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Abstract

This thesis presents the projects and activities | have undertaken throughout 2016-2017
to fulfil the requirements of the Master of Philosophy - Applied Epidemiology (MAE). My
placement was shared between OzFoodNet Victoria (within the Victorian Department
of Health and Human Services) and the Microbiological Diagnostic Unit Public Health
Laboratory (MDU). This shared placement provided me with the unique opportunity to
experience the different day-to-day workings of a state health department and a public
health reference laboratory, while also experiencing the multitude of ways in which

these two organisations work together to protect the health of the Victorian public.

In my placement at MDU | completed an evaluation of the Victorian Hospital Pathogens
Surveillance Scheme (VHPSS). This scheme has been running since 1988 and collects
information on invasive bacterial and fungal infections and their antimicrobial
sensitivities in the Victorian population. My evaluation highlighted the value of the
VHPSS in collecting information on pathogens not captured by any other surveillance
system in Victoria, and made a number of recommendations to improve the function
and focus of the scheme, especially in the context of increasing concerns surrounding

antimicrobial resistance nationally and globally.

In my placement with OzFoodNet Victoria | was involved in the investigation of multiple
clusters and outbreaks of enteric disease. In particular, | coordinated the investigation
of an outbreak of Salmonella Typhimurium at a Melbourne café which was linked to the
consumption of hollandaise sauce. This outbreak highlighted the dangers of improper
food handling in preparing and storing partially-cooked egg products, and the limited

knowledge many people have about the risks of consuming these foods.

Following another Salmonella outbreak, | conducted an epidemiological study on the
proportion of outbreak cases who developed symptoms of transient or chronic sequelae
following their infection. In particular, this study collected information on symptoms of
post-infectious irritable bowel syndrome (PI-IBS) and reactive arthritis (ReA). This study
found that in the six months following their Salmonella infection, 18% of study
participants experienced new gastrointestinal symptoms consistent with PI-IBS, and

11% of participants experienced new joint symptoms consistent with ReA. Many of
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these participants were still experiencing these symptoms a year after their Salmonella

infection, indicating the development of chronic disease.

| also conducted analyses on data from the Victorian Food Frequency Survey. This survey
collected information on the consumption of approximately 250 food items in 4008 well
Victorian people, so that their food consumption frequencies could be compared to
information from Salmonella case interviews (and interviews for cases of other enteric
pathogens such as Campylobacter and Shiga-toxin producing Escherichia coli) to assist
in generating hypotheses to try and identify sources of infection. | translated this data
into an accessible format for use in outbreak investigations, and examined the
demographic consumption patterns of various high-risk food items to determine who

might be most at risk of infection.

These projects, alongside the teaching activities and scientific communications
presented in this thesis, fulfil the requirements of the MAE program and will contribute

to the public health of Victorians.
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Field placements

My Master of Philosophy - Applied Epidemiology (MAE) field placement was a split
placement shared between OzFoodNet Victoria at the Victorian Department of Health
and Human Services (DHHS), and the Microbiological Diagnostic Unit Public Health
Laboratory (MDU-PHL, or MDU for short). | worked across both institutions
concurrently, spending three days a week at one organisation and two days a week at
the other, with the allocation of days depending on the staffing needs of each
organisation and the projects being undertaken. This shared placement allowed me to
experience the multitude of ways in which these two organisations work closely
together, while also providing me with a greater understanding of the different

challenges and demands they face as separate public health entities.
OzFoodNet Victoria

My placement at the Victorian DHHS was funded by OzFoodNet Victoria, and sat
within the Communicable Disease Epidemiology and Surveillance (CDES) section of the
Health Protection Branch. As the name suggests, the CDES section is responsible for
the surveillance of communicable diseases in Victoria and all related epidemiological
functions, including (but not by any means limited to) receiving and reviewing
communicable disease notifications, investigating clusters and outbreaks of disease,
and analysing and reporting on communicable disease surveillance data for the
development and evaluation of public health policy. Within this section, different
epidemiologists are responsible for the oversight of different disease groupings.

Foodborne and enteric communicable diseases are the domain of OzFoodNet Victoria.

Established in 2000 by the Australian Government Department of Health and Ageing,
OzFoodNet is a network of epidemiologists in each state and territory health
department who work collaboratively to facilitate integrated country-wide
surveillance, outbreak investigation, and control of foodborne diseases in Australia. Joy
Gregory is the principal OzFoodNet epidemiologist in Victoria, and has worked with
OzFoodNet since it was first established. | was lucky enough to have Joy as my field
supervisor, and throughout my placement | abided by the wise words of a previous

MAE scholar: “When Joy Gregory talks, you listen!”.
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My placement with OzFoodNet gave me extensive experience in the surveillance,
investigation, and epidemiology of foodborne and enteric disease in Victoria. Apart
from the three core MAE projects that | completed with OzFoodNet (detailed in
chapters II-1V of this volume), throughout my placement | was involved in many of the

day-to-day functions of the unit, including:

e Daily sign-off and assessment of foodborne and enteric disease notifications for

follow-up;
e Weekly reporting of foodborne and enteric disease surveillance data ;
e Monitoring of surveillance data for clusters and outbreaks;

e Attendance at and contribution to regular OzFoodNet teleconferences and

face-to-face meetings;

e Preparation of Victorian situation reports during multi-jurisdictional outbreak

investigations;
e Contributing to the 2015 OzFoodNet Victoria Annual Report; and

e Contributing to the investigation of multiple clusters and outbreaks of
foodborne and enteric disease, including questionnaire development and

production, case interviews, and providing situation updates and reports

Thanks to my placement with Joy and OzFoodNet, foodborne and enteric diseases will
always be my first epidemiological love, and | hope to have the opportunity to work

further in this field in the future.
Microbiological Diagnostic Unit Public Health Laboratory

MDU was established in 1897, making it one of the oldest public health laboratories in
the world, and the longest continually serving public health laboratory in Australia.
Although MDU sits within the University Of Melbourne School Of Biomedical Sciences,
it is funded predominantly by the Victorian DHHS to provide a comprehensive
microbiology service for the investigation of infectious disease and food and
waterborne outbreaks in Victoria. In 2014, MDU moved into the Peter Doherty
Institute for Infection and Immunity, a joint venture between the University of
Melbourne and the Royal Melbourne Hospital. It soon became home to Doherty

Applied Microbial Genomics, which has been funded to facilitate research and
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leadership in public health microbial genomics and clinical microbiology practice. MDU
is also the World Health Organisation (WHO) Regional Reference Laboratory for

Invasive Bacterial Vaccine-Preventable Diseases.

MDU is directed by Professor Benjamin Howden, and Dr Deborah Williamson is the
deputy director and head of epidemiology. Working with MDU’s epidemiology section,
| was privileged to be co-supervised by both Prof. Howden and Dr Williamson
throughout my placement. My placement at MDU allowed me to become familiar with
the extensive range of projects the epidemiology section coordinates and is involved

in, including:

e Coordination of multiple surveillance systems, including Victoria’s
Carbapenemase-producing Enterobacteriaceae (CPE) surveillance and response
unit (VCRSU), the National Enteric Pathogens Surveillance System (NEPSS), and

the Victorian Hospital Pathogen Surveillance Scheme (VHPSS);

e Contribution to multiple national surveillance systems, including meningococcal

and invasive pneumococcal disease, and animal health surveillance;

e Regular surveillance reporting to state and national stakeholders;

e CPE outbreak and cluster investigation, co-ordination and management;

e Epidemiological support to the Victorian DHHS and Australian Government
Department of Health for outbreaks of foodborne, enteric and bacterial

diseases;

e Coordination of multiple projects relating to MDU’s role as the World Health

organisation (WHO) Regional Reference Laboratory; and

e Data management and response to routine and ad-hoc requests for

information and data

In addition, the MDU epidemiology team contribute to a number of projects relating to
antimicrobial resistance and whole genome sequencing, and are a key point of contact
for the Victorian DHHS and other stakeholders. My placement with MDU has also
provided me with the opportunity to attend many seminars and symposiums on topics
such as whole genome sequencing in public health and challenges in addressing
antimicrobial resistance in Australia and internationally. Given the increasing

involvement of these issues across all areas of communicable disease epidemiology, |
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am grateful for the range of opportunities | have had to increase my understanding of

these concepts.

Throughout my placement at MDU | was very lucky to be given the time to work on my
evaluation of the VHPSS (chapter V) without taking on additional duties, but when one
of the epidemiology team departed MDU, my experience with the work of the section
allowed me to take on a part-time position to support the epidemiology team. | am
delighted to be continuing in this role following my MAE, and look forward to

contributing to the varied and exciting work of the MDU epidemiology section.
Core competencies

Table 1 summarises my completion of the core competencies for the MAE program,

and the chapters and appendices in which they are detailed.
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Preface

Background to project

This chapter describes an outbreak investigation initiated in December 2016 in response
to a notification to the Victorian Department of Health and Human Services (DHHS)
Communicable Disease Prevention and Control unit (CDCP). CDCP was notified of
complaints of illness received by a Melbourne metropolitan council from customers of
a café who had become unwell after eating a seafood eggs benedict menu item. As a
café-based outbreak with multiple initial complaints, this incident was identified as a
promising opportunity for me to fulfil the MAE core requirement to investigate an
outbreak or an acute public health event. | immediately became involved in the
outbreak investigation, working to determine the extent of the outbreak; to characterise
the outbreak by person, place, pathogen, and time; to determine the most likely source
of the reported illness; and to implement targeted public health interventions to

eliminate the risk to public health and prevent further illness.
My role

| was the co-lead investigator for this outbreak investigation, working with Senior Public
Health Officer (SPHO) Kaye Sturge of the CDPC unit. Kaye was the initial point of contact
for the local council and continued to coordinate and liaise with the council
Environmental Health Officers (EHOs) throughout the investigation. My role in the

outbreak investigation included:

e Interviewing initial complainants with the standard DHHS Gastroenteritis
Outbreak case questionnaire, including collecting contact information for other

diners
e Developing a menu-based questionnaire

e [Interviewing further complainants and their dining partners, and re-interviewing

initial complainants, with the menu-based questionnaire
e Responding to case enquiries

e Managing a line list including the details of dining parties, interview status,

sample collection date, and laboratory results

11
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Active case finding through the monitoring of MLVA results
Compiling outbreak situation reports where required

Entering case data into the DHHS Public Health Event Surveillance System

(PHESS)
Completing descriptive and analytic data analyses

Drafting the outbreak report

Lessons learnt

This was the first outbreak investigation | had been involved in where the source of

infection was clearly identified by cases from the start of the investigation. This was a

new experience for me and provided some unique lessons, especially in regards to

communicating with cases. Of the many lessons | learnt undertaking this investigation,

some of the most significant were:

The immense value of experienced and ‘on the ball’ EHOs and PHOs: In this
investigation, the initial processes provided by the café to the EHO for making
the hollandaise sauce specified that it was kept in the fridge after production.
The DHHS PHO immediately realised this must be incorrect as she was aware
that cooling a hollandaise sauce would solidify it. Consequently, the EHO
returned to the café and was given a second, more accurate process description.
The PHO’s experience, vast knowledge of foodborne disease, and eye for detail
resulted in the identification of a number of food handling issues not originally
disclosed to the EHO, which may not have been discovered, or discovered as
quickly, if the PHO had not noticed these discrepancies. This situation highlighted
for me the importance of having an awareness of the high-risk foods for
Salmonella infection, the processes used to make them, and their common
contamination pathways when conducting environmental and epidemiological
investigations. | am lucky to have had the opportunity to learn from such

knowledgeable and experienced PHOs during my time here.

How to speak to cases about an outbreak: This outbreak tested my skills in
‘walking the line’ between providing information and education to cases and

disclosing restricted information about the outbreak. Unsurprisingly, cases

12
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wanted to know what had caused their illness and how many others had been
affected. Although unable to provide any detailed information about an ongoing
investigation, | regarded these questions as a fantastic opportunity to increase
knowledge about Salmonella and the dangers of high risk foods in the very
people who ate them. Given that most cases strongly suspected one particular
meal as the cause of their infection, | could hypothetically explain the different
pathways by which it might have become contaminated, though | was careful to
make sure the people | spoke to knew these were possibilities and not facts
about the investigation. This developed my skills in communicating complicated
disease processes to a lay (though very interested) audience. | found that people
really appreciated the information | gave them, especially as the café had
provided very little information to affected customers. This experience
prompted part of my teaching exercise for the first year MAE students, where |
provided a basic outline of what one can and can’t say during an outbreak

investigation (Thesis Appendix 1).

The importance of MLVA in Salmonella surveillance: As the café involved in this
outbreak didn’t routinely take bookings, we were initially reliant on finding cases
through complaints to the café and the local council, and quite a number of these
cases had not submitted faecal samples when we spoke with them. Fortunately,
once an MLVA pattern for cases was established, we could employ active case
finding to identify further confirmed cases through the notifiable disease
surveillance system (PHESS). However, this process highlighted for me the
difficulties in determining the extent of an outbreak without a booking list, and

the issues this presents when trying to conduct an analytic study.

The influence of social context on an outbreak: Many of the cases in this
outbreak became unwell after sharing or trying a portion of the eggs benedict
meal with seafood that a dining partner (usually a friend or family member) had
ordered, resulting in large case numbers relative to portions served. The large
group included in the cohort study, however, was a group of colleagues
attending a work breakfast. No-one in this group shared meals or tried a
colleague’s food, so only those who ordered the meal became unwell. This was,

on a small scale, an interesting insight into how the social context of an event

13
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might influence the transmission and/or number of cases in an outbreak. It also
highlighted the importance of asking cases about any other foods they may have

tasted or eaten in addition to the meals they ordered and ate.
Public health impact

This outbreak investigation succeeded in ending the outbreak and limiting the risk of

future illness from this café by:
e |dentifying the source of illness;
e Preventing the further spread of illness by removing the menu item from sale;

e Reducing the risk of further outbreaks from this premises by instigating the
permanent removal of the eggs benedict dish from the menu; prompting the use
of pasteurised egg products by the premises; instituting effective cleaning

processes; and amending issues in food handling procedures; and

e |dentifying and providing recommendations to improve sanitation, hygiene, and

guality assurance measures at the supplying egg farm

This outbreak investigation also gave us an opportunity to provide both the food
establishment and affected customers with a greater knowledge and understanding of
Salmonella transmission, risk factors, and infection prevention. More broadly, we hope
that documentation of this outbreak investigation will contribute to the evidence base

on the burden of Salmonella infection and egg-associated outbreaks in Victoria.
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Abstract

Background: On Thursday the 8t" of December 2016 the CDPC unit at the Victorian DHHS
was notified of multiple complaints of illness made to a Melbourne metropolitan
council. Eighteen people across four different dining groups had become ill after eating
an eggs benedict meal with seafood at Café X between the 4" and 7" of December 2016.
An outbreak investigation was commenced to characterise and determine the extent of

the outbreak, and to identify the source of infection and the pathogen causing illness.

Methods: Descriptive epidemiology was performed for all persons interviewed who ate
at Café X between the 3@ and 8t" of December 2016. To provide analytic evidence to
support the hypothesised source of infection, a cohort study was conducted with one
large group of 19 people who ate at the café on the 7t" of December. Univariable analysis
to calculate crude risk ratios (RR), confidence intervals (Cl), and P values using the
Fischer exact test (to account for small cell numbers) was conducted for each menu item
consumed by the cohort in Stata IC 12.1 (StataCorp, Texas, United States of America).
All results of the univariable analysis were infinite due to zero-cells, so an exact logistic
regression was conducted for each food item with a P value <0.05 to determine the
direction of association. Faecal samples from initial cases and food and environmental
samples from Café X were collected and sent to the Microbiological Diagnostic Unit
Public health Laboratory for testing. An investigation of the supplying egg farm was also

undertaken.

Results: Forty-nine cases and 20 well café attendees were interviewed. Only those who
reported eating some or all of the eggs benedict meal with seafood became unwell.
Those who ate anything but the eggs benedict meal with seafood remained well,
strongly implicating the meal as the source of infection. This was supported by the
cohort study, which found only two food items to be significantly associated with illness;
the eggs benedict (p-value=0.0003), and the eggs on toast (p-value=0.03). Exact logistic
regression revealed that the eggs benedict was the only food item positively associated
with illness, while the eggs on toast were negatively associated with illness (protective).
Salmonella was not detected in any food or environmental samples from the café, but
the investigation identified a number of food handling issues that may have contributed

to contamination of the hollandaise sauce. The sauce was determined to be the most
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likely source of infection in the dish. Drag swab samples from the supplying egg farm did

not detect Salmonella, but a number of sanitation and hygiene issues were identified.

Conclusion: This investigation identified the eggs benedict meal with seafood as the
source of infection, and resulted in: the removal of the affected food item from the
menu; the café replacing whole egg with pasteurised egg products in high-risk foods;
and improved food handling and cleaning processes at the café. These actions effectively
ended the outbreak and reduced the risk of future illness being caused by this café. This
investigation highlighted both the importance of comprehensive and continued training
for food handlers, and the need for primary producers to implement every practicable

biosecurity measure, to reduce the risk of Salmonella to public health.
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Introduction

Caused by infection with non-typhoidal Salmonella bacteria, salmonellosis is a
gastrointestinal disease that typically presents as a rapid development of
gastrointestinal symptoms including abdominal pain, diarrhoea, muscle pain, lethargy,
fever, nausea and/or vomiting.12 Symptoms typically last for two to seven days and
usually do not require treatment, although antibiotics may be used to reduce the
severity and duration of symptoms in severe cases.! Children, the elderly, and
immunocompromised people are most vulnerable to infection and are at higher risk of

invasive infections.!

Transmission of salmonellosis in humans is predominantly through the consumption of
food and/or beverages (and particularly those of animal origin) contaminated with the
faeces of an infected person or animal. Other less common routes of transmission
include person-to-person spread, contact with infected animals, and environmental
exposure.? The incubation period can range between six and 72 hours, but is most

commonly between 12 and 36 hours.!

Salmonellosis is the second most notified gastrointestinal disease in Australia,
accounting for 41% of gastrointestinal disease notifications in 2014.2 With a rate of 69.7
cases per 100,000 population, notifications in 2014 represented a 42% increase on the
five year mean.? This trend was also observed in Victoria, which in 2016 had a
notification rate of 67.4 cases per 100,000 population (4,089 cases), an increase of 33%
on the five year mean.? It is important to recognize that although high, these numbers
likely represent less than one fifth of the illness actually experienced in the community.*
It has been estimated that approximately 85% of Salmonella infections are not notified
to surveillance systems in Australia, as not all infected persons present to a medical
practitioner and/or submit a faecal sample for laboratory testing.* A confirmed

notification of Salmonella requires a positive laboratory result.*

Typing of Salmonella isolates by public health laboratories is extremely important in
enabling rapid detection of outbreaks and clusters, and a number of typing methods are
employed depending on the strain of Salmonella. In Victoria, all Salmonella isolates from
diagnostic laboratories are sent to the Microbiological Diagnostic Unit Public Health

Laboratory (MDU-PHL, often shortened to MDU) for typing (Oral communication,
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OzFoodNet Victoria Epidemiologist, February 2017). All Salmonella isolates are first
serotyped, a process which categorises the isolate into one of the 2500+ identified
Salmonella serotypes (or serovars) using a serological test that detects O antigens in the
“body” (somatic region) and H antigens in the “tails” (flagella) of the bacterium.'® The
serotype is then derived from the particular combination of O and H antigens present in
an isolate.> Excepting a few particular serotypes (including Salmonella Typhimurium),
further typing is not routinely conducted. However, in situations where further
differentiation of isolates of the same serotype is required (such as in outbreak
investigations) whole genome sequencing can be employed (Oral communication,

OzFoodNet Victoria Epidemiologist, February 2017).

If the isolate is serotyped as Salmonella Typhimurium (S. Typhimurium), the isolate then
undergoes multi-locus variable-number tandem-repeat analysis (MLVA) (Oral
communication, OzFoodNet Victoria Epidemiologist, February 2017). A molecular test,
MLVA examines the naturally occurring variation in the number of tandem sequence
repeats in pre-defined regions (loci) of DNA.®7 The number of loci examined depends on
the organism; for Salmonella five loci are examined, and results are presented as

sequence five numbers separated by a hyphen (e.g. 03-09-11-14-523).7

MLVA only routinely replaced phage typing (examination of the different patterns of
lysis resulting from the introduction of bacteriophages to an isolate®) as the standard
test for further differentiation of S. Typhimurium and S. Subspecies | in Victoria in 2016
(Oral communication, OzFoodNet Victoria Epidemiologist, February 2017). MLVA has
significantly greater discriminatory power than phage typing, which eliminates the
issues encountered when trying to detect outbreaks of a particular phage type in a
geographical area where that phage type predominates.® MLVA also eliminates the
potential for inter-laboratory variance inherent in the subjective interpretation of phage
typing.® MLVA tests and analyses are standard across laboratories in Australia, making

this method more comparable and informative.®

In Australia the predominant Salmonella serotype is S. Typhimurium, which accounted
for 47% of typed human isolates nationally in 2015.%° In Victoria, S. Typhimurium had
consistently accounted for between 53% and 62% of all Sa/lmonella notifications in the
ten years between 2006 and 2015, and only fell just below 50% in 2016.3 S. Typhimurium

is also, both nationally and in Victoria, the dominant causative organism of foodborne
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outbreaks.3'1"16 |n the 5 year period between 2007 and 2011, S. Typhimurium accounted
for 26-37% of foodborne outbreaks nationally, while other Salmonella serotypes
accounted for only 3-8%.'''> In Victoria, S. Typhimurium accounted for 30-67% of
foodborne outbreaks in the 5 year period between 2012 and 2016, while other

serotypes accounted for 2-7%.3 17-20

Of these S. Typhimurium outbreaks, a large proportion are associated with the
consumption of eggs. Of the outbreaks known or suspected to have been associated
with the consumption of eggs or egg-based dishes in Australia in the 2007-2011 period,
83-100% in each year were caused by S. Typhimuirum.*"*> Similarly in Victoria, between
2012 and 2016 80-100% of egg-associated outbreaks were associated with S.
Typhimurium.>17-20 Egg-based outbreaks alone represent a significant proportion of all
confirmed and suspected foodborne outbreaks in Australia, accounting for 64% of
outbreaks and 78% of all outbreak-associated cases nationally in the eleven year period
between 2001-2011.1® The majority of these egg-based outbreaks occurred in
restaurants or other commercial food settings.'® S. Typhimurium infection, especially
when associated with egg-based outbreaks in restaurants and other commercial food
settings that affect large numbers of people, continues to present a significant public

health and food safety challenge in Victoria and across Australia.'®
Identification of outbreak

On the 8™ of December 2016, Communicable Disease Prevention and Control (CDPC) at
the Victorian Department of Health and Human Services (DHHS) was notified by the
Divisional Public Health Officer (DPHO) of complaints of illness received by a Melbourne
metropolitan council from 4 groups of people who had eaten at a particular café in this
area on the 4th, 5t and 7th of December 2016. Complaints specified that all of those who
were sick had consumed an eggs benedict with seafood dish, and that those who had
not eaten this dish in these groups were not sick. One staff member of the café had also
reported recent gastrointestinal illness. An outbreak investigation was initiated to
determine the extent of the outbreak; to characterise the outbreak by person, place,
pathogen, and time; to determine the most likely source of the reported illness; and to
implement targeted public health interventions to eliminate the risk to public health and

prevent further illness.
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Methods

Epidemiological investigation

The café’s policy was to not take bookings except for large groups, so booking lists could
not be used to contact customers except for one booking of 19 people. The contact
details of those who had complained to the local council were forward to CDPC for
interviews to be conducted. Contact details for customers who had complained directly
to the café were forwarded to the council by the café manager, and were then
forwarded to CDPC. When interviewing those who had complained, contact details were

sought for any other persons they had dined with.

MLVA-based case finding — the identification of further potential cases based on the
MLVA pattern known to be associated with the outbreak — was undertaken through the
DHHS surveillance system once the Salmonella serotype and MLVA pattern associated
with the outbreak were established. Contact details and consent to call cases found
through MLVA-based case finding were either provided on the case notification form, or
were sought from the case’s medical practitioner. Cases found through MLVA-based
case finding were not asked for the contact details of those they had dined with as MLVA
results were returned later in December, and there was limited capacity in the CDPC
team to interview contacts over the Christmas and New Year holiday period. Details of

whether dining companions were ill and what they had eaten, however, were collected.

Initially, the standard DHHS Gastroenteritis Outbreak case questionnaire was used to
interview all reported café attendees (including those not sick). These questionnaires
collected demographic details; details of medical care and specimen collection; details
of symptoms experienced; details of any sick contacts in the two weeks before and after
the person’s visit to the café; and a free text section detailing what was eaten at the café
(Appendix 1). However, it was recognised that there was a need for a menu-based
questionnaire for the purposes of an analytic study. Although the menu for the café was
easily accessible on their website, there was a delay in developing the questionnaire as
it needed to be determined whether there had been any specials offered on the days
cases had attended the café, and access to the Public Health Event Surveillance System
(PHESS) database through which questionnaires are built was disrupted by a network

issue.
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The menu-based questionnaire, which also collected demographic, symptom, medical
treatment, and contact details, was generated early in the week after notification of the
outbreak to CDPC, and all but one of those interviewed with the initial questionnaire
were re-interviewed. Data from completed menu-based questionnaires were entered
into the PHESS database and a case list recording dining groups was maintained in
Microsoft Excel. The menu-based questionnaire has not been included in the appendices

to this chapter due to the identifying nature of the menu item names.

Attempts were made to interview all staff who worked at the café on the days between
the 4™ and 8™ of December using a standard DHHS Gastroenteritis Outbreak Staff
Questionnaire modified to suit the details of this particular outbreak. The staff
qguestionnaire collected details on what duties a staff member carried out at the café;
what food they handled and/or prepared; whether they ate or took home any food from
the café during the period of interest; and whether they or anyone else they knew of or

worked with (including other staff) had experienced any gastrointestinal symptoms.
Case definitions

Initially, a case was defined as someone who had eaten at the café between the 4t and
the 8™ of December 2016 who had experienced symptoms of gastrointestinal illness
including diarrhoea, vomiting, nausea, abdominal pain, or fever within four days of
eating at the café. Once laboratory tests had determined the causative agent of illness
was Salmonella, the above became the probable case definition. A confirmed case was
then defined as a person who ate at the café between the 4t and 8t of December 2016
who had a laboratory result positive for Salmonella. The date range for both definitions
was later extended to begin on the 3™ of December when new cases who ate at Café X
on that day were discovered. The confirmed case definition was further refined as

serotyping and MLVA results became available.
Data analysis

In the process of conducting interviews it became apparent that only those who had
consumed all or part of the eggs benedict dish at the café had become unwell, so the
vehicle of infection was quickly identified. Given this, and considering that only café
attendees who had complained and cases found through MLVA-based case finding could

be interviewed, it was decided that an analytic study involving all people interviewed
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would not be appropriate due to considerable selection bias, and it was not required to
identify the source of infection. However, to provide analytic evidence to support the
hypothesis that the eggs benedict dish was the source of infection, it was decided that
a retrospective cohort study would be conducted using the interview responses from
the single booking of 19 people who had all been interviewed, representing a discrete,
if small, cohort. Descriptive statistics for all those interviewed would then be used to
characterise the known extent of the outbreak. Staff were not included in this analysis
as only two could be interviewed, including the staff member who reported illness,

which was determined unlikely to be related to the outbreak.

Questionnaire data and demographic details of those interviewed were extracted from
PHESS into Microsoft excel for descriptive analysis. Univariable analysis was conducted
to calculate crude risk ratios (RR), confidence intervals (Cl), and P values using the
Fischer exact test (to account for small cell numbers) for each menu item consumed by
the cohort. As all of the two-by-two tables involved in this analysis contained at least
one zero-value cell, only a P value could be calculated. As such, where a result was found
to be significant (P value <0.05), exact logistic regression was used to determine the

direction of association.

This investigation was conducted as a Public Health Investigation under section 188 of
the Victorian Public Health and Wellbeing Act 2008, and so did not require approval from

a human research ethics committee.
Environmental investigation

Although the CDPC unit is notified of outbreaks wherever they occur in Victoria and
coordinates most outbreak investigations, the local council that registers the food
business is responsible for all environmental investigations. Shortly after the outbreak
was notified to the CDPC unit on the 8th of December, the local council was requested
by the DPHO to immediately undertake the following actions in accordance with the
sections of the DHHS Guidelines for the Investigation of Gastroenteritis?! relevant to a

“suspected foodborne” outbreak:

e Supervise a clean-up of all food-preparation areas, common areas, and toilets,

and ensure the disposal of all left-over and potentially contaminated foods that
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do not undergo a kill-step, in line with the Guidelines for the Investigation of

Gastroenteritis
e Obtain and submit to MDU any relevant high risk food samples

e Review hygiene, cleaning, and food handling processes at the premises, and

ensure they are satisfactory

e Review the premises’ Food Safety Program and conduct a Food Safety

Assessment

e Ascertain whether there have been any staff unwell with symptoms of
gastroenteritis and if so, inform them of relevant exclusions and hygiene
procedures; collect a faecal specimen; and interview them using the

gastroenteritis outbreak questionnaire
e Obtain a menu for all foods served in the period of interest, including specials

e Obtain a booking list from the premises with the names and contact phone

numbers for patrons who dined in the period of interest

e Ascertain whether there have been any complaints made directly to the

premises and obtain the complainant’s details

e Complete the gastro outbreak onsite assessment (GOOA) and submit to CDCP

unit

In addition to the above list, the local council environmental health officer (EHO) was
asked to determine the processes for how the hollandaise sauce was made, and to ask
for a list of suppliers of hollandaise sauce ingredients to the café. On the 12t of
December the Senior Public Health Officer at the CDPC unit co-leading the investigation
requested that an EHO from another local council visit the premises where a seafood
ingredient of the hollandaise sauce was made to inspect the premises and determine

how the ingredient was prepared.

During the environmental investigation the egg supplier for the café was identified. On
the 6% of January 2017 the Chief Veterinary Officer’s (CVO) unit of the Department of
Economic Development, Jobs, Transport and Resources was requested to conduct an
on-farm assessment of biosecurity, sanitation, hygiene, and quality assurance practices

on the egg farm, and to conduct environmental sampling for Salmonella.
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Laboratory investigation

Where specimens had not already been submitted for testing, faecal samples were
requested from cases who were interviewed within the first few days of the
investigation, with the delivery and pick-up of specimen collection kits organised by the
CDPC unit. Samples organised by the CDPC unit were sent to directly to the Food,
Environment and Outbreak Response (FEOR) section at MDU for testing, while positive
samples submitted to primary diagnostic laboratories were later received at MDU for

routine typing.

As part of the environmental investigation, a site visit to Café X was conducted on the
8th of December and samples of the seafood hollandaise ingredient, a new batch of the
hollandaise sauce (prepared on request during the inspection), and whole eggs from the
same batch as those made to use the sauce were taken for analysis. A siphon (including
the nozzle) used to hold and serve the hollandaise was taken for testing on the Friday
9th of December, and it was noted that this siphon was last cleaned on Wednesday the
7th of December. The food samples and the siphon from the café were sent to the FEOR
section at MDU for testing. Samples from the egg farm were sent to the AgriBio

laboratory at La Trobe University.

Results

Epidemiological investigation

Descriptive analysis

In total, 34 confirmed and 15 probable cases, and 20 well café attendees who ate with
these cases between the 3™ and 8t of December 2016 inclusive, were interviewed. The
majority of both cases (61%) and well attendees (75%) were interviewed within seven
days of eating at the café, with a median time of five days for cases (range 2-27) and six
days for well attendees (range 4-61). Cases were aged between nine months and 71
years with a median age of 30 years (age missing for 3 cases), while well attendees were
aged between 26 and 56 years with a median of 35.5 years. In both groups the majority
were aged between 20-39 years (Figure 1). Cases were 63% female, while the number

of male and female well attendees was equal.
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Figure 1: Cases and well attendees at Café X by age group, December 2016
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Table 1: Symptoms experienced by cases, Café X, December 2016

Symptom % n*

Diarrhoea 100% 49/49
Lethargy 96% 45/47
Abdominal pain 94% 45/48
Fever 93% 40/43
Headache 90% 38/42
Nausea 79% 37/47
Vomiting 52% 25/48
Blood in stools 2% 1/45
Other symptoms 35% 14/40

*different denominators due to missing data

All cases experienced diarrhoea, with one case reporting bloody diarrhoea. Most cases
also reported fever, abdominal pain, headache and lethargy. Other symptoms are
presented in Table 1 above. The majority of cases (65%) reported that their symptoms
began the day after eating at the café, but a large proportion of the remaining cases
(31%) reported their symptoms began later on the same day that they ate at the café.
Those who ate at the café on the 5™ of December had the highest proportion of same-
day symptom onset, with 58% (7/12) reporting that their symptoms began later on the

same day they ate at the café.

This is demonstrated in the epidemic curve presented in Figure 2. Cases are coloured
according to the day on which they ate at the café to more accurately represent the time
between eating at Café X and symptom onset. As can be seen in Figure 2, the peak of
illness onset was on the 5™ of December 2016. This peak is comprised of a large

proportion of cases who ate on the 4t" of December and became unwell the next day,
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coupled with 58% of cases who ate on the 5" and became unwell on the same day. For
the 53% of cases for whom an incubation period could be calculated (n=26), the median

incubation period was 19.5 hours with a range of 2.5 to 94 hours.

Figure 2: Epidemic curve showing time to onset of symptoms by day cases ate at Café X, December
2016
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At the time of interview, the reported duration of symptoms ranged between one and
14 days with a median of 7.5 days. It should be noted that six cases reported their
symptoms were still continuing at time of interview. Thirty-seven cases (76%) saw a

doctor regarding their symptoms, and 11 cases (22%) visited a hospital.

Of the 69 people interviewed who ate at Café X between the 3™ and 8t of December
2016, only those who reported eating some or all of the eggs benedict meal with seafood
became unwell. Those who ate anything but the eggs benedict meal with seafood

remained well.
Cohort analysis

To provide analytic evidence of this finding, a retrospective cohort study was conducted
with one large group of people who ate at the café on the 7™ of December. Their ages
ranged between 26 and 56 years (median of 37 years) and 63% (12) were male. Four of
the group, who had all consumed the eggs benedict meal with seafood, became unwell
after eating at the café. The incubation periods for these cases were 11.5, 13.5, 24, and
38.5 hours. All cases experienced watery diarrhoea, abdominal cramps, fever, and
lethargy. Three cases experienced nausea and headache, and two vomited. All cases had

experienced at least seven days of symptoms, and three cases were still experiencing
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symptoms at the time of interview. All cases saw a doctor for their symptoms, and one
case was admitted to hospital. Only one case submitted a faecal sample, which was

positive for S. Typhimurium MLVA pattern 03-09-09-15-523 (the outbreak strain).

The overall attack rate in the cohort was 21%, though the food-specific attack rate for
the eggs benedict meal with seafood was 100%. The univariable analysis found two food
items to be significantly associated with illness; the eggs benedict (P value=0.0003), and
the eggs on toast (P value=0.03) (Table 2). Exact logistic regression revealed that the
eggs benedict was the only food item positively associated with illness, while the eggs

on toast were negatively associated with illness (protective).

Table 2: Univariate cohort analysis of foods consumed by ill (n=4) and not ill (n=15) café attendees
with statistically significant results highlighted in red

[} Not ill Risk Confidence P

Menu item .
% n % ratio Interval value

=]

Eggs benedict meal with seafood 4 100 0 0 - - 0.000
Plain toast 0 0 1 6.67 - - 1.000
Eggs on toast 0 0 10 66.67 - - 0.033
Meat breakfast meal 0 0 1 6.67 - - 1.000
Vegetarian breakfast meal 0 0 1 6.67 - - 1.000
Smoked salmon and ricotta croissant 0 0 1 6.67 - - 1.000
Smoked salmon scrambled eggs 0 0 1 6.67 - - 1.000
Any side 0 0 6 40 - - 0.255
Hot drink 4 100 13 86.67 - - 1.000
Cold drink 0 0 6 40 - - 0.255

Environmental investigation

Two visits were made to the café on the 8™ and 9t of December 2016. On the 8t of
December the local council ordered a clean-up of the café and took samples of the
seafood hollandaise sauce ingredient, hollandaise sauce, and whole eggs. As all
hollandaise made in the period of interest had been used, a fresh batch was made and
sampled at the time of the visit. There were no left-over foods which required disposal.
A list of staff who worked in the period of interest was provided, including the details of

the sick staff member.

The café reported that they had stopped serving the eggs benedict meal with seafood
on the morning of the 8™ of December after the manager had received complaints

implicating the meal, although as described above, this dish was still being served at
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breakfast time on that day. As an indication of the potential scope of the outbreak, the
café estimated that they served approximately 400 diners per day, and had recorded
selling 132 serves of the eggs benedict meal with seafood between Saturday the 3™ and

Monday the 5t of December.

The EHOs who attended the restaurant found no major deficiencies in the maintenance
and condition of the premises, and the food safety records of the premises were
reported to be complete and accurate. The local council EHO obtained the ingredient
list for the hollandaise sauce, the process for making the sauce, and the process for
cleaning the hollandaise siphons. On review of the processes provided to the EHO, the
CDPC PHO noticed that the café stated that after the hollandaise was made, it was
stored in the refrigerator for service. The PHO recognised that this information was
inaccurate, as a hollandaise sauce will solidify if kept in the fridge. Further investigation
by the EHO clarified the process, and a revised procedure was provided stating that after
preparation the hollandaise sauce was kept in a warm water bath for use during service
as required. It was not stated for how long the siphons were kept in the warm water

bath.

This revised process also stated that eggs for the hollandaise were separated with egg
shells or by hand, whereas the first process description had stated that eggs were
separated using a spoon after being cracked into a bowl. Further, the investigation of
the processes for cleaning the hollandaise storage/serving siphons also revealed that
the dishwasher rinse cycle temperature was not set high enough to effectively sanitise
the equipment (55°C). As a result of these investigations, the café was directed under
the Food Act 1984 to cease the practice of separating eggs using the shells and to set
the dishwasher rinse cycle to a minimum temperature of 77°C for a minimum of 30
seconds for effective sanitisation.?? After consultation between the café and the local
council it was decided that to minimise risk of future foodborne outbreaks the café
would replace raw egg products with pasteurised egg products, and that the eggs

benedict meal with seafood would be permanently removed from the menu.

The eggs benedict meal with seafood meal consisted of toast, two poached eggs, cooked
tiger prawns, a seafood bisque hollandaise sauce, and a fried noodle garnish. On the 14t
of December 2016 an EHO from another local council visited the premises where the

seafood bisque was prepared. The processes for making, storing, and delivering the
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bisque were reviewed and found to be satisfactory, as were the food safety records kept

by the business.

On the 12 of January 2017 a veterinary officer from DEDJTR conducted an inspection
at the egg farm that supplied the café. The farm was found to house approximately
25,000 laying hens under both free range and caged conditions. A number of operational
issues were discovered that resulted in an assessment that farm biosecurity was low:
the farm was found to not have any rodent or insect control programmes; wild birds and
chicken body parts were observed inside chicken sheds (possibly due to fox activity); and
there were no foot baths or change of clothing and footwear procedures in place.
However, there was a process in place to separate all soiled eggs and those found on
the floor from other eggs and to send these for pasteurisation. A new egg washing

machine had also been recently purchased.
Laboratory investigation

Six cases provided faecal samples that were sent directly to the Food, Environment and
Outbreak Response (FEOR) section at MDU for testing. A further 28 cases either
submitted faecal samples on the advice of their general practitioner (GP) or had samples
taken when they visited a hospital. One case submitted a faecal sample organised by the
CDPC unit, and had a second sample taken when admitted to hospital. In total, 34 cases

submitted faecal samples.

Of the 34 human samples submitted, two had Salmonella detected only by PCR, and 32
were typed by MDU as S. Typhimurium. Of the 32 S. Typhimurium, 25 had the MLVA
pattern 03-09-09-15-523 and seven had the pattern 03-09-09-14-523. The definition
employed by the DHHS in interpreting MLVA patterns and the level of variation between
them is that if two patterns differ by only one digit at only one of the three middle loci
at once (not the first or last loci), the two patterns most likely represent the same
organism (Oral communication, OzFoodNet Victoria Epidemiologist, February 2017). As
such, all cases with MLVA typing were deemed to have been infected from the same

common source.

Salmonella was not isolated from any of the environmental or food samples taken from
the café, nor from the drag swabs taken from two free range and two caged hen sheds

at the egg farm.
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Discussion

This investigation describes an outbreak of Salmonellosis caused by S. Typhimurium 03-
09-09-15-523/03-09-09-14-523 among people who ate at Café X between the 3™ and 8t
of December 2016 inclusive. The epidemic curve suggests a continuous common-source
outbreak over six days, with no additional cases arising after control measures were
implemented at the café. Investigation of this outbreak and the speed with which
control measures could be taken was aided by the early identification of the source of
illness— the eggs benedict meal with seafood. This meal consisted of toast, two poached
eggs, cooked tiger prawns, a hollandaise sauce containing seafood bisque, and a fried
noodle garnish. We are confident that the source of the outbreak was restricted to this
meal as all persons who were ill reported eating some or all of this dish. Those who
reported eating anything other than this meal at Café X in the period of interest
remained well, and the cohort study analysis found this to be the only dish statistically
associated with illness. In addition, the café stopped serving this dish late in the morning
of the 8t of December, and we did not identify any cases who ate at Café X after this

time.

Although Salmonella was not isolated from samples of the seafood bisque, the fresh
batch of hollandaise sauce, or one of the hollandaise storage/serving siphons, it was
determined that the hollandaise sauce served in the period of interest was the most

likely vehicle of infection for a number of reasons:

e Asdiscussed previously, S. Typhimurium is commonly associated with egg-based
outbreaks, and this particular MLVA pattern was associated with another large
egg-based outbreak in Victoria in 2015.17 The phage type commonly associated
with this MLVA pattern (phage type 170) was also associated with 10 egg-based

outbreaks in Victoria in the five years between 2010 and 2014;18-20,23-24

e Given that 80% (16/20) of well-attendees ate another dish containing made-to-
order poached, fried, or scrambled eggs at the café at the same time as cases
and did not become unwell, it is unlikely that the poached eggs served with the

implicated meal caused the illness;

e |t may have been possible that the prawns were the contaminated food item,

but this is unlikely due to the fact that prawns are not commonly associated with
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Salmonella outbreaks in Australia, and are also not commonly associated with S.
Typhimurium.'¥> The prawns in the dish were also fully cooked and made to
order, and a number of cases reported only consuming the hollandaise sauce
from the dish. If the prawns were the contaminated item, cross-contamination
of the sauce would be possible, but it is unlikely that in the short-period between
service and consumption that there would be enough contamination of the
sauce to cause the severity of observed illness in cases who only consumed the

sauce;

It is also unlikely that the seafood bisque added to the hollandaise sauce was the
source of infection as Salmonella was not isolated from a sample of the same

batch of bisque used in the hollandaise in the period of interest;

The toast is biologically implausible as a food vehicle for Salmonella given the
product is fully cooked at high temperatures, and was sourced from a large
commercial bakery. If the bread was the source of infection it would likely have
affected more establishments/customers. Additionally, one case reported
substituting the toast for another type of bread, which supports the evidence

that the toast was not the source of infection;

Hollandaise sauce is widely acknowledged to be a ‘high risk food’.?? For the sauce
to maintain the appropriate texture the eggs cannot be cooked to a temperature
that would kill Salmonella. Further, in a busy restaurant setting such as Café X,
batches of sauce are made in advance of service and kept warm to retain the
consistency of the sauce. If not strictly temperature controlled, this process can
keep the sauce at a temperature that promotes Salmonella growth,?® as
Salmonella grows in temperatures between 5.2 and 46.2°C with an optimal
temperature of 35-43°C.2 The café reported making two batches of hollandaise
per day which were decanted into serving siphons and kept in a warm water bath
for service. They reported discarding any remaining sauce after the
breakfast/lunch service period, but as there were no records of batches made on
the days in question, it is unclear whether sauce is always strictly discarded after
four hours as per the two hour/four hour guidelines,?> which could encourage

Salmonella growth in the sauce;
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e The café was relying on the dishwasher temperature to sanitise the siphons used
to store and dispense the hollandaise sauce. The environmental investigation
revealed that the dishwasher rinse cycle temperature and time was not
adequate to achieve effective sanitising of this equipment. This may have
resulted in cross-contamination from an initial contaminated batch of
hollandaise sauce to subsequent batches made over the six day period of the

outbreak;

e And finally, the high-risk preparation process of separating the eggs for the
hollandaise sauce using eggshells or hands identified during the environmental

investigation points to a likely point of contamination of the sauce.

It remains unclear whether all or some of the batches of hollandaise sauce made in the
period of interest were contaminated, as we were unable to interview everyone who
ate the implicated hollandaise sauce over this period. It is also unclear exactly how the
hollandaise sauce became contaminated. Given that the café reported making fresh
batches of sauce twice a day, and that contamination in batches of eggs is usually low,?’
it is unlikely that one or more eggs in each batch were contaminated with Salmonella. It
is more plausible that given the outbreak was sustained over a period of so many days,
one or more of the siphons was contaminated and continued to contaminate fresh
batches of sauce as they were filled. This hypothesis is supported by the discovery of
insufficient cleaning and sanitising processes for the siphons during the environmental
investigation. Although the siphon parts were reported to be soaked in ‘heavy duty’
detergent, studies have shown that washing dishes with detergent at standard hot
water temperatures (45-50° Celsius) is not sufficient to kill Salmonella, even when a
rinse step is included.?®3% As no chemical sanitisers were used, the premises was relying

on an insufficient dishwasher temperature to provide the sanitising step.

This outbreak highlights issues around the production and serving of high risk foods in
restaurant/café settings. Sauces and condiments that contain raw or undercooked eggs
(e.g. hollandaise sauce, mayonnaise, and aioli) are often produced and stored until they
are served. This can result in large and prolonged outbreaks, especially if there are
improper food handling, food storage, and/or unsatisfactory cleaning and sanitation
processes at the establishment. With demand for these types of egg-based high risk

foods growing, it is integral that food handlers are adequately trained and employ
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proper food handling and hygiene practices.3! In this outbreak it appeared that the café
was aware of proper food handling processes as they reported food production
processes in line with these (e.g. reporting the refrigeration of a semi-cooked egg
product, and the separation of eggs with a spoon) to the investigating EHO. However, in
practice, these procedures were not adhered to. This reinforces the need for food
handlers to understand exactly how and why contamination of foods can occur and the
circumstances which allow for the growth of bacteria in foods, and for regular reviews

of adherence to appropriate food handling procedures to take place.

The use of pasteurised egg products in raw and undercooked foods should also be
considered by food premises.3? Café X has taken positive action following this outbreak
by using pasteurised egg product in any uncooked or semi-cooked food items, and it is
hoped that this action will be continued. A contemporary example, however,
demonstrates how consumer demand can override safe food practices. Through the
active case finding for this outbreak, another outbreak with the same MLVA pattern was
identified and was found to be associated with consumption of Vietnamese pork rolls
from a particular bakery. This bakery had a Salmonella outbreak the previous year, also
associated with Vietnamese pork rolls. As a result of the first outbreak the bakery had
agreed to use pasteurised egg products in its mayonnaise, but had apparently returned
to using raw egg after regular customers complained about the change in product
flavour. Balancing consumer demand with food safety requires food businesses and
food handlers to be thoroughly educated in the risks of raw and semi-cooked food
products and the processes required to reduce the risk of contamination and bacterial

growth.

Ideally, consumers should also be aware of high-risk foods before they choose to
consume them. Anecdotally, many cases interviewed during the course of this
investigation had limited knowledge of why a hollandaise sauce might be classified as
‘high risk’ and the pathways through which it might become contaminated. One way to
increase consumer awareness might be to implement consumer advisory notices for raw
or semi-cooked foods on menus, as recommended by the USA Food and Drug

Administration (FDS) Food Code.33

This outbreak investigation exemplifies the responsibility of egg producers to ensure all

measures are taken to provide uncontaminated product to customers. DEDJTR reported
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that the farm assessed as part of this investigation had a number of operational issues
that could potentially contribute to the likelihood of Salmonella infection of their laying
hens, and the subsequent contamination of their eggs. Given the complex and often
difficult-to-control range of factors that can contribute to the potential for
contamination at the production level,3* it is vital that both egg producers and food
businesses recognize and address the potential for contamination by implementing
control measures to reduce the risk of Salmonella contamination of eggs and egg

products.
Limitations

Given that Café X advised that it sold 132 serves of the eggs benedict meal with seafood
over 3 days (with the outbreak taking place over 6 days), and that the majority of people
with Salmonella don’t get diagnosed and notified to a surveillance system,* it is likely
that the number of cases identified in this outbreak investigation greatly
underrepresents the number of people affected. However, this assumes that all servings
of the eggs benedict meal with seafood were contaminated, and that all people who
consumed the contaminated food became symptomatic. If this outbreak was in fact
propagated by contaminated storage and serving siphons, it is possible that not all
siphons were contaminated, and that only some batches of the hollandaise sauce were
contaminated. Unfortunately, as the café didn’t have booking lists, it is impossible to
know whether other café attendees ate the eggs benedict meal with seafood in the

period of interest and did not become sick.

Because of the lack of booking lists we were also unable to conduct a larger analytic
study that included all cases due to the selection bias inherent in only being able to
speak with café attendees who complained or cases found through MLVA-based case
finding. Luckily one group booking was able to be used to perform a cohort study, but
this was still a small sample size which limited the study’s statistical power to test
hypotheses. However, we were still able to obtain a statistically significant finding in the
cohort analysis, which contributed to the evidence implicating the eggs benedict meal

with seafood.

