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Background

Foodborne infections are common worldwide and in Swit-
zerland. They can be caused by different pathogens includ-
ing viruses, bacteria and parasites. The most important
bacterial pathogens causing foodborne infection include
Campylobacter spp. and Salmonella spp., that can progress,
in rare cases, to serious complications such as sepsis. In
Switzerland, around 7,000 8,000 infections with Campy-
lobacter spp. and 1,200 1,500 infections with Salmonella
spp. are reported annually. The number of non-reported
cases is likely higher. Over the years, both pathogens have
become increasingly resistant to antibiotics. [1] [2]

While most intestinal bacterial infections are self-limiting,
severe cases may require antimicrobial therapy. The in-
crease in antimicrobial resistance (AMR) may complicate
diagnostics and treatment, emphasising the need for sur-
veillance and antibiotic stewardship. Identifying sources of
infection is crucial. The One Health approach focuses on
the link between human, animal and environmental health
and is crucial in ghting AMR in foodborne infections. [3]

The Swiss ANRESIS platform offers detailed data on AMR,
providing a scienti ¢ data basis for the discussion and de-
velopment of public health strategies. In this study, we
aim to analyse the time trends of AMR in Campylobacter
spp. and Salmonella spp. infections from human samples
in Switzerland.
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Methods

Study design. For this retrospective analysis, AMR data
for Campylobacter spp. and Salmonella spp. from January
2007 to December 2022 were extracted from the ANRE-
SIS database. ANRESIS continuously collects routine re-
sistance data from human medical microbiology laborato-
ries all over Switzerland, and covered 90% of all hospital
days in 2022. The samples were classi ed into sterile (e.qg.
blood, cerebrospinal uid) or non-sterile sites (e.g. stool,
skin). We determined the percentage of AMR in Campy-
lobacter jejuni and C. coli as well as typhoid and non-ty-
phoidal Salmonella spp. Resistance tests were performed
at laboratories according to established local practices.
During the study period, most laboratories changed from
CSLI to EUCAST-based interpretation. We performed de-
scriptive statistical analyses. No primary hypotheses were
tested. The results are presented as estimated effect sizes
with variance and precision measures. P-values are given
for the formulation of new hypotheses. The term statisti-
cally signi cant is avoided. All analyses were performed
with R version 4.3.1. The study was approved by the Ethics
Committee of Northwestern and Central Switzerland (BA-
SEC No. Ref 2018-00728 and 2020-00033).

Results

Campylobacter spp.: C. jejuni dominates, with 80% of all
Campylobacter isolates. During the study period, the Cam-
pylobacter jejuni cases increased from 50% to around 90%
within all Campylobacter cases. In C. jejuni isolates, we ob-
served an increase in resistance rates for cipro oxacin, from
38% (95% CI [35, 41]) in 2007 to 81% (95% CI [79, 83]) in
2022. We also noted a sharp increase in resistance rates
for doxycycline and tetracycline between 2012 and 2014.
Resistance to macrolides remained very low (Figure VIII).

C. coli accounts for 7% of all Campylobacter isolates in
2022 and generally showed higher levels of resistance than
C. jejuni, particularly for cipro oxacin, clarithromycin and
erythromycin. Resistance to tetracycline and doxycycline
increased from 2007 to 2017 and then decreased slightly.
The amount of data for C. coli is limited and must be cau-
tiously interpreted.

Salmonella spp.: S. enterica is the predominant species of
Salmonella spp. isolates. Other species occurred only spo-
radically (0.2%). S. enterica is divided into two groups, the
much rarer typhoid Salmonella (serovars Typhi and Para-
typhi) accounting for about 5% of all S. enterica isolates,
and non-typhoidal Salmonella, of which serovars Enteritid-
is (32%) and Typhimurium (15%) are the most prevalent.
Samples originate mainly from the gastrointestinal tract,
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blood and the urogenital system, with slightly higher resist-
ance rates in samples from non-sterile sites.

Although antibiotic therapy is usually not required in healthy
individuals, it is recommended in elderly patients and pa-
tients under immunosuppression or endovascular diseas-
es. [4] Cipro oxacin, azithromycin and ceftriaxone are rec-
ommended as rst-line antibiotics. [4] Typhoidal Salmonella
exhibited slightly higher overall resistance rates and were
more often invasive. However, samples were scarce, and
results must be cautiously interpreted. In general, we ob-
served high resistance rates to gentamicin (70%, 95% ClI
[69, 72]) and amoxicillin (7%, 95% CI [6, 8]). Ceftriaxone
remains highly effective (1%, 95%CI [1, 1]). The sharp de-
cline in macrolide resistance observed in 2018 is likely an
artefact, as isolates were rarely tested before 2018, which
probably led to a selection bias. Macrolides (azithromycin/
clarithromycin/erythromycin) show a low overall resistance
rate in 2022 (7%, 95%ClI [5, 9]) (Figure IX).

Discussion

Foodborne pathogens remain an important source of infec-
tion, and continuous monitoring of local resistance is im-
portant to understand epidemiological trends and to adapt
treatment recommendations if necessary. ANRESIS pro-
vides a large continuous dataset suitable for this analysis.
Since the introduction of MALDI-TOF mass spectrometry,
more infections can be determined to the species levels,
which has an impact on the ANRESIS data quality. We
sometimes observed very rapid changes in AMR percent-
ages, which are likely due to changes in the AMR interpre-
tation guidelines.

The increasing resistance trend for Campylobacter spp.
against cipro oxacin, which is close to 80% resistance
nowadays (also described in chapter 7 in this report), prob-
ably should be taken into account in the next revision of
the treatment guidelines for infectious gastroenteritis. Of
course, foodborne diseases are the hallmark of One Health

Figure VIII: AMR trends for Campylobacter jejuni. Antibiotic resistance (% of resistant samples) according to year.

Error bars indicate 95% con dence intervals.
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7 Resistance 1n zoonotic bacteria

from livestock,

Zoonoses are diseases that are transmissible from animals
to humans and vice versa. Infection can be acquired by con-
taminated food or through direct or indirect contact with
infected animals. In humans, the severity of these diseas-
es can vary from mild clinical symptoms to life-threatening
conditions. Given the risk of compromising the effective-
ness of antibiotic treatments of infections in humans, it is
of special importance to monitor antimicrobial resistance in
zoonotic bacteria isolated from animals.

7.1 Campylobacter spp.

Campylobacter (C.) jejuni and C. coli are responsible for
human campylobacteriosis, the most prevalent food-borne
zoonosis in Europe. In 2022, excluding data from the United
Kingdom, more than 135,000 cases were reported [1]. In
Switzerland, the healthcare costs for human campylobac-
teriosis have been valued at approx. 29 to 45 million euro
per year [2]. In humans, campylobacteriosis causes bloody

meat and humans

diarrhea with dysentery syndrome, including cramps, fever
and pain. In contrast to the situation in humans, C. jejuni
and C. coli are found as commensals in the intestine of
broilers, C. jejuni in the intestine of cattle, and C. coli in the
intestine of pigs.

Antibiotic treatment is not crucial in mild cases of human
campylobacteriosis, but such treatment may be necessary
if the clinical course becomes life threatening. Treatment
with antibiotics may include macrolides, such as erythro-
mycin or azithromycin. Fluoroquinolones, such as ciproflox-
acin, were also recommended in the past, but resistance
rates of C. jejuni and C. coli against these antibiotic classes
are very high in both humans and animals.

Fresh raw poultry meat is highly contaminated with Campy-
lobacter spp. [3]. Hence, incorrect handling of raw poultry
meat and the consumption of undercooked contaminated
poultry meat are the main causes of human campylobacte-
riosis [1]. Source attribution studies from Switzerland iden-
tified chicken as the main source for human campylobacte-
riosis (71% of all human cases were attributed to chicken,

Figure 7. a: Trends in ciprofloxacin, erythromycin, gentamicin and tetracycline resistance in Campylobacter coli from
broiler between 2014 and 2022 (N = total number of tested isolates; values for 2015, 2017, 2019 and 2021

interpolated [n/a]).

% resistant C. coli in broiler

19% to cattle, 9% to dogs and 1% to pigs) [4, 5]. Hence,
monitoring of antimicrobial resistance (AMR) of these path-
ogens is of great importance for human public health.

7.1.1 Campylobacter spp. in broilers

In 2022, a random sample of 800 Swiss broiler flocks was
examined at slaughter, using pooled cecal samples (10
pooled samples per flock). C. jejuni was identified in 232
samples (29.0%) and C. coli in 62 samples (7.8%).

Very high levels of ciprofloxacin (fluoroquinolones) resist-
ance were detected in C. coli (59.7%) (Figure 7. a). More-
over, a high level of tetracycline (tetracyclines) resistance
(37.1%0) was still found in C. coli, but with a decreasing
trend compared to 2020 (Figure 7. a). Low to minimal lev-
els of resistance in C. coli were detected in erythromycin
(macrolides) and gentamicin (aminoglycosides) (Figure 7.
a). In 2022, ertapenem (carbapenems) and chlorampheni-
col (phenicols) were tested for the first time. No resistance
was detected against chloramphenicol (phenicols) (Figure
7. &), but 10 C. coli (37.1%) showed a minimum inhibito-

ry concentration >0.5 mg/L, which is defined as resistant,
although currently no epidemiological cutoff is available.
Only 19.4% of C. coli displayed no resistance to any anti-
microbial substance tested (Figure 7. b). The vast majority
(40.3%) of the isolates were resistant to just one antibiotic
class (Figure 7. b), mainly to tetracycline (tetracyclines) and
ciprofloxacin (fluoroquinolones).

High levels of ciprofloxacin (fluoroquinolones) resistance
(45.7%) as well as to tetracycline (tetracyclines) (27.2%)
were detected in C. jejuni (Figure 7. d). No resistance to
erythromycin (macrolides), gentamicin (aminoglycosides)
and to the newly introduced antibiotics chloramphenicol
(phenicols) and ertapenem (carbapenems) was detected
(Figure 7. d). Nearly half of the C. jejuni isolates (47.0%)
showed no resistance to the antibiotic classes tested (Fig-
ure 7. c).

Overall, C. coli isolates showed a marked increase in an-
timicrobial resistance to ciprofloxacin (fluoroquinolones)
from 2018 to 2022, whereas resistance rates in C. jejuni
isolates remained stable (Figure 7. a, Figure 7. d).

Figure 7. b: Resistance pattern in Campylobacter coli from broiler 2022.
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Figure 7. c: Resistance pattern in Campylobacter jejuni from broiler 2022.

Fully susceptible

Non-susceptible to

25 . one antibiotic group
20 2022 "
= (n=232) Non-susceptible to
0 two antibiotic groups
B e et . Non-susceptible to
: ) three antibiotic groups
O 1 1 1 1 1 1
2014 2015 2016 2017 2018 2019 2020 2021 2022 : : : : : : : : : : . Non-susceptible to
(N=15) (n/a) (N=30) (n/a) (N=38) (n/a) (N=68) (n/a) (N=62) 0%  10% 20%  30% 40%  50% 60%  70%  80%  90%  100% four antibiotic groups
Year

— Ciprofloxacin Erythromycin — Gentamicin — Tetracycline

110 Resistance in zoonotic bacteria from livestock, meat and humans Resistance in zoonotic bacteria from livestock, meat and humans 111



Figure 7. d: Trends in ciprofloxacin, erythromycin, gentamicin and tetracycline resistance in Campylobacter jejuni
from broiler between 2014 and 2022 (N = total number of tested isolates; values for 2015, 2017, 2019 and

2021 interpolated [n/a]).
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7.1.2 Campylobacter spp. in
fattening pigs

In 2023, a random sample of 308 fattening pigs was inves-
tigated at slaughter, using single cecal samples per slaugh-
ter batch. C. coli was isolated from 241 samples (80.0%).

In fattening pigs, continuously high levels of antimicrobial
resistance were identified for tetracycline (tetracyclines)
(58.5%) and ciprofloxacin (fluoroquinolones) (58.9%) with
a slight decreasing trend for the former and a slight in-
creasing trend for the latter (Figure 7. g). In contrast, very
low resistance to erythromycin (macrolides) (1.2%) and
gentamicin (aminoglycosides) (0.4%) was detected. No re-
sistance to ertapenem (carbapenems) or chloramphenicol
(phenicols) was detected. There are no significant changes
in resistance rates compared to 2021.

In fattening pigs, only 14.9% of C. coli isolates were ful-
ly susceptible to all antibiotic classes tested (Figure 7. h).
Most isolates were resistant to one antibiotic (antibiotic
class) (tetracycline (tetracyclines) or ciprofloxacin (fluoro-
quinolones)), which corresponds to a prevalence of 51.0%
(Figure 7. h). One third (33.2%) of the isolates were resist-
ant to two antibiotics (antibiotic classes) (tetracycline (tetra-
cyclines) and ciprofloxacin (fluoroquinolones)) (Figure 7. h).

2018 2019 2020 2021 2022
(N=142) (n/a) (N=179) (n/a) (N=232)

Year

Erythromycin
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7.1.3 Campylobacter spp. in
slaughter calves

In 2023, a random sample of 306 calves was investigated
at slaughter, using single cecal samples per slaughter batch.
C. jejuni was isolated from 154 samples (50.3%). Moreover,
eight C. coli were isolated (2.6%).

In slaughter calves, the highest level of antimicrobial re-
sistance was identified for ciprofloxacin (fluoroquinolones)
(55.2%) and tetracycline (tetracyclines) (35.7%) (Figure 7. i).
In contrast, very low resistance levels to erythromycin (mac-
rolides) (0.7%) and ertapenem (carbapenems) (0.7%) were
detected, and no resistance to chloramphenicol (phenicols)
and gentamicin (aminoglycosides) was shown (Figure 7. i).

Out of the 154 isolates, 36.4% were fully susceptible to all
antibiotic classes tested (Figure 7. e). Another third (36.4%)
were resistant to one antibiotic (antibiotic class) (tetracy-
cline (tetracyclines) and ciprofloxacin (fluoroquinolones))
(Figure 7. e). 26.6% of the isolates were resistant to two
antibiotics (antibiotic classes) (tetracycline (tetracyclines)
and ciprofloxacin (fluoroquinolones)) (Figure 7. e).

7.1.4 Campylobacter spp. in humans

A total of 7,254 laboratory-confirmed cases of human cam-
pylobacteriosis were reported in 2023 (81.9 per 100,000
inhabitants). In ANRESIS, resistance data were available
for 3,601 isolates (49.6%0): 3,220 were identified as C. je-
juni (89.4%) and 381 as C. coli (10.6%). Resistance data for
2023 are shown in Table 7. a, trends in Figure 7. f. Over-
all, resistance rates were higher in C. coli, and higher for

fluoroquinolones (76.9% for C. coli vs. 64.9% for C. jejuni)
than for macrolides (12.1% for C. coli vs. 1% for C. jejuni).
Fluoroquinolone resistance has increased significantly dur-
ing the last four years for both species. For C. jejuni, an
increasing trend has even been observed over the last 10
years. In contrast, a slight but significant decrease in mac-
rolide resistance from 13.7% in 2014 to 12.1% in 2023 was
observed for C. coli, while macrolide resistance in C. jejuni
was below 1.5% during the whole period.

Figure 7. e: Resistance pattern in Campylobacter jejuni from slaughter calves 2023.
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Figure 7. f: Trends in resistance to fluoroquinolones and macrolides in Campylobacter coli and Campylobacter jejuni from
human clinical isolates in Switzerland between 2014 and 2023.
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7.1.5 Summary and Discussion

Regarding the resistance pattern of C. coli in broilers, we
had observed several changes in the resistance rates to
most of the antibiotics in previous years. These changes
are most likely due to the small numbers of isolates mon-
itored, by which single results have a great impact on
the overall resistance rates. For 2020 and 2022, approxi-
mately 60 isolates were available, which resulted in more
comparable data. A steady increase in resistance rates to
ciprofloxacin (fluoroquinolones) is obvious. In contrast, re-
sistance rates to tetracycline (tetracyclines) decreased. For

erythromycin (macrolides), gentamicin (aminoglycosides)
and chloramphenicol (phenicols), only a few isolates exhib-
ited microbiological resistance. The implications of the 10
isolates exhibiting elevated minimum inhibitory concentra-
tions against ertapenem (carbapenems) are currently under
investigation in an ongoing European research project (see
details below).

Concerning the resistance level of C. jejuni in broilers, the
resistance levels are more or less stable over time. After a
moderate peak in 2016, the resistance rates did not change
significantly for the antibiotics tested. High resistance rates

Table 7. a: Resistance rates in C. coli and C. jejuni from human clinical isolates in 2023.

Campylobacter coli
West* North-East
Antimicrobial

Macrolides*

Quinolones?
Campylobacter jejuni

West* North-East
Antimicrobial
Macrolides*

Quinolones?

n ) n % n ) n
143 9.1 201 13.9 37 13.5 381
143 74.8 201 78.6 37 75.7 381

2023
South Total Trend**

% 95% C|*** 4y
12.1 -
76.9 t

South Total

% 95% C|***

0.8-1.2
64.0-65.8

10.4-13.8
74.7-79.1

*Macrolides: Erythromycin, Clarithromycin, Azithromycin; 2Fluoroquinolones: Ciprofloxacin, Nofloxacin, Ofloxacin
*West (GE, NE, VD, JU, FR), South (TI), North—East (other cantons) according to linguistic regions. **Trends were modelled with logistic regressions.
Arrows represent a significant effect (p < 0.05) of the year on the corresponding outcome (increase, decrease). ***95% confidence intervals (Cl) were

calculated by the Wilson score method.

Figure 7. g: Trends in chloramphenicol, ciprofloxacin, ertapenem, erythromycin, gentamicin and tetracycline resistance in
Campylobacter coli from fattening pigs between 2014 and 2023 (N= total number of tested isolates; values
for 2014, 2016, 2018, 2020 and 2022 are interpolated [n/a]).
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Figure 7. h: Resistance pattern in Campylobacter coli from fattening pigs 2023.

2023
(n=241)

0% 10% 20% 30% 40% 50% 60%

to ciprofloxacin (fluoroquinolones) are of utmost impor-
tance, followed by high resistance rates to tetracycline (tet-
racyclines). Resistances to erythromycin (macrolides) were
last detected in 2018 (3.6%).

In the case of C. coli from fattening pigs, the resistance rates
are relatively stable, with very high resistance rates against
tetracycline (tetracyclines) and ciprofloxacin (fluoroquinolo-
nes). Since 2021, there seems to be a slight increase in the
resistance rate to ciprofloxacin (fluoroquinolones), whereas
the resistance rate to tetracycline (tetracyclines) seems to
be undergoing a slight decrease. A study conducted in Swit-
zerland showed that a total amount of 610 kg of antimicrobi-
als or 894,688 DCDCH (defined course doses for Switzer-
land) were used in the entire Swiss pig production in 2017.
Penicillins, sulfonamides and tetracyclines were the most
frequently used antimicrobial classes, while fluoroquinolo-
nes accounted for less than 1% [6]. Hartmann and collab-
orators found that fluoroquinolones are rarely used in the
fattening period, but frequently used in sows (18.6%) and
suckling pigs (29.0%) [7]. Resistance rates to macrolides
decreased over time to a low level of 1.2% in 2023.

C. jejuni from slaughter calves was added to the monitor-
ing program in 2021. Resistance data from 2021 and 2023
showed nearly the same general trends as for broilers and
pigs: a very high resistance level to ciprofloxacin (fluoro-
quinolones) and a high level of resistance to tetracycline
(tetracyclines), the latter with a decreasing trend. Moreo-
ver, resistance rates to erythromycin (macrolides) are very
low (0.7%). Lastly, very few isolates exhibited elevated
minimum inhibitory concentrations against ertapenem (car-
bapenems).

In humans, C. coli and C. jejuni isolates showed very high
resistance rates to fluoroquinolones with an increasing
trend. Moreover, resistance rates to macrolides in C. coli
are moderate (12.1%), with a decreasing trend over the last
10 years.

Resistance in bacteria isolated from humans has been as-
sociated with resistance in bacteria from food-producing
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animals and with antimicrobial consumption in both hu-
mans and animals. The fourth joint inter-agency JIACRA
report by the three EU agencies ECDC, EFSA and EMA
provides data from the respective networks regarding an-
timicrobial consumption and resistance in isolates from
humans and animals. This report demonstrates a statisti-
cally significant association between resistance to fluoro-
quinolones, macrolides and tetracyclines in Campylobacter
spp. isolates from animals and humans in the EU (ECDC,
EFSA and EMA, 2024). This finding is biologically plausible,
as Campylobacter in meat products is still a major source of
food-borne infections in humans [8]. As the use of fluoro-
quinolones is no longer advised for the treatment of human
campylobacteriosis, even low levels of resistance to other
critically important antimicrobials (e.g., macrolides) are a
cause for concern in public health.

Overall, our findings concerning antimicrobial resistance in
Campylobacter spp. from livestock are in line with reports
from other European countries, although individual trends
in some countries can differ [9]. Combined resistance to
both ciprofloxacin (fluoroquinolones) and erythromycin
(macrolides), which are considered critically important an-
timicrobials for the treatment of campylobacteriosis, was
generally rare to low in C. jejuni from food-producing ani-
mals in European member states and Switzerland. In con-
trast to Switzerland, combined resistance was high in C.
coli from cattle under 1 year of age (32.7%) in European
member states. This finding may be a cause for public
health concern on the European level.

Ertapenem (carbapenems) was newly included in the pro-
gram for C. jejuni/coli in 2021, as there are indications of
carbapenem-resistant Campylobacter spp. in human med-
icine. Isolates showing resistance to ertapenem (carbap-
enems) in Campylobacter spp. of slaughter calves in 2021
were the first finding of carbapenem-resistance in farm
animals in Switzerland. In 2022, 10 C. coli isolates from
broilers (37.1%) were showing a minimum inhibitory con-
centration > 0.5 mg/L. Resistance to ertapenem (carbap-
enems) is of high public concern, as carbapenems are rec-
ommended antimicrobials for treatment in severe invasive
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Figure 7. i: Trends in chloramphenicol, ciprofloxacin, ertapenem, erythromycin, gentamicin and tetracycline resistance
in Campylobacter jejuni from slaughter calves 2021 and 2023 (N= total number of tested isolates; values for
2022 are interpolated [n/a]).
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Campylobacter infections in humans. However, findings on
ertapenem (carbapenems) resistance in livestock should
be interpreted with caution, as the epidemiological cutoff
for ertapenem used by EFSA is still under discussion (0.5
mg/L) and a validated threshold for resistance to ertapen-
em (carbapenems) has not yet been established by the Eu-
ropean Committee on Antimicrobial Susceptibility Testing
(EUCAST).

Carbapenems are recognised as critically important antimi-
crobials (CIA) and have not been authorised for use in farm
animals in Europe. The reasons for carbapenemase-pro-
ducing bacteria occurring among farm animals are not
known. A comparison with prevalence data from other Eu-
ropean countries and previous years will be the task of the
future. The unexpected level of ertapenem (carbapenems)
resistance reported in Campylobacter from food-producing
animals in 2021 and 2022, as well as the ECOFF chosen
for interpretation of ertapenem (carbapenems) resistance
in C. jejuni and C. coli will be further investigated in 2024
in the CarbaCamp project, a collaboration between EFSA,
ECDC, EUCAST and the European Reference Laboratory
for Antimicrobial Resistance (EURL-AR) [9]. This project
will address several points regarding ertapenem (carbap-
enems) resistance in Campylobacter, including assessing
(1) if the present ECOFF for interpretation is set correctly;
(2) if ertapenem is the best carbapenem to be included in
the antimicrobial test panel; (3) the effect of using different
recommended test media; (4) if there are differences in the
wild-type resistance distribution between Campylobacter
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species and animal populations; (5) if there are emerging
clones with ertapenem resistance; and lastly (6) if a resist-
ance mechanism responsible for the observed results can
be identified. The ZOBA is participating in this project.

7.2 Salmonella spp.

Salmonella (S.) spp. is the second most important zoonotic
bacterial pathogen in Switzerland and the EU [1, 3]. Sal-
monellosis cases in humans have to be reported to public
health authorities (ordinance of the FOPH on laboratory re-
ports), whereas the notification of resistance profiles is not
mandatory. In 2022, 1,843 human cases of salmonellosis
were reported in Switzerland.

Animals can either be carriers of Salmonella spp. without
showing any clinical signs or they can be diseased by Sal-
monella spp. Poultry often shows no signs of infection. In
contrast, in cattle, Salmonella infection can cause fever, di-
arrhea and abortion. Fever and diarrhea are less common
in pigs. Transmission of Salmonella spp. from animals to
humans usually occurs through contaminated food. A wide
variety of foodstuffs of animal (e.g. eggs, fresh meat) and
plant origin (e.g. salads, spices, seeds) can be contami-
nated with Salmonella spp. Nowadays, especially highly
processed “ready-to-eat” food can be contaminated with
Salmonella spp. and other zoonotic bacteria (e.g. Listeria

monocytogenes). In special cases (e.g. reptiles), Salmonel-
la spp. can also be transmitted through direct contact with
infected animals. Salmonellosis cases in livestock must be
reported (ordinance of the FSVO on epizootic diseases). In
poultry an active eradication program is in place.

Reported cases of salmonellosis in animals are very rare in
Switzerland, with 114 reported cases in 2022 [3]. Moreo-
ver, the overall prevalence of Salmonella spp. in Swiss live-
stock is low (<2% in poultry, fattening pigs) compared to
other European countries [1]. In Switzerland, out of 2,389
poultry meat samples (carcasses and meat), six (0.3%)
were Salmonella spp. positive in 2022.

In Europe, S. Enteritidis and S. Typhimurium and the mono-
phasic variant of S. Typhimurium are the most common
serovars in human infections [1]. S. Enteritidis cases are as-
sociated with the consumption of broiler meat and contam-
inated eggs, whereas S. Typhimurium cases are associated
with the consumption of contaminated broiler, pork, beef
and turkey meat. The monophasic variant of S. Typhimuri-
um is associated with all of the above sources. Due to the
very low prevalence of Salmonella spp. in Swiss livestock,

the monitoring of antibiotic resistance is based solely on
isolates from clinical cases or rare positive findings as part
of the eradication program. Therefore, data do not allow
reliable statistical analysis and resistance rates, and trends
need to be discussed with caution, as these isolates are
not a random sample and differ from year to year.

7.2.1 Salmonella spp. in animals

For hens, antimicrobial resistance data for 53 Salmonel-
la spp., including 12 S. Typhimurium, two S. Typhimurium
(monophasic variant) and 16 S. Enteritidis, were available in
2022. The vast majority of Salmonella spp. isolated from hen
were fully susceptible to all tested antimicrobial classes, and
an increasing trend towards complete susceptibility is noted
(2020: 69.1%, 2022: 92.5%, Figure 7. j). Three Salmonella
spp. showed resistance to diaminopyrimidine derivatives or
penicillins, sulfonamides and tetracyclines (Table 7. b). One
S. Typhimurium expressed resistance to polymyxins.

For turkey, seven S. Albany and two S. Senftenberg were
analysed in 2022. Seven Salmonella spp. from turkey

Table 7. b: Non-susceptibility combinations in Salmonella spp. from hens in 2022.

Resistance patterns 2022

Grand total

Number of resistances: 0

Number of isolates % of total

92.5%
49 92.5%

Number of resistances: 1

Polymyxins

Number of resistances: 3

1.9%
1 1.9%

Diaminopyrimidine derivatives-Sulfonamides-Tetracyclines

Penicillins-Sulfonamides-Tetracyclines

1 1.9%
2 3.8%

Penicillins: Ampicillin; Sulfonamides: Sulfamethoxazole; Tetracyclines: Tetracycline, Tigecycline; Diaminopyrimidine derivatives: Trimethoprim;

Amphenicols: Chloramphenicol

Table 7. c: Non-susceptibility combinations in Salmonella spp. from turkey in 2022.

Resistance patterns 2022
Grand total

Number of resistances: 0

Number of resistances: 1

Fluoroquinolones

Number of resistances: 3

Fluoroquinolones-Sulfonamides

Number of isolates % of total

77.8%

11.1%

11.1%

Penicillins: Ampicillin; Sulfonamides: Sulfamethoxazole; Tetracyclines: Tetracycline, Tigecycline; Diaminopyrimidine derivatives: Trimethoprim;

Amphenicols: Chloramphenicol
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showed complete susceptibility, one isolate was resistant
to fluoroquinolones, another isolate was resistant to fluoro-
quinolones and sulfonamides (Table 7. c).

For cattle, antimicrobial resistance data for 30 Salmonella
spp., including 15 S. Typhimurium, seven S. Typhimurium
(monophasic variant) and five S. Enteritidis, were available
in 2023. Overall, the majority of Salmonella spp. isolated
from cattle were fully susceptible to all tested antimicrobial
classes (2021: 71.7%, 2023: 63.3%), although to a lower
extent than in 2021 (Figure 7. k). One S. Typhimurium was
resistant to polymyxins (Table 7.d). Six isolates showed
combined resistance to penicillins, sulfonamides and tetra-
cyclines (Table 7.d).

7.2.2 Salmonella spp. in humans

Human salmonellosis usually does not require antimicrobial
treatment. However, in some patients, Salmonella infec-
tion can cause serious illness and sepsis. In these cases,
effective antimicrobials are essential for treatment and can
be life-saving. The treatment of choice for Salmonella in-
fections is fluoroquinolones for adults and third-generation
cephalosporins for children.

In ANRESIS, information on antimicrobial resistance was
available only for a minority of the 1,870 cases observed
in 2023 in Switzerland (incidence 21.1 per 100,000 inhabit-
ants). Resistance rates are only available for aminopenicil-

Table 7. d: Non-susceptibility combinations in Salmonella spp. from cattle in 2023.

Resistance patterns 2022

Number of isolates % of total

Grand total

Number of resistances: 0

Number of resistances: 1

19 63.3%
19 63.3%

Polymyxins

Tetracyclines

Number of resistances: 3

1 3.3%
3 10.0%

Penicillins-Sulfonamides-Tetracyclines

Number of resistances: 4

6 20.0%

Amphenicols-Penicillins-Sulfonamides-Tetracyclines

1 3.3%

Penicillins: Ampicillin; Sulfonamides: Sulfamethoxazole; Tetracyclines: Tetracycline, Tigecycline; Diaminopyrimidine derivatives: Trimethoprim;

Amphenicols: Chloramphenicol

Table 7. e: Resistance rates in Salmonella from human clinical isolates in 2023.

Salmonella ser. Enteritidis

West* North-East

Antimicrobial ) n
60
53
59

Aminopenicillins
Ceftriaxone
Quinolones!

Trimethoprim-
sulfamethoxazole

65

Salmonella ser. Typhimurium

West* North-East
Antimicrobial ) n )
Aminopenicillins
Ceftriaxone
Quinolones*

Trimethoprim-
sulfamethoxazole

95% CI***
41-8.1
0.0-2.2
19.6-26.4

0.4-2.0

95% C***
25.8-40.8
0.0-0.0
1.6-8.6

4.8-13.4

*Macrolides: Erythromycin, Clarithromycin, Azithromycin; 2Fluoroquinolones: Ciprofloxacin, Nofloxacin, Ofloxacin
*West (GE, NE, VD, JU, FR), South (TI), North—East (other cantons) according to linguistic regions. **Trends were modelled with logistic regressions.
Arrows represent a significant effect (p < 0.05) of the year on the corresponding outcome (increase, decrease). ***95% confidence intervals (Cl) were

calculated by the Wilson score method.
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Figure 7. j: Resistance pattern in Salmonella spp. from hen for 2020 and 2022.
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Figure 7. k: Resistance pattern in Salmonella spp. from cattle for 2021 and 2023.
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Figure 7. I: Trends in resistance to aminopenicillins. ceftriaxone, fluoroquinolones and trimethoprim-sulfamethoxazole
in non-typhoidal Salmonella (serovars Typhimurium and Enteritidis combined) from human clinical isolates in
Switzerland between 2014 and 2023.
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lins, ceftriaxone, trimethoprim-sulfamethoxazole and fluo-
roquinolones (Table 7. ). Serovar typing in human medicine
is only performed for a minority of all isolates. Although
this information is interesting for epidemiologic purposes,
in contrast to susceptibility testing results, it is irrelevant
for treatment decisions. As in veterinary medicine, S. Typh-
imurium and S. Enteritidis are the most frequent serovars
specified, and they differ in their antimicrobial resistance
profiles (Table 7. e). From 2014 to 2023, resistance rates
decreased significantly for aminopenicillins (from 34% to
11.8%, Figure 7. I) and trimethoprim-sulfamethoxazole
(from 5.9% to 2.8%, Figure 7. I), while significantly increas-
ing resistance trends were observed for fluoroquinolones
(from 10.6% to 19.4% in 2023, Figure 7. ), which requires
special consideration, as quinolones still are recommended
as the first-line antibiotic therapy in adults, if antibiotic ther-
apy is deemed necessary at all.

