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Abstract
Background and Aim: Rates of antimicrobial-resistant Helicobacter pylori infection are
rising globally; however, geospatial location and its interaction with risk factors for
infection have not been closely examined.
Methods: Gastric biopsy specimens were collected to detect H. pylori infection at multiple
centers in Adelaide, South Australia, between 1998 and 2017. The geospatial distribution
of antibiotic-resistant H. pylori in the Greater Adelaide region was plotted using choropleth
maps. Moran’s I was used to assess geospatial correlation, and multivariate linear regres-
sion (MLR) was used to examine associations between migration status, socioeconomic
status, age, gender, and rates of H. pylori positivity and antibiotic resistance. Geographi-
cally weighted regression (GWR) was used to determine the extent to which the associa-
tions varied according to geospatial location.
Results: Of 20 108 biopsies across 136 postcodes within the Greater Adelaide region, 1901
(9.45%) were H. pylori positive. Of these, 797 (41.9%) displayed clarithromycin, tetracy-
cline, metronidazole, or amoxicillin resistance. In MLR, migration status was associated
with the rate of H. pylori positivity (β = 3.85% per 10% increase in a postcode’s migrant
population; P < 0.001). H. pylori positivity and resistance to any antibiotic were
geospatially clustered (Moran’s I = 0.571 and 0.280, respectively; P < 0.001 for both).
In GWR, there was significant geospatial variation in the strength of the migrant associa-
tion for both H. pylori positivity and antibiotic resistance.
Conclusion: Our study demonstrates the heterogeneous geospatial distribution of H. pylori
positivity and antibiotic resistance, as well as its interaction with migrant status.
Geographic location and migrant status are important factors to consider for H. pylori
eradication therapy.

Introduction

Geospatial technology has helped to target disease prevention
programs through characterization of disease distribution and
etiology.1 Helicobacter pylori infection has been estimated to be
responsible for up to 90% of cases of gastric cancer globally, and
H. pylori eradication has been shown to reduce the incidence of
gastric cancer at a population level.2–5 The prevalence of
antimicrobial-resistant H. pylori has been increasing globally and
represents a significant public health threat.6 Eradication rates have
been declining in many countries due to antimicrobial resistance,
culminating in the World Health Organization listing
clarithromycin-resistant H. pylori as a high priority for antibiotic
research and development.7

Helicobacter pylori antibiotic resistance varies between
geographic regions, has increased over time in most areas of the
world, and is inversely associated with eradication rates.8–11 In
Australia, between 15% and 30% of the population have

H. pylori infection.12,13 Varying ranges of antibiotic resistance
and increasing rates of clarithromycin resistance have also been re-
ported in Australia.14,15 Known risk factors for the development of
resistant strains include prior antibiotic exposure, national antibi-
otic consumption, and smoking.16–18 Other proposed mechanisms
of increasing resistance in Australia include migration from coun-
tries with a high prevalence of H. pylori infection and resistance,
as well as low grade antibiotic exposure through intake of food
products from antibiotic-treated animals.19 The use of macrolides
for the treatment of conditions such as pneumonia and sexually
transmitted infections since the 1990s is also likely to have played
a role.20 Fluoroquinolone resistance has been largely attributed to
increased community exposure, with rising rates described
overseas.16,21 Metronidazole resistance is also rising due to its
widespread use and is more common in developing countries,
where it is used for parasitic diseases and gynecological infections,
and women have been shown to have higher rates of resistance
than men.22,23
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Geospatial analyses are underutilized for studying antimicrobial
resistance and have not previously been applied to H. pylori.
Globally, geospatial analyses have been useful for understanding
the distribution of infection in antimicrobial-resistant Staphylococ-
cus aureus,24 Streptococcus pneumoniae,25 and Escherichia
coli.26 Given the large variation in H. pylori resistance rates, a bet-
ter understanding of the geospatial distribution of both infection
and resistance, and its influence on risk factors for resistance, is
needed to guide eradication therapy. Most of the data on resistance
rates have been derived from large geographical regions, often
comprising entire countries, whereas more granularity is needed
to determine the extent of local variation and thereby inform local
therapy. No established regional or national H. pylori resistance
monitoring systems exists within Australia, supporting a need for
better characterization of the distribution of disease and antibiotic
resistance.
The present study combined clinical and geospatial data to

assess both the rates and spatial distribution of H. pylori infection
and antibiotic resistance using the largest Australia database of
isolate susceptibility data collected between 1998 and 2018. It
was hypothesized that an understanding of the geospatial distribu-
tion of infection, resistance and risk factor associations, may assist
clinicians with risk stratification for H. pylori infection, particu-
larly in those at increased risk of harboring resistant strains, and
assist in guiding eradication therapy.

