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Abstract: Klebsiella (K.) pneumoniae is a major pathogen in human and veterinary medicine, known
for its high resistance rates. Comprehensive resistance data are essential to combat global antibi-
otic resistance. This study aims to (a) document the prevalence of resistant K. pneumoniae and
(b) assess the utility of routine laboratory data for passive monitoring. We analyzed a dataset of
175,171 samples from diseased dogs and cats in Germany collected between 2019 and 2021, identi-
fying 1185 K. pneumoniae isolates with measurable minimum inhibitory concentration values. We
evaluated resistance rates to a third-generation cephalosporin (cefovecin) (16.3%), chloramphenicol
(16.1%), doxycycline (13.9%), enrofloxacin (8.9%), gentamicin (6.0%), nitrofurantoin (24.8%), and
sulfamethoxazole-trimethoprim (15.0%). Notably, feline K. pneumoniae isolates from the urinary tract
showed a high cefovecin resistance rate of 70.0%. Comparing our findings with third-generation
cephalosporin-resistant human isolates from the Antimicrobial Resistance Surveillance database
(ARS) maintained by the Robert Koch Institute revealed a lower resistance rate (7.7%). This study
presents Germany’s most comprehensive dataset on K. pneumoniae resistance in companion animals
over a three-year period. These findings can strengthen national resistance monitoring efforts and
enhance data interpretation through substantial datasets.

Keywords: third-generation cephalosporin-resistant Klebsiella pneumoniae; companion animals;
Germany; routine laboratory data; antimicrobial resistance; OneHealth

1. Introduction

The emergence of antibiotic-resistant pathogens poses a significant threat to public
health. Third-generation cephalosporin-resistant (3GCR) Klebsiella (K.) pneumoniae is, to-
gether with 3GCR Escherichia (E.) coli and methicillin-resistant Staphylococcus aureus, a major
contributor to the highest health impact and the largest burden of disease of all pathogens
tested by the ECDC in Europe in the years 2016–2020 [1]. The seriousness of the situation
is underlined by the latest ECDC 2022 report, which shows that at least one third of K.
pneumoniae isolates are resistant to 3GC [1].

The concerning trend in antibiotic resistance is a result of bacterial evolutionary adap-
tation to the presence of antibiotics, with accelerated development when these medications
are used incorrectly or too frequently [2,3]. Recognizing the severity of this issue, the
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World Health Organization (WHO) launched a global action plan in 2015 to address the
threat of antibiotic resistance [4]. Since then, a comprehensive framework of regulations
and laws has been created both at the European Union level and in Germany to monitor
the use of antibiotics and the occurrence of resistances [5–8]. GERM-Vet, as a national
resistance monitoring program, systematically collects data on bacterial resistance in both
food-producing and companion animals across Germany [9].

K. pneumoniae is an opportunistic pathogen that carries several virulence factors,
including pili, capsules, and lipopolysaccharide and iron carriers. Its ability to form
biofilms, combined with an assortment of resistance genes, empowers it with resilience
against aminoglycosides, quinolones, polymyxins, and ß-lactams [10]. Due to the large
number of chromosomal and plasmid-encoded antibiotic resistance genes, K. pneumoniae
frequently exhibits multidrug resistance (MDR) [11]. As a highly pathogenic bacterium in
companion animals, it frequently causes infections in the urogenital tract, but it can also
affect the digestive, respiratory, and reproductive systems. Additionally, K. pneumoniae
is able to cause otitis, abscesses, hepatitis, pyodermatitis, sepsis, and conjunctivitis. This
bacterium has the potential to infect nearly every organ or tissue in companion animals [12].

In human medicine, K. pneumoniae is often divided into classical K. pneumoniae (cKp)
and hypervirulent K. pneumoniae (hvKp). While classical K. pneumoniae is known to cause
pneumonia, urogenital infections, and bacteremia in immunocompromised patients who
are often hospitalized, hypervirulent K. pneumoniae variants can cause disease in healthy
individuals. They can cause suppurative liver abscesses and are capable of infecting distant
tissues such as the eye, lung, central nervous system, and others [13].

This study is the second part of our work on 3GCR Enterobacterales and aimed to
investigate the usability of routine laboratory data for passive monitoring. The 3GC
resistance proportions in K. pneumoniae are often higher than in E. coli, making monitoring
of K. pneumoniae susceptibility of major importance [14]. Our aim was to document and
visualize the resistance proportions in K. pneumoniae isolates from dogs and cats in Germany.
These findings could provide valuable support for active monitoring, such as the national
animal pathogen resistance monitoring GERM-Vet.