7.2.3 Summary and Discussion

Thanks to long-term control programs, the prevalence of
Salmonella spp. in food-producing animals in Switzerland
is very low. Accordingly, only a few, non-representative
Salmonella spp. isolates from livestock are available, either
from clinical cases or from healthy poultry through the na-
tional Salmonella spp. eradication programs. Hence, rates
of resistance and their long-term trends should be inter-
preted with caution.

Overall, Salmonella spp. from poultry and cattle showed
consistently very high to high rates of full susceptibility to
the antimicrobials tested. When a resistance occurred, this
was mostly due to first-line antibiotics, such as penicillins,
sulfonamides and tetracyclines. Resistance to polymyxins
was detected in only two cases.

Fluoroquinolones and third-generation cephalosporins are
critically important antimicrobials for the treatment of hu-
man salmonellosis. Importantly, neither ESBL/AmpC- nor
carbapenemase-producing Salmonella spp. isolates were
found in poultry or cattle. Resistance to fluoroquinolones
was found in two Salmonella spp. from turkey.

Monitoring data on antimicrobial resistance in Salmonella
spp. from Switzerland are not directly comparable with oth-
er monitoring data from Europe, as the latter do not include
isolates from clinical cases. Nevertheless, on the European
level, the proportion of complete susceptibility in Salmonel-
la spp. isolates from broilers and calves at slaughter ranges
from 35.4% to 55.7%, and is thereby much lower than the
proportion in Swiss clinical isolates from hens and cattle
[9]. In contrast to Switzerland, multidrug resistance (MDR)
in European member states was observed at high levels
in Salmonella spp. recovered from broilers and turkeys in
2022 (43.6% and 39.4%, respectively), and from fattening
pigs (39.1%) and cattle under 1 year of age (30.4%) in 2021.
Salmonella spp. isolates from laying hens showed a mark-
edly lower MDR level (7.5%) in European member states.
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Calistin is an antimicrobial substance belonging to the poly-
myxin class. Because of its effectiveness against carbapen-
emase-producing Gram-negative bacteria, it is nowadays
considered a highest priority antimicrobial for the treatment
of serious human infections [9]. Salmonella spp. could de-
velop chromosomal-linked colistin resistance, which tar-
gets diverse regulatory systems involved in lipopolysaccha-
ride (LPS) building. Moreover, Salmonella spp. of different
origins (humans, animals, food) carrying plasmid-mediated
colistin resistance conferred by mcr genes have been de-
tected in various serovars of Salmonella spp. [10]. Group
D Salmonella enterica serovars differ in their susceptibili-
ty to colistin and are frequently intrinsically resistant (MIC
> 2 pg/ml) [11]. Microbiological resistance to colistin was
detected in two out of 83 Salmonella spp. isolates (2.4%)
from poultry and cattle in 2022 and 2023, respectively.
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Genomic sequencing plays a crucial role in monitoring
antimicrobial resistance, allowing for the precise identifi-
cation of resistance genes and tracking the spread of re-
sistant strains. By leveraging platforms such as the Swiss
Pathogen Surveillance Platform (SPSP), clinicians, public
health authorities and researchers can access high-quality
genomic data, enhancing the ability to respond to and man-
age antimicrobial resistance effectively.

SPSP is a One Health data platform for pathogen molecu-
lar data and associated clinical/epidemiological metadata,
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data

serving surveillance and research [1,2]. Founded in 2018 as
part of the National Research Programme 72 focusing on
antimicrobial resistance, it is co-led by the clinical (human
and veterinary) microbiology and virology laboratories of all
Swiss University centres (Basel, Bern, Geneva, Lausanne,
Zurich) and the SIB Swiss Institute of Bioinformatics. SPSP
also benefits from diverse partners and scientific/adviso-
ry boards, ensuring community-driven platform develop-
ments (https://spsp.ch/organization/) (Figure XIII).

Through its collaborations with the Federal Office of Public
Health (FOPH) and the Federal Food Safety and Veterinary
Office (FSVO), SPSP is becoming a key infrastructure serv-
ing surveillance programs and outbreak monitoring. Since
2021, SPSP has centralised the SARS-CoV-2 genomic se-
guences from the national surveillance program led by the
Swiss National Reference Centre for Emerging Viral Dis-
eases and the FOPH [3]. Structured data are quality-con-
trolled and annotated with a common bioinformatics pipe-
line, before being automatically shared with the FOPH to
provide information regarding circulating variants. In 2023,
SPSP received the mandate to extend the platform to in-
fluenza and the respiratory syncytial virus, in collaboration
with the National Influenza Reference Center. Within a
joint subsidy from the FOPH and FSVO, SPSP is now be-
ing extended to bacterial species in a One Health context,
to support the monitoring of outbreaks and antimicrobial
resistance across the human, veterinary, food and environ-
mental compartments. These developments are carried
out in close collaboration with experts from national ref-
erence centres, who provide input on the required data,
analyses and visualizations to ensure high impact. SPSP
is also collaborating with ANRESIS (www.anresis.ch), the
Swiss Centre for Antibiotic Resistance, to support mutual
interoperability and data linking.

SPSP is hosted and developed at SIB. The implemented
bacterial genomic pipeline is IMMense, created at the In-
stitute of Medical Microbiology of the University of Zurich.
Currently, SPSP manages genomic and MALDI-TOF data,
together with metadata describing the pathogen, data pro-
vider and sequencing procedures. In accordance with its
ethical approval (2019-01291), SPSP also hosts sensitive
data such as isolate-associated identifiers and epidemio-
logical information. This enables data linking with additional
datasets e.g. for surveillance by the FOPH as regulated by
the Epidemics Act, or for research with an ethical approv-
al according to the Human Research Act. To comply with
the IT security requirements from federal authorities and
best practices for handling personal data, SPSP is hosted
on the Swiss BioMedIT infrastructure. Encrypted data can
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Figure XIlIl: SPSP consortium.
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only be accessed using institutional VPNs and two-factor
authentication. Data access is controlled at metadata level,
ensuring that, by default, users only see their own data and
non-sensitive data submitted by others.

SPSP has also established a Consortium Agreement and
Data Transfer and Use Agreement. New partners can ac-
cess SPSP for a specific project by signing an agreement
ensuring consistent data protection and security frame-
work. The Executive Board also meets actively, ensuring
smooth onboarding of new projects as well as rapid, com-
munity-driven decisions. Once a year, the Annual Meeting
gathers the Advisory and Scientific Boards to broadly dis-
cuss progress and provide input.

SPSP aims to support researchers with controlled access to
high-quality clinical data. The Consortium Agreement also
emphasises the need to support Open Science principles
where possible. This translates into timely open data sharing
of genomic data and of limited de-identified contextual meta-
data to international archives such as the European Nucle-
otide Archive (https://www.ebi.ac.uk/ena/browser/home).
Since 2021, Switzerland has been the third largest world-
wide contributor of open SARS-CoV-2 raw sequencing
data. Open data is however not sufficient to ensure that
data are findable, accessible, interoperable and reusable
(FAIR principles [4]). To address this pressing need for both
research and surveillance, SPSP has undertaken several
actions: (i) the Public Portal (https://public.spsp.sib.swiss/)
allows unregistered users to discover the SPSP data cata-
log prior to requesting access to the data; (ii) data access is
well regulated within the SPSP ethical and legal framework;
(ii) ontologies (SNOMED CT, NCBI Taxonomy, GENEPIO)
and controlled vocabularies are implemented in SPSP to
foster interoperability in alignment with international stand-
ards; (iv) data are described with high quality contextual
metadata; (v) bioinformatics workflows rely on containers
and workflow managers to ensure provenance tracking
and reproducibility (to be expanded). As part of the Swiss
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Personalised Health Network National Data Stream “lICU”,
bacterial isolates from patients in intensive care units are
sequenced and analysed for antimicrobial drug resistance.

SPSP is envisioned to become a cornerstone infrastructure
of Switzerland to support federal authorities in One Health
genomic data management. Furthermore, SPSP is also ac-
tively involved in European and global projects aiming to
connect similar data platforms across regions and ensure
common standards, best practices and optimised interop-
erability, to support preparedness and response at both na-
tional and global levels.
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8 Resistance 1n Indicator bacteria
Iin livestock animals from samples

at slaughter

Antimicrobial resistance among commensal bacteria from
the intestinal flora of healthy food-producing animals, e.g.
Escherichia (E.) coli, can be used as an “indicator” for fac-
tors such as the selective pressure from use of antimicro-
bial agents in these populations. These bacteria constitute
a reservoir of potentially transferable resistance genes that
can spread horizontally to other bacteria, including zoonot-
ic bacteria [1]. Monitoring antimicrobial resistance in these
bacteria provides information about the types of resistance
present in intestinal bacteria of food-producing animals.
This information can then potentially be of relevance in
studying antimicrobial resistance in bacteria present in hu-
mans. Therefore, such monitoring is relevant to both public
and animal health. It also serves as a valuable early-warn-

ing system to help identify emerging types of resistance in
livestock populations and to monitor their potential spread.

With the emergence of multidrug-resistant bacteria in the
last decades in human and veterinary medicine, monitor-
ing was expanded to ESBL/AmpC-producing and carbap-
enemase-producing E. coli and, since 2020, to carbapene-
mase-producing Klebsiella spp.

Because of its importance in humane medicine, methicil-
lin-resistant Staphylococcus aureus (MRSA), a commensal
bacterium that can be found in the soft tissues of healthy
animals, is included in the antimicrobial resistance monitor-
ing for pigs and calves.

Figure 8. a: Trends in antibiotic resistance in indicator Escherichia coli from broiler between 2012 and 2022
(N = total number of tested isolates, values for 2015 , 2017, 2019 and 2021 interpolated [n/a]between 2014
and 2022 (N = total number of tested isolates; values for 2015, 2017, 2019 and 2021 interpolated [n/a]).
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Figure 8. b: Resistance pattern in indicator Escherichia coli from broiler, 2022.
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8.1.1 Indicator Escherichia
coli in broilers

In 2022, a random sample of 240 broiler flocks was exam-
ined at slaughter for the occurrence of antimicrobial resist-
ance patterns in indicator E. coli using cecal samples (10
pooled cecal samples per flock). Indicator E. coli (n = 229)
were isolated using the direct detection method. The high-
est levels of antimicrobial resistance were detected for
ciprofloxacin (fluoroquinolones) (34.1%), sulfamethoxaz-
ole (sulfonamides) (16.2%), ampicillin (penicillins) (14.8%),
trimethoprim (diaminopyrimidine derivatives) (10%) and
tetracycline (tetracycline (tetracyclines)) (8.7%) (Figure 8.
a). Low to very low resistance rates were detected for
gentamicin (aminoglycosides) (1.7%) and chloramphenicol
(phenicols) (0.4%). No resistance was detected for amik-
acin (aminoglycosides), azithromycin (macrolides), colistin
(polymyxins), tigecycline (glycylcyclines) and meropenem
(carbapenems) (Figure 8. a). One isolate turned out to be
an ESBL/AmpC producer. Since 2018, a downward trend
in antimicrobial resistance to ciprofloxacin (fluoroquinolo-
nes), ampicillin (penicillins), tetracycline (tetracycline (tet-
racyclines)) and trimethoprim (diaminopyrimidine deriva-
tives) has been observed (Figure 8. a).

Overall, 51.1% of all indicator E. coli showed no resist-
ance to any antimicrobial substance tested and another
seventy-four isolates (32.3%) were resistant to just one
antibiotic (antibiotic class), mainly to ciprofloxacin (fluoro-
quinolones) (Figure 8. b, Table 8. a). The one ESBL/AmpC
producer isolate showed resistance to seven antimicrobial
classes (Table 8. a).
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8.1.2 Indicator Escherichia coli
in fattening pigs

In 2023, a random sample of 202 fattening pigs was ex-
amined at slaughter for the occurrence of antimicrobial re-
sistance patterns in indicator E. coli using cecal samples.
Indicator E. coli were isolated from 201 samples using the
direct detection method. The highest levels of antimicrobi-
al resistance were detected for sulfamethoxazole (sulfona-
mides) (27.4%), ampicillin (penicillins) (17.4%), tetracycline
(tetracyclines) (15.9%) and trimethoprim (diaminopyrim-
idine derivatives) (13.9%) (Figure 8. c). Resistance rates
to ciprofloxacin (fluoroquinolones) (4.5%), chloramphen-
icol (phenicols) (4.5%) and gentamicin (aminoglycosides)
(1.5%) were low (Figure 8. c). One isolate turned out to
be resistant to azithromycin (macrolides) (0.5%) (Figure 8.
c). Neither ESBL/AmpC producers nor resistance to ami-
kacin (aminoglycosides), colistin (polymyxins), tigecycline
(glycylcyclines) and meropenem (carbapenems) were de-
tected.

The resistance pattern has not changed significantly since
2019, with the exception of tetracycline (tetracyclines), where
a sharp decrease was recorded since 2021 (Figure 8. c).

Overall, 57.2% of all E. coli displayed no resistance to any
antimicrobial substance tested (Figure 8. d, Table 8. b). An-
other 41 isolates (20.4%) were resistant to just one antibi-
otic (antibiotic class), mainly to sulfamethoxazole (sulfona-
mides) or tetracycline (tetracyclines) (Figure 8. d, Table 8. b).
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Table 8. a: Non-susceptibility combinations in indicator Escherichia coli in broilers in 2022.

Resistance patterns Number of isolates % of total

Grand Total 229

Number of resistances: 0

- 117 51.1%
Number of resistances: 1 32.3%
Fluoroquinolones 55 24.0%
Penicillins 8 3.5%
Sulfonamides 6 2.6%
Tetracyclines 5 2.2%
Aminoglycosides - Sulfonamides 1 0.4%
Fluoroquinolones - Penicillins 1 0.4%
Fluoroquinolones - Sulfonamides 3 1.3%
Fluoroquinolones — Tetracyclines 2 0.9%
Penicillins — Tetracyclines 1 0.4%
Number of resistances: 3 15 6.6%
Aminoglycosides - Fluoroquinolones - Sulfonamides 3 1.3%
Diaminopyrimidine derivatives — Fluoroquinolones - Penicillins 1 0.4%
Diaminopyrimidine derivatives — Fluoroquinolones - Sulfonamides 2 0.9%
Diaminopyrimidine derivatives — Penicillins — Sulfonamides 5 2.2%
Diaminopyrimidine derivatives — Sulfonamides - Tetracyclines 1 0.4%
Fluoroquinolones - Penicillins — Sulfonamides 2 0.9%
Fluoroquinolones - Penicillins — Tetracyclines 1 0.4%
Number of resistances: 4 13 5.7%
Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides 5 2.2%
Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Tetracyclines 1 0.4%
Diaminopyrimidine derivatives - Penicillins — Sulfonamides — Tetracyclines 6 2.6%
Fluoroquinolones - Penicillins — Sulfonamides — Tetracyclines 1 0.4%

Number of resistances: 5

Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines 1 0.4%

Number of resistances: 7

3 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Diaminopyrimidine

0,
derivatives — Penicillins — Sulfonamides — Tetracyclines L 0.4%

Penicillins: Ampicillin; 3 gen. Cephalosporins: Cefotaxime, Ceftazidime; 4™ gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,

Table 8. b: Non-susceptibility combinations in indicator Escherichia coli in fattening pigs in 2023.

Resistance patterns Number of isolates % of total
Grand Total 201

Number of resistances: 0

Number of resistances: 1

Diaminopyrimidine derivatives
Fluoroquinolones

Penicillins

Sulfonamides

Tetracyclines

Number of resistances: 2

Aminoglycosides - Penicillins
Diaminopyrimidine derivatives — Penicillins
Diaminopyrimidine derivatives — Sulfonamides
Fluoroquinolones — Tetracyclines

Penicillins — Sulfonamides

Penicillins — Tetracyclines

Sulfonamides - Tetracyclines

Number of resistances: 3

Aminoglycosides-Penicillins — Sulfonamides

Amphenicols — Diaminopyrimidine derivatives — Sulfonamides
Amphenicols — Fluoroquinolones - Tetracyclines
Amphenicols — Sulfonamides — Tetracyclines
Diaminopyrimidine derivatives — Fluoroquinolones-Penicillins
Diaminopyrimidine derivatives — Penicillins — Sulfonamides
Diaminopyrimidine derivatives — Sulfonamides — Tetracyclines

Penicillins — Sulfonamides — Tetracyclines

Number of resistances: 4

Aminoglycosides — Diaminopyrimidine derivatives — Penicillins-Sulfonamides
Amphenicols — Diaminopyrimidine derivatives — Sulfonamides-Tetracyclines
Amphenicols - Penicillins — Sulfonamides — Tetracyclines

Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines

Number of resistances: 5
Amphenicols — Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines

Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines

Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol

8.1.3 Indicator Escherichia coli
in slaughter calves

In 2023, a random sample of 197 calves was examined
at slaughter for the occurrence of antimicrobial resistance
patterns in indicator E. coli using cecal samples. Indica-
tor E. coli were isolated from 190 samples using the di-
rect detection method. The highest levels of antimicrobial
resistance were detected for tetracycline (tetracyclines)
(26.8%), sulfamethoxazole (sulfonamides) (26.3%), and
ampicillin (penicillins) (23.7%) (Figure 8. e). Low resistance

rates were found for chloramphenicol (phenicols) (9.5%),
trimethoprim (diaminopyrimidine derivatives) (6.8%), cipro-
floxacin (fluoroquinolones) (2.6%) and gentamicin (amino-
glycosides) (2.1%) (Figure 8. e). Six isolates turned out to be
ESBL/AmpC producers. Two of these showed resistance
to azithromycin (macrolides). No resistance was detected
for amikacin (aminoglycosides), colistin (polymyxins), tige-
cycline (glycylcyclines) and meropenem (carbapenems).
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Number of resistances: 6

Amphenicols — Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Sulfonamides —

Tetracyclines

115 57.2%
20.4%
3 1.5%
3 1.5%
5 2.5%
17 8.5%
13 6.5%
18 9.0
1 0.5%
1 0.5%
2 1.0%
2 1.0%
8 4.0%
1 0.5%
3 1.5%
17 8.5%
1 0.5%
3 1.5%
1 0.5%
1 0.5%
1 0.5%
8 4.0%
1 0.5%
1 0.5%
7 3.5%
1 0.5%
1 0.5%
1 0.5%
4 2.0%
2 1.0%
1 0.5%
1 0.5%
1 0.5%
1 0.5%

Penicillins: Ampicillin; 3" gen. Cephalosporins: Cefotaxime, Ceftazidime; 4 gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,
Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol

Compared to 2019, antimicrobial resistance rates for sul-
famethoxazole (sulfonamides), tetracycline (tetracyclines)
and ampicillin (penicillins) are stable at a high level, and for
ciprofloxacin (fluoroquinolones) stable at a low level (Fig-
ure 8. e). For trimethoprim (diaminopyrimidine derivatives)
and gentamicin (aminoglycosides), a strong decrease has
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been observed since 2022 and 2021 respectively, whereas
resistance rates for chloramphenicol (phenicols) increased
(Figure 8. e).

Overall, 66.3% of all E. coli exhibited no resistance to
any antimicrobial substance tested (Figure 8. f, Table 8.

©



Figure 8. c: Trends in antibiotic resistance in indicator Escherichia coli from fattening pigs between 2014 and 2023
(N = total number of tested isolates, values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a]).
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Figure 8. d: Resistance pattern in indicator Escherichia coli from fattening pigs, 2023.
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c). Another 14 isolates (7.4%) were resistant to just one 8.1.4 Discussion
antibiotic (antibiotic class), mainly to ampicillin (penicillins)

or sulfamethoxazole (sulfonamides) (Table 8. c). Twen- Resistance rates of commensal E. coli from broilers in
ty-two isolates (11.6%) showed resistance to three anti- Switzerland in 2022 showed an ongoing decreasing trend
biotic classes (Table 8. ¢). The six ESBL/AmpC producers for ciprofloxacin (fluoroquinolones), ampicillin (penicillins)
showed multidrug resistance to more than seven antimi- and tetracycline (tetracyclines) (Figure 8. a). Nevertheless,
crobial classes (Table 8. c). resistance rates against critically important ciprofloxacin
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Table 8. c: Non-susceptibility combinations in indicator Escherichia coli in slaughter calves in 2023.

Resistance patterns Number of isolates % of total

Grand Total 190

Number of resistances: 0 66.3%
- 126 66.3%
Number of resistances: 1 7.4%
Penicillins 5 2.6%
Sulfonamides 6 3.2%
Tetracyclines 3 1.6%
Amphenicols - Tetracyclines 2 1.1%
Penicillins — Tetracyclines 2 1.1%
Sulfonamides - Tetracyclines 5 2.6%
Number of resistances: 3 22 11.6%
Aminoglycosides - Amphenicols — Penicillins 1 0.5%
Amphenicols — Macrolides — Sulfonamides 1 0.5%
Diaminopyrimidine derivatives — Sulfonamides — Tetracyclines 1 0.5%
Penicillins — Sulfonamides — Tetracyclines 19 10.0%
Number of resistances: 4 11 5.8%
Aminoglycosides — Penicillins — Sulfonamides — Tetracyclines 1 0.5%
Amphenicols — Diaminopyrimidine derivatives — Penicillins — Tetracyclines 1 0.5%
Amphenicols — Diaminopyrimidine derivatives — Sulfonamides — Tetracyclines 1 0.5%
Amphenicols — Penicillins — Sulfonamides — Tetracyclines 5 2.6%
Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines 3 1.6%

Number of resistances: 5

Aminoglycosides — Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines 1 0.5%
Number of resistances: 6 2 1.1%
34 generation cephalosporins — Amphenicols — Cephamycin — Penicillins — Sulfonamides — 1 0.5%
Tetracyclines .5%
Aminoglycosides — Amphenicols — Diaminopyrimidine derivatives — Penicillins — Sulfonamides — 1 0.5%
Tetracyclines ’
Number of resistances: 8 2 1.1%
34 generation cephalosporins — 4" generation cephalosporins — Amphenicols -

LY o N ) L ) ) 2 1.1%
Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 9 2 1.1%
34 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Cephamycin —

N o N ; o . . 2 1.1%
Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 10 1 0.5%
34 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Cephamycin —
Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Penicillins — Sulfonamides — 1 0.5%
Tetracyclines

Penicillins: Ampicillin; 3 gen. Cephalosporins: Cefotaxime, Ceftazidime; 4™ gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,
Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol

(fluoroquinolones) are still on a high level (34.1%). The pro- A significant decrease in resistance against ciprofloxacin
portion of fully susceptible isolates increased from 44.2% (fluoroquinolones), ampicillin (penicillins) and tetracycline
in 2020 to 51.1% in 2022. (tetracyclines) was also reported by many European mem-

ber states, such as France, Ireland, Italy, Portugal and the
Netherlands. On the median European level, resistance
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Figure 8. e: Trends in antibiotic resistance in indicator Escherichia coli from slaughter calves between 2014 and 2023
(N=total number of tested isolates, values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a]).
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Figure 8. f: Resistance pattern in indicator Escherichia coli from slaughter calves, 2023.

Table 8. d: Non-susceptibility combinations in ESBL/AmpC producing Escherichia coli in broilers in 2022.

Resistance patterns Number of isolates % of total

Grand Total 22

Number of resistances: 3 27.3%

31 generation cephalosporins — Cephamycin — Penicillins 4 18.2%
31 generation cephalosporins — 4" generation cephalosporins — Penicillins 1 4.5%
31 generation cephalosporins - Fluoroquinolones — Penicillins 1 4.5%
Number of resistances: 4 22.7%
31 generation cephalosporins — Cephamycin — Fluoroquinolones — Fluoroguinolones — Penicillins 1 4.5%
31 generation cephalosporins — 4" generation cephalosporins — Fluoroquinolones - Penicillins 1 4.5%
31 generation cephalosporins — 4" generation cephalosporins — Fluoroquinolones - Penicillins 3 13.6%
Number of resistances: 5 ] 40.9%
3d generation cephalosporins — 4" generation cephalosporins — Cephamycin —

. L 5 22.7%
Fluoroquinolones-Penicillins
31 generation cephalosporins — Cephamycin-Diaminopyrimidine derivatives — Penicillins — 1 4.5%
Sulfonamides .
31 generation cephalosporins — Cephamycin — Fluoroquinolones — Penicillins — Sulfonamides 1 4.5%
3 generation cephalosporins — Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — 1 4.5%
Sulfonamides 70
34 generation cephalosporins — Cephamycin — Fluoroquinolones - Penicillins — Sulfonamides 1 4.5%
Number of resistances: 6 1 4.5%
3rd generation cephalosporins — 4" generation cephalosporins — Diaminopyrimidine derivatives — 1 4.5%
Fluoroquinolones - Penicillins — Sulfonamides '
Number of resistances: 8 1 4.5%
34 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides —

. o L o L . . 1 4.5%
Amphenicols — Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines

Penicillins: Ampicillin; 3" gen. Cephalosporins: Cefotaxime, Ceftazidime; 4" gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,
Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol
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. Fully susceptible
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to two antibiotic groups
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to three antibiotic groups

rates to these antimicrobials have decreased over time [1].
Interestingly, northern European countries such as Finland,
Denmark, Norway, Iceland and Sweden consistently re-
ported low level resistances to these antimicrobials from
2014 onward [1]. As broiler production is highly concen-

to four antibiotic groups

to more than four antibiotic groups

trated internationally, with just a few suppliers of chicken
for all of Europe, these global trends argue for changes in
antimicrobial use by the companies at the top of the broiler
production pyramid [2].
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In contrast, trends in resistance levels of E. coli from fat-
tening pigs did not change significantly between 2021 and
2023 for ampicillin (penicillins) and sulfamethoxazole (sul-
fonamides), with levels remaining high. This is also true at
European level [1]. Compared to European countries, the
overall level of resistance in Switzerland is lower than in
most European countries and more comparable to resist-
ance levels reported in Denmark, Finland and Sweden. For
tetracycline (tetracyclines), the resistance rate in Swiss fat-
tening pigs decreased significantly, as also observed in Bul-
garia, Czechia, France and Germany. Levels of resistance
against critically important fluoroquinolone resistances are
consistently low in Switzerland as well as at the median
European level (<10%).

Slaughter calf data at European level are sparse, but overall,
a steady state of resistance rates has been was observed
at European level over the last number of years [1]. In con-
trast to most European countries, Sweden and Norway re-
ported consistently very low resistance levels for ampicillin
(penicillins), tetracycline (tetracyclines) and ciprofloxacin
(fluoroquinolones). Switzerland reported high levels of re-
sistance to ampicillin (penicillins) and tetracycline (tetracy-
clines), but a decreasing trend has been observed since
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2013. For ciprofloxacin (fluoroquinolones), the resistance is
stable at a low level in Switzerland, the Netherlands, Ger-
many and Spain, as well as at the European level.

The frequent occurrence of resistance to ampicillin (peni-
cillins), sulfamethoxazole (sulfonamides), trimethoprim (di-
aminopyrimidine derivatives) and tetracycline (tetracyclines)
in indicator commensal E. coli isolates from animal origins
likely reflects the widespread past and present use of these
antimicrobials in food-producing animals in European coun-
tries as well as in Switzerland. These substances, together
with ciprofloxacin (fluoroquinolones), frequently occur as a
core component of multi-drug resistance patterns in E. coli
from broilers. This likely reflects the fact that the genes con-
ferring resistance to these substances are often linked on
mobile genetic elements, resulting in co-selection for cipro-
floxacin (fluoroquinolones) in broilers. Notably, Jacoby et al.
(2014) reported that E. coli exhibited resistance to ciproflox-
acin (fluoroquinolones) but not to nalidixic acid (quinolones),
generally indicating the presence of transmissible genes
mediating quinolone resistance [3]. This resistance pattern
is seen in indicator E. coli in turkeys and calves in European
countries, but not in indicator E. coli from broilers.

w



Figure 8. g: Prevalence of ESBL/AmpC-producing Escherichia coli from broilers between 2014 and 2022
(N = total number of tested isolates, values for 2015, 2017, 2019 and 2021 interpolated [n/a].
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In Switzerland, no colistin (polymyxins) resistant indicator
E. coli were detected. Considering all reporting countries,
the median colistin (polymyxins) resistance was rare in all
livestock categories [1]. Statistically significant decreasing
trends in the level of colistin (polymyxins) resistance were
reported among isolates from specific animal categories
by some European countries. This is in line with the fact
that sales of polymyxins (e.g. colistin (polymyxins)) for use
in animals has decreased by over 40% between 2017 and
2022 in Europe [4].

Resistance to azithromycin (macrolides) was rare, very low
or low in all three livestock categories, both in Switzerland
and in European countries. Azithromycin, which is an azal-
ide, a subclass of macrolide antimicrobials, is not used in
animals. The selective pressure exerted by the use of other
related macrolides in food-producing animals may have fa-
voured the emergence of azithromycin (macrolides) resist-
ance.

In general, the key outcome indicator of complete suscep-
tibility accounting for differences in the relative size of food
producing animal populations for indicator E. coli varied
widely between countries, ranging from <20% to >80%
[1]. Lower values were generally observed in countries in
Eastern and Southern Europe, and the highest values were
found in the northern countries [1]. The resistance situa-
tion, both in Switzerland and at European level, has gener-
ally improved. This trend has been particularly pronounced

in broilers. It is, however, important to note that in some
countries, a favourable situation has already developed
over time, and major improvements cannot be expected.
Efforts to maintain and even further improve the situation
should, however, also be made in these countries.

8.2 ESBL/AmpC-producing
Escherichia coli

Since the beginning of the 21t century, extended-spec-
trum b-lactamase (ESBL) and plasmid-mediated AmpC
beta-lactamase (pAmpC) producers have emerged in
Gram-negative bacteria, particularly in Enterobacterales
such as E. coli [5]. Treating infections with these multid-
rug resistant bacteria is challenging for clinicians and, in the
past, has led to the use of last-resort antimicrobials such as
carbapenems [6]. Travelling to regions such as India, Asia
or Africa was shown to be a risk factor for the colonisation
of tourists with ESBL/AmpC-producing E. coli [7-8]. From
the One Health perspective, there have been food safety
concerns about whether food-producing animals can act
as reservoirs for ESBL/AmpC-producing E. coli, which may
then reach consumers via contaminated meat. Therefore,
analyses on the prevalence of ESBL/AmpC-producing E.
coli in cecal samples from broilers, pigs and calves were
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introduced into the European harmonised antimicrobial re-
sistance monitoring program in 2014 [1].

Activity of beta-lactamases enables bacteria to inactivate
beta-lactam antimicrobials by breaking their beta-lactam
ring. A broad variety of responsible genes has been detect-
ed[9]. As arule, extended spectrum beta-lactamase (ESBL)
producing bacteria are resistant to third- and fourth-gener-
ation cephalosporins and monobactams, but susceptible to
beta-lactamase inhibitors. In contrast, plasmid-mediated
AmpC beta-lactamase-producing bacteria are resistant to
third-generation cephalosporins, including beta-lactamase
inhibitors such as clavulanic acid and cephamycins. Howev-
er, they do not usually mediate resistance to fourth-gener-
ation cephalosporins. Nevertheless, various mixed resist-
ance patterns have now been described. Both, ESBL and
AmpC are produced by intestinal bacteria.

