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a b s t r a c t 

Objectives: To effectively contain antimicrobial-resistant (AMR) infections, we must better understand the 

social determinates of health that contribute to transmission and spread of infections. 

Methods: We used clinical data from patients attending primary healthcare clinics across three juris- 

dictions of Australia (2007–2019). Escherichia coli (E. coli ), Klebsiella pneumoniae (K. pneumoniae ), Pseu- 

domonas aeruginosa ( P. aeruginosa ) and Staphylococcus aureus (S. aureus ) isolates and their correspond- 

ing antibiotic susceptibilities were included. Using multivariable logistic regression analysis, we assessed 

associations between AMR prevalence and indices of social disadvantage as reported by the Australian 

Bureau of Statistics (i.e., remoteness, socio-economic disadvantage and average person per household). 

Results: This study reports 12 years of longitudinal data from 43 448 isolates from a high-burden low- 

resource setting in Australia. Access to health and social services (as measured by remoteness index) 

was a risk factor for increased prevalence of third-generation cephalosporin-resistant (3GC) E. coli (odds 

ratio 5.05; 95% confidence interval 3.19, 8.04) and methicillin-resistant S. aureus (MRSA) (odds ratio 5.72; 

95% confidence interval 5.02, 6.54). We did not find a positive correlation of AMR and socio-economic 

disadvantage or average person per household indices. 

Conclusion: Remoteness is a risk factor for increased prevalence of 3GC-resistant E. coli and MRSA. We 

demonstrate that traditional disease surveillance systems can be repurposed to capture the broader social 

drivers of AMR. Access to pathogen-specific and social data early and within the local regional context 

will fill a significant gap in disease prevention and the global spread of AMR. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

The COVID-19 pandemic demonstrates that inequalities in 

ealth are profound and that social determinants of health un- 

qually affect morbidity and mortality in affected patients [ 1 , 2 ]. 

n the midst of this pandemic, the threat of antimicrobial resis- 

ance (AMR) is worsening [ 3 , 4 ]. Each year an estimated 5 million

eople die with an antimicrobial resistant (AMR) infection, a num- 

er greater than the number of deaths from HIV/AIDS and malaria 
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ombined [5] . Without effective action, antibiotics may become 

only a fact of historic interest’ [6] . 

Like COVID-19 and other infectious diseases [7–11] , AMR dis- 

roportionately affects people who live in areas of poverty and 

vercrowding and who are economically or socially underprivi- 

eged [12–14] . In Australia, this is reflected by a high prevalence 

f infectious diseases amongst people living in regional and re- 

ote areas, compared with major cities [15] . Despite a high overall 

ealth status of many Australians, people living in regional and re- 

ote areas continue to experience comparatively poor health out- 

omes [16] , have high rates of AMR [17] and experience persistent 

ocial inequalities [18] . 
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Antibiotic resistance refers to the ability of bacteria to change 

n ways that render antibiotics ineffective against infections. While 

lobal effort s to reduce antibiotic consumption are essential in pre- 

erving the limited therapeutic options, it is hypothesized that re- 

uction of antibiotic consumption will not be sufficient to con- 

rol AMR because of contagion—the spread of resistant strains and 

enes [14] . Contagion is facilitated by poor sanitation, limited ac- 

ess to clean water and inadequate healthcare expenditure [14] . In 

ustralia, the observed reduction of antibiotic use for some infec- 

ions [19] and exceedingly high rates of community-acquired AMR 

n remote settings [20] supports this hypothesis. Unpacking the 

ocial determinants of health that contribute to transmission and 

pread of AMR is necessary to more effectively support treatment 

f patients and to mitigate risks of further spread. Co-design with 

ommunity and collaboration with diverse sectors (e.g., health, 

ousing) are core to containment of AMR, as is working with di- 

erse kinds of information systems, which must include disease 

urveillance platforms. Similar to current efforts to monitor an- 

ibiotic use [ 21 , 22 ] alongside AMR prevalence as an identified risk

actor for infection, data on socio-economic drivers should be rou- 

inely collected and reported to reduce the health burden. 