Microbiological evidence for the suspected food source of infection (the seafood bisque

hollandaise sauce) was not obtained, but this was not unexpected for a number of
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reasons: the hollandaise sauce that was tested was not the same sauce that was served
in the outbreak period; the siphon that was tested had been cleaned in the two days
beforehand; and it is unlikely that more than a few eggs in the batch used to make the
hollandaise sauce were contaminated.?’-3> Environmental swabs from the egg farm were
also negative for Salmonella, but again this was not surprising given that excretion of
Salmonella in infected chickens can be intermittent, and the egg farm was sampled over
a month after the outbreak occurred.3® This may be a contributing factor as to why
approximately 50% of Salmonella outbreak egg farm trace back investigations fail to

isolate the outbreak strain.3’
Despite these limitations, this outbreak investigation succeeded in:
e |dentifying the food source which caused this outbreak;
e Preventing the further spread of illness by removing the menu item from sale;

e Reducing the risk of further outbreaks from this premises by instigating the
permanent removal of the eggs benedict meal with seafood from the menu;
prompting the use of pasteurised egg by the premises; instituting effective

cleaning processes; and amending issues in food handling procedures; and

e |dentifying and providing recommendations to improve hygiene, sanitation, and

guality assurance processes at the supplying egg farm

This outbreak investigation also gave us an opportunity to provide both the food
establishment staff and affected customers with a greater knowledge and

understanding of Salmonella transmission, risk factors, and illness prevention.
Conclusions

This outbreak of Salmonella Typhimurium MLVA 03-09-09-15-523/03-09-09-14-523 at
Café X in December 2016 was found to be associated with consumption of an eggs
benedict with seafood dish, of which the hollandaise sauce component was the most
likely food vehicle. The investigation resulted in the removal of this food item from the
menu, the replacement of raw egg with pasteurised egg products for high risk foods,
and improved food handling and cleaning processes at Café X. It will hopefully also result
in improved hygiene and sanitation processes at the egg farm. This outbreak highlighted

the necessity of raising awareness amongst food handlers about safe preparation and
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storage of high risk foods, and the importance of continued adherence to these
procedures. It also highlighted the importance of employing every practicable measure

at the primary production level to avoid contamination of eggs and egg products prior

to sale.
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Appendices

Appendix 1: DHHS Gastroenteritis Outbreak case questionnaire

Case questionnaire

Gastroenteritis outbreak it

Outbreak name: |
MIDS Mao:

MNIDS updated:

Has the organism been solated? [ Yes [ Mo

Date of interview:
if yes, nams:

Interviewer:
Person interviewed {f not the case):

Intempreter wsed? [ Yes [ M

PRIVACY MESSAGE: The Imformation vou provide In Tis questionnalne [s for the purpose of trying o prevent further casss of liness. We do this by Tying to find ol whiat Is
Akely o have caused vour finess and ais0 by providng you wis informasion o reduce the soread of lliness to others. The data collected bs keot contdental and loemifing
PIMTEon Wik ROt e Ssci0ESd Tor 3Ny OMEr DUPGSS WIOUL DU CONSENE. YIi Can 300RSE YOUF INfmatian by cont=cting the .’epamserr of Healtn, A fact shest is

Daiabie "Prvacy Legisiason & Motcation of Infeciious Die2ases — Informiation for Patenis”) I you wolkd lIke furher iImfomation Information reed? [
Surmamef
farmily name | First name | |
Street address | |

o | e[

Mame of parent‘guardian (f applicable) |

Contact details
Daytime t2l | | Evening tel | |
Mobie tel | | Email | |
Birth date | Sex []Mae [] Female
Country of birth | | Year of amival (f outside Austraia) |
Language
spoken | | ATSI status jHick all that apply): [J Aboriginal
[ Tomes Stat kslander
[ Mat indigenous
[ Not stated
Ocoapalion OR [ child at home O student
O child i child care [ unerriployed
O pensioner [ home duties

High risk group? [ Yes [ Mo
High risk groups are food handlers, health care workers, child care workers, children in child care, and residends of insfitubons (e.g. aged care).

I yes:
Workplace/child care address and contact details:

Date last atiended i:-efweoﬂsetafiﬂness| |

Diate retumed fo werk/child cars | |

i 2 Case fionnaine: Gastmenieniis outbreak P {of &
ques’ age
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Mame of treafing doctor |

Aderess | | Postooce | :

Telephone | | Facsimile | |

Mobie tef | | Emai | |
Consent given by doctor to interview case [ Yes [ No Date consent provided | |
Did the case present 1o hospital? ClYes ClMo  llfyes, date presented o hozpita | |

Was the case admitted to haspital? Ol ¥es Mo
Mame of hospital | | Acdress |
Date of admission | | Date of discharge/death | |
Hosptal R No | |

Onset date of liness | | Time of onset I:l ampm Date of specamen collection I:l

Type of specimen [ Fasces [Jblood [Jurne [ other

Symptoms Onsef date of symptom | History of Siness

O Yes: [0 watery O bloody
Diarthoed Dyration of diarrhoea (days)
O Mo

Maussa | [ Yes [ Mo

Vomitng | [ Yes [J Mo

Abdorminal
ol O Yes [ Mo

Lethargy | [0 Yes [ Mo

Headache | [ Yes [ Mo

Cther (specify) O ¥es [ Mo

Total durafion of ilness hours days

‘Were antibiotics given to freat the liness? [] Yes [] Mo If yes, what antibiotics? |

Are you siill tzking antibiotics? [ Yes [ Mo What date did you last take the antibiotics? |

Comments on treatment

Appendix 2: Case guestionnaire: Gastroenientis outbreak Page 2of b
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In the two weseks before the onset of the iliness, has the case:

—  had contact with 3 famidy member with a simiar Biness? OYes OONo
— had contact with a friend or work/school colleague with a similar iliness? [JYes [JNo

¥ yes give detalls in fable below
If yes give defails in fable below

Mame Relationship Address and phone COcoupaton'chideare/school | Onset date

In the two weeks after the onset of the illness in the case
— have any famiy members been ill with samilar symptoms? O Yes O Mo If yes give defails in table bafow
— hawe any friends or work/school coBeagues besn # with simiar sympiomsT OYes COMe K pes give defails in tabie below

hams Relationship Address and phone Occupation/chidearedschool | Onset date

Note: A food and water bome guestionnaire should be completed for identified @ cases

How wedl did She case recall the information (doctor’s details, liness history and contacts)? [ Verywell [0 Well [ Motwell [ Mot atad

Appendixn 2: Case questionnare: Gastrmenterniis outbresk Page 3of 5
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Aftach exira notes if necessary
Signature

Mame of intensewer (please prnt clear- |
Iy}

Saignaturs ’ |

Diate How long didl this questsonnaire take to complete?

Appendix 2: Case guestionnaire: Gastmententis cutbresk Page 4of b
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Dat= Time Cormments

Aftach extra myeshgaton nofes T necessary

Appendix 2: Case guestionnaire: Gastmentertis owtbreak Page 5of 5
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Abstract

Salmonella Typhimurium is the most frequently notified Salmonella serotype in
Australia and is the causative pathogen in the majority foodborne outbreaks associated
with eggs and egg-based products. In December 2016 an outbreak of Salmonella
Typhimurium occurred in patrons of a Melbourne café who had all consumed an eggs
benedict meal with a hollandaise sauce containing seafood bisque. As no booking lists
were available, we conducted a retrospective cohort study analysis with one large group
booking that ate the café in the outbreak period to confirm the association between
illness and consuming the eggs benedict meal. The univariable analysis found two food
items to be significantly associated with illness; the eggs benedict (P value=0.0003), and
the eggs on toast (P value=0.03). Exact logistic regression revealed that the eggs
benedict was the only food item positively associated with illness. Although Salmonella
was not isolated from any environmental samples from the café, the investigation by
the local council revealed that the café employed improper food handling processes in
the creation of the hollandaise sauce, and that cleaning processes were not sufficient
for the sterilisation of equipment used to store and serve the hollandaise sauce. This
outbreak highlights the necessity of raising awareness amongst food handlers about safe
preparation and storage of high-risk foods, and the importance of continued adherence
to these procedures. Awareness of hollandaise sauce as a high-risk food for Salmonella
infection in the general public could be improved by including warning messages on

menus.

Keywords: outbreak, Salmonella, eggs, hollandaise, cohort study, public health

Introduction

Salmonellosis is the second most notified gastrointestinal disease in Australia,
accounting for 41% of gastrointestinal disease notifications in 2014.! The predominant
Salmonella serotype in Australia is Salmonella. Typhimurium (STm), which accounted for
47% of typed notifications nationally in 2015.2 STm is also the dominant causative
organism of foodborne outbreaks, a large proportion of which are associated with

eggs.>® Egg based outbreaks alone accounted for 64% of outbreaks in Australia between
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2001 and 2011, and the majority of these egg-based outbreaks occurred in restaurants

or other commercial food settings.®

On the 8™ of December 2016, Communicable Disease Prevention and Control (CDPC) at
the Victorian Department of Health and Human Services (DHHS) was notified of
complaints of illness received by a Melbourne metropolitan council from four groups of
people who had eaten at a particular café in this area between the 4™ and 7™ of
December. Complaints specified that all of those who were sick had consumed an eggs
benedict with seafood meal. An outbreak investigation was initiated to determine the
source of illness and to implement appropriate public health interventions to prevent

furtherillness.

Methods

Epidemiological investigation

Café X did not take bookings except for large groups, so apart from one booking of 19
people, booking lists couldn’t be used to contact customers. Cases were identified
through complaints to the café and to local council, and contact details were forwarded
to the CDPC unit for interviews to be conducted. During interviews, contact details were
sought for any other persons cases had dined with, and active case finding using the
outbreak MLVA pattern was also conducted. Cases and well café attendees were
interviewed with a menu-based questionnaire. Attempts were also made to interview

all staff who worked at the café between the 4t and 8t of December.

A probable case was defined as someone who had eaten at the café between the 3™
and 8™ of December 2016 who had experienced symptoms of gastrointestinal illness
including diarrhoea (two or more loose bowel motions within 24 hours), vomiting,
nausea, or abdominal pain within 4 days of eating at the café. A confirmed case was
defined as a person who ate at the café in the same period who had a laboratory result
positive for Salmonella, later refined to STm associated with Multiple Locus Variable-

number Tandem Repeat Analysis (MLVA) profile 03-09-09-15-523 or 03-09-09-14-523.

Descriptive statistics for all people interviewed were used to characterise the outbreak.

Staff were not included in this analysis as only two could be interviewed, including the
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staff member who reported illness, and it was determined that this illness was likely

unrelated to the outbreak.

It quickly became apparent that only those who had consumed all or part of the eggs
benedict dish at the café had become unwell, making a large analytic study unnecessary.
However, to provide analytic evidence of the association between consumption of the
implicated meal and illness, a retrospective cohort study was conducted using interview

responses from the single booking of 19 people.

Questionnaire data and demographic details of those interviewed were extracted from
the DHHS Public Health Event Surveillance System (PHESS) into Microsoft Excel for
descriptive analysis. For the cohort study, univariable analysis to calculate crude risk
ratios (RR), confidence intervals (Cl), and P values using the Fischer exact test was
conducted in Stata IC 12.1 (StataCorp, Texas, USA) for each menu item consumed by the
cohort. All results of the univariable analysis were infinite due to zero-cells, so an exact
logistic regression was conducted for each food item with a P value <0.05 to determine

the direction of association.
Environmental investigation

In line with the Victorian DHHS Guidelines for the Investigation of Gastroenteritis,® the
local council environmental health officers (EHOs) visited the café on the 8th and 9th of
December 2016 to review the hygiene, cleaning, and food handling processes at the
premises; obtain a menu for all foods served between the 3™ and 8™ of December;
obtain samples of any relevant high-risk foods; obtain the process for how the eggs
benedict was prepared and a list of ingredients and suppliers; ascertain whether any
staff had been unwell with gastroenteritis symptoms; and supervise a clean-up of all

food preparation areas, common areas, and toilets.

On the 12 of December a local council EHO visited the premises where the seafood
bisque was made to inspect the premises and determine how the seafood bisque was
prepared. The egg farm that supplied the café was also inspected by a Veterinary Officer
from the Department of Economic Development, Jobs, Transport and Resources
(DEDJTR) on the 6™ of January 2017, and an assessment of biosecurity, sanitation,
hygiene, and quality assurance practices on the egg farm and environmental sampling

for Salmonella was conducted.
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Laboratory investigation

Faecal samples and Salmonella isolates submitted by primary diagnostic laboratories
were tested by the Microbiological Diagnostic Unit Public Health Laboratory (MDUPHL).
All environmental samples and equipment from the café were tested by the Food,
Environment, and Outbreak Response (FEOR) section at MDUPHL. Samples from the egg

farm were sent to the AgriBio laboratory at La Trobe University.

This investigation was conducted as a Public Health Investigation under section 188 of
the Victorian Public Health and Wellbeing Act 2008, so did not require approval from a

human research ethics committee.

Results

Epidemiological investigation

In total, 69 people who ate at the café between the 3™ and 8™ of December were
interviewed. Forty-nine were cases (34 confirmed and 15 probable) and 20 were not ill.
Cases were aged between nine months and 71 years with a median age of 30 years (age

missing for three cases) and 63% were female.

All cases experienced diarrhoea, with one case reporting bloody diarrhoea. Most cases
also reported fever, abdominal pain, headache and lethargy (Table 1). The majority of
cases (65%) reported that their symptoms began the day after eating at the café, but a
large proportion of the remaining cases (31%) reported their symptoms began later on
the same day that they ate at the café (Figure 1). For the 26 cases for whom an
incubation period could be calculated, the median incubation period was 19.5 hours
(range 2.5-94 hours). At the time of interview, the reported duration of symptoms
ranged between one and 14 days with a median of 7.5 days. Thirty-seven cases (76%)

went to see a doctor regarding their symptoms, and 11 cases (22%) visited a hospital.
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Table 1: Symptoms experienced by cases, Café X, December 2016

Symptom % n*

Diarrhoea 100% 49/49
Lethargy 96% 45/47
Abdominal pain 94% 45/48
Fever 93% 40/43
Headache 90% 38/42
Nausea 79% 37/47
Vomiting 52% 25/48
Blood in stools 2% 1/45
Other symptoms 35% 14/40

*different denominators due to missing data

Figure 1: Epidemic curve showing time to onset of symptoms by day cases ate at Café X, December
2016
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Interviews revealed that only those who ate some or all of the eggs benedict meal with
seafood became unwell. To provide analytic evidence of this finding, a cohort study was
conducted with the group booking of 19 people who ate at the café on the 7™ of
December. Their ages ranged between 26 and 56 years (median 37 years) and 12 (63%)

were male. The group included four cases, all who had consumed the implicated meal.

The overall attack rate in the cohort was 21%, though the food-specific attack rate for
the eggs benedict was 100%. The univariable analysis found two food items to be
significantly associated with illness; the eggs benedict (P value=0.0003), and the eggs on
toast (P value=0.03) (Table 2). Exact logistic regression revealed that the eggs benedict
meal with seafood was the only food item positively associated with illness, while the

eggs on toast were negatively associated with illness (protective).
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Table 2: Univariate cohort analysis of foods consumed by ill (n=4) and not ill (n=15) café attendees
with statistically significant results highlighted in red

S i Not ill Ris.k Confidence P

n % n % ratio Interval value
Eggs benedict meal with seafood 4 100 0 0 - - 0.000
Plain toast 0 0 1 6.67 - - 1.000
Eggs on toast 0 0 10 66.67 - - 0.033
Meat breakfast meal 0 0 1 6.67 - - 1.000
Vegetarian breakfast meal 0 0 1 6.67 - - 1.000
Smoked salmon and ricotta croissant 0 0 1 6.67 - - 1.000
Smoked salmon scrambled eggs 0 0 1 6.67 - - 1.000
Any side 0 0 6 40 - - 0.255
Hot drink 4 100 13 86.67 - - 1.000
Cold drink 0 0 6 40 - - 0.255

Environmental investigation

Two visits were made to the café on the 8™ and 9t of December 2016. On the 8t of
December the local council ordered a clean-up of the café, requested a list of ingredients
for the hollandaise sauce and their suppliers, and took samples of the seafood bisque,
hollandaise sauce, whole eggs from the same batch as was used to make the hollandaise
sauce in the outbreak period, and one of the siphons used to store and serve the
hollandaise sauce. As all hollandaise made in the period of interest had been used, a
fresh batch was made to be sampled. A list of staff who worked in the period of interest
was provided, including the details of the sick staff member. The café reported that they
had stopped serving the eggs benedict meal with seafood on the morning of the 8t of

December after the manager had received complaints implicating the meal.

The café was found to have no major deficiencies in the maintenance and condition of
the premises. The process for making the hollandaise sauce provided by the café stated
that eggs were separated with a spoon and that the hollandaise sauce was kept in the
refrigerator after production. Upon further discussion with kitchen staff, this process
was found to be inaccurate and a second description of the process revealed that eggs
were separated with shells or by hand, and that the sauce was kept in a warm water
bath in siphons for use during service as required. The council was also provided with
the processes for cleaning the siphons, which revealed that although the siphon heads
were soaked in detergent, the dishwasher rinse cycle temperature was not set high

enough to effectively sanitise the equipment (55°C).
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This eggs benedict meal with seafood consisted of toast, two poached eggs, cooked tiger
prawns, a hollandaise sauce containing seafood bisque, and a fried noodle garnish. On
the 14 of December 2016 the council visited the premises where the seafood bisque
was prepared. The processes for making, storing, and delivering the bisque were found
to be satisfactory, as were the food safety records kept by the business. The farm that
supplied the café with eggs was visited on the 12™ of January 2017. A number of
operational issues were discovered that resulted in an assessment that farm biosecurity

was low.

As a result of these investigations, the café was directed under the Food Act 1984 to
cease the practice of separating eggs using the shells and to set the dishwasher rinse
cycle to a minimum temperature of 77°C for a minimum of 30 seconds for effective
sanitisation.!? After consultation between the café and the local council it was decided
that to minimise risk of future foodborne outbreaks the café would replace raw egg with
pasteurised egg products, and that the eggs benedict meal with seafood would be

permanently removed from the menu.
Laboratory investigation

Of the 34 human samples submitted for testing 2 had Salmonella only detected by PCR
and 32 were typed as STm. Of these 32, 25 had the MLVA pattern 03-09-09-15-523 and
seven had the pattern 03-09-09-14-523. Being only one digit different at only one of the
three middle loci, these two patterns indicated that all cases with MLVA typing were
infected from the same common source. Salmonella was not isolated from any of the
environmental or food samples taken from the café, nor from the drag swabs taken from

the egg farm.

Discussion

This investigation describes an outbreak of Salmonellosis caused by STm 03-09-09-15-
523/03-09-09-14-523 among people who ate at Café X between the 3™ and 8™ of
December 2016 inclusive. The epidemic curve suggests a continuous common-source
outbreak over six days, with no additional cases arising after control measures were
implemented at the café. The investigation of this outbreak and the speed with which

control measures could be taken was aided by the early identification of the source of
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illness— the eggs benedict meal with seafood. We are confident that the source of the
outbreak was restricted to this meal as all persons who were ill reported eating some or
all of this dish; the cohort study analysis found this to be the only dish statistically
associated with illness; and no new cases were identified after the café stopped serving

this dish late in the morning of the 8" of December.

Although Salmonella was not isolated from the environmental samples of the
hollandaise sauce or the storage/serving siphon, it was determined that the hollandaise
sauce served in the outbreak period was the most likely vehicle of infection. The
poached eggs served with the meal were unlikely to have been the vehicle of infection
as 80% (16/20) of well-attendees ate another dish containing poached, fried, or
scrambled eggs at the café in the same time period as cases. The other components of
the dish were also unlikely to have been vehicles of infection, as the prawns in the dish
were made-to-order and fully cooked, the noodles were fried, the seafood bisque was
boiled and a sample from the same batch found to be Salmonella negative, and the toast

was a biologically implausible source and was not eaten by one case.

Further, hollandaise sauce is a well-established high-risk food for Salmonella infection!-
12 35 it cannot be cooked to a temperature sufficient to kill Salmonella bacteria without

curdling, and must remain warm or be re-warmed to retain its consistency.

A number of factors that would encourage the contamination and growth of Salmonella
in the hollandaise sauce produced by Café X were identified during the environmental
investigation. Firstly, the high-risk preparation process of separating the eggs for the
sauce using eggshells or hands points to a likely point of contamination for at least one
batch of sauce. Then, as the cleaning process for the hollandaise storage and serving
siphons was inadequate to sanitise the siphons between batches, this may have led to
contamination of subsequent batches of sauce, explaining the extended six day period
over which this outbreak occurred. Finally, Café X reported making two batches of
hollandaise per day which were decanted into serving siphons and kept in a warm water
bath until required for service. They reported discarding any remaining sauce after the
breakfast/lunch service period, but as there were no records of batches made on the
days in question, it is unclear whether the sauce was always strictly discarded after four

hours as per the two hour/four hour guidelines.'° Leaving the hollandaise sauce in a
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warm environment for a number of hours would encourage significant Salmonella

growth if the sauce was contaminated.

This outbreak highlights issues around the production and serving of high risk foods in
restaurant/café settings. Sauces and condiments that contain raw or undercooked eggs
(e.g. hollandaise sauce, mayonnaise, or aioli) are often produced and stored until they
are served, which can result in large and prolonged outbreaks.® Although a food
establishment in Victoria such as Café X is required to have a food safety program and a
trained food safety supervisor, proper food handling practices may be known but not
adhered to, opening pathways for the contamination of food items and the potential to
cause illness in large numbers of people. This reinforces the need for all food handlers
to understand exactly how and why contamination of foods can occur, and for regular
training and reviews of adherence to appropriate food handling procedures to take

place.

Ideally, consumers should also be made aware that they are ordering a high-risk food
before they choose to consume it. Anecdotally, many cases interviewed during the
course of this investigation had limited knowledge of why a hollandaise sauce, as a
‘cooked’ product, was classified as high risk and how it might become contaminated.
One way to increase consumer awareness might be to implement consumer advisory
notices for raw or semi-cooked foods on menus, as recommended by the United States
Food and Drug Administration Food Code.'* Another way of minimising the risk of egg-
based outbreaks is to encourage the use of pasteurised egg products in raw and
undercooked foods served by food premises.'* As recommend by the local council, Café
X took positive action following this outbreak by replacing whole eggs with pasteurised
egg product in any uncooked or semi-cooked food items, and removing the implicated

meal from its menu.
Limitations

Café X advised that it sold 132 serves of the eggs benedict meal with seafood over three
days (and the outbreak took place over six days), so it is likely that the number of cases
identified by this investigation greatly underrepresents the number of people affected.
However, because there were no booking lists, we were unable to contact everyone who
consumed this meal, and it is possible that not every serve was contaminated. The lack

of booking lists also meant we were unable to conduct a larger cohort study, but
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employing another methodology (e.g. a case control) was deemed unnecessary as the
descriptive evidence for the vehicle of infection was so strong. Although the small
sample size of the cohort study we did conduct limited its statistical power to test
hypotheses, we were still able to obtain a statistically significant finding which

supported the descriptive evidence.

Microbiological evidence for the suspected food source (the hollandaise sauce) was not
obtained, but this was not unexpected as only a freshly made batch of hollandaise was
tested; the siphon had been cleaned in the preceding days; and it is unlikely that more
than a few eggs in the batch used to make the hollandaise sauce were contaminated.'>
6 Environmental swabs from the egg farm were also negative for Salmonella, but again
this was not surprising given that excretion of Salmonella in infected chickens can be

intermittent, and the egg farm was sampled over a month after the outbreak occurred.?’

Despite these limitations, this outbreak investigation succeeded in identifying the food
vehicle, preventing further illness by removing the food item from sale, and reducing
the risk of further outbreaks from this café by instituting effective cleaning processes,
amending issues in food handling procedures, and introducing the use of pasteurised
eggs in lightly-cooked foods. This outbreak investigation also offered an opportunity to
provide both the food establishment and affected customers with a greater knowledge

and understanding of Salmonella transmission, risk factors, and illness prevention.
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Preface

Background to project

From December 2015 to March 2016 a large outbreak of Salmonella Anatum associated
with the consumption of bagged salad occurred across Australia. Victorians accounted
for 79% of the 311 cases. Having begun my MAE placement with OzFoodNet Victoria in
early March 2016, the interviews | conducted as part of this investigation were some of
my first. It was suggested by OzFoodNet epidemiologist Joy Gregory that given this
outbreak was uncommonly large, it provided an excellent opportunity to conduct an
epidemiological study investigating the incidence of sequelae following Salmonella

infection.
My role

| was the lead investigator on this project and managed all aspects of the study, including
development of study documents; gaining ethics approval; mailing study packages;
conducting participant follow-up; data entry and management; and data analysis. The
study protocol and questionnaire were developed in collaboration with Dr Katherine
Gibney, informed by a protocol and questionnaire she had created for a similar study

that did not proceed.
Communication

The findings of this study were presented on a number of occasions to different

audiences, including:
e An OzFoodNet Face-to-Face meeting (oral presentation)

e An MDU/VIDRL lunchtime seminar held at the Peter Doherty Institute for

Infection and Immunity (oral presentation)

e The Communicable Diseases Control Conference (CDCC) 2017 (poster

presentation)

e The Training Programs in Epidemiology and Public Health Interventions Network
(TEPHINET) 9th Global Scientific Conference 2017 (oral presentation, for which

| was awarded 3™ place in the Best Oral Presentation award category)
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The oral presentation at the TEPHINET conference fulfilled the MAE program

requirement to present at a national or international scientific conference. The slides

for this presentation are presented in chapter Appendix 1. The CDCC conference poster

is presented in chapter Appendix 2. A summary of results for participants was also

developed for this study, fulfilling the MAE program requirement to develop a report to

a non-scientific (lay) audience. This summary is presented in chapter Appendix 3.

Lessons learnt

Coordinating this project taught me much in the way of managing a multi-stage study,

and provided my first experience in designing study materials. In particular, this project

taught me:

The difficulty of developing a study in a tight timeframe: By the time it was
decided to undertake this study, we had a very short time in which to design and
prepare the study for ethics approval, in order to get the first questionnaire to
participants at six months after their Salmonella infection. | was extraordinarily
lucky that Katherine Gibney had already prepared a similar questionnaire that
we could work from, but having more time may have allowed us to craft an
online questionnaire, and to pre-contact participants, which may have resulted
in a higher response rate. Where possible, designing a study well in advance is

recommended!

The intricacies of designing an effective questionnaire: Although our study
guestionnaire was based on a diagnostic questionnaire and another
questionnaire used in a similar study, some participant responses indicated that
misunderstanding of questions may have occurred. Having time to thoroughly
pilot our questionnaire might have avoided these misunderstandings. Although
we also tried to keep the questionnaire as short as possible, it was still relatively
long and this may have dissuaded some potential participants. Again, had we had
the time, it might have been more effective to send an initial, shorter
guestionnaire that asked whether the symptoms of interest had been
experienced, and if so, ask the participant to complete a more detailed follow-
up questionnaire. These lessons will be valuable should this study or a similar

one be conducted by the DHHS again.
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e How strenuous, but rewarding, the ethics approval process can be: As my first
experience applying for ethics approval, this project taught me much about
reflecting on the work you want to conduct and how it might be perceived and
experienced by others. | became familiar not only with the ethics approval
process, but with the National Privacy Principles and the different grades of
approval required for different studies. This experience will inform how |
approach research in the future, and | vow to never leave an ethics application

to the last minute ever again!

e Preparation of conference posters and presentations: The CDCCC and TEPHINET
conferences at which this project was presented in poster and oral presentation
form were the first professional conferences | had attended. The process of
developing the poster and the oral presentations provided me with valuable
experience in clearly and succinctly presenting my work in different formats, to

peers of varying language backgrounds.
Public health impact

This study provides the first known information on the incidence and duration of PI-IBS
following Salmonella infection in Australia, and contributes to limited existing published
literature on ReA in Australia. This information can be used to inform more complete
estimates of the burden of Salmonella in Australia and may help to raise awareness of
these conditions in the general public and in primary care physicians, leading to better
diagnosis and care. It is also hoped that this study can be used as a template to facilitate

further studies into sequelae from enteric infections in the future.
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Abstract

Background: Sa/monella infection can result in short and long-term sequelae including
post-infectious irritable bowel syndrome (PI-IBS) and reactive arthritis (ReA). There are
limited published studies on the incidence of ReA, and none on the incidence of PI-IBS,
following Salmonella infection in Australia. The aim of this study was to determine the
proportion of Victorian cases associated with a Salmonella outbreak that developed

symptoms indicative of PI-IBS and/or ReA following their infection.

Methods: Eligible outbreak-associated subjects (>10 years; not pregnant; no additional
enteric infections) were mailed a structured questionnaire six months after their
infection/illness. The questionnaire collected information on whether subjects
experienced symptoms consistent with PI-IBS and/or ReA in the six months after their
acute illness/infection. If participants indicated that they were still experiencing ongoing
symptoms of interest at the time of completing the first questionnaire, they were sent
a second questionnaire 12 months after their infection/illness. This questionnaire
collected information on changes and duration of symptoms. Descriptive analyses were
conducted using Microsoft Excel and Stata IC 12.1. Fisher exact Chi-squared tests (for
binary variables) and Wilcoxon rank sum tests (for continuous variables) were employed

to determine associations between the outcome and exposure variables of interest.

Results: 195 subjects (median age: 45 years; 62% female) were invited to participate.
Ninety-one cases completed the initial study questionnaire, giving a response rate of
47%. Six of these participants had to be excluded, leaving an overall number of 85 study
participants (median age: 51 years; 71% female). Twenty-seven participants (32%)
reported new abdominal pain and gastrointestinal symptoms in the six months following
their Salmonella iliness/infection, of whom 15 (18%) met the symptomatic criteria for
PI-IBS. Ten participants (12%) reported experiencing new joint symptoms consistent
with ReA. Close to 50% of PI-IBS cases, and 56% of ReA cases, were still experiencing

these symptoms at 12 months post infection.

Conclusions: This study is the first known investigation into the incidence of PI-IBS
following Salmonella infection in Australia, and contributes to the limited information
on the incidence of ReA following Salmonella outbreaks in Australia. The proportions of

participants with ReA and PI-IBS symptoms are comparable with other studies, but the
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potential influence of selection bias, recall bias, and/or the inaccuracy of self-reporting
is recognised. This study contributes important local information that can be used to
inform more complete estimates of the burden of Salmonella in Australia, and improve

post-infection diagnosis and care by primary care physicians.
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Introduction

Salmonella is a significant cause of gastrointestinal disease in Australia. Of the 40,367
cases of gastrointestinal disease notified to the Australian National Notifiable Diseases
Surveillance System (NNDSS) in 2014, Salmonella notifications accounted for 41%
(16,358 notifications).! Further, the incidence of Salmonella has continued to rise in
recent years, with the number of cases notified in 2014 representing a 42% increase on
the 5 year mean, and the highest number of cases since reporting to the NNDSS began
in 1991.% This pattern is reflected in the Australian state of Victoria, which in 2016
reported 4089 cases of Salmonella infection, representing an increase of 33% on the

Victorian 5 year mean.?

Salmonellosis is characterised by the rapid development of gastrointestinal symptoms
(including abdominal pain, diarrhoea, fever, muscle pain, nausea and/or vomiting) that
are usually self-limiting. However, symptoms can range from none (asymptomatic cases)
to serious manifestations that require hospitalisation and can be potentially fatal.’3
Additionally, persons who have been infected with Salmonella can develop post-
infection sequelae that can become chronic, lasting from months to years. Sequelae
most commonly associated with Salmonella infection are post-infectious irritable bowel

syndrome (PI-IBS) and reactive arthritis (ReA).*

Irritable bowel syndrome (IBS) is a functional bowel disorder with chronic, episodic
symptoms of altered bowel habits and abdominal pain or discomfort.> The prevalence
of IBS among Australian adults is estimated at 10%, and it affects twice as many females
as males.® Among both children and adults, IBS has been associated with decreased
quality of life, increased prevalence of psychosocial disorders, increased medication use,
more frequent absences from school and work, and significant direct and indirect
economic costs.” IBS has been found to develop in a proportion of people following
episodes of acute gastroenteritis (AGE), a condition referred to as post-infectious IBS
(PI-IBS).> Individual studies report that between 3.7%—36% of Salmonella AGE cases go
on to develop PI-IBS,® while systematic reviews have found pooled estimates of between

3-10%.49-10

ReA is an immune-mediated arthritis usually triggered by a gastrointestinal or

genitourinary tract infection that can also be accompanied by a range of extra-articular
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symptoms.!? Annual incidence estimates from population studies vary from 0.6—
27/100,000 in the general population,'? though studies following Salmonella outbreak
cohorts have found the incidence of symptoms consistent with ReA to be between 8-

62.5%.13-21

The pathogenesis of these conditions is still undefined, but fundamentally both are
suspected to stem from a protracted immune response and the associated
inflammation, with certain genetic susceptibilities also implicated in the development
of ReA.8112223 These sequelae contribute significantly to the overall burden of
Salmonella infections in the community, with studies indicating that especially in
developed countries where fatalities due to AGE are rare, sequelae contribute more to

the greater burden of these diseases than the acute illness/infection does.?*2>

As the incidence of Salmonella infection in Australia increases, it can be expected that
the incidence of chronic sequelae following these infections will also increase. As such,
it is important to understand the incidence, expression, and duration of sequelae
following Salmonella infection in Australia, so that more accurate estimates of the
burden of this disease can be made to inform health policy, and so that the general
public and health care providers have relevant information for better health outcomes.
Studies investigating the development of ReA following Salmonella infection in Australia
are limited,?>?! and no Australian studies have yet been published investigating the
development of PI-IBS. Consequently, published estimates of the burden of Salmonella
and its sequelae in the Australian population have relied heavily on incidence and

duration findings from international studies.?*26
This study of Salmonella cases from a recent outbreak in Victoria, Australia, aimed to:

e determine the proportion of Salmonella cases who developed transient or

chronic symptoms consistent with PI-IBS and/or ReA following their infection;
e characterise these symptoms by duration and severity; and

e identify risk factors for the development of these conditions.
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Methods

Study population

From December 2015 to March 2016 an outbreak of Salmonella Anatum associated with
the consumption of bagged salad occurred across Australia. Victorian residents
accounted for 79% of the 311 cases. During the outbreak investigation Victorian cases
who were notified to the Victorian Department of Health and Human Services (DHHS)
were asked to complete a standardised questionnaire, detailing their illness and what
foods they had consumed in the week before illness onset. Cases who completed an
outbreak investigation questionnaire were assessed for eligibility to participate in this

study.

Cases were deemed ineligible to participate in this study if they were under ten years
old; had required someone else to complete the outbreak investigation questionnaire
on their behalf; were noted to have had difficulty completing the outbreak investigation
guestionnaire due to language barriers; were pregnant at the time of infection; or who
had laboratory-confirmation of infection with another enteric pathogen either at the
time of Salmonella infection or between that time and the commencement of the study

(Figure 1). The rationale for these exclusion criteria are as listed below:

e Children <10 years: It was assumed that young children, and consequently their
parent/guardian, would not have the ability to accurately articulate and/or recall

the detailed information required for this study.

e Those unable to complete the outbreak investigation questionnaire themselves,
or had difficulty completing the questionnaire due to language barriers: These
cases might have had difficulty completing and/or interpreting the detailed study
guestionnaire, and asking them to complete it may have caused them undue

inconvenience or distress.

e Pregnant women: pregnancy is known to impact both joint and gastrointestinal
health?’-28, so symptoms of interest experienced by pregnant participants could

be masked, enhanced, or caused by the pregnancy.
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Figure 1: Study participant flowchart

Outbreak cases who completed investigation questionnaire (n=208)

Excluded (n=13):
* <10years old (n=4)
* Unable to complete the outbreak
I investigation questionnaire themselves (n=6)
* Pregnant at the time of completing the
outbreak investigation questionnaire (n=2)
* (Cases known to be infected with an additional
enteric pathogen (n=1)

Mailed first questionnaire (n=195)

Non-participants (n=104):

* Noresponse (n=67)

* Declined participation (n=27)

* Deceased (n=1)

‘ 3 * Reported another enteric infection (n=1)

* Questionnaire reported completed but didn’t
arrive (n=6)

* Questionnaire returned due to incorrect
address, and correct details unable to be
obtained (n=2)

Completed first questionnaire (n=91)

Excluded (n=6):
* Pregnant in study period (n=2)
|- Reported another enteric infection in study
period (n=4)

Eligible responses to first questionnaire (n=85)

Mailed second questionnaire (n=27)

Completed second questionnaire (n=25)
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e Other entericinfections: other enteric infections are also known to be associated
with the symptoms of interest,®?3 so it would be impossible to determine which

symptoms were attributable to sequelae following salmonellosis.
Study design

In this prospective cohort study, all eligible cases were invited to complete a
guestionnaire six months following their Salmonella infection (between July and
October 2016). Eligible cases were mailed a package containing an invitation letter,
information about the study, and the first study questionnaire (Appendices 4-6). For
those cases under the age of 18, this package was addressed to their parent/guardian,
and it was suggested that where possible the child complete the questionnaire, with

parental supervision if required.

The first questionnaire collected information on what medical care and treatment the
participant accessed for their initial Salmonella infection; whether prior to their
infection the participant had been diagnosed with IBS, inflammatory bowel disease
(IBD), or arthritis; whether the participant had experienced symptoms of PI-IBS and/or
ReA in the six month period since their acute illness/infection; whether these symptoms
were new (only experienced after their Salmonella infection) or existing; and a detailed
characterisation of these symptoms, including location, duration, and severity
(measured by whether medication was required to relive symptoms and/or whether
symptoms impacted on the ability of the participant to complete usual daily activities)
(Appendix 6). Consent was also sought to send the participant the second questionnaire

if relevant.

The study questionnaire was individualised to include a reminder of the end date of
symptoms reported by the case in the initial outbreak investigation questionnaire to
orient the case to the period of interest to the study (the 6 month period after acute
illness/infection). Where the end date of symptom duration was not provided in the
outbreak investigation questionnaire (due to ongoing symptoms or no symptoms) the
date of the last positive laboratory result was used as a proxy to mark the beginning of
the study period of interest. Study questionnaires did not collect any identifying

information from participants, but a study participant number between the value of 001
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and 197 was randomly assigned to each case to enable participants to be re-identified

by the study investigators.

Cases who returned a completed questionnaire were considered to have consented to
participate in the study. If cases did not wish to participate in the study they were asked
to return a blank questionnaire in the reply envelope provided, or to contact the study
investigators to decline participation. If the questionnaire was not returned or a phone
call or email had not been received in the month after the study package was sent, the
study investigators attempted to contact participants by telephone on a maximum of
two occasions, and to resend the invitation letter and questionnaire package once more.
Participants were classified as withdrawn if they registered their withdrawal as above or

if they did not respond to the questionnaire or associated follow-up efforts.

A subset of participants who reported any ongoing gastrointestinal or rheumatological
symptoms at the time they completed the first questionnaire were invited to complete
a second questionnaire at 12-months following their Salmonella infection (between
January and April 2017). The second questionnaire aimed to determine whether the
symptoms reported in the first questionnaire were still present, and if so, to characterise
any changes in those symptoms over the previous six months. The second questionnaire
was only sent if the participant had consented for it to be sent in the first questionnaire.
The second questionnaire was individualised for each eligible participant, as it referred
to the specific symptoms reported by the participant in the first questionnaire (Appendix
7). The questionnaire listed these symptoms and asked which were still present (and if
not present, when they ceased); whether and how these symptoms had changed in the
past 6 months; what medical care had been sought to address them; and whether these

symptoms had impacted on the participant’s ability to undertake daily activities.
Data management

Data were collected on paper based questionnaires either returned by mail or
completed through telephone interview. Questionnaires were checked for
completeness and validity and, if necessary, follow-up was undertaken to correct and
complete questionnaire responses. Final data were entered into a Microsoft Access
database and exported to Microsoft Excel and Stata IC 12.1 (StataCorp, 2011. College

Station, Texas) for analysis. To facilitate accurate management of participant records, a

75



Chapter 3: Epidemiological study

Microsoft Excel list was created to link de-identified participant study numbers to
identifying participant information. On completion of data analysis, this file was

destroyed so that no records remained to identify study participants.
Case definitions

PI1-1BS

Participants were considered to have symptoms consistent with PI-IBS if these
symptoms occurred in the first 3 months after the initial Salmonella iliness/infection,

were present for at least 3 months, and met the Rome IV criteria for IBS:

Recurrent abdominal pain (at least weekly) associated with two or more of the

following criteria:
e Related to defecation (at least 30% of occasions)
e Associated with a change in frequency of stool (at least 30% of occasions)

e Associated with a change in form (appearance) of stool (at least 30% of

occasions)
ReA

Participants were considered to have symptoms consistent with ReA if they experienced
onset of new pain, swelling, or reduced movement in at least one joint in the first 3

months after the initial Sa/monella iliness/infection.
Data analysis

Descriptive analyses were conducted using Microsoft Excel and Stata IC 12.1. Fisher
exact Chi-squared tests (for binary variables) and Wilcoxon rank sum tests (for
continuous variables) were employed to determine associations between the outcome
and exposure variables of interest. Analyses were conducted separately for the
outcomes of PI-IBS and ReA. Exposures of interest (independent variables) included age,
sex, symptoms of initial infection, diarrhoea duration, healthcare accessed for initial
infection, and use of antimicrobial treatment for initial infection. Participants who
reported symptoms of each study outcome (PI-IBS or ReA) prior to their Salmonella
infection were excluded from the corresponding analyses: participants who reported

gastrointestinal conditions diagnosed prior to their Salmonella infection or an
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exacerbation of gastrointestinal symptoms experienced prior to their Salmonella
infection were excluded from the PI-IBS analysis, and participants who reported
exacerbation of pre-existing joint symptoms or arthritis diagnosed prior to their
Salmonella infection were excluded from the ReA analysis. Differences at 5% level were

considered statistically significant.

Study participants were compared to non-participants using the Fisher exact Chi-

squared test (sex and symptom duration of diarrhoea) and the Wilcoxon rank sum test

(age).
Ethics

This study was approved by the Victorian DHHS Human Research Ethics Committee
(HREC) (project number 10/16) and the Australian National University HREC (project
number 2016/341).

Results

Study participants

The recruitment of study participants is detailed in Figure 1. Of the 208 cases
interviewed in the outbreak investigation, 195 were eligible to be invited to participate
in the study. Ninety-one cases completed the initial study questionnaire, giving a
response rate of 47%. Six of these participants had to be excluded due to pregnancy or

another enteric infection, leaving an overall number of 85 study participants (Figure 1).

Twenty-seven of these participants were eligible and consented to receive the second
questionnaire, of whom 25 participated (response rate 93%) (Figure 2). Participants
were predominantly female (71%) and had a median age of 51 years (range 11-85 years)

(Table 1).

Table 1: Demographics of participants, non-participants, and entire cohort

Study Group Proportion female Maedian age (range)
Whole study cohort n=195 62% 45 (10-91)
Non-participants n=104 55% 41.5(10-91)
Eligible participants n=85 71% 51 (11-85)
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Figure 2: Participants who reported ongoing symptoms of interest at six months post Salmonella

infection who were sent the second questionnaire (n=27)

PI-IBS symptoms only
(5/6 completed)

PI-IBS symptoms and
exacerbated prior
rheumatological
symptoms
(2/2 completed)

PI-IBS symptoms and ReA
symptoms
(1/1 completed)

ReA symptomsonly
(5/5 completed)

ReA symptomsand new
gastrointestinal symptoms
that did not meet PI-IBS
case defintion
(0/1 completed)
Mailed second questionnaire
(n=27)
New gastrointestinal
symptoms that did not
meet PI-IBS case
definition only
(2/2 completed)

New gastrointestinal symptoms
that did not meet PI-IBS case
definition and exacerbation of

prior rhematological symptoms
(1/1 completed)

Exacerbation of prior
gastrointestinal
symptomsonly
(1/1 completed)

Exacerbation of prior
gastrointestinal symptoms and
exacerbation of prior
rheumatological symptoms
(2/2 completed)

Exacerbation of prior
rheumatological
symptomsonly
(6/6 completed)
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PI-IBS

In total, 27/85 participants (32%) experienced new abdominal pain and other
gastrointestinal symptoms in the first six months following their acute Salmonella
iliness/infection. Fifteen of these participants met the case definition for PI-IBS; a total
of 18% of eligible participants (15/85). Those with PI-IBS symptoms had a median age of
63 years (range 11-77 years) and 60% were female. All 15 PI-IBS cases experienced
abdominal pain at least weekly and their recurrent abdominal pain was both related to
defecation and associated with a change in form of stool. The majority of PI-IBS cases
reported that abdominal pain was associated with a change in stool frequency (93%),

and reported more frequent stools (93%) and looser stools (87%) (Table 2).

Table 2: Symptoms experienced by PI-IBS cases in the first three months after infection (n=15)

PI-IBS symptoms Participants (%)* ‘
Recurrent abdominal pain 15 (100)
Pain related to defecation 15 (100)
Pain associated with change in frequency of stool 14 (93)
More frequent bowel motions 14 (93)
Less frequent bowel motions 3(20)
Pain associated with change in form of stool 15 (100)
Looser stools 13 (87)
Harder stools 4 (27)

*Proportions equate to more than 100% as some participants experienced both more and less, and/or
looser and harder, stools at various times

Close to 50% of PI-IBS cases (7/15) were still experiencing these symptoms at 12 months
post infection (Table 3). The second questionnaire was not returned by one eligible

participant, so their known duration of symptoms was six months.

Table 3: Duration of PI-IBS symptoms for PI-IBS cases (n=15)

Duration of symptoms Participants (%)
3-4 months 4(27)

5-6 months 3(20)*

7-8 months =

9-10 months 1(7)

11-12 months -

>12 months 7 (47)

*Second questionnaire not returned by one case. Six months last known duration.

To assess changes in symptoms the first questionnaire was split into two three month
periods, together comprising the initial six month period after illness/infection. Table 2

above represents symptoms reported in the first three months after illness/infection.
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Table 4 details the changes in those symptoms in the second three month period. Two
participants experienced no change in their symptoms and the majority (8/15, 53%)
experienced no alteration to the change in the form of their stool. However, many (7/15,
47%) did report that their abdominal pain became less frequent. Consequently, if the PI-
IBS case definition was applied again to symptoms reported in the second three months,
three PI-IBS cases would no longer meet the case definition as their abdominal pain was
no longer experienced weekly. However, these participants all still experienced at least
two of the other required symptoms on at least 30% of occasions and, for the purposes
of this study, once the case definition for PI-IBS symptoms was met, cases were
considered to continue to meet the definition of a PI-IBS case until they reported no

longer experiencing any altered gastrointestinal symptoms.

Table 4: Changes in symptoms experienced by PI-IBS cases from first three months to second three
months from Salmonella infection (n=15)

Change in second 3 months Participants (%)
No change in symptoms at all 2 (13)
No change abdominal pain 8 (53)
Abdominal pain less common 7 (47)

Abdominal pain more common -
No change in bowel movement frequency 5(33)
More frequent bowel movements less common 5(33)

More frequent bowel movements more common 1 (7)

Less frequent bowel movements less common 3(20)
Less frequent bowel movements more common 3 (20)
No change in stool form 8 (53)
Softer than usual form less common 4 (27)
Softer than usual form more common 2 (13)
Harder than usual form less common 3 (20)
Harder than usual form more common 1(7)

Nine PI-IBS cases reported in the first questionnaire that their PI-IBS symptoms were still
ongoing, so were sent the second questionnaire 12 months after their Salmonella
infection. Eight PI-IBS cases completed the second questionnaire (Figure 2). Responses
from the second questionnaire described any further changes in symptoms experienced
in this second six month period. The majority of those still experiencing symptoms at 12
months were experiencing fewer symptoms than in the first six months after infection
and either experienced no change or a lessening of symptom severity and frequency

(Table 5).
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Table 5: Change in symptoms in the second six months from Salmonella infection for PI-IBS cases who
were sent and completed the second questionnaire (n=8)

Change in second 6 months Participants (%)
No longer experiencing symptoms 1(13)
No change in symptoms at all 2 (25)
No change in symptom profile -
Experiencing fewer symptoms 5(63)
Experiencing more symptoms -
No change in symptom severity 3(38)
Symptoms less severe 2 (25)
Symptoms more severe -
No change in symptom frequency 3(38)
Symptoms less frequent 2 (25)
Symptoms more frequent -

Two thirds of PI-IBS cases (10/15) visited a GP in relation to their symptoms in the first
six months and 47% (7/15) saw multiple healthcare providers (Table 6). Sixty per cent of
PI-IBS cases (9/15) took medication to relieve their symptoms (including antidiarrheal
and anticholinergic medications, painkillers, and proton pump inhibitors), and the
symptoms experienced by 40% (6/15) of PI-IBS cases affected their ability to undertake
usual daily tasks on at least one occasion. These findings were reflected to a slightly
lesser extent in those PI-IBS cases whose symptoms lasted longer than six months, with
almost 40% (3/8) seeing a GP and taking medication to relieve symptoms in the second
six month period after Salmonella infection. Four PI-IBS cases reported being diagnosed
with IBS in the first six months after their Salmonella infection, and one additional

person was diagnosed with IBS in the second six month period.

Table 6: Healthcare accessed and markers of symptom severity reported by PI-IBS cases in the first
questionnaire (n=15) and in the second questionnaire (n=8)

0-6 months after 7-12 months after

Severity markers Salmonella infection (%) Salmonella infection (%)

(n=15) (GEE))
Saw a GP 10 (67) 3 (38)
Saw a specialist (outpatient) 5(33) 2 (25)
Went to emergency 3(20) 1(13)
Was admitted to hospital 2 (13) 1(13)
Other health care 1(1) 1(13)
Multiple health care providers 7 (47) 2 (25)
Took medication to relive symptoms 9 (60) 3(38)
Symptoms affected ability to
undertake daily tasks (at least once) 6 (40) 2(25)
Participant diagnosed with irritable
bowel syndrome (IBS) 4(27) L)
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The only exposure variable significantly associated with developing symptoms of PI-IBS
was having seen a medical specialist as an outpatient for the initial Sa/monella infection
(Table 7). The effect of duration of diarrhoea associated with the acute salmonellosis
was difficult to examine because this information was only available for seven of the 15

PI-IBS cases and 26 of the 35 non-cases.

