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Objectives: The aim of this study was to evaluate the incidence of single-drug resistant, multidrug-
resistant (MDR), extensively drug-resistant (XDR) and pandrug-resistant (PDR) Escherichia coli urinary
tract infections (UTIs) in a sample of Australian Capital Territory (ACT) residents.
Methods: Laboratory-based retrospective data from all ACT residents whose urine samples were
processed from January 2009 to December 2013 at ACT Pathology were utilised. Multivariate logistic
regression models were constructed to determine the associations of age, sex, urine sample source and
socioeconomic status with risk of resistant infections.
Results: A total of 146 915 urine samples from 57 837 ACT residents were identified over 5 years. The
mean =+ standard deviation age of residents at first sample submitted was 48 + 26 years, and 64.4% were
female. The 5-year incidence of single-drug resistant E. coli UTI was high for ampicillin, trimethoprim and
cefazolin (6.8%, 3.5% and 1.9%, respectively). No PDR E. coli UTI was detected. Five-year incidences of MDR
and XDRE. coli UTIs were 1.9% and 0.2%, respectively, which is low in comparison with international rates.
Female sex and age >38 years were significantly associated with single-drug and multidrug resistance.
The risk of single-drug resistance was significantly higher in samples from after-hours general practice
(GP) clinics compared with hospitals, office-hours GP clinics, and community and specialist health
services (adjusted odds ratio=2.6, 95% confidence interval 2.2-3.1).
Conclusions: These findings have significant implications for antimicrobial prescribing given the
identified risk factors for the detection of resistance, especially in patients attending after-hours GP
clinics.
© 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
rights reserved.
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urinary E. coli is increasing in Australia [2,3] but the resistance
incidence is not well described. Whilst prevalence data provide
clinicians with information on the burden of disease in the study
population, incidence data quantifies the risk of disease [4].
Evaluating not only the prevalence, but also the incidence, of
antimicrobial resistance in urinary E. coli is important to gain a
better understanding of the epidemiology of urinary E. coli

1. Introduction

Escherichia coli is recognised as the most common cause of
urinary tract infection (UTI) [1]. The prevalence of resistance in
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resistance in order to make meaningful disease management
decisions [4]. However, most studies that have investigated urinary
E. coli resistance did not provide separate data on the incidence of
single-drug resistant and multidrug-resistant (MDR) isolates, nor
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did they identify patient risk factors for antimicrobial resistance
[5,6]. Recent data from the USA showed that the incidence of
fluoroquinolone-resistant E. coli bacteriuria had significantly
increased from 464 to 1116 per 100 000 person-years between
2005 and 2009 in patients aged >80years [7].

The emergence of E. coli resistance to multiple antimicrobials
poses a significant threat to public health, with limited anti-
microbials available for treating MDR infections. These infections
may complicate UTI treatment leading to poorer patient outcomes
[8].In Australia, MDRE. coli prevalence rates increased from 4.5% in
2008 to 7.6% in 2012 [2]. MDR urinary E. coli infections have also
been frequently reported in other countries [9-11]. In the USA, the
incidence of MDR E. coli was 37 per 100 000 person-years in 2009
[7]. Given the high mortality associated with infections caused by
these bacteria [9,12], knowledge of the incidence of MDR urinary
E. coli, including potential risk factors, will contribute to the
development of interventions aimed at controlling antimicrobial
resistance.

The recently developed Australian antimicrobial resistance
strategy lists E. coli as a priority organism for resistance
surveillance owing to its impact in hospital and community
settings [13]. Given the newly established Antimicrobial Use and
Resistance in Australia (AURA) surveillance system [13], evaluating
antimicrobial resistance incidence at a jurisdictional level will
contribute important information to understanding the distribu-
tion and impact of resistant E. coli UTIs. This study, the first of its
kind in Australia, evaluated the incidence and 5-year risk of
resistant E. coli UTI in a large sample of Australian Capital Territory
(ACT) residents. The study also provides novel information on the
incidence of MDR, extensively drug-resistant (XDR) and pandrug-
resistant (PDR) E. coli UTIs, with evidence to inform clinicians,
policy-makers and other stakeholders about emerging trends that
may impact on public health.