8.2.1 ESBL/AmpC-producing Escherichia
coli in broilers

In 2022, a random sample of 510 broiler flocks was in-
vestigated at slaughter for the occurrence of ESBL/Am-
pC-producing E. coli using cecal samples (ten pooled cecal
samples per flock). By applying the European harmonised
method, 22 presumptive ESBL/AmpC-producing E. coli
were isolated. This corresponds to a flock prevalence of

4.3% (Figure 8. g). Compared to 2020, the prevalence of
ESBL/AmpC-producing E. coli once more decreased signif-
icantly in the Swiss broiler population (Figure 8. g).

Details on multidrug resistance patterns are shown in Ta-
ble 8. d. Nine isolates (40.9%) showed resistance to five
antibiotic classes (Table 8. d). One isolate each showed re-
sistance to six or eight antibiotic classes, respectively (Ta-
ble 8. d). Besides resistance to third- and fourth-generation
cephalosporins, ESBL/AmpC-producing E. coli very often
showed additional resistances to other antibiotic classes.
Most often, resistances to fluoroquinolones and sulfona-
mides were detected (Table 8. d). Additional resistances
to diaminopyrimidine derivatives, tetracyclines, aminogly-
cosides and phenicols were exhibited by fewer isolates
(Table 8. d).

No resistance against amikacin (aminoglycosides), azithro-
mycin (macrolides), colistin (polymyxins), temocillin (peni-
cillins), tigecycline (glycylcyclines) and carbapenems (mer-
openem, imipenem, ertapenem) was observed.

Twelve isolates (54.5%) were resistant to a fourth-gener-
ation cephalosporin (e.g. cefepime), which serves as an
indicator for the presence of ESBL producers. On the oth-
er hand, 59.1% of the isolates were resistant to cefoxitin,
which is an indicator for AmpC producers.

Figure 8. h: Prevalence of ESBL/AmpC producing Escherichia coli from fattening pigs between 2014 and 2023
(N = total number of tested isolates, values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a].
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Table 8. e: Non-susceptibility combinations in ESBL/AmpC producing Escherichia coli in fattening pigs in 2023.

Resistance patterns Number of isolates % of total
Grand Total

Number of resistances: 3 26.3%
31 generation cephalosporins — Cephamycin — Penicillins 2 10.5%
31 generation cephalosporins — 4" generation cephalosporins — Penicillins 3 15.8%

Number of resistances: 4 10.5%
31 generation cephalosporins — 4" generation cephalosporins — Fluoroquinolones - Penicillins 1 5.3%
3 generation cephalosporins — 4" generation cephalosporins — Penicillins — Sulfonamides 1 5.3%

Number of resistances: 5

Figure 8. i: Prevalence of ESBL/AmpC producing Escherichia coli from slaughter calves between 2014 and 2023
(N = total number of tested isolates, values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a].
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(N=n/a) (N=298) (N=n/a) (N=304) (N=n/a) (N=298) (N=n/a) (N=294) (N=n/a) (N=306)

Year
—— ESBL/AmpC E. coli

3 generation cephalosporins — Cephamycin — Penicillins — Sulfonamides — Tetracyclines 1 5.3%
Number of resistances: 6 4 21.1%
3" generation cephalosporins — Cephamycin — Diaminopyrimidine derivatives — Penicillins —
. - 1 5.3%
Sulfonamides - Tetracyclines
31 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides — 1 5.3%
Fluoroquinolones — Penicillins — Tetracyclines ’
3 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Penicillins — 1 5.30
Sulfonamides — Tetracyclines 270
31 generation cephalosporins — 4™ generation cephalosporins — Diaminopyrimidine derivatives —
L . . 1 5.3%
Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 7 5 26.3%
3 generation cephalosporins — 4" generation cephalosporins — Cephamycin —
Lo - o s - ) 1 5.3%
Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines
31 generation cephalosporins — Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones —
L . . 1 5.3%
Penicillins — Sulfonamides - Tetracyclines
3 generation cephalosporins — 4" generation cephalosporins — Amphenicols -
LI o T s ) . 1 5.3%
Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines
31 generation cephalosporins — 4™ generation cephalosporins — Diaminopyrimidine derivatives —
. Do . . 1 5.3%
Fluoroquinolones - Penicillins — Sulfonamides — Tetracyclines
3 generation cephalosporins — 4" generation cephalosporins — Diaminopyrimidine derivatives —
) o ) . 1 5.3%
Fluoroquinolones - Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 9 1 5.3%
31 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides — Amphenicols —
Lo o R ) L . ) 1 5.3%
Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 10 1 5.3%
31 generation cephalosporins — 4™ generation cephalosporins — Amphenicols — Cephamycin —
Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Penicillins — Sulfonamides — 1 5.3%
Tetracyclines

Penicillins: Ampicillin; 3 gen. Cephalosporins: Cefotaxime, Ceftazidime; 4™ gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,
Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol

8.2.2 ESBL/AmpC-producing Escherichia
coli in fattening pigs

In 2023, a random sample of 308 fattening pigs was inves-
tigated at slaughter for the occurrence of ESBL/AmpC-pro-
ducing E. coli using cecal samples. By applying the Europe-
an harmonised method, 19 isolates of presumptive ESBL/
AmpC-producing E. coli were isolated. This corresponds to
a herd prevalence of 6.2% (Figure 8. h). Compared to 2021,
the prevalence of ESBL/AmpC-producing E. coli is stable at
a low level in the Swiss fattening pig population.

Details on multidrug resistance patterns are shown in Ta-
ble 8. e.: Five isolates (26.3%) showed resistance to seven
antibiotic classes. One isolate each showed resistance to
nine or ten antibiotic classes, respectively. Besides resist-
ance to third- and fourth-generation cephalosporins, ESBL/
AmpC-producing E. coli very often showed additional re-
sistances to other antibiotic classes. Most often, resistance
to sulfonamides, tetracyclines and diaminopyrimidine de-
rivatives were seen. Less frequently, resistances to fluo-
roquinolones and phenicols were detected. Resistance to
aminoglycosides was rarely exhibited. One isolate showed
resistance to azithromycin (macrolides).
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No resistance against amikacin (aminoglycosides), colistin
(polymyxins), temocillin (penicillins), tigecycline (glycylcy-
clines) and carbapenems (meropenem, imipenem, ertape-
nem) was observed.

Fourteen isolates (73.7%) were resistant to a fourth-gen-
eration cephalosporin (e.g., cefepime), which serves as an
indicator for the presence of ESBL producers. On the other
hand, seven isolates (36.8%) were resistant to cefoxitin,
which is an indicator for AmpC producers.

8.2.3 ESBL/AmpC-producing Escherichia
coli in slaughter calves

In 2023, a random sample of 306 slaughter calves was in-
vestigated for the occurrence of ESBL/AmpC-producing
E. coli using cecal samples. By applying the European har-
monised method, 100 isolates of presumptive ESBL/Am-
pC-producing E. coli were collected. This corresponds to a
herd prevalence of 32.7% (Figure 8. i). Compared to 2021,
the prevalence of ESBL/AmpC-producing E. coli again in-
creased to the level found in 2019 (32.9%).

Details on multidrug resistance patterns are shown in Table
8. f.. Twenty-four isolates (24.0%) showed resistance to
six antibiotic classes and 17 isolates (17.0%) to eight anti-
biotic classes (Table 8. f). Nine isolates showed resistance
to nine antibiotic classes (9.0%), and 10 isolates (10.0%)

to ten antibiotic classes. Besides resistance to third- and
fourth-generation cephalosporins, ESBL/AmpC-producing
E. coli very often showed additional resistances to other
antibiotic classes. Most often resistance to sulfonamides,
tetracyclines, fluoroquinolones, phenicols and trimethop-
rim diaminopyrimidine derivatives. Less frequently, re-
sistance to aminoglycosides was detected. Resistance to
macrolides were rarely seen. One isolate was resistant to
temocillin (penicillins).

No resistance against amikacin (aminoglycosides), colistin
(polymyxins), tigecycline (glycylcyclines) and carbapenems
(meropenem, imipenem, ertapenem) was observed.

Sixteen isolates (60.0%) were resistant to a fourth-gener-
ation cephalosporin (e.g. cefepime), which serves as an in-
dicator for the presence of ESBL producers. On the other
hand, 48 isolates (48.0%) were resistant to cefoxitin, which
is an indicator for AmpC producers.
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Table 8. f: Non-susceptibility combinations in ESBL/AmpC producing Escherichia coli in slaughter calves in 2023.

Resistance patterns Number of Isolates % of Total Number of resistances: 7 16 16.0%
Grand Total: 100 3 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides — Cephamycin — 2 2.0%
Penicillins — Sulfonamides — Tetracyclines '
Number of resistances: 3 3 generation cephalosporins — 4™ generation cephalosporins — Aminoglycosides — Amphenicols — 1 1.0%
3 generation cephalosporins — Cephamycin - Penicillins 3.0% FEE TS = i BTEITICES - VEUEEEITES
34 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides —
3rd i hal f 4th i hal i Penicilli 1 1.0% LU . N . - ; 1 1.0%
generation cephalosporins — 4% generation cephalosporins — Penicillins DO Diaminopyrimidine derivatives — Fluoroquinolones - Penicillins — Sulfonamides
: ] 31 generation cephalosporins — 4™ generation cephalosporins — Aminoglycosides — o
Number of resistances: 4 Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines L 1.0%
31 generation cephalosporins — 4" generation cephalosporins — Fluoroquinolones - Penicillins 2.0% 3rf1 ge_neratiqn_c‘ephalos_por‘ins _ 4qth ggpqration cephalo§porins - Amphgnicols — 1 1.0%
31 generation cephalosporins — 3 generation cephalosporins — 4t generation cephalosporins — 1 1.0% Diaminopyrimidine derivatives — Penicillins — Sulfonamides — Tetracyclines
Penicillins — Tetracyclines : 31 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Fluoroquinolones — 1 1.0%
31 generation cephalosporins — 4t" generation cephalosporins — Fluoroquinolones — Penicillins 1 1.0% Macrolides — Penicillins — Sulfonamides
31 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Fluoroquinolones — 1 1.0%
Number of resistances: 5 23 23.0% Penicillins — Sulfonamides — Tetracyclines ’
rd i 1 _ Ath 1 i — i — i —
3 generation cephalosporins — Amphenicols — Cephamycin — Penicillins — Sulfonamides 1 1.0% = g_e_m_eratlon cephalo_sponns 4 ge_neratlon e RS AT S R Tl i 2 2.0%
Penicillins — Sulfonamides — Tetracyclines
31 generation cephalosporins - Amphenicols - Penicillins — Sulfonamides — Tetracyclines 1 1.0% 31 generation cephalosporins — 4% generation cephalosporins — Diaminopyrimidine derivatives — 5 6.0%
3 generation cephalosporins — Cephamycin — Diaminopyrimidine derivatives — Penicillins — 1 1.0% Fluoroquinolones - Penicillins — Sulfonamides — Tetracyclines ’
Sulfonamides '
3 generation cephalosporins — Cephamycin — Penicillins — Penicillins — Sulfonamides — q A Number of resistances: 8 17 17.0%
Tetracyclines : 31 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides — Amphenicols — 2 2.0%
31 generation cephalosporins — Cephamycin — Penicillins — Sulfonamides — Tetracyclines 13 13.0% Cephamycin - Penicillins — Sulfonamides — Tetracyclines
- : —— : D ; - —
3 generation cephalosporins — Diaminopyrimidine derivatives — Penicillins — Sulfonamides — 1 1.0% g.agﬁ?]irat':)nq.Z.enp:szp:tr.m:s A;Q,'Fgﬁ-'xgosgﬁfon:,:?gggm?:,'f,accgpnh:smymn 4 4.0%
Tetracyclines . iaminopyrimidi ivatives — icillins — Su ides — ycli
o ) o . B e Lo e
31 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides - Penicillins — 1 1.0% I?;I gsra:er?:gnncephﬂoii?ﬁ;:s gtTg:g:;?gl: C‘I'(thrr;?:mc);icr:n Diaminopyrimidine derivatives 2 2.0%
Sulfonamides : uoroguinofones — e S s yelines
rd i i _ Ath i i _ i i _ i _
31 generation cephalosporins — 3" generation cephalosporins — 4" generation cephalosporins — 2 2.0% g'agﬁzirat:?n:'Z?np:ztﬁp:tr'm:s 4pe?fcr?ﬁ-rna;'°Zcﬁﬂ';z?gg:nsTet¢£'Z$32'505'des Amphenicols S 3.0%
Fluoroquinolones - Penicillins — Tetracyclines : laminopyrimidi Ivatives = Feniciilins = su ides = yel
3 generation cephalosporins — 4t generation cephalosporins — Penicillins — Sulfonamides — 5 2 0% 3 generation cephalosporins - 3" generation cephalosporins — 4™ generation cephalosporins - Am-
Tetracyclines U7 phenicols — Diaminopyrimidine derivatives — Fluoroquinolones - Fluoroquinolones — 5 5.0%
Penicillins — Sulfonamides — Tetracyclines
Number of resistances: 6 24 24.0% 3 generation cephalosporins — 4t generation cephalosporins — Amphenicols — 1 L0
3 generation cephalosporins — 4" generation cephalosporins — Cephamycin — 1 1.0% Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Penicillins — Sulfonamides ’
Diaminopyrimidine derivatives — Penicillins — Tetracyclines '
3 generation cephalosporins — Amphenicols — Cephamycin — Fluoroquinolones — Penicillins — 1 e Number of resistances: 9 9 9.0%
Tetracyclines ’ 34 generation cephalosporins — Aminoglycosides — Amphenicols — Cephamycin — P 2.0%
3 generation cephalosporins — Amphenicols — Cephamycin — Penicillins — Sulfonamides — ) 2 0% Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines '
Tetracyclines ' 3’_d ge_neratign _cgphalos_ponfins — 4t genergtion cephalosp_o_rips - Aminoglycpsides - Amphgnicols - 1 1.0%
3rd generation cephak)sporins - Cephamycin - Diaminopyrimidine derivatives — Penicillins — 2 2.0% Dlamlnopyrlmldlne derivatives — FlUOquUanlOneS — Penicillins — Sulfonamides — Tetracycllnes
Sulfonamides — Tetracyclines ; 34 generation cephalosporins — 3 generation cephalosporins — 4" generation cephalosporins —
3 generation cephalosporins — Cephamycin — Fluoroquinolones — Fluoroquinolones - Penicillins — 5 5 0% Aminoglycosides — Amphenicols — Diaminopyrimidine derivatives — Fluoroquinolones — 1 1.0%
Sulfonamides - Tetracyclines e Penicillins — Sulfonamides — Tetracyclines
7 ] —— : - ; - R — . ; i . ; :
3 gepgratlon cephalqsponns Aminoglycosides — Amphenicols — Diaminopyrimidine derivatives 1 1.0% 34 generation cephalosporins — 4 generation cephalosporins — Amphenicols — Cephamycin — 5 » 0%
Renicillins = Sulfonamides Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Sulfonamides — Tetracyclines ’
31 generation cephalosporins — 4" generation cephalosporins — Aminoglycosides — 1 1.0%
Diaminopyrimidine derivatives - Fluoroquinolones - Penicillins ‘ 31 generation cephalosporins — 4™ generation cephalosporins — Amphenicols — Cephamycin — 1 1.0%
31 generation cephalosporins — 4™ generation cephalosporins — Aminoglycosides — 5 0o Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Penicillins — Sulfonamides il
Fluorqu|n¢.)Iones = Penlcﬂlfns = Tetracyclln‘es " . " — 3 generation cephalosporins — 4" generation cephalosporins — Amphenicols — Diaminopyrimidine o
3' generation cephalosporins — 4" generation cephalosporins - Aminoglycosides — Penicillins — 2 2.0% derivatives - Fluoroquinolones — Macrolides - Penicillins — Sulfonamides - Tetracyclines 2 2.0%
Sulfonamides - Tetracyclines ’
3 generation cephalosporins — 4" generation cephalosporins - Amphenicols — Penicillins — 1 1.0% Number of resistances: 10 ] 3.0%
Sulfonamlqes - Tetracycllnfes . . . — 3" generation cephalosporins — 4™ generation cephalosporins — Aminoglycosides —
3 generation cephalosporins — 4™ generation cephalosporins — Fluoroquinolones - Penicillins — 5 2.0% Amphenicols - Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — 1 1.0%
Sulfonamides - Tetracyclines ’ Sulfonamides — Tetracyclines
” ; ———— : —— : - —— : - - _ - -
gr I?energgon ce_zrphalosplc_)rms 4™ generation cephalosporins — Fluoroquinolones - Penicillins 2 2.0% 3 generation cephalosporins — 4 generation cephalosporins — Amphenicols — Cephamycin
UIITBITEWTIIEES = VETEEyEiEs Diaminopyrimidine derivatives — Fluoroquinolones — Macrolides — Penicillins — Sulfonamides — 2 2.0%
Tetracyclines
Penicillins: Ampicillin; 3 gen. Cephalosporins: Cefotaxime, Ceftazidime; 4™ gen. Cephalosporins: Cefepime; Cephamycin: Cefoxitin;
Sulfonamides: Sulfomethoxazole; Aminoglycosides: Gentamicin; Fluoroquinolones: Ciprofloxacin, Nalidixic acid; Tetracyclines: Tetracycline,
Tigecycline; Macrolides: Azithromycin; Diaminopyrimidine derivatives: Trimethoprim; polymyxins: colistin; Amphenicols: Chloramphenicol
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8.2.4 Discussion

The prevalence of ESBL/AmpC-producing E. coli in Swit-
zerland again decreased significantly for broilers (2022:
4.3%), was stable for fattening pigs (2023: 6.2%) and in-
creased for slaughter calves (2021: 32.9%).

Broilers have turned out to be the livestock species with
the highest prevalence of ESBL/AmpC-producing E. coli in
Europe and Switzerland in the past [1]. Since 2016, a de-
creasing trend in the prevalence of ESBL/AmpC-producing
E. coli in broilers can be observed and is still ongoing as
the new data from 2022 have shown. These decreasing
trends are statistically significant in most European coun-
tries, including Switzerland [1]. Nowadays, broilers are the
livestock species with the lowest prevalence of ESBL/
AmpC-producing E. coli in Swiss livestock. In general, the
use of antimicrobials is low in broiler production, which has
raised the question for the reason for high detection rates
of ESBL/AmpC-producing E. coli, especially in this global-
ly organised livestock sector. Therefore, it has been dis-
cussed whether the high detection rates are due to transfer
from a higher level in the broiler production pyramid, as had
previously been proposed for other types of antibiotic-re-
sistant E. coli [10]. More recently, it has been shown that
ESBL/AmpC-producing E. coli are introduced into parent
hatcheries via imported colonised day-old breeding stock
and subsequently spread vertically and longitudinally in
broiler production [11-12]. Nowadays, the strong decrease
of ESBL/AmpC-producing E. coli in local broiler production
all over Europe is most likely attributable to the production
and selling of ESBL/AmpC-producing E. coli -free day-old
breeding stock. Although knowledge regarding the exact
measures taken by the international breeding companies
is lacking, one can hypothesise that a prophylactic use of
modern cephalosporins in breeding companies has been
stopped in the last few years [11].

Following a significant decrease in the prevalence of ESBL/
AmpC-producing E. coli in fattening pigs from 2015 to
2021, no further decrease was observed in 2023, with a
stable low prevalence of 6.2%. In most European coun-
tries, the prevalence of ESBL/AmpC-producing E. coli
is higher, the European median prevalence being around
40% in fattening pigs, underlining the favourable situation
for Switzerland. In a longitudinal Swiss study, Moor et al.
(2021) showed that carriage duration is normally short with-
in the individual pigs and that the risk of recolonisation and
clonal spread of ESC-R-Ec might be reduced by applying
appropriate hygiene strategies. Interestingly, pig farming
practices, like all-in-all-out systems, as opposed to antimi-
crobial usage, were associated with reduced risk of ESBL/
AmpC-producing E. coli at farm level [13].

The trend in prevalence of ESBL/AmpC-producing E. coli for
slaughter calves is different to that of broilers and fattening
pigs. Nowadays, slaughter calves in Switzerland show the
highest prevalence of ESBL/AmpC-producing E. coli, on a
high level of 32.9%. Between 2015 and 2021, a decreas-

ing trend was observed, which seems to have stopped in
2023. In this context, it is not surprising that in the course
of detecting indicator E. coli, six ESBL/AmpC-producing
E. coli were detected. Although the European prevalence
for calves is even higher (>40%), the situation needs to
be monitored closely. It was shown that the prevalence of
ESBL/AmpC-producing E. coli decreased between the be-
ginning and the end of the fattening period [14]. This needs
to be considered in the European monitoring system when
interpreting the ESBL/AmpC-producing E. coli prevalence
is measured at the end of the fattening period. Moreover, it
was shown that 51 ESBL/AmpC-producing E. coli exhibited
resistance to ciprofloxacin (fluoroquinolones), whereas only
24 isolates showed resistance to nalidixic acid (quinolones),
which indicates the presence of transmissible genes for
quinolone resistance [3]. Seven ESBL/AmpC-producing
E. coli showed additional resistance to azithromycin (mac-
rolides) (7%), which is otherwise rare in European livestock.

The overall decreasing trends in the prevalence of ESBL/
AmpC-producing E. coli in Swiss livestock may, among
other factors, be related to the generally reduced use of
antibiotics in veterinary medicine in Switzerland (for more
information see Chapter 4). Based on the above-mentioned
results, the potential risk for direct or indirect transfer of
ESBL/AmpC-producing bacteria or genes from animals to
humans seems to be very low in recent years.

Resistance genes of ESBL/AmpC-producing E. coli display
a large heterogeneity [9]. Hence, knowledge of different
genes and their location within the genome is needed to
understand possible epidemiological links between the
different sectors (food-producing animals, raw meat and
humans). Therefore, in 2021 whole genome sequencing
(WGS) was introduced as an alternative method to the
phenotypic testing of E. coli isolates in the European mon-
itoring (EU decision 2020/1729). The harmonised protocols
developed by the European reference laboratory for anti-
microbial resistance (Denmark) have been followed when
using the WGS technique, to ensure data comparability
between countries. In 2022, six member states and one
non-member state (Czechia, Germany, Finland, Italy, the
Netherlands, Sweden and Norway) reported WGS results.
Countries providing WGS data reported several different
genes responsible for the ESBL/AmpC resistance [1]. WGS
is not yet implemented into the Swiss antimicrobial resist-
ance monitoring system. Nevertheless, a study by Aebi
et al. (2023) revealed that ESBL/AmpC-producing E. coli
isolated from Swiss slaughter calves and fattening pigs
were genetically highly diverse [15]. For further reading see
Chapter 12 in this report.
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8.3 Carbapenemase-produc-
Ing Escherichia coli

Carbapenems are last-resort antibiotics used to treat com-
plicated infections in humans. The use of carbapenems in
animals has been prohibited in the EU since 2022 (Europe-
an Commission, 2022). No products have been approved
for animals, but off-licence use for companion animals was
previously possible according to the ‘cascade’ principle [1].

In 2022, 510 pooled cecal samples from broiler flocks were
analysed for the presence of carbapenemase-producing E.
coli using the European harmonised method (Table 8. g).
In 2023, the same method was applied to 308 cecal sam-
ples from fattening pigs at slaughter and 306 cecal samples
from slaughter calves. As in the previous years, none of the
samples tested positive for carbapenemase-producing E.
coli or Klebsiella spp. (included in the monitoring program
as of 2020).

In the European harmonised monitoring program, among
the 47,874 samples included in the specific monitoring for
ESBL-/AmpC -producing E. coli and the 39,993 samples
included in the specific monitoring for carbapenemase-pro-
ducing E. coli in 2021 and 2022, 39 carbapenemase-pro-
ducing E. coli were detected. The reported numbers of
carbapenemase-producing E. coli are still low. However,
an increasing number of isolates has been observed com-
pared with previous years [1]. The occurrence of carbapen-
emase-producing E. coli in food-producing animals under-
lines the critical importance of having monitoring programs
specifically designed to detect these isolates, even when
present in only in small numbers. Amplification of these
multi-drug bacteria in high-intensity animal production sys-
tems may result in food-producing animals becoming an
additional source for human acquisition of such bacteria,
which is highly unwanted [16].

For more information see Chapter 13.

Table 8. g: Number of carbapenem-resistant Escherichia coli (since 2015) and Klebsiella spp. (since 2020) in cecal

samples from livestock, 2015-2023.

Sample type Number of samples

Number of Carbapenemase-producing
(n) E. coli (since 2015) and Klebsiella spp.

(since 2020) (n)

2015 fattening pigs — cecum 300 0
2015 slaughter calves — cecum 298 0
2016 broiler — pooled cecum 307 0
2017 fattening pigs — cecum 296 0
2017 slaughter calves — cecum 304 0
2018 Broiler — pooled cecum 307 0
2019 fattening pigs — cecum 306 0
2019 slaughter calves — cecum 298 0
2020 Broiler — pooled cecum 612 0
2021 fattening pigs — cecum 288 0
2021 slaughter calves — cecum 294 0
2022 Broiler — pooled cecum 510 0
2023 fattening pigs — cecum 308 0
2023 slaughter calves — cecum 306 0
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8.4 Methicillin-resistant
Staphylococcus aureus
(MRSA)

Staphylococcus (S.) aureus is a commensal bacterium
found on skin and soft tissues in approximately one third
of healthy humans. It is also part of the normal flora in a
wide variety of animals. Infections with S. aureus can oc-
cur when skin or tissues are damaged [17]. Beta-lacta-
mase-resistant modified semi-synthetic penicillin such as
methicillin was introduced in 1959 for human medicine.
However, one year later, the first methicillin-resistant S.
aureus (MRSA) appeared [18]. In the following decades
that followed, MRSA emerged as a major cause of health-
care-associated infections, although its occurrence was
restricted to hospitals and other healthcare facilities (““hos-
pital-acquired (HA) MRSA”). In the 1990s, an increasing in-
cidence of hospital-independent human MRSA infections
was observed [19]. These so-called “community-acquired
MRSA” had been reported by many countries worldwide.
With the emergence of MRSA in animals, MRSA gained
a One Health dimension [20]. Numerous studies have
shown that pigs in particular can be heavily colonised by
MRSA. These “livestock-associated MRSA” can be asso-
ciated with infections not only in animals but also in hu-
mans, especially in those with regular and close contact
with pigs (e.g. farmers, slaughterhouse workers or veteri-
narians) [21-22].

8.4.1 MRSA in fattening pigs

In 2023, a random sample of 310 fattening pigs was in-
vestigated at slaughter for the occurrence of MRSA using
nasal swab samples. By applying a one-step enrichment
method, 166 MRSA were isolated. This corresponds to a
herd prevalence of 53.5% (Figure 8. j). Thereby, the prev-
alence of MRSA in Swiss fattening pigs has been stable
at a very high level of approx. 50% since 2019 (Figure 8. j).

Details on multidrug resistance patterns are shown in Ta-
ble 8 h. Fourty-four isolates (26.5%) showed resistance
to five antibiotic classes (Table 8. h). Twenty-three iso-
lates showed resistance to nine antibiotic classes (13.9%)
and two isolates to ten antibiotic classes, respectively
(Table 8. h). Besides resistance to beta-lactam antibiot-
ics, MRSA very often displayed additional resistances to
other antibiotic classes. Most often resistance to tetracy-
clines, lincosamides, diaminopyrimidine derivatives, fluo-
roquinolones, pleuromutilins and streptogramins (Table 8.
h). Less frequently, MRSA showed additional resistance
to aminoglycosides, macrolides and phenicols (Table 8.
h). One isolate was resistant to mupirocin.

No resistance to rifampicin, vancomycin or linezolid was
detected. All MRSA belonged to the livestock-associated
clonal complex 398.

Figure 8. j: Prevalence of MRSA from fattening pigs between 2014 and 2023 (N = total number of tested isolates,
values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a].
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8.4.2 MRSA in slaughter calves

In 2023, a random sample of 307 slaughter calves was in-
vestigated for the occurrence of MRSA using nasal swab
samples. By applying a one-step enrichment method, 11
MRSA were isolated. This corresponds to a herd preva-
lence of 3.6% (Figure 8. k). Compared to 2023, the preva-
lence of MRSA decreased slightly. Since 2014, the preva-
lence remains stable at a low level <10% (Figure 8. k).

Details on multidrug resistance patterns are shown in Table
8. i. Three isolates (27.3%) showed resistance to eight anti-
biotic classes (Table 8. i). Besides resistance to beta-lactam
antibiotics, MRSA very often showed additional resistance
to other antibiotic classes. Most often, resistance was to
tetracyclines, macrolides, lincosamides and aminoglyco-
sides (Table 8. I). Less frequently, bovine MRSA showed
additional resistance to fluoroquinolones and diaminopy-
rimidine derivatives (Table 8. i). Rarely, resistance to strep-
togramins and pleuromutilins was detected (Table 8. i.).

No isolate showed resistance to rifampicin, vancomycin,
linezolid or mupirocin. All MRSA except one isolate be-
longed to the livestock-associated clonal complex 398.

8.4.3 Discussion

In Switzerland, the prevalence of MRSA in fattening pigs
at slaughter has increased continuously and significant-
ly since the first analyses in 2009. In 2016, Bangerter et
al. [23] conducted comprehensive studies of the individu-

al colonisation dynamics of MRSA throughout the Swiss
pig production chain. It was shown that almost all pigs
from an MRSA-positive herd changed their MRSA status
several times, which implies that pigs are colonised tran-
siently rather than permanently. Humans in close contact
with livestock are at higher risk of being carriers of live-
stock-associated MRSA [22]. Although MRSA colonisation
in healthy humans does not usually induce disease, MRSA
introduced into hospitals may cause infections that are al-
most impossible to treat. Nowadays, the overall detection
rate of MRSA diagnosed in the context of severe infections
in hospitalised humans (septicemia) in Switzerland is de-
creasing, suggesting a minor risk of transmission of MRSA
from persons at risk in hospitals.

As MRSA monitoring is not mandatory or harmonised
within the European monitoring program, the availability of
comparable data over time is still limited. This is due to a
scarce number of countries reporting data on MRSA from
different animal populations and food matrices. Switzer-
land is one of the few countries which continuously reports
data and presents the results at EFSA and the European
reference laboratory for AMR. In 2020, the EU commission
decided to perform a baseline study on MRSA in 2025.
The purpose of this monitoring is to estimate the MRSA
prevalence in the European population of fattening pigs.
The target population is represented by healthy fattening
pigs sampled at slaughter. Details on the sampling design
and testing requirements can be found in Decision (EU)
2023/1017. Switzerland will not participate in this baseline
study, as the added value of this study is very limited due to
the monitoring that has already been implemented.

Figure 8. k: Prevalence of MRSA from slaughter calves between 2014 and 2023 (N = total number of tested isolates,
values for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a].
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Table 8. h: Non-susceptibility combinations in MRSA in fattening pigs in 2023.