Table 7: Analysis of association between illness variables and development of PI-IBS symptoms

P value for
test of association**

Exposure variable Number PI-IBS cases*  Number non-cases*

Demographics

Age Median 63 Median 53 0.742
(range 11-77,1QR 30)  (range 19-88, IQR 26)
Sex 60% female (9/15) 66% female (23/35) 0.754
Symptoms associated with Salmonella infection

Diarrhoea 2 1 week 71% (5/7) 46% (12/26) 0.398
Yes 5 12

No 2 14

Unknown 8 9

Fever 46% (6/13) 50% (16/32) 1.000
Yes 6 16

No 7 16

Unknown 2 3

Nausea 60% (9/15) 68% (23/34) 0.747
Yes 9 23

No 6 11

Unknown 0 1

Vomiting 13% (2/15) 26% (9/35) 0.468
Yes 2 9

No 13 26

Unknown 0 0

Abdominal cramping 80% (12/15) 80% (28/35) 1.000
Yes 12 28

No 3 7

Unknown 0 0

Blood in stool 7% (1/15) 6% (2/35) 1.000
Yes 1 2

No 14 33

Unknown 0 0

Muscle ache 39% (5/13) 64% (21/33) 0.187
Yes 5 21

No 8 12

Unknown 2 2

Headache 53% (8/15) 53% (17/32) 1.000
Yes 8 17

No 7 15

Unknown 0 3

Healthcare accessed for Salmonella infection

No medical care accessed -(0/15) 11%( 4/35) 0.302
Yes 0 4

No 15 31

Unknown 0 0

GP care 93% (14/15) 80% (28/35) 0.407
Yes 14 28

No 1 7
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Unknown 0 0
Outpatient specialist care 20% (3/15) - (0/35) 0.023
Yes 3 0
No 12 35
Unknown 0 0
Emergency visit 13% (2/15) 11% (4/35) 1.000
Yes 2 4
No 13 31
Unknown 0 0
Hospital Admission 13% (2/15) 9% (3/35) 0.629
Yes 2 3
No 13 32
Unknown 0 0
Took antibiotics 39% (5/13) 45% (9/29) 0.729
Yes 5 0
No 8 20
Unknown 2 6

* Unless otherwise specified
**Chi-squared Fisher exact test for binary variables, Wilcoxon Rank Sum test for continuous variable

(Age)

New gastrointestinal symptoms not meeting the PI-IBS case definition

Twelve participants (14%, 12/85) developed new gastrointestinal symptoms that did not
meet the case definition for PI-IBS. Three quarters of these participants (9/12) did not
meet the case definition because they experienced abdominal pain too infrequently
(less than weekly). The remaining three experienced symptoms for less than three
months. The majority of these participants experienced softer than usual bowel motions
(92%, 11/12) and more frequent than usual bowel motions (67%, 8/12). Four of these
participants were still experiencing these new gastrointestinal symptoms six months
after their Salmonella infection, and received the second questionnaire. Three of these
four participants completed the second questionnaire. Two were still experiencing these
gastrointestinal symptoms 12 months after their Salmonella infection, while the third
participant reported they did not know if they were still experiencing these symptomes.
One of the two participants still experiencing symptoms at 12 months reported their
symptoms were less frequent, while the other reported their symptoms were more

frequent but less severe.
Exacerbation of prior gastrointestinal symptoms

Sixteen of the 85 study participants (19%) who reported that they had experienced
gastrointestinal symptoms in the six months after their infection, also reported that they

had experienced these symptoms prior to their Salmonella infection. Ten of these
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participants (12%, 10/85) reported that these prior gastrointestinal symptoms were
noticeably exacerbated. Only one of these ten participants was still experiencing
exacerbated gastrointestinal symptoms at 12 months post infection, while 30% of cases
(3/10) only experienced worsened symptoms for 1-2 months post infection (Table 14).
The entire duration of symptoms is not known for one participant who did not consent
to being sent the second questionnaire, and two cases who received the second
questionnaire did not know if their symptoms were still worse at that time.
Consequently, these cases were also unable to report whether their symptoms had
changed in the second six month period. The one case who was still experiencing
exacerbated prior symptoms 12 months after their Salmonella infection reported that
they were experiencing fewer exacerbated symptoms, but that those symptoms they

were still experiencing had not changed in severity.

Table 14: Duration of exacerbated gastrointestinal symptoms (n=10)

Duration of symptoms  Participants (%)

Under one month 1(10)
1-2 months 3(30)
3-4 months -
5-6 months 5 (50)*
7-8 months =
9-10 months -
11-12 months -
>12 months 1(10)

*Six months last known duration for 3 cases without further duration information

ReA

Nine participants (11%, 9/85) reported experiencing new joint symptoms that met the
case definition for ReA. These respondents had a median age of 46 years (range 34-63
years) and all were female. Joint symptoms were oglioarticular (affecting one to four
joints) in four of the nine cases, and two each experienced monoarticular and
polyarticular symptoms (symptoms affecting one joint and five or more joints
respectively). One case did not state in how many joints or where they experienced
symptoms. Of the eight cases who reported symptom location, fingers and ankles were
most commonly affected, followed by knees, toes, shoulders, and the lower back (Table

8).

84



Chapter 3: Epidemiological study

Table 8: Location of symptoms reported by ReA cases (n=9)

Location of Participants (%)
symptoms (n=9)
Ankle 3(33)
Fingers 3(33)
Hip 1(11)
Jaw 1(11)
Knee 2 (22)
Lower back 2 (22)
Shoulder 2 (22)
Toes 2(22)
Not stated 1(11)
Multiple sites 6 (66)
Both sides of body 5 (55)

Five participants with ReA symptoms (56%, 5/9) also reported experiencing associated

extraarticular symptoms, with heel pain and ocular symptoms the most commonly

reported (Table 9).

Table 9: Extraarticular symptoms experienced by ReA cases (n=9)

Extraarticular symptoms

Participants (%)

Heel pain 3(33)
Red, itchy, or burning eyes 2(22)
Rash on genitals 1(11)
Multiple extra-articular symptoms 1(11)
No extra-articular symptoms 4 (44)

The majority of ReA cases (56%, 5/9) were still experiencing these symptoms at 12

months post infection (Table 10). The second questionnaire was not returned by one

eligible participant, so their known duration of symptoms was six months.

Table 10: Duration of ReA symptoms for ReA cases (n=9)

Duration of symptoms Participants (%)

Under one month 2(22)
1-2 months -
3-4 months -
5-6 months 1(11)*
7-8 months =
9-10 months 1(11)
11-12 months =
>12 months 5 (56)

*Second questionnaire not returned by one case. Six months last known duration

ReA symptoms were only assessed for change in those who experienced symptoms for

more than six months. Responses to the second questionnaire from the six ReA cases

85



Chapter 3: Epidemiological study

that completed it revealed that one participant was no longer experiencing symptoms,
and that one experienced no change in symptoms at all. Among the remaining four ReA
cases, changes to symptom distribution and severity were evenly divided between no

change and either an increase or decrease in symptom expression (Table 11).

Table 11: Change in ReA symptoms from the first six months to the second six month period from
Salmonella infection for ReA cases who completed the second questionnaire (n=6)

Change in second 6 months Participants (%) (n=6)

No longer experiencing symptoms 1(17)
No change in symptoms at all 1(17)
No change in symptom distribution 2 (33)
Experiencing fewer symptoms -
Experiencing more symptoms 2 (33)
No change in symptom severity 2 (33)
Symptoms less severe 2 (33)

Symptoms more severe -

The majority of ReA cases in both the first six month period (77%, 7/9) and the second
six month period (83%, 5/6) took medication to relieve their symptoms (Table 12), which
were predominantly analgesic and anti-inflammatory medications. A large proportion
saw a GP for their symptoms in the first six months (44%, 4/9), and in the second six
months (67%, 4/6). Only one case in each six month period was affected in their ability
to undertake their usual daily tasks, and only one case was diagnosed with a new

arthritic condition in the six months following their Salmonella infection (Table 12).

Table 12: Healthcare accessed and markers of ReA symptom severity reported by ReA cases in the first
questionnaire and in the second questionnaire

0-6 months after 7-12 months after

Severity marker Salmonella infection (%) Salmonella infection (%)
(n=9) (GEL))
Saw a GP 4 (44) 4 (67)

Saw a specialist (outpatient) - -

Went to emergency - -

Was admitted to hospital - -

Other health care 2 (22) 1(17)
Multiple health care providers - 1(17)
Took medication to relive symptoms 7(77) 5(83)
Symptoms affected ability to

undertake daily tasks (at least once) 1(11) 1(17)
Was subsequently diagnosed with an 1(11) )

arthritic condition
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No association between exposure variables of interest and the development of ReA
symptoms were found to be statistically significant, though taking antibiotics for the
initial Salmonella infection came close to significance (Table 13). Again, the effect of
symptom duration was difficult to examine because this information was only available

for six of the nine ReA cases, and 27 of the 45 non-cases.

Table 13: Analysis of association between illness variables and development of ReA symptoms

Exposure variable Number ReA cases* Number non-cases* P value for test of association**
Demographics
Median 46 Median 44
Age (range 34-63,1QR 15)  (range 11-83, IQR 20) 0618
Sex 100% female (9/9) 69% female (31/45) 0.092
Symptoms associated with Salmonella infection
Diarrhoea 2 1 week 50% (3/6) 52% (14/27) 1.000
Yes 3 14
No 3 13
Unknown 3 18
Fever 56% (5/9) 46% (18/39) 0.719
Yes 5 18
No 4 21
Unknown 0 6
Nausea 67% (6/9) 55% (24/44) 0.715
Yes 6 24
No 3 20
Unknown 0 1
Vomiting 11% (1/9) 16% (7/45) 1.00
Yes 1 7
No 8 38
Unknown 0 0
Abdominal cramping 67% (6/9) 82% (37/45) 0.367
Yes 6 37
No 3 8
Unknown 0 0
Blood in stool 11% (1/9) 9% (4/43) 1.000
Yes 1 4
No 8 39
Unknown 0 2
Muscle ache 75% (6/8) 55% (23/42) 0.441
Yes 6 23
No 2 19
Unknown 1 3
Headache 44% (4/9) 50% (20/40) 1.000
Yes 4 20
No 5 20
Unknown 0 5
Healthcare accessed for Salmonella infection
No medical care accessed -(0/9) 11% (5/45) 0.576
Yes 0 5
No 9 40
Unknown 0 0
GP care 100% (9/9) 79% (34/43) 0.33
Yes 9 34
No 0 9
Unknown 0 2
Outpatient specialist care -(0/9) 7% (3/43) 1.000
Yes 0 3
No 9 40
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Unknown 0 2

Emergency visit 33% (3/9) 12% (5/43) 0.130
Yes 3 5

No 6 38

Unknown 0 2

Hospital Admission 11% (1/9) 12% (5/43) 1.000
Yes 1 5

No 8 38

Unknown 0 2

Took antibiotics 67% (6/9) 32% (13/41) 0.067
Yes 6 13

No 3 28

Unknown 0 4

* Unless otherwise specified
**Chi-squared Fisher exact test for binary variables, Wilcoxon Rank Sum test for continuous variable

(Age)

Exacerbation of prior joint symptoms

Twenty-five of the 85 study participants (29%) who experienced joint symptoms in the
six months after their infection also reported experiencing these symptoms prior to their
Salmonella infection. Eighteen of these participants (21%, 18/85) reported that these
prior joint symptoms were noticeably exacerbated. Nine of these 18 participants (50%)
were still experiencing exacerbated joint symptoms at 12 months post infection (Table
15). One case who received the second questionnaire reported that they did not know
if their symptoms were still worse at that time. Of the nine cases who reported still
having worsened joint symptoms 12 months after their Salmonella infection, the
majority (56%, 5/9) reported no change in their exacerbated symptoms. Of the
remaining four cases, two reported no change in their symptom distribution and two
reported an increase in the number of symptoms experienced. One case reported no
change in symptom severity while three reported that their symptoms had become

more severe.

Table 15: Duration of exacerbated joint symptoms (n=18)

Duration of symptoms  Participants (%)

Under one month 1(6)
1-2 months 2 (11)
3-4 months 2 (11)
5-6 months 3(17)*
7-8 months =
9-10 months 1(6)
11-12 months -
>12 months 9 (50)

*Once case not sure of symptom duration. Six months last known duration
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Participants with multiple symptoms of interest

Fifteen of the 85 study participants (18%) reported experiencing multiple symptoms of

interest in the six months following their Salmonella infection (Table 16).

Table 16: Number of participants who reported experiencing each combination of study symptoms of
interest

Symptoms of interest for-nber of
participants (%)
PI-IBS only 9(11)
PI-IBS and exacerbated prior joint symptoms 5(6)
PI-IBS and ReA 1(1)
ReA 5 (6)
ReA and new Gl symptoms not meeting PI-IBS criteria 2(2)
ReA and exacerbated prior Gl symptoms 1(1)
New Gl symptoms not meeting PI-IBS criteria only 8(9)
New Gl symptoms not meeting PI-IBS criteria and exacerbated prior joint 2(2)
symptoms
Exacerbation of prior Gl symptoms only 6 (7)
Exacerbation of prior Gl symptoms and exacerbation of prior joint symptoms 4 (5)
Exacerbation of prior joint symptoms only 7 (8)
Total eligible participants with symptoms of interest 50 (59)
Total eligible participants with multiple symptoms of interest 15 (18)
Eligible participants with no symptoms of interest 35 (41)
Total eligible participants 85 (100)

One participant reported developing symptoms that met the case definitions for both
PI-IBS and ReA. Their PI-IBS symptoms lasted for 9-10 months, but they continued to
experience ReA symptoms 12 months after their Salmonella infection. Five PI-IBS cases
also reported experiencing exacerbated prior joint symptoms, with two of these cases

still experiencing both sets of symptoms 12 months after their Salmonella infection.

One ReA case reported experiencing an exacerbation of pre-existing gastrointestinal
symptoms. Their ReA symptoms were still present 12 months after their Salmonella
infection, but they only experienced exacerbated gastrointestinal symptoms for one-
two months after their infection. A further two ReA cases experienced new
gastrointestinal symptoms that did not meet the case definition for PI-IBS. One of these
cases reported still experiencing both ReA and gastrointestinal symptoms six months
after their Salmonella infection but did not return the second questionnaire. The other
case was still experiencing ReA symptoms 12 months after their Salmonella infection,

but only experienced the new gastrointestinal symptoms for one-two months.
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Two cases reported experiencing new gastrointestinal symptoms that did not meet the
case definition for PI-IBS and exacerbated prior joint symptoms. One of these cases only
experienced these new gastrointestinal symptoms for one-two weeks and exacerbated
joint symptoms for one-two months. The other case was still experiencing both joint and
gastrointestinal symptoms six months after their Sa/monella infection, but reported in
the second questionnaire that they did not know if they were still experiencing either of

these symptoms at that time.

Four participants reported experiencing both exacerbated gastrointestinal symptoms
and exacerbated joint symptoms. The first of these cases reported experiencing
exacerbated prior joint symptoms for five to six months after their Salmonella infection,
and reported still experiencing exacerbated prior gastrointestinal symptoms at the time
they completed the first questionnaire, but did not consent to being sent the second
guestionnaire. The second case experienced exacerbated prior joint symptoms for only
one to two weeks, and exacerbated gastrointestinal symptoms for five to six months.
The third case was still experiencing exacerbated prior joint symptoms 12 months after
their Salmonella infection, but did not know if they were still experiencing exacerbated
prior gastrointestinal symptoms at that time, and the fourth case was still experiencing

both sets of exacerbated prior symptoms at 12 months after their Salmonella infection.
Discussion

This study provides the first information on PI-IBS symptoms following Salmonella
infection in Australia, and contributes to the limited Australian studies on ReA following
Salmonella infection.?%?! In our study, 18% of participants developed symptoms
consistent with PI-IBS and 11% developed symptoms consistent with ReA following

Salmonella infection.

For both conditions these findings fall within the range of results from previous studies,
though for PI-IBS in particular our results sit toward the higher end of this range.*%1%
21,29-39 The symptoms reported by our ReA and PI-IBS cases are also consistent with those
described in the published literature. For ReA, the majority of our cases experienced
asymmetric monoarthritis or oligoarthritis, predominantly in the fingers and lower

limbs, with heel pain and ocular symptoms also reported by more than one case.'>17.1%
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2123 For PI-IBS, most of our cases experienced diarrhoea-predominant PI-IBS or mixed

PI-1BS (diarrhoea and constipation).>82°-30,37

Our study did find a longer duration of sequelae symptoms than previous studies,
particularly for ReA, with 56% of ReA cases still experiencing symptoms at 12 months
post infection. International studies conducted previously have reported 40% or less
ReA cases with symptoms still at six months,>171% and summary literature suggests that
most cases should recover in under a year.?? However, symptom duration was also
found to be longer in the two previously published Australian studies. Lee et al.?° found
that 55% of their ReA cases still had symptoms at 6 months, a duration which if passed
has been found to be an indication of the development of chronic ReA.1%2% Duration was
not specifically reported by McColl et al.,?! but the data presented in their study suggest
that 62% of 13 ReA cases identified were still experiencing symptoms more than four
months after their Salmonella infection. It is important that further studies are
conducted in the Australian population to determine whether Australian ReA cases have
a consistently longer duration of symptoms than cases in other countries, as this will

have a significant impact on estimates of the burden of Salmonella in Australia.

We found no particular features in common in participants who still had symptoms of
ReA at 12 months post infection. Unlike Thompson et al.,3® who found that those with a
higher number of joints affected at ReA onset, and those who also developed ocular
symptoms tended to chronicity of symptoms at five years, those with ongoing ReA
symptoms at 12 months in our study did not tend to have more sites of pain, nor did

they display more ocular or other extraarticular symptoms.

Just under half of the PI-IBS case in our study still had symptoms at 12 months post
infection. As stated previously, for the purposes of our study we did not re-assess
adherence to the PI-IBS case definition across the period of our study; if a participant
met the case definition for PI-IBS at 3 months post infection, they remained a case until
they reported cessation of all associated symptoms. This makes the duration of PI-IBS
found in our study difficult to compare with other studies that have followed groups
over time, as they have often collected information on how many cases met the case
definition at different time points,?>3%or are unclear about how long after infection the

study had been commenced.*>*! However, the percentage of study participants who
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met the Rome criteria for IBS at six months post-infection in our study was the same as

the 7% reported by Neal et al..33

We did observe that the median age for those who were still experiencing PI-IBS
symptoms at 12 months was 43, which is lower than the median age of 63 for those who
met the case definition for PI-IBS overall. This would correspond with young age being
identified as a risk factor for the development of PI-IBS in other studies®334%42 and may
indicate that younger people are more likely to experience a longer duration of PI-IBS
symptoms. However, it is important to note that these findings relate to a very small
number of people (7 cases), and that those who were youngest in this group (11 and 12
years) reported that their symptoms were less severe and less frequent at 12 months,
while the other five PI-IBS cases (aged 41-77) reported no change in symptom severity
or frequency at 12 months. As higher age has also been suggested to be associated with
persistence of symptoms,3 larger analytical studies are required to clarify these

findings.

The only statistically significant association observed in our study between exposure
variables of interest and the study outcomes was between seeing an outpatient
specialist clinician for the initial Salmonella infection/illness and the development of PI-
IBS symptoms. As there is no discernible reason why seeing a specialist would cause PI-
IBS symptoms, we initially thought this association likely represented the severity of the
initial illness in these cases. Severity of the antecedent infection, usually indicated by
the duration of diarrhoea, has been found by numerous studies to be associated with
the development of PI-IBS.>822333743 However, on closer inspection of the three PI-IBS
cases who saw an outpatient specialist, we found that one case had an asymptomatic
Salmonella infection, and another reported only having symptoms for 4 days. This casts
some doubt on the idea that this finding is related to the severity of the initial infection,
although all of these cases obviously suffered some disruption to their normal bodily
function as all reported taking antibiotics to treat their infection and needed to see a

specialist.

It is also possible that there was some confusion as to what constitutes an outpatient
specialist, indicated by the fact that one case who reported seeing a specialist didn’t also
report either seeing a GP or going to hospital. As a referral to a specialist is usually

required from one of these sources, this case could have been confused as to what an
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outpatient specialist is, and this question should be carefully worded in future studies.

This association could also just have been detected in the data by chance.

It is interesting to note that of the six participants in our study known to have
asymptomatic Salmonella infections, one met our case definition for ReA and also
experienced exacerbated prior gastrointestinal symptoms, and one met our case
definition for PI-IBS and also experienced exacerbated prior joint symptoms, indicating
a severe immune reaction to the infection despite experiencing no gastrointestinal
symptoms. Development of ReA symptoms in asymptomatic Sa/lmonella cases was also
documented by Locht et al.” who found mild to severe ReA symptoms in 4 cases who
had asymptomatic Salmonella infections. However, all four of their asymptomatic cases
reported that their joint symptoms resolved within a month, whereas our ReA case
following asymptomatic salmonellosis still had symptoms, though less severe, at 12
months post infection, and our PI-IBS case following asymptomatic salmonellosis had
gastrointestinal symptoms for 3-4 months. This finding highlights the importance of
clinician awareness of post-infectious sequelae as a possible diagnosis if patients
present with sudden onset arthritic and/or altered gastrointestinal symptoms in the

absence of symptomatic AGE.

The only other association that came close to significance in our study was the
association between taking antibiotics for the initial Sal/monella infection and developing
symptoms of ReA. Whether taking antibiotics for the initial infection has a role in the
development of ReA is unclear, as taking antibiotics has been found to be both positively
and negatively associated with the development of ReA in previous studies.!31>-16,18,39
The mechanisms by which taking antibiotics may be associated with the development
of ReA are also unclear. As in our study, Dworkin et al.'® found a small positive
association between antibiotic use and ReA, and suggested a number of possible
mechanisms for the association, including the effect of bacterial fragments altered by
antibiotics, prolonged carriage due to antibiotic use resulting in increased immune
stimulation, and taking antibiotics being a proxy for more severe illness. Further studies

are required to confirm and characterise this association.
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Limitations

It is important to recognise that the findings presented above could be influenced by the
limitations of our study. Firstly, as a result of our study design, there is a possibility that
our findings could be inflated by the results of selection bias. In studies where eligible
subjects self-select to participate, it is commonly recognised that those who participate
might be more likely to have experienced the symptoms/outcome of interest than those
who do not.'*2934 This is of concern in our study as our response rate was only 47%, and
our participants were statistically significantly more likely to be female, which could be
particularly inflating our PI-IBS finding as this condition is known to be more prevalent

in females.>8

Selection bias may also have been introduced through our decision to study subjects
from a population of laboratory-confirmed Salmonella cases from a large outbreak. If
those with more severe illness were disproportionally more likely to have accessed
health-care and submitted a stool specimen for laboratory testing, then incidence for
both ReA and PI-IBS could be inflated, as severity and duration of initial illness has been

found to be associated with the development of both ReA and PI-IBS.>89/17.44

As such, our findings could represent what has been referred to by Lee et al.?® as a
‘maximum frequency estimate’ for PI-IBS and ReA following Salmonella infection in
Australia. If we assume that all those who did not respond to the questionnaire did not
develop any symptoms of PI-IBS or ReA, and we include them in our incidence
calculations (excluding 10% and 30% respectively for the PI-IBS and ReA calculations as
these represent the prevalence of prior IBS and arthritis in the population®), our PI-IBS
incidence would be 9% and our ReA incidence would be 7%. These estimates are still
within the ranges found by previous studies, and may represent a more conservative
‘minimum frequency estimate’. However, the extent of the effect of this selection bias
cannot be known. Through the follow-up of non-responders to the first questionnaire
we became aware of at least two subjects who were experiencing symptoms of interest,
but who decided not to participate in the study, indicating that these ‘minimum

frequency estimates’ would likely be an underestimate of sequelae in this population.

The case definitions used in our study may also have influenced our incidence estimates.

For ReA, our case definition required new joint pain, but did not explore the nature of
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this pain further or employ a rheumatologist to physically examine cases. This has likely
resulted in a less specific case definition that may have resulted in the inclusion of cases
who would not be clinically diagnosed as having ReA. Further, for the sake of
comparability with the previously published Australian studies, we chose a three month
period of symptom onset while many other studies restricted this period to six weeks or
less.’>17-19 Lee et al.?%calculated a 5% reduction in their incidence if they restricted their
onset period to four weeks instead of three months. Our study did not ask when
symptoms began within the three month period, so we are not able to quantify the
effects of using a different time period. We would recommend that future studies
request an ReA symptom onset date to make findings more broadly comparable with

the published literature.

For PI-IBS, the influence of the case definition on our study findings lies predominantly
with the differences in the iterations of the Rome criteria (I-1V), of which some versions
are more specific than others. The Rome IV criteria used in our study is the most recent
iteration, released in May 2016. In regards to the diagnosis of PI-IBS, the most significant
changes in this iteration compared to the Rome lll criteria are the removal of the term
abdominal ‘discomfort’, which restricts the criteria to abdominal pain only, and an
increase in the frequency with which abdominal pain is required to be experienced.
Studies comparing diagnosis of IBS with the Rome Il versus the Rome |V criteria have
found that IBS prevalence decreases by half when employing Rome IV, with the removal
of the ‘discomfort’ option suspected to be the predominant reason for this decrease.*>
46 As such, had our study employed the Rome lll criteria instead of the newly released
Rome IV, our PI-IBS incidence would have increased to 36% (compared to 18%).
However, using a more restrictive case definition might have helped to avoid the
inflation potentially caused by relying on self-reporting of symptoms instead of a clinical

diagnosis.

It is also possible that our incidence estimates for both PI-IBS and ReA have been
increased (or even decreased) by the unmeasured effects of other medical conditions
and/or treatments. Although we collected information on prior diagnoses of arthritis,
IBS, and IBD, many other conditions and medications are known to effect
gastrointestinal and joint health, and may have caused the symptoms we have

attributed to PI-IBS or ReA, or minimised them enough not to meet our case definitions.

95



Chapter 3: Epidemiological study

This limitation would have been addressed in part by the inclusion of a control group in
our study to determine to what extent a Salmonella infection may cause PI-IBS and ReA
symptoms in the population. A control group would also have allowed us to determine
to what extent a Salmonella infection may exacerbate prior gastrointestinal or
rheumatological symptoms as compared to the natural progression of disease in the
population. Where possible, the inclusion of a control group in studies such as these is

recommended.

Our study has also suffered from the same lack of statistical power to detect associations
due to small numbers as has been reported by other studies.?®3° Excluding those with
prior symptoms and those with new symptoms that didn’t meet the case definition
limited the number of participants that could be included in our analyses, and we were
particularly underpowered to assess the association between diarrhoea duration and
the outcomes of interest as these data were missing for so many cases. We acknowledge
that we ideally would have included a question about duration of symptoms of the initial
infection in our first questionnaire, but we suspected at the time of questionnaire
development that this information would be subject to substantial recall error.
However, the extent of this recall error could have been assessed by comparison to the
symptom durations that were collected at the time of the outbreak, so we would
recommend inclusion of this question in future studies even if symptom duration is

known, if just for a measure of participant recall error at six months after infection.

Despite these limitations, we believe our findings are valid as the questions developed
relating to PI-IBS were informed directly by the Rome IV diagnostic questionnaire, and
the questions regarding joint symptoms were similar to those included in a validated
questionnaire in another study.'*3® Additionally, we excluded any participants who
reported prior joint or abdominal pain (and other gastrointestinal symptoms) and/or
had been diagnosed arthritis, IBS, or IBD, prior to their Salmonella infection from our
case definitions for PI-IBS and ReA, so we believe we have captured only new cases of

these conditions.

The major strength of our study is that it provides the first information on the incidence
of PI-IBS after Salmonella infection in an Australian population, and also contributes to
the limited information on the incidence of ReA after Salmonella infection in Australia.

Our study provides valuable information to help inform local estimates of the burden of
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Salmonella in the community, and we hope it will help to raise awareness of these
conditions in the general public and in primary health care physicians to enhance post-

infection diagnosis and care of Salmonella sequelae.
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Appendices

Appendix 1: TEPHINET 9th Global Scientific Conference 2017 oral

presentation slides

Salmonella Sequelae

Post-Infectious Irmtable Bowel Syndrome and
Reactive Arthritis Following an Outbreak — Victoria,
Awstralia, 2015-2017

Overview of presentation

= Brief description of the

Salmonella outbreak
= Description of sequelas
= Study aims and methodology
= Main findings -
= Limitations and strengths
= Conclusions . ’
= Acknowledgments -
= Cuestions

Salmonella Anatum outbreak
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What are sequelag?
“Conditions which are consequences of a previous disease of mury”
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Study Aims

Primary Aim-

Determine what proportion of Viclorian cases who were inferviewsd
during the putbreak investigation report developing transient or chronic
symptoms consistent with post-infectious imtable bowel syndrome
and/or reactive arthritis following their infection

Secondary aim:
Identify risk factors (e.g. age. gender, symptom duration, antimicrabial
use] for the development of these conditions in this cohaort

Methodology

+ Descriptive study

= = guestionnaire sent at § months post-infecion

= Colected information on new symptoms of pest-infecbous. imitable
lboweel syndrome and reactive arthniss

= Also collected information on previous symptomns and changes

= I symptoms st present 31 & months post-infecton, participant was
sent 7™ questonnaire at 12 months post-nfection

»  Cuestonnare responses were anatysed in Microsoft Bxesl and
StataiC 121
— Descripiive statistics
— Univariable analysis for associations betwesn oulcomes and

exposure variables of interest
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Case definitions

Reactive Arthrifle
Onset within three months. of Infection of new pain, sweling, ar reduced
mavement In at least one joini

Post-infections imitable Bowsl Syndrome

Sympinms are presend far at ieast 3 montns, and meet the Rome WV
criteria
«  Recurrent abdominal pain at least weekly)
= Paln Is associabed with o or more of the following criteria:

— Related i defecation

— Associated with a change In frequency of siool

— Associated with a change in form (appearance) of stool

Participant flowchart
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Duration of Red symptoms Exposure variables of interest
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Salmonella sequelae
Post-infectious irritable bowel syndrome

Appendix 2: CDCC 2017 poster presentation
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Appendix 3: Summary report of study results for participants

D “ IA Healts
Stote a fld HlJI'F'lI.'iI'I
Gavermment Services

Irritable bowel syndrome and reactive arthritis following an

outbreak of Salmonella Anatum

Summary of Results: Report for Participants

This is a summary of results for study participants. For more information, please contact the study
investigators at the contact detzils provided below:

Principal investigator: Joy Gregory Co-investigator: Siobhan Tier

Senior Epidemiologist, OzFoodNet Epidemiclogy Registrar, OzFoodNet
Victorian Department of Health and Human Victorian Department of Health and Human
Services, Communicable Disease Services, Communicable Disease
Epidemiology and Surveillance Epidemiclogy and Surveillance

Phone: 1300 651 160 Master of Philosophy — Applied Epidemiclogy

[MAE) scholar, Australian National University
Email: Infectious. diseasesi@dhhs vic. gov.au

Phone: 1300 651 160

Email: Infectious. diseases@dhhs_vic gov.au

Pagelof4
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State and Hurman
Gavernment Senvices

Introduction

This summary report has been created for people who participated in the study “lrritable bowel
syndrome and reactive arthritis following an outbreak of Sofmonella Anatum”. This study would not
have been possible without your participation, and we thank you again for your valuable
contribution.

The main aim of this study was to find out how many people developed new symptoms of irritable
bowel syndrome or reactive arthritis after their Saimonelia infection, and how long these symptoms
lasted for. We also aimed to find out whether people who had gastrointestinal symptoms or joint
pain before their Salmoneilo infection thought these symptoms had become worse after their
infection.

There are currently no published studies on how many people experience symptoms of irritable
bowel syndrome after Salmonella infection in Australia. There are only two studies that look at how
many people experience reactive arthritis after Safmonelia infection in Australia®®. This study has
helped to increase the amount of information we have about irritable bowel syndrome and reactive
arthritis after Salmonello infection in Australia.

Participants

We invited 195 people who had been reporied to have a Saimonello Anatum infection and who
completed an outbreak investigation interview between December 2015 and March 2016 to
participate in this study. Of the 195 people invited to participate, we received completed
guestionnaires from 91 people (47 per cent), of whom B85 people were eligible to participate. Those
who participated in this study were mostly female {71 per cent) and ranged in age between 11 and
85 years old. The average {mean) age of the group was 51 years.

Main findings
Symptoms of irritable bowel syndrome

Ouwr study found that 15 participants {18 per cent) developed new symptoms of irritable bowel
syndrome following their Salmonella infection. This is similar to other studies from overseas, which
found that between four and 36 per cent of people develop symptoms of irritable bowel syndrome
after a Salmoneli infection®.

Seven of the 15 participants (47 per cent) that developed new symptoms of irritable bowel
syndrome reported that they still had these symptoms 12 months after their Salmonello infection.
One participant reported that their symptoms lasted for nine-ten months, and six participants
reported that their symptoms lasted for less than six months. The full length of symptoms was
unknown for one person who did not complete the second questionnaire. This participant had
reported still having symptoms of irritable bowel syndrome six months after their infection in the
first study questionnaire.

Page 2of 4
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Symptoms of reactive arthritis

Owr study found that nine participants (11 per cent) developed new joint pain and other symptoms
of reactive arthritis following their Salmanella infection. This result lies between the resuits of the
two previous Australian studies, which found that five and 15 per cent of people developed
symptoms of reactive arthritis after a Saimonellg infection™.

Five of the nine participants (56 per cent) that developed symptoms of reactive arthritis reported
that they still had these symptoms 12 months after their Salmonells infection. One participant
reported having symptoms for up to ten months, and two participants reported that their reactive
arthritis symptoms lasted for less than one manth. The full length of symptoms was again unknown
for another participant who did not complete the second questionnaire, but had reported still
having symptoms of reactive arthritis six months after their infection.

Effects on participants with prior gastrointestinal symptoms or joint pain

Ten participants {12 per cent) reported that gastrointestinal symptoms they had experienced before
their Saimonella infection had worsened in the following six months. Only one of these participants
was still experiencing these worsened symptoms at 12 months after their infection. The majority of
these participants (50 per cent) experienced worsened gastrointestinal symptoms for less than six
maonths.

Eighteen participants (21 per cent) reported that joint symptoms they had experienced before their
Salmaneiio infection had worsened in the following six months. Nine of these 18 participants (50 per
cent) were still experiencing worsened joint symptoms at 12 months after their infection. OF the
other 50 per cent, most (7 out of 9) experienced worsened symptoms for less than six months.

It is important to keep in mind, however, that it is possible these prior gastrointestinal and joint
symptoms got worse naturally, and not because of the Safmenellg infection. We would recommend
that future studies include a comparison group with similar gastrointestinal symptoms or joint pain
who did not have a Salmenelio infection. By comparing these two groups, these future studies would
be able to tell whether having a Saimonello infection causes these prior symptoms to Worsen maore
than they naturally would.

Conclusions

The main aim of this study was to find out how many people developed new symptoms of irritable
bowel syndrome andfor reactive arthritis after their Saimonelio infection, and how long these
symptoms lasted for. Our study found that 18 per cent of study participants developed symptoms of
irritable bowel syndrome, and 11 per cent developed symptoms of reactive arthritis. Many of thesa
participants were still experiencing these symptoms 12 months after their infection. The results of
this study will contribute to the limited information we have about these conditions in Australia. This
will help to improve health planning, and will help to raise awareness of these conditions in the
general public and in doctors to improve diagnosis and care of these conditions.

Page 3 of 4
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Appendix 4: Example of adult study invitation letter for first questionnaire

ORIA Health
State and Hurman
Gravernment Services
19/08/2016 Study Participant Number: 040

Dear

Earlier this year (February 2016} you were diagnosed with a Salmonella infection, which was notified to the
Victorian Department of Health and Human Services. As you had the same type of Solmonellz infection that
was part of an outbreak investigation, you were contacted by the Department and you completed a
questionnaire about the foods you consumed before you became unwell.

We are now inviting zll of the people involved in this outbreak who completed a questionnaire to
participate in a research project that aims to find out how many people experience ongoing or new
symptoms following a Salmenella infection. This study is being carried out by public health specialists in the
Victorian Department of Health and Human Services who hope this research will contribute to a better
understanding of the true community disease burden of 5almoneiia in Victoria, and help to better prevent
and manage this disease and its complications in the future. If you would like to participate, you will just
need to compiete the short questicnnaire included with this letter, which asks some guestions about your
Solmoneila infection and specfic symptoms which you may have experienced before and after this
infection.

Further information about this research project and details about participating are provided in the
Participant Information Sheet also included with this letter. The questionnaire will take approximately 10 to
15 minutes to complete, and different options are available to complete the guestionnaire depending on
your preference: you can fill in the paper copy questionnaire included with this letter and return it in the
reply paid envelope endosed; or you can call a research investigator on 1300 651 160 to complete the

guestionnaire on the telephone.

Participation in this research is entirely voluntary. if you do not wish to participate, please return the
questionnaire in the reply paid envelope enclosed without completing the guestions, or contact the
research investigators to withdraw. If you have any questions about this research project, please contact
the researchers by email (Siobhan Tier@dhhsvicgov.au) or telephone (1300 651 160).

Yours sincerely,

&R

Siolbhan Tier
Epidemiology registrar and research investigator
Victorian Department of Health and Human Services
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Appendix 5: Adult participant information sheet
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Participant Information Sheet
Adult participant

Project: Irritable bowel syndrome and reactive arthritis following an outhreak of Saoimonello
Anatum.

Principal investigator: loy Gregory Co-investigator: Siobhan Tier

Senior Epidemiologist, OzFoodNet Epidemiology Registrar, OzFoodNet
Victorian Department of Health and Human Victorian Department of Health and
Services, Communicable Disease Epidemiology  Human Services, Communicable Disease
and Surveillance Epidemiclogy and Surveillance

Phone: 1300 651 160 Master of Philosophy — Applied

Epidemiology (MAE) student, Australian
National University

Phone: 1300 651 160

Email: joy gregoryi@dhhs vic.gov.au

Email: sicbhan_tier@dhhs vic gov.au

You are invited to take part in this research project. Please read this Participant information Sheet in
full before deciding whether or not to participate in this research. Participation in this research project
is entirely voluntary. If you would like further information regarding any aspect of this project, you are

encouraged to contact the researchers via the phone numbers or email addresses lisied above.

What is the purpose of this research?

Gastroenteritis [‘gastro’) can be caused by many different pathogens {‘'bugs’). Gastro is usually a mild
illness which guickly resolves. However, sometimes gastro can trigger complications, such as irritable
bowel syndrome (IBS — abdominal discomfort and changes in bowel habits) and reactive arthritis (joint
pain, swelling, or stiffness, sometimes with associated inflammation in other areas of the body). These
complications can last from months to years. This study aims to find out how often these complications
are triggered by an illness caused by Salmoneila by asking people interviewed after a recent Salmonella
investigation if they have developed symptoms associated with these conditions. If 1BS and reactive
arthritis are commaonly triggered by this bug, it will change the way we think about the importance and
burden of this bug in Victoria, and the resources needed to prevent and manage this type of gastro
infection and its complications. It will zlso help to inform medical practitioners about the risk of
developing these conditions after a Soimonelia infection, so that they may better understand potential
causes of these conditions when they occur.

Why were you chosen for this research?
You were chosen to participate in this study because your doctor andfor laboratory notified the
Department of Health and Human Services of your Sofmoneiio infection between December 2015 and
April this year. As you had the same type of Salmanella infection {Solmonella Anatum) that caused an
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outbreak of illness, you then completed an outbreak investigation questionnaire with the Department
of Health and Human Services. We are inviting all of the people involved in this outbreak who
completed an outbreak investigation guestionnaire to particpate in this research. Please note that
although you are being invited to participate in this research project because you previously completed
an outbreak investigation questionnaire, your participation in this research project is separate from

your participation in the outbreak investigation questionnaire, and is entirely voluntary.

What does participation in this research involve?
At B months after your Saimonella infection, we are inviting you to complete a questionnaire involving
questions about your recent health and past medical history. If your responses to this questionnaire
indicate that you have specific symptoms of interest, you will be invited to complete a similar
questionnaire in another six months (12 months after your infection) to see if you still have these
symptoms at this point in time.

These guestionnaires will take approximately 10-15 minutes to complete, and the first questionnaire
has been posted to you zlong with an invitation letter and this Partidpant Information Sheet.
Depending on your preference, these questionnaires can be completed in paper form and returned via
the reply-paid envelope supplied, or can be completed over the telephone. These gquestionnaires will
not include any information that could identify you apart from a study participant number, which is
required so that we can tell who has returned their questionnaire/s and who has not. Information
regarding your initial Sofmonella infection including the symptoms you experienced at the time, when
you began experiencing them, and how long they lasted have been taken from the outbreak
investigation questionnaire you previously completed with the Department of Health and Human

Services.

There are no costs associated with participating in this research project, and you won't be paid to
participate. This research project has been designed to avoid bias to ensure the researchers interpret
the results in a fair and appropriate way and cannot make unfounded conclusions.

Possible benefits and risks to participants
Participation in this study does not involve any risks of harm to you. if you have concerns about your
diagnosed Saimonella infection or any ongoing symptoms, please discuss these with your general
practitioner. Additionally, you are welcome to contact Siobhan Tier [co-investigator — contact details

above) to discuss any concerns you have arising from this study.

While completing this guestionnaire is unlikely to benefit you directly, when many responses are
combined we hope to get a good picture of possible complications following Salmonelia infection. This
will help doctors and public health specialists better understand the burden of these diseases on
individuals and on society and may contribute to better prevention and treatment strategies in the

future.
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Consenting to participate in the research and withdrawing from the research
Participation in this study is entirely voluntary. If you return a completed guesticnnaire you are
consenting to participate in this research project. If you return a blank gquestionnaire, or if you contact
us to inform us that you do not wish to participate in this study, you will be withdrawn and will not be
contacted regarding this research project again. You will be asked when completing the first
guestionnaire whether you consent to us sending the second guestionnaire to you in another six
months' time if relevant. You will also be asked if you consent to us contacting you if we need to clarify
any of your guestionnaire responses with you. If we do not receive a completed questionnaire from
you two weeks after it was initially sent, we will call you to ask whether you consent to participate in

the research and how you would prefer to complete the questionnaire.

It is important to note that as the questionnaires are only identifiable by a study participant number,
and the link between the study participant numbers and the Department of Health and Human Services
identifiers will be destroyed once all data has been collected (as detailed below) it will not be possible
to withdraw your data once all of the guestionnaires have been submitted. If you wish to withdraw
from the study afier your gquestionnaire has been submitted, please make sure to do so before March

2017 by contacting the research investigators.

Confidentiality

All participants will be assigned a study participant number and all data will be coliected and recorded
against this number. In a separate and secure file, participant study numbers will be matched with
Department of Health and Human Services identifiers to allow us to know who has completed the first
questionnaire and who has withdrawn from the study. This is so we know who to send the second
guestionnaire to and who not to contact again. Once the data collection process for both
questionnaires is complete and the data is ready for analysis, we will delete the file that matches the
study numbers and the Department of Health and Human Services identifiers so that all data is de-
identified and anonymous for both analysis and reporting. Data will only be reported in aggregate form
to protect the confidentiality and anonymity of participants.

Storage of data
Data collected will be stored in accordance with Department of Heaith and Human Services and
Australian National University regulations. Information that allows researchers to identify participants
will not be retained after the collection and preparation of data for analysis is complete. De-identified
electronic data will be kept in password-protected files on a secure Department of Health and Human
Services network drive. De-identified paper-based data will be kept in a locked cabinet in a secure area
of the Department of Health and Human Services. Only researchers directly involved in this study will
have access to this data. The de-identified data will be kept for 7 years following publication of the

results of this study, after which it will then be disposed of in a secure manner.
Results

Results of the research project will be made publicly available from November 2017. Participants who

would like to request a copy of the research project report are encouraged to contact the Coordinating
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Principle Inwestigator {contact details above) or the Victorian Department of Health and Human
Services on 1300 651 160 at this time. Results from this study will additionally be published in the
scientific literature, and will form part of the co-investigator's (Siobhan Tier) Master of Philosophy —
Applied Epidemiology thesis.

Source of funding and approval
This study is funded by the Department of Health and Human Services, Victoria. Additionally, Siobhan
Tier receives funding from the Victorian Department of Health and Human Services (through the
Australian Government Department of Health OzFoodMet Program) and the Microbiclogical Diagnostic

Unit Public Health Laboratory via a postgraduate scholarship.

All research in Australia involving humans is reviewed by an independent group of people called a
Human Research Ethics Committee (HREC). The ethical aspects of this research project have been
approved by the HREC of both the Victorian Department of Health and Human Services and the
Australian National University. This project will be carried out according to the Mational Statement on
Ethical Conduct in Human Research (2007). This statement has been developed to protect the interests

of people who agree to participate in human research studies.

Privacy notice and complaints
In collecting your personal information within this research the Department of Health and Human
Services must comply with all relevant privacy legislation, including the Privacy Act 1988
{Commonwealth), the Privacy and Data Protection Act 2014 {Vic) and the Health Records Act 2001 (Vic).

If you would like to access the information collected on you within this research, please contact the

research investigators {contact details above) before March 2017. You will be unable to access this
infarmation after March 2017 as the data will be made anonymous when the link between the study
participant numbers and the Department of Health and Human Services identifiers is destroyed.

Should you have any concerns or complaints about the conduct of the project, please contact the
Executive Officer of the Victorian Department of Health and Human Services Human Research Ethics
Committee:
Executive Officer
Victorian Department of Health and Human Services Human Research Ethics Committee
50 Lonsdale Street, Melbourne, Victoria, 3000
Fhone: 1300 651 160
Email; research_ethics@dhhs vic.gov.au
Thank you,

iz,

Siobhan Tier
Epidemiclogy registrar and research investigator
Department of Health and Human Services, Victoria
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Appendix 6: Example of adult first study questionnaire

n “ I A Healks
Shate and Human
Gavermment Services

Irritable bowel syndrome and reactive arthritis following an outbreak of

Salmonello Anatum.

QOuestionnaire for adults
Imtroduction

The purpose of this research project is to find out how often changes in bowel habits and joint pain are
triggered by Salmenello infection. This information will help us better understand the burden of this
disease on individuals and on society and may contribute to better prevention and treatment strategies in
the future. To do this, we are contacting people who had a Salmonello Anatum infection notified to the
Victorian Department of Health and Human Services between December 2015 and April 2016, and who also
completed an interview about their Saimonellg infection at that time. Detailed information about this

research project is provided in the Participant Information Sheet sent with this questionnaire.

This guestionnaire includes questions about your Salmoneila infection, past medical history, and health
since your Solmonello infection. Some questions will ask about your health in particular periods of time.
This will be dearly indicated on the questionnaire where relevant. if you are not sure about an answer or
you cannot remember the answer to a question, just answer as best you can. This guestionnaire will take
approximately 10 to 15 minutes to complete and can be returned using the reply paid envelope supplied. If
you have any questions about this questionnaire, or if you would prefer to complete this questionnaire
aver the telephone, please call research investigator Siobhan Tier on 1300 651 160.

Instructions

You are welcome to shade ® or tick ¥ the circles or squares to indicate your response, but please do not

use @ cross = unless you have made a mistake.

) circles indicate that only one choice is available
D sguares indicate that multiple responses are allowed

If you make a mistake, or want to change any of your responses, please place a cross through the incorrect
response & and then shade or tick the correct response. For written responses, please cross out your
incorrect response and write your new response just above or below the one you have crossed out. Iif you
have any questions about completing this gquestionnaire, please contact the study investigators at the
contact details provided on the Participant Information Sheet.
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Participant number. 040
Section 1. Your Salmonells infection and past medical history

0l. Which of the following medical care did you receive for your Saimonelia infection in February 20167 [Sefect aif
that appily]

U Mo medical care

u GP |general practitioner or family doctor) visit]s)
u Specialist doctor as an outpatient visit|s)

U Emergency department visit(s]

u Hospital admission

U Other % please specify type/s

U | don't know

2. Did you take antibiotics to treat your Sofmonelio infection?
2 Mo
O Yes —+ please specify type/s {if known)
2 | don't know
Q3. For women: Are you currently pregnant or have you been pregnant at any time between your Salmonella
infection and now?
O Ne
O Yes - Go to Section & {p. 11)
O | don't know
O Doesnot apply to me
4. Prior to your Salmonello infection, had a dector ever diagnosed you with:
a) Irritable bowel syndroms
2 No
O Yes

2 1 don't know
b) inflammatory bowel disease ez, Crohn's disease or ulcerative cofitis)

O No
O Yes

O | don't know
¢} Arthritis
2 Ne
O Yes — please specify type of arthritis (if known)

O | don't now
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Participant number: 140

Section 2. The followineg guestions relate to bowel symptoms

When you were interviewed about your Salmoneliz infection, you indicated that your illness began on the 1" of
February 2016 and lasted for 14 days. Unless otherwise specified, all questions relate to symptoms that began after
the illmess from your Salmonells infection got better on the 14" of February 2016.

5. At any time in the last 6 months (after your Salmoneila infection), have you had pain anywhere in your

abdomen?
O Neo - go to Question 31 {p. 9)
) yes

Q. For women: Did you only experience this abdominal pain during your menstrual bleeding (period)?

O Yes — go to Question 31 {p. 9)
O No-| experienced this abdominal pain at other times apart from during my period
O I don't know

O Does not apply to me

Q7.  a)For all: Was this abdominal pain present before your Saimaneliz infection?
) No < go to Question 8 (p. 4)
| don't know = go to Question 8 (p. 4)

O Yes
b} if yes, did this abdominal pain pet worse in the 3 months after your Salmoneila infaction?

O Ne < go to Question 31 {p.9)
O | don't know — go to Question 31 {p. 9)
O Yes

c) fyes, and if you also had other gastrointestinal symptoms (such as diarrhoea, loose stool, or constipation)
before your Salmoneilo infection, did these other symptoms also get worse after your Soimonella infection?

O 1 did not have any other gastrointestinal symptoms before my Saimoneifa infection
2 Mo
) I don't know

O Yes — please specify the symptoms that got worse after the Salmonelio infection

d} How long was your abdominal pain {and any additional gastrointestinal symptoms) worse for following

your Salmonello infection?

) Less than one week {2} Three to four months
) One to two weeks ) Five to six months
) Three to four weeks () still worse

I} One to two months () 1 don't know

If you have completed questions 7b - 7d (if vour abdominal pain was present before your Solmaoneilo infection), please
continue to question 31 (p. 9).
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Participant numbser: 040

Questions 8 to 17 relate to symptoms you might have experienced during the_first 3 months after your
Saimonella illness ended in February 2016 {between February and May 2016).

Your Sofmonello infection Now
February 2016 May 2016 August 2016

[ s I

Q8. In the first 3 months after your Salmoneilo infection, how often did you have pain anywhere in your

abdomen?
) Mewer —goto Question 13 p. 6] O One daya week
O Lessthan one day a month ) Two to four days a week
) One day a month ) Five to six days a week
(2} Two to three days a month (] Every day

9. When did this abdominal pain begin?
o Straight after my Salmonello infection

) Sometime after my Solmonelio infection = please specify date [or closest estimate if exact date

unknown)

010. How often did this abdominal pain happen just before, during, or soon after you had a bowel movement

(poo)?

O Never ) Maost of the time [About 70% of the

time
O Rarely (About 10% of the time) I
O Almost al out 0% of th

) Sometimes {About 30% of the time) - # always (Ab &
time

{2} Ofren |About 50% of the time) O Atways [100% of the time}

011. Inthe first three months after your Salmonella infection, how often did you have more frequent bowel
movements (poos) than usual when you had this abdominal pain?

) Never {} Most of the time [About 70% of the

{2 Rarely [About 108 of the time) el
) ] O Almost always [About 90% of the
{2} Sometimes {About 30% of the time]) tiene)

© Often (About 50% of the time) O Always [100% of the time

Q12. Inthe first three months after your Saimonello infection, how often did you have less frequent bowel
movements {poos) than usual when you had this abdominal pain?

O Wever ) Maost of the time [About 70% of the

time
O Rarely (About 105 of the time) I'
] _ {0 Almost always {About 90% of the
) Sometimes {About 30% of the time] rime)

ime

(0} Often {About 50% of the time) O Atways (100% of the time]
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Participant number: 040

013,  Inthe first three months after your Saimonella infection, how often were your bowe! movements {poos)
softer than usual when you had this abdominal pain?

{2 Never {3} Most of the time [About 70% of the

time
() Rarely [About 10% of the time) )
; y O Almost always [About 90% of the
() Sometimes |About 30% of the time) )

{J Often |About 50% of the ti
n wEthe e} O Always (100% of the time)

14,  Inthe first three months after your Soimonelia infection, how often were your bowe! movements (poos)
harder than wsual when you had this abdominal pain?

