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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

pl acement was with the State Governmentawpwf Victo
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. | present each chapter with a reflective discussion of my role, my lessons learnt, and
the projectsdpublic health impacts.
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Introduction

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 GovernmentofVi ct or i aé s
of Health (the Department) from February 2021 to December 2022. | 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. | 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, | 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,

Depart



Introduction

viral shedding from the digestive system oftenpersi st s | onger than oneds

which may | imit the pr ogr amacensideting itsilimitgtionsdive
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 dateda 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. | 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

esti

n

ma

used to inform the Depart meandpdleyinteeventonsne out r each

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 |

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

2022 cohort. | also conducted apeerto-peer teachilagseessfioom(tfihe f

where | 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

2
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Introduction

catchments. In addition to the MAE requirements, | also: 1) delivered a lecture on interpreting
diagnostic test accuracy studies to paediatric trainees at a workshop organised by the Roya/
Society of Medicine UK; 2) facilitated a workshop on adult learning principles and
experiential learning theories for field epidemiology trainers at the 11 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, | prepared an FAQ on
monkeypox to assisttheD e p a r t mezial mé@dm 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 methodsdall 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, | am proud to have produced this thesis. | 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 | will soon graduate from that very program!



Introduction

Table 1. Master of Philosophy in Applied Epidemiology (MAE) competencies and relevant thesis chapters.

Thesis chapters

MAE competencies

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

Analysis of a public health
dataset

Establish or evaluate a
surveillance system or
other health information
system

Design and conduct an
epidemiological study

Minor competencies

Literature review

Lay summary

Conference presentation

13

13

Peer-reviewed publication

13

13

Teaching field
epidemiology




Chapter 1

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 completinganianal ysi s of a
dat aset 0. T hiecurkzetlp uitdingite 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, |
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 i
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 ftlientsoto 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 eventsddetailed in chapters one and twodwas conceptualised to build the
Department ds capaci tapatiigsuch events and to inform gubsagueht e v

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. | also consulted other SynSurv epidemiologists
and reviewed operating documents for existing SynSurv modulesdincluding those for

thunderstorm asthma and point-source smoke hazardsdto learn their approaches. This was

S

publ

t he
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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 Victoriaéds L
Family, Fairness and Housing Human Research Ethics Committee. Upon approval, |

performed data cleaning and linkage across multiple datasets and data typesdincluding

spatial datadand 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. | also presented our findings at the Communicable Diseases and

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

chapt er 0 s(AmpengixeAh Bathxvorks meet the MAE minor competencies on
preparingeai awedrpublicationodo and a ficonference

Lessons learnt

Through this project, | 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 isdfor example, in a drinking water contamination eventdthey are more

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

| 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
sizesdgiven the absence of recent events leading to outbreaksdand 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
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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

inf ormi ng Victoriabs syndmsuhevents, whemusedinl | ance syste

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

Australi a, the State Government of Victoriabds De
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 presentationsdi.e., with the ED
data as isdthe 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 informingVi ct ori ads syndr omi c
system.

Keywords

Drinking water contamination; syndromic surveillance; waterborne disease outbreaks.
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1. Introduction

In drinking water contamination events, pathogensdsuch as Shiga toxin-producing
Escherichia coli (STEC) and Cryptosporidiumdcan cause outbreaks of acute gastroenteritis
(173). 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 measuresdsuch as hospital admission
reports and over-the-counter pharmaceutical salesdto identify potential outbreaks (8i11).
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,wateragenci es are required to report to
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
eventdor any other recent eventsdhave 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.

t

he
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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?

10
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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:

1 Anfinclusivedoption, where postcodes are considered part of a zone if they are
served at least in part by a water agency; and
1 A fcoredoption, 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.

358 -

142°E 144°E 146°E 148°E 150°E

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 "AQ0".

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 Ainclusivedo and fAcoreo definitions desc

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:
Yi= o+ aiT+ Xt &TX
This model required three key variables:

1. T:the days since the start of the study period.
2. X:; adummy variable indicating the baseline and surveillance periods.
3. Y: the outcome at time t.

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

analysis:

&: is the constantdi.e., the value at which the regression crosses the y-axis.
4. the baseline trenddi.e., the change in presentations with a time unit increase in
the baseline period.

1 &: the level change, i.e.6the immediate change in presentations in the surveillance
period compared to the baseline period; this coefficient can signal a point-source
outbreak.

1 &s: the slope change, i.e.dthe change in the regression gradient of the surveillance
period compared to the baseline period; this coefficient can signal a continuous-

source outbreak.

12
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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 & 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.

30
25

20

10

5 \
0 A
0 1 2 3 4 5 6 7 8 9
Days since water contamination event

Number of excess gastroenteritis
presentations to public hospital EDs

Figure 2. Simulated point-source outbreaks of Shiga-toxin producing E£scherichia 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 Ai ncl us includedl 233 poattoges. iTrere were approximately 15
gastroenteritis presentations to public hospital EDs at the beginning of the study (4~15.52),
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 (4;=-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 (4:=10.94, P<0.001), with strong evidence showing a
subsequent decrease in presentations over the surveillance week (ds=-1.67, P=0.02) (Figure
3).

The fAcor e incluaed®q pgsscodss. The beginning of the study period saw
approximately 7 presentations (4,~6.56), with little evidence for a change in rate across the
baseline period (4:=-0.03, P=0.68). There was strong evidence for an immediate increase in
presentations following the minimum incubation period of suspected pathogens (4:=7.39,
P=0.01), and some evidence to show a subsequent decrease in presentations over the
surveillance week (d-=-1.04, P=0.07) (Figure 3).

3.2. Simulated outbreaks

Over fifty runs of the simulated outbreaks for
presentationsdi.e., with the ED data as isdthe 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 fAcored analysis, wi
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), boll
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) O 1 3 6 10 15 21 28 36 45 55 66 78
Proportion detected forthe fi i n c | “iasalysise 8% 8% 10% 18% 24% 32% 44% 50% 58% 76% 88% 94% 100%

Proportion detected for the fi ¢ o?ramalysis 6% 10% 14% 20% 36% 44% 60% 78% 88% 100% 100% 100% 100%

lIncludes postcodes that are served at least in part by the affected source
2Includes postcodes that are only served, and wholly served, by the affected source

15



Chapter 1

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 sizesdgiven the absence of recent events leading to outbreaksdand 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 Victor islheventsiycodiunctioni ¢ s ur v
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

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

10% for both the Ainclusived and Acosuggéstvanal yses
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 Ainclusivedo definition wildl have captured al
the inclusion of unaffected populations in secti
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.

16
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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
methodsdwhich was the principal aim of the paperdbut 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 assesst h e  m csehsitlvify 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 thereforeb e consi dered for informing

syndromic surveillance system for monitoring and evaluating such events.

17



Chapter 1

5. Additional information

5.1. Acknowledgements
The authors acknowledge the contributions of t he

Department of Health and the Victorian water agencies.

5.2.  Author details
Authors

Mr. Aidan Yuen (http://orcid.org/ 0000-0002-8642-8619)*2, Dr. Davoud Pourmarzit, Ms.
Suzie Sarkis?, Ms. Carmela Luisetto?, Mr. Kamal Khatri?, Dr. Angie Bone?, Dr. Jim Black?

Affiliations

1. National Centre for Epidemiology and Population Health, Australian National
University, Canberra, Australian Capital Territory 2600, Australia
2. Department of Health, State Government of Victoria, Melbourne, Victoria 3000,

Australia
Corresponding author

9 Name: Aidan Yuen

 Email: aidan.yuen@anu.edu.au

5.3. Statements

Ethical statement

Ethical approval was obtained fromtheSt at e Go v er n me Departoent oMHeadth or i a0 s
and Department of Families, Fairness and Housing Human Research Ethics Committee (ref:
HREC/80437/DOH-2021-294619).

Funding statement

This research did not receive any specific funding.

Data availability

Data requests can be directed to the corresponding author.
Conflict of interest

We declare no known competing interests that could have influenced this work.

18


mailto:aidan.yuen@anu.edu.au

Chapter 1

6. References

Pignata C, S, Bonetta S, Caccio SM, Sannella AR, Gilli G, et al. Cryptosporidium Oocyst
Contamination in Drinking Water: A Case Study in Italy. Int J Environ Res Public Health
[Internet]. 2019 Jun 10;16(11):2055. Available from:
https://pubmed.ncbi.nim.nih.gov/31185673

Reynolds C, Checkley S, Chui L, Otto S, Neumann NF. Evaluating the risks associated with
Shiga-toxin-producing Escherichia coli (STEC) in private well waters in Canada. Can J
Microbiol. 2020 May;66(5):337i50.

Lin CJ, Richardson DB, Hilborn ED, Weinberg H, Engel LS, Wade TJ. Emergency
Department Visits for Acute Gastrointestinal lliness After a Major Water Pipe Break in 2010.
Epidemiology. 2019 Nov;30(6):8931900.

Mackenzie WR, Hoxie NJ, Proctor ME, Gradus MS, Blair KA, Peterson DE, et al. A Massive
Outbreak in Milwaukee of Cryptosporidium Infection Transmitted through the Public Water
Supply. New England Journal of Medicine [Internet]. 1994 Jul 21;331(3):161i7. Available
from: https://doi.org/10.1056/NEJM199407213310304

Paterson BJ, Durrheim DN. The remarkable adaptability of syndromic surveillance to meet
public health needs. J Epidemiol Glob Health [Internet]. 2013;3(1):41i7. Available from:
https://doi.org/10.1016/j.jegh.2012.12.005

Nygard K, Schimmer B, Sgbstad @, Walde A, Tveit |, Langeland N, et al. A large community
outbreak of waterborne giardiasis- delayed detection in a non-endemic urban area. BMC
Public Health [Internet]. 2006;6(1):141. Available from: https://doi.org/10.1186/1471-2458-6-
141

Eisenberg JN, Seto EY, Colford JMJ, Olivieri A, Spear RC. An analysis of the Milwaukee
cryptosporidiosis outbreak based on a dynamic model of the infection process.
Epidemiology. 1998 May;9(3):255i63.

Andersson T, Bjelkmar P, Hulth A, Lindh J, Stenmark S, Widerstrém M. Syndromic
surveillance for local outbreak detection and awareness: evaluating outbreak signals of
acute gastroenteritis in telephone triage, web-based queries and over-the-counter pharmacy
sales. Epidemiol Infect. 2014 Feb;142(2):303i13.

Groeneveld GH, Dalhuijsen A, Kara-Zaitri C, Hamilton B, de Waal MW, van Dissel JT, et al.
ICARES: a real-time automated detection tool for clusters of infectious diseases in the
Netherlands. BMC Infect Dis. 2017 Mar;17(1):201.

19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chapter 1

Shortridge JE, Guikema SD. Public health and pipe breaks in water distribution systems:

analysis with internet search volume as a proxy. Water Res. 2014 Apr;53:26134.

Pivette M, Mueller JE, Crépey P, Bar-Hen A. Drug sales data analysis for outbreak detection
of infectious diseases: a systematic literature review. BMC Infect Dis [Internet].
2014;14(1):604. Available from: https://doi.org/10.1186/s12879-014-0604-2

Proctor ME, Blair KA, Davis JP. Surveillance data for waterborne illness detection: an
assessment following a massive waterborne outbreak of Cryptosporidium infection.
Epidemiol Infect. 1998 Feb;120(1):43154.

