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Background

Companion animals contribute to the maintenance and dissemination of clinically-important
antimicrobial-resistant pathogens. The aim of this study was to evaluate the possible sharing
of ESBL/AmpC- and carbapenemase-producing Enterobacterales between animals under
antibiotic treatment and their human household members.

Methods

A prospective longitudinal study was performed from 2018 to 2021 in Portugal and the UK.
Faecal samples from dogs and cats with skin and soft tissue or urinary tract infections, and their
cohabiting humans, were inoculated on MacConkey agar plates supplemented with 1.5 pg/mL
cefotaxime and 1.0 ug/mL meropenem. Bacterial species and the presence of beta- lactamase
genes were confirmed by PCR. Antimicrobial susceptibility was assessed by microdilution
testing with MicroScan® Neg MIC Panel Type 44 (Siemens, US) and results interpreted
according to EUCAST. Isolates’ clonality was assessed by rep-PCR. WGS (Illumina
NovaSeq), producing pair-end libraries (150 bp), was performed for animal/owner- derived
paired strains with the same rep-PCR pattern to estimate genetic relatedness.

Results

In Portuguese households, one dog (1/43,2.3%) was colonised by a multidrug-resistant OXA-
181-producing extraintestinal pathogenic Escherichia coli. Twenty-four companion animals
(55.8%, n=43) and 28 humans (35.9%, n=78) harboured ESBL/AmpC-producing
Enterobacterales in at least one timepoint.

In UK households, one dog (1/7,14.3%) was colonised by a multidrug-resistant E. coli co-
producing NDM-5 and CTX-M-15 beta-lactamases. ESBL/AmpC-Enterobacterales were
isolated from five animals (71.4%, n=7) and three humans (37.5%, n=8).



In eight Portuguese households (18.6%, n=43) and two UK households (28.6%, n=7), at least
one ESBL/AmpC-encoding gene was detected simultaneously in animal/owner paired strains
(Figure 1). Of these, identical rep-PCR pattern was observed for animal/owner paired strains
from six Portuguese (13.9%) and one UK household (14.3%). WGS SNPs analysis confirmed
longitudinal sharing of E. coli strains for five Portuguese and one UK household (Figure 2).
Klebsiella pneumonia and Enterobacter spp. strains were also shared within two Portuguese
households (Figure 3).

Conclusions

The occurrence of ESBL/AmpC- and carbapenemase-producing Enterobacterales among
companion animals and their simultaneous presence in human contacts, emphasizes the
importance of incorporating dogs/cats in the assessment of antimicrobial resistance circulation
in non-clinical settings. These results demonstrate the importance of the household as an
epidemiological unit in any efforts to mitigate the spread of antimicrobial resistance.