2. Materials and Methods
2.1. Samples and Sample Processing

Between 2019 and 2021, Laboklin, an accredited veterinary diagnostic laboratory,
supplied data on 175,171 clinical samples from dogs and cats, including wound and skin
swabs, respiratory and genital tract swabs or lavages, as well as blood and urine. The
samples were collected from animals presented in veterinary medical facilities (n = 3491)
across Germany, constituting 33.1% of practices and clinics [15]. Further data (e.g., on
sampling time or antimicrobial pre-treatment) was not available to us.

2.2. Bacterial Isolation and Identification

Bacterial culture with a 3-phase streaking pattern on Columbia agar with 5% sheep
blood and BD Endo agar was carried out. Furthermore, an enrichment culture of the swab
in tryptic soy broth (Becton Dickinson GmbH, Heidelberg, Germany) was executed. The
cultures were incubated for 24 h under aerobic conditions at 36 ◦C. Following incubation,
the enrichment culture was streaked on Columbia agar with 5% sheep blood and Endo agar
and incubated under the same conditions. Subsequently, it was then determined whether
bacterial growth had occurred after enrichment. Additionally, separate pure cultures were
prepared on blood and endo-agar plates [16].

The bacterial strains were identified by observing their growth morphology by bio-
chemical reactions such as oxidase (MAST Diagnostica GmbH, Reinfeld, Germany) and
Matrix-assisted Laser Desorption Ionization Time of Flight Mass Spectrometry (MALDI-
TOFMS) from Bruker Corporation, Bremen, Germany [16].
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2.3. Antimicrobial Susceptibility Testing

The antimicrobial susceptibility testing (AST) results were evaluated using the CLSI
(Clinical and Laboratory Standards Institute, Berwyn, PA, USA) documents Vet01S ED6 and
M100 ED33 [17,18]. They were categorized as sensitive (S), intermediate (I), and resistant (R).
Laboklin uses panels customized to its requirements for Gram-negative pathogens. Broth
microdilution testing, carried out by the Micronaut system from MERLIN Gesellschaft für
mikrobiologische Diagnostik mbH, Bornheim-Hersel, Germany, was used for AST [16].

2.4. Preparation for Statistical Analysis

Our evaluation encompassed a subset of antimicrobial substances chosen based on
their relevance to therapy in both small animal and human medicine. The included
antimicrobials were categorized as follows: beta-lactams (cefovecin, FOV S ≤ 2; R ≥ 8),
aminoglycosides (gentamicin, GEN S ≤ 2; R ≥ 8), fluoroquinolones (enrofloxacin, ENR
S ≤ 0.5; R ≥ 4), tetracyclines (doxycycline, DOX S ≤ 4; R ≥ 16), phenicols (chloramphenicol,
CHL S ≤8; R ≥ 32), folate pathway inhibitors (sulfamethoxazole + trimethoprim, SXT
S ≤ 2/38; R ≥ 4/76), and nitrofurans (nitrofurantoin, NIT S ≤ 32; R ≥ 128).

All samples were classified into one of six organ system categories. Those associated
with wounds, musculoskeletal systems, and surgical samples were collectively grouped
under the term “wound”. The category “skin/soft tissue” (SST) included samples related to
skin, soft tissue, and secondary reproductive organs such as the mammary gland. “Other”
comprised samples associated with other organ systems and the gastrointestinal tract.
Additionally, distinct categories were established for “urogenital tract infections” (UTI),
“respiratory tract”, and “reproductive tract”.

2.5. Statistical Analyses

Statistical analysis was carried out using R version 4.2.2 from the R Foundation Vi-
enna [19] and the AMR package [20]. Our presentation features resistance proportions
alongside their corresponding 95% Wilson confidence intervals (95% CI). These proportions
and intervals are determined for various subgroups, such as species and species/sample type.
Temporal trends in cefovecin resistance were assessed using the Cochrane–Armitage test.

