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Abstract

The increasing occurrence of extended-spectrum beta-lactamases and/or AmpC-positive 
Escherichia coli among different species of food producing animals poses a threat to public health. 
The animal gut plays a key role in the development of antibiotic resistant bacteria, allowing 
the selection, multiplication and subsequent contamination of the farm environment. However, 
applicable procedures for reducing such bacteria on farms are currently unavailable. The present 
study was aimed to determine whether a probiotic administration to new-born dairy calves would 
reduce faecal shedding of extended-spectrum beta-lactamases and/or AmpC-positive Escherichia 
coli during the pre-weaning period. Ten randomly assigned new-born Holstein calves on a dairy 
farm with recent evidence of high occurrence of AmpC-positive Escherichia coli among calves 
were treated by a probiotic mix within 12 h after birth. Nine control calves were not treated. Faecal 
samples were collected from each calf daily on days 2 through 5, and then on days 7, 10, and 14. 
The faecal samples were cultured, and the mean numbers of cefotaxime-resistant Escherichia 
coli and confirmed enteroaggregative Escherichia coli were compared between the two groups. 
Results suggested that the Enterococcus faecium probiotic treatment (Enterococcus faecium M74, 
NCIMB 11181) of new-born calves did not reduce the enteroaggregative Escherichia coli counts in 
their faeces. There was no significant difference in the shedding of enteroaggregative Escherichia 
coli between the probiotic-treated and control calves throughout the two-week study period. 

Probiotic, antimicrobial resistance, cattle

Continued increase in the incidence of antibiotic resistance among agents of infectious 
diseases of humans and animals represents a common threat to human and veterinary 
medicine. Along with pathogenic bacteria, antibiotic therapy also applies to commensal 
species of intestinal microflora, especially Escherichia coli, which can carry and then 
spread genes of resistance onto pathogenic species. That means that animal gut may play 
a key role in the development of antibiotic resistant bacteria, allowing the concealed 
selection, multiplication and subsequent contamination of the farm environment (Carlet 
2012). The increasing incidence of extended-spectrum beta-lactamases (ESBL) and/or 
AmpC-positive Escherichia coli (enteroaggregative E. coli EAEC) in the community of 
the last decade is also connected with the findings of these bacteria in the food animals 
and their products (Seiffert et al. 2013). Therefore it seems reasonable to limit the use of 
antibiotics in farm animals to a minimum and look for procedures leading to the reduction 
of resistant bacteria on farms. The prevalence of ESBL in faecal swabs of healthy cattle 
in Europe is 5–13% (Geser et al. 2012; Hartmann et al. 2012). The lowest prevalence 
of ESBL/AmpC-producing Escherichia coli in Europe is reported in Finland, at 1.8% 
(Paivarinta et al. 2016). In the Czech Republic, data are available on the phenotypic 
resistance of Escherichia coli isolates in cattle for years 2015 – 10.7% and 2016 – 10.4% 
(SVA 2017). Results published so far show that in comparison to adult cattle, calves are 
relatively often colonized with resistant E. coli, including EAEC, although not treated with 
antibiotics (Khachatryan et al. 2004; Watson et al. 2012). During the first weeks of milk 
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nutrition, the excretion reaches maximum level, and then gradually decreases with age 
(Khachatryan et al. 2004; Berge et al. 2005; Watson et al. 2012). Influences/factors 
that are involved in the selection and maintenance of these bacteria on dairy farms were 
also identified (Gonggrijp et al. 2016). But it is still not clear which extra measures will 
be effective to further reduce the prevalence of EAEC on dairy farms (Reeves et al. 2013). 
One of the options how to reduce the incidence of these bacteria on farms could be the 
induction of intestinal colonization resistance of new-born calves by using probiotics from 
the group of lactic acid bacteria (Signorini et al. 2012; Pringsulaka et al. 2015) which 
could reduce the excretion of EAEC in the calves’ faeces. Only sporadic attempts to verify 
such procedures in order to reduce calf colonization by EAEC (Corbett et al. 2015) have 
been made so far. 