2. Materials and methods
2.1. Study design, setting and population

Laboratory-based retrospective data from all ACT residents who
had urine samples processed at ACT Pathology from January 2009
to December 2013 were utilised. Based on available data from
Medicare statistics [14] and ACT Pathology (A. Das, personal
communication, 11 November 2016), it is estimated that ACT
Pathology processes ca. 100% of urine samples from inpatients,
emergency department (ED) patients and specialist outpatient
clinic patients of public hospitals as well as >13% of urine samples
from patients in the community and private hospitals whose
residential status is within ACT. The population of ACT in 2011 was
367 985. The study sample comprised 57 837 unique ACT residents
whose urine samples were processed at ACT Pathology during the
period 1 January 2009 to 31 December 2013, of whom an estimated
71% were inpatients, ED patients and specialist outpatient clinic
patients of public hospitals and the remaining 29% were patients in
the community and/or inpatients at private hospitals. Residence in
ACT was based on postcode, and those with postcodes from
surrounding New South Wales and elsewhere were excluded.
Samples collected outside of ACT and from patients without unique
identifiers were also excluded.

2.2. Bacterial isolation and identification, and antimicrobial
susceptibility testing

Urine samples were processed based on microbiology labora-
tory standards described previously [3]. Urine cultures with the
presence of >107 CFU/L of urine were considered positive for UTI
based on laboratory recommendations. This 107 CFU/L cut-off is

commonly used as it increases the sensitivity of the urine culture
test making it a practical threshold [15]. The criterion has also been
used by several studies reporting on antimicrobial resistance of
urinary E. coli [16-18].

The Clinical and Laboratory Standards Institute (CLSI)
antimicrobial susceptibility testing and interpretive standards
(CLSI M100-S19-M100-S23) were used for this study, and there
were no changes in breakpoints during the study period.

2.3. Definitions

The incidence of single-drug resistance was assessed separately
for ampicillin, trimethoprim, gentamicin, cefazolin, ceftriaxone,
trimethoprim/sulfamethoxazole (SXT), meropenem, nitrofurantoin,
and fluoroquinolones (nalidixic acid, ciprofloxacin and norfloxacin)
and p-lactamase inhibitor combinations [amoxicillin/clavulanic acid
(AMC) and piperacillin/tazobactam (TZP)]. Resistance to fluoroqui-
nolones (nalidixic acid, ciprofloxacin and norfloxacin) and
B-lactamase inhibitor combinations (AMC and TZP) was considered
asone becauseresistanceis strongly linked within these agents. Non-
susceptibility to at least one agent in three or more antimicrobial
categories was defined as MDR; non-susceptibility to at least one
agent in all but two or fewer antimicrobial categories was defined as
XDR; and non-susceptibility to all agents in all antimicrobial
categories was defined as PDR based on published international
standardised definitions [8]. For these definitions to be comparable,
isolates must be tested against all antimicrobial agents within the
antimicrobial categories. In cases of incomplete testing, it is difficult
to distinguish reliably between XDR and PDR isolates. In ACT
Pathology, 9 of the 13 potential antimicrobial categories needed to
define XDR and PDR were tested by the laboratory. Hence, these
isolates were classified as ‘possible PDR’ or ‘possible XDR’ in
accordance with the published standard definitions for multi-
resistance [8].

2.4. Data analysis

Antimicrobial susceptibility data for all ACT residents who
submitted urine samples to ACT Pathology during the 5-year
period were assessed from the point of no resistance for each
individual until occurrence of the first single-drug resistant, MDR,
XDR or PDR E. coli UTI during the study period. The first resistant
E. coli, whether to one agent or two or more agents, was counted
and included in the incidence rate. The first resistant E. coli to one
antimicrobial agent was assessed as single-drug resistance.
Subsequent first resistance to more than one antimicrobial agent
was assessed as MDR, XDR or PDR.

