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Despite a high use of antibiotics and a significant burden of infectious disease, ongoing
monitoring and reporting of antimicrobial resistant pathogens in rural and regional
Australia is insufficient. Many geographically isolated regions of Australia have limited
infrastructure, resources and fall outside of surveillance reach, limiting health services’
ability to provide an early warning signal and appropriate response. To monitor trends in
the development of antimicrobial resistance (AMR), identify high-risk populations and to
evaluate effectiveness of control and prevention in rural and regional Australia, a
subnational surveillance system termed HOTspots was developed. To promote the
best use of public health resources through the development of effective and efficient
surveillance systems, we evaluated HOTspots and its prototype surveillance platform for
data quality, acceptability, representativeness, and timeliness. We used the Centers for
Disease Prevention and Control (CDC) guidelines for evaluating public health surveillance
systems and assessed the four attributes using a descriptive analysis of quantitative data
and a thematic analysis of qualitative data. We report that the HOTspots surveillance
system and its prototype platform effectively captures and represents AMR data across
Northern Australia. The descriptive analysis of HOTspots data demonstrated some
variation in data completeness but that data validity and representativeness were high.
Thematic analysis of interview transcripts found that the system was acceptable, with
almost all study participants identifying timeliness, online accessibility, and community
representativeness as drivers for adoption of the system, and that the system provided
timely data. The evaluation also identified areas for improvement and made
recommendations to the HOTspots surveillance system and its associated
prototype platform.
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1 INTRODUCTION

Surveillance of antimicrobial resistance (AMR) is fundamental to
contain the spread of AMR by generating evidence for local,
national global guidance and actions (1). The purpose of AMR
surveillance includes (a) gathering and disseminating local
evidence for empiric treatment and clinical decision making;
(b) to assess the effect of antimicrobial stewardship program and
infection control strategies; (c) to determine the burden of
disease; and (d) to track temporal and geographic trends for
outbreak detection (1, 2). Surveillance can be comprehensive for
the entire population at risk, or sentinel reaching a limited
catchment area. The frequency of surveillance is either
continuous, episodic or periodic using routinely collected data
(passive) or active collection of data which would otherwise be
unavailable (2, 3). Passive AMR surveillance using routine
pathology data of clinical isolates from sentinel sites is the
most commonly used approach (4). A key assumption is that
sentinel surveillance is representative of the population at risk as
closely as possible.

Despite a high overall health status of many Australians, rural
and regional areas within this country continue to experience
comparatively poor health outcomes (5). Northern Australia is a
large geographical region (comprising half of the Australian
landmass) which is home to only 5.2% of the total population
(1.3 million), and 30% of the total Aboriginal and Torres Strait
Islander population (6). Despite the sparse population, it is a
region of high AMR prevalence (7) combined with a complex
interplay of socio-economic factors that are likely contributing to
the disease burden in this setting (8). National progress to track
and respond to AMR systematically in regional and rural
Australia are insufficient (7, 8) and are not timely (9).

To achieve comprehensive AMR surveillance in Northern
Australia and timely data provision to those who need it, a
subnational surveillance system was developed using an
innovative web-based platform (10). Here we report an
evaluation of the AMR surveillance system, known as
“HOTspots”, and its prototype platform (11). This evaluation
focuses on the end-users of AMR surveillance data who work
across health disciplines in rural and regional Australia. We
described the newly developed and implemented HOTspots
surveillance system (termed HOTspots) and, using the CDC
framework we assessed the utility and acceptability of the system.
Recommendations were made to improve the system and its
contribution to AMR prevention and control activities in
Northern Australia.
2 METHODS

2.1 Evaluation Approach
The Centers for Disease Prevention and Control (CDC)
guidelines for evaluating public health surveillance systems
were used as a framework to assess the performance of
HOTspots (12). First, we describe the surveillance system in
terms of the purpose and operation of the system. Next, we
Frontiers in Tropical Diseases | www.frontiersin.org 2
assessed the CDC surveillance system attributes of data quality,
acceptability, representativeness, and timeliness. These attributes
were chosen as they reflected the main aims and objectives of the
HOTspots surveillance system. Definitions of the attributes and
the criteria used to assess these are outlined in Table 1.

2.2 Data Collection and Analysis
Quantitative and qualitative data were collected and analysed in
the assessment of the system attributes. To assess the CDC
surveillance system attribute data quality (4.2.1), we measured
the completeness and validity of HOTspots data. Data were
extracted from HOTspots in September 2019 for all organisms
and antibiotics under surveillance (Table 2). Completeness was
assessed by calculating the number and proportion of isolates by
organism, year of sample collection, sample type, and
geographical location (Tables 3, 4).