Co-carriage of ESBL/AmpC-encoding genes

REP-PCR
Sounty, group number  |member Iimepoim’ strain code’ Bacterial species _group Beta-lactames Resistance profile
United Kingdom [SSTI UK101 Human 1 71 UK101/1-H1F3ES _|Escherichio col BZ CMY-2 AMP, ANIC, AZT,CAZ, CTX, FOX
United Kingdom |SSTI UKI01 Doz 1 7 UK101/2-DAFIXF3 |Fschenichin col B7 CMY-2 AMP, ANC, AZT, C, CAZ, CTX, FOX, GEN
United Kingdom |SSTI Human 2 0 UK105/1-H1F3KL |Klebsiclla pneumoniae GG CMY 2 AMP, AMCAZT, G, CAZ, CTx, FOX
United Ki'ls_d‘_ml SSTI Hurman 2 TO UK105/1-H1F3K2 |Klebsiellu prieumonioe GG CMY-2 AMP, AMC, C, CAZ, CTX, FOX
United Kingdom |S511 Dog 2 1 UK105/0-D1F 38,1 |Eschenchio colt e CMY-2 AMC, AZT, CAZ, CIX, FOX
Portugal SSTI PT101 Dug 3 T2 PT101/2-DIF3E3  |Escherichiv col Al CTX-M-15 AMP, AZT, CAZ, CIP, CPM, CTX, TMS
Portugal 5511 P101  [Human3 2 PI101/2-031 382 |Eschenchio col Al CIX-M-15 [AMP, AZI, CAZ,UP, CPM, CIX, TMS
Portugal SsTI pr101 Human 4 T2 PT101/2-H2FIEA  |Eschenchiv cofi Al CTH-M-15 AMP, AZT, CAZ,CIP, CPM, CTX, TMS
Fortuzal SSTI PT101 Human 4 70 PT101/0 H2F3E1 |Escherichio coll AJ CTX M IS AMP, AZT, CAZCIP, CPM, CTX, TMS
Portugal SSTI PT101 Human 3 T3 PT101/3-HIFIF1  |Fscherichin coll .AI CTX-M-15 AMP, ATT, CA7,CIP, CPM, {TX, TMS
Portugal SSTI PT101 Doz 3 T3 PT101/3-D1FIEA  |Escherichiv coli A CTX-M-15 AMP, AZT, CAZ,CIP, CPM, CTX, TMS
Portugal 511 PT101 Human 3 0 P1101/0-H1F3E1 _ |Eschenchio colt Al CIX-M-15 AMP, AZ1, CALQP, CPM, CIX, TMS
Portugal SSTI PT101 Dog 3 T2 PT101/2-DIFAE1  |Escherichio col AD OXA-181, CTX-M-15 AMP, AMC, AZT, CAZ, CIP, CPM, CTX, FOX, ETP, TMS
Pontu; "EJI SSTI PT110  |Humans 0 PT110/0-H1F3E2  |Escherichio coll AX CTX-M-65, TEM-1 AMP, AZT, G, CIP, CTX, TMS
Portugal SST1 JU Dogd T0 PT110/0-DIFIFY  |Fschenchio cok AX CTX-M-65, TEM-1 AMP, A7T, C, CIP, CPM, CTX, TMS
Portuzal SSTI PT124 Human 6 72 PT124/1-H1F3EL1 |Escherichio coll EM CIIY-2 AMP, AMC, AZT, CAZ, CPM, CTX, FOX
Portugal SSTI PT124 Doz 5 T2 PT124/2-DIF3E2  |Escherichio col EM CMY-2 AMP, AMC, AZT, CAZ, CIP, CTX, FOX.
Portuzal £S11 11125 Doz b o P1125/0 D1FSE2U |Enterobactor sep F ACT 23 AMP, AMC, AZT, CAZ, CIP, CITX, FOX
Portugal SSTI PT125 Human 7 T2 PT125/1-H2F3EIU |Enlerobocter spp F ACT-24 AMP, ANC, AZT, CAZ, CIP, CTX, FOX, ETP
Portugal uTl Human 8 T1 PT218/1-HIFIE1  |Fscherichia cok ‘P CTX-M-1, TEM-1 AMP, A7T, CPM, CTX, TMS
Portuzal uTl Doz 7 71 PT218/1 DIF3E1  |Escherichio coll Q CTA M1 AMP, AZT, CPM, CTX, TMS
Portugal uT| Human g T2 PT219/2-H2FIE1  |Escherichio col v CTH-M-15 AMP, AZT, CAZ, CIP, CPM, CTX
Portuzal Uil P1219 Catl 0 PI219/0-C1i 3KEL |Eschenchio cokt X CiX-M-15, TEM-1 AMP, ANIC, AZT, CAZ, CIP, CTX, TMS
Portugal uTl PT219 Human 10 T3 PT219/3-HIFIE1  |Escherichiv cok T CTX-M-15 AMP, AMC, AZT, CAZ, CIP, CPM, CTX, GEN
Portugal uTl T0 PT219/0-C1FAK1  |Klebsisla pneumoniae M CTY-M-15, TEM-1 .AMP, AZT, CIF, CPM, CTX, TMS
Portugal uTl T1 PT219/1 CIF3K1 |Klebsiclla pneumoniae H! C7X M 15, TEM 1 AMP, AMC, AZT, CAZ, CIP, CPM, FOX, TMS
Portugal uTl T1 PVOOIVIFIDIFT  |Fschenchio coli .AB CTX-M-65, TEM-1 4AMP, AMC, ATT, CA?, CIP, CPM, CTX, TMS
Portugal uTl T2 PVO03V2F3DIE1  |Escherichiu col AB CTX-M-65, TEM-1 AMP, AMC, AZT, CIE, CTX, TMS
Portuzal Uil 13 PVO03V3F3H2ES  |Eschenchio ol Al CiX M b5, 1EM 1 AMP, ALl G, CIP, CPM, CIX, IMS
Portugal uT| T1 PV003V1F3HIKA  |Klebsiello prievrmonive R CTX-M-15, SHV-11, TEM-1 AMP, AZT,CAZ, CPM, CTX, TMS
Portugal uTl T1 PVO0IVIFIHZKY  |Klebsisla pneumoniae R CTX-M-15, SHV-11, TEM-1 'AMP, AZT,CAZ, CPM, CTX, TMS
Portuzal uTl T PVO03V1F3D1K2 |Klebsiclla pneumoniae R C7X M 15, SHV 11, TEM-1 AMP, AZT,CAZ, CPM, CTX, TMS
PDrtuial uTl T2 PVDO3V2F3HIK2 |Klebsiella pneumonioe R CTX-M-15, SHV-11, TEM-1 AMP, AZT,CAZ, CPM, CTX, TMS
Portuzal Uil 3 PVOU3V3I3D1K4  |Klebsiel'a pneumoniae | CIX-M-15, 5HV-11, 1EM-1 AMP, AZI,CAZ CPV, CIX, TMS
Portugal uTl T0 PVOOAVOF3CIE2  |Escherichiv coli AG CTH-M-27 AMP, AZT, CAZ, CIP, CPM, CTX, TMS
Portugal uTl T2 PVOOAVIFIHIE?  |Fschenichio coli AG CTX-M-27 AMP, AZT, CAZ, CIP, CPM, CTX, TMS
Portugzal uTl T2 PVOOSVIF3CIE2  |Escherichio col AG CTX-M-27 AMP, AZT, CAZ, CIP, CPM, CTX, TMS
Portugal uTl T3 PVOOAV2F3CIEL  |Escherichio col AG CTY-M-27 AMP, AZT, CAZ, CIP, CPM, CTX, TMS
Legend: AMC: amoxicillin/clavulanate; AMP: ampicillin; ; C:chi pheniccl; CAZ: ceftazidime; CIP: ciprotloxacin; CPM: cefepime; CTX: cefotaxime; FOX: cefoxitin; LTP:

