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Summary
Fluoroquinolones (FQ ) undergo minimal metabolization in animals and are excreted via faeces and urine,
where they enter the environment almost unchanged.
In this study we investigated the presence of quinolone-resistant Escherichia coli (E. coli) in the environment of
65 farms of a sow pool system in Switzerland. Two hundred and seventy-nine samples from liquid manure and
wipes of dust and pen walls were collected and the use
of FQ on the farms was investigated. From 45% of dust
samples, 52% of pen wall samples and 69% of liquid
manure samples quinolone-resistant E. coli (QRE) were
cultivated. Significant higher counts of quinolone-resistant colonies were found in liquid manure samples
than in dust (p < 0.01) or pen wall samples (p < 0.05).
Samples from breeding farms were significantly more
often positive than samples from fattening farms
(p < 0.01). Samples taken from farms using FQ were
significantly more frequently positive for QRE than
samples from farms without FQ usage (p < 0.01). On
97% of the farms with FQ use and 85% (23/27) of the
farms without FQ use QRE could be found in at least
one sample (no significant difference). Overall, QRE
were widespread in the environment of the investigated
pig farms.
Keywords: Quinolone resistance, fluoroquinolones, liquid
manure samples, resistance profile, pigs, dust samples
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Fluorchinolone (FQ ) werden bei Tieren nur minimal
metabolisiert und nahezu unverändert über Kot und
Urin ausgeschieden. In der vorliegenden Studie wurden
Umweltproben aus 65 Betrieben eines arbeitsteiligen
Ferkelproduktionsrings in der Schweiz auf das Vorkommen von FQ-resistenten Escherichia coli (E. coli) untersucht. In den Betrieben wurden 279 Proben von Gülle
und Staub, sowie Wischproben von den Buchtenwänden
gesammelt und der Einsatz von FQ wurde untersucht.
Chinolon-resistente E. coli (QRE) wurden aus 45% der
Staubfilterproben, 52% der Stallwandproben und 69%
der Gülleproben kultiviert. Die Gülleproben enthielten
signifikant höhere QRE-Koloniezahlen als Staub(p < 0.01) und Wischproben (p < 0.05). Proben aus
Zuchtbetrieben waren signifikant häufiger positiv, als
Proben aus Mastbetrieben (p < 0.01). Proben aus Betriebe mit FQ-Einsatz waren signifikant häufiger positiv für
QRE als Betriebe ohne FQ-Einsatz. In 97% der Betriebe mit FQ-Einsatz und 85% (23/27) der Betriebe ohne
FQ-Einsatz konnte QRE in mindestens einer Probe
nachgewiesen werden (kein signifikanter Unterschied).
Insgesamt waren QRE in der Umgebung der untersuchten Schweinezuchtbetriebe weit verbreitet.
Schlüsselwörter: Chinolonresistenz, Fluorchinolone,
Gülleproben, Resistenzprofil, Schweine, Staubproben
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Introduction
Antimicrobial resistance is considered by the World
Health Organization (WHO) to be one of the biggest
challenges facing both animal and human health.31
Worldwide efforts are undertaken to investigate antimicrobial resistance and the spread of resistant bacteria. In
Switzerland, the Federal Department of Home Affairs
(EDI) and the Federal Department of Economic Affairs,
Education and Research (WBF) have adopted the “Strategy on Antibiotic Resistance (StAR)”. This project promotes intensified investigations of the impact of antimicrobial usage on the environment and its role in the
spread of antimicrobial-resistant bacteria.11
The assocation of the use of antimicrobials and the selection of resistant bacteria can be caused by direct as well
as cross selection.18 Moreover, associations between antimicrobial treatments of sows and antimicrobial resistance
in their offspring could be found.8 Beside antimicrobial
use, parameters in health management such as space allowance, stable temperature or production size have been
identified as risk factors for the development of antimicrobial resistanc.6 A prudent use of antimicrobials and
antimicrobial stewardship ensure that as few animals as
possible are subjected to antimicrobial therapy, and in
turn, as few microorganisms as possible are exposed to
minimal selective concentrations of antimicrobials or
concentrations below mutant prevention levels.12
The routes drug residues and resistant bacteria take into
the environment after antimicrobial therapy of an animal are complex. Regardless of the type of application,
the microbial flora of the treated animals is always subjected to a selection pressure. This creates a pool of bacteria which can serve as a reservoir for the transmission
of resistance mechanism.17, 21 A shift in susceptibility of
commensal E. coli towards resistance could be shown in
pigs intramusculary treated with fluoroquionolones and
in untreated penmates. 26 In the case of oral therapy with
pharmaceutical premixes, surrounding bacterial flora
come into direct contact with residues of active substances in dust and feed in the barn.14 Certain active
substances, such as tetracyclines or fluoroquinolones,
undergo limited metabolization in pigs and are thus
effectively excreted. 28, 30 Environmental bacteria consequently come into contact with antimicrobial residues
through excretions of treated animals and through direct contamination during oral treatments. Significant
concentrations of tetracycline could be found in liquid
manure and an accumulation of active substances in soil
fertilized with liquid manure could be demonstrated.15
The examination of indicator bacteria for antimicrobial
resistance such as E. coli provides an insight into the
presence of resistance in the enormous bacterial reservoir in the environment of farm animals. The longeiv-