To measure data validity, we compared data fields collected
by HOTspots against World Health Organisation (WHO)
criteria for AMR surveillance systems and conducted a sub-
analysis of the system’s sensitivity (Table 6). The agreement was
calculated between the proportion of HOTspots Staphylococcus
aureus (S. aureus) blood isolates collected in the Northern
Territory in 2017 and those reported in the 2017 Northern
Territory hospital antibiogram (13). Agreement was calculated
using the below formula, where M denotes percent agreement, R
denotes the reference susceptibility and A denotes the
susceptibility (14):

M = 1 −
(R − A)

R

� �

The sub-analysis was limited to the antibiotics methicillin,
sulfamethoxazole and trimethoprim (SXT), and clindamycin due
to their use as first and second-line therapy in Australia (15). In
an email from infectious disease physician Dr Nicholas Douglas
(July 2020), it was clarified that in the NT hospital antibiogram,
methicillin-resistant S. aureus (MRSA) is divided into health
care-associated MRSA (equivalent to multi-resistant MRSA) and
non-multi-resistant MRSA. These were combined for the
purpose of a comparison with HOTspots MRSA, which
includes both multi-resistant and non-multi-resistant MRSA.
Data were analysed using Stata/IC version 15.1 and
Microsoft Excel.

The representativeness (4.2.2) of the system was determined
through a quantitative analysis of AMR occurrence over time
and geographical location (Tables 3, 5). We also described the
representativeness of the population by setting (community or
hospital) and by pathology service provider coverage across three
jurisdictions that are captured by HOTspots.

Qualitative data were used to assess the CDC surveillance
system attributes acceptability (4.2.3) and timeliness (4.2.4).
These data were collected through semi-structured interviews
with a defined group of AMR surveillance data end-users,
including: antibiotic prescribers (doctors) and drug
administrators (nurses, Aboriginal Health Practitioners,
pharmacists); scientists and microbiologists; those involved in
communicable disease surveillance and control (epidemiologists,
October 2021 | Volume 2 | Article 772491
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Goddard and Wozniak AMR Surveillance to Support Decision-Making
public health nurses, infectious disease and public health
physicians); policymakers; and content experts of treatment
guideline development groups.

For practicality, a combination of convenience and purposive
sampling was used to recruit study participants. Participants
were provided with a participant information sheet and a
consent form prior to the interview. Interviews were conducted
either in person or via telephone, took on average thirty minutes
to complete, and were audio-recorded and transcribed verbatim.
Responses were manually coded against the CDC framework’s
surveillance system attributes. Twenty-three end-users were
invited to participate in the evaluation and nineteen agreed to
participate (response rate of 83%). Eleven one-on-one interviews
and two focus group discussions were conducted.

2.3 Ethics Statement
Ethics approval was provided by the Human Research Ethics
Committee of the Northern Territory Department of Health and
Menzies School of Health Research (2019–3425) and the
Australian National University Human Research Ethics
Committee (2017/909). Research governance authorisation and
Frontiers in Tropical Diseases | www.frontiersin.org 3
site-specific authorisation was obtained from Top End
Health Services.
3 RESULTS

3.1 Description of the Purpose and
Operation of the HOTspots System
HOTspots aims to improve population-level surveillance of, and
response to, AMR in Northern Australia through the timely
dissemination of local antibiotic susceptibility test (AST) data. At
the time of the evaluation, three major pathology providers
(Territory Pathology, Queensland Pathology, PathWest) that
service primary and tertiary health care services across
Northern Australia contributed AST data to HOTspots for the
period between 2008-2017 (10).

Participating pathologies provided data using two widely used
international susceptibility methods, Clinical and Laboratory
Standards Institute (CLSI) and European Committee on
Antimicrobial Susceptibility Testing (EUCAST). Susceptibility
results were provided as interpreted (Susceptible, Intermediate
TABLE 1 | Surveillance system attributes, definitions and evaluation criteria.

CDC attribute CDC definition Evaluation criteria

Data quality The completeness (proportion of missing values) and validity
(comparison between the data and the metadata) of the data
recorded in the surveillance system.

Completeness assessed using a quantitative analysis of HOTspots data for
missing data and inconsistencies. Validity assessed by comparing data fields
collected by HOTspots against WHO criteria for AMR surveillance systems.

Sensitivity The proportion of cases of a disease detected by the surveillance
system and/or the ability of the system to detect outbreaks,
including the ability to detect change in case numbers over time.