3. Results

In total, there were 175,171 samples collected, with 122,831 originating from dogs
and 52,340 from cats. The dataset contained a total of 1234 K. pneumoniae samples, of
which 1074 were from dogs and 160 were from cats. Pure K. pneumoniae cultures ac-
counted for 459 (37.2%) of our 1234 samples. The remaining 775 samples (62.8%) were
from mixed cultures with two or more bacterial species. In the mixed canine samples, in
addition to K. pneumoniae, Staphylococcus pseudintermedius was detected in 220 samples,
ß-hemolytic Streptococcus sp. in 117 samples, Pseudomonas aeruginosa in 99 samples, Proteus
mirabilis in 66 samples, Escherichia coli in 58 samples, aerobic spore formers in 52 samples, in
48 samples Enterococcus sp., in 47 samples alpha-hemolytic Streptococcus sp., in 46 samples
hemolytic Escherichia coli, in 29 samples methicillin-resistant Staphyloccus pseudintermedius,
and in 21 samples Pasteurella sp. Other pathogens such as Staphylococcus aureus, Pantoea
agglomerans, or Streptococcus canis were also found, but with less than 10 samples each.

In the feline samples, in addition to K. pneumoniae, Staphylococcus felis was isolated in
20 samples, Pasteurella multocida in 16 samples, Enterococcus sp. in 13 samples, Staphylococcus
aureus in 8 samples, ß-hemolytic Streptococcus sp. in 8 samples, hemolytic Escherichia coli in
6 samples, Proteus mirabilis in 6 samples, and Staphylococcus pseudintermedius in 6 further
samples. Other pathogens, such as Pseudomonas aeruginosa, Acinetobacter baumannii, and
others, were also found, but in no more than five samples each.

In 110 (10.2%) of the canine samples, K. pneumoniae could only be isolated after
enrichment. Of these 110 canine samples, the following were isolated before enrichment:
Staphylococcus pseudintermedius in 37 samples, Pseudomonas aeruginosa in 12 samples, aerobic
spore formers in 10 samples, hemolytic Escherichia coli in 10 samples, Pasteurella sp. in
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9 samples, and ß-hemolytic Streptococcus sp. in 9 further samples. Several other bacterial
species were isolated, but in fewer samples. In 20 canine samples, no other bacteria than
K. pneumoniae after enrichment could be isolated. In feline samples, K. pneumoniae was
detected in 34 cases (21.3%) only after enrichment. Staphylococcus felis (n = 7), Pasteurella
multocida (n = 6), and Escherichia coli (n = 5) were isolated from the feline samples prior to
enrichment. Other bacterial species were also present here, but in smaller numbers. In four
feline samples, no other bacteria than K. pneumoniae after enrichment could be isolated.

Among the canine samples, 1027 K. pneumoniae isolates underwent antimicrobial
susceptibility testing, allowing for assessable MICs. Similarly, 158 feline K. pneumoniae
isolates were subjected to the same analysis. The results presented in Table 1 refer to K.
pneumoniae isolates with evaluable MIC.

Table 1. Distribution of canine and feline K. pneumoniae isolates, including yearly (2019–2021) and
organ-specific isolates.

Overall Dog Cat

Samples (%) 175,171 (100.0) 122,831 (70.1) 52,340 (29.9)

K. pneumoniae isolates with assessable MIC (%) 1185 (100.0) 1027 (86.7) 158 (13.3)

Year (%)

• 2019 476 (40.2) 418 (40.7) 58 (36.7)

• 2020 342 (28.9) 296 (28.8) 46 (29.1)

• 2020 367 (30.9) 313 (30.5) 54 (34.2)

Sample Type (%)

• wound 136 (11.5) 113 (11.0) 23 (14.6)

• reproductive tract 63 (5.3) 63 (6.1) 0 (0.0)

• respiratory tract 257 (21.7) 219 (21.3) 38 (24.1)

• skin/soft tissue 294 (24.8) 247 (24.1) 47 (29.7)

• UTI 88 (7.4) 78 (7.6) 10 (6.3)

• other 347 (29.3) 307 (29.9) 40 (25.3)

K. pneumoniae was isolated in 0.9% of all wound samples, totaling 16,111 samples. Of
the total of 21,398 respiratory tract samples, 1.2% contained K. pneumoniae. In skin and
soft tissue samples, which amounted to 67,293, K. pneumoniae was found in 0.4%. Among
the 11,479 UTI samples, 0.8% were K. pneumoniae isolates. For reproductive tract samples
(9428), 0.7% contained K. pneumoniae. Finally, in all other types of samples, totaling 49,463,
K. pneumoniae was isolated in 0.7%.

Forty-nine K. pneumoniae isolates had to be excluded because they did not obtain MIC
values.

