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Since 2017, the World Health Organization has clas-
sified extended-spectrum β-lactamase (ESBL)–pro-

ducing Klebsiella pneumoniae as a critical public health 
priority (1). Healthcare settings are one known reser-
voir (2), but food might represent an underestimated 
and insufficiently investigated source (3–5). We inves-
tigated ESBL-producing Enterobacterales (ESBL-PE) 
in humans and the environment in Basel, Switzerland. 

The Study
We designed and conducted a prospective study dur-
ing June 2017–June 2019 to investigate the epidemiol-
ogy of ESBL-PE in Basel, Switzerland (6) (Appendix, 
https://wwwnc.cdc.gov/EID/article/31/10/25-
0253-App1.pdf). We collected monthly food and 

wastewater samples at predefined locations across 
Basel (7,8). The University Hospital Basel (USB) col-
lected patient samples during routine clinical care. 
Microsynth AG (Balgach, Switzerland; https://www.
microsynth.com) performed whole-genome sequenc-
ing of ESBL-PE isolates from clinical and food sam-
ples by using NextSeq 500 or 550 platforms (Illumina, 
https://www.illumina.com) on 150-bp paired-end 
reads, according to the manufacturer’s protocols (Ap-
pendix). We used core-genome multilocus sequence 
typing (cgMLST) to determine genetic relatedness 
among sequences. We used the MinION Mk1B or 
GridION sequencer and R.10.4.1 flow cells (all Oxford 
Nanopore Technologies, https://nanoporetech.com) 
to conduct nanopore sequencing on selected isolates 
from genetically related clusters (Appendix). 

We screened genomes from ESBL-PE isolates for 
antimicrobial resistance and plasmid genes. We con-
ducted genomic comparisons against comprehensive 
international databases. 

During the 13-month study period, 12 of 947 food 
isolates tested positive for K. pneumoniae and had ESBL 
subsequently confirmed through phenotyping. The 
first clinical ESBL-producing K. pneumoniae sequence 
type (ST) 14 isolate (P0745) was recovered in May 2018 
from a urine sample collected from a female outpatient 
(patient A) in her 70s treated in the USB emergency 
department for abdominal pain and general weakness 
(Figure 1). She had a history of recurrent urinary tract 
infections. At that emergency department visit, cath-
eter-associated urinary tract infection was diagnosed 
and treated with ertapenem for 14 days after ESBL-
producing K. pneumoniae was confirmed (Appendix).
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We describe a cluster of genetically related extended-
spectrum β-lactamase–producing Klebsiella pneu-
moniae sequence type 14 recovered from human clini-
cal samples and an alfalfa-cress sample collected by 
systematic food sampling in Basel, Switzerland. Our 
findings suggest food could represent a reservoir con-
tributing to spread of extended-spectrum β-lactamase–
producing Enterobacterales.
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Another clinical ESBL-producing K. pneumoniae 
ST14 isolate (P1134) was collected in January 2019 
from a urine sample of another female patient (patient 
B) in her 70s admitted to USB for a cardiac disorder 
(Figure 1). Isolate P1134 was detected on day 6 of hos-
pitalization and assessed as colonization. We investi-
gated possible direct or indirect contact between the 2 
patients but found no epidemiologic link (Appendix).

Phylogenetic analysis revealed an ESBL-produc-
ing K. pneumoniae ST14 isolate from 1 food sample 
that clustered with samples from the 2 patients. The 
food isolate (F0067) was recovered from 1 alfalfa cress 
sample organically produced in Switzerland and pur-
chased from a Basel supermarket on August 3, 2018 
(Figure 1). We identified 2 additional ESBL-producing 
K. pneumoniae isolates from samples collected from 
the same supermarket, 1 from mung beans purchased 
on November 9, 2018, and 1 from alfalfa cress pur-
chased on February 8, 2019. All food samples were 
produced and packaged on the same farm in Swit-
zerland. The 2 additional food isolates belonged to 
unrelated STs (the mung bean isolate was ST1310 and 
the second alfalfa cress isolate was ST2670), exhibit-
ed >1,990 allelic differences from F0067, and carried  

different combinations of ESBL genes and plasmid 
replicons (Appendix).