Quantitative analysis comparing the proportion of Staphylococcus aureus
blood isolates collated by HOTspots in 2017 to those reported in the 2017
Northern Territory’s hospital antibiogram.

Acceptability The willingness of persons and organisations to participate in the
surveillance system.

Assessed by qualitative analysis using stakeholder interviews and thematic
analysis.

Representativeness A system’s accuracy in describing the occurrence of the event
over time and its distribution in the population by person and
place.

Assessed using a quantitative analysis of HOTspots data over time and place
and by describing the population by setting (primary or tertiary) and by
pathology service provider coverage across HOTspots’ three jurisdictions.

Timeliness The speed between steps in the surveillance system. Assessed by qualitative analysis using stakeholder interviews and thematic
analysis.
CDC, Centers for Disease Prevention and Control; WHO, World Health Organisation; AMR, antimicrobial resistance.
TABLE 2 | Organisms and relevant antibiotics included in HOTspots surveillance system.

Organism Antibiotics

Escherichia coli Amoxicillin, amoxicillin/clavulanate, cephazolin
cefotaxime, ceftazidime, ceftriaxone, ciprofloxacin, norfloxacin, imipenem, meropenem, gentamicin, amikacin, tobramycin

Klebsiella pneumoniae Amoxicillin, amoxicillin/clavulanate, cephazolin, cefotaxime, ceftazidime, ceftriaxone, ciprofloxacin, norfloxacin, imipenem or meropenem,
gentamicin, amikacin, tobramycin

Enterococcus faecium Vancomycin, amoxicillin, teicoplanin
Neisseria gonorrhoea Penicillinase-producing, azithromycin, ceftriaxone
Neisseria meningitidis Penicillin
Streptococcus pneumoniae Penicillin, ceftriaxone, erythromycin, doxycycline, co-trimoxazole
Staphylococcus aureus Methicillin, penicillin, erythromycin, clindamycin, doxycycline, co-trimoxazole
Acinetobacter baumannii Ciprofloxacin, norfloxacin, gentamycin
Pseudomonas aeruginosa Amoxicillin, amoxicillin/clavulanate, cefotaxime

ceftazidime, ciprofloxacin, norfloxacin, gentamicin, amikacin, tobramycin, imipenem or meropenem
Haemophilus influenzae Penicillin
Streptococcus pyogenes Erythromycin, clindamycin, doxycycline, co-trimoxazole
October 2021 | Volume 2 | Article 772491
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and Resistant) or minimum inhibitory concentration values for
each organism. Resistant and intermediate results were
combined as “resistant” for the purpose of phenotypic analysis.
Microbiological data provided from the participating service
Frontiers in Tropical Diseases | www.frontiersin.org 4
providers include year of test, location of sample collection,
sample type (blood, urine, or swab), organism isolated and
susceptibility to a list of pre-specified antibiotics, entered as a
line listing of individual de-duplicated isolates.
October 2021 | Volume 2 | Article 772491
,

TABLE 3 | HOTspots isolates by organism, jurisdiction and region, 2008-2017.

Western Australia Northern Territory Queensland Total

Organism Kimberley Pilbara Alice
Springs

Darwin Gove Katherine Tennant
Creek

Cairns &
Hinterland

Mackay North
West

Torres
& Cape

Townsville

Staphylococcus
aureus

64,309 30,191 3,448 209,892 15,962 6,132 12,124 161,925 76,083 76,186 98,753 159,947 914,952**

MRSA* 0 0 1,596 70,214 4,088 2,604 6,216 39,541 12,435 31,582 27,269 40,036 235,581
MSSA* 0 0 1,848 13,9671 11,874 3,528 5,908 122,384 63,648 44,604 71,484 119,911 584,860

Escherichia coli 32,189 15,411 1,539 14,2580 8,126 2,640 7,781 193,191 0 0 0 0 403,457
Klebsiella
pneumoniae

5,242 2,303 171 38,545 1,497 550 722 40,819 16,951 7,340 10,219 50,501 174,860

CRE 0 0 0 247 0 19 38 0 0 0 0 0 304
Enterococcus
faecium

27 7 0 0 0 0 0 984 179 60 24 1,225 2,506

VRE 0 0 0 0 0 0 0 542 72 18 12 619 1,263
Streptococcus
pneumoniae

2,703 757 0 0 0 0 0 6,666 1,455 2,587 2,259 4,514 20,941

Acinetobacter
baumannii
complex

688 137 81 4,561 204 142 18 1,620 493 454 393 2,759 11,550

Pseudomonas
aeruginosa

15,905 4,606 456 32,746 1,328 694 826 36,558 27,130 8,950 6,808 62,951 198,958

Haemophilus
influenzae
(non-type b)