388

SAT | ASMV 6 | 2019

ity of antimicrobial residues or resistant bacteria in
different materials and the spread into the environment
of pig farms has been investigated before. Dust samples
collected over 20 years in pig stock and stored at 4 °C
contained considerable antimicrobial residues.14 Air
samples near a pig farm showed 287 times more resistant
bacteria when taken downwind the barn than if taken
upwind. With increasing distance downwind, the number of resistant bacteria decreased exponentially but was
still 2.2 times higher after 150m than upwind.13 The
main molecular resistance mechanisms for the development of quinolone/fluoroquinolone resistance are mutations in the chromosomally coded g yrA and parC
genes. Single mutations first lead to quinolone resistance
and further multiple mutations can additionally cause
FQ resistance. 24 In order to assess the possible influence
of the use of fluoroquinolones in farms on the gradual
selection of quinolone/fluoroquinolone-resistant E. coli,
in the present study QRE were isolated from environmental samples (dust, liquid manure and wipe samples
of pen walls). The following questions were addressed:
– Is the occurence and microbial count of QRE different in the different environmental samples?
– Does the occurence of QRE differ between farms with
and without use of fluoroquinolone?

Material and methods
All 65 pig farms of a sow pool system and related fattening farms were visited between May and November 2016.
In a sow pool system, sows are transported between
farms housing them either during the mating, gestation
(mating/gestation farms) or farrowing (farrowing farms)
period. The sow pool consisted of 26 farrowing farms,
29 fattening farms and 10 mating and gestation farms
All fattening farms included in this study were supplied
with piglets by this sow pool. The farms were located at
the Swiss Midlands within a radius of approximately 80
km. Veterinary service was provided individually for
each farm by in total 33 veterinary practices. In order to
include all relevant treatments with FQ that could cause
significant residues in the environment, Data concerning
antimicrobial use during 18 months prior sampling was
taken from treatment journals on farm and drug prescriptions of the veterinarians in 2015 and 2016. It was
also recorded whether cleaning and disinfection was
regularly carried out in the stables. During the farm visits, wipe samples from dust and pen walls were taken and
the slurry pits were also sampled. Collecting the samples
was carried out representing the number of buildings
and the number of slurry pits of the farms. In order to
reflect the compartmentation of the study farms, each
building or completely separated room on the farms was
tested seperately. On farms with separated slurry pits, a
corresponding number of slurry samples was taken. Dust
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was collected from horizontal surfaces such as the lids
of piglet nests, window sills or feed or water pipelines by
wiping using a cotton stocking moistened with sterile
0.85% saline solution. For each sample of pen walls, the
walls were rubbed at animal level in two or three randomly selected pens, again using moistened cotton stockings. For each of the dust and pen wall samples a total
area of about 0.12 m 2 was sampled. Depending on accessibility, liquid manure samples were taken from the slurry pit, or if this was not possible, from the slurry channel.
For this purpose, at least three samples of one litre each
were taken from different depths or at different points,
mixed in a bucket and a sample of 300-500 ml was taken.
The samples were then stored at -20 °C.

