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Antimicrobial resistance (AMR) is a 
major global health threat, under-
mining the sustainability and safety 

of modern healthcare.1,2 The importance 
of AMR is refl ected in the World Health 
Organization’s Global Action Plan on Antimi-
crobial Resistance. The Action Plan provides 
a mandate and framework for member 
states to develop plans at a national level.2 

At both the national and international level, 
effective AMR response plans require an 

understanding of the factors driving AMR 
development and spread.

Differences in AMR between countries 
have been attributed to differences in anti-
microbial use, per capita income, population 
density and levels of corruption.3–6 Other 
purported causes of AMR variation include 
poor infection control practices in human 
healthcare and agricultural settings; poor 
sanitation; environmental contamination 
from pharmaceutical runoff; agricultural 
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antibiotic use; and international travel/
migration patterns.7–10 However, compared 
to studies identifying risk factors at the level 
of the individual, relatively few studies have 
sought to identify exposures associated with 
AMR at the level of the population and in 
particular, regional populations within a 
given country. 

Population-level risk factors for AMR 
are not necessarily the sum of individual 
risk profi les within a population. Studies 
designed to identify risk factors for indi-
viduals within a population cannot identify 
risk factors to which members of the popu-
lation are universally exposed. In addition, 
the transmissibility of AMR means that 
one individual’s risk of having a resistant 
organism in turn affects the risk profi le of 
others in the population. Additional insights 
may therefore be gained by investigating 
variation in AMR rates between populations. 

In light of this, we performed an ecological 
study to investigate two specifi c AMR-asso-
ciated organisms in Aotearoa New Zealand; 
methicillin-resistant Staphylococcus aureus 
(MRSA) and extended-spectrum β-lactamase 
producing Escherichia coli (ESBL-E. coli). In 
particular, we sought to gain insight into 
population-level exposures associated with 
MRSA and ESBL-E. coli infection and any 
differences between the two organisms. 

Methods
Using an ecological study design and 

available national surveillance, census and 
survey data, we investigated the association 
between MRSA and ESBL-E. coli infection 
and a range of population-level variables 
among 18 geographically distinct popu-
lations defi ned by district health boards 
(DHBs). The relationships were described 
utilising Spearman’s (rs) correlational 
analysis on GraphPad Prism version 7 
(GraphPad Software, CA, USA). Statistical 
signifi cance was defi ned as p<0.05. MRSA 
and ESBL-E. coli infection incidence rates 
for 2013 were obtained from the national 
survey (one month) of all public and private 
laboratories performed by the Institute 
of Environmental Science and Research 
Limited (ESR).11,12 Isolates from a clinical 

site were considered to represent infection. 
Isolates from presumed screening sites 
(nasal and groin for MRSA; rectal for ESBL-E. 
coli) were excluded to remove bias due to 
differences in active surveillance practices 
between DHBs. 

Demographic data for each DHB popu-
lation, including the proportion aged 
<5 years and ≥65 years; the proportion 
reporting European, Māori, Pacifi c and 
Asian ethnicities; and the proportion who 
were overseas born new arrivals in New 
Zealand (<1 year), was obtained from New 
Zealand census 2013 data.13 Population 
socioeconomic deprivation, as assessed 
by the proportion of each DHB population 
living in the most deprived NZdep2013 
index quintile, was obtained from the New 
Zealand Index of Deprivation Atlas.14 The 
NZdep2013 index is a relative measure of 
socioeconomic deprivation that is assigned 
to small geographical units nationwide. It is 
made up of census 2013 variables covering 
communication; income; employment; qual-
ifi cations; home ownership; support; living 
space and transport.15 DHB-level household 
crowding data, as assessed by the proportion 
of each DHB population living in crowded 
conditions (as per Canadian National Occu-
pancy Standard) in 2013, was obtained from 
a Ministry of Health publication: Analysis of 
Household Crowding based on Census 2013 
data.16 DHB population community antimi-
crobial usage in defi ned daily doses (DDD) 
per 1,000 persons per day (DID) was obtained 
from the ESR Antimicrobial Consumption 
Report.17 Population variable data from 
two pairs of geographically adjacent DHBs 
(Canterbury and South Canterbury; Capital 
and Coast and Hutt Valley) were merged as 
MRSA and ESBL-E. coli infection rates from 
these respective pairs were not differen-
tiated in the 2013 ESR surveys. 

Results 
The incidence rate of MRSA and ESBL-E. 

coli infection across the 18 DHB populations 
is illustrated in Figure 1. Co-correlation 
between the evaluated population-level 
variables, which affect interpretation of 
the results for MRSA and ESBL-E. coli given 
below, is demonstrated in Table 1. 
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The incidence of MRSA infection had 
a very strong positive correlation with 
the proportion of the population living in 
crowded housing conditions (Figure 2, Table 
2). It also had a strong positive correlation 
with the proportion of the population aged 
<5 years; living in the most socioeconom-
ically deprived NZdep2013 quintile; and 

with community antimicrobial use (Figure 
2, Table 2). It had a moderate positive 
correlation with proportion of the popu-
lation reporting Māori ethnicity and Pacifi c 
ethnicity (Figure 2, Table 2). MRSA infection 
had a strong negative correlation with the 
proportion of the population reporting 
European ethnicity (Figure 2, Table 2). 