1,005 355 0 0 0 0 0 17,485 4,265 5,694 6,380 13,334 48,518

Streptococcus
pyogenes

23,596 6,470 0 0 0 0 0 10,603 4,422 13,623 21,247 13,952 93,913

Neisseria
gonorrhoea

5 7 0 0 0 0 0 0 0 0 0 0 12

Neisseria
meningitidis

3 3 0 0 0 0 0 0 23 0 19 0 48

Total isolates 145,672 60,247 5,695 428,324 27,117 10,158 21,471 469,851 131,001 114,894 146,102 309,183 1,869,715
MRSA, methicillin resistant Staphylococcus aureus; MSSA, methicillin sensitive Staphylococcus aureus; VRE, vancomycin resistant Enterococcus; CRE, carbapenem-resistant
Enterobacteriaceae *Western Australian data unable to be classified as MRSA or MSSA due to data being supplied in aggregate.
TABLE 4 | HOTspots isolates by sample type and organism, northern Australia, 2008-2017.

Organism Sample type Total

Combined Blood Urine Swab Sputum Other Non-urine

Staphylococcus aureus 94,457 24,469 17,419 744,307 11,753 22,547 0 914,952
MRSA* 0 6,439 3,673 217,341 2,953 5,175 0 235,581
MSSA* 0 18,030 13,703 526,955 8,800 17,372 0 584,860

Escherichia coli 40,715 25,091 315,868 13,080 1,734 5,982 987 403,457
Klebsiella pneumoniae 6,503 11,090 131,484 14,491 5,889 5,179 224 174,860
CRE 0 0 209 95 0 0 0 304

Enterococcus faecium 32 250 1,509 259 21 435 0 2,506
VRE 0 113 787 144 18 201 0 1,263

Streptococcus pneumoniae 2,847 1,842 171 4,122 10,414 933 612 20,941
Acinetobacter baumannii complex 656 1,063 3,045 4,931 891 824 140 11,550
Pseudomonas aeruginosa 17,545 5,060 52,776 90,096 21,559 9,087 2,835 198,958
Haemophilus influenzae (non-type b) 1,140 706 361 12,841 31,029 2,221 220 48,518
Streptococcus pyogenes 24,737 1,201 292 61,331 153 870 5,329 93,913
Neisseria gonorrhoea 12 0 0 0 0 0 0 12
Neisseria meningitidis 5 21 0 7 10 4 1 48
Total 188,649 70,793 522,925 945,465 83,453 48,082 10,348 1,869,715
WA, Western Australia; QLD, Queensland; NT, Northern Territory; MRSA, methicillin resistant Staphylococcus aureus; MSSA, methicillin susceptible Staphylococcus aureus; VRE
Vancomycin resistant enterococcus; CRE, Carbapenem-resistant Enterobacteriaceae. *Western Australian data unable to be classified as MRSA or MSSA due to data being supplied in
aggregate*Unable to be classified due to Western Australian data being supplied as aggregate data.
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A digital interactive platform, HOTspots reports temporal and
spatial trends for eleven AMR organisms of public health
significance (Table 2) (10).

3.2 Surveillance System Attributes
3.2.1 Data Quality
The CDC guidelines define data quality as the completeness
(proportion of missing values) and validity (comparison
between the data and the metadata) of the data recorded in the
surveillance system (12). In total, there were 1,869,715 isolates
collated for the period 2008-2017, with 63% of isolates from
Queensland (QLD), 26% of isolates from Northern Territory
(NT), and 11% of isolates from Western Australia (WA). The
analysis of AMR data by organism, year of sample collection,
sample type, and geographical location demonstrated that
completeness was high for all, except sample type (Tables 3–5).
Sample type could not be determined for 13% of all samples, due
to these pathology datasets being supplied in an aggregated format
for the sample variable (Table 4).

