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ABSTRACT

Objectives: To assess whether having a pet in the home is a risk factor for community-acquired urinary
tract infections associated with extended-spectrum S-lactamase (ESBL)- or AmpC S-lactamase (ACBL)-
producing Enterobacterales.
Methods: An unmatched case-control study was conducted between August 2015 and September 2017.
Cases (n = 141) were people with community-acquired urinary tract infection (UTI) caused by ESBL-
or ACBL-producing Enterobacterales. Controls (n = 525) were recruited from the community. A telephone
questionnaire on pet ownership and other factors was administered, and associations were assessed using
logistic regression.
Results: Pet ownership was not associated with ESBL- or ACBL-producing Enterobacterales-related human
UTIs. A positive association was observed for recent antimicrobial treatment, travel to Asia in the previous
year, and a doctor’s visit in the last 6 months. Among isolates with an ESBL-/ACBL-producing phenotype,
126/134 (94%) were Escherichia coli, with sequence type 131 being the most common (47/126).
Conclusions: Companion animals in the home were not found to be associated with ESBL- or ACBL-
producing Enterobacterales-related community-acquired UTIs in New Zealand. Risk factors included over-
seas travel, recent antibiotic use, and doctor visits.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction challenges for treatment options [1,2]. Historically, these bacteria
were primarily acquired through hospital exposures, but have

Extended-spectrum S-lactamase (ESBL)- and AmpC gS- since become associated with community-acquired infections [3-
lactamase (ACBL)-producing Enterobacterales are oxyimino- 5]. ESBL and ACBL enzymes, which hydrolyze a range of S-lactam
cephalosporin-resistant bacteria of importance commonly associ- antibiotics, are often encoded by genes within mobile elements

ated with urinary tract and blood infections, presenting ongoing (i.e., plasmids), and are increasingly found in bacteria with viru-
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lence traits that make the bacteria likely to cause disease [6-9].
ESBL-producing Enterobacterales are also animal pathogens, iso-
lated from clinical samples of companion and production animals
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Person-level risk factors for ESBL-producing Enterobacterales
carriage or infection include travel to higher-prevalence countries,
frequent healthcare contact, and recent antimicrobial use [15,16].
There have also been some instances of people becoming ill af-
ter exposure to companion animals that carry or become infected
with multidrug-resistant (MDR) pathogens [17-20], or companion
animals that carry the same strain of ESBL-producing Escherichia
coli as humans [21-23]. In New Zealand, companion animals visit-
ing veterinary clinics may carry human-associated strains of ESBL-
producing Enterobacterales [14,24]. In Japan and Europe, human-
associated ESBL-producing Enterobacterales were found in clinical
bacterial isolates from companion animals [25-27]. These bacte-
ria may contain plasmid-encoded ESBL genes commonly associated
with human community infections (such as blactx-m-14» blacrx-m-27
or blacrxm.15); the bacteria may also be from human-associated
sequence types (STs), such as ST131.

As MDR infections become more common in the community,
the risk factors for exposure and subsequent infection (via intesti-
nal carriage) are likely changing [16,28]. In New Zealand, approxi-
mately 64% of households have a pet, with 44% having at least one
cat and 28% having at least one dog [29]. Given the high pet own-
ership and the potential for pets to be carrying ESBL- and ACBL-
producing Enterobacterales [14,23,30], it is plausible that pets may
play a role in community-acquired ESBL- and ACBL-caused infec-
tions in people [31].

The aim of this case-control study was to assess whether com-
panion animals, alongside other households, health, and travel
variables, are a risk factor for community-acquired urinary tract
infections (UTIs) associated with ESBL- and ACBL-producing Enter-
obacterales in humans. We also describe the genomic epidemiol-
ogy of ESBL- and ACBL-producing Enterobacterales cultured from
these infections.

Methods
Recruitment and sampling

Case and control definitions

A case was defined as a person aged 16 years or older with
a community-acquired UTI, who submitted a urine sample to the
recruiting community laboratory (Labtests, Healthscope, Auckland,
New Zealand) from which an ESBL- or ACBL-producing Enterobac-
terales was cultured. Case participants were excluded from the
study if they had been admitted overnight to a hospital or lived in
a residential care facility in the 12 months before the urine sample
collection. Control participants were eligible to be part of the study
if they had not been a patient overnight in a hospital or lived in
a residential care facility in the previous 12 months and were 16
years of age or older.