Drawing on data from a resource-poor and remote setting 

ithin a high-income country, we argue that remoteness is con- 

ributing to the spread of AMR. Specifically, this work contributes 

o a more nuanced picture of the complexity of AMR inequal- 

ty and raises important implications for global AMR research and 

urveillance practices. 

. Material and Methods 

.1. Study setting 

This study was set within rural and remote northern tropical 

ustralia, defined as the area north of the Tropic of Capricorn, 

hich includes three separate jurisdictions: far north-western Aus- 

ralia, Northern Territory and far north Queensland. The Australian 

ureau of Statistics (ABS) boundaries were categorized as Statis- 

ical Area Level 3 (SA3), with populations of 30 0 0 0 to 130 0 0 0

eople [23] . We used data from the recently established HOTspots 

urveillance system, hereafter referred to as HOTspots . HOTspots is 

 laboratory-based geospatial surveillance system that collates an- 

ibiotic susceptibility data for critical pathogens across northern 

ustralia [17] . 

.2. Bacterial isolates 

Bloodstream, urinary tract, respiratory and skin and soft tissue 

pecimens were collected from patients attending primary health- 

are clinics. All clinical isolates of Escherichia coli (E. coli ), Klebsiella 

neumoniae (K. pneumoniae ), Pseudomonas aeruginosa ( P. aerugi- 

osa ) and Staphylococcus aureus (S. aureus ) and their corresponding 

ntibiotic susceptibilities were analysed between 1 January 2007 

nd 31 December 2019. There were four groups of resistant or- 

anisms analysed, which include third-generation cephalosporin 

3GC)-resistant E. coli ; 3GC-resistant K. pneumoniae ; ceftazidime- 

esistant P. aeruginosa ; and methicillin-resistant S. aureus (MRSA). 

.3. Identification and susceptibility tests 

Two widely used international susceptibility method systems, 

linical and Laboratory Standards Institute (CLSI) and European 

ommittee on Antimicrobial Susceptibility Testing (EUCAST), were 

sed by the participating laboratories. Susceptibility results were 

etermined by VITEK 2 (bioMerieux, France). Data from West- 

rn Australia and Northern Territory were provided with CLSI- 

nterpreted values (Susceptible, Intermediate and Resistant) using 
295 
017 CLSI M100-S27 Performance Standards for Antimicrobial Sus- 

eptibility Testing (27th Edition). Data from Queensland were pro- 

ided with CLSI-interpreted values (Susceptible, Intermediate and 

esistant) for years 2008 to 2012, and 2019 EUCAST interpreted 

alues for the years 2012 onwards. Participating pathologies are all 

ccredited under regularly audited national testing guidelines and 

he National Quality Assurance and Quality Control program. Data 

ere restricted to the first bacterial isolate per patient per year 

nd categorized as ‘resistant’ or ‘susceptible’. Additional clinical in- 

ormation was not available. Participating pathologies infer 3GC re- 

istance from resistance to ceftazidime and/or ceftriaxone and me- 

hicillin resistance in S. aureus from resistance to oxacillin in lab- 

ratories in the Western Australia, cefoxitin in Northern Territory 

aboratories and flucloxacillin and cefoxitin in Queensland labora- 

ories. 

.4. Antibiotic prescribing 

Data from the National Antimicrobial Utilisation Surveillance 

rogram [24] were used to investigate the correlation between an- 

ibiotic use and the rate of resistant isolates in hospital. NAUSP col- 

ects data from over 220 major Australian public and private hos- 

itals and provides a standardized measurement of antimicrobial 

se as per World Health Organization defined daily doses (DDDs) 

er 10 0 0 occupied bed days (OBDs) [25] . We used total hospital

ntimicrobial utilization rates measured as DDD consumed each 

onth per 10 0 0 OBD for 3GC within one region of our study set-

ing (Northern Territory). We calculated a correlation coefficient 

etween the rate of 3GC-resistant E. coli in blood isolates and the 

ate of 3GC usage. 

.5. Socio-economic risk factors 

We used the socio-economic indexes from ABS that rank ar- 

as in Australia according to relative socio-economic advantage and 

isadvantage. The indexes are based on information from the five- 

early ABS census data and include ‘Remoteness index’, ‘Index of 

elative socioeconomic disadvantage’ and ‘Average number of per- 

ons per household’. 