Laboratory methods
Environmental samples were tested for the presence of
E. coli with phenotypic quinolone resistance. For the
qualitative detection of QRE, an average of 1.91 g sample was diluted 1:10 in Enterobacteriaceae Enrichment
Broth (EE-Broth) and incubated at 37 °C overnight. The
enrichment was then spread on Rapid-E. coli 2 agar
(Biorad, Munich), supplemented with 8 µg/ml nalidixic
acid and 5 µg/ml amphotericin B, and cultivated overnight at 37°C. On the following day, it was documented
whether QRE (β-D-glucuronidase and β-D-galactosidase positive) had grown. For a semi-quantitative approach, the samples, averaging 1.97 g, were diluted in a
ratio of 1:10 in 0.85% saline solution and homogenized
in a stomacher. The homogenate was spatulated in two
dilution steps (1:100, 1:1000) on Rapid-E. coli 2 agar
plates supplemented with 8 µg/ml nalidixic acid and
5 µg/ml amphotericin B. After incubation at 37 °C overnight, the presumptive colonies were counted.

E. coli isolates randomly selected from each positive
sample were then tested for susceptibility to 15 different
antimicrobials using the agar diffusion method.9 The
following antimicrobials were tested: Amoxicillin-clavulanic acid (AMC30), ampicillin (AM10), azithromycin
(AZM15), cefazolin (CZ30), cefepime (FEP30), cefotaxime (CTX30), chloramphenicol (C30), ciprofloxacin
(CIP5), fosfomycin (FOS200), gentamicin (GM10),
kanamycin (K30), nitrofurantoin (F/M300), streptomycin (S10), sulfamethoxazole-trimethoprim (SXT) and
tetracycline (TE10) (Becton Dickinson, Heidelberg,
Germany).

Occurrence of quinoloneresistant Escherichia coli
in environmental samples
from a sow pool system
in Switzerland
S. von Ah et al.

Data analysis and statistical evaluation
Data were evaluated and graphically displayed in Microsoft Excel 2011 (Microsoft, Redmond, WA, USA)
and R-Studio Version 0.99.902 (Free Software Foundation, Boston, MA, USA). The prevalence of QRE in
different sample types was compared by the Pearson’s
Chi-squared test. The number of QRE in different sample types was compared with the Kruskal-Wallis rank
sum test and the Wilcoxon rank sum test.

Results
Antimicrobial use prior sampling
Data on antimicrobial usage was missing or not complete in nine of 65 participating farms. Twenty-nine of
the study farms had been using FQ during 18 months
prior to sampling and 27 farms had not. Seventy-three
percent of the farrowing farms in this study had been
using FQ , 50% of the mating/gestation farms and 10%
of the fattening farms. According to prescriptions of the

Table 1: Number of mating/gestation farms, farrowing farms and fattening farms using fluoroquinolones (FQ +), not using fluoroquinolones (FQ -)
or without data (nd) and number of farms with one, two, three or four samples of dust and pen walls.

No of farms

One sample

10

9

FQ +

5

5

FQ -

4

3

Gestation farms

nd
Fattening farms

1

1

29

21

FQ +

3

FQ -

21

nd

16

Two samples

Three samples

Four samples

1

Total of samples
12
5

1

6
1

8

37

3

6

5

26

5

5

Farrowing farms

26

10

8

3

5

55

FQ +

19

8

4

2

5

42

FQ -

4

nd
Total

5

4

8

3

2

65

40

16

1
4

5

5
104

FQ +

27

13

7

2

5

53

FQ -

29

19

9

1

0

40

9

8

0

1

0

11

nd
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veterinarians and treatment journals, FQ (enrofloxacin
and marbofloxacin) were used for the treatment of the
Postpartum Dysgalactia Sydrome (PDS) or fever in sows
and for diarrhea of piglets. In fattening pigs FQ were
used to treat fever and pneumonia. Treatments with FQ
of sows, fattening pigs and piglets were carried out in a
dosage
of
2–2.5 mg/kg bodyweight intramuscularly for three days.
In case of oral treatments of piglets, the dosage was
1.7 mg/kg for three days. In individual cases, farmers
deviated from the recommended treatment duration and
treated only once.