Five-year cumulative incidence rates of resistance were
calculated by dividing the number of incident cases of antimicro-
bial-resistant E. coli UTI by the total number of individuals with
urine samples included in the study. Data were also analysed yearly
to establish the changing cumulative incidence rates, which were
calculated by dividing the yearly number of incident E. coli
resistant cases by the number of individuals submitting urine
samples to ACT Pathology each year. Given that not all ACT
residents have their urine samples processed by ACT Pathology, the
cumulative incidence rate was expressed per 100 000 people
whose urine samples were tested by ACT Pathology over the 5
years, that is the number of people with a resistant E. coli UTI
among every 100 000 people submitting urine samples to ACT
Pathology for testing, rather than using an estimate of the whole
ACT population.

Kaplan-Meier curves were plotted to show the effect of age and
urine sample origin on the incidence of single-drug resistance.
Differences in resistance between age groups and between urine
sample origins were evaluated using the log-rank test [19].
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Multivariate logistic regression models were constructed for each
antimicrobial to determine the effect of age, sex, socioeconomic
status (SES) and urine sample origin on the risk of resistance. The
Hosmer-Lemeshow test was performed to assess the goodness of
fit of logistic regressions, with P> 0.05 indicating good fit.

Age was assessed within five categories based on age distribution
inthe data(<23,24-37,38-56,57-73 and >74 years). The Australian
Socio-Economic Indexes for Areas (SEIFA) based on residential
postcodes derived from 2006 Australian census data was used to
determine SES [20]. This validated ecological index score ranks areas
in Australia based on relative socioeconomic indicators of advantage
and disadvantage, with lower-scored areas being more disadvan-
taged than higher-scored areas [21]. For this analysis, SES was
assessed within three categories (low, middle and high) based on the
data set SEIFA score distribution.

The sample origin refers to the health service requesting the urine
sample test and was grouped into seven categories, namely: public
acute hospitals; private acute hospitals; general practice (GP) clinics;
after-hours GP clinics; community health services, including
Aboriginal and Torres Strait Islander and youth health services;
specialist health services, including minor surgical and procedural
outpatient units; and ‘others’. This last category included samples
sent from non-acute hospitals, correctional services, dialysis clinics,
dental clinics, hospice, ambulance services and a life insurance
organisation. Further analyses were performed to determine levels
of MDR, XDR and PDR isolates. A significance level of 0.05 was used.
Data were analysed using STATA Statistical Software: Release 14
(StataCorp LP, College Station, TX).

3. Results

A total of 196 385 urine samples were processed over the 5-year
period. When restricted to samples belonging to ACT residents and
collected within ACT, there were 163 792 samples, of which unique
patient identifiers were missing for 16 877 samples (10.3%),
resulting in 146 915 samples belonging to 57 837 ACT residents
over 5 years being included in the final analysis. The mean+
standard deviation age of residents at first sample submitted was
48 +26years and most were female (64.4%; n=37 234). Of all
included samples, positive cultures accounted for 16.0% (n=23
486), of which 56.9% (n=13 371) were E. coli UTIs.

Overall 5-year and yearly incidences of single-drug resistant
E. coli UTI per 100 000 people whose urine samples were tested by
ACT Pathology are shown in Table 1. The 5-year resistance
incidence was highest for ampicillin, trimethoprim and cefazolin
(68, 35 and 20 per 1000 people tested, respectively) and was

Table 1
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lowest for meropenem, nitrofurantoin and gentamicin (0.02, 5 and
6 per 1000 people tested, respectively).

The multivariate logistic regression model for single-drug
resistance (resistance to any of the antimicrobial agents tested)
found higher odds of resistance in females and older people
(Table 2). Samples from after-hours GP clinics had the highest odds
of being resistant [odds ratio (OR)=2.6, 95% confidence interval
(CI) 2.2-3.1; Kaplan-Meier analysis, log-rank test, P<0.001)
(Fig. 1).

A separate multivariate logistic regression model was con-
structed for each antimicrobial (excluding meropenem, which had
only one resistant isolate identified) adjusting for age, sex, SES and
sample origin. Although the results varied for each antimicrobial,
consistent findings included significantly higher odds of resistance
in females and older people (Supplementary Table S1). The risk of
ampicillin, cefazolin, trimethoprim and SXT resistance was
significantly higher in people aged <23 years. There was no
significant association between antimicrobial resistance and SES.