The present study was aimed to determine whether a single administration of lactic acid 
bacteria to new-born dairy calves would reduce the faecal shedding EAEC.

Materials and Methods
Animals

The parent herd at the investigated farm consisted of 620 Holstein dairy cows with the average milk yield around  
12 000 litres per year. Cows were housed free in boxes with deep litter. The standard hygiene and mastitis 
prevention measures were implemented on the farm. 

The born calves were immediately placed in individual boxes and fed with 4 l of pasteurized colostrum within 
2 h. Further feeding consisted of two daily doses; the quality of colostrum was regularly checked. High percentage 
of faecal shedding of CMY-2 beta-lactamase producing E. coli in dairy calves during the pre-weaned period was 
proved during 2014.

Study design and sample collection 
Ten randomly assigned new-born Holstein calves (5 heifers and 5 bulls) on the dairy farm with recent evidence 

of high occurrence of EAEC faecal shedding among pre-weaned calves were treated by a single dose of probiotic 
additive (Juvenor, Tekro with Enterococcus faecium M74, NCIMB 11181) administered per os within 12 h after 
birth according to the manufacturer’s instructions. Nine control calves (6 heifers and 3 bulls) were not treated. 
Feeding and housing was as listed above.

Faecal samples were removed manually from the rectum into sterile plastic containers, changing gloves after 
each sample. Samples were collected from each calf daily on days 2 through 5, and then on days 7, 10, and 14. All 
samples were kept refrigerated and transported in an isothermal box to the laboratory, where they were processed.  

Bacteriological methods 
Faecal samples were weighed and initially diluted at a ratio of 1:10 in sterile phosphate-buffered saline (PBS) 

and homogenized by vortexing for 20 s. A one millilitre aliquot of faecal suspension was serially diluted in 
PBS and selected dilutions were plated on MacConkey agar (Oxoid, UK) supplemented with 2 mg/l cefotaxime 
(Sigma, Czech Republic). All inoculated media were incubated overnight at 37 °C. Lactose-fermenting colonies 
were enumerated and pure-cultured on MacConkey agar (Oxoid, UK) without antibiotics and on sheep blood agar 
plates (Oxoid, UK). Negative samples were enriched at 37 °C for 16–18 h in MacConkey broth (Oxoid, UK) prior 
to plating as above and the positive finding was expressed as count 101 colony forming units (CFUs) per gram of 
faeces. Pure presumptive cefotaxime-resistant isolates were identified using the matrix-assisted laser desorption 
ionization (MALDI)–time of flight (TOF) mass spectrometry (MALDI biotyper; Bruker Daltonics, USA)  and 
confirmed Escherichia coli (E. coli) isolates further examined by ESBL/AmpC  phenotype confirmatory tests 
(AmpC + ESBL Detection Set, Mast Group, UK) as we earlier described (Jamborova et al. 2015). 

Statistical analysis
Analysis of variance (ANOVA) was used to compare the median of EAEC log10 CFUs/g faeces in both the 

treated and control groups. 

Results

During the investigated period all calves were clinically healthy and no treatment with 
antimicrobial drugs was used. A total of 115 samples from 19 study calves at 2 to 14 days 
of age were collected. The counts of EAEC for treated and control calves are summarized 
in Table 1. On day 2, EAEC was detected in all 7 sampled calves of the control group and in 
7 out of 9 sampled calves of the treatment group. The mean EAEC count for faecal samples 
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collected on day 2 was 1.5·108 CFU/g (median, 105 CFU/g; range 101 to 109 CFU/g) in 
the control calves and 9.3·108 CFU/g (median, 104 CFU/g; range 0 to 109 CFU/g) in the 
treated calves. Stabilization of the median value is apparent after 4 days of observation in 
documented EAEC counts in both groups of calves. Nevertheless, a relatively large gap 
in CFU of EAEC/gram of faeces counts was found in individual calves in both groups 
during the monitored days. Figure 1 represents the cumulative shedding dynamics of 
EAEC in both groups of calves. There is no apparent difference between cumulated CFU 
EAEC values with the exception of the first day of the testing. A noticeable drop in EAEC 
shedding was recorded at the end of the investigated period.

