendation from famous 

individuals and/or role-models 

would not persuade them (U) 

ñI was just speaking on Obama, like if he advocated for [a COVID-19 vaccine] I would 

still ð I have to say no way, so I would think it will be still under that umbrella of evil.ò (p. 

5) (26)  

Those willing to take a vaccine 

were considered foolish, less 

educated, or unable to make 

unbiased decisions (E) 

ñI have a few aunts that would take [a COVID-19 vaccine]éThey are not from the 

sharper side of the family." (p. 5) (26) 

Lack of access to sufficiently 

understandable information (U) 

ñI donôt know how the government receive it [COVID-19 information] at first, because I 

thinké like I said, because they are giving a lot of confusion to the society. They are 

passing a lot of confusion ò (p. 5) (24) 

Lack of 

access to 

reliable 

information  

More information needed in 

their own language (U) 

"Some people can speak and some they canôt understand about the Englishé I suggest 

that all these things should be in other languages as well." (p. 5) (24) 

Wanting information specific to 

their communities (U) 

"é for example, our Hispanic community, which is different from the African or White 

communitiesðhow has it affected us, what are our risksé" (p. 7) (25) 

Inability to distinguish between 

real news and fake news (U) 

ñ... I donôt know if itôs real, I donôt know if itôs fake. When you take it, it will change the 

DNAé. A lot of stories are flying.ò (p. 4) (24) 

Feeling conflicted about which 

sources to trust (U) 

"For me, I would like to take the vaccine if that will make everything better. But the fake 

news is scaring me, so I donôt know." (p. 4) (24) 

Concerns about costs 

associated with the vaccine (U) 

"They should just make it equal for everybody to take the vaccine freely. Because some 

cannot afford to pay to take the vaccine." (p. 5) (24) 
Lack of 

financial or 

geographical 

access 
Preference for familiar settings 

requiring minimal travel (E) 

"It depends on the distance. Because as I said, we are not able to offer ourself to 

transport, we cannot pay for it." (p. 5) (24) 
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Chapter 6: Other public health activities 

This chapter comprises a portfolio of my other public health activities that meet the MAE 

minor competencies on ñteaching field epidemiologyò and completing a ñlay summaryò. 

1. Teaching to first-year Scholars 

As part of the MAE, second-year Scholars are required to deliver a lecture to first-year 

Scholars during their first courseblock. My fellow 2021 Scholars Keeley Allen, Justine 

Marshall, Jane McAllister, and Erin Flynn, and I delivered an online lecture entitled ñForget 

COVID! Why you should be afraid of AMR and what to do about itò on 11 March 2022. We 

collectively agreed on this topic given the growing threat that anti-microbial resistance (AMR) 

poses to the effective prevention and treatment of infections. Our lecture outlined why AMR 

is a public health issue, and described AMR surveillance systems in different jurisdictions, 

using Carbapenemase-producing Enterobacterales (CPE) as an example. I was the last 

speaker, and my section involved several quizzes that reinforced the participantsô 

understanding of the earlier sections. Because our lecture was running overtime, I had to 

rush my part. Despite this, the post-evaluation survey was largely positive, with fifteen of 

sixteen respondents reporting that they were ñsatisfiedò or ñvery satisfiedò with the lecture. 

There was some expected feedback on better time management, which I will keep in mind 

for future lectures. Overall, this was both enjoyable and enlightening; I am glad to have had 

this opportunity to teach others about this pressing public health issue (Appendix A).  

2. Lessons from the field 

The MAE also requires that Scholars develop a case study of a public health problem 

encountered in the field to maximise opportunities for peer-to-peer teaching and learning. My 

case study was based on my research in chapter three and involved a discussion of the 

applications of diagnostic test accuracy studies for estimating the accuracy of wastewater 

surveillance for detecting the presence of SARS-CoV-2 infected people. I developed all 

lesson materials and distributed them to seven MAE 2021 Scholars. These included 

background readings on diagnostic test accuracy studies and wastewater-based 

epidemiology, and exercises involving calculations of sensitivity, specificity, and predictive 

values. I then facilitated the lesson via Zoom on 29 April 2022, where we discussed the 

participantsô responses and recapped the key learnings. Feedback at the end was very 

positive; however, these were not formally captured in a post-event evaluation, which I will 

make sure to do in future trainings. A key takeaway from this exercise was the power of 

teach-back; in teaching my peers, I was able to develop a better grasp of the concepts 