Methods
Gastric biopsy specimens collected from five centers in South
Australia underwent histopathology testing for H. pylori infection.
The Greater Adelaide region of South Australia comprises a
multicultural population of approximately 1.4 million people, with
a varied range of ethnicities and significant number of migrants
from areas including Europe and Asia. All specimens taken
between November 1998 and December 2018 were analyzed.
Isolates positive for H. pylori were cultured and tested for suscep-
tibility to amoxicillin, clarithromycin, tetracycline, and metronida-
zole. All samples were collected as part of routine clinical practice,
and therefore, informed consent to be included in this study was
not obtained. Analysis of the data was conducted following
approval by the Central Adelaide Human Research Ethics
Committee (reference number: 12902).

Data collection. Demographic data including age, gender,
year of presentation, and postcode were obtained from patient
records. The patient postcode was linked to information on the
percentage of each postcode’s population that was born within
Australia and overseas, and the Socioeconomic Index For Areas
(SEIFA) index, using the 2016 national census data.23

Geospatial data. The spatial area of interest was defined by
the Greater Adelaide Planning Region of South Australia, which
contains 185 different postcodes (Fig. 1). A shapefile containing
the polygons of all Australian postcodes was obtained from the
Australian Bureau of Statistics,27 and the Greater Adelaide
Planning Region shapefile polygon was obtained from the South
Australian Government Data Dictionary.28 Patients from

postcodes outside of the Greater Adelaide Planning Region were
excluded from the analysis.

Helicobacter pylori culture and antibiotic suscepti-
bility test. Gastric biopsies were cultured at 37°C on brain
heart infusion plates (Difco Laboratories Pty Ltd) containing 7%
horse blood under microaerobic conditions (5% O2; 10% CO2;
85% N2) for 3–7 days. If there was no visible microbial growth
at 3 days, specimens were cultured for a further 3–4 days due to
slower growth rates for some strains. Positive H. pylori isolates
were tested for susceptibility to amoxicillin, clarithromycin,
metronidazole, and tetracycline using ETest strips (AB Biodisk,
Sweden), from which minimum inhibitory concentrations were
determined. European Committee on Antimicrobial Susceptibility
Testing guidelines breakpoints were used for clarithromycin,
amoxicillin, tetracycline, and metronidazole of > 0.5, > 0.125,
> 1, and > 8 mg/L, respectively.29

Statistical analysis. Spatial distribution and rates of
H. pylori infection were assessed, as well as antibiotic resistance
of H. pylori to clarithromycin, metronidazole, amoxicillin, and
tetracycline. Postcode-level data for migration status (percentage
of the population born overseas) and the SEIFA were retrieved
for each postcode from the 2016 Australian national census data.30

Multivariate linear regression was performed with postcode data
to examine the predictors of H. pylori positivity and rates of anti-
biotic resistance. Models included the mean age, gender, migration
status (percentage born overseas in each postcode), the SEIFA, and
the period (1998–2007 vs 2008–2018) of the testing. We plotted
the overall rates of H. pylori positivity and antibiotic resistance
over time and examined whether there was evidence of a linear
trend using Poisson or negative binomial regression as appropri-
ate. The degree of spatial clustering of H. pylori isolates and anti-
biotic resistance was assessed using Moran’s I,31 and H. pylori
infection rates and antibiotic resistance rates for each postcode
were plotted with choropleth maps. Hot spots were defined as
postcodes with rates above the 90th percentile and P < 0.001 for
local Moran’s I. Cold spots were defined as postcodes with rates
below the 10th percentile and P < 0.001 for local Moran’s I.
In addition to the multivariate linear regression, we also per-

formed geographically weighted regression (GWR) to determine
the extent to which geospatial location contributed to variability
in H. pylori infection and antibiotic resistance and to determine
the spatial variation in the strength of the regression coefficients.
The optimal spatial weights for the calculation of Moran’s I and
the GWR were determined using the k-nearest neighbors’ method
with varying bandwidths.32 The proportion of explained variance
for infection and resistance rates was described using the R2 statis-
tic from the GWR. A two-sided type 1 error rate of α = 0.05 was
used for all hypothesis tests. Descriptive statistics and linear re-
gression were performed using Stata version 16.0 (StataCorp,
Texas, USA). Geospatial analysis was performed using Python
(version 3.8.5) and the Python geospatial packages geopandas (v
0.8.1), pysal (v 2.1.0), libpysal (v 4.4.0), esda (v 2.1.1), contextily
(v 1.1.0), and mgwr (v 2.1.2).
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Results