Rodman JS, Frost F, Jakubowski W. Using nurse hot line calls for disease surveillance.
Emerg Infect Dis [Internet]. 1998;4(2):329i32. Available from:
https://pubmed.ncbi.nim.nih.gov/9621209

Berger M, Shiau R, Weintraub JM. Review of syndromic surveillance: implications for
waterborne disease detection. J Epidemiol Community Health (1978) [Internet]. 2006
Jun;60(6):543150. Available from: https://pubmed.nchi.nim.nih.gov/16698988

Schober P, Vetter TR. Segmented Regression in an Interrupted Time Series Study Design.
Anesth Analg [Internet]. 2021;132(3). Available from: https://journals.lww.com/anesthesia-
analgesia/Fulltext/2021/03000/Segmented_Regression_in_an_Interrupted_Time_Series.16.
aspx

Victoria State Government Department of Health. Victorian Emergency Minimum Dataset
(VEMD) User Manual [Internet]. 2013. p. 1i11. Available from:

https://www.health.vic.gov.au/data-reporting/victorian-emergency-minimum-dataset-vemd

Onyango LA, Quinn C, Tng KH, Wood JG, Leslie G. A Study of Failure Events in Drinking
Water Systems as a Basis for Comparison and Evaluation of the Efficacy of Potable Reuse
Schemes. Environ Health Insights [Internet]. 2015 Jan 1;9s3:EHI.S31749. Available from:
https://doi.org/10.4137/EHI.S31749

Motlagh AM, Yang Z. Detection and occurrence of indicator organisms and pathogens.
Water Environ Res. 2019 Oct;91(10):1402i8.

Hyllestad S, Amato E, Nygard K, Vold L, Aavitsland P. The effectiveness of syndromic
surveillance for the early detection of waterborne outbreaks: a systematic review. BMC Infect
Dis [Internet]. 2021;21(1):696. Available from: https://doi.org/10.1186/s12879-021-06387-y

Mouly D, Goria S, Mounié M, Beaudeau P, Galey C, Gallay A, et al. Waterborne Disease
Outbreak Detection: A Simulation-Based Study. Int J Environ Res Public Health. 2018
Jul;15(7).

20



Chapter 1

Appendix

Appendix A. Oral presentation at the Communicable Diseases and Immunisation Conference
in Sydney, Australia on 22 June 2022.

Background — water contamination events

USIng |nterru pted tlme SeI’IeS Segmented Milwaukee, Wisconsin cryptosporidiosis Silvan Reservoir contamination event on 27
. B break of 1993 A 2020
regression models to detect waterborne disease Subreare i o
jon 3
outbreaks gt 0
,‘.\w\“\:“,wmd“" ~
Aidan Yuen (aidan.yuen@anu.edu.au) vort

Master of Philosophy in Applied Epidemiology Scholar

Supervisors: Davoud Pourmarzi & Jim Black

Australian National University | Victorian Department of Health

Australian
== National ORIA | Oepariment
=77 University B et

T St i 2008 e b
Methods — interrupted time series analysis of Results —interrupted time series analysis of
the Silvan Reservoir contamination event the Silvan Reservoir contamination event

Minimumincubation period Minimumincubation peried

Boll water advisary. Boll water advisery.

¥e =6y + 6,7 + 6% + 657X, Wate contaminstion vt Ye= 6y + 6,7+ 68X + 6:TX, e contarinstonevent

Saseartenits sresentations f publc hospital EDS ()
5
|
|

(Gaseerkerts prasentations 5 publ : hossital EDs {n)
5
)
|

. T i Coatficient Description _ Estimate _Pvalue

T: days since the start of the study | 3 Tntercee e 000l
« Y.: outcome at time t 4 e A Pre-event trend 0.08 033 e e

N =t \ 5, Level change 1094 <0001 -

= X;: dummy variable indicating the pre- - 8, Slope change -LE7 0.0z e

event period (coded 0) and the post-

event period (coded 1) . M P . 0 5 om o w

Time [days) Time {days)
orrcia semcia

Methods & results — simulated water

o Conclusions & acknowledgements
contamination events

+ Interrupted time series analyses are useful for detecting waterborne
disease outbreaks!

* With thanks to:
* Davoud Pourmarzi (Australian National University)
+ Jim Black (Victorian Department of Health)
» Staff at both institutions

Australian
55 |66 | 78 =< National ORIA | Deportment
8% | 54% | 100% = f ¢ Stote of Health
SRl University Severmment

SrnciaL ormci

%
50%

36
58%

[3

Ga;!mpfagen!-l\nh;lnpuhlkIms.:.uIEBA| o 1
76%

% Datactions at P<0.05 for 8, 8% | 8%

e e T o

21



Chapter 2

Chapter 2: Establishing a syndromic surveillance system for
detecting gastroenteritis outbreaks following drinking water

contamination events in Victoria, Australia

Prologue

This chapter meetst he MAE maj or competency to fiestabl i sh
system or other healt h i nforochaptetoneyanhapternivwo detaitso . Bui |l
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 notifythe Stat e Gover nment of Victothe ads De
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

supervis or , and forms part of the Dephaimpetneforthi@s br o a
project was born out of the Departmentés | ack of
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

thes y s t effici@mcy and effectiveness.

My role

| was responsible for leading all consultations with key stakeholders, including SynSurv
epidemiologists, OzFoodNet epidemiologists and members of the Water Unitdall of whom
were identified as the primary end-users of the system. In doing so, | 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 | 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. | 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. | 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 minorreompewednpybbhcptE

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, | learnt much about project management and leading stakeholder

consultations. Early in the project, | 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 fortheend-u s er s 6 ltwase d s .
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 | 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 Bl. 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

|l egislative requirement to notify the State Gove
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 Bl. 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 agencyb6s water distribution z
to determine which postcodes are served by which agencies, and therefore, which postcodes

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

systembds ef fi ci e napainsttha dSA €dnfers fortDisaase Centas 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, whichdtogether with filtrationdis 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).

I n Victoria, water agencies are required to not.i
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 measuresdsuch as hospital admission reports
and over-the-counter pharmaceutical salesdto identify potential outbreaks (7i10). 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 pointin the iliness 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 specificquesti ons on behalf of fclientsd to h
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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).

36°5-

142°E 144°E 146°E 148°E 150°E

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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1 Anfinclusiveooption, where postcodes are considered part of a zone if they are
served at least in part by a water agency; and
1 A fcoredoption, 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 Bl (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 sizesdgiven the
absence of recent events leading to outbreaksdand demonstrated the ability of segmented
regressions to statistically signal a detection, even without a large excess in presentations.
The model6 sensitivity was dose dependent, while its specificity was highdand 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:
Yi=dot T+ X+ &TX:
This model requires three key variables:

9 T:the days since the start of the study period.
1 X: adummy variable indicating the baseline and surveillance periods.

9 Y:the outcome at time t.

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

analysis:

1 &u: the constantdi.e., the value at which the regression crosses the y-axis.

1 &u: the baseline trenddi.e., the change in presentations with a time unit increase in
the baseline period.

1 & the level change, i.e.8the immediate change in presentations in the surveillance
period compared to the baseline period; this coefficient can signal a point-source
outbreak.

1 &s: the slope change, i.e.dthe 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 di scuss the systembs efficiency
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 e v e nimhpacs 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).

© Control Panel

Select the date of the contamination event Select the affected water agencies

Select all
Barwon Water

Wednesday, 21 September 2022

Friday, 23 September 2022

L J
[ )
( Thursday, 22 September 2022 )
( )
[ 1

| Saturdav 24 Sentemher 20722

Select the number of days before the first public
health actions were issued

/alley Water

Grampians Wimmera Mallee

C_ o JC_+ JC = JC = )
[ 4 )( 5 [ 6 I( 7 )

. . . . Western Port Water
Select the minimum incubation period (days) of the Yarra Valley Water

suspected pathogen(s) in the event

( o I 1 I 2 ) 3 ]
( 4 ( 5 I( 5 I( 7 ]

Parameters for subsequent analyses

Select the desired surveillance period (days)
following that minimum incubation period

7 ( 8 i 9 I 10 Surveillance period 23 September 2022 to 2 October 2022
K [ 12 )( 13 I 14 )

Baseline period 26 August 2022 to 22 September 2022

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 #Ainclusi

(Figure 3).
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Maps of affected postcodes

Some postcodes are served by multiple water agencies, or only partially served by an agency. Therefore, two analyses were defined:
1. An inclusive option, where postcodes are considered part of a zone if they are served at least in part by a water agency; and

2. A core option, where postcodes are considered part of a zone if they are only served by a single water agency, and are wholly
served by that agency

Inclusive postcodes Core postcodes

Figure 3. Maps of affected postcodes.

With the affected postcodes i de ndefintiongtde f or bot h
report will then aggregate the count of gastroenteritis presentations per day for the period

identified in the control panel (Figure4) . Of note, the fAinclusiveo ana
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 Ainclusived analysis, the
segmented regression to test the hypothesis that the surveillance period is statistically

different to the baseline period. The report will sighal 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 ®6he plots for the
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postcodes (inclusive and core)

70

1
(=]

Gastroenteritis presentations to public hospital EDs
i~
(=]

Count of gastroenteritis presentations in affected

Interpretation

The "inclusive” analysis captures all
affected postcodes, but also
captures unaffected populations in
sections of postcodes served by
other zones. The "core” analysis is
restricted to postcodes completely
affected by the event, but excludes
affected postcodes served
additionally by other zones. The true
number of presentations in affected
populations therefore exists
between the "inclusive” and "core”

/\/\ analyses. Changes in gastroenteritis
presentations are not solely
attributable to the suspected
contamination event, and may be
confounded by concurrent

foodborne outbreaks. Therefore,
this report should not be used in

28 Aug 04 Sep 11 5ep 18 Sep 25 5ep 02 0ct ieqlation, and consultation with
Date athers, including OzFoodNet
® Public health actions ® Water contamination date ® Minimum incubation period — Inclusive — Core epidemiologists, is recommended.

Figure 4. Count of gastroenteritis presentations in affected postcodes (inclusive and core).

Segmented linear regression model

60

T T
0 10 20 30

30
L

Gastroenteritis presentations to public hospital EDs

Days since the start of the study period

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

Legend

Red = water contamination event
Blue = public health actions

Yellow = minimum incubation period

Regression coefficients

Coefficient Estimate Flag

Constant 34.21 N/A

Baseline trend 0.52 N/A
Level change 7.70  NO SIGNAL
Slope change  -1.07  NO SIGNAL

Interpretation

Constant is the value at which the regression crosses the y-axis.
Baseline trend is the change in presentations with a time unit
increase in the baseline period.

Level change is the immediate change in presentations in the
surveillance period compared to the baseline period; this coefficient
can signal a point-source outbreak.

Slope change is the change in the regression gradient of the
surveillance period compared to the baseline period; this coefficient
can signal a continuous-source outbreak.

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

postcodes (inclusive).
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Segmented linear regression model

25

Gastroenteritis presentations to public hospital EDs
20

15

T 1
o 10 20 30

Days since the start of the study period

Interrupted time series analysis of gastroenteritis
presentations in affected postcodes (core)

Legend

Red = water contamination event
Blue = public health actions

Yellow = minimum incubation period

Regression coefficients

Coefficient Estimate Flag

Constant 15.36 N/A

Baseline trend 0.17 NIA
Level change 595 NO SIGNAL
Slope change  -0.60 NO SIGNAL

Interpretation

Constant is the value at which the regression crosses the y-axis.
Baseline trend is the change in presentations with a time unit
increase in the baseline period.

Level change is the immediate change in presentations in the
surveillance period compared to the baseline period; this coefficient
can signal a point-source eutbreak.