Further analyses showed no possible PDR E. coli, but the 5-year
incidence of MDR and possible XDR E. coli was found to be 19 and 2
per 1000 people tested, respectively. Female sex and age >38 years
were significantly associated with MDR isolates (Table 2). After
adjusting for age, sex and SES, urine samples from after-hours GP
clinics, specialist health services and the ‘other’ category were
associated with significantly higher odds of MDR isolates [OR=1.6
(95% CI 1.1-2.3), OR=1.8 (95% CI 1.1-2.9) and OR=2.3 (95% CI 1.3-
4.0), respectively]. Given the low incidence of possible XDR E. coli
UTI, and because this group was a subset of MDR, logistic
regression analysis was not performed. The Hosmer-Lemeshow
tests showed good fit for all regression models (P> 0.05).

4. Discussion

To our knowledge, this is the first study examining the
incidence of resistant E. coli UTIs in Australia. Notably, this study
is the first in Australia to assess the associations of age, sex and
urine sample source with risk of E. coli UTL This study has
identified: (i) a high incidence of resistance to ampicillin,
trimethoprim and cefazolin; (ii) the presence of MDR and possible
XDR E. coli UTIs; (iii) a significantly higher risk of resistance in
females and people aged >38 years; (iv) a significantly higher risk
of resistance to some antimicrobials in the high SES group; and (v)
that the risk of resistance varied by health service requesting the
urine sample.

The UTI resistance incidence was highest for ampicillin,
trimethoprim and cefazolin, consistent with national and territory

Overall 5-year and yearly cumulative incidence rates of antimicrobial-resistant Escherichia coli urinary tract infections per 100 000 people whose urine samples were tested by

ACT Pathology.

Antibiotic Rate (n)*

2009 2010 2011 2012 2013 5-year total
Ampicillin 4697.8 (722) 5181.6 (863) 5814.6 (1015) 5247.3 (956) 5469.0 (835) 6760.4 (3910)
Trimethoprim 23229 (357) 2635.8 (439) 3001.8 (524) 2629.1 (479) 2908.0 (444) 3483.9 (2015)
Cefazolin 1067.1 (164) 1495.0 (249) 1638.4 (286) 1432.6 (261) 1644.0 (251) 1974.5 (1142)
SXT 943.5 (145) 1296.9 (216) 1598.3 (279) 14271 (260) 1441.0 (220) 1751.5 (1031)
FQs 1034.6 (159) 1140.8 (190) 1432.2 (250) 1284.4 (234) 1401.6 (214) 1673.7 (968)
BLIs 4815 (74) 912.6 (152) 1077.0 (188) 1235.0 (225) 1310.0 (200) 1390.1 (804)
Ceftriaxone 214.7 (33) 366.3 (61) 618.7 (108) 735.5 (134) 792.5 (121) 741.7 (429)
Gentamicin 292.8 (45) 420.3 (70) 532.8 (93) 526.9 (96) 635.3 (97) 629.4 (364)
Nitrofurantoin 240.7 (37) 276.2 (46) 297.9 (52) 384.2 (70) 648.4 (99) 506.6 (293)
Meropenem 0.0 (0) 6.0 (1) 0.0 (0) 0.0 (0) 0.0 (0) 1.7 (1)

Any antibiotic” 5446.0 (837) 5619.9 (936)

6261.5 (1093)

5554.6 (1012) 5901.2 (901) 7311.9 (4229)

SXT, trimethoprim/sulfamethoxazole; FQs, fluoroquinolones (nalidixic acid, ciprofloxacin and norfloxacin); BLIs, -lactamase inhibitor combinations (amoxicillin/clavulanic

acid and piperacillin/tazobactam).

2 The number of residents was as follows: 2009, 15 369; 2010, 16 655; 2011, 17 456; 2012, 18 219; 2013, 15 268; and 5-year period, 57 837).

b Resistance to at least one of the antibiotics.
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Table 2

Multivariate logistic regression model for the effects of age, sex, socioeconomic status (SES) and urine source on the risk of developing urinary Escherichia coli resistance to any

of the 13 antimicrobial agents tested or a multidrug-resistant infection.