O Never ) Most of the time [About 70% of the

time
{2} Rarely [About 10% of the time) #
{J Almost always [About 90% of the
{2} Sometimes |About 30% of the time) ol =
me

{} Often {About 50% of the time
1 ) O Always [100% of the time]

015,  Inthe first three months after your Saimonelia infection, how often did you have soft, mushy, or watery
bowel movements (poos) when you had this abdominal pain?

O Newver O Mozt of the time [About 70% of the

timne
O Rarely [About 10% of the time) !
O Sometires {About 30% of the time) © ?1"";“ FpYE CAlroy: R ol e

1T

O Often {About 50% of the ti
n o the me] O Always [100% of the tima)

0l6. In the first three months after your Soimonelio infection, how often did you have hard or lumpy bowel
movements (poos) when you had this sbdominal pain?

2 Never {Z} Most of the time [About 70% of the

: time]
{2 Rarely {About 10% of the time)

{0 Almost always [About 90% of the
() Sometimes {About 30% of the time) imie) e {h

_’:’ C F 5 -
& ‘ S8 et O Always (100% of the time)

017. How long did this abdominal pain and any of the other symptoms mentioned above last for? [if different
symptoms lasted for different periods of time, please select the period of the longest losting symprom.]

{J Less than one week ) Three to four months
O One to two weeks ) Five to six months
{2} Three to four weeks O sl exXperiencing symptoms

{} One to two months
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Participant number. 040

Owestions 18 to 26 relate to symptoms you might have experienced in the lost 3 months —in the three months
up to and including when you are completing this questionnaire | between May and August 2016).

Your Saimoenella infection Mow
February 2016 May 2016 August 2016

I e

18. Inthe last 3 months, how often have you had pain anywhere in your abdomen?

{2} Mewer -»goto Question 27 (p. 8) ) One day 2 week
(7} Less than one day a month (2} Maore than one day a week
(2} One day a month (2 Every day

2} Two to three days 2 month

(19. Did thiz abdominal pain begin in the last 3 months?
) Mo, beforehand

O Yes — please specify date {or dosest estimate if exact date unknown)

Q20. Inthelast 3 months, how often has this abdominal pain happened just before, during, or soon after you had a
bowet movement {poo)?

2 Never {2 Most of the time [About 70% of the

time:
() Rarely (About 10% of the time) }
) Almostal About 90% of th
2} Sometimes |About 20% of the time) ! mt; always (Abou e
T

{3 Often (About 50% of the ti
i o ime) (D Always (100% of the time)

021. Inthelast 3 months, how often have you have more frequent bowe! movements (poos) than usual when you
had this abdominal pain?

) Never ) Muost of the time [About 70% of the

time,
) Rarely [About 10% of the time] :'
] . O Almost atways [About 90% of the
{2} Sometimes {About 30% of the time) time)

O Often [About 50% of the time) (0 Always [L00% of the time)

022, Inthelast 3 months, how often have you had less frequent bowsl movements (poos) than usual when you
had this zbdominal pain?

) Never ) Most of the time [About 70% of the

: time)

2} Rarely [About 108 of the time)

X . (2 Almost always [About 305 of the

(2} Sometimes |About 30% of the time) time)
ime

{2} Often {About 50% of the time
{ ] O Always [100% of the time)
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Participant number. 040

023. Inthe last 3 months, have your bowel movements {poos) been softer than usual when you had this abdominal

pain?
O Never
O Rarely [About 10% of the time}
) Sometimes |About 30% of the time)

) Often [About 50% of the time)

() Most of the time {About 70% of the
time)

) Almost always [About 90% of the
time)

O Always (100% of the time]

024.  Inthe lzast 3 months, have your bows| movements (poos) been harder than usual when you had this

abdominal pain?
O Mever
) Rarely [About 105 of the time)
) Sometimes |About 30% of the time)

(O} Often [About 50% of the time)

{2} Most of the time {About 70% of the
time)

O Almost always [About 90% of the

time)

O Always (100% of the time}

025. Inthe last 3 months, how often have you had soft, mushy, or watery bowel movements {poos) when you had

this abdominal pain?
) Never
) Rarely [About 10% of the time]
O Sometimes {About 30% of the time)

O Often [About 50% of the time)

) Most of the time [About 70% of the
time)

2 Almost always [About 90% of the
time)

O Always [100% of the time)

026. Inthe last 3 months, how often have you had hard or lumpy bowel movements (poos) when you had this

abdominal pain?
O Never
) Rarely [About 108 of the time]
() Sometimes |{About 30% of the time)

) Often |About 508 of the time)

) Most of the time [About 70% of the

time)

(0 Almost always {About 90% of the
time)

2 Always {100% of the time]
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Participant number. 040

Questions 2T to 30 relate to your medical history in the whole period of time between your Soimonello infection
and now [August 2016).

Q27. ‘What, if any, medical care have you received for your abdominal pain or change in bowel habit in the
& months following your Salmoneils infection? [Select oll that appiy]

|_| Mo medical care

|_| GP |general practitioner or family doctor) visit{s)
|_| Specialist doctor as an outpatient visit(s)

|_| Emergency department visit

|_[ Hospital admission

[_l Other  — please specify type/s

[_l | don't know

028, Since your Salmonella infection, has a doctor diagnosed you with:
a) [rrtable bowel syndrome

O Mo
O Yes

2 | don't know

b) Inflammatory bowel disease (e.g., Crohn's disease or ulcerative cofitis)
O No
O Yes
2 | don't know
029, Since your Saimoneila infection have you taken any medications to relieve your abdominal pain or change in
bowel habits?
O Ne
O Yes — please specify type/s {if known)
O 1 don't now

030, Since your Soimonello infection has your abdominal pain, or change in bowel habits, stopped you going to
work, schoo!, or being able to undertake your usual daily activities?

O No

O Yes — please specify how many days you have been unable to work, go to school, or complets
your usual daily activities days)

O 1 don't know
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Participant number: 040
Section 3. The following questions relate to joint symptoms
131. Have you had pzin, sweliing and/or reduced movement in at least one joint in the & months since your
Salmanelio infection?
O ne - Go to Question 41 (p.11)
O 1 don't know - Go to Question 41 (p.11)
O Yes

32. a)Did you have these joint symptoms before your Salmoneila infection?
2 Mo = Go to Question 33
O idontknow - Go to Question 33
O Yes
b} If yes, did these symptoms worsen in the 3 months after your Soimonella infection?
O ne - =0 to Question 41 {p.11)

) 1 don't know - go to Question 41 {p.11}

O Yes
c} If yes, how long were your symiptoms worse for?
{2} Less than one week 2} Three to four months
(2} One totwo weeks (2 Five to six months
(2} Three to four weeks (2 5till worse
{2} One to two months ) I don't know

d} How did your symptoms worsen ? [Select alf that oppiy]
[_l Increased joint pain or stiffness
L] Increased joint swelling
Ll Pain, swelling, or stiffness in previously well [unaffected| joint/s

[_l Other = please specfy

If you have compieted questions 32b - 32d (if your joint symptoms were present before your Salmonelia infection)
please continue to Question 41 [p. 11)

(33. Did your joint symptoms start within the first 3 months after your Salmoneilo infection [between February
and May 2016)?

) Mo,afterthen = go to Question 41 {p. 11)
O Yes

O} 1 don't know
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Participant number. 040

034. Which joints have been affected? [Please circle the affected joints on the picture befow]

(35. How long did these joint symptoms last? [Iif different symptoms lasted for different periods of time, please
select the period of the longest iasting symptom. ]

() Less than 1 week {3 3104 months

) 1to2? weeks {} 5to&months

) 3to 4 weeks O sl EXPEriencing symptoms
) 1to? months ) 1 don't know

036. What, if any, medical care have you received for your joint symptoms following your Saimoneila infection?
[Setect all that apply]

D No medical care

D GP {zeneral practitioner or famify doctor) visit{s)
D Specialist doctor as an outpatient visitis)

Ll Emergency department visit[s)

Ll Hospital admission

I:l Other - please specify typefs

D I don't know

Q37. Since your Saimoneilo infection, has a doctor diagnosed you with arthritis?
) Mo
O Yes — please specfy type of arthritis [if known)

O I don't now
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Participant number: 040
(38, Simce your Saimeneiln infection have you taken any medications to relieve your joint symptoms?
2 o
O Yas = please specify type (if known)
) 1 don't now

39, Since your Saimoneli infection have your joint symptoms stopped you going to work, school, or being able o
undertake your usual daily activities?

O No

O Yes - please specify how many days you have been unable to work, go to school, or complete
your usual daily activities [days)

O 1 don't know
Section 4. Other symptoms
040, Some people also develop other symptoms related to their joint pain. In the 3 months after your Saimonelia
infection, did you hawve any of the following symptoms? [Select all that apply]
U Heel pain
U Red, itchy, or burning eyes
L| Painful mouth ufcers
|_| Rash on palms of hands or soles of feet
U Rash on genitals
[_l Discharge from genitals or burning on urination

[_l None of the abowve
Section 5. Future contact

041, Doyouconsent to being contacted by a researcher to clarfy any of the responses you have given to this
questionnaire if required?

O Yes
O No

042, Doyouconsent to being sent a second similar {shorter) questionnaire in another & months' time if you are

eligible?
O ves
O Ne
Section 6. Please return your guestionnaire im the reply-paid envelope provided or via email to:

Siobhan Tieri@dhhes vic. au

Thank you! Your participation in this research is greatly appreciated.
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Appendix 7: Example of adult second study questionnaire

_1 '
-+ Australian
| National ORIA | Healtr
s r Shate and Hurman
g“&’-ﬂ’”n LH"IWEI’S&W Government Services

Irritable bowel syndrome and reactive arthritis following an outbreak of

Salmonelfa Anatum.

Questionnaire 2 for adults

Introduction

The purpose of this research project is to find out how often changes in bowel habits and joint
pain are triggered by Salmonellg infection. To do this we are following up people who had a
Solmoneila Anatum infection notified to the Victorian Department of Health and Human Services
between December 2015 and March 2016. This information will help us better understand the
burden of this disease on individuals and on society and may contribute to better prevention and
treatment strategies in the future. Detailed information about the research project is provided in

the Participant Information Sheet sent with this guestionnaire.

You have been sent this second follow-up gquestionnaire as your responses to the first
questionnaire you completed last year indicated you had ongoing symptoms associated with your
Solmoneila infection. This guestionnaire includes guestions about your current and recent health.
If you are not sure about an answer or you cannot remember the answer to a question, just
answer as best you can. This questionnaire will take approximately 5 to 10 minutes to complete

and can be returned using the reply paid envelope supplied.

Instructions

You are welcome to shade or tick the circles or squares to indicate your response, but please do

not use a cross unless you have made a mistake.
)} circles are provided where only cne choice is permitted.
L] squares indicate that multiple responses are permitted.

[f you make a mistake, or want to change any of your responses, please place a cross through the
incorrect response and then shade or tick the correct response. For written responses, please
cross out your incorrect response and write your new response just above or below the one you
have crossed out. If you have any questions about completing this questionnaire, please contact

the study investigators at the contact details provided on the Participant Information Sheet.
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Participant number: 040

When you completed the first questionnaire for this research project in 2016, your responses
indicated that you were experiencing ongoing symptoms associated with yvour Salmonella
infection. This questionnaire aims to determine whether these symptoms have changed and
whether these symptoms are still continuing, and if not, how long they lasted for after you
completed the first questionnaire. Unless otherwise stated, all questions relate to symptoms you

may or may not have experienced in the last 6 months (from September 2016 to February 2017).

Section 1. Your current health

Q1. Forwomen: Are you currently pregnant or have you been pregnant at any time between
when you compieted the first questionnaire and now?

O No
O Yes = GotoSections
O I don't know

) Does not apply to me

Q2. Since you completed the first guestionnaire in 2016, has a doctor diagnosed you with:
a) Irritable bowel syndrome

2 No
2 Yes
O 1don’t know

b} Inflammatory bowel disease (e.g., Crohn's disease or ulcerative colitis)
O No
O Yes

2 | don't know
¢} Arthritis

O No
) Yes - specify type of arthritis {if known)

) | don't now
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Participant number 040

Section 2. Bowel symptoms

In the guestionnaire you completed last year, you stated that you were experiencing the following

bowel symptoms at that time:

3.

Abdominal pain

Abdominal pain that occurred just before, during, or soon after a bowel movement (poo)
Mare frequent bowel movements than usual

Softer than usual bowel movements

Soft, mushy, or watery bowel movements

Hard or lumpy bowel movements

a) Are you still experiencing some or all of these symptoms?
O No - go'to Question 4
O 1don't know - goto Question s

O Yes
b} If yes, which symptoms are you still experiencing? [Please select all that apply]

[l Abdominal pain

| Abdominal pain that occurs just before, during, or soon after a bowel movement
[ more frequent bowel movements than usual

L] softer than usual bowel movements

L] Soft, mushy, or watery bowel movements

[ Hard ar lumpy bowel movements
¢} Over the past 6 months, have these symptoms changed?

O No - go to Question 5
O 1don't know - goto Question S

) Yes
d) If yes, how have these symptoms changed? [Plegse select all that apply]

I_'l Symptoms are more severe
I_'l Symptoms are more frequent
Ll Symptoms are less severe

L] Symptoms are less frequent

Ll other = please specify

Please proceed to Question 5
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Participant number. 040

Q4. When did your symptoms stop? [If you con’t remember the exact date, please enter an
gpproximate date. If symptoms stopped ot different times, please list the date on which the
last symptom stopped]

Q5. What, if any, medical care have you received for your bowel symptoms in the last 6
months? [Select all that apply]

LI No medical care

Llge [general practitioner or family doctor) visit{s)
] Specialist doctor as an outpatient visitis)

U Emergency department visit

LIn ospital admission

[l other = please specify

Q6. Inthe last 6 months have you taken any medications to relieve your bowel symptoms?
O No
O Yes = specify type/s {if known)

O | don't now

Q7. Inthe last six months have your bowel symptoms stopped you going to work, school, or
being able to undertake your usual daily activities?

2 No

O ves - specify how many days you have been unable to work, go to school, or

complete your usual daily activities

O | don't know

Page 4 of 6
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Participant number. 040

Section 3. Joint symptoms

In the guestionnaire you completed last year you indicated that at that time, joint symptoms you
had experienced prior to your Salmonella infection had worsened in the following ways:

* Increasad joint pain or stiffness

* Increased joint swelling

Q8. a) Are you still experiencing any of these worsened symptoms (in comparisan to the joint

symptoms you experienced before your Salmonella infection)?
O No - go to Question 9
O ldont know - go to Question 10
O Yes

b} if yes, which worsened symptoms are you still experiencing? [Please select oll that opply]
[l increased joint pain or stiffness

[l increased joint swelling
¢} Over the past 6 months, have these symptoms changed?

O No - po to Question 10
(2} Idon't know — goto Question 10

0 Yes
d) If yes, how have these symptoms changed? [Please select all that apply]

[_] Symptoms are more severe
[_] Symptoms are less severs
L] Symptoms are affecting more previously well joints

[l other = please specify

Pleagse proceed to Question 10

09. ‘When did your worsened joint symptoms return to the same level as prior to your
Salmonella infection? [if you can’t remember the exoct date, please enter an approximate
date. if symptoms stopped at different times, please list the date on which the last symptom
stopped]

Page Sof 6
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Participant number: 040

Section 4. Future contact

010. Do you consent to being contacted by a research investigator to clarify any of the responsas
you have given to this questionnaire if required?

O Yes
O No

Section 5. Please return your gquestionnaire in the reply-paid envelope provided or via email
to: Siobhan.Tier@dhhsvic gov.au

---Thank you! ¥our participation in this research is greatly appreciated and is now complete. —

Page 6 of 6
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Preface

Background to project

This project was proposed by Joy Gregory and Zoe Cutcher of OzFoodNet Victoria. The
Victorian Food Frequency Survey (VFFS) was conducted to provide data on the
frequency with which well Victorians consumed certain food items, with the aim of
comparing this data to information collected from Salmonella case interviews (and to a
lesser extent interviews for cases of other enteric pathogens such as Campylobacter and
Shiga-toxin producing Escherichia coli (STEC)) to assist in generating hypotheses to try
and identify sources of infection. In effect, a pre-interviewed “control” database.
Although data on specific food items and/or populations of interest had been extracted
from this survey database on multiple occasions since the commencement of data
collection, the data were yet to be fully analysed and formatted into a quick-access
frequency table by food item. So that these data could be easily shared and used, it was
proposed that | transform the data into a consumption frequency table by food item,
stratified by age group, sex, and season. Following this, | conducted a series of different

analyses on the data:

1. | described the results of the survey, focussing on characterising the
consumption of high-risk foods for Salmonella infection to provide a better
understanding of who might be at most risk of exposure to foodborne Salmonella

infection in the Victorian population;

2. | assessed the difference in the consumption frequency of food items in the last
seven days and in the last three days from interview to determine whether using
a seven day trawler for Salmonella case interviews had any potential to hinder

our ability to detect sources of infection; and

3. | tested the utility of the dataset in identifying potential sources of infection by
comparing the results of a Salmonella case-case study conducted previously to a
case-control methodology using case data from the case-case study and

“control” data from the VFFS.
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My role

| conducted all data transformation and analysis for this project, with methodological

guidance from Zoe Cutcher and Joy Gregory.
Lessons learnt

This project provided a fantastic opportunity for me to become more closely acquainted
with Stata, and to develop my analysis skills in working with large datasets. In particular,

this project taught me:

e New Stata skills - including working with macros, tests of proportions, new tips
and tricks for working in Stata more efficiently, and the value of a well-

documented do-file; and

e To recognise the difference between significant and meaningful — much of my
biostatistical training has focussed on statistical significance and its importance
in defining a meaningful result. With such a large sample size in this project, |
found that most of the statistical tests | ran returned a statistically significant
result, especially when testing differences in proportions. However, this did not
always mean that those differences were meaningful in the context of the data,

so this project helped to solidify those concepts for me.
Public Health Impact

The VFFS provides valuable data not only for its primary purpose (to provide readily
available data to assist in more quickly developing hypotheses for sources of infection
during the investigation of Salmonella and other foodborne outbreaks), but also
contains a wealth of data on food consumption patterns in the Victorian population that
could be employed for many different purposes. Transferring the data into an easily
accessible and interpretable format will allow it to be shared and used more broadly. It
will also provide information on the frequency of consumption of high-risk foods for
Salmonella infection, giving us a better understanding of who might be at most risk of
infection from these foods. This project has also discovered large differences in the
consumption of many food items between three and seven days, which may inform the
design of future outbreak investigation questionnaires to improve our ability to identify

the source of infection from the data collected. The re-analysis of the Salmonella case-

139



Chapter 4: Analysis of a public health dataset

case study using VFFS data was able to identify the source of the outbreak,

demonstrating the utility of the survey data for outbreak investigations.
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Abstract

Background: The Victorian Food Frequency Survey (VFFS) was conducted between
November 2014 and October 2016 to provide data on the consumption frequency of
certain food items amongst the Victorian population, so that this data could be
compared to the food consumption frequencies of Salmonella cases and cases of other
notifiable enteric pathogens to assist in developing hypotheses for sources of infection.
The aims of this project were to transform the line-listed VFFS data into food frequency
tables stratified by sex, age group, and season; to perform a descriptive analysis of the
database examining food consumption by demographic distribution; to examine
differences in consumption of food items in the last seven days versus the last three
days from interview; and to demonstrate the utility of the VFFS in identifying potential
sources of infection by comparing the results of a recent case-case study to a case-

control methodology using “control” data from the VFFS.

Methods: The VFFS database was imported from Microsoft Excel into Stata IC 12.1 for
the extraction of data for the reference table and the descriptive and case-control
analyses. Graphs and tables were created in Microsoft Excel. Where relevant, tests of
proportions and Pearson’s chi-square tests were conducted in Stata to determine the
significance of differences in food consumption between groups. The case-control
analysis was conducted using case questionnaire data from a previously conducted case-
case study, and data from the VFFS to act as “controls”. Univariate analysis was
performed to determine the odds of consuming the various food items for cases versus
“controls”. P values less than 0.05 were considered statistically significant, and a
multivariate logistic regression analysis was performed including sex and all food items

found to be significantly associated with illness in the univariate analysis.

Results: Consumption patterns in the VFFS data varied by food group. Takeaway foods
were consumed by a higher proportion of males and young adults, while raw fresh
produce was consumed by a higher proportion of females. Consumption of foods which
have been associated with prior Salmonella outbreaks including raw cake batter, frozen
chicken strips or nuggets, and peanut butter were consumed in the highest proportions
by 0-4 year old children. Multiple commonly consumed foods had a difference of 210%

between consumption in the last seven days and the last three days from interview. The
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case-control analysis correctly identified bagged salad as being associated with illness,

but also found red onion to be statistically significantly associated with illness.

Conclusions: This analysis has provided important information on the food consumption
patterns of the Victorian population, indicating who may be most at risk of exposure to
Salmonella and other enteric pathogen infections from various food sources. The
production of an easily accessible food frequency table will facilitate a more timely
response to acute foodborne outbreaks in Victorian and possibly across Australia,
making the VFFS a valuable tool in the protection of public health. The use of a seven
day food trawler when interviewing cases of salmonellosis should be reviewed to ensure

associations are not hidden by excess food consumption data.
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Introduction

As has been described in more detail in chapters two and three of this volume,
Salmonella infection is a significant cause of gastrointestinal illness in Australia. In 2014
there were 16,358 notifications of Salmonella infection in Australia, accounting for just
over 40% of all notifiable gastrointestinal disease cases reported to the Australian
National Notifiable Diseases Surveillance System (NNDSS).! This pattern is reflected in
Victoria, which in 2016 reported 4089 cases of Salmonella infection, an increase of 23%

on the Victorian five year mean.?

Transmission of Salmonella infection in humans is predominantly through the
consumption of food and/or beverages (particularly those of animal origin)
contaminated with the faeces of an infected person or animal.® Salmonella is the
causative organism for a considerable proportion of foodborne outbreaks in Australia
each year, causing 40% of foodborne outbreaks in 2011 nationally, and 37-69% of
foodborne outbreaks in Victoria between 2012 and 2016.2428 As such, it is important that
health departments are able to quickly identify the source of a Salmonella outbreak in

order to prevent further cases.

In 2000 Australia established OzFoodNet (OFN); a network of epidemiologists in each
state and territory health department who work collaboratively to facilitate integrated
country-wide surveillance, outbreak investigation, and control of foodborne diseases.’
In Victoria, the epidemiological investigation of a Salmonella cluster or outbreak is
coordinated by the OFN epidemiologists at the Victorian Department of Health and
Human Services (DHHS). DHHS Public Health Officers (PHOs) and OFN surveillance
officers contact notified cases and administer a standardised questionnaire (Appendix
1). This questionnaire collects information the case’s illness (onset, symptoms,
treatment etc.), recent travel, contact with other possible sources of infection
(consumption of rainwater, contact with animals and sewage etc.), and food
consumption. Depending on the type of investigation, a three day food history (detailing
all food items consumed in the last three days from the day of interview) and/or a seven
day food trawler questionnaire (where the case is asked whether they have consumed
any of a list of food items in the last seven days) are completed (Oral communication,

OzFoodNet Victoria Epidemiologist, September 2017).
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In rare instances, the source of infection in a cluster or outbreak is clearly identified. This
usually only occurs when cases report having eaten at a common place, such as a
particular restaurant, or having consumed an uncommon food item like unpasteurised
milk, in their incubation period. However, when the source of infection is a commonly
consumed food item, such as chicken or tomatoes, it is more difficult to identify the
source of infection, which inhibits the ability of the health department to prevent further
exposure and illness. In this situation, one solution is to compare the frequency with
which cases consume certain food items to the frequency with which well people
consume the same food items over the same time period. This can be done by
conducting retrospective case-control or cohort studies, but as these studies are very
time and resource intensive and require a working hypothesis for the source of infection,

it is often not feasible or possible to conduct them.

To assist in developing hypotheses for these cluster and outbreak investigations,
OzFoodNet Victoria commissioned the Victorian Food Frequency Survey (VFFS). The
survey was designed to collect the same food consumption information as collected by
the standardized Salmonella questionnaire. The aim of the survey was to collect food
frequency information from well Victorian residents to which Salmonella case
guestionnaire responses could be compared, assisting OzFoodNet to more rapidly
develop hypotheses for sources of infection during investigations. A total of 4008
participants were interviewed between November 2014 and October 2016. Data from
the survey have been used during multiple outbreak investigations in Victoria and in

other Australian states.

Until the commencement of my project, where required, food consumption data had
been extracted from the line-listed VFFS database and converted to food frequency
tables, as the entire dataset had not been transformed into food frequency tables. The
dataset had also not been descriptively analysed, and no tests of its utility performed.

As such, the aims of this data analysis project were threefold:

1. To create food frequency tables containing all of the VFFS food consumption
data listed by food item, stratified by seven day and three day consumption, age
group, season, and sex, so that this data is readily accessible for analysis and

distribution where required;
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2. To perform a descriptive analysis of the data, examining food consumption by
demographic variables; most commonly consumed food items; consumption of
‘high risk’ food items for Salmonella and other foodborne infections such as eggs,
chicken meat, and raw fresh produce; and differences in consumption of food

items in the last seven days versus the last three days from interview; and

3. To demonstrate the utility of the VFFS in identifying potential outbreak sources
by comparing the results from a previously conducted Salmonella case-case
study to results obtained from employing a case-control methodology using case

data from the case-case study and “control” data from the VFFS.

Methods

VFFS

Interviews for the VFFS took place between November 2014 and October 2016 and were
conducted by The Social Research Centre, funded by OzFoodNet Victoria. Potential VFFS
participants were recruited from a ‘control bank’ of Victorian residents who had
participated in the Victorian Population Health Survey (VPHS) in 2014 and 2015 and who
agreed at that time to be registered in a database for participation in further health
surveys. Participants for the 2014 and 2015 VPHS surveys were recruited through
random digit dialling (RDD), using a RDD sample of Victorian landline and mobile
telephone numbers provided by a commercial list provider. Participants were required
to be residents of a private dwelling in Victoria who were 18 years or older. Victorian
residents who were under 18 years old, who were homeless or itinerant, in a hospital or
institution, who were unable to complete the survey due to disability or frailty, or who
spoke a language other than the eight community languages for which translators were
provided (ltalian, Greek, Mandarin, Cantonese, Vietnamese, Arabic, Turkish and Serbo-

Croatian), were excluded from the survey.

Potential VFFS participants were selected from the VPHS database to reflect the basic
demographics (age, sex, and residential (metropolitan and non-metropolitan)
distributions) of Salmonella infections notified to the DHHS between 2008 and 2013. As
the VPHS did not recruit participants under 18 years of age, consumption frequency
information for children was collected by asking those who were contacted to

participate in the VFFS whether there were any children under the age of 18 years living
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in their household, and depending age group quota requirements, then asking whether
they would complete the survey on the child’s behalf instead of completing it for
themselves. For children aged 15-17 years, parents were asked for consent to interview
the child, and the child was then interviewed directly. If a parent did not want to
complete the questionnaire on behalf of their child or did not want their child to

participate, they were then asked if they wanted to participate themselves.

Given the seasonality of many food items, interviews were conducted uniformly over
the two year time period of the VFFS, with approximately the same number of
interviews completed in each month. VFFS questionnaires were administered via
computer-assisted telephone interviewing (CATI). When first contacted, participants
were asked whether they (or the child they were answering for) had experienced
gastrointestinal symptoms of vomiting and/or diarrhoea in the previous seven days. If
they had, they were ineligible to participate in the study and either another household
member (who had not been sick) was interviewed, or the interview was terminated. If
eligible to continue, participants were asked whether they had consumed a list of
specific food items within the seven days prior to their interview. If they answered ‘yes’
to having eaten any of these food items, they were then asked whether they had eaten
this food item within the previous three days. For some foods, further questions were
asked about how the foods were eaten (e.g. raw or cooked) and in what state the foods
were purchased (e.g. pre-packaged or loose from a deli). The 253 food items included in
the questionnaire were the same as those in the standardised Salmonella seven day
food trawler questionnaire used to interview cases of Salmonella infection in Victoria

(Appendix 1). Interviews were not conducted in languages other than English.
Food frequency tables

Interview data from the VFFS were provided to OzFoodNet Victoria epidemiologists in a
line listed Microsoft excel file, complete and with no missing data. This data was
imported into Stata IC 12.1 (StataCorp, 2011. College Station, TX) for the extraction of

data for the food frequency tables and the descriptive and case-control analyses.

Sixteen infant participants whose parents reported that they only drank breast milk in
the seven days prior to interview were excluded from the food frequency tables and

from all food-based analyses, leaving 3992 participants. For the purposes of these
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analyses, in rare instances where a participant had refused to answer a question, these
responses were considered an unknown response. Unknown responses accounted for

less than 1% of all participant responses for any food item.

To create the food frequency tables, the data was first analysed to determine whether
there were statistically significant differences in the consumption of major food groups
by month or season of interview, in order to decide whether the data over the two year
period could be pooled by season. Data were then extracted from Stata by age group,
sex, and season (pooled) for each food item and transferred into Microsoft Excel
frequency tables. Within the food frequency Excel workbook, eight tables (in eight
separate tabs) were created: one for all participants, and seven different tabs for each
age group. The seven age groups used were the same as those used in the VFFS survey,
as the age in years of participants was not collected. In each table (tab) consumption
frequency data was listed by food item and separated into season blocks. The data was
grouped by seven day and three day responses with Yes, No, and Unknown frequencies,
and an additional column detailed the proportion who answered yes to consuming the
food item. Frequencies were provided for each sex separately and both sexes together.

A cumulative block for all seasons combined was also included in each table.
Descriptive analysis

The descriptive analysis was performed in Stata IC 12.1 and graphs and tables were
created in Microsoft Excel. Analyses were performed using only consumption data from
the last seven days from interview to be consistent with the Salmonella trawler
guestionnaire, except where seven and three day food histories were compared. Where
relevant, tests of proportions and Pearson’s chi-square tests were conducted in Stata to
determine the significance of differences in food consumption between groups. Where
relevant for these tests, winter was used as the reference season, and the 18-34 year

age group was used as the reference age group.

Although a major food group, fruits and vegetables were not included in the initial ‘skip’
guestions applied to the other major food groups in this study (meat, deli meat, fish,
seafood, milk, cheese, eggs, nuts, and takeaway food), so equivalent variables were
created for the purpose of including these foods in the analyses of the other major food

groups. A participant was considered to have consumed any fruits or vegetables in the
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last seven days if they answered yes to consuming any individual fruit or vegetable food
item in the last seven days from their interview. Anyone who did not answer ‘yes’ to
eating any fruit or vegetable food items in the last seven days before their interview has
been assumed not to have eaten them for the purposes of this analysis, but it is
acknowledged that some of this data may actually be ‘unknowns’ as opposed to
definitive ‘no’ responses. It is also important to note that as participants were not asked
whether the fruit items they ate were consumed raw or cooked, for the purposes of this
analysis it is assumed that all fruits have been eaten raw. However, it recognised that
this may not always be the case, especially for infants who often consume fruit which

has been cooked and puréed.
Case-control analysis

The case-control analysis was conducted using data from outbreak investigation
guestionnaires administered to Salmonella Anatum cases at the time of the original

outbreak and data from the VFFS as “controls”.

The outbreak of Salmonella Anatum occurred between December 2015 and February
2016, and was associated with the consumption of bagged salad mix. There were 311
confirmed cases identified across Australia, of whom 79% (n=247) were Victorian
residents. A case-case study was conducted at the time of the outbreak to test the null
hypothesis that there was no association between confirmed cases of Salmonella
Anatum and consumption of bagged salad mix. “Controls” in the case-case study were
laboratory-confirmed cases of cryptosporidiosis or campylobacteriosis with specimen
collection dates between January and February 2016. Cases were defined as a person
who had Salmonella Anatum with the outbreak sequence (on whole genome
sequencing) isolated from a faecal specimen, who was a resident of Victoria with a
specimen collection date after 14 January 2016 and before 11 February 2016. Eighty-

eight “controls” were recruited, frequency-matched by age to the 64 recruited cases.

For the case-control analysis using VFFS data, “controls” were all VFFS participants who
were interviewed in the months of December or January (representing the months that
the majority of cases had their onset dates) and who were over 18 years of age, as all
cases were aged 19 years or over. As the initial case-case study questionnaire only

contained 46 variables from the standardized seven-day trawler, only food items
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included in both datasets were included in the case-control analysis. As it had been for
the original case-case study, the null hypothesis of the case-control analysis was that
there was no association between confirmed cases of Salmonella Anatum and

consumption of bagged salad mix.

|II

Case and “control” data were imported from Microsoft Excel into Stata IC 12.1 for
analysis. As performed in the original case-case study, univariate analyses, including the
calculation of odds ratios, 95% confidence intervals, and 2-sided Fisher exact P values
were performed to determine the odds of consuming the various food items for cases
versus “controls”. P values <0.05 were considered statistically significant, and a

multivariate logistic regression analysis was performed including sex and all food items

found to be significantly associated with illness in the univariate analyses.

The above analyses were performed on two different datasets. One dataset included all
cases and all participant records in the VFFS meeting the above criteria as “controls”.
The other dataset included all cases but only 88 randomly selected VFFS “controls”
meeting the above criteria, frequency matched by age to cases, as per the original study
design. The VFFS participant records included in this dataset were selected by randomly
generating a number for each “control” record in Microsoft Excel, sorting these numbers
by smallest to largest by age group, and selecting the first records in each age group as

proportional to cases.
Ethics

The VFFS received ethics approval from the Victorian DHHS Human Research Ethics
Committee (HREC), and as this project was not outside the scope of the VFFS’ approved

purpose, ethics approval was not required for this project.

Results

Food frequency tables

As the food frequency tables created were very large and could not be easily displayed
in this report, an example of the layout of the food frequency tables has been provided

in Figure 1 below, with just one season and a selection of food items represented.
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Figure 1: Example of layout of VFFS food frequency tables

Summer

Last 7 days Last 3 days

FOODS
All persons Males Females All persons Males Females

Yes No Unk % Yes Yes No Unk 9% Yes Yes No Unk % Yes Yes No Unk % Yes Yes No Unk % Yes Yes No Unk % YVYes

Deli Ham

Pre-packaged

From deli or sliced to order
Unknown

Celery

Raw

Cooked

Unknown

Honeydew melon
Watermelon

Peanuts

Almonds

Descriptive analysis

Participant demographics

The VFFS database contains 4008 records. Sixteen infants were excluded from these

analyses as their parents reported they were exclusively breastfed, leaving 3992 records.

Overall the sex distribution of the dataset is equal (1996 males and females), but this
does vary by age group, with a higher proportion of males in the younger age groups,
and a higher proportion of females in the older age groups (Figure 2). The sex
distribution by age group remains similar across the seasons. The ratio of non-
metropolitan to metropolitan participants was 1:2.3 overall, and this remained stable
over the seasons. However, the ratio did vary across age groups, from 1:1.7 in the 15-17

year olds to 1:3.3 in the 18-34 year olds (Figure 2).

Figure 2: Number of VFFS observations by age group, sex, and residential location
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Consumption of major food groups

Consumption tables for major food groups by season, sex, age group, and location with

P values for tests of difference in consumption can be found in chapter Appendix 2.

By vear and season

The differences in the consumption proportions of major food groups between the two
years by season was minimal (Figure 3). As such, it was decided that the seasons in the

two years could be pooled in the reference table and for all following analyses.

Figure 3: Differences in the proportion of people who consumed major food groups by season and
year of data collection

Summer Autumn

% of participants
% of participants

MYear1 MYearl

W Year 2 W Year 2

5 X N @ & & x& A
I « 5 ?}%&?’ & N “e,@" (&%’ Q.‘-‘"‘. & ,s!p
«F & &
Major food groups
Winter Spring

WYear 1 HYear 1

% of participants
% of participants

W Year 2 W Year 2

X D P D e L o & R
\S\"? P ’;\co \,p\?’ q\\) K ‘\eg,a 937% @)‘ 6&6\ &‘!@
(’zA&' o Qé\ <"
Major food groups Major food groups

No seasonality in the consumption of major food groups was observed (Figure 4). Results
of a chi square test found that only the consumption of fish was significantly different
over the seasons as a whole (P value = 0.002). Looking closer by seasons individually, the
reason for this overall difference was a significantly different consumption of fish in both
autumn and spring compared to winter (Figure 4). Although significant, these
differences in consumption by season were not large, with fish being consumed by 50%
of participants in winter, and by 58% and 57% of participants in autumn and spring

respectively.
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Figure 4: Consumption of major food groups by season
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Major food groups

Differences in consumption proportions between males and females were statistically

significant for most major food groups. Males consumed significantly more meat, deli

meat, and milk, while females consumed significantly more vegetables, fruit, and nuts.

However, for the most part these differences in consumption proportions were small

(Figure 5). The largest difference observed was in the consumption of takeaway foods,

with 64% of males and only 52% of females reporting consumption of takeaway foods

in the last seven days.

Figure 5: Consumption of major food groups by sex
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By age group

Consumption proportions for the majority of major food groups were also found to be
significantly different between age groups, however as with gender, although significant

many of these differences were not large (Figure 6).

Figure 6: Consumption of major food groups by age group
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By residential location

Differences in the consumption of foods between metropolitan and non-metropolitan
participants varied by food group (Figure 7). The largest and most significant differences
were in the consumption of seafood and of nuts, which were consumed by 8-9% more

metropolitan dwelling participants than non-metropolitan participants.
Figure 7: Consumption of major food groups by residential location
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Most commonly consumed foods

Consumption tables for the top twenty foods consumed by sex, season, and age group

can be found in chapter Appendix 3.

By sex

The top twenty food items consumed by VFFS participants did not differ substantially
between males and females. Indeed, there was minimal difference in the top ten food
items consumed by males and females (Figure 8), though the following ten food items
did start to differ slightly, with more females consuming yogurt, cucumber, strawberries

and pumpkin, and more males consuming beef mince and other beef products.
Figure 8: Consumption of top ten most consumed food items by sex
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This situation was similar when the top twenty food items were examined by season.
The first 17 food items were largely the same and were consumed by similar proportions
of participants across all seasons. The final three items in the list, however, were quite
different: in summer and spring strawberries were consumed by a higher proportion of
participants; grapes were consumed by a higher proportion in summer and autumn;
mandarins were consumed by a much higher proportion in winter; and pumpkin was

consumed by more participants in autumn and winter (Figure 9).
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Figure 9: Consumption of selected food items by season
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The top twenty food items varied to a greater degree across age groups, both in terms
of consumption proportions and food items included in the list. While the food items
included in the top 10-15 were largely similar for each group, consumption proportions
for each food item were quite different across the age groups (Figure 10). For example,
bananas were consumed by 73% of participants overall, but this ranged from 87%
amongst 0-4 year olds, to 62% amongst 15-17 year olds. Apples were also consumed by

a higher proportion of those aged 0-14 years.

As observed between the sexes and the seasons, variation increased between age
groups further down the top twenty list. A much higher proportion of 0-4 year olds
consumed grapes and sultanas than all other age groups, while a much higher
proportion of 5-14 year olds and 15-17 year olds consumed ice-cream from a tub. A
higher proportion of those aged between 15 and 34 consumed commercial bottled

water, and celery was consumed by a much greater proportion of those aged 75 or over.

Figure 10: Consumption of top ten most consumed food items by age group
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Consumption of high-risk foods for Salmonella infection

Eggs

The consumption of any eggs in the last seven days from interview was not significantly
different between the sexes, nor between the seasons (Figures 4 and 5 ), but did vary to

a greater extent between age groups (Figure 11).
Figure 11: Proportions of egg consumption by age group and consumption location
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Eggs that were eaten at home were relatively consistently consumed across all seasons
and by both sexes. Across age groups, eggs were eaten at home by a marginally higher
proportion of participants in the 35 years and over age groups than in the younger age
groups (Figure 11). Eggs eaten away from home were also consumed consistently across
the sexes and the seasons, though were consumed by many fewer participants. Again,
consumption was highest in the older age groups, particularly those aged between 18
and 54. The vast majority of eggs consumed by participants overall, both at home and
away from home, were chicken eggs. Only 0.6% of participants reported eating duck,
guail, or unknown eggs at home, and only 0.2% reported eating any of these other eggs

away from home.

The most popular method of cooking eggs differed by age group and by consumption
location (at home or away from home). Eggs eaten at home were predominantly
scrambled for those aged 0-4, fried for those aged 5-74, and boiled or poached for those
aged 75 years and above (Figure 12). A higher proportion of those in younger age groups
(aged 0-14) consumed their eggs eaten at home with a hard consistency than with a soft

or runny consistency, while a soft consistency was more popular in participants aged
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over 75 years. Those aged 18-34 years had the least difference between the
consistencies of eggs consumed. For eggs eaten away from the home, a hard consistency
was again more popular in participants 0-14 years of age, but also in those aged 35 years
and above (Figure 13). Runny eggs eaten away from home were consumed most by
those aged between 18 and 74 years of age, and the most popular method of cooking

for those aged 18-54 changed from frying to poaching.

Figure 12: Cooking method and consistency of eggs eaten at home by age group
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Figure 13: Cooking method and consistency of eggs eaten away from home by age group
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Cooking method and consistency

Overall, 1.9% of VFFS participants reported that any of the eggs they had consumed had
been raw, with those in the 18-34 years and the 5-14 years age groups having the highest
proportion of raw egg consumption at 2.7%, and those aged 75 years and over having

the lowest at 0.7%. Food items that often contain raw or low-cooked eggs were
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consumed by 19.6% of VFFS participants overall, but consumption of these items also
varied by age group (Figure 14). Uncooked cake batter was consumed by the highest
proportion of participants overall (4.9%), and by age group was consumed by the highest
proportion of participants in the 0-4 and 5-14 year age groups, declining in the older age
groups. Hollandaise/béarnaise sauce was the next most consumed overall, with a clear
peak in the 18-34 year age group. Chocolate mousse was the third most commonly

consumed, with consumption again highest in the 18-34 year age group.

Figure 14: Consumption of food items that often contain raw or low-cooked eggs by age group
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Food items that commonly contain raw egg

The extent to which these food items were known to contain raw eggs when consumed
varied by food item (Figure 15). Overall, 39.4% of VFFS participants that had consumed
foods made with raw egg reported that they were aware the food item contained raw
egg, while 27% didn’t know whether it had. By item, almost 5% of VFFS participants
consumed uncooked cake batter, and 91% of those participants were aware that it
contained raw eggs when consumed. Conversely, almost 4% of participants consumed
hollandaise/béarnaise sauce, and only 19.5% of them stated that that they knew it
contained raw eggs, while 57.1% did not know whether it contained raw eggs. This was
similar for tiramisu and chocolate mousse, with more than half of those who consumed

these items not knowing whether they contained raw eggs when consumed (Figure 15).
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Figure 15: Consumption of food items that often contain raw or low-cooked eggs by whether
participants knew if the item contained raw egg when consumed
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Food items that often contain raw or low-cooked egg

Chicken meat

Overall, 78.5% of VFFS participants reported having consumed a chicken meat food item
(including whole chicken, chicken pieces, chicken deli meat, and takeaway chicken) in
the seven days prior to interview. There was no difference in consumption greater than
5% between males and females, nor between the seasons. Consumption proportions of
any chicken meat food items overall and individual chicken meat items did vary to

greater extent by age group (Figure 16).

Almost 90% of participants aged 5-14 years consumed a chicken meat food item in the
last seven days from interview, while only 58% of those aged 75 years or over did.
Chicken pieces purchased raw and prepared and cooked at home was the most
commonly consumed chicken meat food item in all age groups, while chicken mince was
the least commonly consumed by all. Cooked takeaway chicken was eaten by higher
proportions of participants in the 15-17 and 18-34 year age groups, and frozen chicken

strips or nuggets were consumed by a much greater number of 0-4 year olds (Figure 16).
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Figure 16: Consumption of chicken meat food items by age group

70
60
2
c
S 40
£ W 55-74
© 30
o
[ | -
S 20 35-54
X _— _— —_— —_— 18-34
0 - - N = ==
Chicken Whole Chicken Other  Deli chicken Cooked Frozen 514
pieces chicken mince chicken meat takeaway  chicken
purchased purchased purchased purchased chicken strips or m0-4
raw raw raw raw nuggets

Chicken meat food items

For chicken meat food items purchased raw and cooked at home, information was also
collected on whether the meat was pink when consumed. Overall, 5% of VFFS
participants ate the chicken meat they had purchased raw and prepared at home pink,
while 0.9% didn’t know whether the meat was pink when they consumed it. There was
no significant difference in consumption of pink meat between males and females, nor
between age groups. Chicken mince was consumed pink by the highest proportion of
people who ate it at 6.5%, while for all other meats purchased raw and prepared at

home this proportion was closer to 4%.

Raw fresh produce

Overall, 99% of VFFS participants ate raw produce in the last seven days from interview,
with females eating only marginally more than males (99.6% vs 98.5%). Raw vegetables
were consumed by 92.5% overall, with females again consuming slightly more than
males (94.3% vs 90.8%), and raw fruit was consumed by 99.3% overall (females 99.6%.

males 98.9%).

Consumption of any raw produce overall did not vary by season, and neither did the
consumption of raw vegetables. The top ten raw vegetables consumed by participants
overall only varied slightly by season, and this was true for almost all raw vegetables

consumed (Figure 17).
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Figure 17: Consumption of the top ten raw vegetables by season
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The consumption proportions for raw fruit, however, varied to a greater extent between
the seasons. Although bananas and apples retained the top two positions across all
seasons, fruits further down the list changed considerably, especially between summer
and winter (Figure 18). For example, nectarines and mangoes were consumed by 31.4%
of participants in summer, but did not make the top ten raw fruits consumed in any
other season. Conversely, mandarins were consumed by a much higher proportion of
participants in winter (50.1%) compared to autumn and spring (21.7% and 28%

respectively).
Figure 18: Consumption of selected raw fruits by season
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Consumption of raw vegetables also did not vary substantially by age group, though
loose salad mix was consumed by a higher proportion of those in the 18-34 and 35-54
year age groups, and raw tomatoes were consumed by a higher proportion of those in

the 55-74 year age group (Figure 19). The order of the top ten raw vegetables was also
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very similar for both sexes, but a higher proportion of females consumed most raw
vegetable items. By food item, cucumbers and avocados in particular were consumed
by more females. Within age groups this pattern was particularly prominent in the 15-
17 year age group, with the majority of raw vegetable food items consumed

considerably more by females than males (see Table 8, Appendix 3).

Figure 19: Consumption of the top ten raw vegetables by age group and sex
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Top ten raw vegetables

As with raw vegetables, the consumption of raw fruit did not vary substantially by age
group, though some trends in consumption can be seen for particular items. For
example, lemons were consumed by a much higher proportion of participants in the 18-
34, 35-54, and 55-74 year age groups, and were consumed by a substantially greater
proportion of females than males (Figure 20). Strawberries were also consumed by a
much higher proportion of females than males, and as seen for raw vegetable
consumption, a higher proportion of females consumed most raw fruit items to varying

degrees.
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Figure 20: Consumption of the top ten raw fruits by age group and sex
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Consumption of other raw fresh produce items that have previously been associated
with Salmonella outbreaks in Australia and/or overseas was mostly similar across the
seasons, except for mangoes and rockmelons which were consumed by a higher

proportion of participants in summer (Figure 21).

Figure 21: Consumption of raw fresh produce food items previously associated with Salmonella
outbreaks by season
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Raw fresh produce

Most of these fresh produce items were also consumed in similar proportions across all
age groups and by both sexes, although raw chilli was consumed by higher proportions
of participants in the 18-34 and 35-54 year age groups, and rockmelon and mango were
consumed by slightly more females than males (Figure 22). Some notable differences in

consumption between the sexes were also observed within age groups: rockmelon was
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consumed by 15.7% more females than males in the 15-17 year age group; and mango
was consumed by 5.8% more females in the 18-34 year age group (see Table 11,

Appendix 3).

Figure 22: Consumption of raw fresh produce food items previously associated with Salmonella
outbreaks by age group and sex
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Deli meats

Overall, 44% of VFFS participants consumed at least one type of deli meat in the last
seven days from interview. Consumption did not vary by season, but a significantly
higher proportion of males consumed deli meats compared to females (47.4% vs 40.7%).
Broken down by age group, the difference in consumption of deli meats overall in males
and females was only found to be significant for the 18-34 year age group, where 44%
of males and only 32% of females consumed deli meats in the last seven days from

interview.

The highest proportion of deli meat consumption overall was in those aged 15-17 years
(Figure 23). Ham, bacon, and salami were consistently reported as the top three deli
meats consumed in all age groups, with consumption of these meats consistently
highest in the 5-14 and 15-17 year age groups. Deli kabana, chicken, and strasburg were
also consumed by a higher proportion of participants in these age groups, while deli
frankfurts were consumed by a higher proportion of participants in the 0-4 and 5-14

year age groups.
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Figure 23: Consumption of the top ten deli meats by age group and sex
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A higher proportion of those who consumed deli meats purchased their meats from the
deli or sliced to order rather than pre-packaged (Figure 24). This pattern was consistent
across age groups and sexes, and applied to the majority of deli meats. Bacon and
pepperoni were exceptions, generally purchased in similar proportions pre-packaged
and from the deli or sliced to order, though over 25% of those who consumed pepperoni

didn’t know how it was purchased.
Figure 24: Source of purchase for the top ten deli meats*
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*Proportions may equate to more than 100% as participants who consumed deli meat food items could
report multiple sources of purchase
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Nuts and nut spreads

Overall, 68% of VFFS participants reported eating nuts or nut spreads in the last seven
days from interview. Overall consumption was similar across the seasons and between
sexes (67% of males and 69% of females), but there was considerable variation in the
consumption of individual nut food items between the sexes (Figure 25). The
consumption of cashews, walnuts, and almonds especially was higher in females, but
slightly more males than females consumed peanuts. There was also a significant
difference in nut consumption across age groups (Figure 25). Those in the 18-34, 35-54,
and 55-74 years age groups had the highest consumption of most nuts in fairly similar
proportions, while hazelnut spread was consumed by a greater proportion of those in
the younger age groups (0-17 years), and participants aged 0-4 years had the highest

consumption of peanut butter.

Figure 25: Consumption of nuts and nut spreads by age group and sex
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Nuts and nut spreads

Sesame seeds and sesame seed products

Overall, sesame seeds or sesame seed products were consumed by 26.4% of VFFS
participants, with consumption slightly higher in females (29.3% of females and 23.5%
males overall). Consumption did not vary substantially by season, but did vary by age
group, with a range in consumption proportions of 30.5% in those aged 35-54 years and
16.8% in those aged 75 years or older. When broken down by individual sesame seed
food items, hommus and sesame seeds were the most frequently consumed, with a
greater proportion of participants in the 35-54 years and 55-74 years age groups

consuming sesame seeds, and a greater proportion of participants aged between 18 and
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54 years consuming hommus (Figure 26). Both tahini and halva were consumed by a
smaller proportion of participants (4.6% consuming tahini, and 1% consuming halva),
and both were consumed in the highest proportion by those aged 35-54 years. Sesame
seeds, tahini, and hommus were all consumed by a higher proportion of females than

males, while halva was consumed in very similar proportions by males and females.