Recruitment and data collection

This case-control study was approved by the New Zealand
Health and Disability Ethics Committee. Case participants were re-
cruited between September 2015 and September 2017 from the
Auckland, Northland, and Waikato regions (the northern part of the
North Island) of New Zealand from four district health board areas
(Auckland, Northland, Waitemata, and Counties Manukau). Controls
were recruited by a research company (UMR Research, Welling-
ton, https://umr.co.nz/) using a combination of random digit dial-
ing and verified phone numbers (landline only) in UMR’s polling
database (the response rate for controls was 32.1% of those eligi-
ble). Controls were randomly drawn from the Auckland and North-
land regions and were otherwise unmatched. The proportions of
controls reflected the population in these two regions. All con-
trol participants were recruited between August 2015 and March
2017. Participants consented to a 20-minute telephone interview
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(see Supplementary data for questionnaire), to collect exposure in-
formation during the 6 months preceding the MDR UTI for cases or
the previous 6 months for controls. Pretesting of the questionnaire,
including cognitive testing, was undertaken by UMR before the re-
cruitment began. The questionnaire covered demographic, health,
animal, travel, occupational, and household factors. Demographic
details included the decile of the nearest primary school (a mea-
sure of socioeconomic position), whether that school was in an
urban or a rural area, region (Auckland, Northland, or Waikato),
gender, ethnicity, whether the participant lived alone, worked in
healthcare, and had been a visitor to a hospital or rest-home
in the past six months. Pet-related questions were asked about
food, hygiene, contact with animals, and vet visits (including any
antimicrobial treatment). Participants were asked to recall recent
antimicrobial treatment; for case participants, this was intended
to be any treatments before their current infection. Case partici-
pants were asked for permission to access government health data
(through the New Zealand National Health Index number) for pre-
scriptions of antimicrobials and hospitalizations for MDR infection.

Statistical analyses

Statistical analysis of questionnaire data was performed using
RStudio (v. 3.4.3). To assess risk factors both multivariable logis-
tic regression (as described below) and least absolute shrinkage
and selection operator (LASSO) logistic regression (Supplementary
Methods) were conducted [32,33]. The LASSO modeling was car-
ried out on all variables (Supplementary Methods) using a conser-
vative model to avoid overfitting and to reduce the effect of mul-
ticollinearity [34]. Random forest (Supplementary Methods) was
used as an independent analysis and provided information on the
importance of a variable to the outcome (i.e., case vs control). Ran-
dom forest was applied to the same 85 variables assessed using
the multivariable logistic regression.

Multivariable regression models. Logistic regression was used to as-
sess the relationship between the outcome variable (case or con-
trol) and each variable of interest. A preliminary multivariable
model was constructed from variables where at least one factor
(or level) in the variable had a P-value < 0.2. Upon moving to
a final multivariable logistic regression model, variables were ex-
cluded using a stepwise approach. Variables were excluded when
the covariate did not reach the significance of P <0.05, provided
they were not a confounder or the exposure of interest. Model fit
was assessed using likelihood ratio tests, area-under receiver oper-
ating characteristic (c-statistic), and pseudo-R-squared (Nagelkerke
R-squared) with the R package “rms” [32]. These tests, in addi-
tion to P-values, residual deviance, and Akaike information crite-
rion were used to describe and assess multivariable model(s) (cal-
culated with the R function “glm”).

Subset analysis with National Health Index prescription data. As pre-
vious antimicrobial use was an exposure variable of interest, pre-
scription data (accessed through the National Health Index) for the
6 months preceding the submission of the urine sample of the case
participant were requested and were available for 70% of case par-
ticipants (n = 99). For multivariable modeling, the most recent
prescription was used if there were multiple recorded prescrip-
tions. This subset was used with the full control dataset for re-
peated regression modeling. The sensitivity and specificity of the
questionnaire were assessed using National Health Index prescrip-
tion data as the true exposure status of case participants.

Population-attributable fractions. Attributable fractions for variables
included in the final multivariable logistic regression model were
calculated with confidence intervals (CIs) computed via bootstrap-
ping.
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Table 1
Summary of demographic and health variables based on questionnaire data of 141 case and 525 control participants and their univariable association with case or control
status.