(Appendix B). 
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3. Evidence-based MedicineðLondon School of Paediatrics Day 

During my candidature, I was invited by Dr. Lakmal Mudalige of the Royal Society of 

Medicine UK to speak at the Evidence-based MedicineðLondon School of Paediatrics Day 

on 27 October 2021. This workshop aimed to promote the application of evidence-based 

medicine within paediatrics and child health, and provide participants with an update on 

relevant tools, resources, and databases. My lecture explained how to critically appraise and 

design diagnostic test accuracy studies. Despite delivering the lecture at 01:00 AESTðwhile I 

was half asleepðthe lecture was well-received. In the post-event evaluation, all participants 

thought the lecture was useful for their clinical practice. I take great satisfaction in sharing my 

knowledge about public health research and practice, and hope to incorporate more teaching 

in my future career (Appendix C).   

4. 11th TEPHINET Global Scientific Conference 

In 2022, the Training Programs in Epidemiology and Public Health Interventions Network 

(TEPHINET) held its 11th Global Scientific Conference in Panama from 4th to 9th September. 

This event provided a forum for TEPHINET-accredited Field Epidemiology Training Program 

(FETP) residents, graduates, and mentors worldwide to come together and learn about the 

latest in applied epidemiology from one another. As part of the event, Zoe Joo (a fellow MAE 

2021 Scholar) and I were invited by Matthew Griffith (a PhD student at the ANU) to help 

design and facilitate a workshop entitled ñBeyond principles: How do we use learning 

theories to facilitate learning experiences for FETP trainees?ò This workshop aimed to 

address gaps in knowledge of experiential learning theories and adult learning principles 

among FETP trainers. To prepare for the workshop, we met weekly over the course of three 

months. We conceptualised an experience that was multi-modal, involving small-group 

discussions, poster presentations and a short lecture, as well as intermittent icebreakers and 

energisers to help keep the day engaging. The workshop was attended by eight people, half 

of whom were country FETP directors. In the post-event evaluation survey, all participants 

thought the workshop was useful for informing their respective FETP curricula. Through this 

experience, I became intimately acquainted with the time and energy required for delivering 

an engaging workshop. Furthermore, much of the materials I presented were new to me and 

were incredibly useful for informing my own teaching practice (Appendix D). 

5. Casual/Sessional Academic post 

During the MAE, I also held a Casual/Sessional Academic post at the ANU, where I 

delivered part of the medical curriculum to first- and second-year Doctor of Medicine and 

Surgery (MChD) students. The MChD is underpinned by four themes: 1) medical sciences, 
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2) clinical skills, 3) population health, and 4) professionalism and leadership. The first two 

years of the curriculum are built around problem-based learning (PBL) sessions that help 

consolidate the studentsô learnings from the four themes. Each week, the students are 

presented with a PBL case study, where they work through hypotheses and diagnoses in a 

scientific manner. My role involved leading population health tutorials and PBL sessions. 

This role has taught me how to exercise facilitation, coaching and mediation to empower my 

students to be creative and analytical thinkers, as well as cooperative and self-directed 

learners.  

6. Monkeypox FAQ 

Since mid-May 2022, monkeypox cases have been reported in multiple countries that are not 

endemic for monkeypox virusðincluding Australiaðwith reports of local transmission. In 

Victoria, a limited number of smallpox vaccines became available at the time of writing, 

prompting an influx of enquiries to the State Government of Victoriaôs Department of Health. 

To assist the social media team with their public engagements, I developed an FAQ on 16 

August 2022. This involved translating biological and epidemiological concepts into a format 

digestible for a lay audience, noting sensitivities around the outbreakôs disproportionate 

impact on men who have sex with men. My FAQ has since been used extensively by the 

social media team and exists as a live document that is updated as needed (Appendix E).  
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Appendices 

Appendix A. Teaching to first-year Scholars: Forget COVID! Why you should be afraid of 

AMR and what to do about it. 
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