Variable Categories N Any resistance” Multidrug-resistance
0Odds ratio 95% CI 0Odds ratio 95% CI
Age (years) <23 11 570 13 1.2-15 1.0 0.8-1.3
38-56 11 566 13 11-14 1.6 1.3-2.0
57-73 11 567 1.9 1.7-21 2.5 21-31
>74 11 567 29 2.6-3.2 33 2.7-4.0
24-37 (reference) 11 567 1.0 - 1.0 -
Sex Female 37234 33 3.0-3.5 2.6 2.2-3.0
Male (reference) 20 593 1.0 - 1.0 -
SES Middle 20 450 1.0 1.0-1.1 1.0 0.9-1.1
High 16 168 1.0 0.9-11 1.0 0.9-1.2
Low (reference) 21 051 1.0 1.0 -
Sample origin Private acute hospitals 1313 0.7 0.6-0.9 1.0 0.7-15
GP clinics 12 446 11 1.0-1.2 1.0 0.9-1.2
After-hours GP clinics 1024 2.6 2.2-31 1.6 11-2.3
Community health services 1284 14 11-1.7 1.5 1.0-2.1
Specialist health services 533 11 0.8-1.4 1.8 11-2.9
Others® 363 13 0.9-19 23 1.3-4.0
Public acute hospitals (reference) 40 874 1.0 - 1.0 -

CI, confidence interval; GO, general practice.

Hosmer-Lemeshow test for resistance to any of the 13 antimicrobials model: 2 statistic=8.13; P=0.42.

Hosmer-Lemeshow test for multidrug-resistance model: y? statistic=7.65; P=0.47.

¢ N=number of residents [some data were missing for sex (n=10) and SES (n=168)].
b Antimicrobials included ampicillin, amoxicillin/clavulanic acid, cefazolin, ceftriaxone, trimethoprim, trimethoprim/sulfamethoxazole, nalidixic acid, ciprofloxacin,

norfloxacin, gentamicin, meropenem, nitrofurantoin and piperacillin/tazobactam.

¢ Non-acute hospitals, correctional services, dialysis clinics, dental clinics, hospice, ambulance services and a life insurance organisation.

o o
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cute public hospital versus Acute private hospital: P=0.1
24-37 years versus <23 years: P=0.0001 Acute gubllc hosgltal versus GP: P£0.9 P
24-37 years versus 38-56 years: P=0.001 Acute public hospital versus After-hours GP: P<0.001
24-37 years versus 57-73 years: P<0.001 Acute public hospital versus Community health services: P=0.10
24-37 years versus 274 years: P<0.001 Acute public hospital versus Specialist health services: P=0.34
o o
B B
o T T T T o T T T T
0 20 40 60 0 20 40 60
months of follow up months of follow up
<=23 years — . .24-37 years —— 38-56 years —— Acute public hospital — — Acute private hospital
~ - After-hours GP — . Specialist health services
““““ 57-73years — — >=74 years Community health services ~—— GP

Fig. 1. Kaplan-Meier curves of the incidence of single-drug antimicrobial resistance by age group and urine sample origin.GP, general practice.

blood culture prevalence [13]. The high resistance for these three
antimicrobials recommended for first-line UTI therapy raises
concern about the selection of an appropriate empirical treatment
for UTL The low resistance for last-line antimicrobials such as
meropenem, ceftriaxone and gentamicin in comparison with
published European data is notable [22,23]. The current study also
reports MDR and possible XDR E. coli UTIs, although in relatively
low numbers compared with countries such as the Netherlands
[23]. Globally, Australia is considered one of the countries with