Variable Level Control Case Unadjusted odds ratio P-value
Home Lives alone 56/524 (10.7%) 20/139 (14.3%) Ref
Lives with others 468/524 (89.3%) 119/139 (85.6%) 0.71 (0.42, 1.3) 0.23
Sex Male 251/525 (47.8%) 8/141 (5.7%) Ref
Female 274/525 (51.4%) 133/141 (94.3%) 15 (7.8, 34) <0.001
Age Age 16-44 275/525 (22.0%) 31/141 (52.4%) Ref
Age 45-64 161/525 (37.6%) 53/141 (30.7%) 29 (18, 4.8) <0.001
Age 65 plus 89/525 (40.4%) 57/141 (17.0%) 5.7 (3.5, 9.4) <0.001
Ethnicity? Maori 39/525 (74.2%) 8/141 (5.7%) 0.75 (0.32, 1.6) 0.47
Asian 37/525 (70.4%) 12/141 (8.5%) 1.2 (0.60, 2.4) 0.56
Pacifika 10/525 (1.9%) 2/141 (1.4%) 0.74 (0.1, 2.9) 0.70
European 389/525 (74.1%) 105/141 (74.4%) 1.0 (0.67, 1.6) 0.93
MELAA @ 22/525 (41.9%) 5/141 (3.5%) 0.84 (0.28, 2.1) 0.73
Healthcare work Not health worker 468/525 (89.1%) 109/136 (80.1%) Ref
No patient contact 15/525 (28.6%) 15/136 (11.0%) 43 (2.0,9.1) <0.001
Yes patient contact 42/525 (8.0%) 12/136 (8.8%) 1.2 (0.60, 2.3) 0.55
School decile® 1to3 115/486 18/119 (15.1%) Ref
4t07 160/486 (32.9%) 44/119 (37.0%) 1.8 (1.0, 3.3) 0.065
8 to 10 211/486 (43.4%) 57/119 (47.9%) 1.7 (1.0, 3.1) 0.064
Rural urban Non-urban 74/487 (15.2%) 12/119 (10.1%) Ref
Urban 413/487 (84.8%) 107/119 (89.9%) 1.6 (0.87, 3.2) 0.16
Overall health Good to excellent 487(525 (92.8%) 113/140 (80.7%) Ref
Fair or poor 38/525 (72.4%) 27/140 (19.3%) 31 (18, 5.2) <0.001
Any chronic disease None reported 394/524 (75.2%) 60/136 (44.1%) Ref
Yes 130/524 (24.8%) 76/136 (55.9%) 3.8 (2.6,5.7) <0.001
Asthma None reported 495/524 (94.5%) 126/136 (92.6%) Ref
Yes 29/524 (5.5%) 10/136 (7.4%) 14 (0.61, 2.8) 0.42
Cardiac disease None reported 506/524 (96.6%) 127/137 (92.7%) Ref
Yes 18/524 (3.4%) 10/137 (7.3%) 22 (1.0, 4.8) 0.051
Diabetes None reported 514/524 (98.1%) 126/136 (92.6%) Ref
Yes 10/524 (1.9%) 10/136 (7.4%) 41 (16, 10) 0.002
Other chronic disease None reported 445524 (84.9%) 75/136 (55.1%) Ref
Yes 79/524 (15.1%) 61/136 (44.9%) 4.6 (3.0, 6.9) <0.001
Chronic disease score® None reported 394/523 (75.3%) 59/136 (16.4%) Ref
1 116/523 (22.2%) 59/136 (43.4%) 34(22,52) <0.001
2 10/523 (1.9%) 15/136 (11.0%) 10 (4.3, 24) <0.001
3 plus 3/523 (0.6%) 3/136 (2.2%) 6.7 (1.2, 37) 0.022
>1 urinary tract infection last 6 months No 509/524 (97.1%) 64/134 (47.1%) Ref
Yes 15/524 (2.9%) 70/134 (52.2%) 37 (21, 71) <0.001
Doctors visit last 6 months? No 260/525 (49.5%) 10/138 (7.2%) Ref
Yes 265/525 (50.5%) 128/138 (92.8%) 13 (6.8, 26) <0.001
Antibiotics last 6 months® No 385/521 (73.9%) 28/129 (96.6%) Ref
Yes last 3 to 6 months 72/521 (13.8%) 19/129 (14.7%) 3.6 (1.9, 6.8) <0.001
yes last 0 to 3 months 64/521 (12.3%) 82/129 (63.6%) 18 (11, 30) <0.001
Visitor to hospital last 6 months’ No 290/523 (55.4%) 60/139 (43.2%) Ref
Yes 233/523 (44.6%) 79/139 (56.8%) 1.6 (1.1, 2.4) 0.010
Visitor to hospital last 6 months - other Lives alone 56/519 (10.8%) 19/135 (14.1%) Ref
household member No 372/519 (71.7%) 88/135 (65.1%) 0.70 (0.40, 1.3) 0.21
Yes 91/519 (17.5%) 28/135 (20.7%) 0.91 (0.47, 1.8) 0.78
Antibiotics last 6 months - other household Lives alone 56/506 (11.1%) 19/117 (16.2%) Ref
member No 284/506 (56.1%) 48/117 (41.0%) 0.50 (0.28, 0.93) 0.024
Yes 166/506 (32.8%) 50/117 (42.7%) 0.89 (0.49, 1.7) 0.70
Multidrug resistant infection reported by Lives alone 56/514 (10.9%) 19/119 (16.0%) Ref
another household member No 444/514 (86.4%) 96/119 (80.7%) 0.64 (0.37, 1.1) 0.12
Yes 14/514 (27.2%) 4/119 (3.4%) 0.84 (0.22, 2.7) 0.78
Travel None reported 271/524 (51.7%) 51/140 (36.4%) Ref
All travel 253/524 (48.3%) 89/140 (63.6%) 19 (1.3 -2.8) 0.001
Travel to Africa None reported 519/524 (99.1%) 133/140 ((95.0%) Ref
Yes 6/524 (11.5%) 7/140 (5.0%) 46 (15 - 14.4) 0.007
Travel to Asia None reported 463/524 (88.4%) 98/140 (70.0%) Ref
Yes 62/524 (11.8%) 43/140 (30.7%) 33 (21-51) <0.001
Travel to the European Union None reported 488/524 (93.1%) 122/140 (87.1%) Ref
Yes 37/524 (59.2%) 19/140 (13.6%) 21(11-3.7) 0.016
All travel - other household member None reported 221/523 (42.3%) 48/137 (35.0%) 0.6 (04 - 12) 0.15
Yes 246(523 (47.0%) 70/137 (51.1%) 0.8 (0.5 - 1.5) >0.2
Pet in home® None 267/525 (50.9%) 71/139 (51.1%) Ref
Yes 258/525 (49.1%) 68/139 (48.9%) 1.0 (0.7 - 14) ~0.2
Pet type None 267/525 (50.9%) 71/137 (51.8%) Ref
Cat(s) only 95/525 (18.1%) 26/137 (19.0%) 1.0 (0.6 - 1.7) >0.2
Dog(s) only 51/525 (9.7%) 16/137 (11.7%) 1.2 (0.6 - 2.2) >0.2
Cat(s) and dog(s) 44/525 (8.4%) 15/137 (10.9%) 13 (0.7 - 2.4) ~0.2
Other pets included 68/525 (13.0%) 9/137 (6.6%) 0.5 (0.2 - 1.0) 0.066
Animal contact: None reported 455(525 (86.7%) 130/141 (92.2%) Ref
- farm Yes 70/525 (13.3%) 11/141 (7.8%) 0.6 (0.3 - 1.0) 0.078
- wild or other None reported 506/525 (96.4%) 129/141 (91.5%) Ref
Yes 19/525 (3.6%) 12/141 (8.5%) 25(11-52) 0.018