Resistance patterns
Grand Total:

Number of resistances: 3

Number of resistances: 4

Aminoglycosides — Cephamycin — Penicillins — Tetracyclines

Cephamycin — Diaminopyrimidine derivatives — Penicillins — Tetracyclines

Cephamycin - Penicillins — Streptogramin — Tetracyclines

Number of resistances: 5

Aminoglycosides — Cephamycin — Diaminopyrimidine derivatives — Penicillins — Tetracyclines

Aminoglycosides — Cephamycin — Fluoroquinolones — Penicillins — Tetracyclines

Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones — Penicillins — Tetracyclines

Number of resistances: 6

Aminoglycosides — Cephamycin — Lincosamides — Macrolides — Penicillins — Tetracyclines

Aminoglycosides — Amphenicols — Cephamycin — Fluoroquinolones — Penicillins — Tetracyclines

Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones - Lincosamides — Penicillins —
Tetracyclines

Cephamycin — Diaminopyrimidine derivatives — Macrolides — Penicillins — Pleuromutilins —
Tetracyclines

Number of resistances: 7

Amphenicols — Cephamycin - Fluoroquinolones - Lincosamides — Macrolides - Penicillins —
Tetracyclines

Number of resistances: 8
Aminoglycosides — Cephamycin — Diaminopyrimidine derivatives — Lincosamides — Penicillins —

Pleuromutilins — Streptogramin — Tetracyclines
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Number of Isolates
166

% of Total

7.2%

1.2%

Number of resistances: 9 23 13.9%

Aminoglycosides — Amphenicols — Cephamycin - Fluoroquinolones - Lincosamides —

0,
Penicillins — Pleuromutilins — Streptogramin — Tetracyclines 3 1.8%

Aminoglycosides — Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones —

[0)
Lincosamides — Penicillins — Pleuromutilins — Streptogramin — Tetracyclines 4 2.4%

Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones — Lincosamides —

; A~ " . ; 1 0.6%
Macrolides - Penicillins — Pleuromutilins — Streptogramin — Tetracyclines
Number of resistances: 10 2 1.2%
Aminoglycosides — Amphenicols — Cephamycin — Fluoroquinolones — Lincosamides — 1 0.6%

Macrolides — Penicillins — Pleuromutilins — Streptogramin — Tetracyclines

Aminoglycosides — Cephamycin — Diaminopyrimidine derivatives — Fluoroquinolones —

0,
Lincosamides — Penicillins — Pleuromutilins — Streptogramin — Tetracyclines 4 2:4%

Penicillins: Penicillin; Cephamycin: Cefoxitin; Sulfonamides: Sulfamethoxazole; Aminoglycosides: Gentamicin, Kanamycin, Streptomycin; Fluoroquinolones:
Ciprofloxacin; Tetracyclines: Tetracycline; Macrolides: Erythromycin; Diaminopyrimidine derivatives: Trimethoprim; Pleuromutilins: Tiamulin; Amphenicols:
Chloramphenicol; Lincosamides: Clindamycin; Streptogramin: Quino-/Dalfopristin; Steroid antibiotics: Fusidic acid

Table 8. i: Non-susceptibility combinations in MRSA in slaughter calves in 2023.

Number of Isolates % of Total

Resistance patterns

Grand Total: 11

Number of resistances: 3

Number of resistances: 4

Aminoglycosides-Cephamycin-Penicillins-Tetracyclines

Number of resistances: 5 27.3%

Aminoglycosides-Cephamycin-Diaminopyrimidine derivatives-Penicillins-Tetracyclines

Cephamycin-Lincosamides-Macrolides-Penicillins-Tetracyclines

Number of resistances: 6

Number of resistances: 7

Number of resistances: 8

Aminoglycosides-Amphenicols-Cephamycin-Fluoroquinolones-Lincosamides-Macrolides-Penicil-
lins-Tetracyclines

Cephamycin-Diaminopyrimidine derivatives-Lincosamides-Macrolides-Penicillins-Pleuromuti-
lins-Streptogramin-Tetracyclines

2 18.2%
1 9.1%

Penicillins: Penicillin; Cephamycin: Cefoxitin; Sulfonamides: Sulfamethoxazole; Aminoglycosides: Gentamicin, Kanamycin, Streptomycin; Fluoroquinolones:
Ciprofloxacin; Tetracyclines: Tetracycline; Macrolides: Erythromycin; Diaminopyrimidine derivatives: Trimethoprim; Pleuromutilins: Tiamulin; Amphenicols:
Chloramphenicol; Lincosamides: Clindamycin; Streptogramin: Quino-/Dalfopristin; Steroid antibiotics: Fusidic acid
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Colistin-resistant Escherichia coli

iIn Swiss livestock
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The number of cases of infections with multidrug-resistant
enterobacteriain humans has been increasing in Switzerland
and worldwide [1, 2]. The increase of infections with patho-
gens that are resistant to critically important and last-resort
antibiotics, such as carbapenems, makes the need for ad-
ditional treatment options even more urgent. The antibiotic
colistin (polymyxin E), which has mainly been used locally
or as an aerosol for inhalation in patients with cystic fibrosis
or Pseudomonas colonisation for a long time, has become
one of the last-resort options in human medicine [3]. Colis-
tin has long been approved in veterinary medicine and was
extensively used in Europe, in particular for infections of
the gastrointestinal tract in livestock. The publication of a
novel plasmid-mediated colistin resistance gene (mcr-1) in
early 2016 marked a turning point for veterinary medicine
[5]. The discovery of mcr-mediated colistin resistance (as
of 2024, the gene variants mcr-1 to mcr-10 have been de-
scribed) in humans and animals made it clear that colistin
resistance genes can be transferred from one bacterial spe-
cies to another, representing a risk if transferred to human
pathogens. In the wake of the renewed use of colistin in hu-
man medicine, the worsening antibiotic resistance situation
worldwide and findings on colistin resistance transmission,
the World Health Organisation (WHO) listed this antibiotic
as a critically important antimicrobial, a category that also
includes carbapenems [4]. In 2019, the European medical
agency (EMA) placed colistin in Category B, i.e. antibiotics
to be used only for clinical infections in the absence of an
alternative, clinically effective antibiotic in a lower category
[6]. As a consequence, sales of colistin for use in animals
has decreased by over 40% between 2017 and 2022 in Eu-
rope [7]. Nevertheless, in Switzerland, colistin is still in use
for several indications and animal species [8].

Therefore, a study determining the prevalence of colis-
tin-resistant Escherichia (E.) coli in cecal samples collected
in 2019 and 2020 from Swiss broilers (n=612), fattening
pigs (n=306), and cattle <1 year (n=298) at slaughter was
conducted within the framework of the Swiss national anti-
microbial resistance monitoring program. Cultural isolation
was performed using a two-step method including a selec-
tive enrichment and consecutive plating on a selective agar
plate. Using this method, colistin-resistant E. coli could be

detected, regardless of their molecular mechanisms (chro-
mosomal or plasmid). Suspicious colonies were sub-cultured
on sheep blood agar and colistin resistance was confirmed
phenotypically by broth microdilution according to EUCAST
guidelines [9]. Colistin-resistant E. coli were then sequenced
by lllumina technology for detection of mcr genes.

Five samples from broilers were positive for colistin-resist-
ant E. coli, resulting in a herd prevalence of 0.8% (95% ClI
0.3-1.9%). For cattle younger than 1 year, eight samples
turned out to be positive, representing a prevalence of 2.7%
(95% CI 1.2-5.2%). Ten samples from fattening pigs were
positive, representing the highest prevalence of 3.3% (95%
Cl 1.6-5.9%). Out of 23 colistin-resistant E. coli, mcr-genes
were detected in only in one strain from broilers, one strain
from cattle, and in two strains from fattening pigs.

Our results are in line with findings of the European harmo-
nised monitoring program on antimicrobial resistance. Re-
sistance to colistin was uncommon among indicator E. coli
isolates recovered from food-producing animals in 2021
and 2022 [10]. However, moderate to high levels of resist-
ance to colistin (>10 isolates) were reported in either broiler
or laying hen flocks in some member states (e.g. Bulgaria,
Poland, Cyprus, Czechia and the Netherlands).

The results of this study indicate that the long-term use of
colistin in Swiss livestock has not yet led to an increased
prevalence of colistin-resistant E. coli. Therefore, Swiss
livestock have so far been negligible as a reservoir for plas-
mid-mediated colistin resistance.
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O Resistance 1n 1ndicator
bacteria from meat

Antimicrobial resistance in indicator bacteria isolated from
the intestinal tract of healthy livestock is monitored in or-
der to provide information about the prevalence and types
of resistance present. During the slaughter process, car-
casses may be contaminated with these bacteria, which
may then reach the consumers by way of fresh meat and
products thereof. Hence, monitoring of multidrug-resistant
bacteria in fresh meat of broilers, cattle and pigs helps to
assess the risk of transmission to humans via handling and
consumption of fresh meat. This transmission route is also
relevant for zoonotic bacteria such as Campylobacter spp.

9.1 ESBL/AmpC-producing
Escherichia coli

9.1.1 ESBL/AmpC-producing Escherichia
coli in chicken meat taken at
retail

In 2022, 307 samples of chicken meat (212 samples of
Swiss origin and 95 of foreign origin) were investigated for
the presence of ESBL/AmpC-producing E. coli. By apply-
ing a selective enrichment method, nine samples of Swiss
origin were positive, which corresponds to a prevalence of
4.2% (Figure 9. a). Regarding foreign meat, 45 out of 95
samples were positive (47.4%) (Table 9. a).

Details on multidrug resistance patterns are shown in Table
9. b. Fifteen isolates (27.8%) showed resistance to six an-
tibiotic classes (Table 9. b). One isolate showed resistance
to nine antibiotic classes (Table 9. b). Besides resistance

This chapter includes antimicrobial resistance rates of
ESBL/AmpC-producing E. coli and carbapenemase-pro-
ducing E. coli and Klebsiella spp. in chicken and turkey
meat taken at retail in 2022, and in pork and beef meat
taken at retail in 2023. Moreover, according to the new EU
decision 2020/1729, beef meat imported from third coun-
tries taken at border control posts in 2023 was analysed
and the results presented for the first time in this report.
Samples were gathered at the two Swiss border control
posts in Zurich and Geneva, based on their individual im-
port volume in 2021.

to third- and fourth-generation cephalosporins, ESBL/Am-
pC-producing E. coli very often showed additional resist-
ance to other antibiotic classes. Most often, resistance to
fluoroquinolones, sulfonamides and tetracyclines were de-
tected (Table 9. b). Additional resistance to diaminopyrimi-
dine derivatives was exhibited by several isolates, whereas
resistances to aminoglycosides and phenicols were rarely
seen (Table 9. b). One isolate was resistant to azithromycin
(macrolides). Microbiological resistance to colistin (poly-
myxins), tigecycline (glycylcyclines), meropenem and imi-
penem (carbapenems) was not detected.

The prevalence of ESBL/AmpC-producing E. coli in chicken
meat has again decreased since 2022, both in domestically
produced chicken meat and meat from abroad (Figure 9.
a). In 2016, 41.9% of Swiss chicken meat was found to be
positive for ESBL/AmpC-producing E. coli, whereas 64.9%
of chicken meat produced abroad was positive. Since 20186,
the prevalence of ESBL/AmpC-producing E. coli has dras-
tically declined in Swiss chicken meat, reaching 4.2% in

Table 9. a: Number of ESBL/AmpC producing Escherichia coli positive samples of chicken meat by origin in 2022.

Origin No. of samples tested (n)
Germany 23

Hungary 32

Slovenia 23

France 14

Austria 3

Total foreign countries 95
Switzerland 212
Nitrofurantoin 602
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No. of ESBL/AmpC producing Percentage of ESBL/AmpC

E. coli (n) producing E. coli (%)
8 34.8%
20 62.5%
15 65.2%
0.0%

not calculated

45 47.4%
9 4.2%
1.8 1124

Figure 9. a: Trends in prevalence of ESBL/AmpC producing Escherichia coli in chicken meat between 2014 and 2022
(N= total number of tested isolates; values for 2015, 2017, 2019 and 2021 interpolated [n/a]).

% ESBL/AmpC E. coli in chicken meat

1 lliiiiiBiniIiiiB

0 1 1 1 1 1 1 1 1
2014 2015 2016 2017 2018 2019 2020 2021 2022
(N=319) (N=n/a) (N=302) (N=n/a) (N=312) (N=n/a) (N=296) (N=n/a) (N=307)
Year
—— Swiss chicken meat —— Non-Swiss chicken meat

2022 (Figure 9. a). The prevalence of ESBL/AmpC-produc-
ing E. coli in foreign meat follows a similar trend, however, it
remains much higher than in Swiss chicken meat, at 47.4%
in 2022 (Figure 9. a).

9.1.2 ESBL/AmpC-producing Escherichia
coli in turkey meat taken at retail

In 2022, samples of turkey meat were taken at retail for the
first time. A total of 139 samples were taken, 38 from Swiss
turkey meat and 101 samples from abroad (Table 9. c). By ap-
plying a selective enrichment method, no samples of Swiss
origin were positive (0.0%), whereas from foreign meat 26
out of 101 samples were positive (25.7%) (Table 9. c).

Details on multidrug resistance patterns are shown in Ta-
ble 9. d. Fourteen isolates (53.8%) showed resistance to
seven antibiotic classes (Table 9. d). Two isolates showed
resistance to nine antibiotic classes (Table 9. d). Besides
resistance to third- and fourth-generation cephalosporins,
ESBL/AmpC-producing E. coli very often showed addi-
tional resistances to other antibiotic classes. Most often,
resistances to fluoroquinolones, sulfonamides and tetracy-
clines were detected (Table 9. d). One isolate was resistant
to azithromycin (macrolides). Microbiological resistance to
colistin (polymyxins), tigecycline (glycylcyclines), meropen-
em and imipenem (carbapenems) was not detected.

9.1.3 ESBL/AmpC-producing Escherichia
coli in pork meat taken at retail

In 2023, 309 samples of Swiss pork meat were investi-
gated at retail for the presence of ESBL/AmpC-producing
E. coli. Using a selective enrichment method, three sam-
ples were found to be positive, which corresponds to a
prevalence of 1.0% (Table 9. e). Thus, the prevalence of
ESBL/AmpC-producing E. coli in Swiss pork remains stable
at a very low level (£1%b), with sporadic detection of posi-
tive samples.

9.1.4 ESBL/AmpC-producing Escherichia
coli in beef meat taken at retail

In 2023, 308 samples of beef meat (269 domestically pro-
duced and 39 from abroad) were investigated for the pres-
ence of ESBL/AmpC-producing E. coli. Using a selective
enrichment method, two samples from Swiss meat were
found to be positive (0.7%), whereas no samples from
abroad were found to be positive (Table 9. f). As in pork
meat, the prevalence of ESBL/AmpC-producing E. coli in
beef meat remains stable on a very low level (<1%), with
sporadic detection of positive samples.
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Table 9. b: Non-susceptibility combinations of ESBL/AmpC producing Escherichia coli in chicken meat, 2022.

Resistance Patterns
Grand Total:

Number of resistances: 2

31 generation cephalosporins-Penicillins

Number of resistances: 3

3 generation cephalosporins-Cephamycin-Penicillins

31 generation cephalosporins-4™" generation cephalosporins-Penicillins

31 generation cephalosporins-Penicillins-Sulfonamides

Number of resistances: 4

3 generation cephalosporins-Cephamycin-Fluoroquinolones-Penicillins

31 generation cephalosporins-Cephamycin-Fluoroquinolones-Penicillins

3 generation cephalosporins-4t" generation cephalosporins-Fluoroquinolones-Penicillins
3 generation cephalosporins-4t" generation cephalosporins-Fluoroquinolones-Penicillins
Number of resistances: 5

3 generation cephalosporins-4t" generation
cephalosporins-Cephamycin-Fluoroquinolones-Penicillins

3" generation cephalosporins-4™ generation
cephalosporins-Aminoglycosides-Penicillins-Tetracyclines

31 generation cephalosporins-4™ generation
cephalosporins-Fluoroquinolones-Penicillins-Sulfonamides

3 generation cephalosporins-4t" generation
cephalosporins-Fluoroquinolones-Penicillins-Tetracyclines

31 generation cephalosporins-4™ generation
cephalosporins-Fluoroquinolones-Penicillins-Tetracyclines

3 generation cephalosporins-4" generation
cephalosporins-Penicillins-Sulfonamides-Tetracyclines

Number of resistances: 6

31 generation cephalosporins-4™ generation cephalosporins-Aminoglycosides-
Amphenicols-Fluoroquinolones-Penicillins

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine
derivatives-Fluoroquinolones-Penicillins-Sulfonamides

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine derivatives-
Penicillins-Sulfonamides-Tetracyclines

31 generation cephalosporins-4™" generation cephalosporins-Fluoroquinolones-Penicillins-
Sulfonamides-Tetracyclines

Number of resistances: 7

3 generation cephalosporins-Cephamycin-Diaminopyrimidine
derivatives-Fluoroquinolones-Macrolides-Penicillins-Sulfonamides

31 generation cephalosporins-4™" generation cephalosporins-Amphenicols-Diaminopyrimidine
derivatives-Penicillins-Sulfonamides-Tetracyclines

31 generation cephalosporins-4™" generation cephalosporins-Diaminopyrimidine derivatives-
Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine derivatives-
Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine derivatives-
Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

Number of resistances: 9

3 generation cephalosporins-4t" generation cephalosporins-Amphenicols-Cephamycin-
Diaminopyrimidine derivatives-Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

Number of isolates

(&2}

=y

11

12

11

% of total

3.7
3.7
1.9
18.5
1.9
iLg)
111
3.7
20.4

1.9

iLg)

1.9

1.9

1.9

111

27.8

1.9

1.9

1.9

22.2

20.4

1.9

iLg)

13.0

1.9

1.9

1.9

1.9

Penicillins: Penicillin; Cephamycin: Cefoxitin; Sulfonamides: Sulfamethoxazole; Aminoglycosides: Gentamicin, Kanamycin, Streptomycin; Fluoroguinolones:
Ciprofloxacin; Tetracyclines: Tetracycline; Macrolides: Erythromycin; Diaminopyrimidine derivatives: Trimethoprim; Pleuromutilins: Tiamulin; Amphenicols:
Chloramphenicol; Lincosamides: Clindamycin; Streptogramin: Quino-/Dalfopristin; Steroid antibiotics: Fusidic acid
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Table 9. c: Number of ESBL/AmpC producing Escherichia coli positive samples of turkey meat by origin in 2022.

No. of samples tested (n)

Germany 52
Hungary 33
France 16
Total foreign countries 101
Switzerland 38

9.1.5 Indicator Escherichia coli and
ESBL/AmpC-producing Escherichia
coli in beef meat taken at border
control posts

In 2023, fresh, chilled beef meat imported from third coun-
tries taken at border control posts was analysed for the first
time. A total of 24 indicator E. coli were isolated from 58
meat samples. The vast majority of the isolates showed no
resistance to the antimicrobials tested (n=19; 79.2%) (Table
9. g). Using a selective enrichment method, no ESBL/Am-
pC-producing E. coli was found (0.0%) (Table 9. h).

9.2 Carbapenemase-
producing Escherichia
coli and Klebsiella
spp- in meat

In 2022, 307 chicken meat samples and 139 turkey meat
samples were collected from retailers. In 2023, 309 pork
meat and 308 beef meat samples from retailers as well
as 58 beef meat samples from border control posts were
collected and analysed for the presence of carbapene-
mase-producing E. coli and Klebsiella spp. using a selective
enrichment method. As in prior years, none of the meat
samples tested positive for carbapenemase-producing
E. coli and Klebsiella spp. (Tab. 9. i).

9.3 Discussion

9.3.1 ESBL/AmpC-producing Escherichia
coli in meat

Compared to previous years, the prevalence of ESBL/
AmpC-producing E. coli in Swiss poultry meat in 2022
has continued to strongly decrease (2014: 65.5%; 2016:
41.9%, 2018: 21.1%, 2020: 10.2%, 2022: 4.2%). In foreign
chicken meat, the decreasing trend in the prevalence of
ESBL/AmpC-producing E. coli is less pronounced and is to

No. of ESBL/AmpC producing Percentage of ESBL/AmpC

E. coli (n) producing E. coli (%)
22 42.3%
3 9.1%
1 6.3%
26 25.7%
0 0.0%

date still much higher than in Swiss meat (2014: 85.6%;
2016: 64.9%, 2018: 63.1%, 2020: 61.8%, 2022: 47.4%,).
The prevalence of ESBL/AmpC-producing E. coli in poultry
meat is directly linked to its prevalence in broilers. A signif-
icant decrease in the prevalence of ESBL/AmpC-producing
E. coli was also observed for Swiss broilers between 2016
and 2022, with a prevalence of 4.3% in 2022 (Chapter 8).
One explanation for this decrease is probably the discontin-
uation of the off-label use of extended-spectrum cephalo-
sporins in poultry [3]. Comparable decreasing trends in the
same time period in other European countries suggest that
measures that have been taken by the poultry industries on
supranational levels were efficient [1, 2, 3].

Because of the promising trend in the detection rate of
ESBL/AmpC-producing E. coli in Swiss chicken meat, the
former risk ranking of ESBL/AmpC-producing E. coli re-
garding exposure of humans and hazard characterisation
via poultry meat should be re-evaluated [4]. However, due
to the still unsolved contamination problem with Campylo-
bacter spp. (Chapter 7), the poultry industry must further
optimise its hygiene processes, and for consumers, ade-
quate kitchen hygiene and proper cooking of raw chicken
meat remain essential.

The very low prevalence of ESBL/AmpC-producing E. coli
in pork and beef meat (<1%) compared to the moderate
prevalence in fattening pigs (6.2%) and the high preva-
lence in slaughter calves (32.7%) can be attributed to the
different hygiene measures during slaughter, as opposed
to broiler slaughter where hygiene measures at slaughter
are less effective in elimination of contaminants. The preva-
lence of presumptive ESBL-and/or AmpC-producing E. coli
in meat at retail varied markedly between European mem-
ber states. It ranged from 0% (Cyprus, Finland and Swe-
den) to 18.8% (Slovakia) in pig meat, and from 0% (Cyprus
and Finland) to 30.7% (Hungary) for cattle meat at retail [1].

Resistance genes of ESBL/AmpC-producing E. coli display
a large heterogeneity [5]. Hence, knowledge of different
genes and their location within the genome is needed to
understand possible epidemiological links between the
different sectors (food-producing animals, raw meat and
humans). Therefore, in 2021, whole genome sequencing
(WGS) was introduced as an alternative method to the phe-
notypic testing of E. coli isolates in European monitoring
(EU decision 2020/1729). The harmonised protocols devel-
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Table 9. d: Non-susceptibility combinations of ESBL/AmpC producing Escherichia coli in turkey meat, 2022.

Resistance Patterns
Grand Total:

Number of resistances: 3

31 generation cephalosporins-4™" generation cephalosporins-Penicillins

Number of resistances: 4

3 generation cephalosporins-Cephamycin-Penicillins-Sulfonamides

31 generation cephalosporins-4t" generation cephalosporins-Fluoroquinolones-Penicillins

Number of resistances: 5

31 generation cephalosporins-4™" generation cephalosporins-Fluoroquinolones-Penicillins-

Sulfonamides

31 generation cephalosporins-4™" generation cephalosporins-Fluoroquinolones-Penicillins-

Tetracyclines

Number of resistances: 6

3 generation cephalosporins-Cephamycin-Fluoroquinolones-Penicillins-Sulfonamides-

Tetracyclines

31 generation cephalosporins-4™" generation cephalosporins-Amphenicols-Penicillins-

Sulfonamides-Tetracyclines

3v generation cephalosporins-4™ generation cephalosporins-Fluoroquinolones-Penicillins-

Sulfonamides-Tetracyclines

Number of resistances: 7

3 generation cephalosporins-Amphenicols-Cephamycin-Diaminopyrimidine derivatives-

Penicillins-Sulfonamides-Tetracyclines

3 generation cephalosporins-4t" generation cephalosporins-Amphenicols-Diaminopyrimidine

derivatives-Fluoroquinolones-Penicillins-Sulfonamides

3 generation cephalosporins-4t" generation cephalosporins-Amphenicols-Diaminopyrimidine

derivatives-Penicillins-Sulfonamides-Tetracyclines

31 generation cephalosporins-4™" generation cephalosporins-Amphenicols-Fluoroquinolones-

Penicillins-Sulfonamides-Tetracyclines

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine derivatives-

Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

3 generation cephalosporins-4t" generation cephalosporins-Diaminopyrimidine derivatives-

Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

Number of resistances: 8

3 generation cephalosporins-4t" generation cephalosporins-Amphenicols-Diaminopyrimidine

derivatives-Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

Number of resistances: 9

31 generation cephalosporins-4™ generation cephalosporins-Amphenicols-Cephamycin-
Diaminopyrimidine derivatives-Fluoroquinolones-Penicillins-Sulfonamides-Tetracyclines

31 generation cephalosporins-4™ generation cephalosporins-Amphenicols-Diaminopyrimidine
derivatives-Fluoroquinolones-Macrolides-Penicillins-Sulfonamides-Tetracyclines

Number of isolates % of total

2

1 3.8
1 3.8
3 11.5
2 7.7
1 3.8
3 11.5
1 3.8
1 3.8
1 3.8
14 53.8
1 3.8
1 3.8
1 3.8
3 11.5
7 26.9
1 3.8
1 3.8
1 3.8
2 7.7
1 3.8
1 3.8

Penicillins: Penicillin; Cephamycin: Cefoxitin; Sulfonamides: Sulfamethoxazole; Aminoglycosides: Gentamicin, Kanamycin, Streptomycin; Fluoroguinolones:
Ciprofloxacin; Tetracyclines: Tetracycline; Macrolides: Erythromycin; Diaminopyrimidine derivatives: Trimethoprim; Pleuromutilins: Tiamulin; Amphenicols:
Chloramphenicol; Lincosamides: Clindamycin; Streptogramin: Quino-/Dalfopristin; Steroid antibiotics: Fusidic acid

oped by the European reference laboratory for antimicro-
bial resistance (Denmark) have been followed when using
the WGS technique, to ensure data comparability between
countries. In 2022, six member states and one non-mem-
ber state (Czechia, Germany, Finland, Italy, the Netherlands,
Sweden and Norway) reported WGS results. Countries pro-
viding WGS data reported several different genes respon-
sible for the ESBL/AmpC-resistance [1]. A study by Dora-
do-Garcia et al. (2018) had already found distinguishable
ESBL/AmpC-producing E. coli transmission cycles in differ-
ent hosts. A close epidemiological linkage of ESBL/AmpC
genes and plasmid replicon types between livestock farms
and humans in general could not be shown [6].
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9.3.2 Carbapenemase-producing Escherichia
coli and Klebsiella spp. in meat

Carbapenems are the most recently developed be-
ta-lactams available on the market and are reserved for
treatment of serious infections with multidrug-resistant
bacteria in human medicine [7, 8]. Worldwide, infections
with carbapenemase-producing bacteria are the most crit-
ical complication in human medicine. Carbapenems are
not licenced for treatment of food-producing animals. No
carbapenem-resistant E. coli and Klebsiella spp. could be
detected in fresh meat samples until 2023. These results
are generally in accordance with the results of European

Table 9. e: Number of ESBL/AmpC producing Escherichia coli positive samples of Swiss pork meat taken at retail in 2015,
2017, 2019, 2021 and 2023.

No. of ESBL/AmpC producing Percentage of ESBL/AmpC

Year of sampling No. of samples (n) E. coli (n) producing E. coli (%)
2015 301 3 1.0%
2017 302 1 0.3%
2019 311 2 0.7%
2021 309 0 0.0%
2023 309 3 1.0%

Table 9. f: Number of ESBL/AmpC producing Escherichia coli positive samples of beef meat taken at retail by origin in

2023.
Origin No. of samples tested (n) No. of ESBIE./ﬁ:;ip(;:)producing Per;?géi?:?nzf:iil;i/&r)?pc
Argentina 0 0.0%
Canada 0 0.0%
France 1 0 0.0%
Ireland 12 0 0.0%
Lithuania 4 0 0.0%
Paraguay 0 0.0%
Uruguay 15 0 0.0%
Total foreign countries 39 0 0.0%
Switzerland 269 2 0.7%

Table 9. g: Non-susceptibility combinations in indicator Escherichia coli from beef meat taken at border control posts in
2023.

Resistance Patterns Number of isolates % of total
Grand Total:

Number of resistances: 0

Number of resistances: 1
Penicillins
Number of resistances: 2
Sulfonamides-Tetracyclines
Penicillins: Penicillin; Cephamycin: Cefoxitin; Sulfonamides: Sulfamethoxazole; Aminoglycosides: Gentamicin, Kanamycin, Streptomycin; Fluoroquinolones:

Ciprofloxacin; Tetracyclines: Tetracycline; Macrolides: Erythromycin; Diaminopyrimidine derivatives: Trimethoprim; Pleuromutilins: Tiamulin; Amphenicols:
Chloramphenicol; Lincosamides: Clindamycin; Streptogramin: Quino-/Dalfopristin; Steroid antibiotics: Fusidic acid

antimicrobial monitoring. In 2022 and 2023, more than
20,000 meat samples were investigated for the presence
of carbapenem-resistant E. coli, and only very few samples
tested positive. However, an increasing number of isolates
has been observed in 2022 and 2023, as compared with
previous years. Interestingly, the occurrence of carbapen-
emase-producing E. coli is higher in pork and beef meat
products than in poultry meat products [1]. For further read-
ing, see Chapter 12 in this report.

Resistance in indicator bacteria from meat 157



Table 9. h: Number of ESBL/AmpC producing Escherichia coli positive samples of beef meat taken at border control

posts by origin in 2023.

Origin
Argentina
Australia
Brasil
Canada

Chile

Japan

New Zealand
United States
United Kingdom
Uruguay
Total

No. of samples tested (n)

No. of ESBL/AmpC producing

E. coli (n)
0

O O O O o o o o o o

Table 9. i: Number of carbapenem-resistant Escherichia coli (since 2015) and Klebsiella spp. (since 2020) in meat,

2015-2023.

Sample origin

Number of samples tested

(n)

Number of Carbapene-
mase-producing Escherichia
coli (since 2015) and Kleb-
siella spp. (since 2020) (n)

Sample type
2015 chicken meat
2015 pork meat
2015 beef meat
2016 chicken meat
2017 pork meat
2017 beef meat
2018 chicken meat
2019 pork meat
2019 beef meat
2020 chicken meat
2021 pork meat
2021 beef meat
2022 chicken meat
2022 turkey meat
2023 pork meat
2023 beef meat
2023 beef meat
158 Resistance in indicator bacteria from meat

retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail
retail

border control posts

319
301
298
302
302
299
312
311
309
312
309
307
307
139
309
308
58

o

O O O O O O O O o o o o o o o o
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10 Resistance 1n animal pathogens

from animal clinical 1solates

Monitoring of antimicrobial resistance for relevant patho-
gens from diseased livestock and companion animals is
important for veterinarians. It enables them to make appro-
priate therapeutic antimicrobial choices, which they often
cannot base on an antibiogram prior to the first treatment.
Moreover, these data fill another important gap regarding
monitoring of antimicrobial resistance from the One Health
perspective. International organisations have focused on
these topics, and there are efforts and ongoing projects
to establish a European harmonised monitoring system in
this context as well [1, 2]. The establishment of the Euro-
pean Veterinarian Committee on Antimicrobial Susceptibil-
ity Testing (VetCAST) in 2015 also proves the importance
of this topic. VetCAST is a subcommittee of the European
committee on antimicrobial susceptibility testing (EUCAST)
and deals with all aspects of antimicrobial susceptibility
testing of veterinary bacterial pathogens [3].

In 2019, an annual monitoring of antimicrobial resistance
in veterinary pathogens was initiated by the Federal Food
Safety and Veterinary Office (FSVO) and implemented at the
Swiss national reference laboratory for antimicrobial resist-

ance (ZOBA). The 2022/2023 sampling plans include path-
ogen/animal and indication combinations which are of rele-
vance to veterinary medicine (Table 14. e, Table 14. f).

Minimum inhibitory concentration (MIC) data were inter-
preted according to the current clinical breakpoints (CBPs)
issued by the Clinical and Laboratory Standards Institute
(CLSI). “Intermediate” and “resistant” categories were
added, up to “non-susceptibility”” proportions. If no clinical
breakpoints were available, current epidemiological cut-
offs (ECOFFs) were used if appropriate (www.mic.eucast.
org). ECOFFs distinguish between wild type and non-wild
type MIC distributions of bacteria. Bacterial strains are
considered “microbiologically resistant” if their MIC value
is above the highest MIC value observed in the wild-type
population. For clarity, the term “non-susceptibility” is also
used for “microbiologically resistant™. If neither a CBP nor
an ECOFF is available, MIC90 values were calculated. The
MIC90 value represents the MIC value at which =90% of
the strains within a test population are inhibited; the 90th
percentile.

Figure 10. a: Trends in antimicrobial non-susceptibility in Escherichia coli from diseased hens between 2019 and 2023

(N=total number of tested isolates).

% resistant E. coli in diseased hen

..................................................... — AmplCIllIn

—— Enrofloxacin
= Colistin
—— Gentamicin

— Trimethoprim-
Sulfamethoxazole

— Tetracycline
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(N=101) (N=101) (N=94)
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The results presented here are an excerpt of selected
pathogens and antimicrobials. For complete datasets, see
the homepage of the Swiss Centre for Antimicrobial Re-
sistance (ANRESIS), which is a nationwide surveillance
system for resistance data on both human and veterinary
medicine (www.anresis.ch).