Table 1: Pairwise correlation between DHB population variables.

Age <5 years

Age ≥65 years

European 
ethnicity

M
āori ethnicity

Pacific ethnicity

Asian ethnicity

O
verseas born 

new
 arrivals in N

Z

Socioeconom
ic 

deprivation

H
ousehold 

crow
ding

Com
m

unity
antim

icrobial use

Age <5 years - NS -0.69 0.66 NS NS NS 0.60 0.67 0.53

Age ≥65 years NS - 0.67 NS -0.66 -0.70 -0.69 NS -0.57 NS

European ethnicity -0.69 0.67 - NS -0.85 -0.53 NS -0.50 -0.98 -0.87

Māori ethnicity 0.66 NS NS - NS NS -0.74 0.79 NS NS

Pacific ethnicity NS -0.66 -0.85 NS - 0.69 NS NS 0.84 0.74

Asian ethnicity NS -0.70 -0.53 NS 0.69 - 0.86 NS 0.48 0.61

Overseas born new arrivals in NZ NS -0.69 NS -0.74 NS 0.86 - -0.50 NS NS

Socioeconomic deprivation 0.60 NS -0.50 0.79 NS NS 0.50 - 0.57 0.48

Household crowding 0.67 -0.57 -0.98 NS 0.84 0.48 NS 0.57 - 0.85

Community antimicrobial use 0.53 NS -0.87 NS 0.74 0.61 NS 0.48 0.85 -

Note: rs values are given in the table when there was a significant (p<0.05) correlation between the two given population 
variables. NS, not significant.

Figure 1: Incidence rate (per 100,000 per month) of MRSA and ESBL-E. coli infection across DHB 
populations.
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The incidence of ESBL-E. coli infection 
had a strong positive correlation with 
the proportion of the population living 
in crowded housing conditions (Figure 2, 
Table 2). It also had a moderate positive 
correlation with the proportion of the popu-
lation reporting Asian ethnicity; reporting 
Pacifi c ethnicity; who were overseas born 
new arrivals; and with community antimi-
crobial use (Figure 2, Table 2). ESBL-E. coli 
infection had a strong negative correlation 
with the proportion of the population aged 
≥65 years and the proportion reporting 
European ethnicity (Figure 2, Table 2). 

Discussion
Variation in the incidence of antimi-

crobial resistant pathogen infection is 
almost certainly caused by multiple factors 
that promote selective pressure, increase 
transmission and increase risk of clinical 
infection.7 In this study we examined the 
relationship between population-level 
exposures and the incidence of MRSA and 
ESBL-E. coli infection among New Zealand 
DHB populations. 

Community antimicrobial use and the 
proportion of the population living in 
crowded housing were both strongly to very 

strongly correlated with MRSA and ESBL-E. 
coli infection. These variables were also 
strongly co-correlated (rs=0.85); consistent 
with a recent study in the Counties-Ma-
nukau DHB population that demonstrated 
household crowding was associated with 
higher rates of antimicrobial prescribing.18 

This co-correlation may be confounding 
one or other of the variables’ association 
with MRSA and ESBL-E. coli infection. 

Nonetheless, the largely clonal nature of 
MRSA and ESBL-E. coli, means it is plau-
sible that community antimicrobial use may 
contribute to a higher incidence of infection 
by rendering people more vulnerable to 
colonisation and infection in the event of 
subsequent exposure.19 It is known that 
community antimicrobial use in New 
Zealand is high compared to other high-
income countries.17,20 Household crowding 
and antimicrobial use could be part of 
the same causal pathway (ie, crowded 
households have more infections and thus 
require more antimicrobials). However, 
as these organisms are known to spread 
between household members, it is likely that 
crowding also has a more direct effect by 
promoting transmission of ESBL-E. coli and 
MRSA when one or more household member 
is colonised.21,22

Table 2: DHB population variables and association with incidence of MRSA and ESBL-E. coli infection.

MRSA ESBL-E. coli

Correlation coe� icient 
(95% CI)

p-value Correlation coe� icient 
(95% CI)