@ Ethnicity was reported with multiple answers allowed, ethnicities were compared to “not ethnicity”; MELAA - Middle Eastern, Latin American, and African.

b The decile of the nearest school was used as a proxy for social deprivation, with decile one being the 10% of schools that have the greatest proportion of children
from a low socioeconomic background and decile ten being the 10% of schools that have the lowest proportion. Refer to https://parents.education.govt.nz/secondary-school/
secondary-schooling-in-nz/deciles/.

¢ Chronic disease score was the number of chronic diseases (asthma, chronic obstructive pulmonary disease, cardiac disease, and diabetes) reported.

d This includes a medical visit with a general practitioner or with a specialist as an outpatient (including imaging or radiology).

¢ Questionnaire data was used.

f Where the case or other household member visited a hospital as a visitor, volunteer or employee but not as a patient.
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Bacterial culture and antimicrobial susceptibility testing. ESBL-
positive isolates originating from the case urine samples were col-
lected by Labtests Auckland microbiology laboratories. The bac-
terial isolates were identified using matrix-assisted laser desorp-
tion/ionization time of flight (MALDI-TOF) mass spectrometry (Bio-
typer, Bruker, Billerica, MA, USA) and confirmed to have an ESBL-or
AmpC production phenotype according to European Committee on
Antimicrobial Susceptibility Testing guidelines using Kirby-Bauer
disc diffusion assays [23,35,36]. A saline solution suspension, of
each isolate, was swabbed onto Mueller-Hinton agar (Fort Richard
Laboratories, Auckland, New Zealand) as a lawn and D62C ESBL ce-
fotaxime and D64C ESBL ceftazidime Paired ID Disks (Mast Group
Ltd., Liverpool, UK.), placed on to the lawn and incubated at 35°C
for 16-18 hours. Isolates were also tested for an AmpC-producing
phenotype using a three-disk comparison assay (D69C AmpC disk
test; Mast Group Ltd.) and screened against an additional panel of
fourteen antimicrobials to determine multidrug resistance as pre-
viously described [23].

DNA extraction, sequencing, and bioinformatics analyses

Where available, one clinical UTI isolate was sequenced from
each case participant. Extraction of genomic DNA, library prepa-
rations, and next-generation sequencing were carried out as pre-
viously described [23]. Raw sequence reads were processed using
the Nullarbor2 bioinformatics pipeline (v. 2.0.20191013) [37]. Thir-
teen clinical UTI isolates had been sequenced as part of previous
studies [23,38].