10.1 Mastitis pathogens

Together with fertility problems, mastitis is the most com-
mon disease in dairy cows. It leads to considerable econom-
ic losses, due to premature culling, milk loss and increased
labour costs. It is one of the most common indications for
the use of antimicrobials in dairy cattle. Therefore, mon-
itoring of antimicrobial resistance in frequently detected
mastitis pathogens is of great importance for veterinarians.
Isolates independent of the clinical presentation (e.g. sub-
clinical, acute, chronic) were included in the program.

10.1.1 Coagulase-negative staphylococci

Coagulase-negative staphylococci (CoNS) comprise a broad
variety of different staphylococci species. They are among
the minor mastitis pathogens and usually cause subclinical
and chronic mastitis. Although the grouping of different co-
agulase-negative staphylococci species is clinically useful,
it can lead to problems when interpreting MIC data. In re-
cent years, many MIC distributions and new ECOFFs have
become available on the EUCAST website (www.mic.eu-
cast.org). It seems that staphylococci species might differ
in their MIC distribution patterns to antimicrobials. There-
fore, calculated non-susceptibility rates based on currently
used CoNS CBPs might also be influenced by the spectrum
of specific CONS submitted for analysis.

As most staphylococci are penicillinase producers,
non-susceptibility rates against penicillin (penicillins) are
high (2022: 21.8%; 2023: 43.2%; Table 10. a). In contrast,
only few isolates exhibited non-susceptibility to gentamicin
(aminoglycosides), resulting in low non-susceptibility rates
(2022: 3.0%; 2023: 1.2%,; Table 10. a). Non-susceptibility
rates to erythromycin (macrolides) were also low, but on a
higher level (2022: 5.9%; 2023: 7.4%; Table 10. a). All test-
ed CoNS were susceptible to marbofloxacin (fluoroquinolo-
nes). In 2022, two out of 101 CoNS, one S. fleuretti and one
S. epidermidis, were confirmed to be methicillin resistant
(2.0%). In 2023, one S. epidermidis out of 81 CoNS was
confirmed to be methicillin resistant (1.2%).

10.1.2 Streptococcus dysgalactiae

Streptococcus dysgalactiae is a major mastitis pathogen,
causing clinical to subclinical chronic mastitis. In 2022,
Streptococcus dysgalactiae was included in the monitoring
program for the first time.

Non-susceptibility to penicillin (penicillins) was rarely de-
tected, resulting in low non-susceptibility rates in 2022
(0%) and 2023 (2.4%) (Table 10. b) For erythromycin (mac-
rolides) also, low non-susceptibility rates were detected,
but with an increasing trend from 2022 (3.7%) to 2023
(10.7%0) (Table 10. b). Pirlimycin (lincosamides) non-suscep-
tibility rates were 0% in 2022 and 4.8% in 2023 (Table 10.
b). For marbofloxacin (fluoroquinolones), one isolate turned
out to be non-susceptible in 2022 and in 2023 (1.2%; Table
10. b). One isolate in 2023 was non-susceptible to ceftiofur
(3 generation cephalosporins; Table 10. b).

10.1.3 Trueperella pyogenes

Trueperella pyogenes is the causative agent of the so-
called “summer mastitis”. Trueperella pyogenes is often
transmitted by flies into small skin wounds on the udder or
via the inadequately closed teat canal. Antimicrobial treat-
ment should only be considered in fresh cases, in which no
solidification or abscessing of the quarter has taken place.

In 2022, Trueperella pyogenes was included in the moni-
toring program for the first time. For interpretation of MIC
data, only outdated CBPs for susceptibility against penicil-
lin (penicillins), erythromycin (macrolides) and trimethop-
rim-sulfamethoxazole (folate pathway inhibitor) issued by
CLSI in 2017, are currently available. As ECOFFs are not yet
defined, these CBPs should be used with caution.

The non-susceptibility rate against penicillin is low (3.5%),
which supports the use of penicillin as first-line option (Ta-
ble 10. c).

10.2 Pathogenic Escherichia
colt from poultry

Escherichia (E.) coliin hens can cause localised or systemic
infections. Colibacillosis is caused by the avian pathogen E.
coli (APEC). It manifests in diverse ways, including acute
fatal septicemia, subacute pericarditis, airsacculitis, salpin-
gitis, peritonitis, and cellulitis. It is one of the most com-
mon economically important bacterial diseases in poultry
worldwide. Results on molecular characterisation of strains
regarding possible identification of avian pathogenic E. coli
(APEC) were not available.

Trends in antimicrobial non-susceptibility are shown in Fig-
ure 10. a. From 2019 (50.5%) to 2023 (19.8%), a strong
decrease of non-susceptibility rates to enrofloxacin (fluoro-
quinolones) was detected. Similarly, a decreasing trend of
non-susceptibility from 2019 to 2023 for tetracycline (tetra-
cyclines) was observed, although weaker and on a general-
ly lower level (2019: 20.8%; 2023: 12.9%). Non-susceptibil-
ity rates to ampicillin (aminopenicillins) (2023: 19.8%) and
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Table 10. a: Non-susceptibility rates of coagulase-negative staphylococci in bovine mastitis for 2022 and 2023.

Antimicrobial
class

3 generation
Cephalosporins

Fluoroquinolones
Penicillins
Tetracyclins
Aminoglycosides

Macrolides

Antimicrobial

Cefoperazone
Marbofloxacin
Penicillin
Tetracycline
Gentamicin

Erythromycin

Cl: Confidence interval

Coagulase-negative staphylococci

2022 2022 2022 2022 2023 2023 2023
Number Nnuor’s_bsirst_)f Non-Sus- Number Nnuorz_bsirs(_)f Non-Sus-
of isolates centible ceptibility 95% ClI of isolates centible ceptibility

tested . P (%) tested ) P (%)

isolates isolates

101 1 0.9 [0.0,5.4] 81 1 1.2

101 0 0.0 [0.0,3.6] 81 0 0.0

101 22 21.8 [14.2,31.1] 81 85 43.2

101 15 14.9 [8.6,23.3] 81 19 23.5

101 S 3.0 [0.6,8.4] 81 1 1.2

101 6 5.9 [2.2,12.5] 81 6 7.4

Table 10. b: Non-susceptibility rates of Streptococcus dysgalactiae from bovine mastitis for 2022 and 2023.

Antimicrobial
class

3¢ generation
Cephalosporins
Fluoroquinolones

Folate pathway
inhibitors

Lincosamides
Macrolides

Penicillins

Antimicrobial

Ceftiofur

Marbofloxacin

Trimethoprim-
sulfamethoxazole

Pirlimycin
Erythromycin

Penicillin

Cl: Confidence interval

Streptococcus dysgalactiae

2022 2022 2022 2022 2023 2023 2023
Number NnuOT_bseurst_)f Non-Sus- Number Nnuor::_bsirs(_)f Non-Sus-
of isolates centible ceptibility 95% ClI of isolates centible ceptibility

tested . P (%) tested ) P (%)

isolates isolates
81 0 0 [0.0,4.5] 84 1 1.2
81 1 1.2 [0.0,6.7] 84 1 1.2
81 0 0 [0.0,4.5] 84 1 1.2
81 0 0 [0.0,4.5] 84 4 4.8
81 3 3.7 [0.8,10.4] 84 9 10.7
81 0 0 [0.0,4.5] 84 2 2.4

Table 10. ¢: Non-susceptibility rates of Trueperella pyogenes from bovine mastitis for 2022 and 2023.

Trueperella pyogenes

2022 2022 2022 2022 2023 2023 2023
Antimicrobial Number ’\lnuorzf)seursc-’f Non-Sus- Number NnUO?Psirs?f Non-Sus-
Antimicrobial of isolates ) ceptibility 95% Cl of isolates ) ceptibility
class ceptible ceptible
tested ) (%) tested ) (%)
isolates isolates
Folate pathway | Trimethoprim- 7 3 4.2 [0.9,11.7] 86 1 i
inhibitors sulfamethoxazole
Macrolides Erythromycin 72 1 15.3 [7.9,25.7] 86 8 9.3
Penicillins Penicillin 72 1 1.4 [0.3,7.5] 86 3 8.5
Cl: Confidence interval
164 Resistance in animal pathogens from animal clinical isolates

95% ClI

[0.0,6.7]
[0.0,4.5]
[32.2,54.7]
[14.8,34.2]
[0.0,6.7]

[2.8,15.4]

95% ClI

[0.0,6.5]
[0.0,6.5]
[0.0,6.5]
[1.311.8]
[5.0,19.4]

[0.3,8.3]

95% ClI

[0,3,6.3]
[4.1,17.5]

[0.7,9.9]

trimethoprim-sulfamethoxazole (folate pathway inhibitors)
(2023: 9.9%) have been stable over time at moderate lev-
els. In contrast, an increase in non-susceptibility rates was
observed for gentamicin (aminoglycosides) from 2019 (0%)
to 2023 (5.9%). Resistance to colistin (polymyxins) was de-
tected only sporadically in 2019 and 2020. The same is true
for resistance to cefalothin (1t generation cephalosporins),
which occurred once in 2020. No ESBL/AmpC producers
were identified.

10.3 Pathogens from
companion animals

In small veterinary practices, highest priority critically im-
portant antibiotic classes for human medicine such as fluo-
roquinolones (e.g. enrofloxacin, marbofloxacin and prad-
ofloxacin) and 3™ and 4" generation cephalosporins (e.g.
cefovecin and, limited to some countries, cefpodoxime) are
frequently used [5]. Monitoring the antibiotic resistance sit-
uation in pets is therefore of particular importance, not only
for the veterinarians treating them, but also from a One
Health perspective.

10.3.1 Staphylococcus pseudintermedius
from canine skin infections

Staphylococcus (S.) pseudintermedius is an opportunistic
pathogen, normally found as a commensal on skin and mu-
cosa of dogs. On the other hand, S. pseudintermedius is
recognised as the leading cause of skin, ear, and postop-
erative bacterial infections in dogs [5]. S. pseudintermedi-
us has gained more importance in veterinary as well as in
human medicine in recent years, due to the emergence of
methicillin-resistant S. pseudintermedius (MRSP) [6]. Colo-
nisation and/or infection may therefore not only be a con-
cern for veterinarians treating the infected animals, but also
represent a risk for companion animal owners [7].

Trends in antimicrobial non-susceptibility are shown in Fig-
ure 10. b. At first glance, no continuous trends appear to
be identifiable. This is mainly due to the low number of
isolates submitted in the early years of the program (2019-
2021: <50 isolates). Since 2022, the number of isolates
submitted has increased, which is why the results for 2022
and 2023 in particular are commented on.

The non-susceptibility rates to ampicillin (aminopenicillins)
remain very high in 2023 (57.3%; Figure 10. b.), despite
a decreasing trend since 2022 (65.1%, Figure 10. b.). On
the other hand, the non-susceptibility rates to ampicillin/

Figure 10. b: Trends in antimicrobial non-susceptibility in Staphylococcus pseudintermedius from diseased dogs
between 2019 and 2023 (N=total number of tested isolates)

% resistant S. pseudintermedius in diseased dogs
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— Tetracycline
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2022 2023

(N=63) (N=89)
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clavulanic acid (penicillins with beta-lactamase inhibitors)
were very low in 2023 (1.1%; Figure 10. b.) and have been
decreasing since 2021 (9.3%, Figure 10. b.). It will be in-
teresting to see whether the decline of non-susceptibility
rates for both antibiotics in recent years will be a continuing
trend in the future. The non-susceptibility rates to erythro-
mycin (macrolides) (2023: 18%, Figure 10. b.) are also high
to moderate, albeit at a lower level and also with a decreas-
ing trend from 2022 to 2023 (2022: 30.2, Figure 10. b.).
From 2019 (23.8%) to 2023 (23.6%), the non-susceptibility
rates to tetracycline (tetracyclines) were stable over time
at high levels. The non-susceptibility rates to gentamicin
(aminoglycosides) and to enrofloxacin (fluoroquinolones)
appear to have stabilised at low levels from 2022 to 2023
(7.9%, Figure 10. b.). The occurrence of isolates that were
not susceptible to cefovecin (3 generation cephalospor-
ins) in previous years is worrying, but in 2023 the rate of
non-susceptibility was low (2.2%, Figure 10. b.). Six iso-
lates in 2022 and two isolates in 2023 were confirmed as
methicillin-resistant S. pseudintermedius (MRSP).

10.3.2 Escherichia coli from canine and
feline urogenital tract infections

Escherichia (E.) coli is an important cause of opportunistic
infections in veterinary medicine. As in human medicine,
especially infection of the urogenital tract with E. coli oc-
curs frequently [9]. Antimicrobial treatment is in many cas-
es the therapy of choice [8].

The trends in non-susceptibility to antimicrobials for E. coli
in dogs are shown in Figure 10. c, and for E. coli in cats
in Figure 10. d. As with S. pseudintermedius isolates, the
results from 2019 and 2020 are affected by the low num-
ber of isolates submitted (<50). Since 2021, the number
of isolates submitted has strongly increased, which is why
the results for 2021, 2022 and 2023 in particular are com-
mented on.

E. coli from canine urogenital tract infections (UTI) showed
high non-susceptibility rates to ampicillin (aminopenicil-
lins) (2023: 23.5%, Figure 10. c), but low non-susceptibil-
ity rates to amoxicillin/clavulanic acid (penicillins with be-
ta-lactamase inhibitors) (2023: 8.8%, Figure 10. c). Low
rates of non-susceptibility were also found for enrofloxacin
(fluoroquinolones) (2023: 9.8%), with a decreasing trend
since 2021 (Figure 10. c). For tetracycline (tetracyclines)
and trimethoprim-sulfamethoxazole (folate pathway inhib-
itor), moderate to low non-susceptibility rates were detect-
ed, with a slight increase since 2021 (Figure 10. c). In 2022,
six out of 120 isolates and in 2023, six out of 106 canine
E. coli isolates were confirmed as ESBL/AmpC producers,
resulting in non-susceptibility rates to cefovecin (3 gener-
ation cephalosporins) of 5.0% and 5.9%, respectively (Fig-
ure 10. c). The non-susceptibility rates to chloramphenicol
(phenicols) (2023: 2.0%) and gentamicin (aminoglycosides)
(2023: 0% is low (Figure 10. c). All isolates were suscepti-
ble to colistin (polymyxins) and imipenem (carbapenems).

Figure 10. c: Trends in antimicrobial non-susceptibility in Escherichia coli from canine urogenital tract infections between
2019 and 2023 (N=total number of tested isolates).

% resistant E. coli from canine UTI
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E. coli from feline urogenital tract infections (UTI) showed
high non-susceptibility rates to ampicillin (aminopen-
icillins) (2023: 28.8%), with a strong upward trend since
2021 (8.4%; Figure 10. d). The non-susceptibility rates to
amoxicillin/clavulanic acid (penicillins with beta-lactamase
inhibitors) (2023: 10.6%) are lower, but also with a strong
upward trend since 2021 (2.1%; Figure 10. d). Low rates of
non-susceptibility to trimethoprim-sulfamethoxazole (folate
pathway inhibitor) (2023: 8.7%), with an increasing trend
since 2021, were observed. For enrofloxacin (fluoroquinolo-
nes), tetracycline (tetracyclines) and chloramphenicol
(phenicols), stable low non-susceptibility rates were found
over the years. Non-susceptibility to gentamicin (aminogly-
cosides) occurred rarely. In 2022, seven out of 109 isolates
and in 2023, five out of 104 feline E. coli isolates were con-
firmed to be ESBL/AmpC producers, resulting in non-sus-
ceptibility rates to cefovecin (3 generation cephalospor-
ins) of 6.4% and 4.8%, respectively (Figure 10. d).

10.4 Discussion

With the inclusion of CoNS, Streptococcus dysgalactiae
and Trueperella pyogenes in the monitoring program in
2022 and 2023, the spectrum of important mastitis patho-
gens was completed. For CoNS, penicillin plus aminoglyco-
sides is recommended as the first-line therapy [4]. The low
non-susceptibility rates to gentamicin (aminoglycosides)

detected support these recommendations. Methicillin-re-
sistance was detected sporadically.

For Streptococcus dysgalactiae infection, penicillin (penicil-
lins) or cephalexin (1%t generation cephalosporins) are rec-
ommended as the first-line therapy. Amoxicillin (clavulanic
acid) (penicillins with beta-lactamase inhibitor) should be
used as a second-line antibiotic [4]. In critical cases, mac-
rolides may be used. The overall low non-susceptibility
rates support the further use of these antimicrobials, al-
though the increasing trend of erythromycin (macrolides)
should be observed critically. For Trueperella pyogenes in-
fection, penicillin is the antibiotic of choice for treatment
[4]. The adherence to the recommended antibiotic treat-
ment is supported by the low non-susceptibility rates to
penicillin (penicillins).

For pathogenic E. coli in hens, the strong decline from 2019
to 2023 in non-susceptibility rates against the critically im-
portant antibiotic enrofloxacin (fluoroquinolones) is an im-
portant finding in the One Health framework. Considering
that aminopenicillins are recommended as first-line anti-
biotics in poultry, the consistently moderate non-suscep-
tibility rates over the years are of importance and efforts
should be made to potentially decrease these in the future.
For trimethoprim-sulfamethoxazole combinations (folate
pathway inhibitor), the low level of non-susceptibility rates
has remained stable over time as well and should be main-
tained in the future. The observed decline of non-suscepti-
bility rates to tetracycline (tetracyclines) is encouraging. Al-

Figure 10. d: Trends in antimicrobial non-susceptibility in Escherichia coli from feline urogenital tract infections
between 2019 and 2023 (N=total number of tested isolates).
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though the resistance rate to the critical important colistin
(polymyxins) is very low (0%o), this antibiotic should only be
used in selected cases.

Due to the low number of S. pseudintermedius isolates sub-
mitted from 2019 to 2021, a mixed picture has emerged,
with no clear emerging trends of non-susceptibility rates
over the years. The non-susceptibility rate to ampicillin (ami-
nopenicillins) is high, but against amoxicillin/clavulanic acid
(penicillins with beta-lactamase inhibitors), the non-suscep-
tibility rates are low and support the treatment recommen-
dations [8]. In complicated cases, fluoroquinolones can
be taken into consideration as second-line options, as the
non-susceptibility rates are low (Enrofloxacin 2023: 7.9%).
Treatment with 3 generation cephalosporins should be
avoided, as these are reserve antibiotics. The detection of
methicillin-resistant S. pseudintermedius emphasises the
importance of restricting the use of this class of antibiotics.
Because of the moderate non-susceptibility rates, espe-
cially against first-line antibiotics and always in previously
treated cases that do not respond to therapy, treatment of
S. pseudintermedius infections should be based on results
of an antibiogram.

Overall, from 2021 to 2023, no significant changes in
non-susceptibility patterns to antibiotics in canine E. coli
from UTIs could be observed. Except ampicillin (aminopen-
icillins), non-susceptibility rates are around 10% or lower.
The non-susceptibility rate of E. coli from UTIs in dogs for
first-line antibiotics such as ampicillin is still high, at 21% in
2021, but there does not appear to be a strong increasing
trend over time. Moderate to low rates of non-susceptibil-
ity to second-line antibiotics such as combinations of am-
picillin/clavulanic acid (penicillins and beta-lactamase inhib-
itors), as well as to sulfamethoxazole/trimethoprim (folate
pathway inhibitors), have been found. Therefore, these an-
tibiotics can still be recommended. Fortunately, a decline
in non-susceptibility to enrofloxacin (fluoroquinolones)
between 2021 and 2023 has been observed. Until 2023,
no imipenem (carbapenems) non-susceptible E. coli were
detected among the submitted isolates.

Except for ampicillin (aminopenicillins) and ampicillin/clavu-
lanic acid, the pattern of non-susceptibility to antibiotics
in E. coli from UTI in cats did not change significantly be-
tween 2021 and 2023. For ampicillin (aminopenicillins), a
strong increase from 8.4% in 2021 to 28.8% in 2023 was

Table 10. d: Antimicrobial resistance monitoring programm in veterinary pathogens 2024-2028.

Animal species Indication Microorganism
Cattle mastitis Streptocogcus
dysgalactiae
Cattle mastitis Trueperella pyogenes
Cattle mastitis Coagulase-nega‘twe
staphylococci
Cattle mastitis Escherichia coli
Cattle mastitis Staphylococcus aureus
Cattle mastitis Streptococcus uberis
Cattle |nfegt|ons el Pasteurella multocida
respiratory tract
Pigs infections of the pathogenic
9 digestive tract Escherichia coli
Pigs all indications Streptococcus suis
Hens all indications Escherichia coli
Horses all indications Streptococ_cus equl
species
infections of th . .
Dogs ! e(_:tlo s of the Escherichia coli
urinary tract
Dogs all indications Streptococcus canis
Dogs |nfe§t|0ns of the Enterococcus faecalis
urinary tract
skin and mucous Staphylococcus
Dogs . . . .
membrane infections pseudintermedius
Cats |nfe(_:t|ons of the Escherichia coli
urinary tract
Cats |nfe§t|ons of the Enterococcus faecalis
urinary tract

* Number of isolates (n)
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2025 2026
100* 100
50 50
100 100 100
50 50 50
100 100 100
100 100
50 50 50 50 50
50 50 50 50 50
50 50 50 50 50
100 100 100 100 100
50 50 50 50 50
100 100 100 100 100
50 50 50 50 50
50 50 50 50 50
100 100 100 100 100
100 100 100 100 100
50 50 50 50 50

observed. In addition, for ampicillin/clavulanic acid, a strong
increase in non-susceptibility was observed, but at a lower
level (2021:2.1%; 2023: 10.6%). These trends have to be
carefully monitored in the future, as they might influence
treatment recommendations. In this context, it is impor-
tant to mention that the detection rates of ESBL/AmpC
producers among E. coli from UTI in cats increased from
1.1% in 2021 to 4.8% in 2023. Currently, treatment recom-
mendations for feline E. coli from UTI with aminopenicillins
and cefalexin (1%t generation cephalosporins) as antibiotics
of first choice are under critical observation. Second-line
antibiotics such as ampicillin/clavulanic acid (penicillins and
beta-lactamase inhibitors) and sulfamethoxazole/trimeth-
oprim (folate pathway inhibitors) could be recommended.
The situation with third-line antibiotics such as enrofloxacin
(fluoroquinolones) is favourable.

The detection rates of ESBL/AmpC producers among E. coli
from UTl in dogs (2023: 5.9%) and cats (2023: 4.8%) in the
submitted isolates are low. In contrast, Zogg et al. (2018)
detected a much higher prevalence of ESBL/AmpC produc-
ers (20.8%) among Enterobacterales isolated from Swiss
clinical canine and feline cases [10]. This difference is most
probably due to the different isolate population analysed
in this study compared to the monitoring program. Zogg
et al. analysed isolates recruited from admission to a uni-
versity veterinary clinic. In hospitals, the selective pressure
on bacteria due to increased antibiotic use is higher than
in veterinary practices, from which most of the samples
are recruited for the monitoring program. High resistance
rates against ampicillin, but only sporadic detection of mul-
tidrug-resistant ESBL/AmpC E. coli were also described in
a comparable European study of canine and feline E. coli
isolated from UTI [11]. In addition, the first detections of
imipenem-resistant E. coli in 2019 and 2021 indicate that
these highly difficult-to-treat multi-resistant bacteria have
also arrived in the small animal sector.

10.5 Outlook

In the evaluation period of the monitoring program 2019
to 2023, various pathogen/animal and indication combi-
nations were included in order to evaluate in which cas-
es at least 50, with an ideal target of 100 isolates, can be
achieved. The number of diagnostic samples gathered for
pigs, horses and small ruminants is generally low. Hence
making it difficult to assemble a desirable data set size.
Based on these experiences, we have adapted the moni-
toring program for the years 2024-2028 with the goal to
include a pathogen/animal and indication combination for
which a sufficient number of isolates per year can be col-
lected suitable for analysis. (Table 10. d). This program will
provide more reliable data on antimicrobial resistance, in-
cluding trends over time.

Further adjustments focusing on the use of the interpre-
tative criteria should be considered for the future (for fur-
ther information see Infobox 10). For example, it is to be
expected that species-specific ECOFFs rather than CoNS
ECOFFs will be defined in the future. Therefore, it might be
necessary to collect only the most prevalent specific coag-
ulase-negative staphylococci species isolated from bovine
mastitis (e.g. S. xylosus, S. chromogenes or Mammaliicoc-
cus (formerly Staphylococcus) sciuri).
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From clinical breakpoints to epidemiological
cut-offs for the monitoring of antimicrobial resistance

In veterinary pathogens
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!Institute of Veterinary Bacteriology, University of Bern,
Switzerland

For combating antimicrobial resistance (AMR) in the fu-
ture, one key element will be a One Health surveillance
approach, as stated in the European Union (EU) One
Health Action Plan against AMR [1]. In the human sector,
the European Centre for Disease Prevention and Control
(ECDC) coordinates the European Antimicrobial Resistance
Surveillance Network (EARS-Net), which monitors AMR
in bacteria isolated from invasive infections in blood and
cerebrospinal fluid in hospitalised patients [2]. In the ani-
mal and food sector, the European Food Safety Authority
(EFSA) coordinates a mandatory active monitoring of AMR
in Salmonella and Campylobacter, indicator Escherichia
coli and extended-spectrum cephalosporin-resistant and
carbapenemase-producing Escherichia coli from healthy
food-producing animals (cattle, poultry, pigs) at slaughter
and meat thereof, according to Directive 2003/99/EC) and
Decision 2020/1729/EU. In contrast, harmonised Europe-
an surveillance programs have so far lacked AMR data on
pathogens from diseased animals, which is essential for
antimicrobial stewardship initiatives, such as treatment
guidelines to ensure optimal treatment of animal infections,
and to guide policy makers in regulating the use of antibiot-
ics in veterinary medicine. As part of the EU Joint Action on
AMR and Healthcare Associated Infections (EU-JAMRAI),
an initiative was launched in 2017 to build the European
Antimicrobial Resistance Surveillance network in veteri-
nary medicine (EARS-Vet) [3]. In a pilot study, nine EU/EEA
countries shared available data on AMR of several veter-
inary pathogens for the period between 2016 and 2020.
This provided a proof-of-concept of what EARS-Vet can
achieve, and formed a basis to improve future data collec-
tion and analysis [4]. Laboratory techniques and standards
used by EARS-Vet partners were highly diverse, with a mix
of microdilution and disk diffusion techniques, as well as
the use of interpretative criteria according to the European
committee on antimicrobial susceptibilty testing (EUCAST)
or to the clinical and laboratory standard institute (CLSI) or
to national guidelines.

In general, epidemiological cut-off (ECOFF) values or clin-
cial breakpoints (CBPs) are available for interpretation of
raw data. ECOFFs were introduced by EUCAST as one ba-
sic parameter for the determination of clincial breakpoints.
For a given microbial species and antimicrobial agent com-
bination, the ECOFF is the highest minimum inhibitory con-
centration (MIC) for organisms devoid of phenotypically

detectable, acquired resistance mechanisms (= wild-type
population). The ECOFF is an inherent, stable property
of a particular bacterial species that is not influenced by
other parameters and does not change over time. It is the
most sensitive instrument for early detection of upcoming
AMR. Therefore, ECOFFs are used in the mandatory active
monitoring of AMR in zoonotic and indicator bacteria as an
interpretative criteria, to detect trends in antibiotic resist-
ance over time. In contrast, clincial breakpoints (CBPs) are
determined by taking into account the ECOFF, the pharma-
cokinetic/pharmacodynamic breakpoint and the clinical cut-
off, when available [6]. As several factors, such as dosage
regimens or clincial cut-offs, may change over time, CBPs
are updated regulary by EUCAST, CLSI or national author-
ities. CBPs are widely used by diagnostic laboratories for
antimicrobial susceptibility testing (AST), in order to classi-
fy pathogens as susceptible or resistant to antimicrobials,
thus ensuring the selection of the most appropriate antibi-
otic for treatment by the veterinarian.

In the past, there was a large gap in ECOFF values for vet-
erinary pathogens and antimicrobials. However, already in
the EARS-Vet study, the data was successfully analysed
with the ECOFFs available at the time. In the meantime,
numerous new ECOFFs have been published through
projects, such as the COST Action CA18217 — European
Network for Optimisation of Veterinary Antimicrobial Treat-
ment (ENOVAT) [7]. Therefore, ECOFFs should be used in-
stead of CBPs as interpretative criteria in the national AMR
monitoring program of animal pathogens to ensure early
detection of emerging AMR mechanisms and reliable re-
cording of AMR trends in the future.
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11 Antibirotics and antimicrobial
resistance i1n the water cycle

11.1 Sources of antibiotics
to the environment

Antibiotics are consumed in high quantities in human and
veterinary medicine. Approximately 44,000 kg were sold in
human medicine in Switzerland in 2023 and 24,000 kg in
veterinary medicine. Consumption of antibiotics in human
medicine stay stable as compared to 2014 (see chapter 4),
while it halves in veterinary medicine (see chapter 5). Af-
ter intake, humans and animals excrete antibiotics partly
unchanged, so that they end up in wastewater or soils via
application of manure. Beside these routes, manufacturing
and formulating industries can also be a source of antibiot-
ics to the aquatic environment [1,2].

Conventional wastewater treatment plants (WWTPSs) only
partly remove polar organic micropollutants such as anti-
biotics, and therefore release them into receiving waters.
Consequently, WWTPs have been identified as a major
source of antibiotics in the aquatic environment [3]. Since
2016, selected WWTPs in Switzerland are being upgrad-
ed with an additional treatment step for the elimination of
micropollutants from municipal wastewater. This specific
treatment (e.g. with ozone or activated carbon) eliminates a
large spectrum of micropollutants to varying extents. Most
antibiotics are very well eliminated (>80%). The upgrade of
the WWTPs must be completed by 2040 at the latest. At
this time, approximately 70% of all Swiss municipal waste-
waters should be treated to eliminate micropollutants, lead-
ing to a strong reduction of the load of antibiotics being
released from WWTPs to the aquatic environment.

The aim of upgrading the WWTPs is to protect flora and
fauna as well as the quality of drinking water resources.
This is important since rivers infiltrate into groundwater,
the main source of drinking water in Switzerland. Micropol-
lutants such as antibiotics can be removed during riverbank
filtration by sorption to particles or biological degradation.
However, certain mobile and persistent antibiotics are not
removed during riverbank filtration and thus reach ground-
water. In addition, manure application to soils may lead to a
contamination of groundwater with antibiotics used in vet-
erinary medicine by direct leaching from soils into ground-
water. In Switzerland, the spreading of sewage sludge in
agriculture has been banned since 2006.
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11.2 Antibiotics iIn
municipal wastewater,
surface water
and groundwater

Table 11. a, b and ¢ provides an overview of the available
data for 19 antibiotics and five metabolites analysed in
municipal wastewater, surface water and groundwater be-
tween 2018 and 2022. The number of analysed samples
varies significantly for each substance.

In municipal wastewater, all 13 analysed substances are
detected (Table 11. a). While ciprofloxacin, clarithromycin,
clindamycin, levofloxacin, metronidazole, norfloxacin, sul-
famethoxazole and trimethoprim are frequently detected
(>75%), azithromycin, erythromycin and sulfamethazine are
only occasionally detected (<25%). Low detection frequen-
cy of erythromycin and azithromycin can be explained by
either their instability in aqueous solution [4] or the relative
high limits of quantification for these two compounds. Sul-
famethazine is only authorised in veterinary medicine; this
could explain its lower detection frequency in wastewater.
Sulfapyridine is reported with a medium detection frequen-
cy of approximately 50% in wastewater. It is also detect-
ed in surface water, although it is no longer authorised in
human or veterinary usages in Switzerland. Its presence
in wastewater and surface water is probably due to the
metabolization of the anti-inflammatory drug sulfasalazine,
used in human medicine for the treatment of ulcerative co-
litis and rheumatoid arthritis [5,6].