Patient demographics. The study population consisted of
20 108 subjects across 136 of the 185 Greater Adelaide Planning
Region postcodes (Table 1). Amongst all subjects, 9050 (45.0%)
were male and the mean (SD) age was 57.5 (17.8) years. A total
of n = 1901 (9.5%) biopsies tested were H. pylori positive
(Fig. A1). Of these, 797 (41.9%) displayed resistance to
clarithromycin (19%), tetracycline (1.8%), metronidazole (31%),
or amoxicillin (3.3%), with 222 of these isolates (28%) demon-
strating resistance to two or more antibiotics. Across the 136 post-
codes, the minimum number of subjects included per postcode was
10, and the median (interquartile range) was 75 (28–192.5). There
were several differences in the demographics between subjects
with biopsies that were H. pylori positive, compared with those
that were H. pylori negative, including age, gender, number of

subjects tested within each postcode, migration status, SEIFA,
and period of testing (Table 1).

Predictors of Helicobacter pylori positivity and an-
tibiotic resistance. An absolute increase in the rate of
H. pylori positivity was associated with higher migrant density
(β = 3.85% per 10% increase in the postcode’s migrant population;
P < 0.001) and with decade of analysis, but not with the SEIFA
index, mean age for the postcode, or proportion of males in the
postcode. There were also positive associations between migrant
status and resistance to any antibiotic, and resistance to metronida-
zole, amoxicillin, and clarithromycin (Table 2). There was an over-
all 10.9% linear decline in the rate of H. pylori positivity per year
(incidence rate ratio = 0.89, 95% confidence interval = 0.87, 0.92;
P < 0.001) (Fig. A2). However, amongst subjects who tested

Figure 1 The boundary and 185 postcodes of the Greater Adelaide Planning Region.
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positive for H. pylori, there was an overall 2.2% increase per year
in the rate of antibiotic resistance, with all antibiotics tested in-
creasing over the study period. Specifically, the rate of amoxicillin
resistance increased by 9.0% per year, clarithromycin by 5.7% per
year, metronidazole by 1.6% per year, and tetracycline by 13.7%
per year (Fig. 2).

Geospatial distributions. The distribution of resistance to
H. pylori and rates of overall antibiotic resistance within the
Greater Adelaide Planning Region postcodes showed strong
evidence of clustering (Fig. A3). The pattern of resistance rates
with antibiotics showed a similar trend (Fig. 3). Moran’s I showed
a positive spatial auto-correlation, indicating significant geospatial
clustering for rates of H. pylori (I = 0.573, P < 0.001), overall
antibiotic resistance (I = 0.280, P < 0.001), and resistance to
clarithromycin (I = 0.157, P < 0.001) and metronidazole
(I = 0.182, P < 0.001), but not amoxicillin (I = 0.022,
P = 0.382) or tetracycline (I = �0.028, P = 0.298). The pattern
of both rates of H. pylori positivity and antibiotic resistance across
the postcodes each closely matched the respective migrant status
(Fig. 4).

Geographically weighted regression. In GWR, which
included the independent variables mean postcode age, gender,
SEIFA, and migrant status, the global regression R2 statistic was
0.225, while the ensemble R2 for the local model was 0.371. The
difference in these R2 values demonstrated that 14.6% of the
variation in H. pylori positivity was due to a spatial component;
that is, there was substantial variation in the individual postcode
regression coefficients (Fig. A4). Specifically, the regression
coefficients for migrant status ranged from 0.0265 to 0.0415,
indicating that a 10% increase in migrant density was associated
with an absolute increase in H. pylori positivity of between
2.65% and 4.15% depending on the postcode.

Local regression coefficients from the GWR for antibiotic resis-
tance and migrant status ranged from 1.22% to 1.79% (Fig. A5) in-
dicating an absolute 1.22–1.79% increase in antibiotic resistance
rates for persons positive to H. pylori per 10% increase in the
migrant density. Similar to H. pylori positivity, all 136 local
coefficients for antibiotic resistance were significant for migrant
status, while none were significant for gender, age, or SEIFA.
Based on the R2 statistics, each local model explained between
14.8% and 26.9% of the variation in antibiotic resistance rates
for that postcode.