Whole genome multi-locus sequence typing (wgMLST) of E.
coli clinical isolates was carried out using Fast-GeP (v.1.0) [39].
The distance matrix tree output from wgMLST was presented
as a neighbor-joining tree in SplitsTree [40], and annotated us-

Table 2
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ing iTOL [41]. Resistance genes were identified with ABRicate
(v.1.0.1) [42] using the National Center for Biotechnology Infor-
mation (NCBI) AMRFinderplus (v.2021-03-28) [37,43]. Single nu-
cleotide polymorphism (SNP) analysis of the ST131 and ST38 iso-
lates was carried out using Snippy (v. 4.3.6) [44].

Results
Overview of cases and controls

A total of 141 cases and 525 controls were recruited between
August 1, 2015, and September 30, 2017, most of whom identified
as European or New Zealand European (controls: 74.1% and cases:
74.5%). Females were overrepresented in the cases (94.3%) com-
pared to the controls (52.2%). The age distribution also differed
between cases and controls as indicated in Table 1. Most partici-
pants lived with other people, 89.3% and 85.6% of control and case
participants, respectively. Further descriptions of the demographic
and health variables of cases and controls along with the univari-
able results are provided in Table 1. Home, hygiene, food, and other
animal-related variables and univariable results are presented in
Supplementary Tables 1 and 2.

Risk factors

In the univariate analysis, we found the strongest associations
for ESBL/ACBL- associated UTI with being female, having had more
than one UTI, and antimicrobial use within the previous three
months (Table 1 and Supplementary Tables 1 and 2). Other health-
related factors such as chronic disease and travel to either Africa
or Asia had an increased risk. Having a pet in the home was not
identified as a risk factor. However, there were increased odds with

OR and PAF from a multivariable logistic regression model of factors associated with UTIs caused by extended spectrum S-lactamase- or AmpC

B-lactamase-producing Enterobacterales in the community, based on questionnaire data from 141 case and 525 control participants.

Variable Level Control Case Crude OR Adjusted OR PAF
Gender Male 251/525 8/141 Ref Ref Ref

Female 274/525  133/141 15 (7.8, 34) 24 (7.9, 95) 0.92 (0.81, 1.0)
Age Age 16 to 44 275/525  31/141 Ref Ref Ref

Age 45 to 64 161/525  53/141 2.9 (1.8, 4.8) 8.4 (3.0, 27) 0.70 (0.48, 0.93)

Age 65 plus 89/525 57/141 5.7 (3.5, 9.4) 14 (4.7, 51) 0.70 (0.51, 0.95)
Healthcare work Not healthcare worker  468/525 109/136  Ref Ref Ref

No patient contact 15/525 15/136 4.3 (2.0, 9.1) 4.0 (0.83, 19) 0.08 (-0.02, 0.51)

Yes patient contact 42/525 12/136 1.2 (0.60, 2.3) 1.1 (0.27, 3.9) 0.00 (-0.07, 0.20)
Diabetes None reported 514/524  126/136  Ref Ref Ref

Yes 10/524 10/136 4.1 (1.6, 10) 4.1 (0.77, 23) 0.06 (-0.01, 0.53)
Other chronic disease None reported 445(524 75/136 Ref Ref Ref

Yes 79/524 61/136 4.6 (3.0, 6.9) 2.7 (1.2,6.2) 0.21 (0.01, 0.51)
>1 UTI last 6 months No 509/524  64/134 Ref Ref Ref

Yes 15/524 70/134 37 (21, 71) 37 (12, 143) 0.51 (0.31, 0.90)
Doctors visit last 6 months ~ No 260/525  10/138 Ref Ref Ref

Yes 265/525  128/138 13 (6.8, 26) 24 (7.4, 102) 0.92 (0.82, 1.0)
Antibiotics last 6 months No 385/521 28/129 Ref Ref Ref

Yes 3 to 6 months 72/521 19/129 3.6 (1.9, 6.8) 2.4 (0.78, 7.0) 0.16 (-0.07, 0.58)

Yes 0 to 3 months 64/521 82/129 18 (11, 30) 14 (5.5, 38) 0.61 (0.40, 0.90)
Travel to Asia No 463/525  98/141 Ref Ref Ref

Yes 62/525 43/141 3.3(2.1,5.1) 9.1 (3.7, 24) 0.49 (0.27, 0.82)
Travel to Africa No 519/525 134/141 Ref Ref Ref

Yes 6/525 7/141 45 (1.5, 14) 21 (0.54, 449) 0.16 (-0.01, 0.73)
Handwash before eating Always 259/525 46/141 Ref Ref Ref

Often 104/525  47/141 25 (1.6, 4.1) 4.1 (1.6, 11) 0.38 (0.12, 0.73)

Sometimes 137/525  39/141 1.6 (1.0, 2.6) 2.6 (1.0, 6.9) 0.29 (-0.04, 0.71)

Never 25/525 9/141 2.0 (0.85, 4.5) 1.3 (0.26, 5.9) 0.01 (-0.04, 0.17)
Pet in home No pet 267/525 71/139 Ref Ref Ref