The conventional biological treatment degrades the antibi-
otics to different degrees — from poor (20%-50%) to very
good (80-100%) removal (Table 11). Clindamycin concen-
trations increase during biological treatment, presumably
due to a reformation from a transformation product [7,8].

Additional treatment steps for the elimination of micropol-
lutants, mainly ozonation and/or activated carbon treatment,
remove the antibiotics well (50-80% removal) or very well
(80-100% removal). The only exception to this is sulfameth-
oxazole in activated carbon treatment. While ozonation also
removes sulfamethoxazole very well (80-100%), activated
carbon only achieves poor removal (20-50%). Consequent-
ly, effluent concentrations of WWTPs equipped with such
advanced treatment are significantly lower than effluent
concentrations of conventional WWTPs (see Figure 11. a).

Table 11. a: Antibiotics in municipal wastewater effluents in Switzerland from 2018 to 2022. Concentration range and median values are shown: First quartile (Q25, value under which

25% of data points are found), median (Q50, value under which 50% of data points are found) and third quartile (Q75, value under which 75% of data points are found).

Removal in biological and advanced treatment (ozonation or activated carbon treatment) are classified as poor = 20-50%; good

LOQ: limit of quantification.

80-100%.
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*not enough data (<10) to perform distribution statistics

““- not analysed/not applicable”

1Sum of erythromycin and dehydrated erythromycin

2Sum of ofloxacin and its optical S-

(-) isomer levofloxacin
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In surface water at the monitoring sites of the National Sur-
face Water Monitoring NAWA, the most frequently detect-
ed antibiotic is sulfamethoxazole, followed by its acetyl-me-
tabolite (Table 11. b). Also, sulfapyridine, clarithromycin,
trimethoprim, clindamycin, and sulfamethazine are regularly
detected (>10%). Other antibiotics such as azithromycin,
ofloxacin, metronidazole, erythromycin or ciprofloxacin are
rarely detected. The four antibiotics roxithromycin, amoxicil-
lin, sulfadiazine and sulfadimethoxine are analysed but nev-
er detected. Concentrations range from the limit of quantifi-
cation (LOQ) (in the range of 0.001 pg/L) up to 1 pg/L, with
median concentrations of the detected antibiotics between
0.001 pg/l (sulfathiazole) and 0.03 g/l (clindamycin). This
is about one order of magnitude lower than in wastewater.

The concentrations of clarithromycin, clindamycin, sul-
famethoxazole, sulfapyridine, and trimethoprim decrease
from WWTP influents to WWTP effluents and, finally,

to surface water (Figure 11. a). In the effluent of WWTPs
equipped with an advanced treatment step to abate micro-
pollutants (ozonation or activated carbon treatment), the
concentrations of these five antibiotics are generally one
order of magnitude lower than after a conventional biologi-
cal treatment. The concentrations in surface water are 2-30
times lower than in conventionally treated wastewater.
This is due to dilution with pristine river water. Clindamy-
cin occurs in only slightly lower concentrations in surface
water than in wastewater effluent (Figure 11. a). This can
be explained by additional input into surface water by the
veterinary usage of this compound and/or the reformation
from transformation products (as mentioned above).

Environmental Quality Standards (EQS) are used to assess
the environmental risk of a substance. If the concentration
in surface water exceeds the EQS value, risks of adverse ef-
fects for aquatic organisms cannot be excluded. However,

Figure 11. a: Antibiotics (2018-2022) in the wastewater influent to WWTPs (-In), effluent of conventional WWTPs (-Out),
effluent of WWTPs equipped to abate micropollutants (-Out MP) and surface water (SW). Boxes represent
50% of the concentrations and the white line their median value. The number of detections (n > limit of

quantification, LOQ) are indicated above.
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Figure 11. b: Clarithromycin concentrations in two watercourses from 2018 to 2022: Furtbach (ZH, left) and Landgrabe
(SH, right). The red line indicates EQS value of 0.12 ug/L fixed in the Water Protection Ordinance (WPO,
Annex 2). The arrow in Figure 11. b (left) indicates the implementation of an additional ozone treatment
in one WWTP in the Furtbach catchment. Two-week composite samples were taken from 2018 to 2022
without interruption. Missing concentrations indicate concentrations below the limit of quantification of
0.02 pg/L (Furtbach) or 0.03/0.04 pg/L (Landgrabe).
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Furtbach

0.15 —i

0.10 —

0.05 —
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EQS values are designed to protect aquatic organisms
from potential ecotoxicological effect of antibiotics and
not to prevent the selection for antimicrobial resistance
(AMR) (see Infobox 11 for more details). Of the 19 anti-
biotics measured in surface water, 8 have available EQS
values, two of which are listed as numerical requirements
in Appendix 2 of the Water Protection Ordinance (WPO):
azithromycin (0.019 pg/L) and clarithromycin (0.12 ug/L).
Four antibiotics exceed their EQS values in surface water.
Azithromycin and clarithromycin exceed their EQS- (WPO)
values 153 and 19 times, respectively. Erythromycin and
sulfamethoxazole exceed their EQS values three and two
times, respectively.

Figure 11. b shows the concentration of clarithromycin
in two rivers that are analysed throughout the year with
two-week composite samples. In both rivers, the treated
wastewater accounts for more than 50% of the total dis-
charge of the rivers at base flow. Clarithromycin exceeded
its numerical requirements (WPO, Annex 2) several times
in the rivers Furtbach and Landgrabe. Since 2021, one of
the wastewater treatment plants discharging into the Furt-
bach operates with ozonation (Arrow, Figure 11. b, left).
Consequently, the concentrations of clarithromycin de-
creased and exceedances of the WPO requirements were
no longer observed. In the catchment of the Landgrabe
(Figure 11. b, right), the upgrade with an additional treat-
ment step for the elimination of micropollutants is planned
for the only WWTP discharging into this watershed.

0.15 —

Landgrabe

2018 2019 2020 2021 2022

In groundwater, antibiotics are detected less frequently and
in lower concentrations than in wastewater or surface wa-
ter (Table 11. ¢ ). The main source of human antibiotics in
groundwater is the infiltration of surface water. Degrada-
tion and sorption to soil particles during riverbank filtration
reduce the antibiotic load significantly. Manure may also be
a source of antibiotics in groundwater. However, antibiotics
exclusively used as veterinary pharmaceuticals are rarely
detected in groundwater.

Sulfamethoxazole is the antibiotic detected most frequent-
ly at the monitoring sites of the National Groundwater
Monitoring NAQUA [9] (Table 11. c). It was found at ap-
proximately 10% of all monitoring sites. Sulfamethoxazole
is mostly detected at sites near adjacent rivers containing
more than 5% of domestic wastewater discharge, such as
the Birs, Glatt or Thur.

11.3 Conclusions

Antibiotics are present in treated municipal wastewater,
surface water and groundwater. Their concentrations de-
crease from wastewater to surface water due to dilution,
and further decrease to groundwater due to degradation
and sorption during riverbank filtration or soil passage.
Some antibiotics exceed their Environmental Quality Stand-
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ards (EQS) values in surface water, indicating possible neg-
ative effects on aquatic organisms.

Based on current knowledge, it is unlikely that the antibiotic
concentrations measured in Swiss surface water directly
promote the development of antibiotic resistance (see In-
fobox 11.1). Nevertheless, AMR indicator genes and AMR
bacteria are present in wastewater (see Infobox 11.2), sur-
face water and sediments [10,11,12]. Although many open
questions remain, emissions of antibiotics and AMR bacte-
ria to the environment should be minimised based on the
precautionary principle.

Since 2016, Switzerland has been upgrading selected
WWTPs to eliminate micropollutants such as antibiotics
from wastewater. In 2024, more than 20 WWTPs already
treat approximately 15% of Switzerland’s wastewater with
an advanced treatment step to abate micropollutants. The
very good removal rate for most antibiotics at these up-
graded WWTPs is clearly visible in the effluent concentra-
tions (see Table 11. a and Figure 11. a) and impacts surface
water. After the upgrade of a WWTP, the concentrations
in the receiving river decrease (see Figure 11. b, left). Un-
til 2040, approximately 70% of all Swiss wastewaters will
be treated with an advanced treatment; this should lead to
a significant reduction of the emission of antibiotics from
WWTPs to the environment.

The monitoring of antibiotics in the water samples remains
crucial in order to assess the possible effects of antibiotics
on human and animal health, as well as to improve the un-
derstanding of antibiotic resistance selection. The decreas-
ing trend of antibiotic concentrations, as already seen in
some rivers, should continue in the coming years in both
surface and groundwater.
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Environmental risk assessment of antibiotics: predicted
no-effect concentrations for resistance selection In the

aquatic environment

G. Ferrari?
1 Swiss Centre for Applied Ecotoxicology

To assess the risk that chemicals pose to the environment,
Predicted No-Effect Concentrations (PNEC) are used. If en-
vironmental concentrations lie below the PNEC, we do not
expect a risk of adverse effects. PNECs are used to assess
water quality and they are called Environmental Quality
Standards (EQS) if derived according to the EU Technical
Guidance Document on EQS [1] and used for retrospective
assessment of surface water bodies. In Switzerland, EQSs
for some substances are set as legal thresholds in the Wa-
ter Protection Ordinance (see Chapter 11).

The protection objective of environmental risk assessment
is the health of organisms living in the environment. In the
case of antimicrobials, however, it is not only the health of
organisms that is of concern, but also the potential adverse
effects on human health. Indeed, high concentrations of
antimicrobial substances in the environment can lead to the
selection of pre-existing or the emergence of new antimi-
crobial resistances in environmental bacteria. Selection of
pre-existing resistances leads to a greater abundance of an-
timicrobial-resistant bacteria, and the potential for infection
with such bacteria rises. The emergence and subsequent
appearance of new types of antimicrobial resistance carries
the risk that these resistances will spread to human patho-
gens and, in the event of infection, increase the likelihood
of treatment failure due to resistance. While emergence
events can potentially have serious consequences for the
antimicrobial resistance landscape in humans, it is excep-
tionally difficult to quantify the risk of such events because
of their probabilistic nature. Quantifying the relationship
between antimicrobial concentrations and selection pres-
sure, however, is much more palpable. PNECs derived for
this purpose will be indicated as PNEC __ (res for resistance
selection).

Minimum Inhibitory Concentrations (MIC) — the concen-
tration of a specific antimicrobial at which bacterial growth
is inhibited — can be conceptualized as the upper limit of a
concentration at which selection occurs. At antibiotic con-
centrations below the MIC, the growth of bacteria sensitive
to antibiotic treatment is slowed, whereas bacteria resistant
to antibiotic treatment will continue to thrive, thus creating
conditions in which a selection for the survival of resistant
bacteria occurs. The lowest concentration at which we ex-
pect a selection for resistance in the bacterial population is
called the Minimum Selective Concentration (MSC).

MSCs can be experimentally measured with methods such
as competition experiments with isogenic bacteria. The
downsides of experimental approaches include the high
amount of time, effort, and expertise required, as well as
conclusions being limited to the bacterial species tested.
One approach to estimating MSCs beyond a single species
relies on the experimentally tested relationship between
MIC and MSC - it uses the available MIC to estimate the
MSC. For this purpose, databases containing the MIC of
numerous antibiotics and different bacterial species, such
as the EUCAST (European Committee on Antimicrobial
Susceptibility Testing) database, are used. From the MIC
distributions, the 1% percentile is chosen to account for the
precautionary principle, and a factor is applied to estimate
the MSC from this concentration. This method, developed
by Bengtsson-Palme and Larsson [2], is currently the most
widely used methodology for deriving PNEC__ in the aquat-
ic environment. Limitations include the fact that derivation
is possible only for antibiotics for which extensive MICs are
available. Since the EUCAST database is designed for use
in human medicine, and it is difficult to find corresponding
MIC data for antibiotics used in veterinary medicine, the
derivation of PNEC__ for such antibiotics with the Bengts-
son-Palme and Larsson method [2] is challenging.

Swiss surface water concentrations of antibiotics
compared to Environmental Quality Standards (EQS)
and Predicted No-Effect Concentrations for resistance
selection (PNEC, )

For four antibiotics, surface water concentrations measured
from 2018 to 2022 lie above their respective EQS, indicat-
ing a possible risk for adverse effects on aquatic organisms
(Figure XIV). However, the extent to which EQSs are ex-
ceeded varies widely. EQS exceedances for clarithromycin,
erythromycin and sulfamethoxazole lie within a factor of 1
to 1.5. For azithromycin, however, this factor lies between
1 and more than 50, indicating a higher risk for aquatic
organisms. If we compare the EQS with the PNEC __, we
find that for all substances except trimethoprim, EQSs are
lower than PNEC __ (Figure XIV). In these cases, we can
assume that EQS values are protective not only for adverse
effects on aquatic life, but also against the selection for
antimicrobial resistance.

For four of the five antibiotics for which PNEC __ are avail-
able (clarithromycin, erythromycin, sulfamethoxazole, and
trimethoprim), environmental concentrations do not ex-
ceed these values (Figure XIV). Azithromycin is the only
substance for which the PNEC___is exceeded in the meas-

res

urement period 2018-2022, albeit only in a low number
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of samples. However, no exceedances occurred in 2022
(data not shown). Hence, we can assume that there is cur-
rently no risk of antimicrobial resistance selection in Swiss
surface water.

No PNEC,__ is available for sulfamethazine. This is because
it is only used in veterinary medicine, and the database
used to derive PNEC__is for antibiotics used in human med-
icine. A new derivation of PNEC __ was not possible, since

res

corresponding MIC data could not be found. Although the

sulfamethoxazole metabolite acetyl-sulfamethoxazole was
the second most frequently detected antibiotic in surface
water after its mother substance, neither a PNEC _ nor an
EQS value is available for it. For the former, this is because
the human medicine database used to derive PNEC __ only
offers data on the antibiotics, and not their metabolites,
since it is intended for clinical use. An EQS derivation was
not possible due to a lack of ecotoxicological data. The in-
sufficient data availability makes risk assessment of antibi-

otic metabolites challenging.

Figure XIV: Environmental Quality Standards (EQS) and Predicted No-Effect Concentrations for resistance selection
(PNEC,,,) compared to environmental concentrations of the antibiotics azithromycin, clarithromycin,
erythromycin, sulfamethazine, sulfamethoxazole and trimethoprim measured in Swiss surface water

between 2018 and 2022.
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Applications and outlook

Selection of antimicrobial resistance is mostly a concern in
places where high concentrations of antibiotics can occur,
for example in hospital wastewaters or in pharmaceutical
manufacturing wastewaters. To tackle the issue of waste-
water management in pharmaceutical manufacturing, the
World Health Organisation produced a draft guidance [3],
and the AMR industry alliance also published a guidance
document, the Antibiotic Manufacturing Standard [4]. Both
guidance documents suggest concentrations of antimicro-
bials in receiving surface water should remain below both
EQS and PNEC __ values to ensure no adverse effects on
aquatic life, and no selection for antimicrobial resistance.
If no PNEC,__ is available for a substance, a default value
of 50 ng/l is suggested, based on a statistical evaluation of
available PNEC __data [3,4].

In the derivation of EQS, the antibiotic resistance selection
risk is currently not considered in the methodology. How-
ever, it has been considered both for EQS derived by the
Swiss Centre for Applied Ecotoxicology [5] and the Univer-
sity of Stockholm, and in new proposals for EQS of antibiot-
ics under the Water Framework Directive of the European
Union. Currently, considerations of PNEC _need to happen
on a case-by-case basis, with expert judgment comple-
menting traditional methodology. Given that EQSs are part
of ordinances in many European countries, comparability
and transparency in the derivation are of great importance.
Therefore, a revision of the guidance, including methodolo-
gy for PNEC__, would be an important next step.

The multifaceted problem of antimicrobial resistance poses
challenges that go beyond what traditional environmental
risk assessment encompasses. New perspectives in sub-
stance-based risk assessment are essential to tackle the
challenge of antimicrobial resistance. This further high-
lights the importance of the environment in the cycle of
antimicrobial resistance under a One Health approach.
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Wastewater-based surveillance of infectious diseases has
emerged as a powerful tool in public health surveillance,
driven in part by successes monitoring SARS-CoV-2 during
the pandemic and its subsequent extension to other path-
ogens, including Influenza A, Influenza B, and Respiratory
Syncytial Virus [1]. Wastewater provides insights into dis-
ease dynamics circulating in communities and is independ-
ent from clinical-based surveillance programs [1]. Our under-
standing of the epidemiology of antibiotic-resistant bacteria,
specifically, is based on estimates predominantly obtained
in hospital settings. Such clinical surveillance of antimicro-
bial resistance (AMR) primarily screens hospital patients.
It provides insights only into the subset of the population
that visits clinics, and is only reported by a subset of health
practitioners [2]. To obtain insights into AMR epidemiology
outside of clinics, research programs are investigating the
extent to which wastewater analysis can help to track AMR
in communities and hospitals [3]. This wastewater-derived
data aims to supplement traditional clinical surveillance, to
provide insights into community AMR dynamics, and poten-
tially to help inform efficacy of intervention programs, such
as antibiotic stewardship campaigns.

Within the scope of Swiss National Science Foundation
and Federal Office of Public Health projects, we have
aimed to use wastewater analysis to monitor the percent-
age of Escherichia coli isolates producing extended-spec-
trum B-lactamase (ESBL-E. coli) across Switzerland (Figure
XV). Since November 2021, we have conducted fortnight-
ly monitoring of ESBL-E. coli in influent wastewater from
six wastewater treatment plants (WWTPs) in Switzerland:
Altenrhein, Werdhdlzli-Zurich, Sensetal-Laupen, Chur, Lu-
gano and Aire-Geneve. Together, these catchments serve
approximately 14% of the Swiss population. We have col-
lected and analysed a total of 670 wastewater samples. To
enumerate total E. coli, wastewater samples were serially
diluted 100-fold with sterile 0.9% NaCl, and 100 uL were
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plated on CHROMagar Orientation chromogenic media. To
enumerate ESBL-E. coli, 100 pL of undiluted wastewater
samples were plated on CHROMagar ESBL chromogenic
media. Samples were plated in single replicates until 8 Feb-
ruary 2022, and in duplicates thereafter. Plates were incu-
bated at 37°C for 24 hours. Colony concentrations were de-
termined by counting the dark pink to reddish colonies on
CHROMagar Orientation for total E. coli and CHROMagar
ESBL for ESBL-E. coli.

Wastewater-based estimates of the ESBL-E. coli percent-
age may serve as proxies for ESBL-E. coli carriage rates
within the population. Between November 2021 and No-
vember 2022, our analysis revealed a population-weighted
mean percentage of ESBL-E. coli of 1.9% (95% confidence
interval: 1.8-2%) across all sites and weeks [4]. This val-
ue is in the lower range of comparable European data, in
which other studies of wastewater have observed ranges
from 1.6% in Greece to 4.4% in Germany. In Switzerland,
concentrations of ESBL-E. coli varied across WWTPs and
over time, with higher values observed in WWTPs serv-
ing larger populations such as Zurich, Geneva, and Lugano.
One potential explanation for this finding is that wastewa-
ter treatment plants in larger cities treat wastewater from
more densely populated catchment areas. Higher popula-
tion densities may contribute to increased transmission and
therefore higher proportions of ESBL-E. coli in wastewater.
Additionally, both Geneva and Zurich have international air-
ports and numerous hospitals and clinics, which may also
favor the spread of resistant bacterial strains. We observed
seasonal variation in the percentage of ESBL-E. coli across
all locations. The cause of this variation is unclear. Recent
precipitation (24-96 hours prior) showed no significant as-
sociation with ESBL-E. coli levels, while temperature occa-
sionally had a moderate impact (P < 0.05, correlation coef-
ficients around 0.40), but only in some locations. Temporal
and spatial differences were observed, indicating shifts in
community carriage.

We have developed a mechanistic model to describe the
relationship between wastewater and population carriage
of ESBL-E. coli. In this model, the proportion of ESBL-E.
coli in the wastewater reflects both the Swiss population’s
ESBL-E. coli carriage prevalence (number of people with
ESBL-E. coli in the gut) and the proportion of ESBL-E. coli
out of total E. coli in the gut amongst Swiss carriers. Un-
fortunately, we do not yet have data available on these two
factors for Switzerland. Across all of Europe, 6% of people
are estimated to be carriers of ESBL-E. coli. If this is true
for Switzerland, then our wastewater data suggests that
32% of all E. coli in the gut of Swiss carriers are ESBL-E.
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Figure XV: Temporal trends in the percentage of Escherichia coli resistant to beta-lactam antibiotics over total E. coli

across various wastewater treatment plants in Switzerland (November 2021-April 2024). The map in the
centre displays the locations of the seven wastewater treatment plants (WWTPs) analysed: ARA Chur, ARA
Altenrhein, ARA Werdhdlzli Zirich, IDA CDA Lugano, STEP d'Aire Genéve, and ARA Sensetal Laupen. The
graphs surrounding the map show the temporal trends in the percentage of E. coli resistant to beta-lactam
antibiotics at each respective WWTP. Each graph plots the percentage of resistant E. coli isolates (y-axis)
over time (x-axis), with individual data points represented by black dots. The smoothed trend lines indicate
the overall direction of resistance trends, with shaded areas representing confidence intervals. The population
served by each WWTP (in thousands) is indicated in the lower right corner of each graph.
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coli. However, this estimate exceeds an estimate from
Bangladesh (the only country with data available so far), in
which ESBL-E. coli are 19.3% of total E. coli. If we instead
assume the Bangladeshi data is accurate for Switzerland,
the wastewater data would imply that ESBL-E. coli car-
riage prevalence in Switzerland ranges between 9.2% and
10.5%, exceeding the European estimate. This discrepancy
highlights the complexity of directly correlating wastewater
data with community carriage rates and highlights the ben-
efits of collecting additional data on ESBL-E. coli in the guts
of the Swiss population.

Overall, our study demonstrates that wastewater-based
surveillance of culturable ESBL-E. coli offers insights into
AMR trends in Switzerland. The findings support the po-
tential of using wastewater data as a proxy for estimating
community carriage rates of ESBL-E. coli. We aim to ex-
pand our research by comparing wastewater data from the
six WWTPs with clinical data on antimicrobial resistance
from both the veterinary and the human sectors, as well as
with antibiotic consumption patterns in Switzerland. This
comprehensive approach will enhance our understanding
of AMR dynamics and may inform targeted public health
interventions. Establishing a long-term, nationally coordi-
nated wastewater monitoring protocol could enhance our
ability to track and respond to AMR trends in Switzerland.
By integrating wastewater surveillance with traditional clin-
ical surveillance, we can achieve a completer and more
accurate picture of AMR prevalence, ultimately improving
public health strategies and outcomes.

Further details on the study are available in [4]. This work
was funded through the Swiss National Science Founda-
tion grant (192763) to Timothy R. Julian (Eawag), and by
the Swiss Federal Office of Public Health through a grant
to Timothy R. Julian and Christoph Ort (Eawag).
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Figure 12. a: Detection and potential dissemination routes of plasmid-mediated OXA-48 carbapemenase containing

Enterobacterales in different human, animal and environmental settings. Blue arrows indicate that transfer
of CPE has been demontrated; orange arrows indicate highly possible routes of transmission; red arrows
indicate future possible transmission route of CPE. lllustration was created by V.P. and adapted for
publication by the publisher.
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12.1 Cephalosporins and
carbapenems:
critically important
antimicrobials

Cephalosporins are (3-lactam antimicrobials used for the
treatment of several different types of bacterial infections in
both humans and animals. Their use has resulted in the de-
velopment of resistance in Enterobacterales, with the acqui-
sition of plasmid-mediated AmpC (pAmpC) and extended
spectrum beta-lactamase (ESBL) genes. As a result of in-
creasing resistance to cephalosporins and multidrug-resist-
ance in Enterobacterales, the use of last resort beta-lactam
antibiotics called carbapenems has become inevitable in
human medicine. Although not approved for animal use,
carbapenems may be used in companion animals in Swit-
zerland to treat infections refractory to any other standard
antimicrobial used in veterinary medicine (Ordinance on Vet-
erinary Medicinal Products, SR 812.212.27, Art. 6).

12.2 Cephalosporinase-
and carbapenemase-
producing Enterobacte-
rales iIn livestock
and companion animals

The long-term Swiss national monitoring of antibiotic re-
sistance in livestock and meat records both the prevalence
and the different development trends of occurrence of
third-generation cephalosporin-resistant Escherichia coli
(3GC-R-Ec) [1]. Since 2016, the prevalence in poultry and
poultry meat has continuously decreased. Similarly, a de-
crease has been recorded in fattening pigs, although the
prevalence in pigs has never reached the high prevalence
level observed in poultry. In contrast, no downward trend
has yet been observed in Swiss calves under one year,
which is the animal species with the highest 3GC-R-Ec
prevalence in 2023. Importantly, 3GC-R-Ec were only de-
tected sporadically in pork and beef (see chapters 8 and 9
in this report). However, poultry, calves and pigs as well as
poultry meat remain a reservoir of 3GC-R-Ec.

In the monitoring program, resistance data are obtained
from phenotypic tests, which are determined by the
measurement of the minimum inhibitory concentration
of antibiotics. This only allows a presumptive differentia-
tion between ESBL and pAmpC and does not identify the
underlying molecular mechanisms. To gain a better un-
derstanding of the molecular mechanisms of resistance
in 3GC-R-Ec isolates, whole-genome-sequencing (WGS)
was performed for further phylogenetic analysis and detec-
tion of resistance genes and plasmids.

Carbapenemase-producing Enterobacterales (CPE) have so
far not been found in livestock and meat in Switzerland.
However, they have been observed in companion animals.
In February 2018, an E. coli carrying the carbapenemase
NDM-5 gene was isolated from a wound infection of a dog
in a veterinary hospital [2]. During the summer of 2018, a
major outbreak of a carbapenemase OXA-181-producing E.
coli occurred in another veterinary clinic, where one quarter
of the hospitalised companion animals acquired this patho-
gen during their stay at the clinic [3]. Over the same period,
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one employee of each clinic was found to be colonised with
the same E. coli as the one detected in the hospitalised an-
imals [4]. Nevertheless, CPEs were not detected among
owners of CPE-positive animals [5]. During the same peri-
od, OXA-48-producing Klebsiella pneumoniae, E. coli and
Enterobacter hormaechei also emerged in infection sites of
hospitalised companion animals in Switzerland [6, 7].

12.3 A One Health study
approach: Genetic
relatedness between
bacteria of animal
and human origin

3GC-R-Ec have been suspected to be transmitted to hu-
mans during meal preparation, thus posing the risk that
their resistance plasmids are acquired by human pathogens
[8]. The emergence of CPE in veterinary settings raised the
question whether these strains are related to the strains
causing infections in humans in Switzerland. However, sys-
tematic WGS-based analyses have not yet been performed
on a representative and large collection of Swiss strains
from humans and animals that would enable comparative
genetic analysis. This will allow better understanding of the
effective role of animals as reservoirs and potential vectors
of 3GC-R-Ec and CPE and their plasmids. WGS comparative
analysis was used to determine the degree of relatedness
and genetic characteristics of CPE and 3GC-R-Ec isolates
from animals and of human origin. 3GC-R-Ec isolates from
humans were obtained through a long-established collab-
oration with the Institute for Infectious Diseases (IFIK),
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University of Bern (Prof. Dr. Andrea Endimiani), and human
CPE strains were made available for comparative genomic
analysis by the National Reference Centre for Emerging An-
tibiotic Resistance (NARA), University of Fribourg (Prof. Dr.
Patrice Nordmann), to which human clinical CPE isolates
from Switzerland are sent for biochemical and molecular
analysis and then archived.

12.3.1 Third-generation cephalosporin-
resistant Escherichia coli from
poultry and humans

A comparative genomic analysis of 297 3GC-R-Ec strains
from Swiss poultry and domestic and foreign poultry meat
and of 107 clinical and non-clinical strains from humans
was performed. The aim was to determine the degree of
relatedness of the strains and their 3GC-resistance-con-
taining elements between the animal and human settings
in Switzerland. 3GC-R-Ec from poultry and humans were
not phylogenetically related. The closest related strains dif-
fered by more than 100 loci, indicating non-recent spillo-
ver. The predominant 3GC-R genes were bla,, , (=113)
and bla,, ,, (n=104) among poultry strains, and bla_,, ,,
(n=59), bla.,, ,,,, (=16) and bla_,, ,,,, (h=10) among hu-
man isolates. A comparative analysis of circularized WGS
assemblies revealed that the bla_,,, , and bla_, ,,, genes
from poultry E. coli were mostly carried by plasmids be-
longing to two major plasmid groups. Similar plasmids con-
taining the same 3GC-resistance genes were only found
sporadically in human isolates. Likewise, plasmids of hu-
man origin containing bla.., ,,,, were only detected once
in poultry E. coli. Overall, this study provides an insight into
the genetic background of the 3GC resistance in different
E. coli from poultry and of human origin. It has revealed that
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strains from poultry and humans are generally not related,
suggesting that spillover events may be rare. Only a few
genetically unrelated strains harbored similar 3GC-R plas-
mids, indicating that plasmid transfer may occur between
human and poultry E. coli strains.

12.3.2 Third-generation cephalosporin-
resistant Escherichia coli from
cattle and pigs

A comparative genomic analysis of 70 3GC-R-Ec strains
from Swiss slaughter calves and 17 3GC-R-Ec strains from
Swiss fattening pigs was performed. It was shown that
the antimicrobial resistance results obtained by phenotypic
measurement and those obtained by the detection of corre-
sponding underlying molecular mechanisms by WGS were
in high agreement (99%). Resistance to 3GC was mainly
associated with the presence of bla_., ,,,. (1=28) in E. coli
from calves and bla., ,, , (N=7) in E. coli from pigs, and mu-
tations in the ampC-promoter (g.-42 C>T) in E. coli from
both animal species (calves n=21; pigs n=5). Phylogenetic
analysis based on multi locus sequence types (MLST) and
core genome MLST (cgMLST) revealed that 3GC-R-Ec iso-
lated from Swiss slaughter calves and fattening pigs were
genetically diverse [9].

12.3.3 Carbapenemase-producing
Enterobacterales in companion
animals and humans

Emergence of OXA-48-producing K. pneumoniae, E. coli
and Enterobacter hormaechei in veterinary clinics raised
the question of their origin and of their potential to further
disseminate among other animals, the environment and
humans. WGS-based comparative analysis of the E. coli
from animals and humans revealed that the strains of both
origins were highly diverse. This indicates that the spread
between origins was not associated with a direct exchange
of strains, but rather the introduction and transmission
of plasmids. The E. coli contained a highly conserved hy-
perepidemic plasmid carrying the carbapenemase gene
blag, s, Which underlines the potential of such plasmids
to disseminate in both human and veterinary settings. Fur-
thermore, this plasmid is known to have the ability to easily
cross between bacterial species and was also detected in
human and animal K. pneumoniae and E. hormaechei [7,
10]. A closer analysis of E. hormaechei revealed genetic di-
versity among strains from humans and animals, except for
the presence of a specific clone of ST114, which was also
present in humans and established in a companion animal
clinic. Core-gene SNP analysis confirmed the clonality of
the animal ST114 (0 to 10 SNPs), and their close related-
ness to human ST114 strains (80-120 SNPs). In addition to
resistance to carbapenems, E. hormaechei was also resist-
ant to several different classes of antimicrobials, making
resulting infections difficult to treat [7].

12.3.4 The role of plasmids

Dissemination of 3GC resistance in E. coli from poultry is
mainly due to two major plasmid types, which have the
potential to be transmitted to E. coli causing infections in
humans (see above). Especially alarming is the presence
of a highly transferrable IncL type plasmid containing the
carbapenemase gene bla, , ,, in different Enterobacterales
from companion animals. This plasmid can be maintained
and further selected by non-carbapenem beta-lactams,
since the OXA-48 carbapenemase also hydrolyses penicil-
lins very efficiently. This OXA-48 plasmid is now dissemi-
nating in companion animal clinics, where it was detected
in Enterobacterales from animal infection sites, clinical envi-
ronments, and veterinarians [4, 6, 7]. The presence of such
a plasmid in the veterinary setting is of major concern, and
it may only be a matter of time before it also disseminates in
Enterobacterales from horses and from livestock and meat
(Figure 12. 1). This is already the case in some EU countries
(see below). Surveillance, hygiene measures and infection
monitoring need to be implemented in veterinary clinics to
limit the establishment and spread of CPE among other mul-
tidrug-resistant bacteria and to avoid the dissemination of
bacteria carrying transferrable carbapenemase plasmids.

