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Aim of the study 
The objectives of  the project were i) to perform whole genome sequence (WGS) analysis of  3rd generation ce-
phalosporin-resistant Escherichia coli (3GC-R-Ec) f rom food-producing animals and of  carbapenemase-produ-
cing Enterobacteriaceae (CPE) f rom companion animals; ii) to determine if  a genetic relationship exists bet-
ween human and animal strains and plasmids; iii) to implement the WGS and bioinformatics pipelines at the 
ZOBA for WGS-based national surveillance of  antibiotic resistance. 

Material and methods 
WGS was performed using Illumina short read technology as well as ONT long read technology for selected 
strains to obtain complete and closed chromosome and plasmids. Assembly of  the reads was obtained using 
Unicycler hybrid assembly. WGS data were analyzed for genetic and phylogenetic characteristics using dif fe-
rent web-based bioinformatics tools and using SeqSphere+ sof tware.  

Results and significance 
Analysis of WGS of 3GC-R-Ec from slaughter calves and fattening pigs. WGS and data analysis were per-
formed with 77 3GC-R-Ec f rom pigs and calves f rom 2021 as a proof  of concept and validation of  the WGS and 
bioinformatic pipelines established at ZOBA. Phenotypic antimicrobial resistance results WGS showed a very 
high agreement (98.8%) with those obtained by the detection of  corresponding underlying molecular mecha-
nisms. 3GC-R-Ec were genetically diverse and resistance to 3GC was mainly associated with blaCTX-M-15 in iso-
lates f rom calves, blaCTX-M-1 in isolates f rom pigs, and mutations in the ampC-promoter in isolates f rom both ani-
mal species. WGS provided important information on the occurrence of  resistance mechanisms and phylogeny 
of  E. coli f rom calves and pigs in Switzerland (Aebi et al. 2023). 
Comparative analysis of WGS of 3GC-R-Ec from poultry and humans. A total of  352 WGS of  3GC-R-Ec 
isolated f rom poultry and poultry meat (2018, 2020) and 128 WGS of  3GC-R-Ec f rom humans f rom the same 
period were used for genomic comparative analysis. E. coli of  the same STs (ST10, 69, 23, 38, 156, 361, 1431) 
were found in both human and poultry isolates, however they dif fered at the core-genome level with more than 
80 loci dif ference. The predominant 3GC-R genes consisted of  blaCMY-2 (113 in poultry vs. 4 in humans), blaCTX-

M-1 (104 vs. 8), blaCTX-M-15 (2 vs. 61), blaCTX-M-14 (4 vs.10). Plasmids carrying blaCMY-2 and blaCTX-M-1 belonged 
mainly to IncI1 and IncB/O/K/Z groups. Only one strain f rom human had a similar IncB/O/K/Z blaCMY-2-contain-
ing plasmid as the one found in poultry (Fernandez et al. 2023). The presence of  dif ferent 3GC-R-Ec  harboring 
dif ferent bla genes in poultry and human indicates that spillover of  strains is not f requent. Presence of  similar 
plasmids in 3GC-R-Ec f rom poultry and humans is also not common. 
Genomic comparative analysis of CPE from companion animals and humans. A total of  157 CPE f rom 
humans (76 E. coli-OXA-181, 55 E. coli-OXA-48, 26 Enterobacter hormaechei-OXA-48) were obtained f rom 
NARA (2019-2021), sequenced, and compared to CPE f rom companion animals. The E. coli ST410-OXA-181 
f rom humans clustered into two branches of  the phylogenetic tree. The E. coli ST410-OXA-181 f rom animals 
also clustered into one of  the branches but clearly diverge f rom the human strains, except for one strain origi-
nating f rom a veterinarian. These results indicate that E. coli ST410-OXA-181 f rom companion animals are dif -
ferent f rom those causing infections in humans, and that exchange may occur between animal and people 
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working with them (Frey, 2023). OXA-48-producing E. hormaechei f rom animals belonged to ST114, ST418 
and ST78. Human E. hormaechei-OXA-48 belonged to diverse ST dif fering f rom the animal strains, except for 
two ST114. Core-gene SNP analysis conf irmed the clonality of  the animal ST114 and ST418 strains (0 to 10 
SNPs), and close relatedness of  animal and human ST114 strains (80-120 SNPs). The strains harbored the 
blaOXA-48 gene on a 63 kb IncL plasmid and carried also multidrug-resistance plasmids. The presence of  E. hor-
maechei-OXA-48 of  ST114 in both human and animals indicates that this lineage can establish and cause in-
fections in both settings (Donà et al, 2023). E. coli-OXA-48 f rom companion animals belonged to 10 dif ferent 
STs and those f rom human to 30 STs (Findlay et al. 2022). Only two E. coli-OXA-48 f rom humans belonged to 
the same ST (ST405, ST58) as E. coli-OXA-48 f rom animals but dif fered by cgMLST prof ile. The blaOXA-48-con-
taining plasmid of  the E. coli-OXA-48 f rom animals were highly similar to those detected in K. pneumoniae and 
E. hormaechei (Campos-Madueno et al. 2022; Donà et al, 2023). The E. coli-OXA-48 f rom animals also con-
tained additional multidrug-resistance plasmids. This analysis indicated a high diversity among E. coli-OXA-48 
with dif ferent strains in animals and humans, and the spread of  the plasmid-borne carbapenemase among each 
other, as well as among other Enterobacterales.  
Conclusions. A continuous One-health and WGS-based surveillance will contribute to identify emerging multi-
drug-resistant bacteria and their reservoirs and routes of  dissemination in animals, human and environment. 
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