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Effects of a species-specific probiotic formulation
on multiresistant Escherichia coli isolates from the gut
of veal calves
B. Ripamonti, E. Tirloni, S. Stella, C. Bersani, A. Agazzi, S. Maroccolo,
G. Savoini
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ABSTRACT: In this study, 254 Escherichia coli isolates from faecal samples of veal calves were evaluated for
antimicrobial susceptibility using the disk diffusion method. During the experimental period, six mass antibiotic treatments were administered to the animals (about one treatment per month). The active principles used
were oxytetracycline, colistin, tylosin, doxycycline, chlortetracycline, and sulphonamides. An extremely high
resistance prevalence (> 70%) towards penicillin, sulphonamide, tetracycline, ampicillin, and spyramicin was
detected. Sixty E. coli isolates could be defined as multiresistant, showing resistance to at least 6 antimicrobial
classes. Subsequently, we evaluated the inhibitory effect of a species-specific probiotic against multiresistant
E. coli, showing its beneficial action with large inhibition halos for 76% of the isolates. This suggests the potentiality of the probiotic, putting in evidence a clear advantage of its use in veal calves nutrition, in particular
during the first phases, when the animals are more susceptible to severe enteric infections by E. coli.
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The repeated exposure to antimicrobials is considered a critical factor for the observed increase in
resistance frequency of the commensal microflora
in both animals and humans (van den Boogard
and Stobberingh, 2000). Carriage of resistance
genes by commensals has been proposed as an
indicator of antibiotic resistance in a population,
and its decrease should be regarded as a suitable
public health goal (van den Boogard, 1997). In
fact, intestinal commensal microflora acts as a
potential reservoir of resistance genes that may
be transferred to pathogenic bacteria inside the
host. The diffusion of antimicrobial resistance
among pathogens, that has been evidenced since the
seventies, has resulted in a compromised efficacy
of antimicrobial agents used in the treatment of
infectious diseases, and is actually considered an
emerging and serious public health concern (van
den Boogard and Stobberingh, 2000; Martinez and

Baquero, 2002; Ramos et al., 2013). In particular,
the possibility of transferring antibiotic-resistant
bacteria from food animals to humans through
the consumption of meat or other animal products, by the contact with farm wastewater, and
other ways must be regarded as a worldwide issue
(Sàenz et al., 2004; Marshall and Levy, 2011). It is
evident that resistance resulting from the use of
antimicrobial agents in food-producing animals
may have adverse human health consequences,
with a potential increase in morbidity and mortality from bacterial infections. A relationship
between the use of antibiotics in food animals and
antimicrobial resistance among bacteria isolated
from humans is reported for Salmonella spp. and
Campylobacter spp., but it has been described for
other bacteria, and represents an item of increasing
importance for some potential pathogens such as
enterococci, Staphylococcus aureus, and especially
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Escherichia coli (Barza, 2002; Swartz, 2002; Lee,
2003; Angulo et al., 2004; Tollefson and Karp,
2004). E. coli is a commensal bacterium living in
the intestine of humans and animals, including
food animals, but it is strongly considered for its
potential pathogenicity for consumers. Since the
early 1980s some serotypes (especially O157:H7)
have caused several foodborne human infections
(outbreaks or sporadic cases), in particular by
the consumption of minced/comminuted beef
(Pennington, 1998; Williams et al., 2000). Cattle
are the major reservoir of this pathogen that is
carried asymptomatically and excreted from the
gastrointestinal tract. During cattle slaughtering, faeces and hides are considered the main
sources of E. coli; carcass contamination can occur during dressing phases, especially skinning
and evisceration (Chapman et al., 2001; Aslam et
al., 2003; Carney et al., 2006; Nastasijevic et al.,
2009). E. coli is able to acquire resistance genes
from other microorganisms or from the environment, and can represent a potential reservoir
for the horizontal transmission of these genes to
different bacterial species occurring in the food
chain (Trobos et al., 2008; Ahmed et al., 2009;
Marshall and Levy, 2011; EFSA-ECDC, 2012).
The resistance in these organisms is considered a
good indicator of the selective pressure resulting
from antimicrobial use in target populations (van
den Boogard and Stobberingh, 2000). Recently, a
report issued by EARSS (European Antimicrobial Resistance Surveillance System) dealt with
antimicrobial resistance of E. coli and S. aureus
population in the European Union, showing, during the period 2002–2009, a decreasing trend in
antibiotic susceptibility especially for E. coli, that
was associated with a significant increase in human
septicemic infections, reaching levels of concern.
Infections caused by such antimicrobial-resistant
strains are becoming common worldwide and are
posing serious health problems for human medicine (EARSS, 2008; ECDC, 2011).
The need for a reduction in antimicrobial use in
animal breeding has encouraged, during last years,
the interest for alternative methods to improve gut
health and animal performances; in this context,
the use of probiotics as feed additives seems to be
very promising (Timmerman et al., 2005; Bakhshi
et al., 2006; Frizzo et al., 2010; Kawakami et al.,
2010; Morrison et al., 2010; Riddell et al., 2010).
In particular, the administration of multistrain
and multispecies probiotics showed to be more
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effective than that of monostrain probiotics; a
better capability of colonizing the gastrointestinal
tract was demonstrated, associated with a synergic activity due to the combination of different
mechanisms of action (Timmerman et al., 2004;
Soto et al., 2010).
In a previous work, functional aspects of lactic acid
bacteria isolated from faecal samples of veal calves
were evaluated for a potential probiotic use, designing a multispecies multistrain formulate composed
of Lactobacillus animalis-Lactobacillus paracasei
subsp. paracasei-Bacillus coagulans (30 : 35 : 35).
The same was then successfully tested for in vitro
antimicrobial activity towards different potentially
pathogenic bacteria (Ripamonti et al., 2009; 2011).
The aim of this study was to evaluate the prevalence of antibiotic resistance among E. coli isolates
from the faeces of veal calves and to investigate
the inhibitory effect of our probiotic formulate
against the most resistant strains.