Slope change is the change in the regression gradient of the
surveillance period compared to the baseline period; this coefficient
can signal a continuous-source outbreak.

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

I n this section, we di s c uesciveredsagaissytisetU8Aindés ef f i ci e
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 symewron@scatoiof i ty t o con
adverse health events (13). While benefits realisation is beyond the scope of this projectdas

delivery of benefits is a long-term endeavourdthis 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 eventsde.g., the
issuing of boil water advisoriesdto 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 systembés ability to ad
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 VEMDdthe source of
outcome datadis 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 systemds ability to
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 predictiv e val ue positive both measure the sys
detect an outbreak (13). In our pilot study, the segmented regression models had a false-

positiverateofl ess t han 10% for both t heGifehitsbidhusi ved an
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 eventdinvolving high morbidity and mortalitydwill 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 systemdbs abilit
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
dailydowhich 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).
Leaveorillness among staff should not pose an issue to
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 f or ttérinstabiity st emds | ong
4.2. Limitations and future directions

The current SynSurv module has potential for improved timeliness. Other SynSurv modulesd
like the thunderstorm asthma moduledcurrently 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 al so hope to assign syndr omeos-calllme. ihigdathkat a f r on
includes a free-text field akin to triage text and is amenable to the same natural language

processing technigues. 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
expertsdincluding OzFoodNet epidemiologistsdthis 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 competencytoidesi gn and conduct an ep]
s t u dnyWixtoria, 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 |l onger than oned6és infectious period, wh
its accuracydconsidering its limitationsdwe 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 dateda 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 transmissiondprompting 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 discussionofour f i ndi ng®® i mpl i c
thepr o g r fatund s

My role

| 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 consultationdtogether with a review of the current literature on wastewater-based

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

was then obtainedf r om t he State Government of Victoriads

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. | conducted all data cleaning,

linkage, and analysis in R. In mid-2021, | also volunteered with the SARS-CoV-2 wastewater
surveillanceteamt o assi sts with the priogrumenadis oper ati ons
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. | also presented our findings at the 7117 TEPHINET Global Scientific

Conferencei n Panama on 9 September 2022; the poster
appendix (Appendix A). Both works meet the MAE minor- compet
revi ewed publicationodo and a fAconference present s

Lessons learnt

This project took the longest time for me to complete, and | 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, | had to
exercise facilitation, coaching and mediation to ultimately reach an acceptable middle-
ground. | 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.

| also learnt much about data management. The datasets | 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 bedand
have beendtargeted 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
programdwith the already established infrastructuredcan 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 coronavirusdsevere acute respiratory syndrome coronavirus 2
(SARS-CoV-2)demerged in Wuhan, China, causing an outbreak of unusual viral pneumonia

(1. The novel outbreak was declared a pM®AYemic of
by the World Health Organization on 11 March 2020 (2). In response to the pandemic, the

State Governmento f Vi cDepamtmert 6f slealth (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 actiondsuch as recognising
symptoms and seeking diagnostic testsdand 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 Depart mentsargeilance progeam asesthree 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 samplingd
often over a few daysdis 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 longerthanone é6s i nf ect i o
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 ( Ai sy mpt om onset / t e §3). Positye détactioasd her eaf t
could therefore be tinfeioupshedding pdriodonmhichdimitethes n o n
programds ut i | iMralexéraionindaacesealsd variesdbetwegn 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 beenintegralt o t he Depart ment ¢

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:

1

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 fr om-19 sureeilldhees plaabasanancladiigdat€ OV 1 D
on (1) SARS-CoV-2 wastewater surveillance test results, and (2) known SARS-CoV-2
infected people.

2.2.1. SARS-CoV-2 wastewater survelllance

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-gPCR amplification
using the PerkinElmer kit that included both Orflab 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-gPCR. 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 observationsdone for each day it
was deployed forowhile 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.

48



Chapter 3

222 SARS-CoV-2 infected people

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

2021. The l atitude and | ongitude of the peopl ebds
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
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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 da®knowmi t h a s
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 Apredict o f un cdetectiomprobabilitRforewacls used t
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 latterd
although useful for interpreting positive and negative wastewater test resultsdare 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.

. e Positive Negative
Lockdown Sensitivity Specificity - .
predictive value predictive value
0, 0,
(n) (95% CI) (95% CI) (95% CI) (95% ClI)

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 Sensitivity Specificity F.’o.smve Negatlve
method (95% ClI) (95% ClI) predictive value  predictive value
(n) (95% Cl) (95% Cl)
grggz) 0.36 (0.29, 0.43) 0.83(0.81,0.85) 0.23(0.19,0.28) 0.90 (0.89, 0.92)
é%g")pos'te 0.50 (0.31, 0.69) 0.92 (0.88, 0.95) 0.39 (0.24,0.57) 0.94 (0.91, 0.97)
Zhg)tpass"’e 0.33(0.19,0.51) 0.87 (0.77,0.94) 0.55(0.32,0.76) 0.74 (0.63, 0.82)
'(‘grl'gf)ass've 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
guartiles 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
onset!/testing date?

Single infected

person

Few infected

peopl e (

Any number of
infected people

210 +7 0.11(0.08,0.15)  0.25 (0.22, 0.29) 0.49 (0.47, 0.52)
210 +14 0.09 (0.06, 0.13)  0.21(0.18, 0.24) 0.45 (0.43, 0.48)
210 +21 0.08 (0.05,0.12)  0.17 (0.14, 0.19) 0.42 (0.40, 0.44)
210 +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
onsetY/testing date?

Single infected

person

Few infected

peopl e (

Any number of
infected people

2210 +7 0.83(0.82,0.83)  0.83(0.82, 0.83) 0.83 (0.82, 0.83)
210 +14 0.82(0.81,0.83)  0.82(0.81, 0.83) 0.82 (0.81, 0.83)
210 +21 0.82(0.81,0.83)  0.82(0.81, 0.83) 0.82 (0.81, 0.83)
210 +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 Number of infected people present

symptom onsetY/

testing date? 0 1 5 10 15 20 25 50 75 100

-2 to +7 19% 20% 26% 35% 45% 55% 65% 93% 99% 100%
-2to +14 19% 20% 24% 29% 35% 42% 49% 79% 94% 98%
-2t0 +21 19% 20% 23% 28% 33% 38% 43% 71% 89% 96%
-2 to +28 19% 20% 23% 27% 31% 36% 41% 67% 86% 95%
-2to +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%
-2to0 +70 19% 20% 22% 25% 28% 31% 35% 55% 73% 86%
-2to +77 19% 20% 22% 25% 28% 31% 35% 54% 72% 85%
-2to +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 sensitivitydi.e., its moderate
true-positive and false-negative proportionsdis 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 specificitydi.e., its high true-negative and low false-positive proportionsd
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 therefored
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depending on the sampling methods useddhave 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 callection (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 bathroomsdand contributing to sewagedoutside 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 programdwith its moderate sensitivity, coupled
with the high caseloadsdhas 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 bedand
have beendtargeted 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 117 TEPHINET Global Scientific Conference in Panama City, Panama on 9 September 2022.

SARS-CoV-2 wastewater surveillance has moderate
sensitivity and high specificity in Victoria, Australia
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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 competencyto completean fi nvestigation of
public health pr obl e deswiesadOVIB-aStodthreaklirtvéstigationh apt e r
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. | 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. | 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. | also prepared dynamic situational reports and responded to ad hoc requests
for intelligence relating to the outbreak. Protocols for the retrospective analysis of the
outbreakadincluding calculations of attack ratesdwere prepared. Upon analysing the
epidemiological and genomic data, | prepared the final outbreak management report for both
internal and external stakeholders. Throughout my secondment, | 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.

| 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 analysisdalthough costly in terms of time and moneydprovided 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 datadparticularly the sign-in sheets and rostersdwere 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 notifiedtotheSt at e Go v er n me Departroeint of\Health (iheg | a 0 s
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 unitda high-care non-dementia ward that housed 36 residentsdwhile
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, theD e p ar t @OVIR-I® sesponse. 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 mortalityda
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
outbr eak was eventually declared a pandEée®Mbyc
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: 5.2i6.0) to 6.7 days (95% CI: 6.0i7.4) (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)dthe
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:

1 Alpha (B.1.1.7)dfirst VOC identified in the UK in late December 2020;
1 Beta (B.1.351)dfirst reported in South Africa in December 2020;

I Gamma (P.1)6first reported in Brazil in January 2021; and

1 Delta (B.1.617.2)dfirst reported in India in December 2020 (619).

At the time of writing, outbreaks in Victoria since Maydincluding the Arcare Maidstone

residential aged-care facility (RACF) outbreakdhave 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 (10112). 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 faecalioral, 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):
91 Antiviral drugs, e.g., remdesivir;
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1 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 deat hs. At t he
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 notifiedtot he St at e Gov er nDemmnentoff Vi ct or i
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 unitda high-care non-dementia ward that housed 36 residentsdduring 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

= =4 =4 =4 =4

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

pat i eidensfidblerlDes; 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
Departmentdéds firewall and Western Henpldyeeh ser ver s
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 natification 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 Departmentd s C @Y fledponse. 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:

1 The Arcare Maidstone RACF, who have approved provider obligations under the
Aged Care Act and are responsible for enacting the outbreak management plan;

1 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;

T The Depart mel?indestigalod €dsdContact Outbreak Management
(ICCOM) division, including the Infection Prevention and Control Advisory Response
(IPCAR);

1 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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1 Western Health Chronic and Complex Care;
9 The Victorian Aged Care Response Centre; and

1 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 (i Vi ct or i an
gui de hdreafers. 0

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:

1 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

1 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:

1 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

1 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.

73



Table 1. COVID-19 case definitions as prescribed by the Communicable Disease Network for Australia (CDNA) national guidelines for public
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health units (6 June 2021); source: https://wwwl.health.gov.au/internet/main/publishing.nsf/Content/cdna-song-novel-coronavirus.htm.

Category Criteria Supplementary information
Confirmed Laboratory defini.ti've evidence  Laboratory defin/t/ve evidence: . ' .
case (where not classified as a 1. Detection of SARS-CoV-2 by nucleic acid testing OR
historical case) 2. lsolation of SARS-CoV-2 in cell culture, with confirmation using a nucleic acid test OR
Laboratory suggestive 3. SARS-CoV-2 IgG seroconversion or a four-fold or greater increase in SARS-CoV-2
evidence; AND either: antibodies of any i mmunoglobulin subcl a
1. Previous (prior to the past convalescent sera, in the absence of vaccination.
14 days) clinical evidence OR  Laboratory suggestive evidence.
2. Previous (prior to the past 1. Detection of SARS-CoV-2 by polymerase chain reaction (PCR) on two specimens at
Historical 14 days) epidemiological least 24 hours apart with results suggestive of a historical infection on both specimens
case evidence. AND detection of IgG or total antibody, in the absence of vaccination OR
A historical case should not 2. Negative SARS-CoV-2 PCR AND detection of IgG or total antibody, in the absence of
have symptoms of COVID-19 vaccination OR
(or not have had symptoms of 3. Detection of SARS-CoV-2 by PCR with initial test results suggestive of a historical
COVID-19 for the past 14 infection AND a subsequent PCR is negative, taken at least 24 hours apart.
days). Clinical evidence:
1. Fever (037.5AC) or ,dightsweats, shillshp®R f ever (e. g
A.pgrson who meetg the fabove 2. Acute respiratory infection (e.g., cough, shortness of breath, sore throat) OR
clinical AND epidemiological 3. Loss of smell or loss of taste.
C”_te_”a' _ Epidemiological evidence:
F:hmcal and public health ] w Close contact with a confirmed case
Probable Judgem-ent.shoulo! bg used in International travel
case assessing if hospitalised Workers supporting designated COVID-19 quarantine and isolation services

patients with non-specific signs
of infection and/or patients who
do not meet the clinical or
epidemiological criteria should
be considered suspect cases.