In Figure 1, we conducted a comparison of cefovecin resistance proportions between
feline (n = 158) and canine (n = 1027) K. pneumoniae isolates. Interestingly, in 2019, the
prevalence of cefovecin resistance in isolates from cats (36%) was more than twice as
high as in isolates from dogs (14%). Subsequently, there was a remarkable decline in
cefovecin-resistant isolates obtained from cats, with proportions dropping to 26% in 2020
and further to 16% in 2021, approaching the resistance level observed in isolates obtained
from dogs. Meanwhile, the resistance proportion among canine K. pneumoniae isolates
remained relatively stable, experiencing a slight increase to 17% in 2020 before decreasing
again to 15% in 2021.
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Figure 2 displays the cefovecin resistance proportions in K. pneumoniae isolates ob-
tained from dogs and cats categorized by organ system. Among canine isolates, resistance
proportions varied from 0% to 25%. The highest resistance was observed in wound isolates
at 25%. Interestingly, none of the reproductive tract isolates showed resistance to cefovecin.
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Figure 2. Organ-specific proportion of cefovecin resistance among K. pneumoniae isolated from dogs
and cats’ samples, including 95% confidence intervals.

Feline urinary tract infection isolates showed a resistance proportion of 70%; however,
it is important to note the relatively small number of isolates that leads to a large 95%
CI. K. pneumoniae isolated from wound swabs, skin/soft tissues, and the respiratory tract
displayed approximately 25% resistance. Notably, no Klebsiella isolates were identified from
the reproductive tract.

The resistance proportions of K. pneumoniae isolates to various antimicrobial agents
(CHL, DOX, ENR, GEN, NIT, and SXT) are presented in Figure 3. Initially, all K. pneumoniae
isolates were analyzed, followed by subgroups of 3GC-sensitive K. pneumoniae isolates and
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3GC-resistant K. pneumoniae isolates. The highest resistance proportions were observed
among the 3GCR K. pneumoniae isolates. Notably, the highest resistance proportion was
recorded against NIT (60%), while the lowest resistance proportions were observed for
ENR and GEN (below 30%). Resistance proportions exceeding 30% were noted for all other
antibiotic agents.
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Figure 3. Antimicrobial susceptibility patterns in 1185 K. pneumoniae isolates in dogs and cats. This
figure includes resistance against chloramphenicol (CHL), doxycycline (DOX), enrofloxacin (ENR),
gentamicin (GEN), nitrofurantoin (NIT), and sulfamethoxazole/trimethoprim (SXT) over 3 years
(2019–2021).

With regard to 3GC-sensitive K. pneumoniae, the isolates showed resistance proportions
of less than 20% to all antimicrobial substances.

Figure 4 presents a comparative analysis between data sourced from the Antimicrobial
Resistance Surveillance (ARS) database and our own dataset. Specifically, it contrasts the
resistance proportions of K. pneumoniae isolates from human medicine to ceftazidime with
the resistance proportions of our K. pneumoniae isolates to cefovecin. While the resistance
proportion in K. pneumoniae isolated from companion animals was 15.8% in 2019, then rose
slightly to 18.1% before falling again to 15.3%, the ARS showed a downward trend over the
three years (2019—8.3%; 2020—7.6%; 2021—7.2%) [21].
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Figure 4. Comparison of resistance proportion in K. pneumoniae regarding ceftazidime (ARS RKI) and
cefovecin from our veterinary data.

4. Discussion

This study was conducted to gain comprehensive insight into the phenotypic resistance
properties of K. pneumoniae in companion animals within Germany, providing a significant
amount of data in this field.

Since cefovecin is the only third-generation cephalosporin (3GC) approved for use in
dogs and cats in Germany in our study, we have chosen to focus on this cephalosporin. Sev-
eral studies have demonstrated that the various 3GC typically involve the same resistance
mechanisms, predominantly ESBL and AmpC beta-lactamases [11,22,23], so that cefovecin
can be regarded as a representative for general 3GC.

K. pneumoniae isolated from feline samples exhibited a notably high resistance propor-
tion in 2019, followed by a substantial decline over the subsequent two years (2019—36.0%;
2020—26.0%; 2021—16.0%). This significant reduction in resistance proportions during the
period 2019–2021 may be linked to the TÄHAV amendment in 2018 [24]. This legislative
update introduced stringent restrictions regarding antimicrobial susceptibility testing for
third- and fourth-generation cephalosporins, as well as for fluoroquinolones.