MATERIAL AND METHODS
Design of the experiment
Faecal samples were obtained from 24 veal calves,
bred in multiple boxes of six animals each on slotted
floor and fed a standard milk replacer/concentrate
diet. During the trial three different milk replacers
(on dry matter basis) were used from the arrival to the
farm: Elite Start FE at days 0–14 (22% crude protein,
18% crude fat), Elite 20 at days 15–100 (19% crude
protein, 17% crude fat), and Elite 100 at days 101–180
(20% crude protein, 18.5% crude fat) (Zoogamma
s.p.a, Ghedi, Italy) with a mean reconstitution rate
of 130 g/l and supplied at a temperature of 37°C.
Calves were fed an increasing amounts of a commercial concentrate Fibravit Wet Mais (Zoogamma
s.p.a, Ghedi, Italy) on dry matter basis (13.20% crude
protein, 4.41% crude fat, 4.25% crude fibre, 4.25%
ash) starting from 100 g per head/day until 750 g
per head/day at the end of the trial.
During the experimental period, six mass antibiotic treatments were administered to the animals
(about one treatment each month was administered
to veal calves, the first one performed at the arrival to the farm): the active principles used were
oxytetracycline (25 mg/kg body weight (BW)),
colistin (50 mg/kg BW), tylosin (40 mg/kg BW),
doxycycline (10 mg/kg BW), chlortetracycline
(25 mg/kg BW), and sulfadimethoxine (25 mg/kg
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BW). Monthly, faecal samples were collected from
each calf upon rectal stimulation, stored in vials
with transport medium (FecalTM Enteric Plus; Oxoid,
Basingstoke, UK), and kept refrigerated at 4°C until
the analyses, which were performed the same day.
Sampling period started from 15 days of life of veal
calves (T0) and lasted for 180 days (T5) in order
to monitor the whole breeding cycle. Four faecal
pools coming from 6 animals each were subjected
to microbiological analysis. 10 g of each pool were
diluted with 90 ml of Buffered Peptone Water (Oxoid) and homogenized in a Seward Stomacher 400
Lab Blender Mixed Homogenizer (International
PBI, Milano, Italy) for 1 min. Serial 10-fold dilutions were plated onto TBX agar (Oxoid) for the
enumeration of Escherichia coli, according to ISO
16649-2:2001 method.