12.4 The situation of
carbapenemase-produc-
Ing Enterobacterales
in food producing
animals i1n the EU

Specific monitoring of carbapenemase-producing E. coli in
livestock and meat using a European-wide harmonised se-
lective media for carbapenemase-producers, in accordance
with the protocol developed by the European reference
laboratory for antimicrobial resistance, was made manda-
tory in the European Union starting in 2021 (EU decision
2020/1729). In Switzerland, these analyses have been part
of the monitoring program since 2015 on a voluntary basis
and were expanded to Klebsiella spp. So far, no carbap-
enemase-producing E. coli and Klebsiella spp. have been
detected in Swiss livestock and meat samples (Tables 8.9
and 9.i). On the other hand, carbapenemase-producing
E. coli have already sporadically been detected in several
European countries [11]. Although the reported number of
carbapenemase-producing E. coli is still low in livestock,
compared to previous years, an increasing number of iso-
lates has been observed. Therefore in 2024, a self-task
mandate of the EFSA BIOHAZ Panel was launched to eval-
uate the current status of occurrence and spread of CPE
in the food chain in the EU/EFTA. Within the framework of
this project, an in-depth WGS-based investigation of CPE
in livestock and meat should be undertaken. The project
starts in 2024 and runs for three years. Switzerland is not
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eligible for this project by the European Commission and
will irremediably miss an opportunity to better cope with a
possible emergence of CPE in the food chain.

12.5 The 1mportance of
WGS and research
for surveillance of
resistance

WGS is nowadays the technology of choice to rapidly char-
acterise and compare bacterial strains from different set-
tings. WGS technology routines are needed for outbreak
investigations and for the characterisation of new emerg-
ing pathogens as well as early prediction of new resistance
genes. For this, coupling WGS analysis with phenotyp-
ic methods is imperative. Furthermore, WGS allows the
detection and localisation of the antimicrobial resistance
genes on mobile genetic elements such as plasmids. For
instance, carbapenemase genes are located on highly
transferrable plasmids. As the study above has illustrated,
they may easily be acquired by host-adapted strains and
further colonise and disseminate among the Enterobacter-
ales of the normal flora of animals and humans. Resistance
monitoring has entered a new era, in which tracking dis-
semination of plasmids may be a new challenge for One
Health molecular epidemiology. In order to efficiently in-
corporate novel methods and discoveries from research
into national reference laboratories with minimal time-lag,
monitoring programs need to be supported by accompany-
ing One Health-oriented research projects using advanced
WGS technologies. Interactions between research and
monitoring will enable the early detection of novel resist-
ance genes and emerging pathogens and help to better
face emergence and rapid dissemination of multidrug-re-
sistant bacteria in all sectors.
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In the SARR report 2018, an analysis comparing human and
veterinary data on antibiotic use was presented for the first
time in Switzerland (1). The antibiotic usage data for live-
stock and humans were transformed into mg of active in-
gredient per kg of body mass (mg/BM), based on the meth-
od used in the JIACRA-report for EU/EEA-countries (1), to
allow a better comparison between the two consumption
metrics. The mg/biomass in humans was calculated using
an average body weight of 62.5 kg. The mg/biomass for
food-producing animals was calculated using the number
of live and slaughtered livestock multiplied by the estimated
weight at the time of treatment. The 2023 data on antibiotic
use have been analysed following the same methodology.

The population-weighted total consumption in 2023 in
Switzerland was 78.8 mg/kg of biomass in humans, and
30.3 mg/kg of biomass in food-producing animals; there-
fore, livestock presented a smaller antibiotic consumption
per biomass than humans.

The results can be compared to European values via the
JIACRA-report (2). Among EU/EEA countries in 2021, the
population-weighted mean consumption was 125.0 mg/
kg of biomass in humans (range 44.3-160.1 mg/kg; me-
dian 108.9 mg/kg); in food-producing animals, the popula-
tion-weighted mean consumption was 92.6 mg/kg (range
2.5-296.5 mg/kg; median 50.0 mg/kg). The Swiss data for
human and livestock are significantly below the median
of EU countries. Of note, overall antibiotic consumption in
humans was considerably lower during the Covid-19 pan-
demic, and amounted to 61.4 mg/kg in Switzerland in 2021.

However, caution should be used when comparing the an-
tibiotic consumption in the veterinary and human sectors.
The amount of active ingredient per body mass is a tech-
nical indicator that does not take account of differences
between humans and animal species in dosing regimens
and formulations used. Calculation of the biomass denom-
inator differs between humans and animals, especially in

the accuracy with which it can be estimated. These limita-
tions should be borne in mind when comparing human and
animal consumptions of antimicrobials expressed as mg/kg
estimated biomass.

As antibiotic therapies vary considerably in mg, defined
daily doses (DDD) are usually used when analyzing human
consumption data, and the number of treatments or treat-
ment days when analyzing animal data. The corresponding
numbers are analysed in chapters 4 and 5 of this report.
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Figure XVI: Comparison of population biomass-corrected consumption of antimicrobials (milligram per kilogram

estimated biomass) in humans and food-producing animals in 2023.
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13 Materials and methods

13.1 Data on antibacterial
consumption in human
medicine

13.1.1 The Anatomical Therapeutic Chemical
ATC classification system and
defined daily doses (DDD)

Data were collected regarding antibacterials for systemic
consumption (code JO1 of the ATC classification), antibi-
otics for treatment of tuberculosis (ATC code JO4AB) and
agents against amoebiasis and other protozoal diseases
(ATC code PO1AB) [1]. Since 2016, we have also collected
data on antimycobacterials (ATC code J04) and since 2018,
we have collected data on intestinal anti-infectives (ATC
code AO7AA, including vancomycin oral and fidaxomicin).
Antibiotic consumption (in grams or millions of international
units) was converted into defined daily doses (DDD) using
the 2024 release of the DDD by the World Health Organ-
isation Collaborating Centre for Drug Statistics Methodol-
ogy (see Annex ). Of note, DDD values for some of the
most frequently used antibacterials (e.g., amoxicillin, amox-
icillin-clavulanic acid, meropenem, ciprofloxacin, colistin)
were submitted to upward adjustment in 2019 by the WHO
Collaborating Centre for Drug Statistics Methodology [2].

13.1.2 Data source in the inpatient
and outpatient setting

2014-2023 data were collected on behalf of the Swiss Fed-
eral Office of Public Health through the IQVIA™ database,
which provides pharmaceutical sales data. This exhaustive
dataset covered the antibiotics sold to pharmacies and dis-
pensing physicians and hospitals (IQVIA™ channel: APO/
SD, SPI), including acute care hospitals, as well as rehabil-
itation, geriatric, and psychiatric clinics, and some nursing
homes. As IQVIA™ follows the EphMRA classification, we
accordingly collected antibacterial use data from the JO1
(systemic antibiotics), D10B (minocycline, doxycycline oral,
lymecycline), GO1Al (metronidazole oral, ornidazole oral),
GO04A1 (fosfomycin), GO4A9 (nitrofurantoin), and JO8 (met-
ronidazole parenteral) classes [3]. This allowed us to meas-
ure antibiotic consumption at the national level and by lin-
guistic region (German-speaking (including Liechtenstein),
French-speaking and Italian-speaking parts of Switzerland).
IQVIA™ cannot separate Liechtenstein from Switzerland
in the dataset, but as the population of Liechtenstein ac-

Table 13. a: Number of hospitals and intensive care units contributing to ANRESIS, 2014-2023.

Number of participating hospitals per hospital size

hospital class 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
<200 beds 31 89 42 42 S8 36 42 44 41 47
200-500 beds 16 17 20 19 21 22 22 24 22 22
>500 beds 7 9 6 9 8 8 7 7 6 6
Total 54 59 68 70 62 66 71 75 69 75

Number of intensive care units per hospital size

hospital_class 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
<200 beds 15 15 19 18 14 16 18 18 18 21
200-500 beds 15 16 17 18 20 21 22 22 22 21
>500 beds 7 9 6 8 8 8 6 7 6 6
Total 37 40 42 44 42 46 46 a7 46 48
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counts for 0.4% of the Swiss population, the values for
Switzerland are not expected to be significantly affected.

For the calculation of the consumption in DDD per 1000
inhabitants per day, the permanent resident population of
Switzerland on 31 December of the corresponding year
was used [4]. Of note, the population used for the year
2023 is a provisional number (published in April) and is sub-
ject to change once the definitive number is released. This
may lead to slight changes in results between reports.

13.1.3 Additional data source for
the hospital setting

The network of voluntary acute care hospitals participating
in the surveillance system ANRESIS set up in 2004 is main-
ly composed of somatic public hospitals and some private
clinics. We excluded data from ambulatory, rehabilitation as
well as long-term care geriatric and long-term care psychi-
atric units of these hospitals and specialised clinics, since
their activity might bias the results. To assess the represent-
ativeness of the data-contributing network, we used the
number of hospitals, number of beds (activity type A), and
number of bed-days (without days of discharge) from gen-
eral acute care hospitals (typology K111-K123 from FOPH)
[5]. Data were collected from the entire hospitals, and sep-
arately from the adult intensive care units (ICU) when avail-
able. In this report, we describe the antibiotic consumption
for the period 2014 to 2023. 54 hospital sites participated
in 2014 and 75 in 2023, of which 47 were small-size (<200
beds), 22 medium-size (200-500 beds) and 6 large-size
hospitals (>500 beds, which includes four Swiss university
hospitals) (Table 13. a). Representativeness was calculated
using the figures available on 13 July 2024: data relating to
the number of beds and bed-days were available for the
year 2022 [5]. In 2022, the hospital network represented
54% of the total number of acute somatic care hospitals
and 78% of all bed-days in this category in Switzerland.

In 2023, 48 hospital sites (37 in 2014) also provided data
on adult ICUs (21 small-size, 21 medium-size and 6 large-
size hospitals), representing 66% of the hospitals equipped
with ICU beds in Switzerland.

When interpreting the hospital data from ANRESIS, struc-
tural and patient characteristics can vary greatly, depending
on the size or typology of a hospital. New participating hos-
pitals may provide retrospective data, which may slightly
change the values included in previous Swiss Antibiotic Re-
sistance Reports. In the regional comparisons, it should be
noted that there is no university hospital in Italian-speaking
Switzerland.

The measurement units were DDD per 100 bed-days and
DDD per 100 admissions [1]. The quantity of JO1 group
antibiotics was the denominator when measuring relative
consumption.

The major difference between datasets is that the network
of sentinel hospitals only includes acute care hospitals,
whereas the IQVIA™ dataset is not restricted to acute care,
also including data from rehabilitation, geriatric, and psychi-
atric clinics, as well as some nursing homes. Administrative
data collected from the sentinel network allow us to use
the number of bed-days and admission as denominators.

13.1.4 Additional data source for the
outpatient setting

We analysed all antibacterial prescriptions reported from
practitioners from general and internal medicine and pedi-
atricians between 2018 and 2023 using the representative
Swiss Sentinel Surveillance Network “Sentinella” [6]. Sen-
tinella is a joint project between general practitioners, the
Federal Office of Public Health and the university institutes
for family medicine. As a sentinel reporting system, it is
used to monitor frequent, non-reportable communicable
diseases such as influenza in Switzerland. Participants
from all over Switzerland report cases of illness anony-
mously to the FOPH. The distribution of physicians by age,
sex, specialty and region is compared annually with the na-
tional medical statistics (FMH) using the methodology of
Gnadinger et al [7]. Even if it is a voluntary system that is
likely to select physicians with a particular interest in infec-
tious diseases, it is considered fairly representative of the
Swiss population of primary care physicians.

The data from 121 practitioners from general and internal
medicine contributed to Sentinella were included for 2023
(n=1301in 2019, n = 136 in 2020, n = 129in 2021, n = 124
in 2022). The number of contributing paediatricians was 22
in 2023 (n = 21 in 2019, n = 23 in 2020, n = 25 in 2021,
n =25in 2022).

The Sentinella database allowed us to calculate the fre-
quency of use per indication expressed in numbers of pre-
scriptions per 1000 consultations.

In Switzerland, principally all antibacterials are dispensed
with a prescription. The Federal Act on Medicinal Products
and Medical Devices mentions that medicinal products
subject to prescription may be dispensed without a pre-
scription when the pharmacist has direct contact with the
person concerned and the dispensing is recorded, and if
the medicines and indications are designated by the Federal
Council [8]. The dispensing of antibacterials for patients with
simple urinary tract infections (e.g. fosfomycin) by pharma-
cists may therefore be allowed in justified exceptional cases
and is therefore missing in the Sentinella dataset.
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13.1.5 Categorisation of antibiotics
in the Access, Watch and Reserve
groups

The WHO Expert Committee on Selection and Use of Es-
sential Medicines recommends the categorization of anti-
biotics into the following categories: Access, Watch and
Reserve (AWaRe) [9]:

— The Access group contains first- and second-choice an-
tibiotics for empirical treatment of common infections.

— The Watch group contains antibiotic classes with high-
er potential for selecting and promoting the spread of
resistance. Antibiotics of this group should be limited
to a small number of syndromes and patient groups.
They must be targets of stewardship programs and
monitoring.

— The Reserve group contains antibiotic classes that
are of crucial importance for the treatment of multi-
drug-resistant organisms. They should be used as last-
resort treatment, when all other alternatives have
failed. They must be targets of stewardship programs
and monitoring.

See Annex | for the list of antibiotics and their correspond-
ing AWaRe group. Substances not assigned to an AWaRe
category (e.g. benzathine phenoxymethylpenicillin) are
classified as “Unclassified™.
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13.2 Antimicrobial
consumption in
veterinary medicine

The information system for antibiotics in veterinary medi-
cine (IS ABV) was set up in 2019 to collect sales and pre-
scription data of antibiotics for animals in Switzerland. For
sales data, all marketing authorisation holders deliver their
data at least annually to the database. Concerning prescrip-
tions, the notifications to IS ABV became mandatory in
Switzerland in early 2019 for production animals, followed
by companion animals in October 2019. Veterinarians must
register all their prescriptions of antimicrobials to animals
in the database, with detailed information about the animal
(e.g. average weight, batch number, production type), the
diagnosis, the prescription (e.g. preparation name, doses,
dates, and treatment duration), and the farmer’s identifica-
tion (for production animals only). Veterinarians can regis-
ter four different types of prescriptions: individual animals
(only possibility for companion animals), oral group thera-
pies, non-oral group therapies, and delivery on stock. IS
ABV is an integrated part of the StAR strategy and provides
a wide range of actions and incentives at the veterinarian,
farmer and owner levels to improve the use of antibiotics in
Switzerland. IS ABV is constantly updated and improved in
order to widen the potential impact of the database.

13.2.1 Sales of antimicrobials
in veterinary medicine

The list of veterinary products which had or were granted
marketing authorisation during the years under review in
this report has been entered and maintained manually in
the information system for antibiotics in veterinary med-
icine (IS ABV). Marketing authorisation holders regularly
submit sales figures for their products to IS ABV. Products
authorised for export only are excluded. They cannot be
used in Switzerland and do not contribute to the develop-
ment of resistance in Switzerland.

In IS ABV, the entry of each product consists of a unique
identification number, the brand name, the ATCvet code,
information on the authorised method of application and
the target animal species. Pharmaceutical premixes are in-
dicated separately. The entry additionally includes the num-
ber of sold “basic units™ (e.g. vials [incl. volume], tablets,
injectors, tubes or pouches/bags [incl. weight]).

Total volumes were then calculated by repeatedly multi-
plying the volume of active substance in each basic unit
by the number of basic units sold. The volume of active
substance contained in each product and each basic unit is
recorded. In the case of antimicrobials declared in Interna-
tional Units, conversion factors according to the template
of the European Surveillance of Veterinary Antimicrobial
Consumption Project (ESVAC) of the European Medicines
Agency [2] were used. Each marketing authorisation holder
checked and approved their converted data, summarised
by preparation and year. Finally, the data was assessed by
Swissmedic before publication.

The routes of administration were selected to reflect those
referred to in similar reports in other countries (France, ANS-
ES, and United Kingdom, VMD): oral, parenteral, intramam-
mary and topical/external. Another distinction possible is
between “livestock,” “companion animals” and “mixed”,
defined according to the marketing authorisations.
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13.2.2 Prescriptions of antimicrobials
in veterinary medicine

For veterinary practitioners, obligatory reporting of antibi-
otic prescriptions in the IS ABV database is possible via
the practice software or a web-based IS ABV application.
For reports of oral group therapies, the use of the web-
based IS ABV application is mandatory. For veterinarians,
reporting via the practice software has the advantage that
the prescriptions only have to be recorded once in the vet-
erinary practice or clinic. For the evaluation, however, this
means that two reporting channels have to be taken into
account, which is also a possible source of errors. Most
veterinarians and veterinary clinics use the practice soft-
ware reporting channel.

Furthermore, it was found that it is absolutely necessary
for the reporting veterinarians to be able to check their pre-
scription reports stored on the IS ABV server. Since May
2021, practices have been receiving regular feedback on
the data they submit. Data quality is continuously updated
via monthly feedback to veterinarians and continuous ac-
cess for farmers to their consumption. Only veterinarians
can update their own data on the IS ABV software. Since
the implementation of this feedback, a reduction in the fre-
quency of errors has been observed.

Ultimately, the responsibility for correct reporting to IS ABV
lies with the veterinarian. IS ABV is constantly being im-
proved to make the correct reporting of prescriptions as
easy as possible.

A data-cleaning process was implemented in three steps
that allowed the identification and subsequent exclusion of
outliers. The first and second exclusion criteria are based
on the median of the given amount per day and animal
per antimicrobial class, preparation and group of produc-
tion. Prescriptions with a given amount per day and animal
above 15 times the median and/or the 99% percentile were
excluded. Finally, all prescriptions were manually reviewed
using a four eyes principle to exclude, if needed, evident
errors in the database. Only penicillins, tetracyclines and
sulfonamides were affected by the cleaning process. In to-
tal, 5118 prescriptions (0.3% of all prescriptions in 2023)
were excluded for the analyses on the quantities of active
substances.
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13.3 Data on antibiotic
resistance in human
medicine

13.3.1 Data collection and resistance
testing

ANRESIS (www.anresis.ch) collects and analyses anony-
mous antibiotic resistance data provided on a regular basis
(weekly or monthly) by 37 Swiss clinical microbiology lab-
oratories, distributed all over Switzerland. All laboratories
providing data for this report are approved by Swissmedic
and are enrolled in at least one external quality control pro-
gram. Most laboratories use semi-automated systems,
generally based on EUCAST guidelines. However, there
are no mandatory Swiss guidelines for antibiotic resistance
testing, and individual laboratories are free to use other
guidelines than EUCAST. Resistance data are validated by
the primary laboratories only, and not by ANRESIS.

In 2019, EUCAST changed the interpretation of the suscep-
tibility category “I” from “intermediate” to “susceptible,
increased dose,” and suggested reporting this category to-
gether with susceptible (“S). In addition, breakpoints for
several difficult-to-treat microorganisms have changed in a
way that there is no susceptible category left at all. Due to
these changes, ANRESIS decided to adapt its reporting as
well, and now thoroughly reports percentages of resistant
isolates (R). Changing breakpoints over time may affect the
proportion of resistant isolates. This is always an important
issue in S. pneumoniae, for which, in addition to changing
breakpoints, different breakpoints are used for different
types of infections.

13.3.2 Data processing

In contrast to most other surveillance systems, ANRESIS
collects all antimicrobial resistance results from routine
clinical diagnosis, i.e. the data set is restricted neither to
invasive isolates nor to a predefined set of microorgan-
isms. Nevertheless, all main analyses in this report were
performed on isolates from blood cultures or cerebrospinal
fluid only, to allow comparison with international data. For
Salmonella spp. and Campylobacter spp., isolates from all
materials (e.g., stool) were analysed. Additionally, for E. coli
and S. aureus, data from outpatients (ambulatory physicians
or hospital outpatient departments) for one analysis were
included and labelled accordingly. Screening results and
antibiotic resistance test results analysed by a reference
laboratory are labelled specifically and are not included in
this report. Isolates from foreign countries were excluded.
Doubles were defined as identical microorganisms from the
same patient during the same calendar year (i.e. only the
first isolate per patient and calendar year was analysed).
As patient identifiers are specific for individual laboratories
only, it was not possible to exclude doubles if isolates from
the same patient originated from different laboratories.

For this analysis, interpreted, qualitative data (SIR) from all
samples as defined above were extracted from the ANRE-
SIS database using the KNIME Analytics Platform. An iso-
late was considered resistant (R) to an antimicrobial agent
when tested and interpreted as resistant in accordance with

Table 13. b: Antimicrobial resistance monitoring in livestock, 2022.

Type of sample Number of samples

Cecum - broiler 800
Cecum - broiler 800
Cecum - broiler 240
Cecum - broiler 510
Cecum - broiler 510
Meat - broiler - retail 307
Meat - broiler - retail 307
Meat - turkey - retail 139
Meat — turkey - retail 139
Clinical material — hen =

Clinical material — turkey -
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Bacteria tested Number of resistance tests

Campylobacter jejuni 232
Campylobacter coli 62
Indicator Escherichia coli 229
ESBL/AmpC-prod. a4
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
ESBL/AmpC-prod. 108
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
ESBL/AmpC-prod. 52
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
Salmonella spp. 53
Salmonella spp. 9

the breakpoint used by the local laboratory. An isolate was
considered resistant to an antibiotic group if it was tested
resistant to at least one antibiotic of this group. Multire-
sistance was analysed in accordance with the EARS-Net
methodology, to allow comparability with European data. In
most cases, quantitative resistance data were not provided
by the laboratories and therefore could not be used in this
report, although such data would be beneficial for the com-
parison of resistance testing results from different origins.

13.3.3 Statistical analyses

The Wilson score method was used for the calculation of
the 95% confidence interval of proportions of resistant
isolates. Independence between two factors (e.g. co-re-
sistance in MRSA/MSSA or PNSP/PSSP, comparison of
resistance rates in invasive and outpatient samples) was
analysed by means of the Fisher Exact Test. Logistic re-
gression was used for the analysis of trends. A p-value <
0.05 of the likelihood ratio test (G2) measuring the good-
ness of fit of the model and a p-value < 0.05 of a z-test for
the predictor variable “time” (i.e. the years) were consid-
ered as significant and are represented by arrows. Statisti-
cal analyses were performed using R, version 4.1.2.

Table 13. c: Antimicrobial resistance monitoring in livestock, 2023.

Type of sample

Number of samples

Cecum - fattening pigs 308
Cecum - fattening pigs 202
Cecum - fattening pigs 308
Cecum - fattening pigs 308
Nasal swab - fattening pigs 310
Cecum - calves 306
Cecum - calves 306
Cecum - calves 197
Cecum - calves 306
Cecum - calves 306
Nasal swab - calves 307
Meat - fattening pigs - retail 309
Meat - fattening pigs - retail 309
Meat — beef - retail 308
Meat - beef - retail 308
Meat — beef — border control

58
posts
Meat — beef — border control

58
posts
Meat — beef — border control 58
posts
Clinical material — cattle -
Clinical material — pig -

Bacteria tested Number of resistance tests

Campylobacter coli 241
Indicator Escherichia coli 201
ESBL/AmpC-prod. 38
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
Methicillin-resistant 166
Staphylococcus aureus (MRSA)
Campylobacter coli 8
Campylobacter jejuni 154
Indicator Escherichia coli 190
ESBL/AmpC-prod.
Escherichia coli 200
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
Methicillin-resistant 1
Staphylococcus aureus (MRSA)
ESBL/AmpC-prod. 3
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
ESBL/AmpC-prod. 2
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
Indicator Escherichia coli 24
ESBL/AmpC-prod. 0
Escherichia coli
Carbapenemase-prod. 0
Escherichia coli & Klebsiella spp.
Salmonella spp. 30
Salmonella spp. 1
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13.4 Antimicrobial suscep-
tibility testing of
veterinary isolates
and data analyses

13.4.1 Sampling of livestock at
slaughterhouse and meat thereof

Stratified random samples were taken in 2022 and 2023
(Table 13. b and Table 13. c). Sampling was spread even-
ly throughout each year, based on a sampling plan estab-
lished for meat inspections. Samples were collected at the
two largest poultry slaughterhouses as well as at the four
largest pig and five largest cattle slaughterhouses. Every
slaughterhouse taking part in the program collected a num-
ber of samples proportional to the number of animals of the
species slaughtered per year. This procedure ensured that
at least 60% of all slaughtered animals belonging to the
species in question were part of the sample. In 2022, sam-
ples were taken from 800 broiler flocks. Random cecum
samples were taken from 10 broilers per flock and one pig
or calf per slaughter batch. In 2023, 308 cecum samples
and 310 nasal swab samples were collected from fattening
pigs, and 306 cecum samples and 307 nasal swab samples
from calves. Samples were sent to the national reference
laboratory for antimicrobial resistance ZOBA, Vetsuisse
Faculty, University of Bern, for further analyses.

For Salmonella, monitoring at slaughter is not feasible due
to the very low prevalence of Salmonella spp. in Swiss live-
stock. Therefore, Salmonella isolates sent to ZOBA in 2022
and 2023 in connection with its function as a reference lab-
oratory for Salmonella spp. at the primary production level
were included in the monitoring (Table 13. b and Table 13.
c). Most of these isolates were isolated from clinical mate-
rial. For hens and turkeys, a small number of isolates de-
rived from samples taken as part of the national Salmonella
monitoring program in accordance with the articles 257 and
258 of the Epizootic Diseases Ordinance of 27 June 1995
(EzDO; SR 916.401).

In accordance with the European legislation, meat samples
(min. 50 g) were taken from fresh, chilled, packed and un-
treated meat sold at the retail level. Samples were collected
in all Swiss cantons throughout the year. The applied sam-
pling scheme considered each canton’s population density
and the market shares of the retailers. Moreover, the pro-
portion of imported and domestically produced meat within
each meat category was included in the sampling plan.

In 2022, 307 chicken meat samples (212 samples of Swiss
origin and 95 of foreign origin) and, for the first time, 139
turkey meat samples (38 samples of Swiss origin and 101
of foreign origin) were taken at retail level. In 2023, 309
pork (all Swiss origin) and 308 beef samples (269 samples
of Swiss origin, 39 samples of foreign origin) were collect-
ed (Table 13. b, Table 13. c).
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In accordance with European legislation, in 2023, 59 fresh,
chilled and untreated beef meat samples were taken at bor-
der control posts for the first time. The applied sampling
scheme considered the import shares of the two border
control posts for import of beef meat per third country.

13.4.2 Processing of samples from
livestock at slaughterhouse
and meat

Cecal samples from fattening pigs, calves and broilers
were tested for Campylobacter spp. and indicator E. coli
using direct detection methods. For Campylobacter spp.
in broilers, modified charcoal cefoperazone deoxycholate
agar (nCCDA) and Butzler agar were used. For Campylo-
bacter spp. in pigs and calves, modified charcoal cefoper-
azone deoxycholate agar (mCCDA) was used. Indicator E.
coli were isolated for all animal species and meat samples
from border control posts using MacConkey agar. After ap-
propriate incubation, suspicious colonies were transferred
onto non-selective sheep blood agar plates. Identification
of suspicious colonies was carried out by the direct transfer
method, using matrix-assisted laser desorption/ionization
time-of-flight mass spectroscopy (MALDI TOF MS) (Bio-
typer 3.0, Bruker Daltonics, Bremen, Germany) following
the manufacturer’s recommendations.

Since 2019, MRSA have been isolated using the one-step
enrichment method, following recommendations by the
European reference laboratory for antimicrobial resistance
(EURL, National Food Institute, Lyngby, Denmark). Confir-
mation of S. aureus was carried out by MALDI TOF MS
(Biotyper 3.0, Bruker Daltonics, Bremen, Germany). The
methicillin resistance gene mecA identification and deter-
mination of the clonal complex (CC) CC398 were carried
out by multiplex real-time PCR, as previously published [1].

Since 2015, detection of ESBL/AmpC-producing E. coli
and carbapenemase-producing E. coli and Klebsiella spp.
has been carried out on cecal and meat samples accord-
ing to the protocol of the European reference laboratory
for antimicrobial resistance (EURL, The National Food In-
stitute, Lyngby, Denmark). Samples were pre-enriched in
a non-selective broth. After incubation, one loop of broth
was plated onto MacConkey agar with 1 pg/ml cefotaxime.
For carbapenemase-producing E. coli and Klebsiella spp.,
two different selective agar plates were used (CARBA agar
plates and OXA-48 agar plates, BioMérieux Inc., Marcy
I’Etoile, France). After appropriate incubation, suspicious
colonies were transferred onto non-selective sheep blood
agar plates. Suspected E. coli and Klebsiella spp. colonies

Table 13. d: Epidemiological cutoff values (ECOFFs) used for the interpretation of MIC data derived from isolates in
samples from healthy animals at slaughterhouse and meat thereof (including Salmonella spp. from clinical

samples).

Substance class

Penicillins

Cephalosporins

Carbapenems

Amphenicol
Tetracyclines

Glycylcyclines

(Fluoro-) quinolone

Sulfonamids

Lincosamides

Aminoglycosides

Polymyxins

Macrolides

Cyclic lipopeptides

Glycopeptides

Diaminopyrimidins
Oxazolidons
Streptogramins
Ansamycins
Pleuromutilins
Monocarbolic acid

Fusidans

Antimicrobials

Ampicillin
Oxacillin
Penicillin

Temocillin

Cefotaxime

Cefotaxime / Clavulanic acid

Ceftazidime

Ceftazidime / Clavulanic acid

Cefepime
Cefoxitin
Ertapenem
Imipenem
Meropenem
Chloramphenicol
Tetracycline
Tigecycline
Ciprofloxacin
Nalidixic acid
Sulfamethoxazole
Clindamycin
Amikacin
Gentamicin
Kanamycin
Streptomycin
Colistin
Erythromycin
Azithromycin
Daptomycin
Vancomycin
Teicoplanin
Trimethoprim

Linezolid

Quinupristin / Dalfopristin

Rifampin
Tiamulin
Mupirocin

Fusidic acid

ECOFF (ng / ml) Wild Type <

Campylobacter
spp.

0.5

16

i 2

0.5

42/8°

aC. jejuni, ®C. coli, °E. coli, “Salmonella spp., °E. faecalis, ‘E. faecium

E. coli/
Salmonella spp.

16
0.25°/0.5¢

*k

0.5¢/ 2
o
0.125°¢
8
0.06
0.5¢/1¢
0.125
16
8
0.5
0.06
8

64¢/256¢

8¢/ 4¢

16

Enterococcus
spp.

32

0.25

64¢/32f

4¢ ] 8f

4

0.5¢/1

0.125

16

128

0.2

16
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were identified by MALDI TOF MS (Biotyper 3.0, Bruker
Daltonics, Bremen, Germany). Confirmation of ESBL/Am-
pC-producing E. coli and carbapenemase production was
carried out phenotypically by MIC determination on EU-
VSEC2 plates (Trek Diagnostics Systems, Thermo Fisher,
Scientific, UK) and the Carba blue test [2], respectively.

13.4.3 Antimicrobial susceptibility
testing and data processing

Isolates were cryo-conserved in specific media at -80°C
until susceptibility testing was performed. The minimal
inhibitory concentration (MIC) of the antimicrobials was
determined by broth microdilution in cation-adjusted
Muller-Hinton with (for Campylobacter spp.) or without
lysed horse blood, using Sensititre susceptibility plates
(Trek Diagnostics Systems, Thermo Fisher, Scientific, UK)
according to CLSI guidelines [3]. The MIC was defined as
the lowest antimicrobial concentration at which no visible
bacterial growth occurred.