Figure 26: Consumption of sesame seeds and sesame seed products by age group and sex
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Unpasteurised milk and cheese

Only 2% of VFFS participants overall consumed unpasteurised milk or cheese in the last
7 days from interview, and consumption was slightly higher in females than males (2.2%
vs 1.8%). Consumption did not vary substantially by season, but a significant difference
(P value = 0.007) was found in consumption between metropolitan and non-
metropolitan participants. This difference was more pronounced in some age groups,
though consumption remained low in all groups (Figure 27). Unpasteurised milk
accounted for the majority of this consumption at 1.7% of participants, while cheese

made from unpasteurised milk was consumed by 0.4% of participants.
Figure 27: Consumption proportions of unpasteurised milk and cheese by age group and location
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Differences in consumption of food items between the last 7 days from interview

and the last 3 days from interview

As mentioned previously, the VFFS collected information on the consumption of food
items in both the last seven days from interview and in the last three days from interview
for each food item (where relevant). A comparison was made to determine whether
there were any large differences in consumption in the last three days compared to the
last seven days. Table 1 below shows the food items that had a difference of 10% or
greater between the proportion of participants who consumed the item in the last seven
days from interview and the proportion of participants that consumed the item in the

last three days from interview.

Table 1: Food items with a difference 210% between proportion of participants who had consumed
the item in the last seven days, and proportion of participants who had consumed the item in the last
three days, from the day of interview

% Ate  Difference % Ate  Difference

Food item 3 days >10% Food item EX:EVH 210%

Chicken pieces 61.5% 36.7% 24.8% Parmesan cheese 324%  20.9% 11.5%

Other beef 46.5% 23.1% 23.4% Cucumbers 52.0%  40.6% 11.4%

Beef mince 51.4% 28.2% 23.1% Deli Ham 38.9% 27.4% 11.4%
Eggs eaten athome 68.9% 50.0% 19.0% Apples 67.9%  56.6% 11.2%
Broccoli 58.1% 41.4% 16.6% Celery 31.5%  20.5% 11.0%

Lamb 34.6% 18.4% 16.3% Tomatoes 73.2% 62.3% 10.9%

Potatoes 82.2% 68.2% 14.0% Carrots in a sealed bag  59.0%  48.3% 10.7%

Fresh or frozen fish  28.8%  15.1% 13.8% Deli Bacon 27.6%  16.9% 10.7%
Strawberries 45.7% 33.2% 12.5% Other Onions 50.1%  39.5% 10.5%
Green beans 38.5% 26.2% 12.3% Cauliflower 32.1%  21.6% 10.5%
Zucchini 33.6% 21.4% 12.2% Other chicken 20.0% 9.5% 10.5%
Red capsicum 43.7% 31.5% 12.2% Avocado 41.8%  31.6% 10.2%
Chocolate 67.8%  55.8% 12.0% Whole chicken 18.5% 8.3% 10.1%

Pork 24.8% 13.1% 11.8% Sauces / chutneys 55.6%  45.6% 10.0%

Pumpkin 43.5% 27.5% 16.0% Sweet potatoes 31.1%  20.3% 10.8%
Sausages 33.9% 18.0% 15.9% Ice cream from a tub 38.4%  27.7% 10.7%

Mushrooms 37.7%  26.0% 11.7%

Chicken pieces (e.g. breast, thigh, wings) that were purchased raw and prepared and
cooked at home had the greatest difference (almost 25%) between seven day and three
day consumption. Beef mince and other beef cuts followed closely at 23%, and the
consumption proportions of eggs eaten at home were also quite different at 19%. All
differences presented in Table 1 were found to be strongly statistically significant (P

values <0.00001). These differences remained largely consistent over the seasons and
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by sex, both in regards to the items that had the most difference in consumption, and
with a similar number of items with 210% difference. Though mostly similar to the list
in Table 1 above, there was some variation in the number of items with a ten per cent
or a greater difference across the age groups, and the 75+ year age group was found to

have many fewer items with a ten per cent or greater difference (Figure 28).

Figure 28: Number of food items with a difference in consumption of 210% between the proportion of
participants who had consumed the item in the last seven days, and the proportion of participants
who had consumed the item in the last three days, from the day of interview
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For all ages combined, food items with a difference of ten per cent or more in
consumption between seven and three days from interview represent approximately
13% (n=33) of all the food items included in the VFFS. If this list was expanded to include
differences of five per cent or greater across all age groups, the list would represent
approximately 38% (n=96) of food items in the survey. This indicates that there is a
significant amount of variation in what people consume in a seven day and a three day

period, varying slightly by age group.
Case-control analysis

When using all relevant VFFS participant as “controls”, the univariate analysis found that
cases of Salmonella Anatum had statistically significant increased odds for consumption
of bagged salad, red onion, and takeaway sandwiches, of which bagged salad had the
highest odds ratio (2.87) (Table 2). When included with sex in the multivariate analysis
(logistic regression), these increased odds remained statistically significant with no

major change to the odds ratios (Table 2).
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Table 2: Results of univariate and multivariate analyses for case-control study with all VFFS “controls”

Univariate Analysis

Food item Odds ratio Confidence interval P value
Bagged salad 2.87 1.60-5.23 0.0001
Red onion 2.71 1.46-4.94 0.001
Takeaway Sandwich 2.32 1.20-4.35 0.007

Multivariate Analysis

Food item Odds ratio Confidence interval P value
Bagged salad 2.6 1.46-4.63 0.001
Red onion 2.45 1.33-4.50 0.004
Takeaway Sandwich 2 1.04-3.9 0.038

The results were similar when the same analyses were applied using only 88 randomly
generated VFFS “controls” frequency matched by age as per the original case-case study
design. The univariate analysis found that cases of Salmonella Anatum had statistically
significant increased odds for consumption of bagged salad, red onion, and takeaway
sandwiches, but red onions had the highest odds ratio at 3.64 (Table 3). When included
with sex in the multivariate analysis (logistic regression), the odds ratios remained
statistically significant for bagged salad and red onion, but not for takeaway sandwiches.
Red onion had a higher odds ratio and a smaller P value than bagged salad, but had a

slightly larger confidence interval (Table 3).

Table 3: Results of univariate and multivariate analyses for case-control study with 88 randomly
selected, age matched VFFS “controls”

Univariate analysis

Food item Odds ratio Confidence interval P value
Bagged Salad 2.5 1.21-5.18 0.008
Red Onion 3.64 1.54-8.85 0.002
Takeaway Sandwich 2.39 1.01-5.7 0.044

Multivariate analysis

Food item Odds ratio Confidence interval P value
Bagged Salad 244 1.19-4.97 0.014
Red Onion 3.26 1.40-7.56 0.006
Takeaway Salad 1.87 0.78-4.47 0.158

For comparison, the statistically significant results from the univariate analysis and the
results of the multivariate analysis from the initial case-case study are provided in Table

4. Takeaway sandwiches were found to be significantly associated with illness in the
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univariate analysis, but red onions were not. Red capsicum, lettuce eaten out, and
bagged salad products were included with sex in the multivariate analysis, and only the
lettuce food items remained significantly associated with illness.

Table 4: Results of univariate and multivariate analyses from the original case-case study

Univariate Analysis

Food item Odds ratio Confidence interval P value
Any takeaway food 2.63 1.21-5.68 0.007
Take away sandwiches/rolls/wraps 2.49 1.02-6.21 0.027
Takeaway sandwiches/rolls/wraps with lettuce 3.41 1.25-9.87 0.007
Red capsicum 3.32 1.55-7.14 0.0007
Any lettuce eaten out 3.51 1.65-7.54 0.0003
Any bagged salad products or mixes 3.61 1.72-7.64 0.0002

Multivariate analysis

Food item 0Odds ratio Confidence interval P value

Red capsicum 2.14 0.96-4.77 0.063

Any lettuce eaten out 3.25 1.44-7.35 0.005

Any bagged salad products or mixes 3.19 1.45-7.05 0.004
Discussion

This analysis has demonstrated the utility of VFFS, not just in its intended function as a
database of control food frequencies, but in providing valuable information on the food
consumption patterns of the Victorian population, giving an indication of who might be
at most risk of infection with Salmonella and other enteric pathogens from different

food sources.

The consumption of major food groups was found to be largely similar by season and
sex, although takeaway food consumption was much higher in males. This finding is
consistent with other studies examining the consumption of takeaway foods in
Australia,'%!! and is likely related to the well-documented finding that females have
more awareness and knowledge of healthy eating and nutrition, which may result in
healthier eating habits.'?'* These studies also found that younger age was associated
with a higher frequency of takeaway consumption, with a study by Mohr et al. finding
that a negative association was most prominent after the age of 45.19 This finding is
similar to the pattern observed in the VFFS data; a considerably smaller proportion of

those in the two oldest age groups consumed takeaway than in the younger age groups,
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and this decline began in the 35-54 year age group after a peak in those aged between
five and 34 years. Multiple outbreaks of Salmonella and other foodborne pathogens
have been associated with fast-food or takeaway establishments,'>® so it is important
to be aware that younger males are at greater risk of infection from these sources,
especially as this demographic are acknowledged to be less likely to seek healthcare if

unwell and consequently less likely to be identified in an outbreak investigation.'’

Eggs were consumed by very similar proportions of males and females, and by similar
proportions across the age-groups overall. However, as eggs are a high-risk food for
Salmonella infection, and particularly those consumed semi-cooked or raw and outside
the home,® it was important look in more detail at their consumption patterns in the
population. The VFFS data suggests that consumption of eggs at home is relatively
similar across sexes and age groups, and that while a high proportion of people in all age
groups consume their eggs with a soft (not fully cooked) consistency, an even higher
proportion generally consume them hard (fully cooked). Eggs eaten outside the home,
however, were consumed by a much higher proportion of people in the 18-34 year age
group, and a lower proportion of participants in this age-group ate their eggs away from
home fully cooked. This suggests that those aged 18-34 might be at most risk of
Salmonella infection from outbreaks in commercial food settings. Consumption of raw

eggs either inside or outside the home was low across age all groups.

When considering the above, it should be noted that a clear definition of the difference
between a soft and a runny egg was not provided in the VFFS questionnaire script, which
may have resulted in some misclassification by participants. It is recommended for
future surveys that either precise definitions and examples of the meanings of these
terms are included in the questionnaire script, or that clearer alternative terms be

employed.

Food items that commonly contain raw or minimally cooked egg were consumed by
similar proportions of participants in each age group overall, but individual items were
favoured by different age groups. Uncooked cake batter was consumed primarily by
those in the 0-4 year age group, and was reported to be known to contain raw eggs by
91% of those who consumed it overall. This finding is concerning as young children in
particular are more susceptible to Salmonella infection and are more likely to suffer

severe illness.’® Further, raw flour contaminated with Salmonella is thought to have
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caused a number of outbreaks, including an outbreak in New Zealand in 2008 where
consuming raw baking mix was found to be strongly associated with illness.'® Given the
susceptibility of young children to Salmonella infection, food-safety messaging
surrounding the risks of raw batter consumption in children could be targeted to parents

to minimise this practice.

Hollandaise sauce was consumed by a higher proportion of those aged 18-34. It was
concerning to find that opposite to cake batter, the majority of those who consumed
hollandaise overall did not know whether it contained raw egg. Although this was also
the case for tiramisu and chocolate mousse, it is possible for these food items to be
made without raw eggs, and this may be why some of those who consumed them did
not know whether they contained raw egg. Hollandaise sauce, however, is made
primarily with egg yolks and butter, and cannot be cooked to a temperature that would
kill Salmonella bacteria without curdling and ruining the consistency of the sauce.?° As
hollandaise does go through a low temperature cooking process, however, people may

not have been sure whether this process was sufficient to thoroughly cook the eggs.

It is also possible that participants did not know whether the hollandaise contained raw
egg because it was consumed outside of the home and not prepared by the participants
themselves. Unfortunately information on where these food items were consumed
wasn’t collected in the VFFS, and it is recommended that should this survey be
conducted again these question be included. Sauces containing raw or semi-cooked eggs
such as hollandaise and homemade aioli and mayonnaise are frequently cited as the
cause of Salmonella outbreaks when consumed outside the home, such as in cafés or
other commercial food settings.’® Sauces prepared in these establishments are more
likely to be made in larger batches containing more eggs, making them more susceptible
to contamination, and if appropriate temperature controls are not in place bacterial
growth may occur. As has been previously recommended in chapter two of this volume,
consumer advisory notices for foods containing raw or low-cooked eggs on menus might
help to increase awareness in the general population of the risks of consuming raw-egg

foods, which may help to reduce the incidence of egg-associated outbreaks.

Although similar proportions of males and females reported consuming fruits and
vegetables across all age groups, a higher proportion of females standardly consumed

individual fresh produce food items than males. This trend was especially pronounced
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in the 15-17 year age group. Again, this is likely a result of females generally having a
better awareness of healthy eating and nutrition, and subsequently displaying healthier
eating habits.1>1* A similar food frequency survey conducted in Canada also found that
females consumed considerably more lemons than males, and the authors hypothesised
that this could be due to women adding lemon to water, which could be seen as a
‘healthful practice’.!? Consequently, females, and in particular young adult females,

might be at greater risk of infection from outbreaks involving raw fresh produce.

Fresh fruit consumption in the 0-4 year age group was much higher than in other age-
groups, indicating that 0-4 year olds may be at greater risk of Salmonella infection from
fruit-based Salmonella outbreaks. However, this trend was not observed in a number of
fruits that have previously been associated with Salmonella outbreaks, such as
rockmelon, paw paw, and mangoes,?2® with consumption of these fruits in 0-4 year

olds comparable to other age groups.

Differences in consumption between the sexes was also pronounced for some nuts.
Males consumed more peanuts than females in the majority of age groups, while
females consistently consumed more almonds than males. Interestingly, this pattern
was also observed in similar studies from Canada and America .*2'3 Nut-based outbreaks
are not common in Australia, but outbreaks involving both peanuts and raw almonds
have occurred,?*?* and it is important to know who might be at most risk of infection in
outbreaks associated with different nuts. The VFFS did not collect information on
whether nuts were consumed raw or roasted, and as almond-associated outbreaks are
often due to raw products,?® it is recommended that this question be included if the

survey is conducted again.

Multiple outbreaks in Australia and overseas have also been associated with
contaminated peanut butter.?® While consumption of peanut butter was generally
similar between the sexes, it was consumed by a much higher proportion of children in
the 0-4 year age group. This distribution is reflected in reported peanut butter
outbreaks, which affected children to a greater extent than other age groups, confirming
the disproportionate risk to young children of outbreaks associated with peanut

butter.27-2°

Children from ages 0-17 also had the highest consumption of chicken meat. All age

groups primarily consumed chicken pieces purchased raw and cooked at home, but
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consumption was highest in those aged 5-14 years. Children aged 0-4 years consumed
the highest proportion of frozen chicken strips or nuggets, which is again reflected in
outbreaks of Salmonella associated with these products both in Australia and overseas
in which a high proportion of cases were young children.3%3! Children aged 0-4 also had
a slightly higher consumption of chicken mince compared to older age groups, which
was the chicken meat item most frequently consumed pink. As such, depending on the
type of product, chicken-associated outbreaks and infections have the potential to
disproportionally affect children, so it is important that food safety messages about
cooking chicken adequately are reinforced. The consumption of pink chicken meat in
the VFFS population was relatively low at 146 participants, but given that Australian
studies have found Salmonella in close to 35-53% of retail raw chicken samples,3?33 and
Campylobacter in 30-90% of samples,333* any consumption of raw or under-cooked

chicken meat is concerning.

Outbreaks associated with deli meats might be most likely to affect older children, with
consumption of deli meat highest in the 15-17 year age group. Most VFFS participants
consumed meats that were loose from the deli or sliced to order, rather than pre-
packaged. Deli meats have been implicated in a number of cases and outbreaks of
listeriosis especially, and mechanical slicers in retail outlets have been found to be
important sources of cross-contamination.3> Results of a modelling study by Endrikat et
al indicated that retail-sliced ready-to-eat meat and poultry products are almost four
times more likely to cause listeriosis than pre-packaged products on a per serving

basis.3® As such, it is important to consider the risks posed by sliced-to-order products.

Given the well-established health risks posed by contaminated unpasteurised milk and
unpasteurised milk products®” it was encouraging to find that consumption of these
products in the VFFS study population overall was very low. However, it was concerning
to find that children in the 0-4 year age group had the second highest consumption
proportion between age groups. Children in this age group are not only more susceptible
than adults to infection with Salmonella,*® but of particular concern is their susceptibility
to Haemolytic Uraemic Syndrome (HUS) following Shiga-toxin producing Escherichia coli
(STEC) infection.3® The consumption of raw milk has been associated with multiple cases
and outbreaks of STEC in Australia and overseas, which have often developed into HUS

in young children.3” As recently as 2014, a three year old child died from complications
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of HUS in Victoria after consuming raw bath milk.® As such, consumption of raw milk in

the 0-4 year age group in particular should be strongly discouraged.

The higher proportion of unpasteurised milk consumption in non-metropolitan
participants may represent people who live on farms consuming milk produced by their
own animals. Surveys have indicated that raw milk consumption in farmers is on average
much higher than in the general population,3” and alongside other possible sources of
infection farmers are exposed to (e.g. direct contact with farm animals), it is important

to be aware that they may be at higher risk of infection from consumption of raw milk.

Sesame seed products represent a more difficult group of products to characterise in
regards to consumption risk groups in the VFFS data. Although consumption was slightly
higher in the 35-54 year age group, prior outbreaks in these products suggest that risk
is highest in cultural groups that tend to have higher consumption of these products.3°4°
Ethnicity data was not collected in the VFFS so this cannot be confirmed in the Victorian
population, and as interpreters were not used to interview people who did not speak
fluent English, consumption of these items could potentially be underestimated in this

data.

Considering this, it is important to note that while the VFFS data provides valuable
information on who might be at most risk of exposure to Salmonella infection from
various food sources, multiple other factors not recorded by the VFFS also contribute to
the risk of Salmonella infection in an individual, both in terms of what foods they
consume and other susceptibilities to infection. The VFSS also only collected food
consumption data that is collected by the seven day Salmonella food trawler
guestionnaire, which is not inexhaustible. International foods in particular are
underrepresented in the questionnaire, and were an outbreak to occur in such a food
group — as it did in a Victorian outbreak associated with imported halva, which resulted

in the addition of this food to the questionnaire3® — the VFFS would be less useful.

Another factor potentially impacting on the usefulness of the VFFS in comparing seven

III

day case food frequencies to VFFS “control” food frequencies is that too much
information could be being collected in this period to accurately identify associations.
This data analysis found that a number of commonly consumed food items had a
difference of 10% or greater between the proportion of people who consumed them in

the last seven days and in the last three days. If an outbreak occurred in one of these
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commonly consumed food items, for example chicken pieces, the association with
illness might be diminished or hidden if large proportions of both cases and “controls”
consumed the item. The results of this study indicate that using a three or four day food
history instead may lessen the ‘noise’ collected by the seven day questionnaire and give

a more accurate measure of association.

Seven day food trawlers are used primarily because they both represent a week period
— which is easier for many people to conceptualise and remember — and because this
period is almost certain to capture foods consumed in the salmonellosis incubation
period, which is usually between 12 and 36 hours (Oral communication, OzFoodNet
Victoria Epidemiologist, September 2017).3 Considering this, a three day trawler would
in the majority of cases be adequate to capture the source of infection, and many
published Salmonella outbreak investigations report employing three, four, or five day
food histories.1>2441-44 |t js recommended that OzFoodNet review how many instances
in which a seven day food history has been necessary, and consider amending their

standard procedure to use a shorter timeframe food trawler.

Despite these limitations, this analysis has demonstrated the utility of the VFFS in being
able to correctly find an association between illness and the source of a recent outbreak.
The VFFS would have been particularly useful in an outbreak such as the Salmonella
Anatum outbreak, as the similarities in consumption of a food item as common as
bagged salad would be difficult to recognise in a case series investigation. However, the
analyses did also consistently find red onions to be strongly associated with illness,
which the univariate analysis in the original case-case study did not. This shows that
although extremely useful in developing hypotheses to narrow down possible sources
of infection to develop targeted investigation questionnaires, a database such as the
VFFS does not have the strength of an analytical study in collecting representative
control data at the approximate time of the outbreak, and indicates that the value of

this data will diminish over time as the eating habits in the general population change.

As such, where funding is available, it is recommended that the VFFS is re-administered,
and that similar studies are conducted in other states to provide population-specific
data and to facilitate food consumption comparisons between states. Where possible,
steps should be taken to achieve a more representative dataset, such as employing

interpreters to interview people who do not speak fluent English. Although expensive,
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databases such as the VFFS contain widely applicable data on food consumption
patterns in the population, and facilitate a more timely response to acute public health

events, making them valuable tools in the protection of public health.
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Appendices

Appendix 1: OzFoodNet Victoria Salmonella cluster investigation

guestionnaire — full food trawler

Communicable Diseases Case Cluestionnaire

Salmonellosis

Cluster Questionnaire (Internal Use)

Types i i i known) Date: ;
Is this a: Interviewer:
CLUSTER INVESTIGATION m| Person Interviewed
(if not casel:

OUTBREAK INVESTIGATION Regional ID No:
Drmmfsn laboratory Confimed O Interpreter used? [ Ne [ Yes
Orgarnism not laboratory Comfirmed O S
OUTBREAKNAME

PROBABLE SOURCE
PRIVACY MESSAGE : The information you provide in this PHESS Numiber

sticnnaire is for th of trying to t further cases

oF Hiniess, Ve ti i by fyig i i cxit wht i Tiiely 10 hinre PHESS Updated? Lo

caused your illmess and also by providing you with information to

reduce the spread of iliness o others. The data collecied is kept confidential and identifying information will not be
disclosed for any other purpose without your consent. You can acocess your information by contacting the Department of
Health and Human Sernvices. A fact sheet is available ("Privacy Legislation & Motfication of infectious Diseases —
Information for Patients”) if you would like further information. Information read? O

SECTION 1: DEMOGRAPHIC DATA

Surname / Family name -

Other names:

Street Address:

SuburbTown: Postcode:

Telephone: H: [ ) W-( ) M:
Date of Birth: P or Age: Sex: Male/Female

- , L
Country of Birth: Of Aboriginal or Torres Strait Islander Origin?
No
Language Spoken at Abariginal
Home: Tamres Strait Islander
Occipation” Both Abonging and Tores Siraif {slander

NamefAddress of
Employer or School or
Child Care Attended:

£l 00

Date Last attended prior to
onset: ! I

= High risk occupations are food handlers, health care workers, chid care workers, children in child care, and residents of insfitufions (= aged ]
care)

Updated Sugust 2047
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SCTION 2: TREATING DOCTOR/ HOSITAL

Name of Treating Dr-
Address:
Telephone: Facsimile:
Consent given by Doctor to interview: o[ ]  yes[] Date: £

it ?:-s; Eﬁ;rﬂ:m ne[] yes[ Name of Hospital:

Was case admitted fo hospital?  no[|  yes[]  Date of Admission: / I
’ . Date of Discharge /
Haspital UR No: Death ! /
SECTION 3: ILINESS (SUMMARY)
* Onset date of illness: f * Date of Specimen Collection: |
Time of onset: ... am/pm % Type of Specimen: Faeces /Blood / Urine [ Other
YES/ YES/
St NO | Date of onset i NO | Date of onset

Fever Diarrhoea

Nausea Bloody stools

Vomiting Watery stools

Ahdominal pain

Lethargy Max stools in 24 hours: ...
Headache Duration of diarrhoea:....................... days  hours
Other (Specily) Total duration of iliness: _..._......._.._.days

w Hiztory of illness:

* -indicates both Doctor and case should be asked this question Upsated August 2017 2
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# Treatment

Were you given antibiotics to treat thiz ifnezs? no ] yes[] - Ifyes: What antibiotics? ..o,

Are you sill taking anthiotics? no[]  yes [ What date did you last take the antibiotics? ! !

Comments:

SCTION 4: CONTACT DATA

In the two weeks prior to onset of iliness, has the case:

* had contactwith a family member with a similar finess? [ ne [] yes—= give details in table below:

* had contact with a friend or work/school colleagus with a similar finess? [ no [ yes—give detailz in table below:

Name

Relationship

Address and phone | Occupation/ childcare ! | Onset date Faeces
(if different to case) school culture
YiN

How well did the case recall the information (Sections 2, 3 and 4 — doctors details, iliness history and contact defails)?

[ Very Well [CJwel [T Mot well [IMotatas

SCTION 5: ENVIRONMENTAL RISK FACTORS

In the two weeks prior to onset of illness, did any of the following risk factors apply?

Risk Factor Applies Details
Paces Wil oo v g sn o s e
Travel
[ln‘msth Ro D ?'ES D ..............................................................................
(Inchude all mights away from Type of Accommedation: ... ...
home — e, interstate and focal)
Date of Departure: I
International no[] yez[] | Date of Retum: S S R
Aidine: .. Flight Numbers: ... .
Close Contact with farm Specify type: ...
animals no[ ] yes[] | Specifydateds):. ...
{include petfing zncs etc here) Location: ..
Lives on a rural property
fe fm hobbyfam) "] %L

Updated dugust 207 3
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WU i R e M e i

Has had contact with T gt Has pet beenill? mo[] yes[]

Ppets (incuding fish and reptles) ® e ol Roiod - il il i
Location: [JHome [ Other (Specifyl oo,
BpeCiy WD e

Drunk from a private H H o

Vet sy no yes Rl e s e
Is water ireated? no[ ] yes[ ] umknown [ ]

Drunk from a public

water supply (tap water)? o[ ] yes[]

Specifybrand:

Drunk bottled wate
R bl HUD TESD WO e e e

g:;hﬁsarﬁnﬂﬂﬂe no[ ] wes[] | Specify problem and system type:
Gardening — contact with sl 1 peel] | o

potting mix or manure

Other known rigk factor
ro[ ] wyes[] | Specify:

{i.e. pocupational exposure)
A s e S A S s
Participated in & .
Swimeming | Water Sports o] yes[ ] |‘Bocaloe:iciciciiesdiindn e il lniindines
DIt e e

How well did the case recall the infermation (Section 3 - environmental exposures)?
[ veryWwell  []wel [ Mat well [ Mot atad

SCToN 6: FoOOD HISTORY

Three Day Food History - If a detailed 3-day food history cannot be recalled, request information on what is usually
eaten at each meal. Collect as much detail a2 possible for 2ach meal (e.g. for 3 salad sandwich list all ingredients; for a
meal cooked at home list everything eaten) and the number of people that shared each meal

Day of onset of illness: Day: Date: Time of onset: amipm
Breaifast Brand Purchasedleaten from
Lunch

Do

Othar anacks and drinks

Lipcated August 2017 4
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Day 1 [day before onset):

Day: Date:

Breaifast:

Brand Purchased’eaten from

Dériner

Otthar anacks and drinka

Day 2 (2 days before onset):

Day: Date:

Breaifast:

Brand Puschased/eaten from

(Otther snacks and drinks

Day 3 (3 days before onset):

Day: Date:

Breaifast:

Brand Purchasedieaten from

Otther snacks and drinks

Has the case tried any new or different foods recently? [Ino [ yes Hyesspecify oo

Has the caze been on any specific diets lately? [ ne [ ves Hyesspecifys oo

Updated August 2017 5
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Food History - specific foods

Irv the week (7 days) pnor to diness, did the case eat any of the following foods? (Include all foods consumed duning the
mncubation perod and nots any commercial brards).

TYPE /| BRAND

ﬂ PURCHASED FROM

MEAT PRODUCTS PURCHASED RAW

Chicken pieces [ no [ yes

Chicken whale [ ] no [ yes

Chicken mince [ no [ yes

Chicken other (eg schnitzel) [ no [ yes

Turkey [Jno [ yes

Duck [ ] no [ yes

Beefmince [ no [ yes

Otherbeef [ Jno [ yes

Lamb [ no [ yes

Veal [ no [ yes

Park [ no [ yes

Sausages (specify typs) [ I no [ yes

Kekab (specify meat type) [ no [ yes

Game meat (spec meattyps) [ no [ yes

FRESHFROZEM SEAFQOD (not take-away)

Freshffrozen fish [ no [ yes

Oyeters [ no [ yes

Ciroke i eaten: mw or cooked

Cther bi-valve shelifish [ no [ yes

Cire as apprpriie; cams, mussels, scalops, ohe
SpECHy

Other seafocd [ no [ yes

Croe 35 approprale:; s, orawns, bugs,
squidIaman, oCopRs, Cahs, oher

Other figh products [ I no [ yes

Circe as appropriate: orat sticks, fish sics, marirar mix,
ExiEnder, oiner ki,

Smokedfish [Jno [ yes

Cirde a5 appropriae; saimon, Fout, other

DELICATESSEN PRODUCTS

BRAND and PURCHASED FROM

Pre-packed shiced defi meats [ no [ yes

Cire a5 approprais: ham, chidken, uney, comed best,
pasirami, mast beed moradela, stastung,
oher

Sliced deh meatsinot pre-packed) [ no [ yes

Circie a5 appropriaie: Fam, Chicken, Liney, comed esf,
pasiami, mas: beed, moradela, stEsbung, katana
olnes,

Fermented meatz [ | no [ ] yes

Cirde a5 appropraie: salami, pepperon
e

Cured meats [ no [ yes

Circie 35 appropiate: Dacon, Prstutn, Spec, capacolo
ober,

Frankfurts [ ] no [] yes
MILK & DAIRY PRODUCTS
Pasteursed milk [ no [ yes

Ciroer cows, goats, favoured, omer,

BRAND and PURCHASED FROM

unpasteurzed mik [ no [ yes

CiPCie: COWS, gOdts, 0Ter,

soymilk [ ]no [ yes

Updated August 2017
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MILK & DAIRY PRODUCTS {continued) TYPE | BRAND PURCHASED FROM

cream [ no [ yes

powdered milk [ ] no [] yes

yoghurt [ ] no [ ] yes

ice creamtub [ mo [ yes

Other frozen dairy products [ no [ yes

Hard chesse [ no [ yes
Soft Cheese [ no [ yes
Processed Chesse [ | no [ yes

Cheese from unpacteurised milk [ | no [] yes
EGGS
Shell egas (eaten athome) [ no [] yes

if yes, are there any egas [eftover at home from
the same carton? [ | no [ yes

Eggs usually cooked ?usual method of cooking)

Egas eaten owt [ | no [ yes
Eggs eaten
other forms [ no [ yes

FOODS CONTAINING RAW EGGS

Tiramisu [ no [ yes

Uncooked Cake batter [ | no [ yes
Home-mads mayonnatseifioli [ no [ yes
Home-made Caesar dreczing [ | no [ ] yes
Hollandaizelbéamaize sauce [ | no [] yes
Chocolate mousse [ no [ yes

Home made tartare sauce [ no [ yes
Faw eggy milkshakeleggnog [ no [] yes
Asian pork roll [ no [ yes

FOODS CONTAINING LIGHTLY COOKED EGGS
Home made Custard [ | no [ yes

Home made ics cream [ no [ yes
CONVENIENCE / SNACK FOODS
Pre-prepared dressed salads [ | no [ yes

Pre-packed fruit salad [ no [] yes

Circe as approprate; subet geist, sngie ice-ceams,
yoghurt, sof senve, ofher

Cirde a5 approprale; chadiar, parmesan, edam, gouds
ofe

Cirgle a5 appoprate: cofiage, camembert, e, IR
fel, meam theese, oler

Circie 35 apprRpnaie; sngies, cheese SI0, chesse

BRAND and PURCHASED FROM

Hen ] Duck [ Quail (]

ArE These eqgs: 92 ENgE, Tam G, caged, oTanic
e

I yes, please provide eqg stamp

TUmDEr

Spachy. Do you ever eat raw eggs?
Cno [yes

Uisual memid of cooking e

[ runmy [ hard

Circie a5 appropriate: powdered, fozen whites only, yole
only, desonoe;

Did the food definitefy contain raw epg??

Disacribe process - when are eggs addad ?

Cirmie a5 appropraie: ceesiaw, poll, past, Greek
ner,

Updated August 2017 7
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Pre-packed antipasto products [ | no [ yes | Cioe asaporprse: soopant, ared omaies, anicoies

ofer,
Did you eat this food within the last T days?
Yes | Mo | oM Addiitional information
FRESH PRODUCE Did you eat it (can be >1 answer)
oelery O raw [ cooked O unknown
camois in & sealed bag O raw [ cooksd T unknown
lnoge camols O raw [ cooked O unknown
CUCUMEErS
broceoli Orew O cooked [T unknown
cauifiower Clraw [ cooked [ unknown
green capeicum Oraw O cooked O unknown
red capsicum Oraw O cotked [ unknown
omher capsicum Clrew O cocked [ unknown
chils Clraw [ cooked [ unknown
asparagus
fresh com
SNOW pEas Orew O cosked O unknown
other Fech peas Orew O cooked [T unknown
green beans Ol rew [ cooked [ unknown
brussel sprouts
egaplant
Zucchini
pumgkin
orions Clwhite Clerows Cred Clunkn o raw o cooked o unknown
salad oniong Olraw O cooked [ unknown
SpAing Oniiong Olraw [ cooked [ unknown
lechs
awocado
tomatnes Orew O cooked [ unknown
cabbage Clraw [ cooked [ unknown

Updated August 2007 g

192



Chapter 4: Analysis of a public health dataset

potatoes

Doa't

s Addifional information

FRESH PRODUCE Did you eat it- (can be >1 answer)

sweet potaines

alisfa sprouts

bean sprouts

salad mix i scaled bag (eg
baby spinach, rocket)

lposs salad mix

icebery letiuce

other letiuce

gpinach COraw [ cooked [ unknown

fresh gariic Olraw [ cooked [ unknown

fresh ginger Clraw [ cooked [ unknown

Fresh coriander (lraw [ cooked  C1 unknown

Fresh Mint (all types) Oraw O cooked [ unknown

mushrooms Craw [ cooked [ unknown

bestmoot

urnap

radishes

organically

apples

pears

peaches

nectarines

apricotz

oranges

mandanns

grapefst

lemons

lirmes

Upelated Asgust 2017 Q
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cherries
Yes | No | Dot Additional information
know
FRESH PRODUCE Did you eat it {can be >1 angwer)
plums
grapes
bananas

canteloupe (rockmelon)

heneydew melon

watErmeion

ki fruit

pineapple

paw paw

blucherries

FASpOEmEs

cirawbemies

pre-cut fruit (purchased
already cut info
porons/pieces)

packaged fruit salad

exotic fruts (dragonfruit, siar
apple)

homegrown fruits/vegetables

If yes for homegrown
Fruits/vegetables, was manure
of ferilzer used?

type of manureffertilizer (tick all that apply)
ocow  osheep oichicken oother ounknown

Lipdated August 2047 13
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TYPE | BRAND PURCHASED FROM
CONVENIENCE | SNACK FOODS
coconut desiceated [ no [ yes
nuts D no D yes Cirrle 35 SppOpRaiE: peantis, pemchios, smonds

Mut spreads [ no [ yes

Secame cesdsizecame producs [ no [] yes
pate [Jno []yes

savoury dips [ no [ yes

meatpase [ no [ yes

Dried frutt [ ] ne [] yes

Cakesicheesecakes [ no [ yes

noodles [ no [ yes

Frozen pre-prepared mealafoods [ no [ yes
refrigerated pre-prepared mealz [ no [ yes
HERES AND SPICES

Spicez [ no []yes

Dried hetbs [ no [ yes

DRESSINGS AND SAUCES

Salad dressings [ no [ yes

Mayonnaise (commercial) [ no [] yes
Saucesichutney [ no [ yes

Cooking caucesimaninades [ no [ yes

wEUts, EShews, Mamdamias, oher

Circle a5 apprproE: peantt buter, nutsita, olner

Cirtle a5 appropriae; Tani, heta, hommous, sesis

Circle 35 appropfisie: msiant, fresh, ofer,

£ weigr waicher's, fsh fingers, chicken nuggels, pem=

B a5k SaU0eS, 2T

Others [ no [] yes | =edfy
TAKE AWAY FOODS
BBEQ Chicken [ no [ yes
Other chicken [ no [ yes
Kebabs/soudakiDoner [ no [ yes | Seedytpecimea
Burgers [ no [ yes | 30ecytmecimet
Fish [no [] yes
Salads from a salad bar [ no [ ves
Pizza [ ne []yes
Sandwichesiroliswraps [ no [ yes | Soecy al ngredents
Pasta [ |no [] yes
Bakery productz [ | no [ yes S:;E:EWE% pastes! sasage rilsigache
Asian type foods [ no [ yes Eﬁ;ﬁmgiﬁrﬁw Rl ey puftsidm

Updated August 2017 1]
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TYPE | BRAND PURCHASED FROM

ETHNIC SPECIALTY FOODS

Ethnic spec'rﬁc meals D no D yes C'rpe:l:hhese: i, Micioke Easlem, Japaness.

fiaian, other.
Tofu [Jno [ yes

Imported ethnic specalty foods [ no [ yes

(rher ethnic specialty foods [ no [ yes

DRINKS

F 5 i i o | smedhy home squeszed, juics bar, grocer
rechly squeezed frutiveg juice [ no [ yes . :

uices PGy Ome SqUeezed, Uie bar, grocer
Crher fratveg juices [ no [ yes o B

BABY FOOD PRODUCTS
Infant formula [ no [ yes
Baby food (can, jaretc) [ no [ yes

Summary of Food Shopping locations from above table of food trawling history

Food Name of premises Address of premises

Meat and smallgoods

Chicken and other poultry

Eggs

Fish and seafood

Groceries

Fruit and vegetables

{include roadside stalls, markets and
home grown)

Upelated August 2047 172
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In the week prior to illness did the case eat or buy food from:

Yesinolunknown | Name and address of premizes | What was eaten and When?

Cafes or restaurants

Takeaway outlets

Parties or functions with
family or fiends

Festivals or commercial
public gatherings (eg fetes,
club social events, markets,
Moomba etc.)

Continental deli or specialty
Qrocer

(e.g. Asianimediterranean
supermarkets)

Farmers Markets or other
market stalls

Were any other attendees at theze meals/functions ill with gastro symptoms? Oro [Jyes  yes give detais:

WHAT DOES THE GASE SUSPECTWAS THEGAUSEOF THERR ILLNESS? . . .

How well did the case recall the information [Section & - food history)?
O Verywel ] wel [] Mot well [[] Motatas

SCTION 7: COMMENTS OR CONCLUSIONS

Food samples obtained for the investigation: [ no [ ves— give details m the table below:

Type of Food Date Collected Result of Analysis

Probable Source of lness: ...

Comments:

Upelated August 2017 13

197



Chapter 4: Analysis of a public health dataset

SECTION 8: EDUCATION AND BXCLUSONS

Hygiene and preventing transmiszion
of Salmonella discussed

Salmonellosis information provided (brochure)

Privacy Information requesied

[IMe [] Yes []NA
[(OMe [ Yes []MA DateSent: [ |

] Referred to DHS Website { www._health vic.gov.aufideas |
[INo []VYes []NA DateSent [ |

Is case a child in care, resident of an institution or in a high-risk occupation?

[ YES = Continue below
[[] NO = End of Section 8, Please go to Signature

[] CHILD IN CHILD CARE

School / Child care exclusion is/was required
Exclusion{s) discussed with parent [ guardian?

[1Ne []VYes []MNA Excitsion from school or

child care 15 required unii
[I¥e [¥es [ IMA st

(] CHILD CARE WORKER

Work exclusion is/was required?
Exclusion discussed with case?

it is recommended that the
case be excluded from
Mo [ Yes [JNA work until diamhosa has
[ WA ceased

[ ] FOODHANDLER

Work exclusion isiwas required?
Exclusion discuszed with case?

All food handiers with

diarmhoea are fo be
CINe [dvYes A  excluded from work untl
ClNe [1Yes [1NA diamfoea has ceased.

[0 HEALTH CARE WORKER

Work exclusion is/was required?
Exclusion discussed with case?

it is recommended that the

casze be excluded from
[IMNo []VYes []NA work until diarrhoea has
[ Me [ Yes [ MNA ceased

] RESIDENT OF AN INSTITUTION (e.g. aged care facility, residential care unit etc) I 15 recommended that the

Isolation isfwas required?

Isolation discussed with primary carer?

case be isolated from well

[ONe [ Yes []NA residernts (as far as
OONe [OvYes [ WA practicable) unti diarhoea
has ceased.

SGNATURE

Name of interviewer (please print clearly):

Interviewer's Signature:

Updated August 2077 {4
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Appendix 2: Consumption tables for major food groups by season, sex, age

group, and location

Table 1: Proportion of participants who consumed each food group by seasons, with P values for tests
of difference of proportions for the consumption of major food groups by season in brackets
(statistically significant P values <0.05 highlighted in orange)

Fruit Milk Cheese
Sum 93.6% 54.0% 54.1% 24.0% 99.0% 96.4% 86.4% 85.4% 76.3% 56.6% 54.9%
(0.48)  (0.63) (0.1) (0.22) (0.31) (0.8) (0.77) (0.64) (0.74) (0.19) (0.07)
Aut 94.9% 53.9% 58.1% 22.3% 98.9% 96.3% 86.2% 85.0% 77.1% 53.5% 59.3%
(0.07) (0.75) (<0.001)  (0.79) (0.22) (0.7) (0.83) (0.76) (0.46) (0.91) (0.86)
Win 92.8% 53.0% 50.3% 21.8% 99.4% 96.6% 85.9% 84.7% 75.6% 53.3% 58.8%
(ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref)
Spr 94.7% 55.0% 57.0% 25.0% 99.8% 95.5% 85.8% 87.3% 76.3% 54.4% 58.2%
(0.08) (0.34)  (0.003) (0.09) (0.16) (0.2) (0.92) (0.08) (0.65) (0.63) (0.82)

Table 2: Consumption of major food groups in the last seven days before interview by sex, with
associated P values for tests of difference of proportions (statistically significant P values <0.05
highlighted in orange, and proportions of 25% highlighted in yellow and 210% different highlighted in

green)
mD:aI:s Fish Seafood t‘:a :EI:; Milk  Cheese
Males 95.4%  57.4% 53.7% 23.0% 98.9% 95.1% 87.5% 857% 75.8% | 51.5%
Females 92.6% | 50.6% 56.1% 23.5% 99.6% 973% 847% 855% 76.9% | 57.5%
P-value <0.001 <0.001 0.12 0.76 0.01 <0.001 0.01 0.86 0.45  <0.001 <0.001

Table 3: Proportion of participants who consumed each food group by age group with P values for
tests of difference of proportions for the consumption of major food groups by age group in brackets
(statistically significant P values <0.05 highlighted in orange, and proportions 210% different to the
reference age group italicised and bolded)

Fruit Cheese
0-4 92.6% 56.4% 49.0% 13.5% 98.3% 98.8% 92.2% 85.8% 72.8% 43.9% 51.7%
(0.78)  (0.002) (0.49)  (<0.001) (0.03) (<0.001) (<0.001) (0.35) (0.29) (<0.001) (<0.001)
5.14 96.5% 63.2% 50.9% 13.9% 99.6% 98.7% 92.1% 86.9% 71.6% 37.7% 68.5%
(<0.001) (<0.001) (0.15) (<0.001) (0.75) (<0.001) (<0.001) (0.12) (0.06) (<0.001) (0.87)
15-17 98.4% 68.0% 34.4% 18.8% 97.7% 95.2% 88.3% 83.6% 66.4% 43.8% 68.0%
(0.01) (<0.001) (0.005) (0.02) (0.02) (0.62) (0.31) (0.84) (0.04) (<0.001) (0.8)
A 92.2% 47.9% 47.5% 28.1% 99.5% 94.3% 84.9% 84.2% 75.6% 62.3% 69.0%
(ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref) (ref)
35-54 94.0% 58.2% 59.6% 28.1% 99.5% 94.8% 84.6% 86.2% 80.5% 62.9% 58.8%
(0.12)  (<0.001) (<0.001) (0.96) (0.91)  (0.59) (0.85) (0.21) (0.01) (0.78)  (<0.001)
55-74 94.8% 48.9% 70.0% 29.2% 99.6% 95.7% 80.7% 87.3% 82.6% 59.7% 38.6%
(0.06) (0.71) (<0.001) (0.62) (0.67) (0.22) (0.03) (0.11)  (0.002) (0.34) (<0.001)
754 93.3% 42.5% 70.9% 18.3% 98.5% 99.3% 79.9% 83.6% 76.9% 51.1% 22.0%
(0.43) (0.14)  (<0.001) (0.001) (0.09) (<0.001) (0.04) (0.88) (0.64) (<0.001) (<0.001)

Table 4: Consumption of major food groups in the last 7 days before interview by residence location,
with associated P values for tests of difference of proportions

Fruit Milk
Metro 93.3% 53.2% 56.1% 25.7% 99.2% 96.2% 86.2% 84.7% 76.6% « 57.1% 59.0%
Non-metre  95.7% 55.8% 52.1% @ 17.5% 994% 96.1% 859% 87.6% 75.6% | 48.4% 55.0%
P-value 0.005 0.12 0.02 <0.001 0.49 0.80 0.82 0.02 0.45 <0.001 0.01
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Appendix 3: Consumption tables for the top twenty foods consumed by

sex, season, and age group

Table 1: Top 20 most commonly consumed foods for VFFS participants overall and by sex

“ All participants % Ate  Males % Ate Females % Ate
1 | Potatoes 82.2%  Pasteurised milk 82.3% Potatoes 82.4%
2 | Pasteurised milk 80.6% Potatoes 82.0% Pasteurised milk 78.8%
3 | Tomatoes 73.2% Bananas 72.3% Tomatoes 75.4%
4 | Bananas 72.7% Tomatoes 71.1% Bananas 73.0%
5 | Eggs eaten at home 68.9% Eggs eaten at home 67.8%  Eggs eaten at home 70.1%
6 | Apples 67.9% Apples 67.8% Chocolate 69.2%
7 | Chocolate 67.8% Chocolate 66.4% Apples 68.0%
8 | Cheddar cheese 66.9% Cheddar cheese 66.1% Cheddar cheese 67.7%
9 | Butter 64.1% Butter 63.2%  Butter 65.0%
10 = Black pepper 62.9% Chicken pieces 62.8%  Black pepper 63.9%
11 = Chicken pieces 61.5% Black pepper 61.8% Chicken pieces 60.1%
12  Carrotsinasealed bag 59.0% Sauces / chutneys 59.0% Carrots in a sealed bag  59.9%
13 = Broccoli 58.1% Carrotsin a sealed bag 58.0% Broccoli 59.8%
14 = Sauces / chutneys 55.6%  Broccoli 56.3% Yogurt 57.8%
15 = Yogurt 54.3% Beef mince 53.0% Cucumbers 57.3%
16 | Cucumbers 52.0% Yogurt 50.7%  Other Onions 52.5%
17 | Beef mince 51.4% Other beef 48.6% Sauces / chutneys 52.3%
18 = Other Onions 50.1% Other Onions 47.6%  Strawberries 49.9%
19 | Other beef 46.5% Cucumbers 46.7% Beef mince 49.7%
20 @ Strawberries 45.7%  Red capsicum 41.7%  Pumpkin 48.1%
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Table 2: Top 20 most commonly consumed foods for VFFS participants overall and by season

0,
n All seasons A/toe Summer % Ate  Autumn % Ate  Winter % Ate  Spring % Ate
1 Potatoes 802/'2 Potatoes 81.3% Potatoes 82.5% Potatoes 83.6%  Potatoes 81.4%
0
Pasteur- 80.6 Pasteur- o Pasteur- o Pasteur- o Pasteur- o
2 ised milk % ised milk 80.9% ised milk 81.3% ised milk 80.3% ised milk 79.7%
3 Tomatoes 73}'2 Tomatoes 78.0% Tomatoes 73.9% Bananas 76.0% Tomatoes 74.1%
0
4 Bananas 702/‘7 Bananas 69.8% Bananas 72.4% Chocolate 69.6%  Bananas 72.5%
(]
Eggs
5 :fii::en 608/'9 eaten at 68.5%  Chocolate 70.7%  Apples 69.0% f:::s(:!ar 71.0%
? home
6 | Apples 679 Cheddar ., Egeseaten o0 romatoes  66.9% E8SCEN oo
% cheese at home at home
67.8 o o Eggs eaten o o
7 | Chocolate % Chocolate 65.4%  Apples 69.1% at home 66.8%  Apples 68.6%
g | Cheddar €69 Butter 65.3% Butter g5.5%  Cheddar 65.0% Chocolate  65.4%
cheese % cheese
9 | Butter 641  Black 65,29  Cheddar 64.4%  Broccoli 63.8%  Chicken 65.4%
% pepper cheese pieces
10 :La::er 602/'9 Apples 64.8% :;:;z::" 61.2% :La::er 63.7%  Butter 63.9%
(]
11 | Chicken 615 cucumber 617% DRk 50.8%  Butter 61.7% Dlack 62.6%
pieces % pepper pepper
Carrots in Carrots in .
12 | asealed 590 Sauces/ 59.9% asealed 58.3% C!\lcken 61.1%  Broccoli 59.9%
bag % chutneys bag pieces
581 Carrots in Carrots in Carrotsin a
13 | Broccoli ly a sealed 59.4%  Broccoli 56.7%  asealed 60.1%  sealed 58.0%
0
bag bag bag
Sauces/ 55.6  Chicken Sauces/ Sauces/
14 chutneys % pieces >8.1%  Yogurt >4.3% chutneys >4.4% chutneys 55:5%
15 Yogurt 5;’3 Yogurt 54.7%  Cucumbers 53.4%  Yogurt 53.4%  Yogurt 54.6%
0
16  Cucumber 20  Beef s1.99  Sauces/ 52.6%  Other 52.3% Cucumber  53.0%
% mince chutneys Onions
17 | Beef mince 5}/'4 Broccoli 51.8% Beefmince 52.0% Beefmince 50.1% Beefmince 51.5%
0
18 g:::s:ls 500/'1 Sbter:"irs 51.4%  Grapes 51.2%  Mandarins  50.1% z::“;:; 51.0%
(]
19 | Other beef 406/'5 g:i's;s 50.4%  Pumpkin 493% Pumpkin  48.7% g:i':;s 49.4%
0
20 Straw- 457 Grapes a9.29% Other 48.0% Otherbeef 46.8% Otherbeef  47.3%
berries % Onions
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Table 3: Top 20 most commonly consumed foods for VFFS participants overall and by age group