Isolation of Escherichia coli and evaluation
of antibiotic susceptibility
A total of 254 E. coli colonies grown on TBX plates
from faecal samples were randomly selected and
subcultured in Tryptic Soy Broth (TSB) (Oxoid,
Basingstoke, UK). The standard CLSI disk diffusion
test was performed on each isolate (CLSI, 2007) using Tryptic Soy Agar (TSA) (Oxoid). Eight different
classes of antimicrobial agents were chosen for the
test: penicillins (penicillin G 10 IU, ampicillin 10 µg),
sulphonamide 300 µg, cephalosporins (cephalothin
30 µg), tetracyclines (tetracycline 30 µg), aminoglycosides (neomycin 30 µg, apramycin 15 µg), macrolides
(spyramicin 100 µg), lincosamides (lincomycinspectinomycin 109 µg), and quinolones (nalidixic
acid 30 µg, enrofloxacin 5 µg). Negative control was
performed using blank disks. The diameters of the
inhibition zones were measured and the results (an
average of 5 readings) were recorded and compared
to the breakpoint value indicated by CLSI (2005),
SFM (2011), and EUCAST (2012).

Inhibition of Escherichia coli by the probiotic
For the evaluation of the inhibitory effect on
multiresistant E. coli strains, the species-specific

probiotic was inoculated into MRS broth and grown
anaerobically at 37°C for 48 h. After incubation,
the broth was spread by a sterile swab onto the
surface of MRS agar plates, subsequently incubated
for 48 h at 30°C in an anaerobic jar (Anaerojar;
Oxoid, Basingstoke, UK). Multiresistant E. coli
isolates were selected by the test described above;
the requisite for the selection was the resistance
to penicillins, sulphonamide, tetracycline, and
macrolides and to two of the other antimicrobial
classes tested. These isolates were then subcultured
aerobically overnight at 37°C in 10 ml of TSB. For
each E. coli isolate, 0.2 ml of bacterial suspension (approximately 10 7 UFC/ml) were added to a
5 ml share of semisolid agar (BHI broth (Oxoid) +
agar 0.7%), maintained in a water bath (45°C) and
then poured over the plates inoculated with the
probiotic. After aerobic incubation at 37°C for
24 h, the plates were checked. If E. coli growth
was inhibited, a clear zone was observed around
the probiotic colonies. Lactobacillus acidophilus
ATCC 4356 was used as a negative control; the
size of no-growth zones, when compared with
those produced by the control strain, indicated the
susceptibility, as reported by Rebucci et al. (2007).

RESULTS AND DISCUSSION
E. coli counts
In the present study the prevalence of antibiotic
resistance of E. coli isolates from veal calves was
evaluated. Among food-producing animals, calves
can be considered a good indicator of antimicrobial resistance diffusion, as they are frequently
submitted to mass and individual treatments to
prevent the effects of bacterial infections. It is
widely recognized that resistance due to the use of
antimicrobial agents in animal breeding represents
an emerging threat for human health. The results
of microbial counts obtained from faecal samples
are shown in Table 1. E. coli number in faecal
samples increased during the first period, reaching
at T1 a plateau level (6.5–7 Log CFU/g) that was
maintained until the end of the experimental time
(T5). It has to be noted that the administration of

Table 1. Microbial counts of Escherichia coli obtained from faecal samples (mean values of 4 pools of 6 animals each)
Log CFU/g faeces ± DS

T0

T1

T2

T3

T4

T5

4.16 ± 0.28

6.66 ± 0.28

6.86 ± 0.28

6.86 ± 0.25

6.86 ± 0.25

6.79 ± 0.25
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mass antibiotic treatments to calves did not result
in any decrease in the concentration of E. coli,
suggesting the possibility of a high prevalence of
antimicrobial resistant strains in gut population.