.5.1. Remoteness index 

Remoteness index is a categorical variable that measures access 

o services (including health and social services) as measured by 

he Australian Statistical Geography Standards. It is classified into 

ve categories: (1) major cities, (2) inner regional, (3) outer re- 

ional, (4) remote and (5) very remote [16] . 

.5.2. Index of relative socioeconomic disadvantage 

Index of relative socioeconomic disadvantage is a numerical 

ariable that indicates relative disadvantage and compiles the per- 

entage of people in low-income households; the percentage of oc- 

upied dwellings without Internet connection; the percentage of 

amilies with children under 15 years of age with unemployed 

arents; and the rate of unemployment. Index of relative socio- 

conomic disadvantage ranks areas on a continuum from most dis- 

dvantaged (Category 1) to least disadvantaged (Category 10) [26] . 

Low index score High index score 

Most disadvantaged Most advantaged 

.5.3. Average person per household 

Average person per household is an estimate of the number of 

ersons per household within a region derived from ABS census 

ata [26] . The average number of persons per household and the 

opulation density of each region were included to provide a high- 

evel indication of overcrowding and its effect on AMR prevalence. 
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Table 1 

AMR in primary healthcare, northern Australia, 2007–2019 

Proportion resistant, % (number of susceptibility tests) 

Region 3GC-resistant E. coli 3GC-resistant K. pneumoniae Ceftazidime-resistant P. aeruginosa MRSA 

West 

Kimberley 17.00 (300) 7.06 (85) 2.62 (648) 52.16 (7834) 

Pilbara 9.20 (174) 2.38 (42) 2.63 (228) 43.88 (2525) 

Centre 

Gove 1.37 (73) 0.00 (22) 0.00 (32) 11.31(222) 

Darwin 5.14 (389) 1.49 (67) 2.22 (45) 12.33 (521) 

Tennant Creek 5.41 (111) 2.08 (48) 0.00 (27) 29.16 (464) 

Katherine 0.73 (413) 0.00 (57) 4.92 (61) 20.88 (1297) 

Alice Springs 6.08 (148) 0.00 (35) 0.00 (24) 26.63 (338) 

East 

Torres and Cape 1.48 (3254) 0.64 (622) 1.08 (558) 27.36 (11993) 

Cairns & Hinterland 0.96 (836) 2.11 (95) 1.54 (130) 24.1 (1357) 

Northwest 6.33 (221) 2.17 (46) 1.96 (51) 34.32 (373) 

Townsville 4.93 (406) 1.89 (53) 1.46 (205) 6.73 (773) 
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ig. 2 provides summary measures of socio-economic risk factors 

or each region of interest. 

.6. Statistical analysis 

We merged the HOTspots data set and the ABS data set in RStu- 

io by aligning against the common variable of ‘region’. We per- 

ormed multivariable logistic regression analysis to assess associ- 

tion with individual socio-economic risk factors. The proportion 

esistant was the dependent variable (i.e., the number of resistant 

solates divided by the total number of isolates tested) and the 

pecified social factor the independent variable according to the 

ollowing formula: 

og 

(
y i 

1 − y i 

)
= β0 + βi x i 

here y i refers to the proportion of resistant isolates for the i th 

rganism/antibiotic combination listed in Table 1 and denotes the 

ocial factor on interest. 

A correlation coefficient (r) between all independent variables 

as derived prior to performing multivariable regression analyses. 

or strong correlation, defined as absolute |r| > 0.7, the specified 

ndependent variable was excluded from multivariable analysis. Af- 

er exclusion of any variables based on pairwise correlations, the 

ollowing formula was used for the multivariable analysis: 

og 

(
y i 

1 − y i 

)
= β0 + β1 x 1 + β2 x 2 + β3 x 3 + μi 

here y i refers to the proportion of resistant isolates for the i th 

rganism/antibiotic combination; x 1 = remoteness index, x 2 = in- 

ex of relative socioeconomic disadvantage and x 3 = average per- 

ons per household. βi 
′ 
s represent the coefficients corresponding 

o each social factor with β0 being the intercept. An odds ratio 

OR) was derived for each independent variable. All analyses were 

arried out in RStudio [27] . 