Validity was assessed by comparing data collected by
HOTspots against WHO criteria for AMR surveillance
systems (16). HOTspots met WHO’s core criteria of an isolate-
level database that collates relevant microbiological and
demographic data, though demographic data were limited to
only geographic location or ‘place of specimen collection’. Due to
the limited diagnostics and microbiological capacity in remote
settings of Northern Australia, patients who are acutely unwell in
remote primary health care, are commonly transferred to major
tertiary hospitals (often in metropolitan areas) where their
specimen samples are processed and infections are treated.
Therefore place of specimen collection may not be an accurate
proxy for geolocation and should be supplemented with
postcode of residence. Additional demographic data such as
age and sex were requested and planned for future surveillance
activities. Data validity was also collected using sensitivity
Frontiers in Tropical Diseases | www.frontiersin.org 5
analysis against a gold standard estimate for that setting. We
compared estimates of MRSA from HOTspots to MRSA rates
from a major tertiary health care centre, identified in a hospital
antibiogram. We found strong agreement, with 100% for MSSA
and 92.4% for MRSA between HOTspots data and gold standard
for S. aureus blood isolates (Table 6).

3.2.2 Representativeness
Representativeness was defined as a system’s accuracy in describing
the occurrence of the event over time and its distribution in the
population by person and place (12). At the time of the evaluation,
HOTspots did not yet include age or sex data. Furthermore,
information on Indigeneity is not included in pathology request
forms and is therefore not readily available through laboratory data
(17). Given these limitations in assessing the representativeness of
HOTspots, we assessed the occurrence of AMR over time (Table 5)
and by geographical location (Table 3).

Data were reported for each year of specimen collection for all
eleven of HOTspots organisms except for Neisseria gonorrhoea,
which for an unknown reason only had data reported for 2017,
and for Neisseria meningitidis between 2012-2016 (Table 5). The
reason for the reduction in the number of N. meningitidis cases
from QLD during this period is unclear but may be related to
testing or a delay in notifications.

By region, there were variations in the representativeness of
HOTspots data (Table 3). One jurisdiction in Northern Australia
(QLD) did not supply data for all regions for Escherichia coli isolates
and N. meningitidis isolates. There were no data provided for
Enterococcus faecium, Streptococcus pneumoniae, Haemophilus
influenzae (non-type B), Streptococcus pyogenes, N. gonorrhoea, or
N.meningitidis for the NT. Our evaluation found that it is unclear as
to the reason for missing data for certain organisms but it may be
related to testing and diagnostic capacity.

In addition to this quantitative analysis, we also described the
representativeness of the population by setting (primary or
TABLE 5 | HOTspots isolates by microorganism, jurisdiction and year of collection, northern Australia, 2008-2017.

Organism Year Total

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Staphylococcus aureus 44,164 49,380 50,551 57,519 91,535 92,095 102,923 131,957 146,010 148,818 914,952
MRSA* 9,929 11,912 12,497 13,902 23,481 24,948 28,043 32,848 38,896 39,125 235,581
MSSA* 34,235 37,468 38,054 43,617 68,054 67,145 67,866 70,166 77,451 80,804 584,860

Escherichia coli 15,800 15,439 16,828 18,949 43,485 42,195 64,104 58,576 61,102 66,979 403,457
Klebsiella pneumoniae 10,781 10,244 12,013 11,634 17,993 17,574 22,777 23,460 23,390 24,994 174,860
CRE 0 0 0 0 19 19 38 114 38 76 304

Enterococcus faecium 131 143 202 388 284 329 229 229 226 345 2,506
VRE 15 27 69 215 179 255 137 132 123 111 1,263

Streptococcus pneumoniae 1,890 2,048 1,617 1,901 1,826 1,609 3,010 2,242 2,301 2,497 20,941
Acinetobacter baumannii complex 524 627 660 618 1,370 1,340 2,012 1,423 1,656 1,320 11,550
Pseudomonas aeruginosa 12,757 12,512 13,857 14,219 14,278 15,141 21,157 28,702 33,290 33,045 198,958
Haemophilus influenzae (non-type b) 4,559 4,587 4,384 5,480 4,689 4,033 4,464 4,534 6,129 5,659 48,518
Streptococcus pyogenes 4,251 4,729 5,200 5,653 5,728 6,307 19,030 13,620 14,597 14,798 93,913
Neisseria gonorrhoea 0 0 0 0 0 0 0 0 0 12 12
Neisseria meningitidis 5 11 8 5 2 2 2 2 1 10 48
Total isolates 94,862 99,720 105,320 116,366 181,190 180,625 239,708 264,745 288,702 298,477 1,869,715
October 2021 | Volume 2 | Arti
WA, Western Australia; QLD, Queensland; NT, Northern Territory; MRSA, methicillin resistant Staphylococcus aureus; MSSA, methicillin susceptible Staphylococcus aureus; VRE,
Vancomycin resistant enterococcus; CRE, Carbapenem-resistant Enterobacteriaceae. *Western Australian data unable to be classified as MRSA or MSSA due to data being supplied in
aggregate.
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tertiary) and by pathology service provider coverage across
HOTspots’ three jurisdictions. As a laboratory-based system,
the representativeness of HOTspots is dependent on the
participation of laboratories in Northern Australia and the
population and geographical areas they service. To our
knowledge, the pathology service providers operating in
Northern Australia include Territory Pathology, Pathology
Queensland, Sullivan Nicolaides Pathology, Western
Diagnostics, PathWest, Australian Clinical Laboratories and
Queensland Medical Laboratory Pathology.