Discussion
This is the first population-based study that provides evidence for
a heterogeneous distribution of H. pylori resistance within a city.
The data also reveal an association between the migrant density
of a suburb and the rate of resistant H. pylori isolates. These
findings illustrate that a patient’s geospatial location may be a
useful surrogate marker for risk of H. pylori resistance, which
may help to guide clinicians in appropriate empirical H. pylori
eradication therapy.
This study illustrates the role of risk factor stratification for

H. pylori resistance to include geospatial location alongside previ-
ously established risk factors. Prior studies have demonstrated that
migrants have higher rates of H. pylori infection as a consequence
of emigrating from regions of higher antibiotic resistance than the
general Australian population.33,34 Clustering of resistant H. pylori
strains is likely to relate to both migration status and local trans-
mission of H. pylori amongst close contacts within the suburb.
Recognition of a patient’s individual migrant status as well as a
geospatial region associated with higher migrant density should
alert a clinician to a higher risk of harboring a resistant H. pylori
strain. Prompt consideration should then be given to additional
culture and sensitivity analyses, as well as consideration of alterna-
tive (even second-line) empirical eradication therapy.

Table 1 Demographic characteristics and antibiotic resistance of subjects by Helicobacter pylori status

All subjects (n = 20 108) H. pylori negative (n = 18 207) H. pylori positive (n = 1901) P-value†

Age, mean (SD) 57.5 (17.8) 57.5 (17.9) 56.7 (16.7) 0.046
Gender

Male, n (%) 9050 (45.01) 8145 (44.7) 905 (47.6) 0.017
Female, n (%) 11 058 (55.0) 10 062 (55.3) 996 (52.4)

N per postcode, median (IQR) 75 (28–192.5) 75 (28–192) 91 (43–211) < 0.001
Overseas born, median (IQR) 28.95 (23.6–34.4) 30.8 (25.9–36.3) 34.2 (28.9–39.3) < 0.001
SEIFA, median (IQR) 972 (929–1016) 975 (929–1019) 944 (895–1000) < 0.001
Period, n (%) < 0.001

1998–2007 7069 (35.2) 5929 (32.6) 1140 (60.0)
2008–2018 13 039 (64.8) 12 278 (67.4) 761 (40.0)

Any antibiotic resistance, n (%) 797 (3.96) 0 (0.00) 797 (41.9) < 0.001
Specific resistance

Amoxicillin, n (%) 63 (0.31) 0 (0.00) 63 (3.31) < 0.001
Clarithromycin, n (%) 364 (1.81) 0 (0.00) 364 (19.2) < 0.001
Metronidazole, n (%) 592 (2.94) 0 (0.00) 592 (31.1) < 0.001
Tetracycline, n (%) 34 (0.17) 0 (0.00) 34 (1.79) < 0.001

†P-value from χ2, Mann–Whitney, or t-test as appropriate.
IQR, interquartile range; SEIFA, Socioeconomic Index For Areas.
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Rates of primary H. pylori resistance to clarithromycin in
Australia have historically been thought to be low (between 6%
and 8%) based on data collected during the 1990s.35–37 However,
recent studies have demonstrated increasing resistance in Australia
and New Zealand, with particular evidence of increasing
clarithromycin resistance since the year 2000.14,15 Yet, there has
been little recognition of rising rates of H. pylori resistance, and
risk factors for resistance, in current Australian guidelines. Factors
driving these emerging trends include widespread community
antibiotic use, and population changes due to migration from
countries with a high prevalence of H. pylori resistance.37 The
proportion of Australians born overseas has been increasing
over time (1/3 of Australians in the 2016 census), and the number
of immigrants has been rising from countries, particularly in

Asia, where clarithromycin resistance rates are known to be
above 30%.23,38 This study is the first to demonstrate that
patients originating from postcodes that are associated with higher
migrant density are more likely to harbor antibiotic-resistant
strains.
Risk factor stratification should be advocated in the individual-

ized management of H. pylori, which should be modified not only
according to risk of antibiotic resistance but also according to risk
of developing complications of H. pylori infection, including
known gastric metaplasia or a family history of gastric cancer.
Migrant populations are frequently burdened by both the risk of
resistance and complications of H. pylori infection.
Individualizing eradication therapy, particularly in nations

where health care resources are in short supply and rates of

Table 2 Multivariate linear regression results for the percentage of subjects with Helicobacter pylori positivity, any antibiotic resistance, and specific
antibiotic resistance