.7. Ethics 

The study was conducted and approved by the Human Research 

thics Committee of the Northern Territory Department of Health 

nd Menzies School of Health Research (HREC-2018-3084) as well 

s the Queensland Health Public Health Act 2005 (Section 280). 

ll data were analysed in strict compliance with the requirements 

f the National Statement on Ethical Conduct in Human Research 

2007) guidelines. 
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. Results 

The study reports laboratory data from 43 448 primary health- 

are isolates collected over 12 years (2007–2019). This includes 

amples from blood ( n = 1045, 2.4%), urine ( n = 13 023, 30.0%),

kin and soft tissue ( n = 26 776, 61.6%), respiratory ( n = 1426,

.3%) and other sites ( n = 1178, 2.7%). 

.1. Antimicrobial resistance patterns 

There was geographical variation from west to east in resistant 

. coli, K. pneumoniae, P. aeruginosa and S. aureus ( Fig. 1 , Table 1 ).

he highest prevalence amongst the studied AMR pathogens was 

or MRSA patients ( Fig. 1 D), and the western part of Australia had

onsistently high rates of AMR across all four studied pathogens. 

he prevalence of MRSA ranged from 52% in the west (Kimberley 

egion) to 6.7% in the east (Townsville region of far north Queens- 

and). In the Northern Territory, the prevalence of MRSA ranged 

rom 29.2% (Tennant Creek) to 11.3% (Gove). Rates of 3GC-resistant 

. coli also demonstrated geographical variation, with a range of 

.2% (Pilbara region) in the west to 0.7% in the centre (Katherine 

egion) ( Fig. 1 A). There was less geographical variation for 3GC- 

esistant K. pneumoniae ( Fig. 1 B) and ceftazidime-resistant P. aerug- 

nosa ( Fig. 1 C). 

.2. Antimicrobial resistance and antibiotic utilization 

We did not identify a linear relationship (correlation coeffi- 

ient = -0.02 [ P = 0.88]) between antibiotic utilization and the 

ate of E. coli 3GC resistance ( Fig. 2 ). We show that in one

egion of northern Australia (Northern Territory) between 2015 

nd 2019 there was a decline in consumption of third-generation 

ephalosporin antibiotics in a tertiary healthcare setting and an in- 

rease in the rate of 3GC-resistant E. coli blood isolates. Antimicro- 

ial utilization data are currently not available to assess the effect 

n the primary healthcare setting. 

.3. Remoteness and socio-economic disadvantage 

Estimates of socio-economic risk factors derived for each re- 

ion are shown in Fig. 3 and Table 2 . They show that 75% (9 out

f 12) regions within our study setting of northern Australia are 

ategorized as very remote, and the remaining 25% are remote 

Darwin, Townsville, Cairns and Hinterland) ( Fig. 3 A). The relative 

ocio-economic disadvantage is varied across northern Australia, 

ith three regions indicating households with high disadvantage 

i.e., low income, minimal qualification and low-skill occupation 
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Fig. 1. Proportion of resistant isolates from primary healthcare, northern Australia 2007–2019. (A) 3GC-resistant E. coli . (B) 3GC-resistant K. pneumoniae. (C) Ceftazidime- 

resistant P. aeruginosa . (D) Methicillin-resistant S. aureus. Source: HOTspots surveillance platform. 

Table 2 

The socio-economic risk factors, northern Australia 2016 

Region Remoteness index 

Index of socio-economic 

disadvantage 

Average person per 

household 

Population density 

(persons/sq m) 

West 

Kimberley Very remote 5.00 2.93 2.80 

Pilbara Very remote 5.75 2.80 0.12 

Centre 

Gove Very remote 4.43 4.10 0.43 

Darwin Remote 6.77 2.70 46.50 

Tennant Creek Very remote 1.89 3.20 0.02 

Katherine Very remote 2.90 3.30 0.06 

Alice Springs Very remote 4.13 2.8 0.07 

East 

Torres and Cape Very remote 2.69 3.00 

Cairns & Hinterland Remote 4.28 2.46 11.56 

Northwest Very remote 4.49 2.70 0.10 

Townsville Remote 4.24 2.57 0.69 

NOTE: Index of socioeconomic disadvantage ranges from 1 = most disadvantaged to 10 = least disadvantaged. 