Antimicrobial susceptibility of Escherichia coli
The investigation on E. coli isolates confirmed
the hypothesis of a high prevalence of antibiotic
resistance among bacterial population, evidencing the diffusion of multi-resistant strains. The
results of antimicrobial susceptibility tests are
reported in Table 2. According to the levels settled
by EFSA-ECDC (2012) to describe the antimicrobial
resistance, the frequency of resistance of E. coli
population analyzed could be defined as extremely
high (> 70%) towards penicillin, sulphonamide,
tetracycline, ampicillin, and spyramicin, but high
resistance frequencies (20–50%) were detected also
for the other antibiotic classes, such as neomycin,
cephalothin, spectinomycin, and nalidixic acid. Our
results confirmed the data obtained in previous
studies: Bradford et al. (1999) observed high resistance frequencies in E. coli strains isolated from
calves, in particular towards ampicillin (100%),
kanamycin, streptomycin, and tetracycline. In
another study performed on 120 strains of E. coli,
Güler et al. (2008) found a high rate of resistance
towards cephalothin (72%), followed by kanamycin
(69.3%), tetracycline (69.3%), ampicillin (65.3%),
trimethoprim (52%), and gentamicin (24%). Similar
Table 2. Antimicrobial susceptibility of Escherichia coli isolates
Antimicrobial agents
Penicillina 10 IU
a

Sulphonamide 300 µg
a

Tetracycline 30 µg
b

Ampicillin 10 µg
a

Limit halo Number of
(mm) resistant/total
< 18

249/254

97.88

< 12

242/254

95.30

≤ 17

236/254

92.91

≤ 14

230/254

90.70

Spyramicin 100 µg

≤ 19

212/254

83.47

≤ 15

123/254

48.33

Cephalotina 30 µg

≤ 18

108/254

42.52

Nalidixic acid 30 µg

≤ 15

89/254

35.18

Lincomycin-Spectinomycina 109 µg

< 20

84/254

33.05

< 18

50/254

19.55

≤ 30

45/254

17.70

Apramycinc 15 µg
a

Enrofloxacin 5 µg
a

SFM (2011), bEUCAST (2012), cCLSI (2005)
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Inhibition of Escherichia coli
by the probiotic formulate
The present evaluation of the functionality of the
species-specific probiotic formulation showed its
ability to inhibit the growth of our multiresistant
E. coli. The results of the inhibition test against each
of the 60 multidrug-resistant E. coli are given in
Table 3. The probiotic showed an inhibitory effect
towards all the isolates tested: 76.7% of the strains
showed a clear zone ≥ 20 mm (Figure 1), 20.0%
between 10 and 20 mm, and 3.3% a zone < 10 mm.

(%)

Neomycina 30 µg
a

rates were detected also by Hariharan et al. (2004)
in E. coli strains isolated from calves (81% against
oxytetracycline and 64% against neomycin) and
by Werckenthin et al. (2002), who found resistance rates over 80% for tetracyclines, ampicillin, sulphonamide/trimethoprim combination,
and chloramphenicol. A recent report published
by EFSA-ECDC (2012) underlined the common
presence of resistance in E. coli strains isolated
from fowl, pigs, cattle, and food to tetracyclines,
ampicillin, and sulphonamides, whereas resistance
to third-generation cephalosporins and fluoroquinolones remained low. In our trial, a significant
rate of multiresistance was detected: 60 E. coli
isolates could be defined as multiresistant (23.6%
of the total tested isolates), showing resistance to
at least 6 antimicrobial classes, and 4% of tested
strains were resistant to all of the 11 antimicrobials
considered, confirming the growing diffusion of
this phenomenon in Italy (ECDC, 2011).

Figure 1. Representative figure of the inhibitory action of
the probiotic against a multiresistant E. coli isolate
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Table 3. Results obtained from inhibition tests on multiresistant E. coli isolates
Inhibition halo
(mm)

Isolate No.

Inhibition halo
(mm)

Isolate No.

1

25

16

19

31

28

46

24

2

18

17

23

32

23

47

20

3

23

18

23

33

17

48

27

4

22

19

23

34

24

49

20

5

21

20

18

35

26

50

21

6

20

21

15

36

24

51

24

7

22

22

18

37

25

52

21

8

21

23

17

38

25

53

22

9

24

24

22

39

32

54

17

10

25

25

20

40

22

55

20

11

19

26

20

41

27

56

27

12

21

27

24

42

27

57

24

13

18

28

15

43

22

58

31

14

19

29

9

44

27

59

30

15

25

30

25

45

9

60

25

Isolate No.

This activity could be due to different mechanisms,
the most likely being the production of organic
acids; in fact the production of propionic, acetic,
and lactic acids by the strains included in the formulate has been already observed during previous
in vitro studies (Ripamonti et al., 2011). Further
studies are needed to elucidate the behaviour of
the probiotic strains in field trials, to confirm data
obtained in vitro also in the presence of interfering
factors such as breeding practices, feeding, and
use of antibiotic treatments.