p-value

Age <5 years 0.75 (0.42 to 0.90) <0.01 0.47 (-0.01 to 0.77) 0.05

Age ≥65 years -0.35 (-0.71 to 0.15) 0.15 -0.73 (-0.90 to -0.39) <0.01

European ethnicity -0.87 (-0.95 to -0.67) <0.01 -0.79 (-0.92 to -0.50) <0.01

Māori ethnicity 0.60 (0.17 to 0.84) <0.01 -0.01 (-0.49 to 0.47) 0.97

Pacific ethnicity 0.61 (0.19 to 0.84) <0.01 0.66 (0.27 to 0.87) <0.01

Asian ethnicity 0.24 (-0.27 to 0.64) 0.35 0.57 (0.12 to 0.82) 0.01

Overseas born new arrivals (<1 
year) in NZ 

-0.12 (-0.57 to 0.38) 0.63 0.48 (0.002 to 0.78) 0.04

Living in most socioeconomically 
deprived quintile

0.76 (0.44 to 0.91) <0.01 0.17 (-0.34 to 0.60) 0.50

Living in crowded housing 0.90 (0.74 to 0.96) <0.01 0.77 (0.46 to 0.91) <0.01

Community antimicrobial use 0.76 (0.44 to 0.91) <0.01 0.64 (0.24 to 0.86) <0.01

CI, confidence interval.
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Figure 2: DHB population variables versus incidence of MRSA and ESBL-E. coli infection (per 100,000 per month).
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Population levels of socioeconomic depri-
vation had a strong positive correlation with 
MRSA infection. This relationship may be 
affected by moderate co-correlation between 
socioeconomic deprivation and household 
crowding (rs=0.57) and community anti-
microbial use (rs=0.48). Socioeconomic 
deprivation has been associated with higher 
levels of antimicrobial use in New Zealand, 
although not in all regions.20,23 Nonetheless, a 
direct contribution of deprivation to higher 
incidences of MRSA infection is considered 
probable as living in an area of greater socio-
economic deprivation is an established risk 
factor for MRSA infection and all cause infec-
tious disease morbidity in New Zealand.24–26

The proportion of the population 
reporting Māori ethnicity and Pacifi c 
ethnicity had moderate positive correlations 
with MRSA infection. MRSA isolation rates 
have previously been reported to be higher 
among Māori and Pacifi c peoples than 
New Zealand Europeans or Asians.24 These 
observations are likely to be explained in 
part by co-correlation with socioeconomic 
deprivation (Māori), household crowding 
(Pacifi c) and antimicrobial use (Pacifi c). The 
proportion of the population reporting Asian 
ethnicity, Pacifi c ethnicity and overseas-born 
new arrivals, had moderate positive correla-
tions with the incidence of ESBL-E. coli 
infection. Co-correlation with each other 
and confounding by other positively asso-
ciated variables (Table 1) are possible 
explanations for these associations. Asian 
ethnicity has however been previously asso-
ciated with an individual risk of ESBL-E. coli 
infection in New Zealand and is presumed to 
refl ect initial acquisition in highly endemic 
regions of Asia.27 It is possible that despite 
established ESBL-E. coli endemicity in New 
Zealand that ongoing importation may still 
contribute to variation in infection rates 
between DHBs. European ethnicity had a 
strong negative correlation with MRSA and 
ESBL-E. coli infection. This seems likely to 
largely refl ect the summation of a number 
of negative correlations between European 
ethnicity and positively associated popu-
lation variables (Table 1). 

The proportion of the population aged 
<5 years had a strong positive correlation 
with MRSA infection. This relationship may 
be affected by co-correlation of age <5 with 
household crowding, socioeconomic 

deprivation and antimicrobial use. 
However, a direct causal relationship is 
considered a possibility as high rates of 
MRSA infection are well documented among 
New Zealand pre-school aged children.24,25 
Age ≥65 years was negatively correlated 
with ESBL-E. coli infection rates (despite 
older age typically considered an indi-
vidual risk factor for infection). This may be 
explained by the negative correlation of age 
≥65 years with other positively associated 
variables (Table 1).

This study has a number of limitations. 
The ecological design precludes causal 
relationships from being defi nitively estab-
lished. Secondly, the limited number of data 
points available resulted in wide confi dence 
intervals and prevented adjustment for 
confounding due to co-correlation between 
variables. Thirdly, inherent limitations in 
the source data used may have affected our 
fi ndings. Finally, the results are of uncertain 
generalisability to settings outside of New 
Zealand. Our fi ndings require further 
research to explore the causative relation-
ships, utilising, for instance, population-level 
data amenable to multivariate analysis, or 
individual level analysis inclusive of both 
individual and population-level exposures. 

Despite the limitations, our fi ndings 
provide insight into the potential contri-
bution of population-level exposures to 
variation in the incidence of MRSA and 
ESBL-E. coli infection between populations 
within New Zealand (an MRSA/ESBL-E. coli 
endemic high-income country). The differ-
ences observed between MRSA and ESBL-E. 
coli suggest that a single set of generic 
interventions may have a differential impact 
on different AMR-associated organisms. 
Moreover, several MRSA and ESBL-E. 
coli infection associated exposures are in 
principle modifi able. It may be that policy 
measures to reduce rates of household 
crowding and socioeconomic deprivation 
could present potentially novel approaches 
to reducing AMR. Similarly, reducing 
community antimicrobial use in the popu-
lation at large may help reduce MRSA and 
ESBL-E. coli infections. As New Zealand 
and other countries devise and implement 
national AMR response plans, these fi ndings 
highlight directions for future research and 
potentially novel opportunities to reduce the 
burden of AMR.
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