297 
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Fig. 2. Correlation of antimicrobial usage and prevalence of 3GC-resistant E. coli , northern Australia 2012–2019. DDD, defined daily dose; OBD, occupied bed-days; 3GC- 

resistant E. coli data from HOTspots; antibiotic data from National Antimicrobial Utilisation Surveillance Program. 

m

a

i

n

e

o

b

u

h

n

3

d

p

t

c

f

i

p

t

i

g

[

9  

r

s

4

s

p

[

Table 3 

Analysis of socio-economic risk factors for isolates from primary 

healthcare, 2007–2019 

Socio-economic risk factors for all regions OR (95% CI) 

Access to health and social services (Remoteness index) 

3GC-resistant E. coli 5.05 (3.19, 8.04) 

3GC-resistant K. pneumoniae 2.95 (0.61, 15.89) 

Ceftazidime resistant PA 1.43 (0.51, 5.02) 

MRSA 5.72 (5.02, 6.54) 

Index of socioeconomic disadvantage a 

3GC-resistant E. coli 1.93 (1.71, 2.18) 

3GC-resistant K. pneumoniae 1.57 (1.03, 2.35) 

Ceftazidime-resistant P. aeruginosa 1.28 (0.96, 1.73) 

MRSA 1.35 (1.31, 1.38) 

Average persons per household 

3GC-resistant E. coli 0.40 (0.16, 0.90) 

3GC-resistant K. pneumoniae 0.22 (0.00, 2.75) 

Ceftazidime-resistant P. aeruginosa 0.94 (0.09, 4.15) 

MRSA 0.39 (0.31, 0.48) 

NOTE: Bold indicates a significant finding. 

3GC, third-generation cephalosporin; MRSA, methicillin-resistant 

Staphylococcus aureus . 
a High index indicates low disadvantage. 
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b

easured as an index score of 1.8–2.9); eight regions with moder- 

te disadvantage (index score 4.13–5.75); and one region (Darwin, 

ndex score 6.77) with lower disadvantage ( Fig. 3 B). There were 

o regions included in northern Australia with a relative socio- 

conomic disadvantage index score greater than 7 (where a score 

f 10 indicates the least disadvantaged regions). The greatest num- 

er of persons per household in our study setting was in Gove, sit- 

ated in northern NT, with an average of 4–4.5 persons per house- 

old, and Katherine (3.3 persons per household), compared to the 

ational average of 2.6 persons per household ( Fig. 3 C). 

.4. Antimicrobial resistance, remoteness and socio-economic 

isadvantage 

In multivariable logistic regression analysis, we found that the 

revalence of 3GC-resistant E. coli (OR 5.05; 95% confidence in- 

erval [CI] 3.19, 8.04) and MRSA (OR 5.72; 95% CI 5.02, 6.54) in- 

reased with remoteness ( Table 3 ). A similar pattern was evident 

or 3GC-resistant K. pneumoniae and ceftazidime-resistant P. aerug- 

nosa , albeit not statistically significant. Prevalence of AMR was not 

ositively correlated with the index of socio-economic disadvan- 

age or the average persons per household measure. Using these 

ndexes, we found that the odds of AMR pathogens increased in re- 

ions with less socio-economic disadvantage (3GC-resistant E. coli 

OR 1.93, 95% CI 1.71, 2.18]; 3GC-resistant K. pneumoniae [OR 1.57, 

5% CI 1.03, 2.35]; MRSA [OR 1.35, 95% CI 1.31,1.38]) ( Table 3 ). The

esults for ceftazidime-resistant P. aeruginosa were not statistically 

ignificant. 