1 Potatoes 82.2% Bananas 87.3% 3_ oa_..,o.- ised  250% Potatoes a4y Posteurised ... potatoes 81.6% Tomatoes 848% Potatoes 85.1%
2 ”ﬂnii 80.6%  Apples 86.5% Potatoes 88.5% ”m_u“ni_s._ 79.7% Potatoes 76.6%  Tomatoes 80.1%  Potatoes 83.1% Tomatoes 74.3%
3 Tomatoes 73.2% Postewised oo Apples 850% Apples 71.1% Tomatoes 7ag Postewbed o,y Pustembed oo, Pelewked o4y
milk milk milk milk
4 Bananas 72.7%  Potatoes 843y Chicken 743%  Chocolate 703% Chocolate  60.1% ceeseaten ., .. Eggseaten .00 Bananas 72.8%
pieces at home at home
Eggs eaten Eggs eaten
5 ! 7 78. 73.4 ¥ Y 72, 72. 4
= 68.9% ‘ogurt 8.7% Bananas 3.4%  Butter 69.5% Bananas 68.9%  Bananas 2.0%  Bananas 2.3% = 69.4%
6 Apples 67.9% Cheddar 71.3% Chocolate 73.4%  Broccoli 65.6% olack 67.1% Dlack 720% Dlack 713%  Cheddar 63.1%
cheese pepper pepper pepper cheese
Cheddar Eggs eaten Cheddar
7  Chocolate 67.8% Butter 70.1% 72.2%  Other beef 6% ¢ 66.6%  Chocolate 71.9% 68.9% Chocolate 59.7%
Cheddar Eggs eaten at Carrotsin a Cheddar i
{ : 7. . 4 7 4 :
8 66.9% 686% o0 67.1%  Bananas 61.7% Butter 63.4% 69.7%  Butter 62.4%  Pumpkin 58.2%
9  Butter 64.1% Chicken 66.9% Leeseaten 66.0% Cheddar 617 Chicken 61.0%  Butter 64.9%  Apples 59.4%  Apples 57.1%
pieces at home cheese pieces
10 | Black 62o% Carmotsina 65.7% Beefmince  66.0% Chicken 60g% Cheddar 60.7% C@AMOtsina  oq 40 Chocolate 58.6%  Broccoli 54.1%
pepper sealed bag pieces cheese sealed bag
Chicken Sauces/ Eggs eaten at Other Black
! ‘ ¢ 4 ! ! 7. i
1 615% Stawberies  652% 65.7% 59.4% Apples 60.0%  Apples 633% o 57.1% 53.0%
12 | Qamotsina o550 Chocolate 62.7% Butter 65.4% Tomatoes 58.6% Broccoli 55.5%  Broccoli sogx Chicken 56.2%  Butter 53.0%
sealed bag pieces
Sauces/ Carrotsin a Chicken Sauces/
y y T ‘ 7. x : i !
13 Broccoli 58.1%  Broccoli 61.8% Tomatoes 643% s7.8% o 52.2% 58.1%  Broccoli 56.0% 51.9%
14 wn.xﬁ\ 55.6% Tomatoes 60.8% Broccoli 59.8% Beef mince 56.3% Cucumbers  51.6% Cucumbers  56.6% MMH% nNa 5545 Waa.muhnm 51.1%
Ice cream Sauces/ Other Sauces/ Other
15 Yogurt 54.3% Beefmince  60.5% Yogurt 58.8% 56.3% 50.8% 56.6% 55.4% 49.6%
from a tub chutneys Onions chutneys Onions
16 Cucumbers  52.0%  Cucumbers 5405 Black s63% Camotsina 55.5% Yogurt agox%  Sauces/ 555%  Yogurt 51.3%  Celery 49.6%
pepper sealed bag chutneys
- Sauces/ Ice cream Iceberg -
4 j ‘ ; y 4 ) 47.
17  Beef mince 51.4% 2 53.7% o i 55.0% 54.7% Beef mince 46.4%  Yogurt 52.4%  Pumpkin 50.7%  Yogurt 8%
18 M.:ﬂ.-. . 50.1% Grapes 52.5% Strawberries 54.7% Blackpepper  48.4% Freshgaric  459% Beefmince  50.8% Otherbeef  49.8% man...u. 47.8%
19  Other beef 46.5%  Sultanas 48.8% Cucumbers 54.1%  DeliHam 46.1% Avocado 45.8% S_ ted 49.8%  Cucumbers 48.7%  Other beef 46.6%
Commercial
Straw- Other Yogurt AND . Red
. : . . . } ' 4s.
0 O 457%  Sausages ass% oo S15% oo s 285% ”M...Ma 451%  Pumpkin ao8% o 48.3%  Oranges 5.1%

Note: Yogurt and Strawberries separately were consumed by the same proportion of 15-17 year olds
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Appendix 4: Consumption tables for high-risk foods for Salmonella

infection

Eggs

Table 1: Proportions of egg consumption by location, cooking method, consistency, and age group

e % Ate % Ate % Ate % Ate % Ate % Ate % Ate
0-4 5-14 15-17 18-34 35-54 55-74 75+

Eggs eaten at home 68.6% 66.0% 59.4% 66.6% 72.4% 74.9% 69.4%
Boiled 28.9% 26.0% 17.1% 20.6% 27.8% 32.8% 33.9%
Poached 10.7% 15.8% 11.8% 19.6% 23.9% 24.3% 33.9%
Scrambled 38.2% 25.8% 22.4% 27.3% 17.7% 18.8% 16.1%
Fried 28.6% 36.7% 50.0% 39.0% 35.4% 36.3% 25.8%
Omelette 11.1% 9.0% 10.5% 8.0% 8.5% 12.0% 9.1%

Other 8.2% 10.0% 7.9% 8.2% 10.7% 5.3% 6.5%

Consistency Runny 20.0% 23.2% 31.6% 32.0% 28.6% 30.8% 18.3%
Consistency Soft 33.6% 36.9% 36.8% 37.3% 34.4% 42.0% 57.0%
Consistency Hard 55.4% 46.7% 47.4% 36.9% 45.5% 39.0% 29.0%
Eggs eaten away from home 8.1% 5.3% 6.3% 22.7% 18.0% 12.9% 7.5%

Boiled 15.2% 10.5% 12.5% 10.9% 17.8% 20.3% 10.0%
Poached 15.2% 15.8% 12.5% 39.3% 33.6% 29.0% 40.0%
Scrambled 45.5% 28.9% 37.5% 21.4% 13.0% 14.5% 10.0%
Fried 15.2% 28.9% 37.5% 26.1% 29.5% 31.9% 20.0%
Omelette 12.1% 7.9% 0.0% 2.7% 4.8% 4.3% 10.0%
Other 3.0% 7.9% 0.0% 6.2% 6.2% 1.4% 15.0%
Consistency Runny 18.2% 21.1% 12.5% 34.2% 28.8% 27.5% 15.0%
Consistency Soft 33.3% 23.7% 50.0% 38.1% 30.8% 29.0% 35.0%
Consistency Hard 45.5% 44.7% 37.5% 29.6% 41.8% 43.5% 50.0%
Any of these eggs consumed raw 2.0% 2.7% 1.6% 2.7% 1.1% 0.9% 0.7%

Table 2: Consumption proportions by age group for food items that commonly contain raw eggs

s e e i % Ate % Ate % Ate % Ate % Ate % Ate
0-4 5-14  15-17 35-54 55-74 75+
Ate any of the below food items 21.0% 19.0% 18.0% 21.6% 17.0% 19.1% 20.1%
Tiramisu 1.0% 1.0% 1.6% 1.4% 1.1% 1.1% 1.5%
Uncooked cake batter 11.0% 7.2% 4.7% 4.2% 3.8% 1.9% 1.5%
Chocolate mousse 2.2% 3.2% 1.6% 4.6% 1.4% 3.2% 2.2%
Raw egg milkshake/egg nog 0.0% 0.6% 1.6% 1.1% 0.4% 0.4% 0.7%
Hollandaise/béarnaise sauce 0.0% 2.1% 3.1% 6.4% 4.6% 3.7% 2.2%
Asian pork roll 0.7% 0.4% 1.6% 2.4% 1.1% 0.9% 0.7%
Homemade ice cream 2.5% 1.4% 1.6% 0.9% 1.4% 1.5% 0.4%
Homemade Caesar salad dressing  1.5% 1.1% 2.3% 1.5% 1.6% 1.7% 4.5%
Homemade mayonnaise/aioli 0.5% 1.5% 3.1% 2.0% 2.6% 3.7% 5.2%
Homemade tartar sauce 0.5% 0.3% 0.0% 0.8% 0.7% 0.6% 0.4%
Homemade custard 4.2% 2.8% 1.6% 1.7% 2.2% 3.9% 4.1%
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Table 3: Consumption proportions for all VFFS participants of food items that commonly contain raw
eggs, and whether these food items were known to contain raw eggs when consumed

Raw egg containing food items % Yes % Unk
Ate any of the below food items 19.6%
Contained raw eggs  39.4% 27.0%
Tiramisu 1.2%
Contained raw eggs  10.4%  62.5%
Uncooked cake batter 4.9%
Contained raw eggs  91.2%  1.5%
Chocolate mousse 3.0%
Contained raw eggs  17.5%  54.2%
Raw egg milkshake/egg nog 0.7%
Contained raw eggs  65.4%  11.5%
Hollandaise/béarnaise sauce 3.9%
Contained raw eggs  19.5% 57.1%

Asian pork roll 1.3%
Contained raw eggs 2.0% 19.6%
Homemade ice cream 1.3%
Contained raw eggs  28.8%  13.5%
Homemade Caesar salad dressing 1.7%
Contained raw eggs  16.2%  16.2%
Homemade mayonnaise/aioli 2.4%
Contained raw eggs  38.9%  13.7%
Homemade tartar sauce 0.6%
Contained raw eggs  21.7%  30.4%
Homemade custard 2.7%
Contained raw eggs  20.4%  8.3%

Chicken

Table 4: Consumption proportions by age group for chicken meat food items

%Ateall %Ate %Ate %Ate %Ate % Ate

Chicken meatfood items ages  0-4 514 1517 18-34 35-54

Any chicken meat food item 78.5% 83.1% 88.9% 80.5% 79.2% 76.8% 71.5% 58.2%
Chicken pieces purchased raw 61.5% 66.9% 743% 60.9% 61.0% 58.1% 56.2% 42.2%
Whole chicken purchased raw 18.5% 19.9% 22.1% 28.1% 182% 16.9% 17.0% 10.8%
Chicken mince purchased raw 4.6% 5.6% 5.1% 2.3% 5.1% 5.5% 2.2% 2.6%
Other chicken purchased raw 20.0% 18.1% 23.8% 27.3% 20.9% 21.8% 15.0% 9.7%
Deli chicken meat 6.1% 7.1% 8.4% 11.7%  5.2% 6.5% 3.9% 2.6%
Cooked takeaway chicken 12.6% 123% 18.4% 20.3% 19.1% 159% 10.3% 5.6%

Frozen chicken strips or nuggets 15.6% 24.8% 19.8% 18.0% 12.6%  7.5% 3.9% 4.5%
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Table 5: Consumption proportions for all VFFS participants of chicken meat food items and whether
they were pink when consumed

Chicken meat food item %Yes % Unk
Ate any of below chicken meat  72.40%

Pink when eaten? 5.1% 0.9%
Chicken pieces purchased raw 61.5%

Pink when eaten? 4.0% 0.4%
Whole chicken purchased raw 18.5%

Pink when eaten? 3.9% 0.9%
Chicken mince purchased raw 4.6%

Pink when eaten? 6.5% 1.1%
Other chicken purchased raw 20.0%

Pink when eaten? 3.8% 1.1%

Raw fresh produce

Table 6: Top ten raw vegetables consumed by season

n % Ate Summer % Ate Autumn % Ate Winter % Ate Spring

1 Raw tomatoes 69.3% Raw tomatoes 59.2% Raw tomatoes 51.8% Raw tomatoes 62.1%

2 Cucumbers 61.7%  Cucumbers 53.4%  Avocado 41.4%  Cucumbers 53.0%

3 Iceberg lettuce 46.7% Avocado 39.4%  Cucumbers 40.0%  Avocado 43.2%

4 Avocado 43.2% Iceberg lettuce 38.9% Iceberg lettuce 35.6% Iceberg lettuce 41.1%

5 Raw carrots in a 40.1% Raw carrots in a 32.5% Raw carrots in a 32.3% Raw carrots in a 33.9%
bag bag bag bag

g | Saladmixin 320y S3ladmixin 232% Saladmixin 20.8%  Other lettuce 27.8%
sealed bag sealed bag sealed bag

7 ::;:izi 28.8%  Other lettuce 23.1%  Raw celery 20.1% ::;T: d":;‘g'" 26.6%

8 Other lettuce 27.0% Raw celery 21.3%  Other lettuce 19.7%  Raw celery 21.9%

9 | Raw celery 23.8% Lloosesaladmix  202%  Raw spinach 17.3% s:;i:i‘:n 21.5%

10 Rawsalad 22.79% Rawloose 1979 Rawloose 16.6% Lloosesaladmix  20.8%
onions carrots carrots

Table 7: Top ten raw fruits consumed by season

n % Ate Summer % Ate Autumn % Ate Winter % Ate Spring
1 | Bananas 69.8% Bananas 72.4% Bananas 76.0% Bananas 72.5%
2 | Apples 64.8% Apples 69.1% Apples 69.0% Apples 68.6%
3 | Strawberries 51.4% Grapes 51.2% Mandarins 50.1% Strawberries 51.0%
4 | Grapes 49.2%  Strawberries 39.7%  Oranges 45.0% Oranges 41.8%
5 | Watermelon 41.7% Lemons 32.3% Strawberries 40.8% Lemons 34.5%
6 Lemons 36.9% Oranges 31.3% Lemons 34.1% Watermelon 28.6%
7 | Nectarines 36.3% Pears 27.0% Pears 22.4% Mandarins 28.0%
8 Mango 31.4% Watermelon 24.7% Grapes 20.7%  Grapes 25.9%
9 | Peaches 28.9% Mandarins 21.7% Watermelon 16.7% Pears 23.5%
10 | Oranges 26.1%  Blueberries 16.5%  Kiwi fruit 15.9% Blueberries 22.7%
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Table 8: Consumption proportions for top ten raw vegetables by age group and sex, with differences in consumption proportion between sexes of 25% highlighted in orange, and 210%
highlighted in green

aw Ve

1 L Cucumbers

2 | Tomatoes : Tomatoes 5240% 54.00% Tomatoes

3 | Camotsfromabag  4260%  4120% 44.40% gw& 4430%  44.40% 44.10% Cucumbers  39.10%
4 | Avocado 39.20% . 4150%  4120% 4190% Avocado 31.30%
5 | lceberg lettuce 31.40% Avocado 33.10% I mﬂ“ﬂ from  810%
6 | loose Carrots 1790%  17.50% 18.30% wuhn - 2550%  2370% 2830% oot Rd 27309
7 | Celery 1820%  18.00% 14.40% ﬁnﬁ! 2390%  2230% 26.50% wﬂ“ mixin 5 00%
8 | Sabdmixinabag  1420%  1360% 1500% e 2B80%  2260% 2570% oo 23.40%
9 | Red capsicum 1320%  1320% 1330% o 2030%  2070% 19.50% Celery 22.70%
10 | Other lettuce 1250%  1000% 1440% o0 17005 1800% 17.60% Omer 20.30%
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Table 10: Consumption proportions of raw fresh produce food items previously associated with Salmonella outbreaks by season

Raw fresh produce % Ate Summer % Ate Autumn % Ate Winter % Ate Spring

, Alfalfa sprouts 2.2% 3.0% 2.6% 2.0%
Bean sprouts 5.1% 4.0% 6.6% 5.1%

v Rockmelon 19.1% 14.1% 7.7% 11.3% *

v Honeydew melon 5.9% 4.3% 3.3% 3.7%

M Mango 31.4% 8.9% 2.9% 17.2% 7
Packaged fruit salad 3.1% 3.3% 3.1% 4.1%

. Paw paw 1.5% 1.3% 1.4% 2.0% ;
Pre-cut fruit 7.1% 5.7% 5.7% 6.6%
Raw chilli 7.1% 5.8% 7.5% 72% |
Raw fresh garlic 7.1% 4.0% 5.2% 6.0%

Table 11: Consumption proportions of raw fresh produce food items previously associated with Salmonella outbreaks by age group and sex, with differences in consumption proportion
between sexes of 25% highlighted in orange, and 210% highlighted in green

5-14 years 15-17 years 18-34 years 55-74 years 75+ years
M M
Alfalfa
. 1.0% 0.9% 1.1% 15% 1.6% 1.5% 1.6% 1.3% 2.0% 2.7% 14% 4.0% 2.8% 3.7% 2.3% 3.9% 3.2% 4.5% 2.6% 2.0% 3.0%

Bean sprouts 34% 26% 44%  3.2% 36% 26% 55% 52% 59% 7.2% 6.3% 83% 58% 55% 6.0% 5.6% 52%  5.9% 19%  3.0% 1.2%

738_5.0_2. 125% 12.3% 12.8% 155% 14.6% 169% 14.1%

7.3% 12.2% 143% 116% 16.1% 13.9% 11.7% 157% 15.7% 149% 16.2%

Igﬂ-n—.”mg 3.9% 4.8% 2.8% 3.4% 3.4% 3.3% 4.7% 3.9% 5.9% 4.5% 4.2% 4.9% 5.2% 6.4% 4.3% 4.5% 4.8% 4.2% 3.4% 2.0% 4.2%

7. Mango 154% 15.8% 15.0% 156% 148% 16.9% 164% 156% 17.6% 155% 12.7% 185% 142% 135% 147% 157% 149% 164% 119% 89% 13.8% A
M“n.»x“_n“_ 3.9% 2.6% 5.6% 2.7% 2.7% 2.6% 4.7% 2.6% 7.8% 3.4% 2.6% 4.3% 3.3% 4.6% 2.5% 3.4% 3.2% 3.5% 4.1% 7.9% 1.8%

7, Paw paw 2.0% 3.1% 0.6% 0.4% 0.5% 0.4% 1.6% 2.6% 0.0% 19% 1.7% 2.2% 1.4% 1.5% 12% 2.2% 24% 2.1% 1.5% 1.0% 1.8% A
Pre-cut fruit 8.3% 8.3% 8.3% 4.4% 4.6% 4.0% 7.8% 7.8% 7.8% 7.5% 6.3% 8.8% 5.4% 7.3% 4.1% 5.8% 5.6% 5.9% 6.0% 8.9% 4.2% A
Raw chilli 0.7% 0.9% 0.6% 2.4% 2.7% 1.8% 5.5% 6.5% 39% 116% 135% 9.5% 9.7% 10.1% 9.5% 6.7% 6.5% 7.0% 1.1% 2.0% 0.6%
Raw fresh

J—— 2.2% 18% 28% 3.4% 30% 40% 39% 39% 39% 5.8% 57% 59% 88% 73% 97% 6.7% 52% 8.0% 45% 50% 4.2%
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Table 13: Consumption proportions by age groups for nuts and nut spreads, with differences in consumption proportion between sexes of 25% highlighted in orange, and 210% highlighted in
green

Peanut 15.0% 17.5% 11.7% | 13.9% 13.4% 14.7% | 17.2% 18.2% 15.7% | 24.7% 27.8% 21.6% | 24.2% 26.0% 22.9% | 23.0% 27.0% 19.6%
Almond 16.7% 15.4% 18.3% | 15.2% 15.3% 15.1% | 24.2% 22.1% 27.5% | 34.5% 34.6% 30.3% 37.6% | 35.2% 31.9% 38.1% | 25.0% 24.8% 25.1%

Cashew 17.4% 15.8% 19.4% | 14.3% 13.2% 16.2% | 15.6% 14.3% 17.6% | 26.4% 24.8% 28.1% | 32.1% 30.6% 33.1% | 28.1% 27.8% 28.3% | 22.8% 21.8% 23.4%
Walnut 6.6% 6.1% 7.2% 6.8% 7.1% 6.3% 7.0% 5.2% 9.8% | 12.4% 10.6% 14.2% | 15.2% 12.2% 17.1% | 20.8% 19.0% 22.4% | 17.5% 16.8% 18.0%
Pistachio  5.1% 5.3% 5.0% 3.8% 2.1% 6.6% 6.3% 6.5% 59% | 10.0% 10.6% 9.4% 9.5% 8.9% 9.9% 9.6% 10.1% 9.1% 2.6% 2.0% 3.0%

Hﬂﬂ 34%  44%  22% | 24% 1.8% 33% | 23% 39% 00% | 80% 85% 7.4% | 9.9% 86% 10.7% | 88% 97% 80% | 5.6% 50%  6.0%
whww“h_s 221% 22.4% 21.7% | 29.3% 27.6% 32.0% | 30.5% @ 32.5% 27.5% | 15.7% 153% 16.2% | 85% 7.6% 9.1% | 41% 3.6% 45% | 41% 20%  54%
””H.m_w 40.9% 40.4% 41.7% | 28.8% 30.3% 26.5% | 32.8% 33.8% 31.4% | 27.9%  25.2% 30.8% | 30.2% 30.3% 30.2% | 31.5%  35.9% 27.6% | 29.5% 27.7% 30.5%

Table 14: Consumption proportions by age groups for sesame seeds and sesame seed products, with differences in consumption proportion between sexes of 25% highlighted in orange

0-4 years 5-14 years 15-17 years 18-34 years 35-54 years 55-74 years

Sesame
. seeds

Tahini 2.9% 2.6% 3.3%

0.7%  2.0% 0.0%

Hommus 15.4% 17.1% 13.3% 6.0% 5.0% 6.6%

Halva 0.2% 0.4% 0.0% 0.7% 1.0% 0.6%
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Preface

Background to project

In the wake of the emergence and subsequent burden of hospital and community
acquired methicillin-resistant Staphylococcus aureus (MRSA) infections, the Victorian
Hospital Pathogen Surveillance Scheme (VHPSS) was established by the Microbiological
Diagnostic Unit Public Health Laboratory (MDU PHL) in 1988 to collect information on
invasive cases of bacterial and fungal infections and their antimicrobial sensitivities in
the Victorian population. This project was conceptualised by MDU PHL director Ben
Howden, who identified that a comprehensive evaluation of the VHPSS was overdue and
was required to describe the current functioning of the scheme and to identify where,

if required, improvements to the scheme could be made.
My role

| was the lead investigator on this project and managed all aspects of the evaluation. |
developed a plan for the evaluation; conducted a document review; conducted
interviews with VHPSS staff and stakeholders; designed an online questionnaire for
contributing laboratories; conducted interviews with non-contributing laboratories;
completed data cleaning and analyses; and produced a final report with
recommendations for improvements to the scheme. Throughout the evaluation, those

who work with the VHPSS provided valuable information, feedback, and advice.
Lessons learnt

Completing this evaluation has greatly increased my skills in surveillance system
evaluation, and has given me an appreciation of the multiple and intricate ways different
system attributes can interact and inform the performance of each other and the system
as a whole. Evaluating a voluntary surveillance system in particular has highlighted for
me the importance of stakeholder engagement and ensuring that contributors feel their
work is valued and useful, while also ensuring that any improvements to the system do
not place further burden on contributors. Developing an online questionnaire for the
contributing laboratories also extended my skills in questionnaire development and

using online questionnaire platforms.
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Public health impact

The key strengths of the VHPSS are that it monitors the incidence and antimicrobial
susceptibilities of many pathogens that are not captured by any other surveillance
system in Victoria, and that it has consistently collected this information over an almost
30 year period, making it a valuable resource in the surveillance of invasive infections
and antimicrobial resistance in Victoria. This evaluation has found that the consistency
and completeness of antimicrobial resistance information collected by the system could
be improved for greater internal and external comparability, and that improvements to
the timeliness of the scheme would allow it to better detect outbreaks within and across

different health services.
Acknowledgements

Special thanks go to Janet Strachan and Wendy Siryj for all of their help in providing
information for this evaluation and for putting up with my incessant questions. | would

also like to thank and acknowledge:

e Courtney Lane for acting as a marvellous sounding board and providing advice

and different perspectives
e Marion Easton for providing support and sharing her experience of the scheme

e Ann Bull and Leon Worth of the Victorian Hospital Acquired Infection
Surveillance System (VICNISS) for giving their time to discuss their system with

me

e The laboratories who gave their valuable time and opinions in the laboratory

guestionnaires for this evaluation

e And last but certainly not least, all of the laboratories who contribute to the

VHPSS, without whose participation this scheme could not exist
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Abstract

Introduction: The Victorian Hospital Pathogen Surveillance Scheme (VHPSS) is a
voluntary, laboratory-based surveillance scheme of bacterial and fungal causes of
bloodstream infections and meningitis (invasive infections) in the Victorian population.
An evaluation of the VHPSS was conducted to describe the current operation of the
scheme and to assess its performance against its objectives and key performance

indicators.

Methods: This evaluation was guided by the United States’ Centres for Disease Control
and Prevention (CDC)’s Updated Guidelines for Evaluating Public Health Surveillance
Systems. To provide an insight into the data collected by the VHPSS, a summary of data
from the 10 year period January 1 2006 to December 31 2015 was conducted in
Microsoft Excel and Stata IC 12.1. This data was also analysed to assess system attributes
of timeliness and data quality. Evidence regarding the operation, simplicity, stability,
flexibility, sensitivity, and representativeness of the scheme was gathered through
participant observation, stakeholder interviews, and document review. Evidence of the
acceptability of the scheme was gathered from an online questionnaire for contributing
laboratories, and email or telephone interviews for non-contributing laboratories. An
assessment of the system’s usefulness was informed by findings for the above, as was
the assessment of the system’s performance against its objectives and key performance

indicators (KPIs).

Results: This evaluation resulted in a number of recommendations. The system is
acceptable to stakeholders overall, but improvements in the efficiency of the
notification process for contributing laboratories and the reinstatement of regular
feedback (summary reports) to stakeholders would significantly increase the
acceptability of the scheme. The scheme is structurally simple, but issues with the
antiquated information technology (IT) infrastructure developed for the scheme many
years ago increase the complexity of data management and extraction. This IT
infrastructure also hampers the ability of the system to be flexible in response to
changes in information needs. The timeliness of the system is poor, both in regards to
information entering the system and exiting the system, but the quality of the data in
the system is generally high. Considering the voluntary nature of the system, it is

relatively representative and sensitive, estimated to capture between 80% and 100% of
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relevant infections in the Victorian population. Its sensitivity to detect outbreaks,

however, is hampered by the poor timeliness of the system.

Discussion: Overall the VHPSS is a useful surveillance system. It collects data on
(typically) severe infections and their antimicrobial susceptibilities that are not captured
by any other system; it is broadly representative of these infections in the Victorian
population; and it has been running consistently for over 29 years, making it a valuable
repository of information on pathogen and AMR incidence and trends over time.
However, a number of issues exist that hinder the operation of the scheme and limit its
usefulness in addressing acute events especially. The system would benefit greatly from
investments in new IT infrastructure and additional dedicated staff time, but any
changes to the system should only be made after the future purpose and direction of

the system is decided.
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Introduction

Invasive infections, including bloodstream infections and meningitis, are a major cause
of morbidity and mortality worldwide.»? In Australia, septicaemia and meningitis are
within the top 15 leading causes of death for children under four years, with septicaemia
also a significant cause of death in those aged over 75 years.? There is limited published
information on the epidemiology of invasive infections, and bloodstream infections
(BSIs) in particular, in Australia as a whole! due in large part to a dearth of
comprehensive BSI surveillance. As will be discussed further in this evaluation, there are
multiple surveillance systems and programs in Australia that capture information on
invasive infections, but most of these systems only collect certain aspects of this
information. For example, a number of systems only collect information on invasive
infections believed to have been acquired in a hospital or healthcare facility, thus
excluding approximately half of all BSIs that are acquired in the community.* Other
systems, such as state and national notifiable diseases surveillance systems, only

capture information on invasive infections caused by selected pathogens.>®

Despite the significant financial costs to the healthcare system and to human health
posed by these infections,* there is only one other surveillance system in Australia apart
from the system which is the focus of this evaluation that captures all invasive infections
caused by any pathogen. However, the Australian Passive antimicrobial resistance
(AMR) Surveillance (APAS) system’ does not collect representative samples of invasive
infection data from all Australian states, and as indicated by its title, has a strong focus
on antimicrobial resistance. International examples of BSI surveillance in Finland and the
United Kingdom show that comprehensive national surveillance of invasive infections is
possible, and demonstrate the utility of these systems not only in providing information
on trends in invasive infections, but also in the investigation of acute public health
events, facilitating faster public health responses and the prevention of further

infections.?

This situation is reflected in the surveillance of AMR in Australia. Despite being
recognised as an urgent global health priority,® Australia lacks a coordinated national
antimicrobial resistance surveillance system. With limited national oversight, Australia’s
states and territories each support varied systems for AMR data collection, resulting in

a lack of data coordination and comparability. Again, these systems usually only collect
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information on AMR in specific pathogens, are often reliant on voluntary contributions,
and are predominantly focussed on hospital-acquired infections (HAIs).>® The
Australian Passive AMR Surveillance (APAS) system is the only system in Australia that
collects AMR data for all clinical samples, allowing it to monitor antimicrobial resistance
in all pathogens across all sites of infection. However, apart from Queensland, for which
almost all state data is collected, data is only contributed from one or two pathology
providers in each other jurisdiction, meaning that the data cannot be fully

representative of AMR in Australia.”

Internationally, comparable high-income countries such as the United States of America
and the United Kingdom have similar issues to Australia, with limited national
coordination of state-based and national pathogen-specific surveillance programs.>!!
Programs such as the Danish Integrated Antimicrobial Resistance Monitoring and
Research Program (DANMAP) provide a successful model of national coordination of
both human and non-human antimicrobial resistance and consumption data, and the
European Antimicrobial Resistance Surveillance Network (EARS-Net) demonstrates that
this data can be coordinated internationally.®>'? However, these programs are also
limited in their scope, only collecting data for key pathogens, which hampers their ability

to monitor resistance incidence and spread in less common pathogens.

Within this context sits the Victorian Hospital Pathogen Surveillance Scheme (VHPSS),
which collects information on all invasive infections and their antimicrobial sensitivities
in the Victorian population. This evaluation will provide a detailed description of the
scheme, assess its functioning and performance against its objectives and key
performance indicators, and where required will provide recommendations for its

improvement and future development.
The Victorian Hospital Pathogen Surveillance Scheme

The VHPSS is a voluntary, laboratory-based surveillance scheme of bacterial and fungal

causes of bloodstream infections and meningitis in the Victorian population.

In the wake of the emergence and subsequent burden of hospital-acquired methicillin-
resistant Staphylococcus aureus (MRSA) infections in the 1970s and 80s, the VHPSS was
established in 1988 to fill the gap in the available data to define the scale of MRSA as a

population health problem in Victoria.!* The VHPSS was designed to describe the
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epidemiological and microbiological characteristics of infections due to bacteria and
fungi isolated by diagnostic laboratories from the blood or cerebrospinal fluid (CSF) of
patients. Established by the Microbiological Diagnostic Unit Public Health Laboratory
(MDU PHL, or MDU for short) under the auspices of the Victorian Health Department’s
Standing Committee on Infection Control, the VHPSS is not directly funded as an
independent surveillance system by the Victorian Department of Health and Human
Services (DHHS), but is included in MDU’s service agreement with the DHHS and is
administered by MDU as an ‘in-house’ surveillance system. Referred to in this report as
the ‘VHPSS epidemiologist’, the VHPSS is managed and coordinated by an MDU
epidemiologist as part of their regular duties. There is also one dedicated part-time data
management officer for the VHPSS, who is intermittently supported by a casual data-

entry officer.
Aims and objectives of the VHPSS

The stated aim of the VHPSS is to ‘monitor the causative agents of bacteraemia and
meningitis by collecting, analysing, and disseminating data on isolates from human

bloodstream and CSF infections throughout Victoria.'* The objectives of the VHPSS are:

e To identify trends in the epidemiology of human bacterial/fungal bloodstream
and CSF infections acquired in diverse Victorian community and health-care

settings;

e To monitor antibiotic resistance in invasive pathogens, as reported by primary
diagnostic laboratories, and to actively enhance this surveillance in key

pathogens from time to time;

e To classify infections according to length of hospitalisations prior to collection of

diagnostic specimen;

e To monitor the emergence of important pathogens and to explore geographic or

temporally clustered infection;

e To report possible outbreaks or clusters of a particular organism to the relevant

agencies in a timely fashion;

e To enhance existing surveillance of diseases notifiable under the Heath

(Infectious Diseases) Regulations;
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To report the current epidemiology of bloodstream and CSF infections to
laboratory and clinical staff throughout Victoria in a regular and timely fashion;

and

To operate the scheme according to quality principles, to ensure maximum data

quality and timely and accurate reporting.'*

Key Performance Indicators (KPlIs)

The VHPSS Key Performance Indicators (KPls) were developed to help define and

measure the progress of the scheme in achieving its stated aim and objectives. As a

scheme reliant on voluntary contributions, not all aspects of the scheme’s performance

are within the direct control of the scheme, so the KPIs have been split into two groups.

KPIs within the direct control of the VHPSS are:

Input of data: more than 90% of notifications entered into the database within 5

days of receipt at MDUPHL;

Accuracy and validity of data: no more than 3% errors in total for organism,
collection date, gender, date of birth/age, specimen fields in a random sample

of 50 VHPSS records;

Timeliness of response to external data requests: more than 90% within three

working days; and

Output of data: distribution of four quarterly reports covering human isolates

(within two months of the end of the specified three month period).

KPIs within the joint control of the VHPSS and contributing laboratories are:

Timeliness of specimen collection to receipt of notification form/report by

VHPSS: 100% within one month of date of isolation; and

Completeness of case data: the VHPSS is to contain more than 90% of

bloodstream and CSF isolates processed by contributing laboratories.#

Case definition

The VHPSS case definition for an episode of bacteraemia or meningitis is defined as the

first isolation of a species of bacteria/fungi from a blood or CSF specimen from a patient

within a 14 day period. Isolations of more than one different species of bacteria/fungi
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from the same patient irrespective of time period are counted as separate episodes (if
deemed to be clinically significant).!* Laboratory staff at the primary diagnostic
laboratory determine the clinical significance of an isolate on the basis of the
microbiological and/or clinical information available to them. If it is decided that the

isolate likely represents a contaminant, it should not be reported to the VHPSS.

A surrogate indicator of whether the infection was likely to be health-care associated or
community acquired is determined by calculating the duration of hospital stay before
collection of the sample (where this information is available). Where a specimen is
collected less than three days into hospitalisation, this is thought to suggest a

community-acquired infection.
Data collection

Data are sent by participating laboratories (from both the public and private sector) to
MDU. Data include patient demographic details (anonymous identifier, age/DOB, sex,
and postcode); hospital information (hospital name, unit, and date of admission); and
laboratory information (laboratory name, laboratory record number, date of specimen
collection, identified bacterium or fungus, and reported antimicrobial susceptibilities).
Limited clinical information is also collected if this has been provided to the laboratory.

The VHPSS data collection form can be found in chapter Appendix 1.

External data sources

As shown in the VHPSS data flowchart (Figure 1), VHPSS data is collected from both
external (contributing laboratories) and internal (MDU) sources. For external data
collection from participating laboratories, VHPSS data collection forms pre-labelled with
the relevant laboratory code are distributed to participating laboratories. When a
bacterial or fungal organism causing a significant infection is isolated from blood or CSF,
the VHPSS form is completed and sent to MDU, constituting a ‘notification’. While most
contributing laboratories use the VHPSS data collection forms to notify, some
laboratories have chosen to semi-automate their notifications. For example, some
laboratories send direct copies of the same result print-outs that are sent to clinicians;
some send a version of their standard result print-out that has been modified specifically
for the VHPSS; and some laboratories use the VHPSS form and attach a print-out of a

VITEK antimicrobial sensitivity test result slip in lieu of transferring this data to the form.
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When an external notification arrives at MDU, the notification is date-stamped and
placed in the VHPSS pigeon hole. Notifications are then checked (or ‘eyeballed’) by the
VHPSS epidemiologist for adherence to the case definition and microbiological
consistency and validity, including species identification and nomenclature, and
antimicrobial testing method sensitivity results. Notifications are then provided to the
VHPSS data entry team, who add genus, species, and any applicable typing or comment
codes. The data entry team also contact contributing laboratories to clarify any
discrepancies and obtain any missing data for key fields. If a notification arrives for an
organism that is normally routinely sent to MDU for further typing, and the notifying
laboratory has indicated that they have not sent this isolate to MDU (this question is
included on the VHPSS data collection form), the VHPSS epidemiologist or data-entry
team will contact the laboratory and encourage them to submit the isolate to MDU.
Consequently, this process not only ensures data for VHPSS notifications is complete,
but also acts as a secondary data completeness check for other MDU and state

notification and isolate referral systems.

Internal data sources

Internally, the VHPSS epidemiologist regularly checks the MDU laboratory information
management system (LIMS) for results relevant to the VHPSS from isolates that are
routinely sent to MDU for confirmation of identification or typing. These isolates can
come from both contributing laboratories and from laboratories that do not regularly
contribute to the VHPSS, as displayed in the flowchart (Figure 1). The relevant
information for these isolates is then taken from the LIMS and entered onto a VHPSS

data collection form to create a VHPSS notification.

222



Chapter 5: Evaluation of a surveillance system

Figure 1: Flowchart of data entry into and exit from the Victorian Hospital Pathogen Surveillance

System (VHPSS)
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Data entry and management

All notifications are entered into the VHPSS database using the VHPSS Data Entry
application which has been designed to emulate the VHPSS data collection form. The
VHPSS database is a relational Microsoft Access database that is stored on a Microsoft
Jet database engine maintained by MDU. Within the database there are four key tables
which store information relating to patients, specimens, isolates, and antimicrobial
sensitivities, and a series of look-up tables for data, including those pertaining to
hospitals, genera, isolate species, and antimicrobials. Data checks are routinely
conducted by the data entry team, and data are cleaned on a regular basis (monthly or

guarterly) by the VHPSS epidemiologist.

The VHPSS Data Manager application is used to manage updates and changes to all look-
up tables used for data entry, and to delete and merge patient records. Data is extracted
from the Access database using the VHPSS Report Generator application which can
select data by date range, isolate species or genus, and antimicrobials. For each calendar
year, all notifications are extracted into a Microsoft Excel format and cleaned and de-
duplicated to create an ‘historical’ reference dataset. The Microsoft Access database is
backed up daily by the MDU IT section, and notification forms are stored in hardcopy for

one year in filing cabinets and then microfiched.
Data analysis and reporting

After cleaning, data are analysed by the VHPSS epidemiologist and summary reports are
distributed to contributing laboratories, the DHHS, and other interested stakeholders on
a regular basis. It is stated in the VHPSS policies and procedures manual that reports
should be published on a quarterly basis, which is also reflected in the VHPSS Key
Performance Indicators (KPIs). These reports include summaries of the number and
species of organisms notified to the scheme in the relevant time period (often compared
to five year means), and analysis of trends in the epidemiology and antimicrobial

sensitivities of organisms of public health importance.

Should the VHPSS epidemiologist identify any apparent clustering of cases, at the
analysis or data checking stage, the DHHS Health Protection Branch is notified directly
so an investigation can be initiated. The VHPSS also responds to regular and ad-hoc

requests for information (RFIs) from the DHHS and from contributing laboratories, which
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usually seek to obtain more in-depth information on the incidence and antimicrobial
sensitivity trends of a particular organism or species. The details of the RFl are recorded
on the RFI Excel spreadsheet for the purpose of summarising how VHPSS data has been

used, and for monitoring compliance with the KPIs regarding response time to RFls.
System evaluation

The policies and procedures manual states that the VHPSS should undergo a major
review once in every five years, including reviewing the performance of the scheme
against the above KPIs to determine whether the scheme is meeting its aim and
objectives. The last major review of the scheme which included consultation with
stakeholders (contributing laboratories) was completed in 2003, and reviewed the
previous 13 years of VHPSS performance. This review identified a number of issues,
particularly in regard to data quality and timeliness of reporting, and resulted in the
revision of the VHPSS data collection form; clarification of the case definition; and

moving from a flat-file database to the current relational Access database.

Despite the requirement to review the VHPSS every five years as detailed in the manual,
a major review of the VHPSS has not been documented in the 13 years since 2003,
though intermittent assessments of the performance of the VHPSS against the KPIs have
been undertaken. As such, the aim of this evaluation is to conduct a detailed assessment
of whether the VHPSS is achieving its aim and objectives, and performing against its KPls,
to determine whether the scheme is functioning efficiently and effectively. The

objectives of this evaluation are to:
e Describe the purpose and operation of the scheme
e Provide a summary of the data collected by scheme over the past 10 years

e Assess the performance of the scheme against the Centers for Disease Control’s
(CDC) key surveillance system attributes, with reference to the scheme’s

objectives and KPls
e Assess the overall usefulness (effectiveness) of the scheme, and

e Where required, provide recommendations to improve the functioning of the

scheme and increase its usefulness
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Methods

Evaluation framework

This evaluation has used the methods outlined in United States’ Centres for Disease
Control and Prevention (CDC)’s Updated Guidelines for Evaluating Public Health
Surveillance Systems.'® A review of VHPSS documents including the original proposal for
the establishment of the scheme, the VHPSS policies and procedures manual, and
previous internal and external reviews of the scheme, was conducted alongside
stakeholder consultations and data analyses to inform the description of the scheme

and assess its performance against its aim, objectives, and KPls.

The VHPSS was assessed against eight of the nine key surveillance system attributes.
Positive predictive value (PPV) was not assessed as this is a measure of the proportion
of cases reported to a system that actually have the health-related event under
surveillance. As the VHPSS is a laboratory-based system and all notifications represent
laboratory-diagnosed cases, PPV is not a useful measure. The potential for a notification
to represent a sample contamination rather than a true infection is addressed under the

sensitivity attribute.
Data analyses

Historical Microsoft Excel datasets for the years 2006-2015 were used to inform the data
summary and to inform the assessment of the system attributes of timeliness and data

quality. All analyses and graphs were completed in Microsoft excel.

Notification receipt dates and dates of data entry into the VHPSS are not included in the
historical datasets, so for the assessment of timeliness, these dates were exported into
Microsoft Excel directly from the VHPSS Microsoft Access database for each year of the
10 year period. Records were then matched by VHPSS ID number using the VLOOKUP
command in Microsoft Excel. Any notifications that were not matched during this
process were discarded on the assumption that these notifications had been cleaned
from the historical data. The total number of days between each date field was then

calculated for all matched isolates.

To select the random sample of 50 records from the 2015 historical dataset to asses data

accuracy, the RAND command in excel was applied to generate a random number for
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each record. The records were then sorted from smallest to largest number, and the first

50 records were selected.
Stakeholder consultations

Informal interviews with the VHPSS epidemiologist, VHPSS data entry officer, and the
MDU Information Technology (IT) team were conducted throughout the evaluation to
inform the description of the scheme and the assessment of the scheme’s performance
against the key system attributes. An informal interview with one contributing
laboratory was also conducted to gain a more thorough understanding of the
notification process from the perspective of the contributor, which assisted in

developing the contributing laboratory questionnaire.

The contributing laboratory questionnaire was distributed to the Director and Principal
Scientist of each laboratory known to be currently contributing to the VHPSS. It was
administered through the online platform SurveyMonkey, and all laboratories could
elect to participate in the questionnaire anonymously if desired. The questionnaire
aimed to ascertain whether the VHPSS is acceptable and useful to contributing
laboratories in regards to their experience of the contribution process, the feedback
they receive from the scheme, and their overall perception of the scheme’s function.
The questionnaire was fully completed by 12 of 22 contributing laboratories, and was
partly completed by and additional two. A full list of the questions included in the

questionnaire is provided in chapter Appendix 2.

A survey was also sent by email to the Directors of the three major hospital laboratories
that do not contribute to the scheme. The email briefly described the scheme and the
purpose of the evaluation, and included four questions that attempted to ascertain what
knowledge the Director had of the scheme and why their laboratory does not
contribute. One laboratory answered the questions via email (though directed one of
the questions to the Director of MDU, who answered this question in their capacity as
the previous Director of the non-contributing laboratory), one laboratory participated
via a telephone interview, and one laboratory did not participate. The text of the original

email is included in chapter Appendix 3.

A formal in-person interview was conducted with the Operations Director and a Clinical

Researcher from the Victorian Healthcare Associated Infection Surveillance System
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(VICNISS) to better understand what data is collected by that system and how it might

overlap with the VHPSS.

Results

VHPSS data summary: January 2006 to December 2015

To provide aninsight into the volume and breadth of data collected by the VHPSS, a data
summary for the 10 year period (January 1st 2006 to December 31st 2015) was

completed.
Number of notifications

Over this period there were 67,329 bacterial and fungal bloodstream and CSF infections
notified to the VHPSS, comprised of 66,905 isolations from blood (99%) and 424
isolations from CSF (1%). Notifications of bloodstream infections increased by a total of
72% over the ten year period, while notifications for CSF infections decreased by a total
of 64% (Figure 2). No seasonality was observed in either notifications of bloodstream or

CSF infections over the 10 year period.

Figure 2: Number of bloodstream and cerebrospinal fluid infections notified to the VHPSS, 2006 - 2015
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Notifications by age and sex

For the combined 10 year period the majority of bloodstream and CSF infections were
in males (between 56% and 57% in each year). The age distribution of cases over the 10
year period differed by site of isolation. After a peak in the 0-4 year age group,

bloodstream infections rose sharply after cases reached 49 years of age, with those aged
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70 years and over accounting for 46% of bloodstream infections (Figure 3). CSF
infections were predominantly reported in those aged 0-4 years, accounting for 34% of

notifications (Figure 4).

Figure 3: Number of bloodstream infections notified to the VHPSS by sex and age, 2006 — 2015
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4: Number of cerebrospinal fluid infections notified to the VHPSS by sex and age, 2006 - 2015
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Data contributors

The number of laboratories that contributed data to the VHPSS over the 10 year period
varied, ranging between 26 laboratories in 2006 and 19 laboratories in 2013 and 2014.
The decrease over time is likely to be due to significant changes in laboratory ownership
over the period rather than representing a true decrease in the number of laboratories
contributing to the system, as many smaller laboratories were amalgamated into larger
organisations. If this did represent a true decrease in the number of laboratories
contributing to the system, it would follow that the number of hospitals associated with
notifications would also decrease. Instead, the number of hospitals associated with
notifications rose steadily over the 10 year period from 103 in 2006 to 135 in 2015.

Changes in which hospitals are serviced by contributing laboratories that occur
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alongside changes in laboratory ownership are likely to have affected this change in the

number of hospitals represented.
Most frequently notified organisms

The ten most commonly notified organisms and their rankings remained relatively stable
over the 10 year period (Table 1). The top 3 organisms isolated from blood and CSF
remained the same in each year, with E. coli accounting for 23-29% of notifications; S.
aureus for 13-17%; and coagulase-negative Staphylococcus for 7-12%. In each year, the
most commonly reported coagulase-negative Staphylococcus was S. epidermidis,

followed by S. capitis.

Table 1: Ranking of the ten most common organisms isolated from blood and CSF reported to the
VHPSS by frequency order, 2006 — 2015

Top 10 organisms 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 ‘
Escherichia coli 1 1 1 1 1 1 1 1 1 1
Staphylococcus aureus 2 2 2 2 2 2 2 2 2 2
Coagulase negative 3 3 3 3 3 3 3 3 3 3
Staphylococcus
Streptococcus 4 4 4 4 4 4 4 5 5 5
pneumoniae
Klebsiella pneumoniae 5 5 5 5 5 5 5 4 4 4
Enterococcus faecalis 7 6 6 6 6 6 6 6 6 5
Pseud?monas 6 7 7 3 7 7 7 7 7 6
aeruginosa
Streptococcus mitis

8 8 8 9 10 8 8 8 8 7
group
Enterococcus faecium - - 9 7 8 9 9 9 9 8
Enterobacter cloacae 9 9 10 - 9 10 10 - - -
Klebsiella oxytoca 10 - - 10 - - - - - -
Group A Streptococcus - 10 - - - - - - - 10
Group B Streptococcus - - - - - - - 10 10 9
Top 10 proportion of 78%  72%  73%  72%  72%  72%  73% 2% 2%  74%
isolate notifications

In comparison, organisms associated with CSF infections alone were more varied over
the 10 year period, and those notified to the VHPSS more than once in a year are
presented in Table 2. S. pneumoniae and coagulase-negative Staphylococcus infections
were consistently notified multiple times in every year, while N. meningitidis, C.
neoformans, and S. aureus were notified at least twice per year in most of the years in

the period.
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Table 2: Number of CSF isolates notified by organism with more than one notification in a year VHPSS,
2006 — 2015

Organisms isolated from

CSE with >1 notification 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Streptococcus
pneumoniae
Coagulase negative
Staphylococcus
Neisseria meningitidis 9 10
Cryptococcus neoformans 9 9
Staphylococcus aureus - 7
Haemophilus influenzae - 6 - -
2
2

(o]

NjwluniNn |

Enterococcus faecalis -
Escherichia coli 4
Listeria monocytogenes - - - - -
Group B Streptococcus 3 -
Streptococcus mitis group - -
Klebsiella oxytoca - - - - - - 2 2 - -
Enterobacter cloacae - 2 2 - - - 5 - - -
Pseudomonas aeruginosa - - - 2 2 - - - - -
Cryptococcus gattii - - - - - 3 - - - -
Candida parapsilosis - - - - - - - 2 - -
Enterococcus faecium - - - - = 2 - - - -
Proportion of CSF isolate
notifications represented

82% 85% 82% 88% 87% 90% 81% 75% 79% 65%

Antimicrobial resistance

Key antimicrobial resistances reported in gram-positive bacteria notified to the VHPSS
over the 10 year period are presented in Table 3. The proportion of S. aureus isolates
that were metbhicillin-resistant declined by 7% between 2006 and 2010, then remained
relatively stable from 2011 to 2015. In all years, the proportion of S. aureus isolates that
were resistant tended to increase with duration of hospital admission. Resistance was
more common among S. aureus isolates from specimens collected from patients after
seven days of hospitalisation (24-50% resistance) than among those collected between
three and seven days hospitalisation (13-20% resistance) and prior to three days
hospitalisation (12-17% resistance). Hospital admission dates were supplied for 76-96%

of S. aureus isolates over the 10 year period.

The proportion of S. pneumoniae reported as penicillin non-susceptible also declined
over the period from 21% in 2008 to 1% in 2015. After rising to 3% in 2010, vancomycin
resistance in E. faecalis isolates remained extremely low over the next four years before
rising to 1% in 2015. In E. faecium isolates, vancomycin resistance increased

considerably from 17% to 66% over the 10 year period (Table 3).