CONCLUSION
The use of probiotics as a feeding strategy to
contrast gut infections and to improve the functionality of gastrointestinal tract has been widely
applied in different species, especially in pigs and
poultry (Ghareeb et al., 2012; Heo et al., 2013),
but few products are actually used for veal calves.
In this context, our study represents the first step
for the perfection of a product that could enlarge
the availability of means to contrast the prevalence
of severe infections by E. coli strains that involve
veal calves especially during the first phases of life.
The use of probiotics in animal nutrition represents an alternative and effective approach to
antibiotic treatments leading to a reduction of

Inhibition halo
Inhibition halo
Isolate No.
(mm)
(mm)

breeding costs and joining current law requirements
(Regulation (EC) No. 1831/2003) which focus on the
priority of a limitation in the use of antimicrobials
for the improvement of public health protection.

REFERENCES
Ahmed A.M., Younis E.E.A., Osman S.A., Ishida Y., El-Khodery
S.A., Shimamoto T. (2009): Genetic analysis of antimicrobial
resistance in Escherichia coli isolated from diarrheic neonatal calves. Veterinary Microbiology, 136, 397–402.
Angulo F.J., Nargund V.N., Chiller T.C. (2004): Evidence
of an association between use of anti-microbial agents
in food animals and antimicrobial resistance among
bacteria isolated from humans and the human health
consequences of such resistance. Journal of Veterinary
Medicine, B, 51, 374–379.
Aslam M., Nattress F., Greer G., Yost C., Gill C., McMullen
L. (2003): Origin of contamination and genetic diversity of
Escherichia coli in beef cattle. Applied and Environmental
Microbiology, 69, 2794–2799.
Bakhshi N., Ghorbani G.R., Rahmani H.R., Samie A. (2006):
Effect of probiotic and milk feeding frequency on performance of dairy Holstein calves. International Journal of
Dairy Science, 1, 113–119.
Barza M. (2002): Potential mechanisms of increased disease
in humans from antimicrobial resistance in food animals.
Mechanisms of Increased Disease, 34, 123–125.

205

Original Paper
Bradford P.A., Petersen P.J., Fingerman I.M., White D.G.
(1999): Characterization of expanded-spectrum cephalosporin resistance in E. coli isolates associated with
bovine calf diarrhoeal disease. Journal of Antimicrobial
Chemotherapy, 44, 607–610.
Carney E., O’Brien S.B., Sheridan J.J., McDowell D.A., Blair
I.S., Duffy G. (2006): Prevalence and level of Escherichia
coli O157 on beef trimmings, carcasses and boned head
meat at a beef slaughter plant. Food Microbiology, 23,
52–59.
Chapman P.A., Cerdan Malo A.T., Ellin M., Ashton R., Harkin MA. (2001): Escherichia coli O157 in cattle and sheep
at slaughter, on beef and lamb carcasses and in raw beef
and lamb products in South Yorkshire, UK. International
Journal of Food Microbiology, 64, 139–150.
CLSI (2005): Methods for Antimicrobial Disk Susceptibility Testing of Bacteria Isolated from Aquatic Animals;
Proposed Guideline. Clinical and Laboratory Standards
Institute, 25, 33.
CLSI (2007): Performance Standards for Antimicrobial
Disk Susceptibility Testing; Seventeenth Informational
Supplement. Clinical and Laboratory Standards Institute,
27, 32–36.
EARSS (2008): EARSS Annual Report. Available from
http://www.ecdc.europa.eu/en/activities/surveillance/
EARS-Net/Documents/2008_EARSS_Annual_Report.
pdf (accessed Jul 30, 2012).
ECDC (2011): Antimicrobial resistance surveillance in
Europe 2009. European Centre for Disease Prevention
and Control. Available from http://ecdc.europa.eu/en/
publications/Publications/1011_SUR_annual_EARS_
Net_2009.pdf (accessed Jul 30, 2012).
EFSA–ECDC (2012): The European Union summary report
on antimicrobial resistance in zoonotic and indicator bacteria from humans, animals and food in 2010. Scientific
report of EFSA and ECDC. EFSA Journal, 10 (3), 1–233.
EUCAST (2012): Breakpoint tables for interpretation of
MICs and zone diameters. Version 2.0. European Committee on Antimicrobial Susceptibility Testing. Available from http://www.eucast.org/fileadmin/src/media/
PDFs/EUCAST_files/Breakpoint_tables/Breakpoint_
table_v_2.0_120221.pdf (accessed Jul 30, 2012).
Frizzo L.S., Soto L.P., Zbrun M.V., Bertozzi E., Sequeira G.,
Rodrìguez A.R. (2010): Lactic acid bacteria to improve
growth performance in young calves fed milk replacer
and spray-dried whey powder. Animal Feed Science and
Technology, 157, 159–167.
Ghareeb K., Awad W.A., Mohnl M., Porta R., Biarnes M.,
Böhm J., Schatzmayr G. (2012): Evaluating the efficacy
of an avian-specific probiotic to reduce the colonization
of Campylobacter jejuni in broiler chickens. Poultry Science, 91, 1825–1832.