Yes 258/525  68/139 1.0 (0.68, 1.4) 0.82 (0.37, 1.8) -0.10 (-0.55, 0.36)
Animal contact: farm No contact 455/525 130/141 Ref Ref Ref

Yes 70/525 11/141 0.55 (0.27, 1.0)  0.23 (0.05, 0.86)  -0.12 (-0.17, 0.01)
Animal contact: wild No contact 506/525 129/141 Ref Ref Ref

Yes 19/525 12/141 2.5 (1.1, 5.2) 3.4 (0.84, 13) 0.08 (0.00, 0.31)

OR, odds ratio; PAF, Population Attributable Fractions; Ref, reference; UTI, urinary tract infections.
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Table 3
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Summary of Escherichia coli isolates across the fifteen sequence types (with multiple isolates) from community-

acquired urinary tract infections.

E. coli isolates n
(total = 126)

Phylogenetic group? Sequence type”

Extended spectrum
B-lactamase/AmpC type (n isolates)

A 744 2

C 410 2

F 648 3

B1 345

B1 58

B2 12

B2 80

131

B2
B2

998
1193

38 16

69

349

405

D 963

CTX-M-8 (1)

(
(
(
(
CTX-M-14 (
cAmpC* (1)
CTX-M-14 (
CTX-M-55 (
CTX-M-15 (
cAmpC* (2)
cAmpC* (2)

(

CTX-M-15 (22)

CTX-M-27 only (22)
CTX-M-27 and CMY-2 (1)
CTX-M-27 and CMY-138 (1)
CTX-M-15 (2)
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CTX-M-27 (2)
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CTX-M-14
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(1)
(6)
(1)
(2)
(3)
(1)

)

1
1)

2 As in Clermont et al. [69].
b Refer to Supplementary Table 7 for singleton STs.

¢ cAmpC refers to chromosomal ampC with a mutation in the promoter region.

some pet-associated variables (e.g., picking up pet feces), and con-
tact with wildlife was associated with an increased risk (Table 1
and Supplementary Table 2). Having non-cat/dog pets (e.g., ro-
dents, fish, or birds) or contact with livestock was inversely asso-
ciated with an ESBL/ACBL-associated UTI. Additional results of the
univariate analysis for other hygiene and food or pet-related vari-
ables are presented in Supplementary Tables 1 and 2.

Adjusted odds ratios (ORs) for variables included in the mul-
tivariable models are shown using the questionnaire data only
(Table 2). Having a pet in the home was not found to be a signifi-
cant risk factor (OR: 0.82 [95% CI 0.37-1.8]). As with the univariate
analysis, being older and female were associated with having an
ESBL-/ACBL-producing UTI (ORygessto65 = 8.4 [95% ClI 3.0-27] and
ORyge5+ = 14 [95% Cl 4.7-51]; ORgemae = 24 [95% CI 7.9-95]), as
was having more than one UTI in the preceding six months before
the incident UTI (OR = 37 [95% CI 12-143]) and antimicrobial treat-
ment in the previous 3 months (OR = 14 [95% CI 5.5-38]). Travel
to Asia (OR = 9.1 [95% CI 3.7 - 24]) and some health and hygiene-
related exposures of interest were also found to be associated with
an increased risk. Population-attributable fractions gave an estima-
tion of the population-level effect of exposures on the outcome,
accounting for the rarity of exposures as shown in Table 2.

Antimicrobial prescription data in the previous 6 months was
available for 88 of the 99 cases. The questionnaire test sensitiv-
ity for this question was estimated to be 87%, while the speci-
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ficity was 44% (i.e, >50% false positives where people reported
antimicrobial use, but no prescriptions were recorded in the New
Zealand government database; Supplementary Table 3). Results of
the univariable and multivariable analysis for this subset of data
are presented in Supplementary Table 4. Despite cases reporting
more antimicrobial use than prescriptions recorded, antimicrobial
use within the previous three months was associated with having
an ESBL-/ACBL-producing UTIL

The variables important to multivariable logistic regression as
well as both LASSO regression, and random forest were (i) being
over 65 years old; (ii) being female; (iii) having more than one UTI
in the previous 6 months; (iv) travel to Africa and/or Asia in the
previous 12 months; (v) a doctor’s visit in the previous 6 months;
(vi) contact with wild animals in the previous 6 months; (vii) hav-
ing an “other” chronic disease (not asthma, diabetes, chronic ob-
structive pulmonary disease, or cardiac disease); (viii) not “always”
washing hands before eating (Supplementary Tables 5 & 6).