International border staff
Air and maritime crew

eEegegeeee

Health, aged or residential care workers and staff with potential COVID-19 contact
People who have been in a setting where there is a COVID-19 case
People who have been in areas with recent local transmission of SARS-CoV-2.
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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:

9 Daily testing for regular staff onsite at 9 am;
9 Surveillance testing (3 per week) for those deemed high risk (e.qg., irregular staff); and

1 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
De par t meposurdsies 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

AspartoftheDe p ar t BOVID-I® sesponse, 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 p e r s ealfiva, Sputum, stool, or urine. Daily
targeted testing was initiated on 16 June 2020.

2.3.8. Acquisition source and epidemiological links

The index casebds acqui withtexistng exposuressites geremrted bg o mpar e ¢
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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Public health actions

2.5.1. [solation

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.

Primary stakeholder

Key task initially allocated

Alternative stakeholder if primary
stakeholder is unable/unlikely to
complete the task within 24 hours

RACF management and
Infection Prevention
Lead working with the
Health Service Aged
Care Representative

Infection prevention
and control

RACF Management and Infection
Prevention Lead working with the
Department Outbreak Squad

Close contact

definition determined/

resident hospital WPHU
transfer plan for public

health reasons

Complete close

RACF Man men
contact spreadsheet CF 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 RACF Management
(e.g., oxygen) is

adequate

Australian Government Case
Manager

RACEF staff and
Resi dent 6s residentso6 G
Practitioners

Escalation to Local Health Service
Residential in Reach team if needed

The Australian
Government will

Initial testing 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 actionsdincluding zoning, cohorting, movement restrictions, use of tier 3 PPE,

cleaning and disinfection, and vaccinationsdwere 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 (previouslyc al | ed fAtransitioning to enhan

would cease all enhanced public health actions. This is generally considered when:

9 Atleast 14 days have elapsed since the last infectious staff member was on site AND
1 Atleast 14 days have passed since the last resident case on-site was considered
infectious (i.e,t he date the resident was deemed el i gi
or the date of death or transfer out of the facility) AND
1 Afinal 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

1 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 1dthe
suspected index casedwas 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 casesdcase 4, 5 and 8dwere 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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Worked 4 June

Place of residence

Arcare Maidstone
ACF

Household 1

2
Sx 28/5
Dx 30/5

1
Sx 28/5
Dx 29/5

Household|4

BlueCross Western Gardens
Sunshine ACF Outbreak

PROTECTED

Place of residence

Southbank
Community Outbreak

Genomic Cluster Legend

Sequenced - o Sample Failed
N Sequenced

5 i
and VOC+ equencing

(index case) VOC Unknown

All sequences available are found to be closely
related to one another and belong to the VOC
B.1.617.1

Place of hospitalisation

Epping Private

COVID-19 Ward
Outbreak

. Sx: Symetom anset date of case
Legend. Female s wsymptomatic case; swab date
S: DHHE ratification date of confirmed e

Male OO Close Contact of a confirmed case
- Index caze

Confirmed case, attended the outbreak site

- Confirmed case

Confirmed case, included in tweo or more outbreaks

Close Contact, ‘at risk’ {may have had a negative test but still at risk)
Close Contact, now cleared (negative test AND/or completed all

isclation requirements,
Deceased q !

Mzin outbreak exposure site (outbrezk detzils inside box)
Exposure site (exposure details inside box)
Work [/ contact when infectious

Injnfa]

e Work [/ contact during acquisition [ not infectious
---- Dashed border or lines (any color] indicates uncertain / indirect link

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. Bladk 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
0-14 0 0
15-24 1 8
25-34 5 42
Age group (years) 35-44 1 8
45-54 2 17
55-64 0 0
65+ 3 25
Indigenous 0 0
Indigenous status Non-Indigenous 9 75
Unknown 3 25
English 6 50
Language Filipino/Tagalog 2 17
Missing/Unknown 4 33
Australia 3 25
Brazil 1 8
Country of birth India 2 17
Philippines 3 25
United Kingdom 3 25
Clinical outcomes Hospitalised 3 25
Not hospitalised 9 75
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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.

10 11 12 13 14 15 16 17 18 19

Date Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun
Attendees on logs 57 105 105 78 108 111 121 100 109 129
Attendees checked in 17 24 25 21 39 36 35 35 29 30
via SAVR app

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 6 17 15 14 30 27 23 21 24 21
AND SAVR app (%)
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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 1814 days have elapsed since the last infectious staff member was onsite

The last infectious staff member was onsite on Friday 4 June 2021.

Criterion 2014 days have elapsed since the last infectious resident was onsite

The last infectious resident was onsite on Sunday 6 June 2021.

Criterion 3adall 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
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
30May _Pace . : :
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)
Aspen attended for further vaccination of residents (Pfizer)
31 May Resident case transferred to Epping Private Hospital
Staff case moved to hotel quarantine unit
All clinical placements ceased
1 June Westgrn 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
No PPE spotters or IPC leads onsite
2 June - - - - -
Resident case diagnosed and transferred out to Epping Private Hospital
Genomics test results received, and outbreak strain identified as the same strain as other Melbourne outbreaks
3 June 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
IPCAR review completed; spotter and PPE expertise deficiency noted
7 June Household case diagnosed (related to case 7)
Staff case (case 9) transferred to hotel quarantine unit (HQU)
Two teams of senior nursing staff sourced to work alongside Arcare team
8 June Daily testing instigated
WPHU begins efforts to reconcile all attendees onsite since 26 May 2021
PCC clearance underway by WPHU
9 June 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
Testers not compliant with PPE protocol; escalated to Sonic
11 June - - - - -
Diagnosis of case related to Arcare case, triggering Kings Park Southbank outbreak
12 June Staff case diagnosed
13 June Yest erdayés cldossehold Enfagamers Rrogtarame (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
No repatriation of cases or PCCs from Epping Private to Arcare
16 June 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
Final round of testing (day 13 testing)
19 June - - - - - -
Expert Review Panel (ERP) for residents in Epping Private Hospital
21 June Outbreak stood down
3 July Outbreak closed
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Criterion 3bdwhere 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:

1 266 (99%) had a negative test since 6 June 2021; four had no recorded test result.
1 238 (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 4dany neqative 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).

Number tested since 16 June  Number tested on 19/20 June
Employer Total

2021 (%) 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 eventdin 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 ratesda testamenttothei n v e s t i tlgoeowgh case dirsling 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 OMTSs, particularly around donning and doffing practices.

These issues were di sc sesson dfterdhe outbredkvasstsod ns | ear nt
down. Future IPC advice should be consistent and documented to establish clarity and

accountability to mitigate breaches.

4.1.4. Vaccinations
The RACF reliedonself-r eports to gauge peopl eobtbterewware ci nat i on
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.
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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 A r ¢ a ab#itp te 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 OMTSs 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 RACFda testament to the rapid response. Transmission likely occurred due to breaches
to infection prevention and control measuresde.g., a lack of PPE spotters and low
compliance with PPE requirementsdwhich 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 completea fAl i t er at ure revi ewo

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 wused to inform the
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 structur al barriers that

health information. | 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, | 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

De

an

this chapter. This manuscript meets the MAE ming

reviewed publicationo.
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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 compromisingt h e r equalitg. Wé s
had to change criteria several times, given the surplus of papers retrieved with the initial
searches. Upon refinement, the exercise became more feasible. | 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. | often felt disheartened by the long arduous process, but | am lucky to have Dr.
Davoud Pourmarzi as a supervisor, as he was incredibly understanding and supportive
throughout the project. | 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 | had little
prior experience with. Qualitative research can provide a wealth of knowledge that cannot be
obtained otherwise. Given this, | hope to incorporate more qualitative methodsdincluding

gualitative systematic reviewsdin 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
coursedincluding the administration of subsequent boostersdand 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
guantitative 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 coursed

including the administration of boostersdand will likely remain relevant beyond COVID-19.

97



Chapter 5

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

fidel ay in acceptance (?.rHesitandy existadnaocohtinmum;c ci nati ono
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, v
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 (11i15). 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 ofdand
reasons foroCOVID-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 migram* 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 dataandtheaut hor sd analytic interpréglflati ons usi

1 Unequivocal: findings accompanied by an illustration that is beyond reasonable
doubt and therefore not open to challenge.
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1 Equivocal: findings accompanied by an illustration lacking clear association with it
and therefore open to challenge.
1 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).

[ Identification of studies via databases
|
=
3 Records removed before
Records identified from: screening.
g Databases (n = 760) Duplicate records removed
5 (n=223)
=

Y

Records excluded based on title

Eefc:srg?)screened [—»| and abstract
o - (n = 456)
=
=
5 v
&
P Records excluded because of
?e(_:c%r?f. assessed for eligibility wrong study population or
n= outcome, guantitative studies
— excluded if data collection was
conducted before 11 December
— Yy 2020 (n = 54)
Studies included in review
(n=27)
3
-
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£
Studies included in Studies included in
quantitative review qualitative review
(n=22) (n=5)
S

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
peerr evi ewed articles. One paper reported the res:
(23). All other criteria were met by all studies (22126).

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 chapterof 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 (3,5,18,20,21,28,29,31133). 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

fhesitancyoas 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
(5,18,27,29,31i33) (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 (3,5,18,21,31i33). In one study on racial and ethnic

minority mendpredominantly Black mend15.6% 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 (0.310.4) 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 (0.510.6) 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%)d
def i ned a s thdithan Aorgima peoples, who are non-Caucasian in race or non-
whi t e i dtharcnon-minerities (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 (19,361
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 (19,36i41) (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 (36139). 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 (1.2i1.2) for

Asians (19,36i38) (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 geographicalaccess can al so affect onedsintheti tude t
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 populationsdand to a
lesser extent, other groupsdwere more likely to be hesitant. These findings are not unique to
COVID-19 and have also been observed for HPV, pneumococcal and influenza vaccines
(42i44).