206

Czech J. Anim. Sci., 58, 2013 (5): 201–207
Güler L., Gündüz K., Ok Ü. (2008): Virulence factor and
antimicrobial susceptibility of Escherichia coli isolated
from calves in Turkey. Zoonoses and Public Health, 55,
249–257.
Hariharan H., Coles M., Poole D., Page R. (2004): Antibiotic
resistance among enterotoxigenic Escherichia coli from
piglets and calves with diarrhea. Canadian Veterinary
Journal, 45, 605–606.
Heo J.M., Opapeju F.O., Pluske J.R., Kim J.C., Hampson
D.J., Nyachoti C.M. (2013): Gastrointestinal health and
function in weaned pigs: a review of feeding strategies
to control post-weaning diarrhoea without using in-feed
antimicrobial compounds. Journal of Animal Physiology
and Animal Nutrition, 97, 207–237.
Kawakami S.I., Yamada T., Nakanishi N., Cai Y. (2010):
Feeding of lactic acid bacteria and yeast on growth and
diarrhea of Holstein calves. Journal of Animal and Veterinary Advances, 9, 1112–1114.
Lee J.H. (2003): Methicillin (oxalllicin)-resistant Staphylococcus aureus strains isolated from major food animals
and their potential transmission to humans. Applied and
Environmental Microbiology, 69, 6489–6494.
Marshall B.M., Levy S.B. (2011): Food animals and antimicrobials: impacts on human health. Clinical Microbiology
Reviews, 24, 718–733.
Martinez J.L., Baquero F. (2002): Interactions among strategies associated with bacterial infection: pathogenicity,
epidemicity, and antibiotic resistance. Clinical Microbiology Reviews, 15, 647–679.
Morrison S.J., Dawson S., Carson A.F. (2010): The effects
of mannan oligosaccharide and Streptococcus faecium
addition to milk replacer on calf health and performance.
Livestock Science, 131, 292–296.
Nastasijevic I., Mitrovic R., Buncic S. (2009): The occurrence of Escherichia coli O157 in/on faeces, carcasses
and fresh meats from cattle. Meat Science, 82, 101–105.
Pennington H. (1998): Factors involved in recent outbreaks
of Escherichia coli O157:H7 in Scotland and recommendations for its control. Journal of Food Safety, 18, 383–391.
Ramos S., Silva N., Caniça M., Capelo-Martinez J.L., Brito F.,
Igrejas G., Poeta P. (2013): High prevalence of antimicrobial-resistant Escherichia coli from animals at slaughter:
a food safety risk. Journal of the Science of Food and
Agriculture, 93, 517–526.
Rebucci R., Sangalli L., Fava M., Bersani C., Cantoni C.,
Baldi A. (2007): Evaluation of functional aspects in Lactobacillus strains isolated from dry fermented sausages.
Journal of Food Quality, 30, 187–201.
Regulation (EC) No. 1831/2003 of the European Parliament
and of the Council of 22 September 2003 on additives for
use in animal nutrition. Official Journal of the European
Union, L268, 29–43.