Phenotypic and genomic descriptions of isolates

From 141 cases, clinical isolates were available from 134 people.
Of the isolates that were available for sequencing, 126/134 were E.
coli, 7/134 were Klebsiella pneumoniae, and 1/134 was Morganella
morganii; 114/134 had ESBL genes (of which 111 were the CTX-M
type), and 15/134 had plasmid-associated ACBL genes (excluding
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Figure 1. Neighbor-joining tree, of 126 clinical Escherichia coli isolates, generated from 2654 shared-loci alleles identified using the whole genome multi-locus sequence
typing tool Fast-Gep. The first colored strip denotes the phylogroup, followed by the absence (white) or presence of antimicrobial resistance genes where blue is extended

spectrum B-lactamase, purple is AmpC, and green is other resistance genes.
ST, sequence type.

four ESBL-producing E. coli or K. pneumoniae isolates that were also
co-producers of ACBL) (Table 3, Supplementary Table 7). A mul-
tidrug resistance phenotype (resistance to three or more classes
of antibiotics) was observed in 76/134 (57%) of all clinical isolates
(Supplementary Table 8).

Eight blactyv variants (CTX-8, CTX-M-9, CTX-M-14, CTX-M-24,
CTX-M-27, CTX-M-55, and CTX-M-65) were identified by whole
genome sequencing, in 105 of the 126 E. coli isolates, with CTX-
M-15 (49/126, 39%) and CTX-M-27 (38/126, 30%) being the dom-
inant variants and one isolate had the SHV-12 variant. Plasmid-
associated ACBL types CMY (13/126, 10%) and DHA (4/126, 3%)
were also identified. Seven E. coli isolates had no plasmid-
associated ACBL genes but were putative AmpC hyperproducers
with mutations in the promoter region of the chromosomal ampC
gene.

A comparison of wgMLST profiles for 126 E. coli showed that
the ESBL/ACBL-producing E. coli associated with UTIs were diverse
(Figure 1). Phylogroup B2 accounted for 65/126 of all E. coli iso-
lates, with ST131 being the dominant ST (48/126, 38%), followed
by ST38 (16/126, 13%). In total, 37 different STs were identified, in-
cluding 22 singleton STs. To further investigate the genetic diver-
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sity within the two dominant STs, ST131 and ST38, we compared
the SNP profiles (Figure 2). Overall, six ST131 isolates had a differ-
ence in ten or fewer SNPs, suggesting community transmission.

The seven K. pneumoniae isolates belonged to six different STs,
with ST562 isolated from two different individuals (Supplementary
Table 7). Of the K. pneumoniae isolates, four had a blacrx.m.15 gene;
one a blacrx.m.14 gene; and one a blagyy.10s gene. An ACBL gene
(blapya-15) was found in one isolate. The one M. morganii isolate
contained both ESBL and ACBL genes, blaygg.q; and blapya-4 respec-
tively.

Discussion

Companion animals in the home were not found to be a risk
factor for community-acquired ESBL-/ACBL-producing UTIs in our
case population. Although, companion animals have frequently
been identified as a source of ESBL-/ACBL-producing Enterobacte-
riaceae, with some studies suggesting that transmission of these
bacteria occurs between companion animals and humans within
households [21-23,31,45], our work is consistent with a previous
New Zealand and Australian study, which assessed risk factors
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for community-acquired third-generation cephalosporin-resistant
E. coli infections in patients recruited from tertiary care hospitals
[28]. To our knowledge, contact with companion animals has not
been reported to be a risk factor for community-acquired ESBL-
/ACBL-producing infections in other countries; although it is not
frequently assessed as a risk factor [46,47].

Previous UTIs, being female, older (age 65+), having a medical
visit, having a chronic disease, and traveling to Asia or Africa were
associated with increased odds of having a community-acquired
ESBL-/ACBL-producing UTI in our study. These findings are consis-
tent with previous studies from both Europe and the United States
[48-51]. Travel to high-risk global regions such as North Africa, the
Indian subcontinent, Southeast Asia, and China is associated with
higher rates of gastrointestinal colonization with ESBL-producing
Enterobacteriaceae [16], and is associated with carriage in travel-
ers returning from visiting such places [52-54]. In an Australasian
study conducted in 2011/2012, travel increased the odds of hav-
ing an E. coli infection resistant to third-generation cephalosporins
[28].

There was some internal disagreement noted between the mod-
els when examining travel-associated risk factors. LASSO logistic
regression modeling found increased odds associated with travel to
Asia (all parameters and both datasets). However, travel to Africa
was not associated with increased risk in the conservative model
(Amin + 1SE) when using the questionnaire dataset. Travel to Asia
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(but not travel to Africa) was also among the top ten variables
(in terms of the effect on the outcome) within the random for-
est regression. The recurrence of Asian travel in all these mod-
eling modalities reinforces the inference of increased risk associ-
ated with travel to this continent within this study. This finding is
in concordance with results from other low-prevalence countries
[16,28,47,52].