Supporting this hypothesis, Moerer et al. conducted a survey revealing a notable shift
in antibiotic usage practices. Participants expressed intentions to adopt a more prudent
approach towards antibiotics, emphasizing increased antimicrobial susceptibility testing
and reduced reliance on the highest priority critically important antimicrobials [24]. An
influence of the COVID-19 pandemic on resistance proportions is also possible. Quarantine
regulations, changes in veterinary practice structures, and the increase in telemedicine
could have resulted in fewer patients and therefore also fewer antibiotic prescriptions and
antimicrobial susceptibility testing. Conversely, the surge in pet ownership during the pan-
demic might have increased the number of veterinary patients, potentially leading to more
antibiotic prescriptions and antimicrobial susceptibility testing in veterinary practices [25].

The resistance levels among canine K. pneumoniae isolates displayed a consistent trend
with a marginal increase to 17% in 2020, followed by a slight decline to 15% in 2021. One
factor contributing to the higher resistance proportions observed in isolates from cats
compared to isolates from dogs may be due to the more frequent use of cefovecin in
cats [26].

According to Araújo et al., resistance proportions to 3GCs (cefoperazone, cefotaxime,
and cefpodoxime) in isolates from clinically ill cats and dogs (n = 255) in Portugal ranged
from 38 to 60% over the study period from 2020 to 2022 [22]. This finding aligns with the ce-
fovecin resistance observed in our feline isolates in 2019 but demonstrates a notably higher
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resistance compared to the remaining data in our study. Furthermore, their investigation
identified ESBL resistance genes (blaTEM, blaSHV, and blaCTX-M), with alarming 50% of
the Klebsiella isolates demonstrating multidrug resistance [22].

Similarly, a study from South Korea reported elevated resistance proportions exceeding
50% for 3GCs (cefpodoxime, ceftriaxone, cefotaxime, and ceftazidime) also in isolates
acquired from clinically ill dogs and cats (n = 366) [27]. A Japanese study conducted
between 2003 and 2015, involving 103 Klebsiella spp. isolates from clinical cases in dogs
and cats, reported a 3GC (cefotaxime, CTX) resistance proportion of 34% [23]. All studies
adhered to CLSI guidelines for MIC evaluation and included samples from various organ
systems. Notably, information on pretreatment was generally absent, except in Lee et al.,
where subjects received no antibiotic pretreatment. The higher resistance proportions
observed in these studies may be attributable to various factors, including different practices
regarding antibiotic use, the response of public infrastructure to increased resistance rates,
local legislation, and other regional specifics [28].

Concerning the different organ systems, among canine K. pneumoniae isolates, resis-
tance proportions ranged from 0% to 25%, while none of the isolates from the reproductive
tract showed any resistance to cefovecin. Approximately 25% of feline K. pneumoniae iso-
lates from wound swabs, skin/soft tissues, and the respiratory tract were resistant against
cefovecin, while K. pneumoniae isolates from urinary tract infections showed a significant re-
sistance proportion of 70%, partly aligning with Marques et al., who found a 60% cefovecin
resistance proportion in companion animal isolates (n = 25) from urinary tract infections in
both humans and animals [29]. ESBL blaCTX-M-15 was most frequently detected in over
80% of the isolates. The most common genotype was blaTEM/blaOXA-1/blaCTX-M-15
(56.2%). In addition, 80% of companion animal K. pneumoniae were multidrug resistant
(MDR) and resistant to more than five antimicrobials [29]. Another study from Spain
unveiled notably high resistance proportions in K. pneumoniae isolates from urinary tract
infections from dogs (n = 3270) and cats (n = 1673) [30]. A total of 70 K. pneumoniae isolates
from dogs and 20 from cats were identified. The canine and feline cefovecin resistance
proportion was 40% and 70%, respectively, which also corresponds to our results. These
studies indicate that feline K. pneumoniae isolates from the urinary tract are particularly
resistant to 3GC.

Furthermore, we compared the resistance proportions against CHL, DOX, ENR, GEN,
NIT, and SXT in all K. pneumoniae isolates with subgroups of cefovecin-sensitive K. pneu-
moniae isolates and cefovecin-resistant K. pneumoniae isolates. As expected, the resistance
proportions among the 3GCR K. pneumoniae isolates were substantially higher than in 3GC
susceptible isolates. This is consistent with our findings on 3GC E. coli (not yet published)
and methicillin-resistant Staphylococcus aureus (MRSA) in the same dataset [31]. This seems
to be due to the fact that different resistance genes are encoded on the same plasmids.
For example, not only resistance genes that mediate 3GCR are transmitted, but also those
against fluoroquinolones, aminoglycosides, tetracyclines, and others [32].