231



Chapter 5: Evaluation of a surveillance system

Table 3: Prevalence of key antimicrobial resistances of S. aureus, S. pneumoniae, E. faecalis, and E.
faecium reported to the VHPSS, 2006-2015

Staphylococcus aureus S;;e::l l:s:fi:l;s Enterococcus faecalis Enterococcus faecium
Methicillin  Isolates Gl Isolates  Vancomycin Isolates Vancomycin Isolates
resistant tested susce t-ible tested resistant tested resistant tested
(%) (n) (;:) (n) (%) (n) (%) (n)
2006 22% 880 19% 273 0% 160 17% 59
2007 23% 841 14% 280 2% 176 35% 92
2008 18% 892 21% 348 2% 207 33% 133
2009 16% 943 19% 351 2% 241 48% 152
2010 18% 845 18% 382 3% 227 55% 156
2011 15% 890 12% 377 0% 252 52% 139
2012 15% 1033 15% 344 0% 230 54% 147
2013 18% 1119 12% 370 0% 286 61% 159
2014 14% 1177 13% 348 0% 171 59% 87
2015 15% 1270 1% 325 1% 330 66% 215

Key antimicrobial resistances in the frequently reported gram-negative bacteria E. coli
and K. pneumoniae notified to the VHPSS over the ten year period are presented in Table
4. Amoxicillin resistance in both organisms remained relatively stable over the 10 year
period, with 49-53% of tested E.coli isolates, and 97-100% of tested K. pneumoniae
isolates, reported as resistant in each year. The proportion of tested isolates resistant to
at least one of the 3rd generation cephalosporins (3GCs) ceftazidime, cefotaxime, or
ceftriaxone increased by 10% in E. coli and 4% in K. pneumoniae over the 10 year period.
However, there was a gradual decease in the proportion of E. coli isolates that were
resistant to two or all three of these 3GCs, and a gradual decrease in the proportion of

K. pneumoniae isolates resistant to all three 3GCs.

Ciprofloxacin resistance increased by 9% in tested E. coli isolates over the 10 year period.
Anincrease was also observed in tested K. pneumoniae isolates, but this increase peaked
in 2011 and 2012 before beginning to decrease in the following years. This pattern was
also observed in gentamicin resistant K. pneumoniae isolates, with a small increase in
resistance in 2010/2011 then a return to previous levels in the following years.
Gentamicin resistance in tested E. coli isolates increased by 4% over the 10 year period,
peaking and continuing at 7% from 2012 onward. Notifications of E.coli isolates with
resistance to a carbapenem antibiotic became less frequent over the 10 year period,
with one or two cases in every year from 2006 — 2010, and only three cases over the
next five year period. Carbapenem resistance in K. pneumoniae isolates peaked in 2012

with five cases, before declining in the following three years.
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Apart from one imipenem resistant E. coli isolate, all carbapenem resistant E. coli and K.

pneumoniae isolates over the 10 year period were resistant to meropenem.

The number of multi-drug resistant (MDR) E. coli isolates (defined in this context as
resistant to three or more of the antimicrobial families investigated above) increased
steadily from 2% to 8% over the 10 year period, while MDR K. pneumoniae isolates again
peaked in 2011/2012 and remained stable in the following years. For both E. coli and K.
pneumoniae, multi-drug resistance was often more common in isolates from specimens
collected after seven days of hospitalisation than in those collected between three and
seven days hospitalisation and prior to three days hospitalisation. However, this was not
a consistent trend across all years in the period, and the differences in the proportions

of MDR notifications by hospitalisation duration were highly variable (Table 5).

Table 5: Proportion of E. coli and K. pneumoniae hospital stay duration at specimen collection
category accounted for by MDR E. coli and K. pneumonia isolates, VHPSS, 2006-2015.

MDR E. coli MDR K. pneumoniae
% %
% 3-7 % >7 unknown/ % <3 % 3-7 % >7 unknown/
days days not days days days not
admitted admitted
2006 2% 1% 5% 2% 1% 1% 3% -
2007 2% 3% 6% 2% 3% 0% 5% -
2008 3% 8% 1% 2% 2% 8% 7% 1%
2009 5% 5% 8% 2% 1% 0% 9% -
2010 3% 10% 7% 1% 1% 4% 19% -
2011 5% 9% 13% 1% 4% 13% 16% 2%
2012 6% 1% 8% 5% 5% 6% 15% =
2013 7% 10% 8% 5% 4% 6% 10% -
2014 6% 17% 17% 7% 4% 5% 6% 3%
2015 9% 7% 13% 6% 5% 0% 2% 1%
Conclusion

As demonstrated above, the VHPSS collects valuable information on trends in the major
pathogens causing invasive infections, and their associated antimicrobial resistances, in
the Victorian population. However, as will be discussed further in this evaluation, a key
strength of the VHPSS is its collection of unusual pathogens in bloodstream and CSF
infections which are not captured by any other surveillance systems in Victoria. The data
presented above is broadly representative of invasive infections in the Victorian
population, although as with most surveillance systems, the data collected by the VHPSS

has a number of limitations which must be considered in its interpretation. These
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limitations will be discussed alongside the strengths of the VHPSS in the assessment of

the VHPSS system attributes below.
System attributes
Simplicity

The simplicity of a surveillance system refers to both the system’s structure and its ease

of operation.®
Structure

As demonstrated in Figure 1 in the system description, the VHPSS has a relatively simple
structure. Notifications are either sent from contributing laboratories to MDU to be
checked and entered into the VHPSS database, or are created internally from relevant
results extracted from MDU’s LIMS. Notifications occasionally need to be checked for
adherence to the case definition, but as a laboratory-based system, all notifications are
“confirmed” and the only follow-up required is to obtain missing data from contributing
laboratories. Training would be required for any new staff to understand the notification
checking and coding process, and to learn what data is mandatory and must be followed
up, but these processes are well documented and the data entry computer application
is clearly laid out and easy to use. There are a number of operational issues, however,
that make using the system more complex for both contributing laboratories and VHPSS

staff.

Ease of operation

Four of the 14 laboratories who completed the contributing laboratory questionnaire
indicated that they did not find the method they currently use to report the VHPSS
straightforward. The reasons cited for this included the time-consuming nature of
reporting, the amount of writing/paperwork required, and the difficulty in being able to
reliably determine which isolates are clinically significant in the absence of clinical
details. Unfortunately the last of these issues is dependent on the clinical information
provided to the laboratory and on the expertise of the laboratory scientists, so is outside
of the control of the VHPSS. Within the control of the VHPSS are the methods of

notification available to contributing laboratories.
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Questionnaire respondents repeatedly suggested that an online notification system
would increase the ease of notifying and would reduce the time required to do so. As is
discussed further in the timeliness section, this would ideally take the form of an online
results upload system that can directly electronically transfer results into an MDU
database. This would not only increase the ease of reporting for laboratories, but would
also drastically reduce the time required for data entry and follow-up by VHPSS staff.
However, this would likely be a complex system to establish and would take dedicated
time and resources to develop. In the short term, MDU could develop a notification form
similar in format to the current form that can be either electronically completed and
submitted, or printed and submitted in hard copy (such as a fillable PDF). Electronically
completed notification forms would also reduce the amount of time VHPSS staff spend
trying to interpret and follow-up unclear handwriting, and could help to reduce the
amount of time spent chasing missing information if drop-down menus and required

fields could be incorporated into the design.

The VHPSS data management and extraction tools also reduce the simplicity of the
scheme for VHPSS staff. As will be discussed further under the flexibility attribute, the
system cannot download large amounts of data easily. Attempting to download more
than one month of notification data at a time will result in a failed extraction. This issue
makes data extraction a tedious and time-consuming process for VHPSS staff, and would
be ameliorated by the development of more powerful data management and extraction

systems.

Summary

The VHPSS is structurally simple, but both contributing laboratories and VHPSS staff
encounter operational issues that make using the system more complex. Many of these
issues would be addressed by moving the VHPSS to a new database and user interface
programs that are more powerful and can facilitate direct online notification and/or
transfer of results, with automatic entry of this data into the VHPSS database. In the
short term, the development of a notification form that can be either electronically
completed and submitted, or printed and submitted in hard copy (such as a fillable PDF)
would make the notification process simpler for contributing laboratories, and may

reduce time spent by VHPSS staff following up unclear or missing information.
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Flexibility

A surveillance system is flexible if it can adapt to changes in operating conditions and/or

information needs with little additional time, personnel, or allocated funds.*®

Changes to operating conditions

The VHPSS can be flexible in adapting to changes in operating conditions, but
consideration must be given as to how this flexibility affects other system attributes. For
example, changes in staffing levels and duties within the MDU administrative team in
2015 required more administrative staff to be trained in VHPSS data entry, so that the
dedicated VHPSS data management officer could also be available to complete other
tasks. This increased the ability of the VHPSS to respond to changes in personnel.
However, although more staff knew how to enter data, less staff time overall was
allocated to VHPSS data management and entry in this period, so this flexibility came at
a cost to the timeliness of data entry. Further, even if multiple staff had been available
to complete VHPSS data entry in quieter periods, this flexibility would have been
nullified by the design of the VHPSS data entry application, which allows only one person
to enter data at a time. This restriction severely limits the capacity of the VHPSS to
handle any significant increase in the number of notifications it usually receives, which
would need to be considered if more laboratories were encouraged to start contributing

to the scheme.

The VHPSS is also flexible in how contributing laboratories notify cases to the system,
with different methods employed by different laboratories (see the description of VHPSS
operations), but this flexibility can come at a cost to data quality and completeness, as
some of these methods do not provide as much information as is requested on the

official VHPSS notification form.

Changes in information needs

The ability of the VHPSS to adapt to changing information needs is largely dependent on
its information technology (IT) infrastructure, which can be both flexible or inflexible,
depending on the change required. For example, if a new antimicrobial needed to be
added to the database for sensitivity reporting, this could be easily done using the Data
Manager application (Figure 5). There is a tab on the home screen for adding new

antimicrobials to the ‘Antimicrobial’ variable in the VHPSS database. However, if a whole
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new variable needed to be added to the database, for example an ‘Outbreak/cluster’
variable, this would be very difficult as there is not a tab for adding entirely new

variables. They would have to be added by altering the program code.

Figure 5: VHPSS Data Manager Application home screen
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This is a particular problem because the VHPSS Data Entry, Report Generator, and Data
Manager applications were created using a programming language called Visual Basic 6.
This programming language is relatively old, and because it is no longer widely used and
hasn’t been support by the developer for over eight years, it is unfamiliar to MDU’s IT
staff and consequently very difficult for them to work with. They are hesitant to alter
the source code for any of these applications in case this affects the overall function of
the application or database. Changes made in the past have been minor (such as
changing the number of digits recorded in a variable) but required significant time and
care to achieve. In this respect the VHPSS is very inflexible, as no significant changes can
be made to the data variables, or to what variables are included in the Report Generator
application, without significant time, effort, and risk to the functionality of the

applications and database.

The flexibility of the VHPSS would be greatly improved if a new database and user
interface programs were built in a current (supported) programming language by MDU'’s
IT staff. The majority of MDU’s other in-house databases are MySQL databases, and the

user interface applications for these are built in Microsoft Visual Studio by MDU’s IT
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team. Because these user interface applications are built in-house, they are designed to
be exactly fit for function, and can be much more easily amended should changes in
function or scope be required. Significant improvements to the functionality of the
VHPSS could be built into these new applications, including allowing more than one
person to enter data and to access saved data at a time. Features such as the ability to
import data directly from Microsoft Excel files have the potential to streamline
notification and data entry processes, and this new system could facilitate online
submission and reporting of data, though current network security infrastructure may
complicate this. This upgrade would bring the IT infrastructure of the VHPSS in-line with
the majority of MDU’s other databases, making updates and maintenance much easier

for the MDU IT team.

Considerable time would need to be spent developing the database and applications,
but the MDU IT team has estimated that once this is done, the transfer of the database
and building of new applications should take only 2-3 months. These changes would
represent a relatively inexpensive, but hugely beneficial improvement to the flexibility,

acceptability, stability, simplicity, and potentially timeliness of the VHPSS.

Summary

The VHPSS has the capacity to be flexible in response to changed operating conditions
if required, but the resulting effect on other system attributes should be considered. The
ability of the VHPSS to respond to changes in information needs depends on the change
required, but is largely limited by antiquated software. The flexibility of the VHPSS (and
a number of other system attributes) would be greatly improved by transferring the
VHPSS data to a MySQL database, with carefully designed new user interface

applications built by the MDU IT team.
Stability

The stability of a surveillance system refers to its reliability (its ability to collect, manage,
and provide data properly without failure) and its availability (the ability to be

operational when it is needed).?

Reliability

Overall the VHPSS is a stable surveillance system that has been running consistently for

over 28 years. In that time, the overall number of contributing laboratories has remained
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relatively stable despite multiple changes in laboratory ownership and management.
This is impressive considering the VHPSS is a voluntary scheme, and speaks to the
longstanding relationships developed between MDU and contributing diagnostic
laboratories over that time. There have been no changes to the case definition over the
life of the scheme, and changes to the notification form have been minimal, resulting in
a stable collection of data variables. As the VHPSS is included in the service agreement
between MDU and the DHHS, and is incorporated into the routine work of MDU staff,
funding and staff-time allocated to the management of the VHPSS have also remained
relatively stable over the life of the scheme. Technologically, the VHPSS access database
that holds the VHPSS data is stable and is backed up every night, and so long as the back-
end programming for the user interface applications remains relatively undisturbed,

they are also stable in their functioning.

Availability

Although the functioning of the user interface applications has been relatively stable,
errors do occur on rare occasions, and fixing these issues can be time-consuming due to
the issues outlined in the flexibility section. Upgrading the VHPSS to a new database and
user interface applications would improve the stability of the system as the IT team
would be able to diagnose and fix any technical problems faster and more effectively.
This upgrade would also allow more than one person to access and use VHPSS data at a

time, and would allow faster and more customizable report generation.

Summary

The VHPSS is a stable system, but it could be further stabilised by upgrading to more

functional IT infrastructure to improve its accessibility.
Timeliness

Timeliness reflects the speed with which information travels through the levels of a

surveillance system.!®

As described in the introduction, Figure 1 shows the steps through which information
enters and exits the VHPSS. The VHPSS captures three data fields that can be used to
determine the timeliness of data entering the system: the collection date of a specimen
(as a proxy for the date of initial laboratory analysis); the date that a notification is

received at MDU; and the date this notification is entered into the VHPSS. This allows
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the overall amount of time between the initial specimen collection to the entry of the

notification into the VHPSS to be measured, as well as the time points in between.

To provide an indication of the overall timeliness of the system over the 10 year period
between 2006 and 2015, Figure 6 displays the number of weeks between specimen
collection and the entry of notifications into the VHPSS. Notifications from contributing
laboratories and those extracted internally from the MDU LIMS are presented

separately and together.

Figure 6: Weeks between specimen collection and entry of notifications into the VHPSS database by
proportion, for all notifications, notifications extracted from the MDU LIMS, and notifications from
contributing laboratories 2006 — 2015
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For all notifications, the majority were entered into the VHPSS within five weeks of
specimen collection (56%), and a further 40% of notifications were entered within 6-10
weeks (median five weeks, range one to 77 weeks). However, it is also important to
examine the timeliness of the two forms of notifications separately, as their timeliness

is dependent on different factors.

Because isolates that are sent to MDU for typing are usually sent immediately after
isolation by the diagnostic laboratory, the overall timeliness of internal notifications
extracted from the MDU LIMS is predominantly informed by the regularity of result
extraction, and the time it takes for typing results to become available. The extraction
of results from the LIMS is ideally completed on a regular basis, but has a tendency to
be delayed, especially if there is a backlog of notifications from contributing laboratories
to be entered. Many of the tests for identifying isolates conducted by MDU can also take

much longer to perform than the diagnostic tests performed by contributing
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laboratories. The resulting delay in entry of these notifications into the VHPSS compared
to notifications from contributing laboratories is apparent in Figure 6. Overall, 44% of
notifications over the ten year period took more than five weeks to be entered into the
VHPSS from date of specimen collection. When separated, 57% of notifications
extracted from the MDU LIMS took more than five weeks to be entered, while for

notifications from contributing laboratories this proportion was 42%.

The overall timeliness of notifications from contributing laboratories is dependent on
the time it takes the laboratories to send notifications after isolating pathogens (for
which the date of specimen collection is a proxy), and the time it takes for the
notification to be entered into the VHPSS after receipt at MDU. A KPI exists for each of

these steps:

e Timeliness of specimen collection to receipt of notification form/report by

VHPSS: 100% within one month of date of isolation

e Input of data: more than 90% of notifications entered into the database within 5

days of receipt at MDU-PHL

Figure 7 below shows the number of days between specimen collection and receipt of
notification at MDU (in blue), and the number of days between notification receipt and
entry of data into the VHPSS (in red) for the ten year period 2006-2015. Although not
meeting the 100% required by the above KPI, most notifications over the 10 year period
(90%) were received at MDU within a month of sample collection. A considerable delay,
however, is apparent in the entry of notifications after receipt at MDU (Figure 7). Only
17% of notifications over the 10 year period were entered within five days of receipt,

which is considerably lower than the 90% required by the KPI above.
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Figure 7: Number of days between specimen collection and receipt of notification at MDU, and
between receipt of notification and entry into the VHPSS by number of notifications for the ten year
period 2006-2015
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This delay in data entry appears to stem from the view within MDU that the VHPSS is a
routine part of their wider surveillance program, and that it is not a priority function
within the extensive scope of MDU’s day-to-day work. The system is largely considered
to be a valuable passive reference database for bacterial and fungal bloodstream and
CSF infections in Victoria, as opposed to a surveillance system designed to detect
outbreaks in real-time (Oral communication, VHPSS Epidemiologist, September 2016).
Consequently, staff time allocated to the VHPSS has gradually decreased in recent years,
with dedicated VHPSS staff time often re-allocated to more urgent duties when

required, which has resulted in increasing delays in data entry.

Contextually, it is important to note that this is not a new state for the VHPSS. The
documents reviewed for this evaluation, including previous assessments of the VHPSS
against the timeliness KPls, indicate increasing levels of delay in data entry since 2004,
suggesting timeliness has been a consistent and ongoing problem for the VHPSS. The
reasons given for these delays in previous assessments also included the diversion of
VHPSS staff time to other MDU tasks, alongside changes in VHPSS data management

procedures and the general increase in notifications to the system.

Overall, when assessed against the relevant KPIs and scheme objectives, the timeliness
of information entering the VHPSS is poor. This has an impact on the ability of the VHPSS
to meet its objective to ‘report possible outbreaks or clusters of a particular organism
to the relevant agencies in a timely fashion’. While it is likely that any large clusters or

outbreaks would be recognised through the ‘eyeballing’ of notifications by the VHPSS
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epidemiologist, the poor timeliness of data entry and analysis would not allow for the
detection of smaller clusters or outbreaks. Further, although the quality of data in the
VHPSS is high (as discussed further in the data quality section) the lack of timely data
also impacts on the ability of the VHPSS to meet its objective to ‘operate the scheme
according to quality principles, to ensure maximum data quality and timely and accurate

reporting’.

Should the objectives and KPI’s of the VHPSS remain the same following this evaluation,
it is recommend that resources be allocated to fund additional MDU staff time for the
required number of hours/days so that VHPSS staff can return to their dedicated duties.
However, as has also been suggested in the previous internal reviews of VHPSS
timeliness, it may be prudent to review and amend the current KPIs and objectives of
the system once its future purpose and direction has been decided. If the system is to
continue operating as it currently does - primarily acting as a reference database that is
not designed to provide real-time information on the incidence of infections - the KPIs
should be changed to reflect this with less focus on immediate data entry and more
focus on data quality and regular reporting. When examined in the context of this
function, realistically the timeliness of data entering the VHPSS is satisfactory. The
scheme is able to report relatively reliably on data up to the end of the previous quarter
of the year, which especially for diseases that are not mandatorily notifiable to the

DHHS, is reasonable.

As has been noted, a small contributor the poor timeliness of data entering the scheme
is a delay in receiving some notifications from contributing laboratories. This delay is
likely due to the practice employed by many of the contributing laboratories of batch-
sending their notifications, which can result in smaller laboratories especially waiting a
month or longer to collect enough notifications to send together. It is difficult, however,
to determine how to improve this delay without additionally burdening, and

subsequently discouraging, laboratories who are contributing to the VHPSS voluntarily.

One option that may make reporting less burdensome to laboratories, and might
consequently increase notification frequency and acceptability, is encouraging
laboratories to send their own results print-outs instead of filling in the VHPSS form
manually. Some of the larger laboratories already do this, and VHPSS staff find these

reports easier to read, check, and enter, as they are much clearer than some of the
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handwritten VHPSS forms and often have more complete patient data. There is also less

time spent following up notifications where data is missing, so data is entered faster.

The disadvantage of this option is that laboratory result print-outs often only report the
few antimicrobial sensitivities that are relevant for clinical treatment, representing a
significant loss of antimicrobial sensitivity information. Result print-outs also tend not
to include clinical information, which is requested (where provided to the laboratory)
on the VHPSS card. Although not all of the clinical information provided to laboratories
is useful, the VHPSS has received clinical information for an average of 34% of
notifications over the 10 year period, which constitutes another considerable loss of
information should this field no longer be included in the data collection process. As part
of the review of the future purpose and direction of the VHPSS, the usefulness of this

data will need to be considered against the potential increase to timeliness.

Ultimately, some form of email, online upload or submission, or direct electronic results
extraction and transfer would probably be the most efficient form of notifying for many
laboratories. If this system could also be used by contributing laboratories and other
stakeholders to generate their own reports, this may increase engagement with, and
contribution to, the VHPSS. Additionally, if there was a program that could then take this
electronic information and enter it directly into a VHPSS database, this would drastically
reduce the staff time required for data entry. As discussed in the flexibility section of
this evaluation, the VHPSS could be relatively easily transferred to another type of
database and user-interface programs that could support many of these required
functions. In the meantime, responses to the contributing laboratory questionnaire
indicated that most laboratories who participated would prefer to notify using a form
that can be completed and submitted either electronically or in hardcopy. A
fillable/editable PDF VHPSS form that fulfils this function would not be difficult or
expensive to produce, and may make the notification process more timely and

acceptable for contributing laboratories.

The reduction in staff time allocated to the VHPSS, alongside the termination of the
Victorian Infectious Diseases Bulletin (VIDB) at the end of 2014, in which VHPSS biannual
reports were regularly published from 2008, has also affected the timeliness of
information exiting the system. The VHPSS is no longer meeting its objective ‘to report

the current epidemiology of bloodstream and CSF infections to laboratory and clinical
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staff throughout Victoria and in a regular and timely fashion’. No reports have been
produced since the termination of the VIDB, excepting routine reporting to one

contributing laboratory and responses to requests for information (RFls).

Further, half of the laboratories (7/14) who responded to the laboratory questionnaire
stated that they do not receive any feedback from the VHPSS, or that it is only sent to a
parent laboratory, which affects the acceptability of the scheme for these laboratories
(discussed further below). The importance of reporting back to surveillance contributors
was highlighted in the original proposal for the establishment of the VHPSS, which stated
that ‘if people are to continue to support a scheme they need evidence of its value and
that their assistance is appreciated’.’3P” To ensure both the usefulness and acceptability
of the VHPSS to stakeholders, it is essential that regular reporting be reinstated as soon

as possible.

The KPIs state that reporting should be completed quarterly, which corresponds with
the majority preference for quarterly reporting expressed in the contributing laboratory
qguestionnaire. It is also recommended that these reports are not only distributed
directly to all contributing laboratories, but also to other potentially interested
stakeholder (e.g. non-contributing laboratories and other related surveillance systems)
and are published on a publicly accessible website, such as the MDU website currently
under construction. Making these reports more widely accessible may increase
awareness and utilisation of the VHPSS, which could potentially have the effect of

encouraging laboratories not currently contributing to consider doing so.

The timeliness of responses to external RFls could not be assessed as this information
has not always been consistently documented. To assists in assessing this, a question
regarding satisfaction with RFIs was included on the contributing laboratory survey.
Unfortunately only one of the laboratories that participated in the survey had recently
submitted an RFI, but they did state that the response to the RFl was timely and fulfilled

their requirements.

Summary

The timeliness of the VHPSS in the ten year period between 2006 and 2015 measured
against current VHPSS KPIs and objectives was poor, both in regards to information

entering the system and exiting the system. To improve the timeliness of the VHPSS to
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meet the relevant KPIs and objectives of the system, an increase in the resources for
data management, entry, cleaning, and reporting is recommended, as is exploring the
ways in which notifying might be made easier for contributing laboratories so that they
may contribute more frequently without additional burden. Quarterly reporting should
be reinstated and reports made publicly available, and the VHPSS objectives and KPls
relating to timeliness should be reviewed to ensure they are relevant to the future

purpose and direction of the VHPSS.
Acceptability

Acceptability reflects the willingness of persons and organisations to participate in the
surveillance system, including those who work within the organisation that hosts the
system. The acceptability of the system can be determined both by examining the level
and quality of participation in the system, and through direct consultation with

stakeholders.1®

Participation

Overall, the level and quality of participation in the VHPSS indicates that it is acceptable.
Despite being a voluntary scheme, the majority of diagnostic laboratories in Victoria
participate, with only three major hospital laboratories and one private laboratory
currently not participating. The overall quality of data submitted to the VHPSS is high,
though as discussed further in the data quality section, there are some issues with data

completeness.

Stakeholder consultation

Consultations with stakeholders through the contributing laboratory questionnaire
revealed that nine out of twelve contributing laboratories who participated in the
laboratory survey said that they thought their contribution to the scheme was
worthwhile, and open-ended responses emphasised the importance of VHPSS data for

reviewing trends in invasive disease and antimicrobial resistance.

However, stakeholder consultations also revealed some key issues that impact on the
acceptability of the scheme for both contributing and non-contributing laboratories. Of
the three contributing laboratories that did not report that they thought their
participation was worthwhile, one described their participation as a ‘chore’ that was

hard to stay on top of in a busy laboratory, and noted that direct electronic reporting
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would make contributing easier. This theme was reiterated elsewhere in the
qguestionnaire, with two contributing laboratories stating that the time required to
notify limited the comprehensiveness of their reporting, and nine contributing
laboratories indicating that they wanted to change to another method of notification
because they believed it would be less time-consuming (eight stated that it would also
be easier). Further, both of the non-contributing laboratories who participated in the
survey stated that a primary barrier to their participation in the scheme is the resources
it would require for them to do so. They both indicated that should the VHPSS be able
to arrange (and fund) some form of automated electronic notification process that could
extract the data from the laboratory without direct laboratory staff involvement, they

might be able to participate.

A lack of feedback was also noted to be an issue by both the contributing and non-
contributing laboratories. Another of the three laboratories that did not report that they
thought their participation was worthwhile stated that they ‘don’t get anything out of’
participating (the last of these three laboratories gave a neutral response). This
laboratory was one of five contributing laboratories that reported not receiving any
feedback from the VHPSS, and an additional two laboratories reported that the feedback

they did receive was not informative or useful.

Responses by the non-contributing laboratories also touched on this, with both stating
that when the scheme first started there was a lack of feedback, and that they were
unsure of how the data was used or for exactly what purpose the data was being
collected. One non-contributing laboratory stated that the feedback they had received
was interesting, but was not actually useful to the laboratory or the hospital’s clinicians,
and that there was concern about the validity of the data and its epidemiological
application given that it was retrospective and did not include all cases. This laboratory
suggested that if the structure and objectives of the VHPSS were assessed and re-
defined to answer clear and specific public health questions, this might make the

scheme more valuable and attractive to participate in.

It is clear that to increase the acceptability of the VHPSS for contributing laboratories
the notification process must be amended to be less time-consuming and easier for
laboratories to complete. Options for a new notification process have been discussed in

the timeliness section, but if laboratories could be financially and technically supported
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to establish automatic data extraction, this might even facilitate contributions from
currently non-contributing laboratories. Targeted, useful, and regular reporting also
needs to be re-established as soon as possible so that contributing laboratories can be
informed about what their data is used for and benefit from its analysis. Sharing these
reports with non-contributing laboratories, clinicians, other stakeholders, and even the
general public should increase awareness of the VHPSS and the usefulness of its data,
and may perhaps even also act to encourage further participation and potentially

increase funding for the scheme.

To facilitate this, resources need to be allocated within MDU to developing and
improving the notification process, ideally including upgrading to a new database and
custom-built user-interface programs which can further facilitate and support new
notification processes. Adequate resources also need to be allocated to staff time for
VHPSS data entry, cleaning, management, and reporting, so that timely, relevant, and
accurate reports can be disseminated to stakeholders. These actions would also act to
increase the acceptability of the VHPSS to those who work with it, as insufficient time to
complete the required daily functions of the scheme, and working with ill-fitting,
antiquated user interface programs are the key concerns of VHPSS staff (Oral
communications, VHPSS Epidemiologist September 2016, VHPSS Data Manager
November 2016).

Summary

While the VHPSS is generally acceptable overall, improvements to the notification
process and the reinstatement of regular useful feedback would significantly increase
the acceptability of the scheme for stakeholders.

Sensitivity

The sensitivity of a surveillance system refers both to the proportion of cases in the
population that the system detects, and to the ability of the system to detect outbreaks,

including the ability to monitor change in the number of cases over time.'®

Case detection

The proportion of case isolates in the population that the VHPSS detects varies by
organism. For organisms that are routinely sent to MDU for typing or identification (i.e.

Salmonella species, H. influenza, N. meningitides, L. monocytogenes, and S.

249



Chapter 5: Evaluation of a surveillance system

pneumoniae) the VHPSS captures close to 100% of case isolates, as almost all eligible
isolates in Victoria are sent to MDU for further typing and are recorded in the VHPSS.
For organisms not routinely sent to MDU, the primary determinant of the sensitivity of
the VHPSS is the number of laboratories in Victoria that contribute to the scheme and

the proportion of cases in the Victorian population these laboratories test.

It is difficult to track over time what proportion of laboratories in Victoria have
contributed, as some laboratories have been intermittent in their contributions, and
many laboratories have undergone changes in ownership and/or amalgamations with
other laboratory groups. Currently, most laboratories in Victoria contribute to the
VHPSS, with the exception of three major hospital laboratories (all located in
metropolitan Melbourne) and one private laboratory. Previous internal documents have
estimated that notifications from contributing laboratories represent 60-70% of all
eligible blood culture and CSF isolates in Victoria not routinely sent to MDU. The results
of two recent studies conducted within MDU, however, suggest that they represent

closer to 80%.

The Victorian Vancomycin Resistant Enterococci (VRE) Snapshot Study conducted in
2015 aimed to determine the prevalence and genomic diversity of vancomycin resistant
E. faecium, and the incidence of E. faecium bacteraemia, in Victoria. MDU asked all
Victorian diagnostic microbiology laboratories to submit all vancomycin-resistant E.
faecium isolates from any specimen, and all vancomycin-susceptible E. faecium blood
culture isolates, collected between the 10t of November 2015 and the 9 of December
2015 to MDU. Reviewing the bacteraemia submissions, the VHPSS epidemiologist noted
that 85% of the submissions to the snapshot study came from laboratories that
contribute to the VHPSS, and so represented notifications the VHPSS would normally

receive (Oral communication, VHPSS Epidemiologist, December 2016).

This finding was supported by the results of a study by Guilieri et al, who used VHPSS
data to investigate trends of antimicrobial resistance in gram-positive bacterial
bloodstream infections, and applied Bayesian modelling to infer incidence data for these
infections at population level.*® Using data from laboratories who had contributed to
the VHPSS consistently over the study period, the model was designed to estimate the
data that was missing from non-contributing laboratories. This methodology estimated

that the VHPSS captures approximately 75-80% of bloodstream infections in Victoria.
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The researchers also compared the number of notifications of Streptococcus
pneumoniae made to the VHPSS in the study period to the number of Victorian cases
reported by the National Notifiable Diseases Surveillance System (NNDSS). As expected,
Guilieri et al found less than 5% discrepancy between these numbers, supporting the
assumption that the VHPSS captures close to 100% of bloodstream and CSF infections

caused by notifiable conditions that are routinely sent to MDU for typing.

It is not just the number of positive cases detected by the system, however, that
determines its sensitivity, but also whether those results accurately represent the true
number of cases in the population. This is influenced by both the number of cases in the
population that are actually tested, and the sensitivity of the tests themselves. In
general, bloodstream and CSF infections result in severe physical symptoms, so it can be
assumed that most cases in the population will present to a health service for
treatment.* If a bloodstream or CSF infection is suspected, it is then standard procedure
to take a sample to identify the pathogen, and if relevant, its antimicrobial
susceptibilities, for the provision of the most effective treatment (Oral communication,
VHPSS Epidemiologist, November 2016). As such, it can be assumed that almost all cases
of bacterial or fungal bloodstream or CSF infection in the population present for

treatment and are tested.

The sensitivity of blood culture tests, however, is variable and depends on a number of
factors including the organism itself, the type of infection, the point of infection at which
the sample is taken, whether antibiotic treatment has been administered before the
sample is taken, and how much fluid the sample captures.'’° For example, the bacterial
burden of Salmonella in blood samples is reported to generally be low.” Consequently,
the sensitivity of blood culture tests for Salmonella is relatively low, estimated at 60-

80% in the first week of illness, and dropping to 20-30% at subsequent time points.’

The probability of detecting the organism is increased as the volume of blood in the
sample increases, but if antibiotics have been administered to the patient prior to
sampling, the bacterial yield and likelihood of organism detection is substantially
diminished.”° If test sensitivity is low, laboratory-based surveillance may not detect
every true case in the population even if all cases are tested. As such, it can be difficult
to determine the true burden of disease in the population, which is an issue

encountered by most infectious diseases surveillance systems.?% The sensitivity of tests
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used by contributing diagnostic laboratories is outside of the control of the VHPSS, which
can only endeavour to capture as many cases of infection as possible and acknowledge

the potential effects of test sensitivity when analysing and presenting data.

For a voluntary surveillance scheme, detecting between 80% and 100% of case isolates
represents a relatively high sensitivity, though this would of course be improved if all
laboratories in Victoria contributed to the scheme. However, as discussed in the
acceptability section, the non-contributing hospital laboratories do not have the
capacity to contribute to the VHPSS using the current notification methods, and as
discussed in the flexibility section, the VHPSS would not have the capacity to manually

check and enter such a significant number of additional notifications.

Facilitating notifications from these hospital laboratories would require the VHPSS to be
able to automatically extract the relevant data from their systems without much
assistance from the laboratories, and to develop a more efficient method of data entry
(most likely electronic). While this would be possible to implement, especially if the
switch to a new VHPSS database and user interface programs was undertaken, this
extraction process would require significant resources to establish and would require
regular data checks and maintenance at each laboratory. Whether the contribution of
all laboratories in Victoria to the VHPSS is worth the resources required to facilitate it
should be discussed alongside the future aims, objectives, and development of the

VHPSS following this evaluation.

Outbreak detection

If notifications from the currently non-contributing major hospital laboratories were
able to be facilitated, this would also increase the sensitivity of the VHPSS in its ability
to detect outbreaks. Currently, the poor timeliness of data being received and entered
into the VHPSS, and the lack of information from three major public hospital
laboratories, limits the ability of the VHPSS to detect clusters or outbreaks. As described
in the timeliness section, although the daily process of ‘eyeballing’ notifications might
alert the VHPSS epidemiologist to a large and sudden outbreak, or an outbreak of an
unusual organism, the entry of data into the VHPSS is otherwise not timely enough to
detect outbreaks in real-time. The data is also not currently reviewed or analysed
frequently enough to detect elevated case numbers or unusual patterns that are not

recognized through the eyeballing process, and even if the data were reviewed
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frequently, the VHPSS may not receive enough clinical or risk factor information on cases
to determine links between them. Further, if for some reason the majority of cases in a
given outbreak presented to any of the three major non-contributing hospitals, the

VHPSS may not be able to detect the outbreak from the cases that it captures alone.

These issues impact on the ability of the VHPSS to meet its objective to ‘report possible
outbreaks or clusters of a particular organism to the relevant agencies in a timely
fashion’. Given that this was also highlighted as a problem in the 2003 evaluation, it
appears outbreak detection is an ongoing weakness of the VHPSS and that this objective
may have become unrealistic. One of the strengths of the VHPSS is its wealth of historical
data and its ability to monitor trends over time. As stated in the 2003 evaluation,
perhaps the VHPSS should be ‘viewed as an adjunct to outbreak investigations’,
providing historical and comparative data to support outbreak investigations rather
than as an outbreak detection system. Should it be decided following this evaluation
that the VHPSS will continue to function as it currently does, the relevance and
achievability of this objective should be reviewed, and it may be most appropriate to

remove or reword it to be more in line with the capacity of the VHPSS.

Summary

Depending on the organism, the VHPSS captures between an estimated 80% and 100%
of bacterial and fungal bloodstream and CSF infections in the population. This makes the
system relatively sensitive, although the potential effect of test sensitivity on the data
must be recognized. The VHPSS is restricted in its ability to detect and report outbreaks
due to poor timeliness of data entry, limited clinical and risk factor information, and not
receiving notifications from three major hospital laboratories, but remains a valuable
adjunct to outbreak investigations with its wealth of historical data and ability to

monitor trends over time.

Increasing the sensitivity of the VHPSS would require significant investment to facilitate
notifications from the currently non-contributing hospital laboratories, and to develop
and resource a more efficient data entry process. Whether increasing the sensitivity of
the VHPSS is worth the resources required to do so, and whether the objective of the
system pertaining to outbreak detection should be retained, should be discussed
alongside the future aims, objectives, and development of the VHPSS following this

evaluation.
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Representativeness

A surveillance system is representative if it accurately describes the occurrence of the
health-related event over time and its distribution in the population by place and

person.’®

Having captured between 60% and 80% of bacterial and fungal bloodstream and CSF
infections not routinely sent to MDU from across Victoria since 1988, the VHPSS is able
to relatively accurately describe the occurrence of these infections over time and by
place and person. Consideration must always be given, however, to the possibility that
there may be differences between cases that are captured by the VHPSS and those that
are not, either in regards to test sensitivity, or to cases who present to any health care

facilities not serviced by contributing laboratories.

For example, if a test for a certain organism has low sensitivity and fails to diagnose a
proportion of true cases, this can contribute to an underrepresentation of disease
burden in the population, and may result in an overrepresentation of those with severe
infections and/or those in groups particularly vulnerable to infection. Conversely, the
VHPSS could be underrepresenting those with severe infections, including cases with
greater resistance to antimicrobials, if these cases are more often referred to the large

metropolitan hospitals whose laboratories do not contribute to the scheme.

Hospitals not represented in the VHPSS data may also see cases from different and/or
more vulnerable groups of patients to those that are represented, either because of
geographic location or through the provision of specialised programs, such as prisoner
health or drug and alcohol programs. Should the epidemiology of bloodstream or CSF
infection be different in these groups, the VHPSS would not be representative of them.
Additionally, these potential differences would vary for each organism captured by the
VHPSS (as test sensitivity, epidemiology, and clinical presentations are different for each
disease) making determining their impact on the representativeness of the system as

whole even more complex.

Summary

Having collected a relatively high proportion of cases for over 28 years, the VHPSS is
likely to be representative of bacterial and fungal bloodstream and CSF infections in

Victoria. Without some form of comparative study, however, it is impossible to know
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whether there is any pattern to cases missed by the VHPSS that would make the scheme
unrepresentative of disease in the Victorian population. As with sensitivity, the
representativeness of the VHPSS would be improved if all laboratories in Victoria were
to contribute, so the value of this improvement needs to be weighed against its costs
and relevance to the future direction and purpose of the VHPSS following this

evaluation.
Data quality
Data quality reflects the completeness and validity of the data recorded in the system.®

Overall, the quality of data in the VHPSS is high. Although routine cleaning of data has
become less frequent with the diversion of data entry and management staff time to
other duties (as described in the timeliness section), it is still eventually completed and
results in a high level of accuracy and validity in the historical data. Supporting this, a
random selection of 50 records from the 2015 notifications found less than 3% errors in
total for organism, collection date, gender, date of birth, and specimen fields, in line

with the requirements of the data quality KPI.

Completeness

The data completeness KPI requires that the VHPSS is to ‘contain more than 90% of
bloodstream and CSF isolates processed by contributing laboratories’. To ascertain
whether the VHPSS is receiving this, contributing laboratories were asked in the
questionnaire what proportion of their eligible blood and CSF isolates are notified to the
VHPSS. There seems to have been some misinterpretation of this question, but the
majority of laboratories who participated stated that they notify 90% of eligible isolates
or over for blood (12/14 laboratories) and 95% or over for CSF isolates (8/14

laboratories).

One laboratory stated that they only sent 70% of blood isolates (though 100% of CSF
isolates), and indicated in a following question that it was the ‘hands-on time’ required
to notify that limited the comprehensiveness of their reporting. This laboratory also
stated that they would prefer to use an electronic VHPSS notification form to notify were
it available. If such a form saved time for the laboratory, this might result in a higher

proportion of their eligible blood isolates being notified to the system.
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The completeness of core variables in the 2006-2015 dataset was also examined (Table
6). Patient identification (ID) code, date of birth (DOB), and sex were 100% complete for
all years, as were the details of the notifying laboratory, sample, and isolate. Postcode
completeness improved following an amendment to one particular laboratory’s

notification form in 2012.

Table 6: Completeness of core data variables, VHPSS, 2006-2015

Data completeness (%) by year

Variable
2009 2010 2011 2012

Patient ID 100 100 100 100 100 100 100 100 100 100
DOB 100 100 100 100 100 100 100 100 100 100
Sex 100 100 100 100 100 100 100 100 100 100
Postcode 88.5 85.7 84.8 84.5 87 96.6 99.6 99.5 99.7 99.4
Species name 100 100 100 100 100 100 100 100 100 100
Collection site 100 100 100 100 100 100 100 100 100 100
Collection date 100 100 100 100 100 100 100 100 100 100
Notifying lab 100 100 100 100 100 100 100 100 100 100
Hospital name 99.9 99 99 99 99 98.5 98.2 98.7 99.2 99

UR number 99.2 98.3 97.8 97.8 97.9 97.7 97.3 97.7 98.4 98.2
Date of admission 95.3 95.3 91.1 88 88.2 80.4 79.3 76.5 77.3 77.5
Hospital unit 73.6 71.1 68.5 67.2 69.4 76.1 76.1 77.1 75.8 75.8
Clinical comment 35.4 32.5 30.2 31 37 43.3 43 40.4 27.6 25

Date of admission completeness has decreased over the 10 year period, which can be
predominantly attributed to three large contributing laboratories (who together submit
approximately 50% of VHPSS notifications per year) moving to using their own
laboratory reports to notify. These laboratories account for 95% of records missing a
date of admission from 2013-2015, with the VHPSS receiving admission dates for only
24%, 54%, and 77% of notifications from these three labs respectively. Comparatively,
admission date is provided for 94% or more of notifications from other laboratories. This
limits the ability of the VHPSS to meet its objective to ‘classify infections according to
length of hospitalisations prior to collection of diagnostic specimen’, which in turn limits
the ability of the VHPSs to provide useful information on trends in community vs hospital
acquisition of infection (discussed further in the usefulness section). The VHPSS is also
limited in its ability to determine any patterns of infection in hospital patient groups, as

data completeness is similarly low for the hospital unit variable.

The proportion of notifications including clinical comments has also recently decreased,

although laboratories are often not provided with clinical information on test request
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forms, and when they are, the comments are often minimal. Clinical comments can be
helpful in providing contextualising information for the infection, including potential risk
factors, which can help to determine whether there are epidemiological links between
patients or whether an infection is hospital-acquired. Their main significance for the
VHPSS, however, is in interpreting some antimicrobial sensitivity test results. For
penicillin sensitivity in Streptococcus pneumoniae isolates, for example, the
interpretation of an MIC (minimal inhibitory concentration) value changes depending on
the clinical syndrome (pneumonia, meningitis, or other symptoms). As such, if there is
no clinical information available to contextualise the interpretation, this result may have
to be entered as ‘not interpretable’, wasting important antimicrobial sensitivity data.
Only 35% to 43% of Streptococcus pneumoniae notifications to the VHPSS from 2012-

2015 had clinical information.

For laboratories that contribute using the VHPSS form, the completeness of these fields
could be improved by implementing an electronic or web-based notification form that
requires these fields to be completed before submission (with options included to
indicate where data is not available). Additionally, building this form to require all core
information would drastically reduce the amount of time the VHPSS data manager
currently spends following up missing information. For laboratories that contribute via
their own report, a report that includes both admission date and hospital unit
information would ideally be constructed. However, it is recognised that hospital and
clinical information is difficult to access for some laboratories depending on their IT
systems and access to hospital databases, and so completing these fields may not be
possible, or may require too much time to search for information. As an alternative
option, laboratories or hospitals may be able to produce a bulk extraction of admission
dates and hospital unit codes for relevant patients which could then be matched with

VHPSS data.

Within the context of the future direction and use of the VHPSS, the usefulness of all of
these fields should be considered against the resource costs to both the contributing
laboratories and to VHPSS staff to increase their completeness. It was suggested in a
previous evaluation of the VHPSS that ‘The scheme would benefit from a narrowing of
its objectives, focussing on its strengths and sacrificing information that is poorly

reported’. As will be discussed further in the usefulness section, this may be the best
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course of action if the incompleteness of these variables makes them functionally

useless.

Validity

All notifications to the VHPSS come from accredited diagnostic laboratories, so it is
assumed that their diagnostic results are valid. However, there are some issues
surrounding the classification of cases and the comparability of antimicrobial sensitivity

test results that need to be considered when interpreting VHPSS data.

First is the potential for the VHPSS to be reporting cases that actually represent
contaminants, and to be missing true cases caused by common contaminants.
Contaminants in this context refer to organisms from outside the bloodstream or CSF
(commonly those that live on the skin) that have contaminated a blood or CSF sample.
Coagulase-negative staphylococci are the most common blood culture contaminants,
and it can sometimes be difficult to determine whether growth of these organisms in
culture represent a true infection or a contamination. As mentioned in the description
of the VHPSS, laboratories are asked to determine the clinical significance of these
isolates in the context of the clinical information they have. However, laboratories often
aren’t provided with clinical information, which may result in the reporting of

contaminants as cases, or the exclusion of true cases thought to be contaminants.

Further complicating this issue is the now widespread use of the MALDI-TOF machine,
which can distinguish the species of coagulase-negative staphylococci to a much greater
extent, and much faster, than previous methods. As a result, isolates that previously
would have been reported as just coagulase-negative staphylococcus, and consequently
likely determined to be contaminants, are now being further speciated. These (often
unfamiliar) species results may then appear to represent an unusual infection rather
than a contamination, and are thus more likely to be notified as a case (Oral
communication, VHPSS Epidemiologist, September 2016). Unfortunately this issue is
largely out of the control of the VHPSS, so it was reassuring to find that responses to the
VHPSS contributing laboratory survey indicated that the majority of laboratories (10/14)
believe they do not report contaminants to the VHPSS. However, three laboratories
recognised that they likely sometimes reported contaminants, and one laboratory
stated that they do report contaminants, confirming that the potential misclassification

of contaminants must be taken into account when analysing VHPSS data.
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Secondly, there are issues surrounding the comparability of antimicrobial sensitivity test
results notified to the VHPSS. Different laboratories use different methods to determine
antimicrobial sensitivity (Vitek, Disc Diffusion, E-test etc.) and either report an isolate as
S (sensitive), | (intermediate), or R (resistant) for the relevant antimicrobials, or report
an MIC value with or without and interpretation. There are also multiple different
interpretative schemes employed by laboratories (European Committee on
Antimicrobial Sensitivity Testing (EUCAST), Clinical and Laboratory Standards Institute
(CLSI), and Calibrated Dichotomous Sensitivity test method (CDS)), and more than one
scheme may be employed by a laboratory. It is not noted on the VHPSS notification form

which interpretive scheme/s has been employed.

Although the schemes are largely comparable, they can differ in cases where a result is
close to the cut-off mark, so one laboratory might interpret a result as sensitive, and
another interpret the result as intermediate. As such, sensitivity test results notified to
the VHPSS can be difficult to compare and can only be done so with strict caveats. These
differences can also contribute to difficulties in de-duplicating records, as a person may
have tests conducted by two different laboratories within a 14 day period which return
slightly different sensitivity results. This can make it difficult to determine whether these
notifications actually represent the same infection, and may result in an over-estimation

of case numbers if they are counted separately.

Additionally, although the VHPSS notification form explicitly requests that laboratories
notify results of all antimicrobials tested, contributing laboratories notify the VHPSS of
antimicrobial sensitivity test results to different extents. Of those laboratories who
completed the questionnaire, only half (7/14) reported they provide all sensitivity
results, while four said they provide just those results given to clinicians, and three only
provide those thought to be relevant to the VHPSS. So although an objective of the
VHPSS is to ‘monitor antibiotic resistance in invasive pathogens, as reported by primary
diagnostic laboratories’, it must be acknowledged that the data is incomplete and has
not been systematically produced and interpreted, which may limit the conclusions that

can be drawn from it.

The completeness of antimicrobial sensitivity test results could potentially be increased
as contributing laboratories store this data, but it would need to be discussed with them

whether providing this information would be possible given their resource constraints
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and laboratory IT systems. One option may be for laboratories to submit the Vitek (or
other such sensitivity testing method) data for all relevant isolates in a batch, which can
then be matched to notifications by VHPSS staff, but again this would depend on how

simple extracting this data is for the laboratory.

Summary

The overall quality of the data in the VHPSS is high. However, the incompleteness of
some variables, difficulties in determining the significance of common contaminants,
and issues surrounding the comparability of antimicrobial sensitivity test results can
limit the usefulness of this data, as it cannot be interpreted without significant caveats.
While the potential misclassification of contaminants and the unsystematic production
and interpretation of antimicrobial sensitivity test results is largely out of the VHPSS’
control, the completeness of patient and specimen variables and antimicrobial
sensitivity test results could potentially be improved. This might place an unsustainable
burden on contributing laboratories, however, so whether some of these variables
should continue to be collected or not needs to be considered in the context of the

future use and direction of the VHPSS.
Usefulness

A surveillance system is useful if it contributes to the prevention and control of adverse
health-events, including improving the understanding of the public health implications

of the event, and determining whether the event is of public health importance.?®

The VHPSS aims to be useful by monitoring the causative organisms of both community
and hospital-acquired bloodstream and CSF infections in Victoria to detect clusters of
infection, and to increase knowledge about the local trends in these organisms and their
antimicrobial resistances to assist in determining whether they are of public health
importance. To assess whether the VHPSS is achieving this aim, it is important to
examine how the VHPSS is performing against its stated objectives and KPIs, and how
this impacts on its usefulness and utilisation. It is also important to consider the
usefulness of the VHPSS in the context of other surveillance systems currently operating
in Victoria, to ensure that the VHPSS is continuing to collect useful information that is

not captured elsewhere.
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Taking into account the findings of this evaluation, Table 7 presents a summary of how

the VHPSS is currently performing against its objectives and KPIs, coloured to represent

the extent to which they are being fulfilled.

Table 7: List of VHPSS objectives and KPIs and whether they are being met under the current

functioning of the scheme

Objective Is the objective being met?