β (95% CI) P-value†

H. pylori
Age (10 years) �0.58 (�2.99, 1.33) 0.604
Gender (male vs female) �5.70 (�13.00, 1.59) 0.125
Migrant status (per 10% of the postcode population born overseas) 3.85 (2.27, 5.44) < 0.001
SEIFA (per 100-unit increase) 1.50 (�0.35, 3.35) 0.111
Period (2008–2018 vs 1998–2007) �10.09 (�12.64, �7.53) < 0.001

Any antibiotic resistance
Age (10 years) �0.48 (�1.74, 0.77) 0.448
Gender (male vs female) 3.50 (�1.31, 8.31) 0.153
Migrant status (per 10% of the postcode population born overseas) 1.77 (0.72, 2.81) 0.001
SEIFA (per 100-unit increase) 0.57 (�0.64, 1.79) 0.353
Period (2008–2018 vs 1998–2007) �4.06 (�5.74, �2.38) < 0.001

Clarithromycin
Age (10 years) �0.27 (�1.01, 0.48) 0.479
Gender (male vs female) 1.25 (�1.60, 4.10) 0.390
Migrant status (per 10% of the postcode population born overseas) 1.13 (0.51, 1.75) < 0.001
SEIFA (per 100-unit increase) 0.06 (�0.67, 4.10) 0.879
Period (2008–2018 vs 1998–2007) �1.46 (�2.46, �0.46) 0.004

Amoxicillin
Age (10 years) �0.01 (�0.12, 0.10) 0.146
Gender (male vs female) �0.08 (�0.51, 0.33) 0.721
Migrant status (per 10% of the postcode population born overseas) 0.14 (0.04, 0.23) 0.004
SEIFA (per 100-unit increase) �0.05 (�0.16, 0.06) 0.383
Period (2008–2018 vs 1998–2007) 0.19 (0.04, 0.34) 0.015

Metronidazole
Age (10 years) �0.13 (�1.11, 0.85) 0.796
Gender (male vs female) 2.78 (�0.97, 6.52) 0.145
Migrant status (per 10% of the postcode population born overseas) 1.05 (0.24, 1.86) 0.012
SEIFA (per 100-unit increase) 0.52 (�0.43, 1.47) 0.280
Period (2008–2018 vs 1998–2007) �2.92 (�4.23, �1.61) < 0.001

Tetracycline
Age (10 years) �0.01 (�0.20, 0.19) 0.949
Gender (male vs female) 0.04 (�0.70, 0.78) 0.914
Migrant status (per 10% of the postcode population born overseas) 0.15 (�0.01, 0.31) 0.068
SEIFA (per 100-unit increase) 0.14 (�0.04, 0.33) 0.131
Period (2008–2018 vs 1998–2007) �0.05 (�0.31, 0.21) 0.708

†From multivariate linear regression Wald statistic.
CI, confidence interval; SEIFA, Socioeconomic Index For Areas.
N = 271 postcode-level observations (n = 135 in 1998–2007 and n = 136 in 2008–2018).
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treatment failure are increasing, has potential for economic cost
savings. Effective empiric eradication therapy will reduce the
probability of treatment failure and need for repeated courses of
antibiotic therapy. While there is a proven benefit for H. pylori
eradication at a population level for reducing the incidence of

gastric cancer, the benefits may be greater in specific subpopula-
tions, such as those with atrophic or non-atrophic gastritis.4,5 For
low-risk patients without a family history or other risk factors for
gastric cancer, the benefits of eradication are not established.
Further identification and characterization of specific strains, and

Figure 2 Change in rates of antibiotic resistance amongst those posi-
tive for Helicobacter pylori by year. •••, Amoxicillin; •••, tetracycline;
•••, clarithromycin; •••, metronidazole; •••, overall. •••, N tested.