While mistrust exists across sociodemographic, geographic, and political contexts (11,12), it

is consistently higher among Black populations. Black Americans, for example, are more

l' i kely to mistrust dséngmemgsahatdikely steenrfrondhsstoricad t i v e s
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-19vaccines. St udi es show that a pr oakeydiivingbs r e c 0 mme
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 todor more
prevalent amongdsome 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 Swedi sh BbBatadeprmmeaervice affeFirsg@dvice in various languagesdis 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 groupdparticularly Arab Americansdcan 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 ".md Date of .data Sample size Measurement tool Vaccine hesitancy/acceptance measurement
study population collection
Tool: "If a vaccine for coronavirus becomes
Allington Cross-sectional 21 November . available, how likely or unlikgly V\(ould you . ' '
ot al study of residents to 21 N=4343: 9_1% white, 7% personglly be to get the vaccine/if you were Fully deusted linear rank order m_odel; White=ref.; Other
2021’(27) aged 18-75, UK December other ethnicity offered it?" ethnicity: Est.=0.05, Low=0.00, High=0.11, P=0.048
' 2020 Hesitancy: Fairly likely, not very likely, not at
al |l i kely, definitel
Daly et al. Cross-sectional VTVZ?IE' tF; ag;tel?\r/)::;isn\;vti rdeaags:;clthgvov\y:(De_l)llgt)hey Prevale_‘nce (95% CI); White=34.8% (32.8%-36.8%),
2021 (5) " | study of adults, March 2021 N=6035 Hesitancy: Unsure or somewhativery Hispanic=36.4% (31.2%-41.7%), Black=43.0% (37.3%-
USA ) ) 48.7%), other=20.4% (14.3%-26.6%)
unlikely to vaccinate
;Lodsjj‘e:;fl?:;t Tool Awoul d you get Prevalence (P-value); White=62.7% (ref.), Black=74.0%
Doherty et 34 COVID-19 27 August to N=859: 28.4% White, COVID-19 as quickly as possible when the (P=0.002), Latinx=59.5% (P=0.560)
al., 2021 testing sites in 9 15 December | 58.7% Black, 12.9% vaccine becomes avail Multivariate logistic regression, OR (95% CI) (P-value);
(31) ; 2020 Latinx . 4 White=ref., Black=1.68 (1.16-2.45) (P=0.006), Latinx=1.14
counties of North Hesitancy: No or donf (0.67-1.91) (P=0.634)
Carolina, USA ' ’ '
Cross-sectional Tool AHow | ikely ar¢
Grumbach study Olf the lati 27 November COVID-19 vaccine when it becomes Adjusted OR (95% ClI); White=ref., Black=0.29 (0.20-0.43),
etal., ﬁ]egecrgur‘]’:if:;'on 2020 to 15 N=3161 available?d Latinx=0.55 (0.43-0.71), Asian=0.57 (0.47-0.70), other=0.62
2021 (19) . January 2021 Acceptance: S bikeistale ( (0.38-1.02), multiple races=0.65 (0.46-0.92)
the San Francisco anchored at fAnot at 3
Bay Area, USA
N=1017: 75.7% White,
11.1% Black/African
American, 4.7%
Killgore et Cross-sectional 1010 15 His.panic/Latino,.5.4% Tool : _ _ﬁ I wi | | -§9evaccine h & . . . _ N .
study of English- Asian, 0.7% Native assoonasitisoffer ed t o meod Stepwise multiple linear regression; race/ethnicity (White):
al., 2021 . December . . . .
(40) speaking adults, 2020 Am.erlcan/Amerlca_m Agceptance: 7-p O\I nt L~| kert s| B=0.068, P=0.009
USA Indian/Alaska Native, di sagreedo to fAtotally

0.3% Native

Hawaiian/Pacific, 2.2%

other
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Kreps et Cross-sectional 1110 15 N=1027: 65% White, ;I' z ° la v a In IOZ E f o a t \(; ac ngm € Ordered logit regression, coefficient (95% CI) (P-value);
al., 2021 study of the adult February 2021 11% Black, 15% Latinx, Acceptance: 4-point scale (definitel yWiII ' White=ref., Black=-1.17 (-1.73-0.61) (P=0.00); Latinx=-0.38 (-
(41) population, USA Y 4% Asian, 6% Other plance. 2-point sca Y 0.93-0.17) (P=0.17)
vaccinate to definitely will not vaccinate)
. Tool: "After the COVID-19 vaccine is broadly
= . 0,
Kricorian & | Cross-sectional ?2 112/5%23'(8 f)ovg/:/ute, available, how long do you plan to wait to get | Prevalence; White (ref.)=18.7%, Black=27.8%*,
Turner, study of adults, January 2021 His', a(;ﬂc 5 7’(y Asiaon the vaccine?" Hispanic=16.7%, Asian=6.5%; other=35.1%*
2021 (21) USA P S ' Hesitancy: "l do not plan to get the COVID- *P<0.05
6.7% Other T
19 vaccine
Cross-sectional .
= : Y
. . study of the 6 January to N 44365.30' 75% White, Tool: Intention to get a vaccine once it Multilevel models, log odds estimation (P-value); White=ref.,
Liu & Li, 4.7% Asian, 7.2% Black, . ) . .
2021 (35) Household Pulse 29 March 9 7% Hispanic. 3.5% becomes available Asian=-0.93 (P<0.001), Black=0.33 (P<0.001), Hispanic=-0.29
Survey, USA 2021 . SP T Hesitancy: f#fprobabl y | (P<0.001), other/mixed=0.29 (P<0.001)
other/mixed
N=754; 747 with i . Prevalence; Black/African American=63.03%, White=31.24%,
racefethnicity data: Tool: flf a vawerne f ... iacial=46.43, Hispanic/Latinx=51.72%, P<0.001
McElfish et | Cross-sectional 30 October 17.14% Black/African available today, what is the likelihood that . clal=40.45, Hispan o T
. . . Full-information maximum likelihood logistic regression, OR
al., 2021 study of adults in 2020 to 16 American, 70.41% you would get vaccinag e . S N
. . T ~ (P-value); White=ref., Black/African American=3.08 (P=0.000),
(32) Arkansas, USA January 2021 | White, 8.17% otherrace | Hesi t ancy: fidondét kngdg L _ . . Lo
. ~ ) R other/multiracial=1.77 (P=0.65), Hispanic/Latinx = 2.19
or multiracial, 4.28% or fAvery wunlikelyo
. ) . (P=0.059)
Hispanic/Latinx
N=2978; 2874 with Prevalence; Asian=91.47%, African American=64.97%,
ici . 0, i ic= 0, ite= 0, = 0
Mondal et | Nationwide cross- rage/ethmcny dgta. 4.5% Tool Awoul d you KBk Hlspahlc 71.92%, Whlt.e .72.66 %, gthers 84.12%, P<0.001
. May 2020 and | Asian, 6.9% African o - R Stepwise backward logistic regression, OR (95% CI) (P-
al., 2021 sectional study of . vaccine, if avail abl e?0 ) . ;
(36) adults. USA January 2021 | American, 7.1% Acceptance: Yes value); White=ref., Asian=0.56 (0.27-1.14) (P=0.11),
' Hispanic, 77.1% White, P ’ Black=2.04 (1.37-3.04) (P<0.001), Hispanic=1.52 (1.01-2.28)
4.5% Others (P=0.04), others=1.77 (1.10-2.85) (P=0.02)
Cross-sectional
Moore et study of adult Tool Al f given to yd
al. 2021 members of the January to N=257- 69 5% Black youtotakeaCOVID-1 9 v acci nat | Prevalence of hesitancy=15.6%
(2'(’)) 100 Black Men of | April 2021 T2 DY Hesitancy: neutral Prevalence of resistance=16.3%
Augusta Resistance: unlikely and very unlikely
organisation, USA
K H ;I';) ° ; va In IOZ E f e a i \c/) ac ngSh € Weighted prevalence (95% CI); Non-Hispanic White
N- u.en ot Cross-sectional 17 March to robablv. brobably not. or definitel r{ot etla (ref.)=73.5 (72.9-74.2); non-Hispanic Black=64.1 (61.7-66.4)*;
alg 2)’02 | study of adutss, 29 March N=77104 f/’ o Cy’ipn > éy ’ ynotg Hispanic=70.8 (68.4-73.1)*; non-Hispanic Asian=86.0 (83.8-
(37) USA 2021 Acceptance: Adefinitaé 88.2)*; non-Hispanic other/multiple races=64.2 (59.7-68.7)

vaccinated

*P<0.05
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Adjusted prevalence ratio (95% CI); Non-Hispanic White =
ref.; non-Hispanic Black=0.86 (0.85i0.88); Hispanic=1.08
(1.0611.09); non-Hispanic Asian=1.17 (1.16i1.19); non-
Hispanic other/multiple races=0.93 (0.90i0.95)

L. H.

N=1341682

USA: 64144 White,
2179 Black, 3235
Hispanic, 3089 Asian,
1003 more than

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%

Nauven et 24 March onelother Tool: Participant willingness to obtain a
guy USA and UK 2020 to 16 ] . COVID-19 vaccine if it was offered to them Multivariable-adjusted OR (95% CI); USA: White=ref.,
al., 2021 UK: 1110544 White, . o ) .
(18) February 2021 8787 Black 15199 Hesitancy: unsure/not willing Black=3.15 (2.86-3.47), Hispanic=1.42 (1.28-1.58),
South Asiarll 6946 Asian=1.34 (1.18-1.52), more than one/other=2.02 (1.70-2.39)
Middle East/,East Asian UK: White=1.0 (ref.), Black=2.84 (2.69-2.99), South
13512 more than ' 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)
one/other
Cross-sectional
study from the Tool likél\Hamewou to get vaccinated
. . 9 December . AR . . o
Nino et al., | national 2020 10 6 N=5023 for coronavirus once a vaccination is Prevalence; overall=61%, Latina/o=58%, Asian/Pacific
2021 (39) Understanding January 2021 B available to the publ|Islander=73%, Black=40%, White=64%
America Study, y Acceptance: somewhat likely/very likely=1
USA
Cross-sectional
Park et al study of Asian 24 Octoberto | N=1646: 97.6% Asian,
2021 (30)" Americans and 11 December 2.4% Native Hawaiian/ Not measured
Pacific Islanders, 2020 Pacific Islanders
USA.
Prevalence; total=28.4%, non-Hispanic White=21.7% (ref.),
ian= 0, = 0h* Hi ic= 0p* — 0/
Cross-sectional N=1984: 20.0% Non- ) - Asian=17.8%, Black=42.1%*, Hispanic=30.7%?*, other=68.0%
. . . . Tool: "Would you be willing to get the * P<0.05
Saluja et study of adults 5 December Hispanic White, 15.0% . L . "
LT . COVID-19 vaccine once it is available
al., 2021 living in Los 2020 and 10 Asian, 17.1% Black, . N o - . .
. . Hesitambdwbl yor or A d e f Logistic regression, adjusted OR (95% CI) (P-value); non-
3) Angeles County, January 2021 | 46.5% Hispanic, 1.4% . - . o T s _
USA other 4-item scale 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)
. . 13 December N=2650: 66.2% non- ) . Association with vaccine hesitancy, crude OR (95% ClI); all
Savoia et Cross-sectional . - . Tool: Respondents were asked how likely _ . . .
to 23 Hispanic White, 14.3% .~ .. | other races=ref., non-Hispanic white=0.94 (0.81-1.10), non-
al., 2021 study of adults, . - they would be to take a COVID-19 vaccine if - ) B . . S
(34) USA December Black, 7.8% Hispanic, offered to them at no cost within two months Hispanic Black=1.22 (1.00-1.48), non-Hispanic Asian=0.87
2020 4.9% non-Hispanic " | (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)