Genome comparison of isolates P0745, P1134, 
and F0067 revealed 6 cgMLST allelic differences 
and 12 single-nucleotide polymorphisms (SNPs) 
between F0067 and the clinical isolate of patient A 
(P0745). We also detected 3 cgMLST allelic differ-
ences and 7 SNPs difference between F0067 and the 
isolate from patient B (P1134). SNPs were scattered 
along the chromosomes, but none were in plasmids 
(Appendix Table 1).

cgMLST comparison of 967 global publicly avail-
able K. pneumoniae ST14 genomes and 14 isolates 
from our collection (including the clustered isolates) 
revealed 2 additional clinical isolates grouped within 
our cluster. Those isolates, collected in 2019 and 2020 
at Jena University Hospital (Jena, Germany), showed 
4–9 allelic differences from the isolates from Switzer-
land (Appendix Figure 2, panel A). The cluster re-
ported in this study differed from other K. pneumoniae 
ST14 genomes by >58 alleles, and other isolates from 
Switzerland were dispersed across the minimum 
spanning tree, clustering with isolates from different  
countries and continents (Figure 2, panel A). The 

Figure 1. Timeline showing history of isolate collection in detection of ESBL-producing Klebsiella pneumoniae in human and food 
samples, Switzerland, 2018–2019. Bold font indicates isolates in the Basel cluster. Clinical ESBL-producing K. pneumoniae sequence 
type 14 isolates were collected from patient A (isolate no. P0745) in May 2018 and from patient B (isolate no. P1134) in January 2019. 
Both patients were treated at the University Hospital Basel (Basel, Switzerland) but at different times and in different clinics (Appendix, 
https://wwwnc.cdc.gov/EID/article/31/10/25-0253-App1.pdf). Isolates P1134 and P0745 formed a mixed-cluster of ESBL-producing K. 
pneumoniae isolates with food isolate (F0067), which was collected from alfalfa cress in August 2018. Months with overlapping visits or 
stays between both patients are depicted in red, and reference numbers of different clinics are provided to assess spatial proximity. ED, 
emergency department; ESBL, extended-spectrum β-lactamase.
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clustered isolates, including those from Germany, 
belonged to the same major lineage, indicating close 
phylogenetic relatedness (Appendix). Differences oc-
curred only at the most specific level (10th node), sug-
gesting minimal divergence within a clonal cluster.

The minimum mean average nucleotide identity 
among the 3 genomes from Basel was 99.99% (Ap-
pendix Figure 2, panel B). All isolates carried the KL2 
capsule locus and the O1v2 locus, but we detected 
no additional known virulence genes. However, we 
detected a variant of the ESBL gene blaSHV-106, along 
with oqxA, oqxB, and fosA6, in those chromosomes 
(Appendix Table 2). The 3 isolates from Basel also 
shared a 120,635-bp ESBL plasmid of the IncFIA 
replicon type (Figure 2, panel B; Appendix Table 3), 
containing the ESBL gene blaCTX-M-15, and additional 
resistance genes for β-lactams (blaTEM-1B), sulfon-
amides (sul2), trimethoprim (dfrA14), aminoglyco-
sides (aph(6)-Id, aph(3′′)-Ib), quinolones (qnrB1), and 
tetracycline (tetA) (Appendix Table 4). In addition, 

they shared a 193-kbp putative conjugative heavy 
metal resistance plasmid harboring genes for resis-
tance to copper, arsenic, and silver (Appendix Table 
3, Appendix Figure 3). We sequenced 1 additional K. 
pneumoniae ST14 isolate from patient B that shared 
most of those resistance genes and plasmid repli-
cons, suggesting existence of a similar ESBL plasmid 
(Appendix Figure 1).

International comparison revealed plasmids 
from Basel had closest similarity (0.995 Mash identity 
[https://github.com/marbl/mash]) with a 130-kbp 
ESBL plasmid from a K. pneumoniae ST4 isolate col-
lected in 2019 from wastewater in Japan (9) (Figure 
2, panel B). That plasmid showed high synteny and 
included all antimicrobial resistance genes detected 
in the plasmids of the isolates from Switzerland and 
Germany (Appendix Table 4, Figure 4). However, the 
metal-resistant plasmid found in the isolates from 
Switzerland was absent from the isolates from Japan 
and Germany.