The European Union recommends that antimicrobial resist-
ance be monitored by the assessment of MIC values based
on epidemiological cut-off (ECOFF) values. The ECOFF
distinguishes between wild type and non-wild type MIC
distributions of bacteria. Bacterial strains are considered
microbiologically resistant if their MIC value is above the
highest MIC value observed in the wild-type population of
the bacteria (WT). ECOFFs are set and published by the Eu-

ropean Committee on Antimicrobial Susceptibility Testing
(EUCAST). Interpretation of MICs followed the ECOFFs laid
down in the European decision 2020/1729/EU (Table 13. d).

Microbiological resistance prevalence rates were described
using the following terminology:

Minimal: <0.1%

Very low: 0.1% to 1%
Low: >1% to 10%
Moderate: >10% to 20%
High: >20% to 50%
Very high: >50% to 70%

Extremely high: >70%

All data were transmitted to the database of the Federal
Food Safety and Veterinary Office (FSVO) and further sent
to the European Food Safety Agency (EFSA). All results are
included in the annual European Union summary reports on
antimicrobial resistance in zoonotic and indicator bacteria
from humans, animals and food, published by the European
Food Safety Authority and the European Centre for Disease
Prevention and Control.

13.4.4 Collection of isolates from
diseased animals

In 2019, an annual monitoring of antimicrobial resistance
in veterinary pathogens was initiated by the Federal Food
Safety and Veterinary Office (FSVO) and implemented at

Table 13. e: Antimicrobial resistance monitoring in veterinary pathogens, 2022.

Animal species Indication

Cattle Mastitis

Cattle Mastitis

Cattle Mastitis

Cattle Respiratory tract infection
Pigs Respiratory tract infection
Pigs Skin infections
Poultry All

Dogs Urogenital tract infection
Dogs Skin infection

Cats Urogenital tract infection
Cats Skin infection
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Bacterial species

Number of isolates planned (n)

Streptococcus dysgalactiae 100
Trueperella pyogenes 100
Coagulase-negative staphylococci 100
Mannheimia haemolytica 50
Pasteurella multocida 50
Staphylococcus hyicus 50
Escherichia coli 100
Escherichia coli 100
Staphylococcus pseudintermedius 100
Escherichia coli 100
Staphylococcus aureus 50

the Swiss national reference laboratory for antimicrobial
resistance: ZOBA. The sampling plans of 2022 and 2023 in-
clude pathogen/animal and indication combinations which
are of relevance in veterinary medicine (Table 13. e, Table
13. f). All strains were isolated from clinical submissions of
diseased animals by Swiss veterinary laboratories (universi-
ty, cantonal, private) across Switzerland and sent to ZOBA.

13.4.5 Antimicrobial susceptibility
testing and data processing

At ZOBA, re-identification of the bacterial species was per-
formed by MALDI TOF MS (Biotyper 3.0, Bruker Daltonics,
Bremen, Germany).

Isolates were cryo-conserved in specific media at -80°C
until susceptibility testing was performed. The minimal
inhibitory concentration (MIC) of the antimicrobials was
determined by broth microdilution in cation-adjusted
Muller-Hinton with (for fastidious bacteria) or without ly-
sed horse blood, using customised Sensititre susceptibility
plates (Trek Diagnostics Systems, Thermo Fisher Scientif-
ic, UK) according to CLSI guidelines [3]. The MIC was de-
fined as the lowest antimicrobial concentration at which no
visible bacterial growth occurred.

Isolates were classified as susceptible or resistant accord-
ing to current clinical breakpoints published by the Clinical
and Laboratory Standards Institute [3]. The clinical break-

point (CBP) relates primarily to the extent to which the
pathogen may respond to treatment, by taking into account
aspects of pharmacodynamics and pharmacokinetics as
well as specific features of the host and the targeted organ.
If no clinical breakpoints were available, current ECOFFs
were used if appropriate (www.mic.eucast.org). When nei-
ther CBP nor ECOFF was available, MIC90 was calculated.

Minimal inhibitory concentrations are transmitted to the
database of the Swiss Centre for Antimicrobial Resistance
(ANRESIS), which is a nationwide system for resistance data
for both human and veterinary medicine (www.anresis.ch).

References

[1] Stegger M et al. Rapid PCR detection of Staphylo-
coccus aureus clonal complex 398 by targeting the
restriction-modification system carrying saul-hsdS1.
J Clin Microbiol, Febr. 2011, p. 732-734.

[2] Poirel L, Nordmann P. Rapidec Carba NP test for rapid
detection of carbapenemase producers. J Clin Micro-
biol. 2015;53(9):3003-3008.

[3] CLSI. Performance standards for antimicrobial disk
and dilution susceptibility tests for bacteria isolated
from animals. CLSI supplement VETO01S. Wayne, PA:
Clinical and Laboratory Standards Institute

Table 13. f: Antimicrobial resistance monitoring in veterinary pathogens, 2023.

Animal species Indication
Cattle Mastitis

Cattle Mastitis

Cattle Mastitis

Pigs All

Poultry All

Horses All

Horses All

Dogs Urogenital tract infection
Dogs Urogenital tract infection
Dogs Skin infection

Cats Urogenital tract infection
Cats Urogenital tract infection

Bacterial species

Number of isolates planned (n)

Streptococcus dysgalactiae 100
Trueperella pyogenes 100
Coagulase-negative staphylococci 100
Streptococcus suis 50
Escherichia coli 100
Streptococcus spp. 50
Klebsiella spp. 50
Escherichia coli 100
Enterococcus faecalis/faecium 50
Staphylococcus pseudintermedius 100
Escherichia coli 100
Enterococcus faecalis/faecium 50
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13.5 Monitoring of anti-
briotics In waste-
water, surface water
and groundwater

In wastewater, 13 antibiotics and one metabolite were
measured from 2018 to 2022 in the influent and effluent
of WWTPs in monitoring campaigns by i) the WWTP per-
formance surveillance that is required after an upgrade [1],
i) the cantons FR, NE, SG, SH, VD, VS and ZH [2,3] or iii)
Eawag, the Swiss Federal Institute of Aquatic Science and
Technology [4,5]. Samples (24h-, 48h- or 168h-compos-
ite samples) were collected at 139 municipal WWTPs, of
which 15 were equipped with an additional treatment step
for the elimination of micropollutants. The removal of the
different antibiotics presented in Table 11. a (Chapter 11.2),
for both biological and advanced wastewater treatments,
was summarised in a recent study [6].

Surface waters are regularly analysed within the National
Surface Water Quality Monitoring NAWA, which is operat-
ed by the Federal Office for the Environment (FOEN) and
the cantonal authorities. Since 2018, NAWA monitors mi-
cropollutants, including selected antibiotics (azithromycin,
clarithromycin, erythromycin, sulfamethazine, sulfameth-
oxazole, trimethoprim). In 2022, additional antibiotics, such
as clindamycin, were included in the NAWA monitoring.
Data for 18 antibiotics and four metabolites are available
for 50 different monitoring sites for the years 2018 to 2022.
The monitoring sites are mainly located on the Swiss Pla-
teau and cover different land use types and sources of mi-
cropollutants. Refrigerated 2-week composite samples are
collected continuously throughout the year.

Groundwater has been monitored for antibiotics by Nation-
al Groundwater Monitoring NAQUA since 2013. NAQUA
is operated by the FOEN in close collaboration with the
cantonal authorities [7]. It comprises approximately 550
groundwater monitoring sites, representing different typi-
cal hydrogeological settings and anthropogenic pressures.
135 of these NAQUA monitoring sites are located close
to rivers and are more or less impacted by infiltrating riv-
er water. The most important groundwater contaminants,
including the sulfonamide antibiotic sulfamethoxazole, are
monitored on a long-term basis at the national scale. At
each monitoring site, one to four grab samples are ana-
lysed every year.
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14 Abbreviations

ACB

AFSSA
AGISAR

AMR
AMC
AmpC
ANRESIS
ARB
ARG

AST

ATC
AWARE

CAESAR

cC
Cl
CLSI
CPE

CSF
CTX

DCDvet
DD
DDD
DDDvet
DID

EARSS
ECCMID
ECDC
ECOFF
EEA
EFSA
EMA
EphMRA

ESAC-Net

ESBL
ESCR

ESVAC

Acinetobacter calcoaceticus -
Acinetobacter baumannii complex
French Food Safety Agency

Advisory Group on Integrated
Surveillance of Antimicrobial Resistance
Antimicrobial resistance

Antimicrobial consumption
AmpC-beta-lactamase

Swiss Centre for Antibiotic Resistance
Antibiotic-resistant bacteria

Antibiotic resistance gene
Antimicrobial susceptibility testing
Anatomical Therapeutic Chemical
Access, Watch and Reserve antibiotic
categories as defined by the WHO
Expert Committee on Selection and
Use of Essential Medicines

Central Asian and Eastern European
Surveillance on Antimicrobial Resistance
Clonal complex

Confidence interval

Clinical & Laboratory Standards Institute
Carbapenemase-producing
Enterobacterales

Cerebrospinal fluid

Cefotaxime

Defined course doses for animals

Disc diffusion

Defined daily dose

Defined daily dose for animals

Defined daily dose per 1,000 inhabitants
and per day

European Antimicrobial Resistance
Surveillance System

European Congress of Clinical
Microbiology and Infectious Diseases
European Centre for Disease Prevention
and Control

Epidemiological cut-off value
European Economic Area

European Food Safety Authority
European Medicines Agency
European Pharmaceutical Market
Research Association

European Surveillance of Antimicrobial
Consumption Network
Extended-spectrum beta-lactamase
Extended-spectrum cephalosporin
resistance

European Surveillance of Veterinary
Antimicrobial Consumption
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EU
EUCAST

EzDO
FAO

FOAG
FOEN
FOPH
FSVO

GP
GSASA

HLR

ICU
ISO

IS ABV

LA-MRSA
LMA
LOD
LOQ

LPS

MALDI TOF MS

mCCDA

mcr
MDR
MIC
MIC90

MLST
MRSA
MRSP

MSM

MSSA

NAQUA
NARA

European Union

European Committee on Antimicrobial
Susceptibility Testing

Epizootic Diseases Ordinance

Food and Agriculture Organisation

Federal Office for Agriculture
Federal Office for the Environment
Federal Office of Public Health
Federal Food Safety and Veterinary
Office

General practitioner
Swiss Association of Public Health
Administration and Hospital Pharmacists

High-level resistance

Intensive care unit

International Organisation for
Standardization

Information System for Antibiotic in
Veterinary Medicine

Livestock-associated MRSA
Potassium-aluminum sulfate
Limit of detection

Limit of quantification
Lipopolysaccharide

Matrix-assisted laser desorption/
ionization time-of-flight mass
spectroscopy

Modified charcoal cefoperazone
deoxycholate agar

Plasmid-mediated colistin resistance
Multidrug resistant

Minimal inhibitory concentration
Minimal inhibitory concentration
required to inhibit the growth of 90% of
the isolates tested

Multilocus sequence typing
Methicillin-resistant Staphylococcus
aureus

Methicillin-resistant Staphylococcus
pseudintermedius

Men who have sex with men
Methicillin-susceptible Staphylococcus
aureus

National Groundwater Monitoring
National Reference Centre for the Early
Detection and Monitoring of Antibiotic
Resistance

NAWA

NRP

PAC
PBP
PCU
PCR
PNSP

PSSP

PVL

SFSO
SIB
SIR

SNF
SNP
spp.
SSI
SSM
StAR
SVGW

URTI

UTl

VetCAST

VMD

VRE

WGS
WHO
WOAH
WWTP
ZOBA

National Surface Water Quality
Monitoring Network
National research programme

Powdered activated carbon
Penicillin-binding protein

Population correction unit

Polymerase chain reaction
Penicillin-non-susceptible Streptococcus
pneumoniae

Penicillin-susceptible Streptococcus
pneumoniae

Panton-Valentine Leukocidin

Swiss Federal Statistical Office

Swiss Institute of Bioinformatics
Susceptible — Susceptible, increased
exposure — Resistant

Swiss National Science Foundation
Single-nucleotide polymorphism
Species

Swiss Society of Infectious Diseases
Swiss Society for Microbiology

Swiss Strategy on Antibiotic Resistance
Swiss association of the gas and water
industry

Upper respiratory tract infection
Urinary tract infection

EUCAST Veterinary Subcommittee on
Antimicrobial Susceptibility Testing
Veterinary Medicines Directorate Center
for Zoonoses, Animal Bacterial Diseases
and Antimicrobial Resistance
Vancomycin-resistant enterococci

Whole genome sequencing

World Health Organisation

World Organisation for Animal Health
Wastewater treatment plant

Center for Zoonoses, Animal Bacterial
Diseases and Antimicrobial Resistance
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15 Annex

Administration Groups Access [A], Administration Groups Access [A],

ATE el A N Route DDD [g] Watch [W], Reserve [R] ATC group Antibiotic Name Route DDD [g] Watch [W], Reserve [R]

p7anamporcne s oa oncssted o0 aweoram  pwees 4 z
Paomomen w3 st cowoor w1 w
vicorwen o 2 w comon w3 A
oogewne e 01 ) cowamet w1 w
ooy e 02 : cobame o oa w
e w01 : cooitn e & w
o pwenew 15 A copoat w1 w
D R B R ) cotagme e 4 w
mosciincauncss  pueew 3 A cobver ow os w
Fuoadin o 2 ) Cotommmermonacan —puonew 3 .
Prevogmenypenciin —ow 2 ) cowoime w05 w
semanneseraypencin pwonew 35 ) Ewperem w1 w
Ppenciinionacan  pwonew 14 w weopenem oo 3 w
Ticarcillin parenteral 15 W JO1E ““ A

Tmevopim w04 )
oral (suspension) 8 UD (=40 ml) A
oF  aaomen w03 w
Canmomen w05 w
gy w12 )
Eypomen w1 w
Eymomen e 1 w
Rowomen w03 w

Spiramycin oral 3 W
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ATC group
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Annex

Antibiotic Name

Administration
Route

Tobramycin (inhal. powder)

Ciprofloxacin parenteral “
Levofloxacin oral

Levofloxacin (inhal.solution)

vowtossn aw oa |
Notoan w00 |

Foromyen  pwemew 5|
Nrowmon ———aw 0z |

Vancomycin

parenteral

DDD [g]

0.24

0.35

0.24

0.24

0.28

0.15

Groups Access [A],
Watch [W], Reserve [R]

A

ATC group

JO4A

PO1AB

Antibiotic Name

N R
Romen w00 |
L R R B TR
o w15 |
R sonoyamande  om | oupi=oun)

Ornidazole

Administration
Route

oral

DDD [g]

0.15

15

Groups Access [A],
Watch [W], Reserve [R]

w

unclassified

unclassified

unclassified

unclassified
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Figure 4. a: Total (hospital and outpatient care together) antibiotic
consumption expressed in DDD per 1000 inhabitants per day,
Switzerland, 2014-2023 (ATC code JO1).

Figure 4. b: Total (hospital and outpatient care together) antibiotic
consumption expressed in DDD per 1000 inhabitants per day
by linguistic region, Switzerland, 2014-2023 (ATC code JO01).

Figure 4. c: Total (hospital and outpatient care together) antibiotic
consumption according to the AWaRe categorization of
the WHO, Switzerland compared to EU/EEA countries,
2022 (ATC codes AO7AA, J01, JO4A, PO1AB). The WHO
recommends a country-level target of at least 60% of total
antibiotic consumption being Access group antibiotics (black
line).

Figure 4. d: Antibiotic consumption expressed in DDD per 100
bed-days in hospitals contributing to ANRESIS by hospital
size in the entire hospital (a) and intensive care unit only (b),
2014-2023 (ATC code JO1).

Figure 4. e: Inpatient antibacterial consumption in Switzerland and in
linguistic regions compared to EU/EEA countries, epxressed
in DDD per 1000 inhabitants per day, 2022.

Figure 4. f: Distribution of the antibiotic consumption per antibiotic
class in hospitals contributing to ANRESIS, 2023 (ATC group
Jo1).

Figure 4. g: Inpatient consumption of antibiotics expressed in DDD
per 100 bed-days in hospitals contributing to ANRESIS by
linguistic region, 2014-2023 (see Chapter 4.2.2.).

Figure 4. h: Total antibacterial consumption in Switzerland and in
linguistic regions compared to EU/EEA countries in the out-
patient setting, expressed in DDD per 1000 inhabitants per
day, 2022.

Figure 4. i: Distribution of the antibiotic consumption per antibiotic
class in the outpatient setting in 2023, Switzerland (ATC
group JO1).

Figure 4. j: Antibiotic classes per indication as a number of prescrip-
tions per 1000 consultations issued by practitioners from
general and internal medicine and paediatricians, 2018-2023.

Figure 4. k: Percentage of antibiotic prescriptions per indication for
general practitioners (A) and pediatricians (B), 2023.

Figure 5. a: Antimicrobial sales for livestock animals between 2014
and 2023 compared to the population biomass (total PCU)
and the sales of active ingredients per PCU.

Figure 5. b: Sales of antimicrobials (in kg) licenced for intramammary
use between 2014 and 2023, separated into dry cow prod-
ucts and products for use during lactation.

Figure 5. c: Total number of prescriptions per prescription type for
livestock in Switzerland (2020-2023).

Figure 5. d: Number of animal treatments per 1000 animals for live-
stock species in Switzerland (2020-2023).

Figure 5. e: Distribution of the total antibiotic consumption per antibi-
otic class and livestock species in Switzerland
(2020-2023).

Figure 5. f: Percentage of animal treatments per indication for live-
stock species in Switzerland (2020-2023).

Figure 5. g: Distribution of the total antibiotic consumption per
antibiotic class and companion animal species in Switzerland
(2020-2023).
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Figure 5. h: Percentage of animal treatments per indication for com-
panion animals in Switzerland (2020-2023).

Figure 6. a: Resistance rates in invasive Escherichia coli isolates in
humans between 2014 and 2023.

Figure 6. b: Comparison of resistance rates (%) in invasive versus
outpatient urinary samples in Escherichia coli isolates in
humans for 2023.

Figure 6. c: Multiresistance in invasive E. coli isolates in humans
between 2014 and 2023 (for details refer to Table 6. b).

Figure 6. d: Resistance rates in invasive Klebsiella pneumoniae iso-
lates in humans 2014-2023.

Figure 6. e: Multiresistance in invasive K. pneumoniae isolates in
humans from 2014-2023 (for details refer to Table 6. d).

Figure 6. f: Resistance rates in invasive Pseudomonas aeruginosa
isolates in humans 2014-2023.

Figure 6. g: Multiresistance in invasive Pseudomonas aeruginosa
isolates in humans between 2014 and 2023 (for details refer
to Table 6. f).

Figure 6. h: Resistance rates of invasive Acinetobacter spp. isolates
in humans between 2014 and 2023.

Figure 6. i: Multiresistance in invasive Acinetobacter spp. isolates in
humans between 2014 and 2023 (for details refer to Table
6.h).

Figure 6. j: Resistance rates (%) in invasive PSSP (penicillin-suscepti-
ble isolates) and PNSP (penicillin non-susceptible isolates) in
humans in 2023.

Figure 6. k: Resistance rates of invasive Streptococcus pneumoniae
isolates in humans between 2014 and 2023.

Figure 6. |: Resistance rates of invasive Enterococcus faecalis and
Enterococcus faecium isolates in humans between 2014 and
2023.

Figure 6. m: Resistance rates (%) of invasive MRSA (methicillin-re-
sistant Staphylococcus aureus) and MSSA (methicillin-sus-
ceptible Staphylococcus aureus) isolates in humans 2023.

Figure 6. n: Comparison of resistance rates (%) in invasive versus
outpatient wound/abscess samples in Staphylococcus aureus
in humans in 2023.

Figure 6. o: Resistance rates of invasive Staphylococcus aureus
isolates in humans between 2014 and 2023.

Figure 7. a: Trends in ciprofloxacin, erythromycin, gentamicin and
tetracycline resistance in Campylobacter coli from broiler
between 2014 and 2022 (N = total number of tested isolates;
values for 2015, 2017, 2019 and 2021 interpolated [n/a]).

Figure 7. b: Resistance pattern in Campylobacter coli from broiler
2022.

Figure 7. c: Resistance pattern in Campylobacter jejuni from broiler
2022.

Figure 7. d: Trends in ciprofloxacin, erythromycin, gentamicin and
tetracycline resistance in Campylobacter jejuni from broiler
between 2014 and 2022 (N = total number of tested isolates;
values for 2015, 2017, 2019 and 2021 interpolated [n/a]).

Figure 7. e: Resistance pattern in Campylobacter jejuni from slaughter
calves 2023.
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Figure 7. f: Trends in resistance to fluoroquinolones and macrolides
in Campylobacter coli and Campylobacter jejuni from human
clinical isolates in Switzerland between 2014 and 2023.

Figure 7. g: Trends in chloramphenicol, ciprofloxacin, ertapenem,

erythromycin, gentamicin and tetracycline resistance in Cam-

pylobacter coli from fattening pigs between 2014 and 2023
(N= total number of tested isolates; values for 2014, 2016,
2018, 2020 and 2022 are interpolated [n/a]).

Figure 7. h: Resistance pattern in Campylobacter coli from fattening
pigs 2023.

Figure 7. i: Trends in chloramphenicol, ciprofloxacin, ertapenem,
erythromycin, gentamicin and tetracycline resistance in
Campylobacter jejuni from slaughter calves 2021 and 2023
(N= total number of tested isolates; values for 2022 are
interpolated [n/a]).

Figure 7. j: Resistance pattern in Salmonella spp. from hen for 2020
and 2022.

Figure 7. k: Resistance pattern in Salmonella spp. from cattle for
2021 and 2023.

Figure 7. I: Trends in resistance to aminopenicillins. ceftriaxone,
fluoroquinolones and trimethoprim-sulfamethoxazole in
non-typhoidal Salmonella (serovars Typhimurium and Enter-
itidis combined) from human clinical isolates in Switzerland
between 2014 and 2023.

Figure 8. a: Trends in antibiotic resistance in indicator Escherichia
coli from broiler between 2012 and 2022 (N = total number
of tested isolates, values for 2015 , 2017, 2019 and 2021
interpolated [n/a]between 2014 and 2022 (N = total number
of tested isolates; values for 2015, 2017, 2019 and 2021
interpolated [n/a]).

Figure 8. b: Resistance pattern in indicator Escherichia coli from
broiler, 2022.

Figure 8. c: Trends in antibiotic resistance in indicator Escherichia
coli from fattening pigs between 2014 and 2023 (N = total
number of tested isolates, values for 2014, 2016, 2018, 2020
and 2022 interpolated [n/a]).

Figure 8. d: Resistance pattern in indicator Escherichia coli from
fattening pigs, 2023.

Figure 8. e: Trends in antibiotic resistance in indicator Escherichia
coli from slaughter calves between 2014 and 2023 (N=total
number of tested isolates, values for 2014, 2016, 2018, 2020
and 2022 interpolated [n/a]).

Figure 8. f: Resistance pattern in indicator Escherichia coli from
slaughter calves, 2023.

Figure 8. g: Prevalence of ESBL/AmpC-producing Escherichia coli
from broilers between 2014 and 2022 (N = total number of

tested isolates, values for 2015, 2017, 2019 and 2021 interpo-

lated [n/a].

Figure 8. h: Prevalence of ESBL/AmpC producing Escherichia coli
from fattening pigs between 2014 and 2023 (N = total num-
ber of tested isolates, values for 2014, 2016, 2018, 2020 and
2022 interpolated [n/a].

Figure 8. i: Prevalence of ESBL/AmpC producing Escherichia coli
from slaughter calves between 2014 and 2023 (N = total
number of tested isolates, values for 2014, 2016, 2018, 2020
and 2022 interpolated [n/a].

142 Figure 8. j: Prevalence of MRSA from fattening pigs between 2014
and 2023 (N = total number of tested isolates, values for
2014, 2016, 2018, 2020 and 2022 interpolated [n/a].

143 Figure 8. k: Prevalence of MRSA from slaughter calves between
2014 and 2023 (N = total number of tested isolates, values
for 2014, 2016, 2018, 2020 and 2022 interpolated [n/a].

153 Figure 9. a: Trends in prevalence of ESBL/AmpC producing Escheri-
chia coli in chicken meat between 2014 and 2022 (N= total
number of tested isolates; values for 2015, 2017, 2019 and
2021 interpolated [n/a]).

162 Figure 10. a: Trends in antimicrobial non-susceptibility in Escherichia
coli from diseased hens between 2019 and 2023 (N=total
number of tested isolates).

165 Figure 10. b: Trends in antimicrobial non-susceptibility in Staphylo-
coccus pseudintermedius from diseased dogs between 2019
and 2023 (N=total number of tested isolates).

166 Figure 10. c: Trends in antimicrobial non-susceptibility in Escherichia
coli from canine urogenital tract infections between 2019 and
2023 (N=total number of tested isolates).

167 Figure 10. d: Trends in antimicrobial non-susceptibility in Escherichia
coli from feline urogenital tract infections between 2019 and
2023 (N=total number of tested isolates).

180 Figure 11. a: Antibiotics (2018-2022) in the wastewater influent
to WWTPs (-In), effluent of conventional WWTPs (-Out),
effluent of WWTPs equipped to abate micropollutants (-Out
MP) and surface water (SW). Boxes represent 50% of the
concentrations and the white line their median value. The
number of detections (n > limit of quantification, LOQ) are
indicated above.

181 Figure 11. b: Clarithromycin concentrations in two watercourses from
2018 to 2022: Furtbach (ZH, left) and Landgrabe (SH, right).
The red line indicates EQS value of 0.12 pg/L fixed in the
Water Protection Ordinance (WPO, Annex 2). The arrow in
Figure 11. b (left) indicates the implementation of an addition-
al ozone treatment in one WWTP in the Furtbach catchment.
Two-week composite samples were taken from 2018 to
2022 without interruption. Missing concentrations indicate
concentrations below the limit of quantification of 0.02 pg/L
(Furtbach) or 0.03/0.04 ug/L (Landgrabe).

193 Figure 12. a: Detection and potential dissemination routes of
plasmid-mediated OXA-48 carbapemenase containing
Enterobacterales in different human, animal and environmen-
tal settings. Blue arrows indicate that transfer of CPE has
been demontrated; orange arrows indicate highly possible
routes of transmission; red arrows indicate future possible
transmission route of CPE. lllustration was created by V.P.
and adapted for publication by the publisher.
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groups (aminopenicillins, third-generation cephalosporins,
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k: Resistance rates of invasive Staphylococcus aureus
isolates in humans in 2023.
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177 Table 11. a: Antibiotics in municipal wastewater effluents in Switzer-
land from 2018 to 2022. Concentration range and median
values are shown: First quartile (Q25, value under which
25% of data points are found), median (Q50, value under
which 50% of data points are found) and third quartile (Q75,
value under which 75% of data points are found). Removal
in biological and advanced treatment (ozonation or activated
carbon treatment) are classified as poor = 20-50%; good =
50-80%; very good = 80-100%. LOQ: limit of quantification.

178 Table 11. b: Antibiotics in surface water in Switzerland from 2018 to
2022. Concentration range and median values are shown:
First quartile (Q25, value under which 25% of data points are
found), median (Q50, value under which 50% of data points
are found) and third quartile (Q75, value under which 75% of
data points are found). LOQ: limit of quantification.

179 Table 11. c: Antibiotics in groundwater in Switzerland from 2018 to
2022. Concentration range and median values are shown:
First quartile (Q25, value under which 25% of data points are
found), median (Q50, value under which 50% of data points
are found) and third quartile (Q75, value under which 75% of
data points are found). LOQ: limit of quantification.

200 Table 13. a: Number of hospitals and intensive care units contributing
to ANRESIS, 2014-2023.

204 Table 13. b: Antimicrobial resistance monitoring in livestock, 2022.
205 Table 13. c: Antimicrobial resistance monitoring in livestock, 2023.

207 Table 13. d: Epidemiological cutoff values (ECOFFs) used for the
interpretation of MIC data derived from isolates in samples
from healthy animals at slaughterhouse and meat thereof
(including Salmonella spp. from clinical samples).

208 Table 13. e: Antimicrobial resistance monitoring in veterinary
pathogens, 2022.

209 Table 13. f: Antimicrobial resistance monitoring in veterinary
pathogens, 2023.
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55 Figure I: Antibiotics shortages over the period 2016-2023,
as a number of products from ATC Code JO1 [1].

56 Figure Il: Analysis of monthly antibiotic consumption for A) all antibi-
otics for systemic use (ATC code J01) and B) broad-spectrum
antibiotics only, for the entire hospital and ICUs between
01/2019 and 06/2021. The solid line shows the estimates of
the segmented regression model. The dashed line shows a
counterfactual scenario in which the COVID-19 pandemic has
not occurred. ICU, intensive care unit; 15t w, 1t wave; Int.,
intermediate periods; 2" w, 2" wave.

57 Figure IlI: Analysis of monthly antibiotic sales data by linguistic
region in DDD per 1000 inhabitants per day over the period
2018-2023.

58 Figure IV: ESCRE. coli (A) and K. pneumoniae (B) BSlI incidence in
the two different linguistic regions of Switzerland and esti-
mates from a quasi-Poisson model (solid lines). The dashed
line shows a counterfactual scenario in which the COVID-19
pandemic has not occurred. The phase from the onset of the
pandemic is highlighted in grey.

60 Figure V: Proportion of antibiotic prescriptions not recommended by
clinical indication, Sentinella data, 2019-2022.

62 Figure VI: indications for antimicrobial use, stratified by year and
survey participation.

63 Figure VII: Diagnoses for antimicrobial use, stratified by year and
survey participation.

99 Figure VIII: AMR trends for Campylobacter jejuni. Antibiotic resist-
ance (% of resistant samples) according to year. Error bars
indicate 95% confidence intervals.

100 Figure IX: AMR trends for non-typhoidal Salmonella. Antibiotic resist-
ance (% of resistant samples) according to year. Error bars
indicate 95% confidence intervals.

102 Figure X: Clostridioides difficile incidence trajectory per 10,000
person-days, 2008-2021 (left hand axis), and antibiotic
consumption in total DDD/100 person-days (right hand axis,
blue bars, individual departments summed up); yearly inci-
dence shown as circles with error bars for 95% confidence
intervals; line of best fit shown in blue (solid), with 95%
confidence interval shaded.

103 Figure XI: Overall Clostridioides difficile incidence plotted against
weighted median yearly antibiotic consumption per depart-
ment 100 person-days, considering all study antibiotics
(2008-2021); size of bubble is proportional to the number of
person-days; weighted line of best fit shown in light-blue,
dashed.

105 Figure XIlI: K. pneumoniae producing the carbapenemase NDM-1, the
extended-spectrum B-lactamases (ESBL) CTX-M-15, and the
ArmA 16S rRNA methylase.

123 Figure XllI: SPSP consortium.

184 Figure XIV: Environmental Quality Standards (EQS) and Predicted
No-Effect Concentrations for resistance selection (PNEC )
compared to environmental concentrations of the antibiotics
azithromycin, clarithromycin, erythromycin, sulfamethazine,
sulfamethoxazole and trimethoprim measured in Swiss
surface water between 2018 and 2022.
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187 Figure XV: Temporal trends in the percentage of Escherichia coli
resistant to beta-lactam antibiotics over total E. coli across
various wastewater treatment plants in Switzerland (Novem-
ber 2021-April 2024). The map in the centre displays the lo-
cations of the seven wastewater treatment plants (WWTPs)
analysed: ARA Chur, ARA Altenrhein, ARA Werdhdélzli Zirich,
IDA CDA Lugano, STEP d'Aire Genéve, and ARA Sensetal
Laupen. The graphs surrounding the map show the temporal
trends in the percentage of E. coli resistant to beta-lactam
antibiotics at each respective WWTP. Each graph plots the
percentage of resistant E. coli isolates (y-axis) over time
(x-axis), with individual data points represented by black dots.
The smoothed trend lines indicate the overall direction of re-
sistance trends, with shaded areas representing confidence
intervals. The population served by each WWTP (in thou-
sands) is indicated in the lower right corner of each graph.

197 Figure XVI: Comparison of population biomass-corrected consump-
tion of antimicrobials (milligram per kilogram estimated
biomass) in humans and food-producing animals in 2023.
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