Prevalence; White=59.6%, Hispanic=55.3%, Black=38.7%,

. . Cross-sectional Weighted: N=6066: Tool AHow | i kel y ar ¢ Asian=77.5%, other=59.9%
Szilagyi et 23 December . . L .
study of non- 62.4% White, 16.6% for coronavirus once a vaccine is available to
al., 2021 o ) 2020 to 19 - . ) R L . - S .
(38) institutionalised January 2021 Hispanic, 12.0% Black, the public?9d Multivariate analysis of likelihood of vaccination, adjusted RR
adults, USA y 5.3% Asian, 3.5% other | Acceptance: fi'somewh at| (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)
sCtLOdSS:;‘e:;ISIrt]aI N=14621: 65.7% Not Tool AWhen a vaccine
Tang et angl members December visible minority, 14.3% coronavirus becomes available to vou. will Prevalence (P-value); not visible minority=8.8% (ref.), visible
al., 2021 ?rom the Anaus 2020 to visible minority; 91.1% ougetvaccinat ed oyr ' not minority=12.3% (P<0.0001); not Indigenous=8.7% (ref.),
(28) ) 9 February 2021 | not Indigenous, 8.9% youge AR Indigenous=14.6% (P<0.0001)
Reid Forum, . Hesitancy: Aawil | not
Indigenous
Canada
N=1835: 52% White, s Prevalence; total=52%, White=43%; Black=72%, MENA=62%;
Tool Ailf you were off . - o L
21% Black, 5% Arab, ) Hispanic=58%; Asian=36%, multiracial or other=57%
. . vaccine that had been approved by the US
Thompson | Cross-sectional June to Chaldean, Middle Food and Drua Administration todav. would
et al, study of adults in December Eastern, or North ou a ? cee to be y;/ aceci Path analysis modelling, B (SE) (P-value); Black=0.51 (0.08)
2021 (33) | Michigan, USA 2020 African (MENA), 5% yHesitanC _ gDeﬁnitel o oobebl o o (P<0.001), MENA=0.19 (0.14) (P=0.18), Hispanic=-0.02 (0.13)
Hispanic, 5% Asian, e v y N, probably no, (P=0.86), Asian=-0.63 (0.14) (P<0.001), White=-0.20 (0.07)
11% other (P=0.005)
N=459235: Black=7.7%,
White=82.5% . .
’ 0 - : =ref.: =
Tram et Cross-sectional 6 January to Asian=5.1%, >=2 Tool: Whether they planned on getting a Adjusted OR (95% Cl? P .Valfe)’ White=ref.; Black 12? _
_ . ) (1.19-1.32) (P<0.001); Asian=0.34 (0.30,0.38) (P<0.01); >=2
al., 2021 study of adults, 29 March races/other=4.7%; vaccine " ] . )
@) USA 2021 Hispanic/Latino (of an Hesitancyv: fAbrobabl races/other=1.50 (1.39i1.61) (P<0.001); non-Hispanic=ref.,
par Y y- P Y| Hispanic=0.55 (0.52-0.58) (P<0.001)
race)=9.6%, not
Hispanic/Latino=90.4%
N=435: 15.6%
Cross-sectional Afghanistan, 38.2% Tool il f a vacd9 ne 4
Zhang et December . . . . .
study of recently Nepal, 26.0% Somalia, becomes available, do you plan to get Prevalence=7.6% did not plan to receive a vaccine, and
al., 2021 ) 2020 to . R
arrived refugees 9.0% South Sudan, vaccinated?o 22.1% were unsure.
(29) January 2021

aged 08,

7.8% Burma/ Myanmar,
3.4% others

Hesitancy: unsure/no
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Table 2. Characteristics of qualitative studies.
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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) O18 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 2020to 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

121




Table 3. Data from quantitative studies (reasons for vaccine hesitancy).
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Analyses, measures, and

Pacific Islanders

Paper additional information Reasons for vaccine hesitancy Results

zt”gore Stepwise multiple linear

2021” regression, B coefficient | Feeling afraid Race/ethnicity (White): B=-0.121, P=0.0000

(40) (P-value)

Kreps et | Ordered logit rearession 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)

P rediogit reg ' [ 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)

al., 2021 | coefficient (95% CI) (P- Perception that vaccines have

(41) value) live Viﬁjs White=ref., Black=0.12 (-0.60-0.85) (P=0.74), Latinx=0.17 (-0.57-0.90) (P=0.65)
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%*

Kricorian Being rushed out too quickly White=30.1%, Black=47.7%*, Hispanic=42.1%*, Asian=25.0%, other=46.9*

& Just not something | trust White=23.7%, Black=34.0%*, Hispanic=27.0%, Asian=15.2%, other=31.5%*

Turner Prevalence, % Not worth the risk White=15.6%, Black=18.3%, Hispanic=17.1%, Asian=9.1%, other=25.4%*

2021 " | *P<0.05 Dangerous White=10.0%, Black=16.2%?*, Hispanic=13.5%, Asian=6.3%, other=13.7%

(21) More harmful than getting White=7.8%, Black=12.3%*, Hispanic=8.6%, Asian=6.1%, other=11.5%
CoOVID-19
gg\'}?[;f’lgause people to cateh |\ ite=6.49%, Black=14.0%*, Hispanic=7.9%, Asian=3.1%, other=16.8%*

Liu & Li, | Multilevel models, log Confidence White=ref., Asian=-1.10*, Black=0.32*, Hispanic=-0.31*, other/mixed=0.35*

2021 odds estimation (P-value) | Circumspection White=ref., Asian=-0.88*, Black=0.35*, Hispanic=-0.25*, other/mixed=0.26*

(35) *P<0.001 Complacency White=ref., Asian=-1.39*, Black=-0.38*, Hispanic=-0.55%, other/mixed=0.12*

Park et Prevalence, % Side effects only 34.1%

al. 2021 This study only included | Unsafe only 6.0%

V Asian Americans and .
(30) 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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*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

Non-Hispanic White=31.2%, Asian=26.4%, Black=27.1%, Hispanic=20.8%,

Saluja et companies to develop a COVID- _ 0
al., 2021 19 vaccine other=23.3%
— . o 5 — 5 - YR — v
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 Non-Hispanic White=18.6%, Asian=8.6%, Black=13.3%, Hispanic=15.2%,
vaccinated in general other=16.5%
ST " o 0 . — 0 - 0, i c= 0,
Don't think | will get COVID-19 Non-Hispanic White=10.0%, Asian=6.2%, Black=15.8%, Hispanic=9.1%,
other=23.3%
Black=84.1 (83.0-85.2), White=85.2 (84.8-85.6), Asian=89.4 (87.4-91.1), &2
Deliberation 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)
Tram et Black=11.1 (10.3-12.1), White=14.8 (14.3-15.3), Asian=8.3 (6.9-9.9), &2
al., 2021 | Prevalence, % (95% CI) Dissent Races/other=18.5 (17.0-20.2); Hispanic/Latino=11.2 (10.2-12.3), not
(4) Hispanic/Latino=14.9 (14.5-15.3)
Black=32.8 (31.5-34.2), White=30.7 (30.2-31.2), Asian=15.0 (13.4-16.7), &2
Distrust 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)
Side effects 71.3%
Dondét think vac|l1l24%
Prevalence. % Don't like needles 8.5%
Zhang et . 0 COVID-19 is not serious 5.4%
This study only included - . —
al., 2021 . Believe in natural/traditional
recently arrived refugees . 5.4%
(29) . remedies
aged 018 . .
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).

- . . Synthesised
Findings Supporting quotes Categories findings
The political environment and "You see what's going on with police brutality and things, things have been caught on Hesitancy can
thevaccinesd ass|/tape and it's not being addressed, so [ be attributed to
President Trump (U) go to zip codes 19131, 19139,19104 woul d be tainted. o ( a mistrust in the
Th in ntain : . R . , government,
.evac.u es contain a "My neighborss ay O6Nod6 [to getting the vaccine] mistrust in
microchip to control and oing to put a chip in them, or because they might put another virus [in them]." (p. 9) '
monitor behaviour, or contain ?22)9 P P ’ y mightp - P medical
another virus (U) science,
concerns about
Concer.ns about be.mg thelast |, We have that feeling wedd be the | ast t the sa}fety and
to receive the vaccine (U) effectiveness of
. . . the vaccines,
Concerns about being il 10 st en e d-19vAcairations}wil cah® M UKD They will give the British MIStrustin® | personal
excluded from the vaccine . . the . .
people first and we asylum seekers wild.l philosophies on
rollout (V) government .
health, social
Fears around being charged AAnd government should not come and hunt norms, lack of
for the vaccines (U) took the vaccine po3u4rre owing them 0 access to
information or
"They doné6ét need to put the word documer access to
Fears around immigration dondét have it, Il &m undocumented. And yol conflicting
checks during vaccination (U) |not going to check you...Il wondt go b3pcsé information
(24) and a lack of
Fears that immigration "The prime minister has said we want everybody to be vaccinated. But he did not say no financial or
statuses will be shared with the | information will be given to the home office. He did not give that safety blanket and geographical
access.

Home Office (U)

security to people that are afraid to give information away." (p. 5) (24)
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Concerns that testing was
rushed (V)

"No, | will not be takinga [COVID-1 9] vaccineéOne, they dig
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)

Concerns about how the
vaccine could be developed so
rapidly (U)

Ailtés a |l ot of things that have koan donwt
vaccine for, but this here, in | ess thar
supposed to cure it So how do you have

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 wouldbeused |61 f | go there [for a vaccine] they nmipgl _
for medical experiments (U) 591-592) (23) Mistrust in
medical
AiThe only way | would get the vaccine W(gcience
Wanting to see how others and the executives and owners of the companies who created the vaccine, and the
respond first (U) Presidentandtheentr e Cabinet got the vaccine, th
(25)
Mistrust based on historic "I'm paranoid, | keep getting, when | hear that Tuskegee experiment. But | stay away
mistreatment (U) from that. I woul dndét get a vaccine." (1
Mistrust based on unethical NYou have mo re peop I. e np ﬂ@].?enplesgrehryang ® g€y ¢
. help. But | see them trying to go to a place like that to try this stuff on which is what they
research practices (U) : : . .
usedtodowithvaccines, try it on prisoners and se
The idea that COVID-19is a "Some of the people, culturally, they dg¢
hoax (U) that itbés 5G or something else." (p. 59(
Uncertainty about vaccine fithey dondét know if youbre going to get i Concerns
effectiveness in general (U even if you get a flu shot.” (p. 3) (26
general (U) you g (p- 3) (26) bout the
Concerns that the vaccine is "There is fears about vaccine safety, p¢gsafetyand
unsafe (U) 591) (23) effectiveness
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Concerns that the vaccine is ; . . . . - of the

harmful (U) If we get vaccinated, we might get more sick, or are going to die." (p. 9) (22) VACCINeS

Concerns about the short-term |[" | 6 m just | ike really interested in the

side-effects (U) to it differently. So | 6m really concerH

Concerns about the long-term  |[" 1 woul dnét f eel cobkeicdenste aAbwoul dhé ttarnk ¢

side-effects (U) side effects would be." (p. 7) (25)

Concerns about the effects on fi.. and they had gav'e th|§ vaccme. to a woman ... they were se}ylng that she may have

reproductive health (U) some fertility issues. Thatoés one of thg

P wi || it affe@ themé?d6 (p. 5)

Beliefs that existing "A vaccine, that's just being made up as we speak like with no data, nodno real testing,

medications are more but yet hydroxychloroquine has been approved by FDA treated for malaria fordfor 57

appropriate than COVID-19 years or 67 years and we already know, the effects and what it does and what it, what it

vaccines (E) is good for." (p. 4) (26)

Complacency towards COVID- |1 dondét think that COVID wild.l remain a

19 (U) extra artificial materials in my body?" (p. 4) (24)

The idea that COVID-19 is less P nal

likely to affect racial and ethnic | "Most of the African-descended origin genes are resistant to the COVID." (p. 590) (23) E.rlso ah.

minorities (U) phriosophies
on health

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)

AEverybody that I

(p. 4-5) (26)

spoke with, everyvaaodi

Social norms
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Recommendation from famous |fil was j ust speaking on Obama-19vaccideld wauldl H
individuals and/or role-models |stilol have to say no way, so | would thin
would not persuade them (U) 5) (26)

Those willing to take a vaccine

were considered foolish, less il have a few aunts {{l®atvaweculhne]ttahey[ ar (

educated, or unable to make
unbiased decisions (E)

sharper side of the family." (p. 5) (26)

- Al dondét know how t he g¢g-d¥%isfarnmatior]attfirstrbecauseil v e
Lack of access to sufficiently . , . . .
understandableinformation(U)thlnke l'i ke | said, because they are gi
passing a |l ot of confusion o (p. 5) (24)
More information needed in "Some people can speak and some they cart
their own language (U) that all these things should be in other languages as well." (p. 5) (24)
Wanting information specificto |" é f or exampl e, our Hispanic community,
their communities (U) communitesbhow has it affected us@5what are
Inability to distinguish between | f . . . I donét know i f itbds real, I donot
real news and fake news (U) DNAé. A lot of std2ies are flying. o (p.