At the time of evaluation, HOTspots received data from three
of these pathology service providers (Territory Pathology,
Pathology Queensland, and PathWest) and has since received
AMR data from an additional provider, Western Diagnostics.
These pathology providers service a mixture of private and
public health care services across primary and tertiary health
care throughout Northern Australia (Table 7). We determined
that HOTspots covers most public hospital and community
settings as far north as Kununurra in WA (18), all four public
hospitals in NT’s Top End (19), all public hospitals and some
community settings in QLD and (with the recent addition of data
from Western Diagnostics) will cover almost all community
settings across WA and NT (20).
3.2.3 Acceptability
Acceptability of the surveillance system was defined as the
willingness of persons and organisations to participate in the
surveillance system (12) and was informed by participant
interviews. HOTspots is a voluntary, laboratory-based system,
and therefore relies on the participation of laboratories. To
influence local treatment guidelines, policies, and the response
to AMR more broadly, HOTspots requires the participation of
antibiotic prescribers, drug administrators, policymakers,
guideline contributors and public health professionals.
Frontiers in Tropical Diseases | www.frontiersin.org 6
For laboratory staff, the simple nature of the HOTspots
system and minimal additional workload in data extraction
and collation was discussed in participant interviews as a
facilitator for acceptability. While the availability of direct
testing (e.g. from Vitek) feed data and provision of minimum
inhibitory concentrations is becoming increasingly possible
within the participating laboratories, integration with larger
AMR surveillance systems can be complex and resource
intensive for both laboratories and the governing body of the
surveillance system.

Participants identified timeliness, online accessibility,
community representativeness, and potential outputs (e.g.
community antibiograms) of the data as drivers for adoption of
the system. For example, community-based clinicians interviewed
as part of this evaluation discussed having limited access to
susceptibility data to inform practice. This may be due to a delay
in individual pathology results caused by remoteness as well as the
limited availability of population susceptibility data in the
community setting. In remote settings, pathology is only sent on
certain days of the week when there are planes. Therefore, clinicians
who practice within remote and regional settings perceived value in
accessing AMR data from the HOTspots surveillance system. On
the other hand, public health professionals (including
epidemiologists, public health nurses, and infectious diseases and
public health physicians) who participated in two focus group
discussions did not perceive much value in accessing HOTspots
surveillance data as they did not consider community-associated
AMR infections to be within their organisational scope, means or
responsibility. However, where there was alignment with a
jurisdiction’s notifiable diseases register, these public health
professionals expressed a greater interest in using data from the
HOTspots surveillance system.

Three main barriers were identified by interview participants,
which impede acceptability of the HOTspots surveillance system.
These include (1) additional time taken to access online portal as a
prescribing reference (2); ability to support clinical decision-making;
TABLE 6 | Antibiogram showing the percent susceptible of HOTspots and hospital antibiogram S. aureus blood isolates collected in 2017.
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HOTspots
(NT data)

MSSA 840 – – – – – 98 83 95 83 – – 98 100 0 100 100 100 – 98 100 97 100

MRSA 448 – – – – – 84 59 100 59 – – 84 100 0 0 100 6 – 78 100 88 100

Hospital
antibiogram

MSSA 1585 9 100 9 100 100 99 81 – 81 100 95 100 – – – – – 100 99 – – 100

MRSA* 930 0 0 0 0 0 92 72 – 72 0 92 94 100 – – – – 99 82 – – 100

Agreement statistic (%) MSSA 98 100 99

MRSA 77 100 89
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NT, Northern Territory; MRSA, methicillin resistant Staphylococcus aureus; MSSA, methicillin susceptible Staphylococcus aureus.
*Combined non-multi-resistant MRSA and health care-associated MRSA.
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and (3) accuracy of the data. The first barrier was discussed by
clinicians who are often time-poor and therefore rely on treatment
guidelines (i.e. Australian Therapeutic Guidelines) to determine
treatment options. For some prescribers, accessing another online
portal during an already time-limited consultation was not ideal.