Harada et al. conducted an analysis on 103 isolates of Klebsiella spp. (89 K. pneumoniae)
obtained from animal clinics in Japan [23]. They performed antimicrobial susceptibility
testing, yielding the following results: CTX 34.0%, ENR 37.9%, GEN 31.1%, CHL 28.2%, and
SXT 35.0%. When comparing these results to our evaluation of all K. pneumoniae isolates,
the resistance proportions were significantly higher than in our data. The most frequently
detected ESBL was blaCTX-M-15, followed by blaCTX-M-14 and blaCTX-M-55 [23]. A
Chinese study examining K. pneumoniae (n = 35) from clinically diseased dogs and cats
reported even higher resistance proportions, with 62.9% for cefotaxime (3GC), 60.0% for
enrofloxacin (ENR), 62.9% for gentamicin (GEN), 65.7% for doxycycline (DOX), and 77.1%
for trimethoprim-sulfamethoxazole (SXT) [33]. In this case, the reasons for higher levels
of resistance appear to be multicausal too. There are links to antibiotic use, regulatory
requirements, or regional differences [28].

The French active monitoring (Resapath resistance report from Anses) showed a 30%
resistance proportion to 3GC (ceftiofur) in isolates from dogs [14]. Unfortunately, the
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current GERM-Vet resistance report—an active monitoring program conducted in Germany
by the Federal Institute for Consumer Protection and Food Safety—does not include data
on K. pneumoniae from dogs and cats [9].

The K. pneumoniae resistance proportions in the ARS of 7.7% from human medicine to
ceftazidime, which includes outpatient data, are in contrast with the resistance proportion
of 16.4% of our isolates to cefovecin [21]. The K. pneumoniae isolates in both datasets
showed a slight downward trend over the course of 2019–2021. The resistance data in
the ARS originate from participating routine laboratories. They come from all regions of
Germany and, like our samples, are from different material groups. Depending on the
participating laboratory, they have been evaluated according to CLSI or EUCAST, which
has to be considered in this context.

Our data did not include information on genetic analysis or virulence testing, and we
did not receive information whether antibiotic pre-treatment had occurred. Furthermore,
in samples that contained more bacterial species than K. pneumoniae, it remains unclear
whether K. pneumoniae is the causative pathogen of the disease. Nevertheless, we believe
that the publication of these data is valid as it is the largest dataset on K. pneumoniae in
dogs and cats in Germany to date and provides valuable information on its resistance
proportions. As one of the ESKAPE pathogens—an acronym comprising six highly virulent
and antibiotic-resistant bacterial pathogens—K. pneumoniae is also of great importance
in human medicine, and the transfer of resistance genes from animals to humans and
vice versa cannot be excluded [29,34–38]. This makes it a critical issue in the context of
One Health. Thus, with these data, we aim to provide a comprehensive overview of the
current resistance situation in K. pneumoniae and encourage the use of data from commercial
laboratories alongside national monitoring approaches. Furthermore, by strengthening our
monitoring efforts and data sharing, we can better address the evolving challenges posed
by antibiotic-resistant pathogens.

5. Conclusions

Antimicrobial resistance is a major threat to our society, and K. pneumoniae plays an
important role in both human and veterinary medicine. Its resilience and ability to cause
severe and even fatal infections in humans and animals make it one of the most dangerous
bacterial pathogens. We have shown that K. pneumoniae can exhibit high rates of resistance
to common antimicrobial agents. Routine laboratory data are an ideal source of such data
for passive monitoring as they provide large amounts of data and are cost-effective. They
can therefore greatly support active surveillance approaches such as the German monitor-
ing system GERM-Vet, although these active surveillance initiatives remain essential as
they include both phenotypic and genotypic identification of resistance. However, their
disadvantage is the often small amount of data. By integrating passive surveillance, we can
continuously collect and analyze data from clinical samples and gain real-time insights into
emerging resistance trends. This method also allows for broader geographical coverage
and the inclusion of a larger number of isolates, increasing the representativeness of the
data. Our strategy therefore aims to close this knowledge gap by using passive monitoring
to provide important resistance data.
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