Daily faecal shedding of ESBL/AmpC-positive Escherichia coli in calves of treated and 
control groups is documented in Tables 2 and 3. Bold print indicates the ESBL-positive  
E. coli shedding in some calves; but most calves shed AmpC-positive E. coli in both groups.

Mean and median EAEC counts did not differ significantly between the treatment and 
control groups (P value was 0.93). On the third day P was 0.1, which is still non-significant.

There was no significant difference in the shedding of EAEC between the probiotic-
treated and control calves throughout the two-week study period.
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Table 1. Counts of ESBL/AmpC-positive Escherichia coli for treated and control calves (CFU/gram).

Sampling  Control group Treated group

Day n Mean Median Range n Mean Median Range
2 7 1.5·108 105 101 to 109    9 9.3·108 104 0 to 109

3 8 6.0·107 106 0 to 109    8 9.2·107 105 0 to 109

4 8 5.1·108 105 0 to 109    7 4.2·108 107 105 to 109

5 9 5.4·108 107 0 to 109    9 5.1·108 107 101 to 109

7 8 2.1·108 107 101 to 108 10 1.2·108 107 103 to 109

10 9 7.7·107 107 102 to 108    9 2.5·108 107 101 to 109

14 7 1.5·107 105 101 to 107    7 3.7·107 106 103 to 108 

ESBL - extended-spectrum beta-lactamases; CFU – colony forming units; n – number of sampled calves

Fig. 1. The cumulative shedding of extended-spectrum beta-lactamases/AmpC-positive Escherichia coli in the 
treated calves (n = 10) and control calves (n = 9) (colony forming units per gram - CFUs/gram of faeces)  



Discussion

Antimicrobial resistance is considered to be a major health threat for humans. Resistance 
can be partly caused by transmission of resistant bacteria from livestock, directly or 
through the contaminated environment and foodstuffs (Seiffert et al. 2013). Reducing 
EAEC prevalence in livestock is expected to contribute to decreasing the health risks for 
humans and improve the animals’ health status in general.

Currently, it is still not clear which extra measures will be effective to further reduce the 
prevalence of EAEC in dairy cattle herds. The lack of scientific information complicates 
evaluating the epidemiological effectiveness of possible measures and the associated 
costs. Due to the high prevalence of antibiotic-resistant E. coli in pre-weaned dairy calves 
during the first weeks of life, it seems appropriate to authenticate probiotics to enhance 
the intestinal colonization resistance of calves against EAEC. The probiotic properties of 
the lactic acid bacteria, especially those of Enterococcus faecium, are widely employed in 
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Table 2. Daily faecal shedding of extended-spectrum beta-lactamases/AmpC-positive Escherichia coli for treated 
calves (CFU/gram).

       Calf
 Sampling days

 2 3 4 5 7 10 14
JA 2.3·102 101 2.6·109 4.2·105 4.6·107 8.0·107 1.8·106

JB 2.7·104 3.2·104 8.1·106 4.6·108 2.73·108 4.9·107 1.0·106

JC 4.0·108 1.9·105 2.2·107 3.8·109 1.0·107 6.4·108 1.7·108

JD 2.8·104 4.8·107 1.4·105 NT 1.6·108 NT NT
JE 4.0·108 5.7·108 NT 2.1·108 4.2·108 1.6·107 6.3·107

JF 101 5.2·104 NT 8.5·107 9.1·107 2.75·106 1.04·105

JG 0 0 NT 6.7·107 2.3·103 1.46·107 2.2·107

JH 1.2·109 NT 3.4·108 101 1.46·107 1.39·109 NT
JI 0 NT 1.0·106 5.0·104 1.4·108 1.39·107 NT
JK NT 1.2·108 2.6·107 7.0·106 2.0·107 8.1·106 9.0·103 