Figure 3 Choropleth map of antibiotic resistance rates amongst those subjects positive for Helicobacter pylori by Greater Adelaide Planning Region
postcode 1998–2018.
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environmental and bacterial genetic factors, would help to identify
determinants of poor clinical outcomes. Both genetic factors and
virulence factors with a high gastric cancer risk may be associated
with the host and the H. pylori strain, and these would help to strat-
ify subgroups of patients into those more or less likely to benefit
from eradication therapy.
The reason for variable long-term clinical outcomes in patients

infected with H. pylori, such as development of gastric cancer or
duodenal ulceration, remains unclear. However, genetics modulat-
ing the immune response towards the infection, bacterial genetics
and age at acquisition of H. pylori infection, in addition to environ-
mental factors such as smoking and high intake of salt have been
shown to play a role.39 Testing for H. pylori as a gastric cancer
pre-screening strategy has been described in Japan, and the impor-
tance of H. pylori eradication as a cancer prevention strategy is
emphasized in Japanese guidelines.40 Increased virulence and
malignant potential of H. pylori strains have been linked to muta-
tions in vacuolating cytotoxin (vacA) and the Cag pathogenicity
island (cagPAI).41,42 Geospatial analyses have previously been
used to link virulence factors of H. pylori, such as cagA, such that
a relationship has been observed between areas with high rates of
cagA and those with a strong prevalence of diffuse gastric

cancer.43 Additionally, prior studies have demonstrated that
sociodemographic variables may result in high-risk patients being
overlooked for H. pylori testing.44 An understanding of patients
at risk of H. pylori infection and resistance may help to reduce
this bias.
Major strengths of this study include the multicenter approach,

the large number of H. pylori isolates, and the prolonged period
of data capture, allowing comparisons both over time and across
metropolitan areas. A limitation of this study was the lack of infor-
mation on the migration status of individual patients as well as de-
tailed clinical information including historic antibiotic exposure.
However, if the migrant-to-resistance association is valid, our data
are likely, if anything, to have underestimated the true strength of
this relationship. In addition, each patient’s geospatial location
was based on postcode, which can cover a wide geographical area
and may therefore be either a higher or lower indicator of the true
rate of infection rate in the patient’s location. Again, assuming that
a real spatial component exists in the data, the estimated degree of
spatial correlation is likely to be an underestimate rather than an
overestimate. Data capture was limited to Greater Adelaide, and
further studies are recommended to confirm whether the associa-
tions we observed are generalizable to other locations. Geospatial

Figure 4 Choropleth map of migrant rates by postcode in the Greater Adelaide Planning Region for 1998–2018.
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analyses across a broader context will confirm whether these
relationships are observed nationally and internationally and may
assist in risk-stratifying patients for antibiotic-resistant isolates.

Conclusions
This study demonstrates a heterogeneous distribution of H. pylori
resistance, which is increased particularly in isolates originating
from suburbs with a high percentage of migrants. This provides
evidence that the current “one-size-fits-all” approaches to
antibiotic eradication therapy may not be suited to the general
population and that further risk stratification of patients for
resistant strains should be considered in routine clinical practice.
Further studies of eradication therapy success rates are warranted
in regions with high numbers of migrants.
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Appendix

Figure A1 Flow chart of patients undergoing upper gastrointestinal
endoscopy.

Figure A2 Change in rates of Helicobacter pylori positivity by year. •••,
H. pylori positive. •••, N tested.
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Figure A3 Choropleth map of Helicobacter pylori positivity rates by Greater Adelaide Planning Region postcode, 1998–2018.
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Figure A4 Choropleth map of the postcode-level coefficients and R2 from the geographically weighted regression of Helicobacter pylori positivity
rates. Each plot represents the regression coefficient between H. pylori and the demographic variable within each postcode. All 136 postcodes showed
a significant migrant density-to-H. pylori association (P < 0.05), with the strength of the association varying from a 2.65% to 4.15% increase in the ab-
solute rate of H. pylori per 10% increase in the migrant density. The color bar indicates the value of the local coefficient or R2 statistic. SEIFA, Socio-
economic Index For Areas.
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Figure A5 Choropleth map of the postcode-level coefficients and R2 from the geographically weighted regression of rates of antibiotic resistance.
Each plot represents the regression coefficient between antibiotic resistance and the demographic variable within each postcode. All 136 postcodes
showed a significant migrant density-to-Helicobacter pylori association (P < 0.05), with the strength of the association varying from a 1.22% to 1.79%
increase in the absolute rate of antibiotic resistance per 10% increase in the migrant density. The color bar indicates the value of the local coefficient or
R2 statistic. SEIFA, Socioeconomic Index For Areas.
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