high antimicrobial use [13]. Despite this, the incidence of single-
drug resistant, MDR and XDR E. coli is relatively low. Likely reasons
may be that many people acquire resistant bacteria through food,
water, travel and the environment rather than through antimicro-
bial use [24]. Although no PDR E. coli UTI was identified in this
study, the presence of MDR and possible XDR isolates raises
concern because these pathogens are associated with poorer
patient outcomes owing to limited availability of drugs for
treatment.
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Resistance risk was higher in females and people aged >38
years in this study. There are inconsistent findings for the effect of
sex on resistance [18,25,26]. Possible explanations include higher
predisposition to UTI in females resulting in more antimicrobial
prescriptions [27]. The current finding of higher resistance risk in
older age groups has been previously described and may be due to
increasing cumulative exposure to antimicrobials and healthcare
settings with age [25]. A significantly higher risk of ampicillin,
cefazolin and SXT resistance was also found in people <23 years,
supported by a recent systematic review [28]. Interventions aimed
at reducing further development and spread of resistance should
take account of patient age and sex.

The highestresistance risk was noted in samples from after-hours
GP clinics. Patients receiving treatment from these clinics typically
require medical services outside regular office hours, usually
between 18:00h and 08.30h weekdays and during weekends.
Evidence shows higher resistance in hospitals compared with
community settings [29], hence the higher resistance riskin samples
from after-hours GP clinics is surprising. The reason for this finding is
unknown but it could be postulated that patients attending after-
hours GP clinics are similar to patients presenting at EDs. These
patients are likely to be too unwell to wait for appointments during
regular office hours and more likely to require antimicrobials. In the
UK, compared with regular office-hours GPs and hospitals, after-
hours GPs and other community health services also had higher
antimicrobial prescribing rates [30]. As antimicrobial use is a major
factor contributing to resistance [13], this finding highlights the
importance of judicious antimicrobial prescribing by clinicians.
Education campaigns should be tailored towards clinicians consult-
inginafter-hours clinics, and health services should develop systems
that continuously monitor antimicrobial prescriptions to ensure
their rational use.

This study has limitations. This study comprised patients whose
samples were processed by ACT Pathology, which captures all
inpatient public hospital samples, samples from outpatients
attending public hospital EDs and specialist clinics as well as ca.
13% of private hospital and community samples. Hence, the
calculated resistance incidence rates are based on sample data and
may not be directly generalised to the total ACT population. As a
result of the data not being a complete enumeration of ACT
residents, the incidence rate was expressed per 100 000 people
whose urine samples were tested as opposed to using an estimate
of the ACT population. These findings are, however, the most
reliable estimates to date of ACT E. coli UTI resistance incidence.
Whilst clinicians are likely to refer to prevalence than incidence,
these two measures of disease frequency provide separate
information. Prevalence quantifies the proportion of people with
a disease and is generally used to evaluate the occurrence or
burden of a specific disease, whilst incidence quantifies the
number of new cases of a disease in people at risk of developing the
condition during a specified time period [4].

Knowledge both of the prevalence and incidence of antimicro-
bial resistance in E. coli UTIs is necessary to appropriately address
the issue of antimicrobial resistance. Population-level analysis
based on setting of infection onset, that is community versus
inpatients, was considered. This analysis was not possible because
data from the Medicare statistics website used to estimate the
proportion of community samples processed by ACT Pathology do
not separate community from private hospital inpatient samples.
In defining incident UTI, there was a possibility that pre-existing
infections (not verified) were carried over from the year before
study commencement. Exclusion of samples from patients treated
empirically without laboratory culture as well as likely inclusion of
multiple samples from people with recurrent UTI and asymptom-
atic bacteriuria potentially overestimated the resistance incidence.
Patient risk factors including co-morbidities and urinary tract

instrumentation that could influence resistance incidence could
not be accounted for in the analysis because retrospective data
were used. Given the composition of de-identified data, 10% of
samples were excluded due to lack of unique patient identifiers,
thereby underestimating the resistance incidence.

5. Conclusions

Detection of single-drug resistant, MDR and possible XDR E. coli
UTIs emphasises the need for continued monitoring of antimicro-
bial resistance to ensure suitable empirical therapeutic agents
remain available. This study highlights the importance of the
development of interventions aimed at reducing resistance based
on patient risk factors. A higher risk of resistance in patients
attending after-hours GP clinics necessitates further research to
investigate antimicrobial prescribing practices within these health
services.
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