To identify trends in the epidemiology of human
bacterial/fungal bloodstream and CSF infections
acquired in diverse Victorian community and health-
care settings

Yes - though limited by some data quality issues
such as being able to determine which notifications
are community acquired (missing dates of
admission and/or clinical information)

antibiotic resistance in invasive
pathogens, as reported by primary diagnostic
laboratories, and to actively enhance this
surveillance in key pathogens from time to time

To monitor

To classify infections according to length of
hospitalisations prior to collection of diagnostic
specimen

To monitor the emergence of important pathogens
and to explore geographic or temporally clustered
infection

To report possible outbreaks or clusters of a
particular organism to the relevant agencies in a
timely fashion

To enhance existing surveillance of disease notifiable
under the Heath (Infectious Diseases) Regulations

To report the current epidemiology of bloodstream
and CSF infections to laboratory and clinical staff
throughout Victoria in a regular and timely fashion

To operate the scheme according to quality
principles, to ensure maximum data quality and
timely and accurate reporting

Key Performance Indicator (KPI)

entered into the database within 5 days of receipt at
MDU-PHL

Input of data: more than 90% of notifications

Accuracy and validity of data: no more than 3%
errors in total for organism, collection date, gender,
date of birth/age, specimen fields in a random
sample of 50 VHPSS records

Yes - though limited by the variability in antibiotic
sensitivity test results reported by diagnostic
laboratories

Yes - especially in regards to antimicrobial

susceptibility data

Is the KPI being met?

Yes

Timeliness (response to external data requests):
more than 90% within three working days

Output of data: distribution of four quarterly reports
covering human isolates (within two months of the
end of the specified three month period)

Timeliness (specimen collection to receipts of
form/report by VHPSS): 100% within one month of
date of isolation

Completeness of data (cases): the VHPSS to contain
more than 90% of bloodstream and CSF isolates
processed by contributing laboratories
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Despite some data quality limitations, the VHPSS is largely fulfilling its objectives to
identify trends in the epidemiology of bacterial and fungal bloodstream and CSF
infections in the Victorian population, and to monitor antibiotic resistance in these
pathogens. The latter also functions as the primary enhancement to the existing DHHS
infectious diseases surveillance, as AMR results are not collected and/or recorded for all
notifiable conditions (Oral communication, Victorian Government Department of Health
and Human Services Epidemiologist, February 2017). The fulfilment of these objectives
has allowed the VHPSS to be used to answer a number of queries and research
questions, recent examples of which include a study to determine the incidence of gram-
negative bloodstream infections in Victoria and their antimicrobial resistance trends,®
and two instances where the VHPSS was queried to determine whether there may have

been Victorian cases linked to medical equipment contamination events.

The ability of the VHPSS to classify events as either hospital or community-acquired,
however, is only moderately fulfilled as this data is incomplete for just under a quarter
of notifications (as discussed in the data quality section). In a recent example of how this
impacts on the usefulness of the scheme, it was requested that the VHPSS investigate
whether its data reflected a recent rise in community-acquired Staphylococcus aureus
(S. aureus) cases, as this trend had been observed by another surveillance system.
Because the admission date data were incomplete, almost 50% of records for this
pathogen for the timeframe of interest had to be removed from the analysis. This limited
the representativeness of the results of the analysis, and meant that the results could

not be relied upon to support or deny the observed trend.

The VHPSS is also limited in its ability to monitor the emergence of important infections
and related clusters, especially if these infections were to be predominantly hospital-
acquired, as data is not received from three large tertiary hospitals, and the poor
timeliness of data entry and analysis (as reflected in the scheme’s performance against
the KPI’s) would limit the detection of clusters. As has been previously discussed, these
factors also contribute to the probability that the VHPSS would be unable to detect and

report an outbreak in a timely fashion.

The VHPSS is also not fulfilling its objective to report on the epidemiology of
bloodstream and CSF infections to laboratory and clinical staff throughout Victoria, and

has not fulfilled this objective since 2014. As discussed in the acceptability section, this
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effects the perception of the value and usefulness of the VHPSS for both contributing
and non-contributing laboratories, and it also likely contributes to the underutilisation
of the scheme. Broad dissemination of quarterly reports not only to contributing
laboratories, but also to any other stakeholders who may be interested in the content,
and the publication of reports on an online and publicly accessible platform such as the
MDU website, may act to increase awareness of the existence of the scheme and

increase the utilisation of its data for public health research and action.

Consequently, the current performance of the VHPSS against its objectives and KPls is
significantly restricting its usefulness and utilisation. As discussed in the relevant
sections of this evaluation, many of these performance issues can be remedied, but
what form these remedies take will depend largely on what the future direction and
purpose of the VHPSS is decided to be following this evaluation. An important
consideration in informing this decision is how useful the VHPSS currently is in the
context of other related surveillance systems, and whether the scheme is still capturing

useful information that is not captured by other systems in Victoria.

Table 8 summarises the surveillance systems that are currently active in Victoria and
nationally that overlap to varying degrees with the data collected by the VHPSS. As can
be seen, many of these systems are targeted at specific organisms (AGAR, NEPSS, NNN,
EIPDSWG, notifiable diseases surveillance), at infections in healthcare settings and from
specific infection sites (VICNISS), or organisms with a specific antimicrobial resistance
(CARAlert). As such, the VHPSS has the distinct advantage of being the only surveillance
system that captures all bacterial and fungal organisms causing bloodstream or CSF
infections, including any reported antimicrobial sensitivity results for these organisms.
This effectively makes the VHPPS the only repository of information on those pathogens
not specifically monitored by other schemes in Victoria, making it especially useful in
events involving unusual pathogens (such as the aforementioned contamination events)
and for monitoring the emergence of pathogens not yet considered important enough

for targeted surveillance.

However, a consistent disadvantage of the VHPSS is its restriction to bloodstream and
CSF infections. Many of the other systems, though restricted to certain organisms,
monitor all laboratory-diagnosed infections, allowing them to gain a broader

understanding of the burden and distribution of those diseases in the population, their
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clinical manifestations, and their antimicrobial resistance patterns. Many of those
systems restricted to specific organisms also receive enhanced clinical and/or
epidemiological data, and receive data from all Victorian laboratories, making them

more representative of the true number and distribution of cases in the population.

Summary

Overall, the VHPSS is a useful surveillance system. It collects information on invasive
infections and antimicrobial sensitivities in pathogens not captured by any other
surveillance system in Victoria, across both community and healthcare settings.
However, the current performance of the VHPSS against its objectives and KPIs is
significantly restricting its usefulness and utilisation. Various options exist to remedy the
performance of the VHPSS, but should be considered in the context of the future

direction and purpose of the VHPSS.
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OrgTRx national
expansion/
Australian Passive
AMR Surveillance
(APAS)

Est. 20167

National
Neisseria
Network (NNN)
Est. 1979%

National Enteric
Pathogens
Surveillance
Scheme (NEPSS)
Est. 1980%

Enhanced
Invasive
Pneumococcal
Disease
Surveillance
Working Group
(EIPDSWG)

Est. 2000%

Antimicrobial sensitivity and
sample data for all public
patient samples in Queensland.
The recent expansion of this
system captures this data from
the laboratory that services
Monash Health in Victoria (as
well as selected labs in other
states)

Conducts the Australian
Gonococcal Surveillance
Program (AGSP) and the
Australian Meningococcal
Surveillance Program (AMSP),
which collect sample and AMR
data for these infections

Sample and AMR data from
bacterial enteric human,
animal, and food
infections/contaminations

Conducts Australia’s Enhanced
Invasive Pneumococcal Disease
Surveillance Program which
governs and collates enhanced
data fields for notified cases of
IPD in Australia

Antimicrobial sensitivities and sample data
for all bloodstream and CSF infections
from patients of Monash Health

For Victoria this data comes from MDU, so
all invasive cases identified by this system
are duplicated in the VHPSS

All human bacterial enteric infections and
associated AMR data sent to MDU for
isolation/typing from blood or CSF

All cases of IPD isolated from bloodstream
and CSF from laboratories that contribute
to the VHPSS

National data (from
selected laboratories)
Non-invasive cases

National data
Notifications from the
laboratories that do not
contribute to the VHPSS
Non-invasive cases

Some national data
Notifications from the
laboratories that do not
contribute to the VHPSS
Non-human isolates
Non-invasive cases

National data
Notifications from all
laboratories and
hospitals

Cases isolated from
normally sterile sites
other than blood and CSF
Enhanced clinical and risk
factor information

Data from all other Victorian
contributing laboratories

All other organisms
Any cases not sent to MDU for routine
typing/AMR testing (uncommon)

All other organisms
Any cases not sent for routine
typing/AMR testing (uncommon)

All other organisms
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Conclusions and recommendations

Considering the findings of this evaluation, the VHPSS has been found to be a unique
and useful surveillance system. It captures data on (typically) severe infections and their
antimicrobial susceptibilities that are not captured by any other system; it is broadly
representative of these infections in the Victorian population; and it has been running
consistently for over 28 years, making it a valuable repository of information on
pathogen and AMR trends over time. However, as detailed throughout this evaluation,
a number of issues exist that hinder the effectiveness of the scheme and limit its
usefulness in addressing immediate concerns especially. Options for addressing these
issues have also been discussed throughout this evaluation, and while some are
straightforward and can be relatively easily implemented, it will be most efficient to
address many of these issues once the future purpose and direction of the VHPSS is

considered and decided upon.

As a starting point, some potential options for the future development of the VHPSS and
their impact on the scheme’s usefulness have been listed below, ordered by the
expected ease and cost of implementation. The viability of some of these options
depends largely on the resources available to allocate to the scheme, but it is important
to note that all options maintain the unique ‘catch-all’ element that makes the VHPSS

so valuable.
Recommendations for the future development of the VHPSS

1. Allow the VHPSS to continue functioning as it does currently

The simplest and cheapest option, this would essentially constitute a decision to make
the VHPSS solely a reference database that cannot be used for cluster/outbreak
detection or for queries pertaining to immediate events. Ideally an electronic
notification form would be developed (as this requires limited resources) to make
contributing easier for laboratories, but whether resources should be allocated to re-
instate regular reporting would need to be decided. Overall this option would likely
decrease the usefulness of the VHPSS as it could not respond to urgent queries, nor
would the data be regularly analysed and reported, which as discussed, would also lower
the acceptability of the scheme for many stakeholders. This option is not recommended,

as it does not address issues with the scheme that may threaten its future viability (such
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as the acceptability of the scheme to contributors), and the functioning of the scheme

could be greatly improved with a moderate allocation of funds.
2. Restrict the scope of the scheme

This option would constitute determining what data is actually used by the scheme and
its stakeholders, and whether poorly reported variables (such as clinical information,
hospital unit, and admission date) are worth capturing considering the burden they
represent for some contributing laboratories. Removing admission date, for example,
would have ramifications for the usefulness of the system in providing information on
acquisition of infection (community or hospital) and associated trends in antimicrobial
resistances. However, the current level of completeness for this variable already limits
its usefulness, and it may be difficult for laboratories to increase the completeness of
this variable. Advantages of restricting the scheme may be an increase in its acceptability
to contributors (less time required to complete notifications), and a potential increase
in timeliness of notification and data entry (less data to enter). A new notification form
would still need to be developed, and the objectives and KPIs of the scheme amended.
It is recommended that restricting the scope of the scheme be considered alongside
improving the scheme, as dropping less useful variables and improving the

completeness of others would result in the most efficient improvements.
3. Improve the scheme in its current design

In the short-term, this is the recommended option for improvement of the VHPSS, as
although it will require more resources, it can be scaled depending on resource
availability. Priority improvements would include developing an electronic notification
form, moving VHPSS data to a new database and developing new user-interface
programs, and allocating resources in the form of dedicated staff time to improving the
timelines of data entry, analysis, and reporting. In addition to directly improving the
relevant system attributes (timeliness, stability, flexibility, and simplicity), these
improvements will also work to improve the acceptability of the scheme for
stakeholders, and will make the scheme more useful as current data starts to be

regularly reported.

Additional IT features, such as an algorithm to detect an exceedance of normal

notification numbers, could also be developed to improve the detection of clusters and
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make the scheme more useful in this respect. Further improvements could include
attempting to improve data completeness, which may require resource support from
the VHPSS if significant and time-consuming impediments exist for laboratories to
provide this information, and investigating the development of direct electronic transfer
of results. As discussed previously, were MDU able to resource the development of this
system for each laboratory, it would greatly increase timeliness, data completeness, and
the sensitivity of the scheme, as it would make contributing a possibility for the currently
non-contributing laboratories. However, the cost to develop and maintain this system
for each individual laboratory (each with their own different IT infrastructure) would be
incredibly large, and would likely require additional external funding. To attract funding,
the VHPSS would need to provide a strong argument for its increased usefulness, which

might allow for the following development option.
4. Increase the scope of the VHPSS

Following the release of the Australian Government’s First National Antimicrobial
Resistance Strategy in June 2015,° The Australian Commission on Safety and Quality in
Health Care began efforts to develop a national passive surveillance system for
antimicrobial resistance across hospital, community and aged care settings; APAS.” As
described on the Commission’s website, the platform for this system is the OrgTRx
program, which was developed by Pathology Queensland to electronically collect all
public patient samples and their antimicrobial susceptibility data from laboratories
across the state.” The program then produces a publicly accessible data cube which
includes cumulative antibiograms for a range of organisms by specimen type, and
tabulations showing the resistance profiles of organism strains. As shown in Table 8, this
system is currently being expanded for national surveillance, starting in Victoria with the

Monash Health laboratory.

Should the VHPSS receive funding to implement direct electronic transfer of results from
all laboratories in Victoria, it is feasible that the scope of the VHPSS could be broadened
to receive bacterial and fungal isolates from all infection sites and all associated
antimicrobial susceptibility data. This would make the VHPSS the Victorian equivalent of
OrgTRx, and would not only contribute to the planned expansion of national AMR
surveillance, but would provide Victoria with its own centralized AMR surveillance

system available for all research and public health action requirements. This system
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would require substantial and ongoing external funding and would require multiple
dedicated staff, but given that the VHPSS has close and long-held relationships with the
majority of Victoria’s diagnostic laboratories, this is not an entirely unrealistic possibility

for the future development of the VHPSS.
Summary of recommendations

Table 9 provides a summary of the recommendations made throughout this evaluation
for the improvement of the VHPSS. As discussed above, whether (and how) these are
employed will depend on what the future purpose and direction of the VHPSS is decided

to be.
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Table 9: Summary of recommendations made and their expected outcomes

Review and amend as necessary the aim,
objectives, and KPIs of the VHPSS in line
with the decided future function of the
scheme

Develop an electronic notification form
(such as a fillable PDF) that can be
completed and submitted either
electronically or in hard copy

Allocate adequate resources (in the form of
staff time) to dedicated data entry,
management, analysis and reporting. This
may require the hiring of additional staff

Re-instate regular quarterly reporting.
Distribute these reports to all contributing
laboratories individually and to any other
potentially interested parties, and publish
these reports on a publicly accessible
platform

Transfer the VHPSS data to a MySQL
database in line with all other MDU
databases, and create new fit-for-function
user interface programs

Consider the value of poorly reported
variables (including antimicrobial sensitivity
results), and whether sustainable means
can be developed to improve their
completeness without burdening
contributing laboratories

Consider the implications of encouraging all
contributing laboratories to notify using
their own laboratory result slips

Consider the financial and technical
feasibility of establishing a system for direct
electronic transfer of results for each
laboratory in Victoria (and an associated
online system that can ideally be used by
stakeholders to interact with the data and
generate their own reports)

Create realistic benchmarks against which VHPSS
performance can be measured and monitored

Improve acceptability, simplicity, and timeliness of
the notification process for contributing laboratories
Timeliness of data entry would increase with a
decrease in time spent following up missing
information and/or unclear handwriting

Would greatly improve the timeliness, acceptability,
and usefulness of the scheme

Would greatly improve the data quality (regular
cleaning), acceptability, and usefulness of the
scheme

May encourage greater awareness and utilisation of
the scheme

Would greatly improve the simplicity, flexibility,
stability, and (potentially) timeliness of the scheme
Would facilitate any future technological
improvements (including electronic transfer of
results and automatic data entry)

Would increase the acceptability of the scheme for
MDU/VHPSS staff

Dropping poorly reported variables may increase the
acceptability and timeliness of notifying for the
contributing laboratories

Increasing the completeness of these variables may
improve the usefulness of the VHPSS in being able to
determine the place of acquisition of infections and
possible trends or clusters in patient groups

Increased timeliness of notification, data
completeness, and reduced time spent following up
missing or unclear data

Possible reduction in the completeness of
antimicrobial sensitivity test results and clinical
information

Would drastically improve the timeliness of data
notification and entry

Would improve the acceptability of the scheme for
contributing laboratories as the time-costs of
notifying would be significantly reduced

May facilitate the participation in the scheme of
currently non-contributing laboratories which would
increase the sensitivity and representativeness of the
scheme, and thus make the data more useful

May facilitate an increase in scope of the VHPSS to
become a whole-of-state passive AMR surveillance
system, increasing usefulness and utilisation
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Appendices

Appendix 1: VHPSS data collection form

VHPSS Blood Stream Infection & Meningitis Surveillance | virssne
In collaboration with the Victorian Advisory Committee on Infection Control (VACIC) S A
Patient data Specimen data
Name Sumame Given Laloratory
First 2 lettars of DD DD Code:
Lalboratory
Date of Birth: | R Specimen
dd /i { yyyy Number
Senc [circlel: = M Specimen Type: {crcle) Bilood CSF
S Date of specimen collection; 1o
Residential = e G bt
F'i':node‘? DI:":”:‘ dd fmmd yyyy
Hospital data Isolate data

Hospital Mame/Code: |

Crganism: (your identfication)

UR Mumber | | Typing: {where applicable)
b it TE L PO SRR s this isclate going to MDU? [cirde)  Yes  No
dd { mm ! yyyy
Linit (tick one only) {MDU use only)
[0 Emergency O Cutpatient™ot MDL Sampis 1D
hospitalised
O HaematoiogyiOneology [0 Paediatrics/Meonatal Genusispecies | | | Jl | [ [ [ [ |
O WU - Adult O Renal
Qualifier
O  CU- Paediaric/Meonatal O Surgery |:||:||:|
I et 1] Dur o [ ] e[ ]
O OCbstetrics/Gynascology O Ciher
() o [] meal] w[ ]
Underlying Clinical Condition:
Daterecetved: 4 -
Sensitivity data
Method: {circle) Disc diffusion Agardilution  Broth difution E-test  Vitek Microscan Other
[Fill in 5 {sensitive), | (imtemediate), R (resistant) if drug was tested]
Antimicrobial 5 LR [ MIC Antimicrobial 5. LR [ MiC* Antimicrobial 5. LR | MiC*
(mgiT} {mgT} [mgil}
Arridcacin Zentamicin Tetracycline
ArmpicEntAmaomcillin Gentarmicin high TicarcillinsClavulanate
Armoeicillind Clavulanate Imipenem Trimethoprim
Aztrecnam Limezolid Tobramycin
Cefazolin Meropenem Vancomycin
Cefotaame Methicillin
Ceftazidime Metronidazole
Cefriamone Nitrcfurantoin
Cephalothin MNorfloxacin Other antimicrobial 1
Chioramphenicol Oncaciliin
Ciprofioxacn Penicdlin {Other anfimicrobial 2
Clindamycin Piperacillin
Co-tnmoxazole Piperacillint Tazobactam Other antimicrobial 3
Diapbormycin Rifampicin
Erythrormycin Sulphonamide ESBL present (circle) Pos Neg
Fusidic Acid Teicopianin PCR Mech-gene (cacie} Pos Neg
*MIC Method:icide) Broth dilution  Agar dilution E-test

Microbiological Diagnostic Unit Public Heafth Laboratory, Phe (D3) B344 5701
Emdu_dioc\ FORME\Regquest Forms_ COC fomnsUFM108-3.0 (VHPSS Reguest Fomndoc
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Guidelines for completing the VHPSS form

Aims

The aim of the scheme is to monitor bacterialfungal causes of bloodstream and CS5F infections in
Victona by collecting, analysing and disseminating data from primary diagnostic lahoratories on clinically
significant isolates from human bloodstream and CSF specimens. In addition, the schems aims to
manitor antibiotic resistance in invasive pathogens and to actively enhance this surveillance in key
pathogens from fime o time.

When to complete this form

Please complete this form when you isolate bacteria or funagi from a blood or CSF specimen and there is
microbiological andfor clinical evidence that the isolation represents a clinically significant infection. Do
not complete the form when the isolate is clearly considered a contaminant arganism. However, if there
is uncertainty about the significance of a positive blood/CSF culiure please complete a form. We are
happy to receive reporis of repeat isolations of the same species from the same patient on subsequent
days. If vour laboratory can automate the flagging of all positive blood/CSF cultures this will ensure high
and consistent case ascertainment.

Episode definition

For the purposes of surveillance and analyses, an episode of bacterasmia or meningitis is defined as:
the first isolation of a species of bacteriafungi from a blood or CSF specimen from a patient within a 14
day period. |sofations of more than one different species of bacteria/fungi from the same patient
irrespective of time period are counted as separate episodes (if desmed to be clinically significant).
Antimicrobial sensitivity data

Report sensitivities as resistant (R), intermediate (1) or sensitive (3) according to the testing method and
guidelines used by your laboratory. Please report on all antimicrobials tested even if these were not
reported to the requesting doctor. Please report the MIC (in maf) if this was performed. Report antifungal
susceptibilities and any other antimicrobial not listed on the card in the space provided under “Other
antimicrobial”. Reporting sensitivities as less sensitive (LS), relatively resistant (RR) and sensitivity dose
dependent (SDD) is acceptable for the following arganisms: N. meningitidis, 5. pneumoniae and yeasts.
The presence of ESBL may be confirmed by testing a thind generation cephalosporin in the presence of
clavulanic acid or another beta-lactamase inhibitor. If your lahoratory performs a PCR to detect mecA
gene for 5. aureus please report the PCR result.

Hospital Name/Code

Please repornt which haspital the patient was admitted to at time of specimen collection. Y our aboratory
may need to provide the VHPSS with a fist of hospitals (and hospital codes) that your laboratory
SErvices.

Hospital Unit

Please indicate which hospital unit the patient was admitted to at the ime of collection of the specimen.
If the patient was not admitted at the time of collection please tick outpatient/nat hospitalised. Provision
of this data to VHPSS will mean that the scheme will be able to monitor trends in important pathogens by
type of hospital unit.

Underlying Clinical Condition

Please report the principal underiying clinical condition{s) of the patient if this is known.

Date of Admission

Collection of date of admission is a key field. Date of admission is used as a marker of whether the
infection is likely to be hospital or community acquired. Hospital acquired infections are those in which a
bacterium/ifungus was isolated 48 hours or more after the patient was admitted to hospital. Please
provide the most recent date of admission that is relevant to the date of specimen collection.
Electronic/semi automated reporting

Some lahoratories have implemented semi automated reporting to VHPSS. If vour laboratony is
interested in doing this please contact the VHPSS Co-ordinator.

Forwarding isolates to MDU Public Health Laboratory

MDLU Public Health Laboratory offers a number of services for further phenotypic and genotypic
identification of key pathogens. Please telephone the Director, Professor Ben Howden, o discuss these
services. Ph: (03) 8344 5701/5713 or email: bhowden@unimelb.edu.au.

Please mail forms/specimens to Microbiological Diagnostic Unit Public Health Laboratory,
Department of Microbiology & Immunology, The University of Melbourne, The Peter Doherty
Institute for Infection and Immunity VIC 3010,

Direct deliveries can be made to 792 Elizabeth Street, Melbourne VIC 3000

Microbiologecal Diagnostic Uinit Public Health Laboratory, Phe (03] B244 5701
E-vmidu_doct FORMS \Request Foms_COC forms\FM108-2.0 (VHP'S5 Request Form).doc
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Appendix 2: Contributing laboratory questionnaire

VHPSS Laboratory Survey 2016

The Victorian Hospital Pathogens Surveillance Scheme (WHPSS) invites you to participate in this
questionnaire which will ask about your experience of contributing to the scheme, and how the scheme
might be developed to better suit your needs. This questionnaire will take approximately 5-10 minutes to
complete and is entirely voluntary.

If you wish for your responses to the guestionnaire to be anonymous, please leave Question 1 blank.
Thank you for taking the time to complete this questionnaire.
SKIP LOGIC QUESTIOMNS HIGHLIGHTED

1. What is the name of your laboratory?
2. Reporting to the VHPSS

2.1. How do you provide data to the VHPSS?
O vHpss card
O wHPss card with attached Vitek report
O pirect copy of your result print-out
O modified copy of your result print-out
O other {please specify):

2.2. On average, how often do you batch reports to the VHPSS
Daily

Weekly

Fortnightly

Monthly

Every two months

Maore than every two months

ooooooag

Other (please specify):

2.3, If your laboratory currently batches reports more than every two months, would it be feasible for
your laboratory to increase the frequency of batching to at feast every two months? If not, what
problems/issues would prevent more frequent batching?

O ves
O ne {please specify why):
2.4. Who completes VHPSS reporting in your laboratory?
Number of staff:
Positions of staff:
2.5. On average, how many hours per week does reporting to the VHPSS usually require?

e howars
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2.6. Apart from staff time, are there any other resources your laboratory invests into participating in the
WHPSS (e.g. IT resources)? If so, please list them.

O ves (please specify resources):

O wme

2.7. If you would like to comment further on the resources required to participate in the VHPSS, please
do so below:

2.B. Dovyou currently report potential contaminants to the VHPSS (e.g. Coagulase-negative staphylococci
without supporting clinical information)?

O ves
O ne
O sometimes
O pon't know

2.8. Canvyou provide an estimate of the percentage of all eligible isolates identified (excluding
contaminants) that are reported by your laboratory to the WHPSS for:

Blood isolates:
C5F isolates:

2.10. What antimicrobial sensitivity test results do you report to the VHPSS?
O all antimicrobial sensitivity tests results
O justse nsitivity test results thought to be relevant to the VHPSS
O just sensitivity test results provided to clinicians
O pon't know

211 What are the problems/issues (if any) that limit the comprehensiveness of your isclate
and/or antimicrobial sensitivity reparting?

212, Do you consider your current process of reporting to the WHPSS straightforward? If not,
please briefly explain wiy.

O ves
O we (please specify why):

Your experience of the VHPSS
3.1. Please give a brief description of what you understand the function of the VHPSS to be:

3.2. Have you ever requested information from the VHPSS, and if so, how frequently?
O never
O Occasionally (ad hoc)
O Regularly (specific regular reports)
O other (please specify):
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33

3.4,

35.

3.6,

3z

3.8

What was this information used for (please select all that apply)?
O ciinical
O reference
O Rresearch
O General interest
O other (please specify):

Did you find the information provided fulfilled your requirements?
O ves

O ne
O pon't know

Was the response from the VHPSS timely?
O ves

O no
O pon't know

Apart from any reguested reports, do you feel your laboratory receives adequate feedback (such as
regular summary reports) from the VHPPS?

O ves
D Mo
O pon’t know

Hawve you found feedback informative and/or useful? If not, could you please briefly state why.
O ves
O we (please specify why):

Overall, do you consider your laboratony's participation in the WHPSS to be worthwhile? Please
provide a brief comment on why or why not.

Your input on the VHPSS

4.1.

Reporting to the VHPSS
We would like to make reporting to the WVHPSS =asier and mare efficient for contributing
|ahorataries. We would like your apinions on how you would prefer to repart and why.

4.1.1.1s there a way in which your laboratory would prefer to report to the VHPSS? Flease select all
that apply:

Result print-outs with attached Vitek reports

Direct faxing of result print-outs and Vitek reports

Electronic transfer of results spreadsheet (e.g. by email or upload to a web page)

Electronic VHPSS notification form that can be completed and submitted either
electronically or in hardcopy

oooag
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O Mo, current process is preferred
O other (please specify):

4.1.2 Why would you prefer to use this new method (please select all that apply)?

O

It would be easier
O # would be less time consuming

O 1t would be easier to teach to new staff

O more people in the laboratory would be able to use this method
O  would be in line with methods used to report to other systems

O other (please specify):

4.2. Reports from the VHPSS

The frequency and content of reports produced by the WHPSS for contributing laboratories is currently
being reviewed. We would like your opinions on what you would find most useful.

4.2.1 Please provide a brief description of the sort of information and analyses you would like to
receive from the WVHPSS:

4.2 2 How often would you like this feedback to be sent?
O Manthly
O aua rterly
O Sh-manthly
O Yearly
O other (please specify): |

4.2 3 How would you prefer to receive these reports? Please select all that apply:
O Hard-copy (post)
O Email
O Link to a website publication
O other (please specify):

5. If you have any further comments or suggestions about the current and/or future functioning of the
WHP5S you would like to add, please do so below:

Thank you again for taking the time to complete this guestionnaire. Your participation is greatly
appreciated and will contribute to the improvement of the VHPSS.
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Appendix 3: Questions sent to non-contributing laboratories

Dear

The Victorian Hospital Pathogen Surveillance Scheme (VHPSS) is a voluntary, laboratory-
based surveillance scheme of bacterial and fungal causes of blood stream infections (BSI)
and meningitis in the Victorian population that has been running continuously since
1988. Notifications to the VHPSS include information on patient demographics, relevant
clinical information, basic hospital admission details (where relevant), and organism
identity and reported antimicrobial sensitivities. The VHPSS database now contains over
25 years of information on bloodstream/meningitis infections and their antimicrobial
sensitivities, representing a range of both community and healthcare associated
infections. For notifiable conditions such as invasive pneumococcal disease where
isolates are routinely referred to MDU PHL, notifications to the VHPSS represent 100%
of cases in Victoria, but for other infections it has previously been estimated that
approximately 60-80% of all eligible Victorian blood culture and cerebrospinal (CSF)

isolates are reported.

Our records show that your laboratory does not currently contribute to the VHPSS. In
an effort to improve both the representativeness of the scheme and the notification
process for contributing laboratories, we would like to ask a few short questions about
why your laboratory does not contribute, and whether your laboratory would consider
contributing in the future. This will help us to better understand and address the barriers
to participation in the scheme, and perhaps make participation a viable possibility for
your laboratory. This survey should not take more than 10 minutes of your time and
would provide valuable information for the improvement of scheme for future public

health action. Your participation would be greatly appreciated.

Question 1. Were you previously aware of the VHPSS and the types of

information it collects?

Question 2. If you were previously aware of the VHPSS, could you please state

why your laboratory does not contribute to the scheme?

Question 3. Contributing laboratories currently submit notifications to the VHPSS
via a hardcopy VHPSS form or by sending laboratory test results and antimicrobial

sensitivity reports. We are currently working to develop a simpler and more accessible
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form of electronic reporting. Are there any particular ways in which the VHPSS could
improve the process of notification that would make participating in the scheme

possible for your laboratory?

Question 4. Do you have any other suggestions or comments as to how the

VHPSS could be developed to facilitate your participation in the scheme?

Thank you for taking the time to complete this survey, your participation is greatly
appreciated. Should you be interested in participating in the VHPSS or have any other

guestions about the scheme please call Janet Strachan on 03 ---- ---- .
Thank you.
With kind regards,

Professor Benjamin Howden
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and

Lesson from the Field
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Teaching requirements and activities

As the ability to teach public health concepts and to engage in peer to peer learning are
important activities for public health professionals and field epidemiologists, there are

two teaching requirements included in the MAE program. Each MAE candidate must:

e Prepare and conduct a lesson for first year MAE students (or another
epidemiology training program), as part the second year subject POPH8914
Issues in Applied Epidemiology

e Prepare at least one (and participate in all) “Lessons from the field”
First-year cohort teaching exercise

At the end of the third course-block (March 2017), the second-year MAE cohort was
given an afternoon session (from approximately 1:30-5:00pm) in which to teach the
first-year cohort. It was decided within our cohort that our lesson would consist of a
series of presentations on subjects we thought would be helpful to the first-years, and

a fun trivia contest to allow the two cohorts to get to know each other better.

My contribution to the lesson was to put together an “Outbreaks 2.0: What we wish we
knew before we did our outbreak investigations” presentation, in collaboration with my
fellow cohort members Julie Collins and Katherine Todd, who also worked extensively
with OzFoodNet in their placements. The aim of this lecture was to provide the first-year
cohort with some practical advice for undertaking outbreak investigations that we
thought it would have been helpful to know before undertaking our own investigations.
The feedback provided by the first-year cohort on our lesson was that it was very
interesting and would be helpful in preparing them for their investigations. The slides

for our presentation are provided below.
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Figure 1: First-year teaching exercise presentation slides

Qutbreaks 2.0

What we wish we knew before we did our
outbreak investigations!

Learning objectives

* Be aware of practical considerafions end resources for
interviewing cases

* Recognise the legislative frameworks govemning outbreak
investgations

]

Identify the type of information that may be disclosed during
an outbreak imvestigation

* Recognise legal considerations during an outbreak

Explain the weight of evidence in making decisions sbout

h

Interviewing Tips
* Don't assume that people know who you are or why
you're calling
* Nultiple healthcare providers | resulfs not always given
* Motifcation delay
* Explain your line of questioning
* "Tm now going to ask some queshions almut your iliness...”

= Take the fime to build rappart
= May not be the last time you need to speak with that persan

u

Let's talk about...
OZ FOOD NET

Interviewing Tips

» Know your questionnaire
® |nformation will not always come chronologically

+ Know the public health information available
® Fact sheets

» Know some basic information about your case
» Date of specimen collection T G
* Have a calendar! - % + vl
* Map P

What information should you
collect?

+ Do you know the agent?
* Specific questionnaires | guidelines

+ Do you have a hypothesis?
* Salmonalls trawler vs. priority trawler

» What if you don't know what you're dealing with?
* Be as systematic as possible to aliow comparison
® Draw on previously esishlished guesbonnaires o capiure
information {demographics, travel, food)

u
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How should you organise
information?

+ Questionnaires often paper based / online word

» Enterinto a database asap to allow for ongoing
analysis
* Epi Info
® Excel or Access (if systematic)— Stata

= Keep all information unil the investigation is over
= Don't throw out your guestionnaires!

Resources

Resources

——

Legislation

# Each state and temritory has legislation pertaining to
the follow-up/finvestigation of cases of diseases of
pubific heslth importance

* This legislation is different in each state
* Usually the Acts particutariy relevant to investig

outbreaks are Food Actz and  Public Healtl
Wellbeing) Acts

Legislation
* ltis important to know what This commonly happens with:
under and what it says so that * Recepbonists at GP clinics
you can refer back to it o Nl
People often want io know . o
el -y P ko it Heoepitals
information, and what right " Less familiar GPs"
they have o give it S ———
information)
"Especially when seeking consent
to contact
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Legislation - examples

Victoria

Funiic Headf and Welbeing Ac? 2000, Pt 5
Dovision 1

V&7 Power o request information
[11An auhorised officer may request a perzon
o provde ificer

o e hean or i Franage or conirol a sk
Puliic Fuailhy,

(1A perzon Is suthorized In provide e
irformafion requesied under sabsecion (11

Hate

ﬂ]mmmnmm
mformaion reguesisnl under subseciion {11

Pubic Hegih and Wedbeing Ac 2507, Fart 11
Diiion &
227 Frobestion of person giving oestain
Indormation

The giving of iIrfarmadon that i suforised o
megured bo De given under this Adtin
BCIOIIANCE Wit this Act—

1270 NGt Aor Ny DUTNGE CoRSE

condactor a breach of
‘profesgional sthics on e par? of the: person by
whomil i ghern; of

b} does not make e person bywhom B i
given subject fo any kehEty in espectof i or

17/ 0= Dt CORSERE 3 COMTIVERTIoN of Ty
ofer At or I3 {iRCutNg Common WL

Providing information

* At some point during your i a‘lidsgmmaybe
q‘uesuunshhe What appened? W [ get sick? Are thars
others? What will happen now?

* t's sometmes hard o “watk the ling' betwesen providing
information and sa;lmg something you shouldn't {or even
knowing what that is!}

* Some say it's safest to say nothing at all’

- lfee{wehauean‘uty.andaﬁmasﬁc:ggnmmi 1o increases
knowledge and awareness in pecple n cur target
sudienca!

* Butwe have t0 be aware of the possible legal implications of
whal we say (Katherne io speak more about this)

Requests for Information

* |f someone wants access fo the full outbreak report and
ather relevant documents (e.g. for legal action) they
often ne=d to submit an official request for information,
such as a Freedom of Information (FOI) request (VIC)
or a request under the Government Information (Pubfic
Access)Act 2005 (NSW)

There is usually a fee ($30-50) and requests ars
commonly submitted online

Links o the appropriate forms should be available on
your state health department's website

Frndms dusss i b srude e food A
Foos

Chuter 7, Purt 2 Diwimiery 7
20 Powesr i requirs isformedon.
1] Voo stz st Fur aoformed ewmn
L

fala e sgd Som bt b
& pare Ty b i b g
e il gL

1 The sctriess s ey, by ckcs ghan & B
e,

Legislation - examples
Queensland

[ e e T
Pl el Act 202

Ciogmer 3. a1, rmmoe 3
0 Power b remEiry oot Iforraton
1] P mmcicn s Fa ecoriics bncgy SMeme—
i} re——ty e Pl peeor—
e
) S b e ey pmr e

o = ey e, 8 T
sancdton: w

] b e 3 S e S o
et b ESTIE D rweRe] 3 orTEes e e
Hw rerifinti corciiion.

2t e o i T i

e e o e 31 The memtars mracing ofesr oy s 2 pn &
en Fow corvinch icing offemi i orury o He folowig

I e e T ] Fzrmmtorhe oot W . e

v rrmasn £ ghang e LT =

[ Sy

Things you usually can and can't say

(mgaim, Check With your FHOs, B9 may Change JEpEnding GO WHEre: you e |

m3n (2nd Spushly Shoul') Can't

- * At
Iirtermation eiaul fhe geren you s ajsking m. _’m,‘_n_ -

Bag hang

® fiitralon alenil e Salhogen g wheie 1 N
fgiien winl b corarnl on Comeiry
ottum

(i pocie’s Dmional andl Brees
bt

* O pa'h e Nl
* Poterte st oF nisctinonk et

mmtedreg o s oot (kg AFTES ¢ PR O ™
T sty (Raa) . of nlezg o=
gﬂ-ﬂm fovtoars
¢ Urmgmctie informemoes siod reesticeion
e ¢ Fauis of S eronme sl reesigeior™
& Wil happen wih Dl nkemsion andwtel Lo o
RSl et + Anyhig i D mede

b s s e s duie wid b
O B

What are the legal implications of
outbreak investigations?

* You may become involved in civil,
criminal or coronial proceedings

* “Your investigation report, draft
reporiz, copies of letters, emails
and other communicaions may be
subpoenaed and tendered in court.

* “You may be required to be attend
court as a witness

* “Your investigation report or how
you conducted the investigation
I may be under review
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Example 1: Civil action

Court tips a bucket on KEC: $8m payout to girl
paralysed by poison chicken

Example 2: Coronial inquest

+ “the lawyer for the family]. ..
" submitted that had the
epidemiological investigation
proceeded with greater haste
during the previous week (had,
for example, the questionnaire
been developed within an hour
or two, and the interviews with
paren&i accurred on the 16 or
17 January instead of the 15th
19th and ), the conclusion
that Garibaldi garic mettwurst
was involved could have been
reamed at a much earlier

=

Example 3: Criminal

Erosecution

8 s b animeraln. Paanu deee (o Eroureiimueing Sonianos

a-\m-_.--

oceoe
Unanslerra Betia Maid boss Ude Boschan (o pay 515K in
EOUTT CORLE
TG

rd

T TP

|| o o b g chpte o e
L

Example 4: California
strawberries and cyclosporiasis

* “Announcerments implicating Caffomia
sirawbemies as the source of the
cycl is gutbreaks in May of 1208
hada dwasmng effecton the
strawbery indusiry

* Supermarket chains took Calfomia
strawbemies of their shelves_

Consumers. mm
from all sources. Tru
sirawbemies headed for market roted as

ey were tumed away

* Strawbemy sales around the United
States and Canada crashed, causing

¥40 mibon in losses for the industry and
ﬂ' -of 5,000 jobs" ‘

Heavy stuffl

+ So how do we make
decisions when the
evidence is unciear?
When do we decide we
have enough evidence?

T S—

So how do we decide?

* You must balance the pcmanhal public
health impact of 3 problem with the
kmown quality of available data and
the potential damage to business or
industry

* Information that might lead officials.
into taking action n datz ars
suggestive of the source but
i ient to make 3 definitive call
include:

* The seventy of the disease

* The population at risk

* Whether exposure s suspected to stll
be pocumng
The quality of avalabis data

Key take-home points

Remember that sometimes. schion is ken
£ ZpiEmIOngca SWDEnCE Sore

¥ou wil constansy be bamncing the nesd

b tuis pusic Feath AChOR Wi crestng 8
Oriical keved of EvidenCe: D SUDDON Bk ng
that action

2 N putbreak sERng T oI 10 ke
action c3n e intenze
< Dooament document, document:

Keep your documents organised

\hen gemisions 2= being made, sTan
YOUT Dpinkon — & 5 0k o Tiave: & miust
dscusziont

TR, S — ' i e
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Lesson from the field

The Lessons from the Field (LFF) teaching requirement is designed to maximise
opportunities for peer-to-peer teaching and learning by presenting ‘real-life’ challenges
and experiences faced by students in the field. As my field placements were with
OzFoodNet Victoria and the Microbiological Diagnostic Unit Public Health Laboratory, |
was heavily involved in the surveillance and investigation of foodborne diseases and
outbreaks. | felt the LFF provided a great opportunity to share the in-depth knowledge |
had gained in foodborne disease epidemiology and surveillance with my peers, some of
whom were working in very different environments and might not otherwise attain this

knowledge through their MAE.

The primary objective of my LFF was for participants to gain a more thorough
understanding of foodborne disease surveillance and outbreak investigation processes.
Taking a lesson from the highly successful trivia quiz run as part of the first-year cohort
teaching exercise described above, | also wanted to incorporate some ‘fun’ learning
tools to break up to format of the LFF and to make the session more interesting for my
peers. As such, in addition to the presentation | prepared on outbreak investigation
processes (Figure 2), | also prepared a Foodborne and Enteric Diseases crossword puzzle

(Figure 3), and a Kahoot! quiz.

Kahoot! is a free online game platform where users can create multiple choice quizzes.
Players then access the Kahoot! website or mobile application, enter a unique game ID,
and can then play against each other to answer the timed quiz questions. Players receive
more points the faster they answer a question. This quiz provided a great format for my
LFF group to test their enteric disease knowledge and to learn new things when we
discussed the correct answers. Figure 4 shows the layout of the quiz for players, who
must select the shape/colour that corresponds to the correct answer. Figure 5 lists the

guestions included in my Kahoot! quiz and their answers.

The feedback from my LFF group was that the session was informative and fun, and that

it facilitated peer-to-peer sharing and discussion, achieving its purpose and objective.
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Figure 2: LFF Outbreak Processes presentation

Outbreak Processes

This outbreak scenario is designed fo go through an example of the
processes undertaken when an outbreak is notified fo the
department of health. for those who are unfamiliar with them

This presenluiton details the processes of the Victorian DHHS and
O -I- b k P local councils. Different states and tenitories work differently and
utored @@ esses it espersibiic: aiioe 0 e et unis
and the central department of health.
Similar processes should be underlaken wherever the outbreak

OES WHAT IN UTBREAK occurs (though by different people) so this will hopefully be widely
applicable

Please feel free fo jump in with questions, comments, or anecdotes
from your own invesfigations at will

Outbreak Processes:

the PHO Outbreak Processes:
 health afficers (PHOS) are offen fhe fist Questionnaires

ink of comtact for the nofificafion of an » [ —
om medical pracfifioners, the

e wm i = o esrg sapeems Gastroenteritis outbreak

e e e y\

i

i

ey e ‘The two most common expressions | see on
i

Maintaining ol adminishofiverecorde

Generatng, odminitesing, and entesing ol kb
preit et o by )
i

Forel ey folio ] b o o

[rpsibor e et

B e e

i e s

/ ==

And coordinating anything sie that come: ” » y oo e cmfommereeshicted boner
o e oo ]

nvrarmental sampie

Outbreak Processes: DHHS Guidelines for the Investigation of
Gastroenteritis — suspected food-borne

.t tha ol sounei who &
i for e regrtraten cnd Supsnviee o cloan up ofcl oo preperafon reos commoncras and ety and
it = ensure the disposal of all left-aver and “ontaminated foods that do n:
el e offcan o10) Eerabe ot Tl e
e e Obtain and subrit o MDU any high risk food samples
e Sl ana ne S Review hygiene, cleaning, andfoad handing processes at fhe premises, and ensure
SUpenisonal any requped remeciaton - | - they are safisfaciory

ot cen gmmcus mat potty e . z - Reviewthe premises' Food Safely Program and conduct a Food Safety Assessment

Ascerlain whetherthere have been any saif unwel with sympfors of gasiroe:

RForm iner of relevant exchusons Gnd hyciene procedures: Solect a i
Secimen; and nferview inem wng he geoentents oulbreak uesfonnare.
Obtaina menu for all foods served in the period of inferest, including specials

Obtaina booking it from the premises with the names and contact phone numbers for
pairons who dined in the period of infersst

Ascerioin whether there have been any complainfs made directly fo the premises and
biain the complainant's defai

Complete the gasiro oufbreak onsite assessment (GOOA) and submit fo CDCP unit

Chilarine concentralions required for

Outbreak checklist = Clean up

T ——

Outbreak Processes: m.,‘.’.m::.m..mm En
The Edemio | Salmonella & MLVA [Erissins

e InVictoria, when examining
TA T S surveilance data we look for
Tt clusters of unusual serolypes and
Clusfers of smilar MLVA patferms
::,:r’"zrr:";r, 5 3 for S, Typhimurium
Tl ’“’“ 4 We are faking info account
sagredjorepe o Onfoodiict o 4o ! baseine leve for those
T serolypes/MLVAs, geographic
distibufion, age and sex
disinbufion, and femporal
distibufion
e : Generaly any partcvor
serotype/MLVA with more than
cases wil be checked
iy e AdifferenceinMVA of 1-2in
o o PG, o oy Sacume only oneof the § numbers are
‘ consideredikely the same
Considering his, what would
draw your eye in fhis case sfe

i for autoreak detection heough
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& simrlaorns
» saime
We refer coses undersix oo ke 1 relerame
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Qutbreak Processes: Other stakeholders

s menfioned, OzFoodNet will be nofified of the outbreak. eifher informally through regular chuster
reports ifi's an isolated event, or more actively through o group email [followed by a felecon if

necessary)if it i befieved he problem may be more wide-spread

I an egg fraceback needs fo be conducted, thisis conducted by the Chief Veterinary Officer's
(CVO) urit of the Department of Econamic Development, Jobs, Transport and Resources

(DEDJTR)

Any samples from the egg fam are fested af Agribio, which speciasesin agricufural biosciences

Food Safety at the DHHS may ako become invoivedif the outbreak involves comtamination of
specificfood product that is widely disiibuted .. Hep A and beries. At fhis point, Food
Standards Auctralia and New Zealand (FSANZ) wil ikely become involved (ike an OzFoodNet for

‘comaminafion of food)

The water program may become involvedif there is a wafter confaminafion issue or systemic issues

with pathogens such as Cryptosporidium

QOutbreak Processes:
The Lab

InVictoriatesr: reiotea 1o ourbreak
westgaons largely Fake place o MU

csives any losca sampies mat are
Grgansad by ma DrIS [d oppeEed.
‘ordered by &Ps and nospia
Primary cRagnoste IaboraTones)
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epors directly 10 deparmer.

Any questions?

How do things run where you are?
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Figure 3: LFF Foodborne and Enteric Diseases crossword puzzle

Foodborne and Enteric Disease Fun Times!

Across

3. The maximum number of hours a freshly produced
potentially hazardous food can be held in the temperature
‘danger zone' (5-60 degrees celcius)

5. Food-borne disease that is commonly associated with
canned foods

6. The molecular technigue commonly used fo
characterise Salmonella Typhimurium isolates

7. The genome against which others is compared is
called the ... genome

B. What is the 'noro’ in norovirus short for?

12. viruses used to characterise Salmonellae in the
process of phage typing

13. The Salmonella serovar commonly associated with
Tasmania

14. Syndrome associated with STEC/VTEC infection

15. The period between infection and presentation of
symptoms

16. The P in SMNP stands for Single Nucleotide...

Down

1. conditions which are the consequence of a previous
disease or injury

2. The surname of Typhoid Mary
4. The process required to kill Cryptosporidium in a pool

9. Food-borne disease that is commonly associated with
deli meats and soft cheeses

10. The Salmonella serovar notorious for being able to
enter the egg before laying

11. The infective stage/form of the Cryptosporidium
parasite
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Figure 4: Kahoot! Quiz player layout

What is the most commeonly notified food-
borne pathogen in Australia?

‘ Salmoneiia ‘ Campylobacter

o rerer o T
g e e

B srigeia

Figure 5: Full list of Kahoot! Quiz questions and answers. The correct answer/s are marked with a tick.

Questions (16) Hide all answers

Q1l: Test Question (no points): Who is the MAE course convener? A

Enteric and Foodborne Disease LFF @ Martynkirk o

A private quiz for university
A quiz about enteric and foodborne diseases

>

Q2: What is the most commonly notified food-borne pathogen
ChevvySG in Australia?

Created 4 months ago
A Salmonella « ’ Campylobacter «

@ Norovirus | W Shigelia

Q3: In which state or territory is Campylobacter currently not
notifiable?

& NewSouthWales o
W Rueensiand

Q&4: What serotype of Salmonellais most commonly notified in
Australia

A R “

@ Hvittingfoss § [l StPaul
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Q5: What food-borne pathogen has been increasingly

associated with sexual transmission in MSM?
30 sec

A Salmonella 0 Cryptosporidium
. Shige”a v

Q#6: Which of the following serogroups of Vibrio cholerae can
cause the disease "Cholera"?

Q7: What foodborne illness is commonly associated with fish?

30 sec

A Scombroid V . Cryptosporidium
. Ciguatera v B Bacillus Cereus

Q8: What food-borne pathogen causes bacillary dysentry?

30 sec

@ crptosporidium W shigella

Q9: Which of the below food-borne ilinesses are caused by the
ingestion of toxins?

A Bacillus cereus V & Clostridium perfringens
@ Clostridium botulinum  « | Bl Cholera

Q10: What food-borne pathogen was recently associated with
an outbreak in MSM in Italy?

30 sec

A Shigella || @ Salmonella

@ Campyiobacter | B HepatitisA o
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Appendix 1: Summary of teaching activities

Q11: What foodborne disease is known to cause muscle
weakness and paralysis?

. Botulism V B Haemolytic Uraemic Syndrome

Q12: Which of the below pathogens cause disease by producing
toxins once ingested?

A Clostridium perfringens « ’ STEC/VTEC «
. Vibrio cholerae (toxigenic) J B Cryptosporidium

Q13: What food-borne pathogen is commonly associated with
QOysters?

A Vibrio parahaemoiyticus  « || 4 Scombroid

@ saimonella B Norovirus &

Ql4: What Sa/monella serovar is being investigated for its

environmnetal exposures by Julie?
30sec

A Wangaratta & Wangatto

Q15: Which food-borne pathogen is commonly associated with

temperature abused rice?
30 sec

A Salmonella ’ Vibrio parahaemolyticus
@ Bacillus cereus v B Clostridium botulinum

Q16: Which of these things is not like the others?

30 sec

A Tiramisu & Fried Ice cream

@ Chocolate mousse Bl Pannacotta V
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