ertapenem; GEN: gentamicing SSTI: Skin and soft tissue infection; TMS: sulfamethoxazole/trimethoprim; UTI: Urinary tract infection.

1TO concerns the sampling before antimicrebial Intake; T1 was done taken one week after antimicroblal treatment started; T2 was taken one month after antimicrotlal treatment started; T3
was achieved taken two manths after antimicrobial treatment started.

? strain code in bold refersto strains selected for WGS sequencing.



Phylogeny of beta-lactamase producing E. coli
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Phylogenetic tree of L58L/AmpC- and carpabenemase producing Escherchia coli strains from companion animals and owners based on whole genome single nucleotide polymorphism. Analysis was

inferred by CSI Phyl, 1.4 (https://s bs.dtu.dk/services /CSIPhylogeny/] with the dard g using Escherichia coli K-12 MG1655 as reference genome. The first five algorithms on the
strains’ identification represents the heuscheld cede number

Correlation between dogs/owners bacterial strains
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A. Phylogenetic tree of ESBL/AmpC-producing Klebsiella pneumoniae strains from companion animals ard owners based on whole genome
single nucleotide polymorphism. Analysis was inferred oy CSI Phylogeny 1.4 (https://cge.cbs.dtu.dk/services/CSIPhylogeny/) with the standard
parameters, using K. pneumoniae MGII 78578 as reference genome; B. Pairwise SNP comparison between K. pneumoniae strains; C. Pairwise
SNP comparison between Enterobacter spp. strains using complete chromosome sequence of Enterobacter hormaechei NCTC 9394 as reference
genome. The first five algorithms on the strains’ identification represents the household code number.
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