Feeling conflicted about which
sources to trust (U)

"For me, | would like to take the vaccine if that will make everything better. But the fake
news is scaring me, so | donét know. " (|

Lack of
access to
reliable
information

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)

Preference for familiar settings
requiring minimal travel (E)

"It depends on the distance. Because as | said, we are not able to offer ourself to
transport, we cannot pay for it." (p. 5) (24)

Lack of
financial or
geographical
access
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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

mi nor competencies on Ateaching field epidemiolo
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 | delivered an online lectureentt t | ed A For get
covi b! Why you should be afraid of AMR and what
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. | was the last

speaker, and my section involved several quizzest hat rei nf orced the partic
understanding of the earlier sections. Because our lecture was running overtime, | had to

rush my part. Despite this, the post-evaluation survey was largely positive, with fifteen of

sixteen respondents reporting thattheywer e fAisati sfiedd or Avery sati
There was some expected feedback on better time management, which | will keep in mind

for future lectures. Overall, this was both enjoyable and enlightening; | 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. | 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. | then facilitated the lesson via Zoom on 29 April 2022, where we discussed the
participantsd responses and recapped the key | ea
positive; however, these were not formally captured in a post-event evaluation, which | will
make sure to do in future trainings. A key takeaway from this exercise wasthe power of
teach-back; in teaching my peers, | was able to develop a better grasp of the concepts

(Appendix B).
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3. Evidence-based MedicinedLondon School of Paediatrics Day

During my candidature, | was invited by Dr. Lakmal Mudalige of the Royal Society of
Medicine UK to speak at the Evidence-based MedicinedLondon 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 AESTowhile |
was half asleepdthe lecture was well-received. In the post-event evaluation, all participants
thought the lecture was useful for their clinical practice. | 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. 11" TEPHINET Global Scientific Conference

In 2022, the Training Programs in Epidemiology and Public Health Interventions Network

(TEPHINET) held its 11™ Global Scientific Conference in Panama from 4™ to 9" 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 | were invited by Matthew Griffith (a PhD student at the ANU) to help

design and facilitate a workshop entitled fABeyon
theories to facilitate | earning experiences for |
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, | became intimately acquainted with the time and energy required for delivering

an engaging workshop. Furthermore, much of the materials | 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, | also held a Casual/Sessional Academic post at the ANU, where |

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 studentsd | ear niemstdentfareom t he f ou
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 virusdincluding Australiadwith reports of local transmission. In

Victoria, a limited number of smallpox vaccines became available at the time of writing,

prompting an influx of enquiriestotheSt at e Go v er n me Departoent o\Headtht. or i ad s
To assist the social media team with their public engagements, | developed an FAQ on 16

August 2022. This involved translating biological and epidemiological concepts into a format
digestible for a |l ay audience, notingaesensitivit
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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Appendix A. Teaching to first-year Scholars: Forget COVID! Why you should be afraid of

AMR and what to do about it.

FORGET COVID! I
.

Why you should be afraid of
AMR and what to do about it

OFF

LEARNING OBJECTIVE

By the end of the session, scholars will
be able to describe why antimicrobial
resistance (AMR) is a public health issue
and deseribe the components of the.
Australian AMR surveillance system,
using carbapenamese-producing
enterobacteriales (CPE) as an example

OFFICIAL

HOW DO WE KNOW IF YOU REACH THE
OBJECTIVE?

FORMATIVE LEARNING ASSESSMENT

will hiave a short biective at the start

You will be asked at the end of each section if you feel you have met that objective
Please use one of the below Zoom reactions

I got this m aimost there and | have & question to
‘help me meet the section objective

Idontgot this

There s time at the end of each section to ask questions 10 help you meet the objective

‘We will alsodo a check in at th

o
a

AMR in public health

Whatis AMR and why should
epis care

AMR/MRO surveillance
How do we conduct surveillance for
AMR in Australia?

AMR and genomics

A crash course in the
miceobiology of AMR

Example: CPE surveillance in SA
Detecting CPE outbreaks

Example: Epidemiology in Vie

Aworld-eading study
«combining genomics and epi

OFFICIAL

01
02
03

04
05

01.

AMR in public
health

OFFICIAL

SECTION OBJECTIVE

By the end of this section, scholars

will be able to:
Define antimicrobial
resistance (AMR)
= Describe at least three
reasons why AMR is a public
health issue

TIME FOR SOME DEFINITIONS'

(AMR): pi a ism that
changes over time and no longer responds to that drug.
WHO - Antimicrobial resistance 2021

to a drug

Multidrug resistant organism (MRO or MDRO): a microorganismthat is resistant to one or
more antimicrobial agent.
€DC - MDRO Definition 2015

WE ARE
’ @ ls:fifsgtible-
MR.QYS

Resistant

SO WHAT?

Why should field epidemiologists care about antimicrobial resistance?
https://pollev.com/forgetcovid81

Because who doesn't love a poll??

OFFICIAL
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SO WHAT?

1. AMR affects a wide range of organisms

Searce:pepa://www ganiicrobes com/s/
OFFICIAL

SO WHAT?

2. AMR makes infections harder to treat

Resistanco

Treatwith at feast 6 drugs.

Treat with 4 drugs over 6 months

Tubercuioats CONA natna quideines forpatic heath s
OFFICIAL

Treat with st least 6 drugs
over 1820 months

SO WHAT?

3. AMR makes infections harder to control

CFE positis teait hom Lincesteey

adocian cantred retfiod of EPE pusitve oaratary sesut

é?

acute care et sarvice crgansssons. Syanay ACSTHT 2071

OFFICIAL

SO WHAT?

4. AMR is expensive

Each year, Australian patients with AMR present:

SO WHAT?

5. It's not just about people

Ansbiotc use in Fvestock. 2010

Routes of Transmission of Antimicrobial Resistance

OFFICIAL

. . Cost hospitals an Have elevated odds of
Stay in hospital for additional dying of
717 more days $1.6 million USD 1.39-5.01 times
greater
Compared to Australian hospital patients with the same infections without AMR present |
e e ——— 2 |

SO WHAT?

6. We are running out of effective treatments

Nearly as quickly as we discover new antibiotics,
bacteria build up new resistance

[ [} 77 7

Seurce:
arsbicec resbtavce whitcan o dore
OFFICIAL

SO WHAT?

7. AMR can be deadly

Current estimated deaths
from AMR =
100,000~ 1.2 million

@ = 100,000 deaths

Estimated deaths from AMR

in 2050 = 10 million

OFFICIAL

B

132

CHECK IN!

SECTION OBJECTIVE

By the end of this section, scholars

will be able to:
« Define antimicrobial
resistance (AMR)
» Describeat least three
reasons why AMR is a public
health issue

o o ®
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AMR surveillance

@
¢ 02.
o OY °

OFFICIAL

How do we conduct surveillance for AMB

Multidrug
resistant
organisms

(MROs)

o )

] - Xx! *®
.\ S e

SECTION OBJECTIVE

By the end of this section, scholars will be

able to:
= Understand some of the different
ways in which surveillance for AMR
operates in Australia
Identify some of the issues and
challenges with surveillance for AMR

How Antibiotic Resistance Happens

2 N
1 7 R N

Lots of germs. " Antibiotics kil ™~

A few are drug resistant. bacteria causing the fllness,

as well as good bacteria

protecting the body from
infection,

J

X
Voo | X e Xex;

.

Source: Centers for Disesse Control and Prevention

OFFICIAL

The drug-resistant
bacteria are now allowed to
grow and take over.

L g
L ]

4.
Some bacteria give
their drug-resistance to
other bacteria, causing

more problems.

\

Multidrug resistant organisms

Microorganisms (mostly e resistant to one or more

OFFICIAL

l’o

What is CPE?
Aol 708

bacterales .

Carbapenemase-producing|E

N —r—— |

cy
Ertcrobocicr M Tates
e

Xiebsieila Kitmelafroggfies

Citrobecter Crrobacter smalonaticus
-+ tev beaski

Carobad

Carobacter freus Genus

Fach richia ccl

Escherichio pfnagi

'Y

o
[Yeniriacese

¥4
Sorratis P | Serrat morcescers .

Figure 1. Global distribution of carbapenemases in Enterobacteriaceae, by
country and region

Endemionationmae

regronst vore0d

[

L
ontcari Uty | @
Soomeac outroats *
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How does it work in NSW?

OFFICIAL

What is notifiable in NSW?

producing (CPE) inf
Case definition in NSW

Confirmed CPE Case: A person with a species of Enterobacterales isolated from routine clinical or screening
‘specimens (infection or colonisation) where a carbapenemase gene is detected in a sample o isolate
imespective of phenotypic susceptibility.

- since Feb 2019

Candida auris infection and colonisation - since June 2020

In NSW:
= We count the organism, not the gene

Wedon't collect any

- travel history,
‘We don't know if a notification is a colonisation of an infection

Can be colonised for years |

OFFICIAL

When do specimens get collected?

Screening varies between facilities

Whatis the problem with this?

Which criteria/settings trigger testing?

Are these uniform?

Agresd statewide set of ‘moments for testing'?
Are these suitable(clinicallsurveillance)?

Who could we be missing?

OFFICIAL

l’o

Colonisation vs infection

Specimens from NON-STERILE sites, e.g. faeces

Inmost cases, people carry CPE in their gut without it causing any symptoms or an infection. This is knawn
as colonisation,

If you have CPE, extra precautions will need to be taken on admission 1o a health care or residential care
facility to prevent CPE spreading to other pecple

Specimens from normally sterile sites, e.g. blood

What do we do with the knowledge that there are 100 colonized people? Or 100 infections? Are
these different, or can we lump them together ?

OFFICIAL

Challenges of surveillance for MROs

The shift from health care
facility to statewide

Shame, stigma and secrecy!
Without combining epi and

genomics, you can't solve the
problem

What about other
jurisdictions?

OFFICIAL

What about other jurisdictions?

i f\
P
o & { \\
e ~ B
\
A \
o \
\
4 =
o .
v
{ Candica e
\ e
® Cutaperenase roducing Emerboctonis () | |
WESTERN AUSTRALIA | -
C: resistant Enterobacteriaceoe (CRE) hciend VICTORIA
efection o coonisation e
Methicilln resistant Stapbylococcus aueus R ? Combc susls - thomms
(M) etochon o cotreion V() I cotsomemaepmaion et e
Vancomycin fesistant enterococe (VRE) infecsion T o Carbapenemase producing Enterobacterales - Routine:
o ojonkenton Carbepenermase producing Preudomonas 90. — Routine
Vani.
Emercbactenocese il
- ‘Staphylococcus surews bactersemia et
} . Venomych Resmam Emerococes |
OFFICIAL

Enterococous (VRE) - Routine: .'

AUSTRALIAN COMMISSION
O SAFET Yo QUALITY m HEALTH CARE

AURA & CARAlerts

National Alert System for Critical
Antimicrobial Resistances (CARAlert)

5 AURA
www_safetyandquality.gov.au

Antimicrobial Use and Resistance in Australia (AURA) Surveillance System
provides data and information to support Australia’s strategic response to AMR

Established in 2014
The AURA

collects data from hospital ettings to provide a
A

land of usage and AMR.