Occurrence of quinoloneresistant Escherichia coli
in environmental samples
from a sow pool system
in Switzerland
S. von Ah et al.

samples, QRE could be detected after incubation in
enrichment broth. Table 2 shows the results of the testing for FQ-resistance differentiated by sample type and
farm type. Samples from breeding farms (farrowing and
mating/gestation farms) were significantly more frequently positive for QRE (106 out of 177) than samples
from fattening farms (44 out of 102; p < 0.01). Dust
samples from breedings farms were significantly more
found with QRE (38 out of 77) than dust samples from
fattening farms (nine out of 37; p < 0.02). No differences were found for pen wall samples and liquid manure
samples. Samples from farms using FQ were significantly more frequently positive for QRE (88 out of 139) than
samples from farms without use of FQ (51 out of 111;
p < 0.01). On farms with FQ usage, dust samples were
significantly more frequently positive for QRE (31 out
of 53) than on farms without FQ usage (13 out of 40;
p < 0.02) (Table 2).

Twenty nine percent of the farms had been using tetrayclines during the investigated period. Sulfonamide-trimethoprim combinations had been used in 29%, penicillins in 50% and streptomycin in 41% of the farms.
Fifty-eight farms reported to clean the stables regularly,
seven farms reported infrequent cleaning. On 30 of the
study farms no disinfection was carried out.

Quinolone-resistant E. coli were significantly more
found in liquid manure samples from farrowing farms
with FQ usage (20 out of 24) than without FQ usage (2
out of 5; p < 0.05).

Detection of quinolone-resistant E. coli
in environmental samples
From six out of 26 farrowing farms, two samples of liquid manure were taken from different compartements.
From all other farms a single sample of liquid manure
was taken. Table 1 shows the number of different farm
types where more than one sample of each dust and pen
walls was taken.

Liquid manure samples generally were significantly
more often positive for QRE (49 out of 71) than the dust
(47 out of 104, p < 0.005) and pen wall samples (54 out
of 104, p < 0.05).
Using the semi-quantitative approach, the mean colony-forming units (CFU) of QRE per g dust samples were
111 (0 – 7862, median = 0), 40 CFU (0 – 588, median
= 0) / g pen wall sample and 11831 CFU / l liquid manure. Significant higher counts of quinolone-resistant

In total, 104 dust samples, 104 pen wall samples and
71 liquid manure samples were examined for the occurrence of QRE. In 45.2% of the dust samples, 51.9% of
the pen wall samples and 69.1% of the liquid manure

Table 2: Results of fluoroquinolone (FQ)-resistance testing of samples from pen walls, dust and liquid manure from mating/gestation farms, fattening
farms and farrowing farms. QRE + = tested positive for quinolone resistance; QRE - = tested negative for quinolone resistance; FQ +: farms with FQ
usage; FQ -: farms without FQ usage; nd = no data concerning FQ usage.

Pen wall samples

Dust samples

Liquid manure samples

All sample types

total

FQ +

FQ-

nd

total

FQ +

FQ-

nd

total

FQ +

FQ-

nd

total

FQ +

FQ-

nd

12

5

6

1

12

5

6

1

12

5

6

1

36

15

18

3

Farm type
Mating/
gestation farms
QRE pos

6

2

3

1

5

3

2

0

6

2

4

0

17

7

9

1

QRE neg

6

3

3

0

7

2

4

1

6

3

2

1

19

8

9

2

Fattening

37

6

26

5

37

6

26

5

28

4

20

4

102

16

72

14

QRE pos

17

4

11

2

9

3

5

1

18

4

13

1

44

11

29

4

QRE neg

20

2

15

3

28

3

21

4

10

0

7

3

58

5

43

10

Farrowing

55

42

8

5

55

42

8

5

31

24

5

3

141

108

21

13

QRE pos

31

25

5

1

33

25

6

2

25

20

2

3

89

70

13

6

QRE neg

24

17

3

4

22

17

2

3

6

3

3

0

52

37

8

7

All farmtypes

104

53

40

11

104

53

40

11

71

33

31

8

279

139

111

30

QRE pos

54

31

19

4

47

31

13

3

49

26

19

4

150

88

51

11

QRE neg

50

22

21

7

57

22

27

8

22

6

12

4

129

50

60

19
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Figure 1: Resistance pofiles of QRE isolates against 15 antimicrobial agents (AM10: Ampicillin, CZ30: Cefazolin, CTX30: Cefotaxime, AMC30: Amoxicillin
with Clavulanic Acid, FEP30: Cefepime, CIP5: Ciprofloxacin, SXT: Sulfamethoxazole with Trimethoprim, FOS200: Fosfomycin, AZM15: Azithromycin,
F/M300: Nitrofurantoin, S10: Streptomycin, K30: Kanamycin, GM10: Gentamicin, C30: Chloramphenicol, TE10: Tetracycline). Proportion of susceptible
and non-susceptible isolates.