CFU – colony forming units; NT – not tested; ESBL - extended-spectrum beta-lactamases; 0 – negative result; 
bold print – ESBL-positive E. coli

Table 3. Daily faecal shedding of extended-spectrum beta-lactamases/AmpC-positive Escherichia coli for control 
calves (CFU/gram).

       Calf
 Sampling days

 2 3 4 5 7 10 14

A  NT 1.0·106 1.2·109 2.18·109 4.6·107 2.3·107 8.0·106

B 101 0 0 0 NT 1.71·108 5.0·105

C 2.5·107 2.4·108 1.7·107 1.9·107 1.5·108 2.1·107 4.9·105

D 1.4·107 1.0·107 2.5·107 8.1·107 8.0·108 4.5·107 101

E 4.0·105 2.2·108 1.41·105 5.4·107 8.3·107 9.0·103 1.7·105

F 2.0·103 0 NT 0 7.6·107 3.0·106 9.7·107

G 1.0·104 NT 7.9·104 1.28·108 9.6·107 4.3·108 NT
H NT 101 2.5·104 3.3·104 101 1.0·102 101

I 1.05·109 0 2.91·109 2.4·109 4.3·108 1.3·107 NT

CFU – colony forming units; NT – not tested; ESBL - extended-spectrum beta-lactamases; 0 – negative result; bold 
print – ESBL-positive E. coli



feed additives for various domestic animals. Lactic acid bacteria, especially Enterococcus 
faecium decreased excretion of enterohemorrhagic Escherichia coli O157:H7 in lambs 
(Lema et al. 2001). The probiotic strain Enterococcus faecium M74, NCIMB 11181 was 
also used in our study based on this data. The results evaluating the effect of this probiotic 
on the excretion of E.coli in calves are missing in literature. The Enterococcus faecium 
M74, NCIMB 11181 strain is a feed additive authorised in the category of “zootechnical 
additives”, functional group “gut flora stabilizers” according to Annex I of Regulation 
(EU) No 1831/2003. It plays a major role among the known strains of lactic acid producing 
bacteria in animal nutrition. This strain is characterized by the development of its metabolic 
activity in the intestine, the release of antimicrobial substances, and formation of a biofilm 
to protect the intestinal mucosa.

In our study, we were unable to prove a decreased excretion of EAEC in calves treated 
with a single dose of this product after birth. Our results are comparable with the recent 
results of Corbett et al. (2015) who also found that probiotic administration in pre-weaned 
calves did not reduce antimicrobial-resistant coliform count in their faeces. In contrast 
to our study, these authors used a commercial product based on multi-strain probiotics 
consisting of representatives of the genes Bacillus, Lactobacillus, and Bifidobacterium. In 
the critical evaluation of our own results and the results of Corbett et al. (2015), it needs 
to be stated that commercial probiotic products are used for a number of benefits and the 
evaluation of antimicrobial activity in the selection of probiotic strains does not have to be 
considered. 

In commercial products the request of the same probiotic strain origin with the target 
species for which it is intended is also usually not respected. These shortcomings might 
have had a negative impact on the outcome of this study. The antimicrobial effects of 
probiotics are strain-dependent, therefore we assume that it will be necessary and useful to 
isolate probiotic bacteria directly from cattle and perform a screening for the exhibition of 
anti-EAEC activity in the future.  Mono- or multi-strain probiotics with anti-EAEC activity 
may be used as a complement to reduce the prevalence of ESBLs/AmpC positive E. coli 
in the future, possibly strengthening the preventative animal health management and the 
biosecurity of the farm. 
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