. Discussion 

We demonstrate the feasibility of integrating traditional disease 

urveillance systems with other data sets to build a more com- 

rehensive view of the AMR threat. Mapping geospatial locations 

17] with sociodemographic information can identify pockets of 
298 
ealth inequity and lead to a better understanding of drivers of 

MR. Our study found that the odds of MRSA (OR 5.72, 95% CI 

.02, 6.54) and 3GC-resistant E. coli (OR 5.05, 95% CI 3.19, 8.04) 

nfections were increased with increasing remoteness. Using 12 

ears of data from primary healthcare facilities across three ju- 

isdictions of northern Australia, we report striking geographical 

ariation in AMR prevalence. Persistent clusters of high MRSA and 

GC-resistant E. coli in the west, with prevalence of 52% and 17%, 

espectively, are especially concerning. Temporal trends in S. au- 

eus epidemiology have been previously shown in this region and 

re believed to be related to changes in dominant MRSA clones 

oth within and between jurisdictions [17,29] . Whilst it has been 
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Fig. 3. The socio-economic risk factors by region, northern Australia 2016. (A) Remoteness index. (B) Index of Socio-economic Disadvantage. (C) Average person per house- 

hold. 
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hown that socio-economic, environmental and cultural factors are 

ikely to contribute to ill health in regional Australia [30] , reasons 

or such disparity in AMR prevalence between remote and urban 

ustralia remains ill-defined. A systematic approach is needed. 

Health inequity of people living in remote regions is likely a 

ombination of several factors. In regional Australia, limited ac- 

ess to health and social services, coupled with a high burden 

f chronic diseases and complex socio-demographic factors, con- 

ribute health disparities [31] . Previous studies have shown that 

nadequate hygiene practices can promote the spread of infections 

nd result in chronic sequelae such as stunting, blindness, hearing 

oss, rheumatic heart disease and renal failure in this setting [32] . 

nvironments such as unmaintained housing and malfunctioning 

health hardware’, including bathroom, kitchen and laundry facili- 

ies, all contribute to poorer health outcomes often experienced by 

ustralians living in rural regions [32–34] . 

There are a number of potential explanations for the observed 

egative correlation between increasing AMR prevalence and the 

ndex of socio-economic disadvantage in this study. We focused on 

xamining correlation of AMR with the index of socio-economic 

isadvantage in remote and very remote populations, with 72% 
299
f the population categorized as moderate to high socio-economic 

isadvantage and greater than 80% residing in very remote or re- 

ote regions. We did not compare against regions of higher socio- 

conomic status and may have masked the effect of AMR on socio- 

conomic disadvantage in our study. In addition, our study raises 

n important issue of reflexivity surrounding the use of categories 

uch as the index of socio-economic disadvantage to understand 

he social dynamics of disease. We used the Australian Bureau of 

tatistics index of socio-economic disadvantage, which is measured 

sing census data [23] . Despite concerted effort s to improve pro- 

edures through the Indigenous Enumeration Strategy, this index 

ay significantly undercount Aboriginal and Torres Strait Islander 

eople, notably those in remote areas, the young, the mobile and 

he socially marginalized [ 35 , 36 ]. Hence, in remote regions and 

here a high proportion of the population are Aboriginal and Tor- 

es Strait Islander people, a more appropriate measure of social 

isadvantage (or advantage) should be a considered to better cap- 

ure the region-specific social determinants of health. 

Our findings suggest that the relationship between antibiotic 

sage—a commonly considered key driver of AMR [37] —and the 

evelopment of resistance is not clear. In our study, a decline in 
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he defined daily dose of third-generation cephalosporins did not 

orrelate with increased 3GC-resistant E. coli resistance in regional 

ospital patients. Due to scarcity of antibiotic utilisation data from 

rimary healthcare settings [31] , we were unable to determine 

atterns in patients from our study population. However, a long 

istory of guideline-based remote healthcare delivery is evident 

cross northern Australia, showing high appropriateness of antimi- 

robial use compared with urban general practice settings [38] . 

espite high appropriateness of antimicrobial use in regional Aus- 

ralia, we and others [17,29] report high AMR in this setting. Hence, 

t is the critical that we better define drivers of AMR in remote pri-

ary healthcare in Australia and other settings. 