Czech J. Anim. Sci., 58, 2013 (5): 201–207
Riddell J.B., Gallegos A.J., Harmon D.L., McLeod K.R.
(2010): Addition of a Bacillus based probiotic to the
diet of preruminant calves: influence on growth, health,
and blood parameters. International Journal of Applied
Research in Veterinary Medicine, 8, 78–85.
Ripamonti B., Agazzi A., Baldi A., Balzaretti C., Bersani
C., Pirani S., Rebucci R., Savoini G., Stella S., Stenico
A., Domeneghini C. (2009): Administration of Bacillus
coagulans in calves: recovery from faecal samples and
evaluation of functional aspects of spores. Veterinary
Research Communications, 33, 991–1001.
Ripamonti B., Agazzi A., Bersani C., De Dea P., Pecorini
C., Pirani S., Rebucci R., Savoini G., Stella S., Stenico A.,
Tirloni E., Domeneghini C. (2011): Screening of speciesspecific lactic acid bacteria for veal calves multi-strain
probiotic adjuncts. Anaerobe, 17, 97–105.
Sàenz Y., Briñas L., Domìnguez E., Ruiz J., Zarazaga M.,
Vila J., Torres C. (2004): Mechanisms of resistance in
multiple-antibiotic-resistant Escherichia coli strains of
human, animal and food origin. Antimicrobial Agents
and Chemotherapy, 48, 3996–4001.
SFM (2011): Comité de l’antibiogramme de la Société Française de Microbiologie, Recommandations 2011. Available from http://www.sfm-microbiologie.org/UserFiles/
file/CASFM/casfm_2011.pdf. (accessed Aug 28, 2012).
Soto L.P., Frizzo L.S., Bertozzi E., Avataneo E., Sequeira
G.J., Rosmini M.R. (2010): Molecular microbial analysis
of Lactobacillus strains isolated from the gut of calves
for potential probiotic use. Veterinary Medicine International. Available from http://www.hindawi.com/journals/
vmi/2010/274987/ (accessed Aug 6, 2012).
Swartz M.N. (2002): Human diseases caused by foodborne
pathogens of animal origin. Clinical Infectious Diseases,
34, 111–122.

Original Paper
Timmermann H.M., Koning C.J.M., Rombouts F.M., Beyen
A.C. (2004): Monostrain, multistrain and multispecies
probiotics – a comparison of functionality and efficacy.
International Journal of Food Microbiology, 96, 219–233.
Timmermann H.M., Mulder L., Everts H., van Espen D.C.,
van der Wal E., Klassen G., Rouwers S.M.G., Hartemink
R., Rombouts F.M., Beynen A.C. (2005): Health and
growth of veal calves fed milk replacers with or without
probiotics. Journal of Dairy Science, 88, 2154–2165.
Tollefson L., Karp B.E. (2004): Human health impact from
antimicrobial use in food animals. Médecine et Maladies
Infectieuses, 34, 514–521.
Trobos M., Lester C.H, Olsen J.E, Frimodt-Møller N., Hammerum A.M. (2008): Natural transfer of sulphonamide
and ampicillin resistance between Escherichia coli residing the human intestine. Journal of Antimicrobial
Chemotherapy, 63, 80–86.
van den Boogard A.E. (1997): Antimicrobial resistance –
relation to human and animal exposure to antibiotics.
Journal of Antimicrobial Chemotherapy, 40, 453–454.
van den Boogard A.E., Stobberingh E. (2000): Epidemiology
of resistance to antibiotics. Links between animals and
humans. International Journal of Antimicrobial Agents,
14, 327–335.
Werckenthin C., Seidl S., Riedl J., Kiossis E., Wolf G., Stolla
R., Kaaden R. (2002): Escherichia coli isolates from young
calves in Bavaria: in vitro susceptibilities to 14 anti-microbial agents. Journal of Veterinary Medicine, B, 49, 61–65.
Williams R.C., Isaacs S., Decou M.L., Richardson E.A., Buffet M.C., Slinger R.W. (2000): Illness outbreak associated
with Escherichia coli O157:H7 in Genoa salami. Canadian
Medical Association Journal, 162, 1409–1413.
Received: 2012–09–10
Accepted after corrections: 2012–11–16

Corresponding Author
Dr. Erica Tirloni, University of Milan, Department of Health, Animal Science and Food Safety, Via Celoria 10,
I-20133 Milan, Italy
Tel. +390 250 317 871, fax +390 250 317 870, e-mail: erica.tirloni@unimi.it

207