Secondly, pharmacists, guideline contributors, and
policymakers, reported a need for antibiograms or thresholds
levels for switching antibiotic treatment to facilitate decision-
making. For example, the process of writing the infectious
diseases sections in treatment guidelines requires constant
checking against local antibiogram data. Guideline contributors
identified that having more in-depth information (than what is
currently readily available) would be helpful for this process and
to understand at what threshold guidelines should be changed to
recommend alternative antibiotics. Public health physicians
working in communicable disease prevention and control,
identified the lack of molecular surveillance data for organisms
such as N. gonorrhoea, which relies on genotypic AST for
samples collected in remote geographical areas, as an
impediment to HOTspots supporting decision-making.

The last barrier to acceptability and uptake of the surveillance
system, was data accuracy and deviation from clinical guidelines
and protocols. Guidelines are greatly relied on in regional and
remote settings that are staffed mainly by remote area nurses and
Aboriginal health practitioners. Clinicians working in primary
health care raised concerns that access to AMR trend data that
differs to treatment guidelines may lead to confusion of how best
to manage patients and lead to clinical variation.

3.2.4 Timeliness
Timeliness is defined as the speed between steps in the surveillance
system, or in the case of HOTspots, between the production of data
(i.e., the point at which AST is performed and results become
available) to the point at which this information is made available to
end-users. Interview participants were asked how frequently data
should be updated through the HOTspots web-based platform.
There was consensus among the participants interviewed that four
to twelve-monthly data updates would be an ideal frequency of
updates. Currently, hospital antibiograms are typically generated on
an annual basis (21).
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3.3 Evaluation Recommendations
The three following recommendations were made in response to
the evaluation findings:

3.3.1 Recommendation 1: Review and Standardise
Data Collection
The completeness and validity of HOTspots data is high but
could be improved with the addition of some core data, as
defined by the WHO criteria for AMR surveillance systems,
and by data standardisation. Defining data specifications in a
data dictionary, in partnership with participating laboratories,
would be a simple method to achieve a basic level of standardised
data provision. In doing so, data completeness would be
improved (e.g. sample type was not able to be disaggregated
for Western Australia). The addition of core data fields such as
age, sex and residential postcode, and linkages with clinical or
administrative datasets to obtain ethnicity data, would not only
improve the validity of the data, but would enable a more
comprehensive analysis of the representativeness of the data
collected by HOTspots against population data from the
three jurisdictions.

3.3.2 Recommendation 2: Support End User
Decision-Making
The evaluation identified that a barrier to the acceptability and
use of the data in the surveillance system was for end users to
have decision-making support. Apart from the addition of
demographic and genotypic data, enhanced functionality such
as the ability to generate antibiograms (summary tables) and
explicit recommendations for antibiotic threshold levels to
support switch therapies would further support clinical
decision-making. Concurrent to the implementation of these
additional features, HOTspots program managers should work
with guideline contributors to align existing therapeutic
guidelines with the most up-to-date data.

3.3.3 Recommendation 3: Update HOTspots Data at
Least Annually
One of the main strengths of HOTspots is delivery of timely data
through the HOTspots platform. The evaluation found that users
TABLE 7 | Summary of pathology service providers operating in Northern Australia.

Service pro-
vider

HOTspots
jurisdiction

Laboratories and collection centres Provider
type

Primary or tertiary
health care

PathWest WA 23 laboratories and over 50 collection centres Government Tertiary (public) & primary
Pathology
Queensland

QLD 35 laboratories & 38 pathology collection centres Government Tertiary (public) & primary

Territory
Pathology

NT 6 laboratories Government Tertiary (public)

Western
Diagnostics

WA & NT 10 laboratories in WA and 2 in the NT. Over 200 collection centres. Private Primary

ACL NT 1 laboratory. Private Tertiary (private)
SNP NT & QLD Over 60 collection centres in northern QLD and 5 collection centres in the NT. Private Primary
QML QLD Over 24 laboratories throughout regional and metropolitan QLD and more than 600

collection centres, almost all of which are located in QLD.
Private Tertiary (private) & primary
Oc
tober 2021 |
WA, Western Australia; QLD, Queensland; NT, Northern Territory; NSW, New South Wales; ACL, Australian clinical Labs; SNP, Sullivan Nicolaides Pathology; QML, Queensland
Medical Laboratory.
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preferred quarterly or six-monthly data updates. At a minimum,
surveillance data should be updated annually to inform AMR
trends in high-prevalence settings.
4 DISCUSSION

We report an evaluation of an AMR surveillance system and its
prototype web-based platform in a high-prevalence region of
Northern Australia. The evaluation found that HOTspots
surveillance provides an acceptable, stable and high-quality
system suitable to the resource-constrained context of this
region. A unique feature of this surveillance system was
inclusion of data from the primary health care setting. While
Australia continues to invest in surveillance of AMR and in
particular to improve the geographical and population coverage,
many rural populations remain outside of surveillance reach
(22). Surveillance of AMR across both primary and tertiary
health care setting is particularly important, given the urgent
need to improve antimicrobial stewardship strategies in the
remote regions of central and Northern Australia (23).