In this study we present an opportunity to approach AMR pre- 

ention and containment from a more holistic framework, and 

ne that brings together much needed granularity of the societal 

ontext within which resistant pathogens interact. Currently, there 

re few information systems and evaluated platforms that aid in 

lanning and delivery of AMR prevention programs whilst mon- 

toring their effect on health [39] . We have previously described 

he HOTspots platform for aggregating, analysing and disseminat- 

ng AMR surveillance data on bacterial pathogen [17] . We propose 

hat the HOTspots platform could be repurposed to integrate other 

ata sets such as access to health and social services measured 

y the remoteness index. Geocoding of postcode or statistical area 

evel (as shown in this study) provides a means of appending area- 

ased data to public health databases such as the Australian Sta- 

istical Geography Standards, the Socio-Economic Indexes for Ar- 

as and the National Social Housing survey [ 23 , 40 ]. Additionally, 

eocoding data from community-based programs with particular 

ocus on programs that aim to improve housing, health hardware 

nd environmental health would be desirable. 

This was an exploratory study that aimed to determine if there 

re any associations between the selected (administrative) socio- 

conomic risk factors and AMR prevalence in northern Australia. 

he analysis does not include an exhaustive list of social factors 

ut rather serves as a starting point. Using the average persons 

er household from the ABS data set as a proxy for overcrowd- 

ng is limiting and does not indicate the quality of the household 

hat should be explored in future studies. It is also important to 

ote that we cannot conclude that an area with low ranking on the 

ocio-economic disadvantage index has a low proportion of advan- 

aged people as this is not measured, only that there is a high pro-

ortion of disadvantage [26] . Due to the nature of how the index of

ocioeconomic disadvantage is derived, future studies would bene- 

t from looking into associations between AMR and more specific 

easures of social inequalities. In the absence of more detailed 

linical information, we were not able to confirm the presence of 

n active infection for patients with urinary or respiratory tract 

athogens. Hence, the current study includes all specimen types 

ased on positive culture and may suffer from misclassification 

ias. That is, in the absence of clinical data to confirm infection, it 

s probable that some skin and soft tissue samples may have been 

ategorized as infections but were, in fact, colonisations. However, 

he HOTspots surveillance system used the accepted and published 

icrobiological criteria for a positive culture and includes density 

f bacteria, which equates to an infection [ 41 , 42 ]. 

For long-term sustainability, the commitment of local stake- 

olders is essential, and sustainable collaborations between health, 

ousing and the environment will be key. Issues requiring atten- 

ion include strengthening our understanding of measures of so- 

ial disadvantage (or advantage) and the diversity of programs that 

arget primordial drivers of infectious disease, their feasibility, and 

he ways in which they may influence actions against AMR in 

ifferent contexts. These efforts should be concurrent to work in 

trengthening monitoring of antibiotic use and appropriateness, in 

articular in Australian primary healthcare where antibiotic stew- 
300 
rdship activities are currently not mandated [31] . Additionally, 

ervice coordination is key for successful navigation of healthcare 

ystems, which are often complex. By integrating a wider variety 

f services in primary healthcare, such as housing or employment 

ervices, the need for coordination is particularly important to sup- 

ort the implementation. Positioning AMR containment within a 

ocial and health context will mean that policies to reduce social 

nequality and to improve health outcomes become interchange- 

ble. Although true for all populations, it is especially salient in 

btaining health support and resources for socially disadvantaged 

opulations, given their vulnerability in terms of political and eco- 

omic influence. 

Disparities and inequities in health are not caused by one sin- 

le factor and, as such, cannot be eliminated by a single interven- 

ion. Therefore, to ignore social determinates of resistant infection 

ould be to ignore a major source of variation in health and so- 

iety [43] . Access to socio-demographic and socio-economic data 

arly and within the local regional context will fill a significant gap 

n disease prevention and spread. We show that socio-economic 

tratification is an appropriate analysis for an epidemiologist seek- 

ng to understand the effect of resistance on a population. Fun- 

amental to the success of this work is the need to have inte- 

rated platforms with health, social and, if possible, economic data. 

his will not only create accountability for public health and gov- 

rnments but also allow community-based organizations, health- 

are providers and citizens to contribute innovative solutions to 

he whole of community response. 
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