Healthcare exposures, including antimicrobial treatment, are
well-described as risk factors for the carriage of ESBL-producing
bacteria [16]. They have also been described in a study looking
at risks for community-acquired infection, where healthcare ex-
posure in the previous 6 months, UTI in the previous year, and
antimicrobial treatment in the previous 6 months were all associ-
ated with increased risk [28]. All these risk factors were also iden-
tified by multiple modeling methods in our study. However, an-
timicrobial treatment in the previous 3 months was not statisti-
cally significant in the more conservative LASSO regression model
(Amin + 1 SE), although it was significantly associated with risks in
other models. In multivariable regression models when prescrip-
tion data were available (for the subset of cases accessed through
the National Health Index database), an adjusted OR of 2.8 (95% CI
1.1-7.3) was observed for the risk factor of antimicrobial prescrip-
tion in the previous 3 months. This is much less than the adjusted
OR of 15.3 (95% CI 6.0 - 43.1) for the same risk factor when case
participants self-reported this exposure. This difference could be
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because patients self-reported the prescription for the current in-
fection (rather than previous infections) and show the importance
of validating self-reporting of medication data, especially when it
is considered an exposure of interest. Alternatively, patients may
have been prescribed antibiotics but did not use the antibiotics
or cases may have received antibiotics in the hospital (which are
not included in the prescription dataset). Discrepancies in report-
ing prescription data have been reported elsewhere [55].

The outputs from random forest regression and LASSO regres-
sion, where all variables were used, compared to the multivari-
able regression, varied slightly in the order of the most important
variables for predicting the outcome. Some variables such as com-
panion animal contact (handwashing behavior) and animal contact
with veterinary care identified in the random forest regression as
important were not detected as significant in either the multivari-
able or the LASSO regressions. These findings may indicate some
low or marginal level of risk associated with animals. The degree of
risk may be underestimated due to social desirability bias, which
may affect replies to questions about personal hygiene [56]. How-
ever, there were areas of crossover between the random forest re-
gression and the LASSO model outputs, and the results of the mul-
tivariable logistic regression indicated that the main risk factors are
consistent across different model frameworks.

Our study showed that there is substantial diversity among
ESBL-/ACBL-producing E. coli isolates causing UTI in the New
Zealand community, despite, one-third of isolates being E. coli
ST131. This finding is consistent with previous reports on
community-acquired infection in New Zealand [1,57-59]. Plasmid-
mediated AmpC-producing E. coli were approximately ten times
less common than ESBLs among E coli isolates from community-
acquired UTIs as previously reported [58]. Additionally, these ESBL-
/ACBL-producing bacteria generally contained multiple antimicro-
bial resistance genes. The genes encoding ESBLs are often asso-
ciated with other antimicrobial resistance encoding genes, result-
ing in a MDR strain, which may result in clinical implications for
ESBL-associated infections, including treatment failure, hospitaliza-
tion, and in some cases increased mortality [60-62].

Both ST131 and ST38 (the second most common ST in our
study) strains have previously been found to be shared by humans
and their dogs [23]. Previous studies have found ESBL-producing
E. coli from dogs and cats to be very diverse [63-65], with a New
Zealand study identifying strains belonging to more than 25 dif-
ferent STs [66] and a recent global meta-analysis identifying 171
different STs [12]. Some of these, including ST10, ST38, ST57, ST58,
and ST963 were found in this present study. Cross-sectional studies
in Europe suggest some similar strains of E. coli and K. pneumoniae
are circulating between humans and animals [65,67].

There were several limitations within this study including
sources of bias such as possible inaccurate reporting of antimicro-
bial use in the subset of 70% (99/141) of case participants and so-
cial desirability biases influencing replies to questions about hy-
giene and behaviors. Another source of bias could be through
the recruitment of controls if there were differences (i.e., lifestyle,
health, or demographic) between those who declined to take part
in the study and those who agreed. All controls were assumed to
be non-carriers of ESBL/ACBL-producing Enterobacterales, although
it is possible that up to 10% had fecal carriage of ESBL-producing
E. coli [68]. The community carriage prevalence of ESBL/ACBL-
producing Enterobacterales in New Zealand was not known at the
time of this research, and too few control participants volunteered
to give fecal samples to assess this. The results of this study indi-
cate that future work with a focus on the prevalence of ESBL-ACBL-
producing bacteria in both humans and pets is needed, to bet-
ter align pet-related risk factors with the incidence of ESBL/ACBL-
producing Enterobacterales in pets.
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Conclusions

No pet-related factors were found to be significantly associated
with ESBL- and/or ACBL-producing Enterobacterales UTI in people.
This study reinforces that overseas travel, previous antibiotic use,
and healthcare contact with doctors are the main risk factors for
community-acquired ESBL/ACBL-associated UTIs. The genomic epi-
demiology of ESBL/ACBL-producing E. coli is diverse, although over
one-third of the isolates analyzed in this study were ST131. Our re-
sults suggest that some community transmission of ST131 strains is
occurring.
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