Figure 2. Phylogeny and related plasmids detected in ESBL-producing Klebsiella pneumoniae in human and food samples, Switzerland, 
2018–2019. A) MST of 972 Klebsiella pneumoniae sequence type 14 international samples based on core-genome multilocus sequence 
typing (cgMLST) profiles (K. pneumoniae sensu lato cgMLST version 1.0 in SeqSphere+ version 9.0.0 [Ridom, https://www.ridom.
de]). Inset image shows detail the mixed MST cluster 22. Color-filled circles denote the different geographic origin. Isolates of the same 
cluster (<15 allelic differences) are surrounded by a colored shadow. Numbers in connecting lines represent allelic distance values. B) 
Circular BLAST Ring Image Generator (BRIG, https://github.com/happykhan/BRIG) comparison of the ESBL plasmids from isolates 
in this study. Plasmid pWP2-W18-ESBL-06_2 (accession no. NZ_AP021931; blue ring) was identified as the closest hit in the PLSOB 
database version 2023_11_03_v2 (Universität des Saarlands, https://ccb-microbe.cs.uni-saarland.de/plsdb2025). Plasmid of the food 
isolate (F0067) ESBL-producing K. pneumoniae shown in green. Patient A isolate (P0745) shown in pink ring; patient B isolate (P1134) 
shown in orange ring. Brown-gray rings show short-read assembly from isolates GCA_21938715 and GCA_021820535 from the 
University Hospital Jena, Jena, Germany. Color intensity of concentric rings represents percent identity to the reference plasmid, pWP2-
W18-ESBL-06_2. GC content and plasmid length are displayed as inner rings. Outer rings show antimicrobial resistance genes (red 
font), replicons (black font), and IS and Tn (blue font) sequences.ESBL, extended-spectrum β-lactamase; IS, insertion sequence; MST, 
minimum spanning tree; Tn, transposon.
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Conclusions
We describe a cluster of closely related ESBL-produc-
ing K. pneumoniae ST14 isolates from human clinical 
samples collected at 2 hospitals in Europe and an al-
falfa cress sample collected during systematic food 
sampling. Although we could not confirm a direct link 
between the patients and the food source, the close 
genetic relatedness and the geographic proximity and 
sampling dates suggest a recent common ancestor. 
Those findings highlight that food could be a poten-
tial reservoir in the spread of ESBL-PE. The national 
antimicrobial resistance surveillance system in Swit-
zerland indicated stable resistance trends in E. coli and 
K. pneumoniae over the past decade (https://www.an-
resis.ch/antibiotic-resistance/resistance-data-human-
medicine), supporting the relevance of our findings 
despite the time lapse after sample collection.

ESBL-producing K. pneumoniae clonal group 14, 
particularly CTX-M-15 producers, have caused hu-
man outbreaks globally (10,11) and have been detect-
ed in various fruits and vegetables (3), wastewater 
treatment plants, and rivers (12). The broad ecologi-
cal range demonstrates that clonal group’s adapt-
ability and its potential to disseminate antimicrobial 
resistance genes among isolates from food, environ-
mental, and human sources. The close relatedness 
of strains and plasmids from our study to others 
identified globally further supports that potential. 
The detection of a similar ESBL plasmid in a waste-
water K. pneumoniae ST4 isolate from Japan suggests 
environmental dissemination among diverse genetic 
lineages. In addition, a plasmid with metal tolerance 
and resistance genes might enable those bacteria to 
persist in harsh environmental conditions. That case, 
combined with an ESBL-producing K. pneumoniae 
food–human cluster we reported previously (13), 
adds to the limited evidence that food might be an 
overlooked and underestimated source of clinically 
relevant ESBL-producing K. pneumoniae clones (4).

In conclusion, this study highlights the value of 
investigating foodborne transmission routes to con-
trol the spread of clinically relevant antimicrobial-
resistant bacterial strains. Stricter hygiene practices 
might be required throughout the food production, 
handling, and consumption cycle to prevent further 
dissemination of ESBL-PE to the general population. 

High-resolution images may be requested directly from 
the authors.
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