colonies were found in liquid manure samples than in
the dust or pen wall samples (p = 0.001).
In 96.2% (25/26) of the farrowing to rearing farms,
79.3% (23/29) of the fattening farms and 80% (8/10) of
the mating/gestation farms at least one out of samples
from pen walls, dust and slurry was positive for QRE.
The prevalence of QRE in at least one sample type was
97% (28/29) in farms with fluoroquinolone use and 85%
(23/27) in farms without fluoroquinolone use. The relative risk for the detection of QRE was 1.11 (95% confidence range: 0.93-1.19). The use of FQ was therefore
not a risk factor for the detection of QRE in the environment of the farms.

Sensitivity test of quinolone-resistant
E. coli isolates
From the 150 environmental samples positive for QRE,
284 isolates were cultivated and stored in pure culture
(1-3 isolates per sample). Of these, 196 isolates (57 from
dust, 62 from wipes and 77 from liquid manure samples)
were randomly selected and tested for sensitivity to
16 antimicrobials from 10 classes (penicillins, macrolides, cephalosporins, fenicoles, tetracyclines, phosphonic acid, aminoglycosides, nitrofurantoins, quinolo-

Band 161, Heft 6, Juni 2019, 387–394, © GST | SVS

nes and sulfonamides). Figure 1 shows the percentage
of non-susceptible isolates for the antimicrobials tested.
Of the E. coli isolates selected with nalidixic acid, 38%
were also resistant to ciprofloxacin. The percentage of
ciprofloxacin resistant isolates was almost equal for samples from farms using FQ (36%) or not (40%). In addition to quinolones (nalidixic acid and ciprofloxacin),
the isolates were most frequently resistant to streptomycin (69%), tetracycline (61%), sulfamethaxole trimethoprim (46%) and ampicillin (41%).
In Table 3 the percentage of isolates resistant to several
classes of antimicrobials is shown. Of the E. coli isolates
studied, 84% were resistant to more than one antimiTable 3: Proportion of E. coli isolates with resistance to several antimicrobial classes.

No. of antimicrobial classes

Amount of E. coli isolates resistant to
one or more antimicrobial classes

0

3%

1

13%

2

22%

3

14%

4

19%

5+

29%
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crobial class. Sixty-two percent were resistant to at least
three and 29% to five or more classes of active substances. 3% of the isolates showed no resistance at all.