CAR Alerts ~ reporting on high priority MROs

Voluntary, national surveillance

OFFICIAL

3
1
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Public health actions arising from MRO surveillance

‘What are we trying to achieve?

+ Estimate scope and magnitude of MROs.
- Review the geographic and demographic distribution
« Detect outbreaks

- Evaluate control measures

- Program monitoring

~ Heslth system monitoring for resource allocation

~ Policy analysis

- Generate hypothesis and stimulzte applied research

Tracking MROs across facilities - we know that transmission occurs in
differ if we wantto break: i we need to have
that higher view — and we need to combine the epi and the genormics...

How do we do that?

OFFICIAL

03.

AMR and
genomics

OFFICIAL

CHECK IN!
SECTION OBJECTIVE

By the end of this section, scholars will be
able to:
Understand some of the different

ways in which surveillance for AMR
operates in Australia

Identify some of the issues and
challenges with surveillance for
AMR

# Raise Hand

SECTION OBJECTIVE

By the end of this section, scholars will be
ableto:

» Describe the mechanisms by which
bacteria acquire resistance
Identify basic concepts and
terminology around AMR genomics
and whole genome sequencing
Describe how genomics can be used
for AMR surveillance and some of
the current challenges.

WORDLE TIME!!

https://mywordle strivemath.com/?word=csehd

HINT: WHERE IS RESISTANCE FOUND?

[

i

(==

Chromosome
# Contains majority of bacterial DNA

Mobile genetic elements
The most important for AMR:
®Plasmids

@®Transposons

OFFICIAL

HOW DO BACTERIA ACQUIRE RESISTANCE?

Intrinsic resistance

« Bacterial species can naturally have
resistance genes in the genome or lack the
antibiotic target

Vertical transmission -
* chromosomal mutation/gene
acquisition and clonal expansion

Horizontal transmission—

* Can result in gene transfer between
same or different species

Multiple resistance genes can be
carried by the same mobile genetic
elements

Possible to evolve towards multi-drug
resistance, hyper virulence

OFFICIAL

HOW IS RESISTANCE DETECTED?

080000~

Culture based antimicrobial susceptibility testing (AST)

Question: How do organisms respond
to antibiotics?

Molecular methods

* What known resistance genes are
present? Eg. NDM, IMP, KPC, VIM,
OXA for CPE

Whole Genome Sequencing — can tell you the

OFFICIAL
s

Question: Is there a resistance gene or
mechanism present?

resistance genes and so much more!
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Using WGS for AMR - DEFINING RESISTANCE .

Cornpare to reference sequences (database)

Genome Assembly
Ssanchg —_— R
> o
P
*

Predict resistome (je. collection of
resistances/gene mutations in the bacteria)
v \

Predict phenotype -

VERY CHALLENGING || How will the
=

i

i} 3
T

Using WGS for AMR - DEFINING GENOMIC RELATIONSHIP-

o
/

Phylogenetic trees

/ ® Visual representation of evolutionary
/ lationships b taxa
i/ species, strains, genes)
/ * In an outbreak can help identify very
4 closely related strains/chains of
transmission
Typically built from core genome SNPs
® Incorporates models of evolution (rate
of evolution and frequency of SNP
changes)

OFFICIAL

PUTTING IT ALL TOGETHER!

= |

CURRENT CHALLENGES

Still a lot we don’t know about AMR mechanisms
® What particular ic profiles
* D ining cli y relevant

Lack of valid ioinf

ic tools and pipeli

Cost, level of expertise and investment required for WGS (particularly in LMICs)

Standardisation and curation of databases - high quality AMR reference
databases a must!

Data sharing is currently not standard practice

—
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F
P Using WGS for AMR - DEFINING GENOMIC RELATIONSHIPS

Bacterial strain typing

Species eg. (KPC)

Low resolution

Sequence Type (Multi Locus Sequencing Typing - MLST)
Compare differences in 5-7 genes (eg. ST258)

=
o

Single Nucleotide Polymorphism (SNP) Analysis

Compare differences in single base pairs

High resolution
phylogeny
Reiadal

COMBINING GENOMICS WITH EPIDEMIOLOGICAL I]ATA.

ful to infer epi i ical patterns.

Howeve’

Only uses data where sequences are available-
propertion of cases included intoduces bas
Reletively slow evolution

Cant Infer directionality of transmission

.

B2 fe=
COMBINED APPROACH ESSENTIAL = GENOMICS + EPI DATA ‘
samenr h
Bl - u
b =
n :
o< sl - B1 A
- . i
FAR IR AR AE AR A AE AR AR OF it | !‘: "
o | o &
s oy b
SOURCE Kt 2015 X
Simcaon OFFIOIAL S
WGS AMR
Traditional field
Detect known AMR ppsetiony SURVEILLANCE

mechanisms, genes
and mutations
Identify risk factors.

Identify novel or
variant AMR genes

Inform Infection
control and response
strategies

|

Identify mobile genetic elements
cacrying resistance and monitor spread

Perform phylogenetic analyses for
detecting clonal expansion, outbreaks and|

Identify chains of

ransmissi
high risk clones transmission

Bacterial typing

Idonuty source of infection

AusTrakka '

o D by the Ce i Di:

Network (under the PHLN)

National platform to facilitate rapid secure sharing and analysis by PHLs of genomic
data across jurisdictions (and NZ)

« Coupled with epidemiological metadata to support public health investigations
* Supports national consistency in genomics analyses and reporting

* Todate usage for SARS-CoV-2 and foodborne pathogen surveillance

Future application - genomic AMR surveillance

AUSTRAKKA

“ Real-time pathogen genomics surveillance
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Chapter 6

CHECK IN!

SECTION OBJECTIVE

By the end of this section, scholars will be
able to:
= Describethe mechanisms by which
bacteria acquire resistance
= Identify basic concepts and
terminology around genomics and
whole genome sequencing
Describe how genomics can be used
for AMR surveillance and describe
'some of the current challenges

SECTION OBJECTIVE

By the end of this lesson,
scholars will be able to
describe the utility of WGS
for CPE surveillance and
outbreak investigations

of

1. Prepare for field work

2. Establish the existence of an outbreak

3. Verify the diagnosis

4. Construct a working case definition

s

6. Perform descriptive epidemiology

7. Develop hypotheses

8. Evaluate hypotheses epidemiologically

9. As necessary, reconsider, refine, and re-evaluate
hypotheses

10.Compare and reconcile with laboratory and/or
‘environmental studies

<:§)

Outbreak
investigation

12 Initiate or maintain surveillance
13.Communicate findings

Confirmed CPE positive isolates by resistant
gene type, South Australia, April 2018 - Jan

<:§}

. 2021
tablish the :

existence of an

outhreak

e e 1IN h ]

ENDM FOTA4E WM
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04.

Example: CPE
surveillance in
South
Australian

claL

<:§3

Clinical .
characteristics .
of CPE .

Once colonised with CPE long-term carriage is likely
Silent colanisation may result in a source patient screening positive
after 3 patient(s) whom they transmitted to

The rate of infection fallowing expasure/calonisation with CPE
higher compared with bacteria of the same species that do nat
produce carbapenemases

Plasmids that carry penes encoding far carbapenemase enzymes
can he highly mobile, transferring resistance o new species

Al theragy increases the susceptibility of non-colonised patients
becoming olanised on expasure to CPE

Abx therapy increases the shedding of CPE by patients already
colonised

Release of Abx Inta the healthcare environment, especially drains,
can promote persistent carriage in the enviranment

Is this an outbreak?

<:§)
Establish the
existence of an
outbreak

® See positive isolates from 2017/2018

= Check with the laboratories to see if
there were any changes in testing

® Where have the isolates come from

* Confirm CPE screening and reporting
activities

Confirmed CPE positive isolates by species
type, South Australia,
April 2018 - Jan 2021

5.._.1|.=H, Lo 1

i of sntet

cuptoco WP ceruginces WK geropenes O Grburice B Uninown

OO
Establish the
existence of

an outhreak

14 cases reported to CARAlert in 2017 and
2018 combine

Most cases related to interstate and overseas
travel or hospitalisation

By July 2018 there were 12 CPE cases ina
single hospital




OO
Establish the

existence of
an outhreak

= Enhanced IPCactivities (not step 11)
= Cluster of NDM cases instigated
WGS, including of stored isolates

OO
Outbreak
cases

* WG dentified 25 paﬂ-nbranlzd the
e NDM-4 resistar

ost cases due to one strain of K.
pheumaniae (ST25)

- Multiple species - evidence of
horizontal transer (Including n the
same patient)

 Same plasmid (IncFl) resent smang
nearly

Case definition: inpatients with NDM-4
CPE isolated from cfinicol or screning
specimens during the outbreal pe

QO

Next steps

CHECK IN!

Chapter 6

Confirmed CPE positive isolates by resistant
gene type, South Australian, April 2018 - Jan
2021

tes positive for

FREJIEAFRFEITRAJENOGN]
Month of onset

mNDM rOTA4E G

=

Gane aileie

Review inpatient activities for all cases 12
month prior to the first case to establish
potential epi links

WGS of stored isolates to identify missing cases

Ongoing IPC and screening activities

Descriptive epi and possible case-control study

SECTION OBJECTIVE

O Phenotypic testing:
Species type
Resistance gene type (NDM, IMP,

Unable to infer a link between
isolates

Verifying the

diagnosis
Genotypic testing:

Simple genotypic molecular
approaches.

Epidemiological information and case
finding

Reduction in cases in

S ssnmeinaly 2020 but no reduction

clustered on a single

Only one positive
environmental sample
to date

and point prevalence
screens have
materialised in few new
cases

Missing cases?
Environmental source?

ko the cutbresh Aacthe ctbrash

Screening Risk based screening in hospitals

Changes in CPE AT True burden True burden

case - unknown & known & able
identification unable to link to link
since the Notificstion - cases/identify cases/identify
outbreak an outbreak rt an outbreak
acked Wtioners
and diagnastieh s are
appropriate mmn control requiredto nourysA mlmd

contain carbapenemase genes

Wicrobiological oultures done for 3 clinical purpose (e.g. uine culture)

eases of colonisation or infection
with Enterobacterales confirmed to

05.
Example:

Integrated Genomic
& Epidemiological
Surveillance in
Victoria

By the end of this lesson,
scholars will be able to
describe the utility of WGS
for CPE surveillance and
outbreak investigations .

OFFICIAL
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SECTION OBJECTIVE

By the end of the section, scholars
will be able to:

« To briefly describe Victoria’s
integrated genomic and
epidemiological surveillance
system for CPE

« To interpret figures to describe
the epidemiology of CPE in
Victoria from 2016 to 2018

Chapter 6

PN T

ebapenemint prodact

* A prospective multimodal
intervention including active
screening, carrier isolation,
centralised case investigation,
and comparative pathogen
ger;gmlcs wasimplemented in

ed Geverric

0
All diagnostic labs referred
suspected CPE isolatesto the
state reference lab for
confirmatory testing, whole-
genome sequencing, and
investigation
« Epidemiological data were
< collected for all persons from
v whom an isolate with a
confirmed carbapenemase gene
originated
* Trends in CPE incidence and
clinical presentation, risk
factors, and local transmission

over the program’s first 3 years
(2016-2018) were analysedin
this paper

QUIZ TIME!!!

www.pollev.com/forgetcovid183
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acquisition Travel, previous four years N make (%) Median Age (IGR)
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