In addition to representativeness, early detection, timely and
appropriate response are essential attributes of a functioning
surveillance system, given the significant health burden of AMR
and infectious disease which continues to increase in this region
(10) and in neighbouring low and middle-income countries (24).
Our analysis of the sensitivity of HOTspots demonstrates its ability
to accurately detect disease, and the speed at which HOTspots is
able to make these data available to end users is an advantage over
more traditional communicable surveillance systems that typically
require a data access request. The delay in access to and
dissemination of data from these systems means that they are not
as well suited to early detection and public health response.

However, recommendations for the improvement of the
HOTspots surveillance system and its prototype web-based
platform were made and these are currently being used to
inform the system and the development of a new platform
(25). Recommendations to improve data quality included
strengthening data collection and management, such as
developing a data dictionary and a data request proforma and
collecting other demographic data, specifically age, sex and
Indigeneity. Age and sex data were requested from pathology
service providers and though they were initially not provided due
to privacy concerns these data have since been supplied and are
incorporated in the new platform. Unfortunately, Indigeneity
data are limited as this is not routinely collected on pathology
forms (17), however data linkage with clinical or administrative
datasets may be an option in the future. In addition, the
evaluation found that ‘place of specimen collection’ may not be
an accurate proxy for geolocation for pathology providers who
service patients in remote locations and it should be
supplemented with postcode of residence. Furthermore,
HOTspots is a passive system reporting data on phenotypic
AMR isolated from blood, urine and swab specimens. Including
these data would also facilitate a more detailed analysis of the
representativeness of the surveillance system.
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To improve the acceptability of the system, it was
recommended that HOTspots program managers continue to
engage with end users to ensure surveillance data are available in
such a way that they can be readily utilised in decision-making.
Engagement with end users also provides the opportunity to
address end user concerns, such as data misinterpretation by
non-medical prescribers and potential contraindications with
clinical guidelines. For example, an antibiogram function has
since been added to the HOTspots platform (25) and continued
collaboration with clinical guideline developers will reduce
variation in empiric treatment of patients at the point of care.

A limitation of this evaluation is that while the interviews
highlight important considerations in the uptake and utilisation
of HOTspots, these views may not be representative of end-users
across Northern Australia. This is due to both the convenience
method of sampling and because of the limited stakeholder
participation in the northern regions of WA and QLD;
seventeen of the nineteen interviewees were from the NT.
Unfortunately, it was not possible to interview more end-users
from QLD and WA due to the complexity of obtaining ethics
approval in multiple jurisdictions and the time and resource
constraints on the evaluation. Despite these limitations, the
participants interviewed presented broad perspectives from
stakeholders in the NT and the challenges identified in this
study are likely to be similar across Northern Australia.

Strengths of the evaluation are that, as the first evaluation of
HOTspots and one of only a handful of evaluations of AMR
surveillance systems, this evaluation provides important baseline
data for future evaluations and improvements. The evaluation
also highlights how an innovative and collaborative approach to
AMR surveillance can bring much needed data directly to end
users in a high-prevalence, resource-poor setting.
5 CONCLUSION

HOTspots effectively collects, analyses and interprets AMR data
from rural and remote settings of Northern Australia. The
evaluation found that it provides evidence for action directly to
end-users. Specifically, trends developing in AMR data over time
and geographical region, which can be used to update treatment
guidelines, guide screening and diagnostic testing, inform
pharmaceutical and infection control policies, and identify
geographic areas or at-risk population.

The strength of HOTspots is the large geographical coverage of
previously unsurveyed regions and inclusion of primary health care
data. By providing timely and region-specific evidence, the
surveillance system can assess the populations-at-risk, evaluate
effectiveness of control measures, support health planning and
empower local decision-makers to contain AMR effectively.
The geospatial digital platform and timely access to local AMR
data, has the capacity to provide an early warning and almost real-
time updates of AMR by regions to facilitate cross-jurisdictional
communication and data informatics needed for a response. The
evaluation findings and associated recommendations were
implemented in 2020 and an updated HOTspots surveillance
platform has been developed.
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