Discussion
In the present study, QRE were found in a high proportion of study farms, regardless whether they had used
FQ in the last 18 months or not. A possible reason for
the higher frequency of the detection of QRE in liquid
manure, in contrast to dust samples and pen wall samples
could be the usually rare cleaning of the slurry pit and
the consequently long residence time of FQ in the slurry. Chemical characteristics of antimicrobial residues in
the environment vary between different active substances. 27 Sarafloxacin was shown to be strongly attached to
sediments and therefore less than 1% is degraded within
80 days. 20 Other authors showed that enrofloxacin in the
absence of solar radiation remains stable in the environment for more than 120 days.32 The long half-life of
quinolones in the environment is an enduring selection
advantage for quinolone-resistant bacteria. In addition,
quinolone resistance in E. coli does not appear to have a
serious effect on their fitness compared to the wild
type.19 Although the use of fluroquinolones is strictly
limited in Swedish chicken production, QRE isolates of
a particular clone could be found in all stages of Swedish
chicken production from imported grandparents. This
means that QRE are able to persist in the environment
for long periods independent of a selection advantage
and can be spread by animal movement.3
The fact that QRE was detected less frequently in sample
material from farms that did not use FQ is an indication
that FQ usage may have a direct influence on the detection of QRE in the environment, in particular in dust.
QRE were detected less frequently in fattening farms,
where FQ usage was rare, than in breeding farms where
FQ usage was more frequently observed. Another explanation for this finding could be the special experimental
set-up, since the breeding sows of the sow pool were
transported between the study farms and QRE may
therefore have been transmitted by them. Sows housed
on farms not using FQ could have been previously treated with such compounds on other farms. On the other
hand, the half-life of FQ in pigs is short. 2, 23 While some
studies show a duration of an increased excretion of
antimicrobial resistant germs for three to four weeks after treatment,10, 22, 29 or no increased excretion of fluoroquinolone-resistant E. coli after treating pigs with FQ ,7
other authors isolated FQ resistant E coli up to eight
weeks after treatment with FQ26 and some data indicates
that all antimicrobial therapies over the entire life are
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relevant, not only those carried out shortly before sampling.1 The most frequent indication for the use of antibiotics in sows in Switzerland is PDS,16 which usually
occurs shortly after farrowing. Thus, an increased excretion of QRE by the sows after the transfer to the mating/
gestation farms or after transfer to the next farrowing
farm has not necessarily to be assumed. Further research
should address the question whether the approach to
measuring antimicrobial consumption in fattening farms
or in individual farms of a sow pool is effective in assessing the risk of emission of antimicrobially resistant bacteria or resistance genes or whether the selection of resistant bacteria by residues of antimicrobial agents in the
environment of pig farms is more important. The coselection of quinolone resistance with the use of other
antimicrobial agents may have disguised the correlation
between the use of FQ and the occurrence of QRE in
the environmental samples. 24 Taking slurry samples was
not always easy, because the slurry pit was hardly or not
at all accessible. Thus, the manure in the samples in some
cases was not completely homogenous or representative
for the slurry pit and did not completely meet the criteria of sampling as described in literature. 25 An underreporting of the prevalence of resistant E. coli in the slurry
samples in our study is possible. Underreporting nevertheless would not contradict with our findings of QRE
being widespread on the investigated pig farms.

Conclusions
QRE were widespread in the environmental samples of
the farms in this study. Some associations between FQ
usage and the occurrence of QRE in the environment
of the farms could be observed in this study, but transport of animals and coselection may have had an influence on our results. Further investigations are needed
to determine whether fluoroquinolone resistance is
generally widespread in the environment of pig farms
in Switzerland or the observations made only apply to
the sow pool investigated in this study. Since QRE was
found in nearly all farms, independent of their FQ usage, a complete freedom of QRE in the environment of
pig farms may be difficult to achieve.
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Les fluoroquinolones (FQ ) subissent une métabolisation minimale chez les animaux et sont excrétées par les
fèces et l’urine par l’intermédiaire desquelles elles arrivent pratiquement inchangées dans l’environnement.
Dans cette étude, nous avons étudié la présence d’Escherichia coli (E. coli) résistants à la quinolone dans l’environnement de 65 exploitations d’un système de pool de
truies en Suisse. Deux cent septante neuf échantillons
de lisier, de lingettes recueillant des poussières et de
parois de boxesont été collectés et l’utilisation de FQ
dans les fermes a été étudiée. Sur 45% des échantillons
de poussières, 52% des échantillons de parois de boxes
et 69% des échantillons de lisier, des E. coli résistants à
la quinolone (QRE) ont été cultivés. Des quantités significativement plus élevées de colonies résistantes à la
quinolone ont été trouvées dans des échantillons de lisier par rapport aux échantillons de poussière (p <0,01)
ou de parois de boxes (p <0,05). Les échantillons provenant d’élevages étaient significativement plus souvent
positifs que ceux provenant d’exploitations d’engraissement (p <0,01). Les échantillons prélevés dans les exploitations utilisant de la FQ étaient significativement
plus souvent positifs pour le QRE que les échantillons
provenant d’exploitations sans utilisation de FQ
(p <0,01). Sur 97% des exploitations utilisant de la FQ
et 85% (23/27) des exploitations sans utilisation de FQ ,
des QRE était présente dans au moins un échantillon
(pas de différence significative). Dans l’ensemble, les
QRE étaient répandus dans l’environnement des élevages porcins étudiés.
Mots clés: Résistance à la quinolone, fluoroquinolones,
échantillons de lisier, profil de résistance, porcs,
échantillons de poussière
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