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Abstract

This research paper aimed to evaluate the association between feeding waste milk to calves
and the occurrence of antimicrobial multi-resistance by extended spectrum β-lactamase
(ESBL) enzymes through determining their production by E. coli isolates from 32 dairy
farms. Among β-lactamase enzymes, ESBL provide resistance to a wide variety of β-lactam
antimicrobials including penicillin and 2nd, 3rd and 4th generation cephalosporins.
Feeding waste milk to calves has been observed to lead to increased antimicrobial resistance
in faecal isolates of calves. In each farm included in this study, faecal samples were collected
from the rectum of five healthy calves in the first month of life and pooled into a single con-
tainer. Five isolates from each pool were selected and confirmed to be E. coli by amplification
of the 16S rRNA gene. ESBL production was confirmed phenotypically on 148 isolates from
31 farms by use of the double-disk synergy test. Genotypic confirmation of ESBL production
was performed by PCR for the genes blaCTX-M-1, −2, −8, −9 and blaCMY-2. A question-
naire was also performed and a mixed logistic regression model was used to identify risk fac-
tors for the occurrence of antimicrobial resistance. A negative binomial regression model was
also used, in order to assess whether there was any association between certain farm manage-
ment practices and the number of ESBL-producing E. coli isolates from each farm. Phenotypic
confirmation of ESBL production was obtained on 40 E. coli isolates from 15 farms (48.4%),
whereas genotypic confirmation was obtained on 55 isolates from 20 farms (64.5%). The use
of three or more different intramammary antimicrobials to treat mastitis within the previous
year significantly impacted the number of ESBL-producing E. coli isolates; on farms that did
so, there were more isolates in which ESBL-producing E. coli was present, when compared to
farms that had used less formulations within the same time span.

Beta-lactamases are enzymes capable of hydrolysing β-lactam antimicrobials, conferring resist-
ance to Gram-negative bacteria. Among β-lactamase enzymes, the extended-spectrum
β-lactamase enzymes (ESBL) have been under considerable focus because they provide resist-
ance to a wide variety of β-lactam antimicrobials including penicillin and 2nd, 3rd and 4th
generation cephalosporins and aztreonam (Seiffert et al., 2013). Infections caused by
Gram-negative bacteria harbouring these enzymes are challenging to treat and have increased
in incidence in the human population (McDanel et al., 2017), as well as in the dairy cattle
population (Davis et al., 2015). Despite limited evidence of transmission of
ESBL-production from animal reservoirs to humans, the increasing gene pool from which
pathogenic bacteria can pick up ESBL is a cause for concern (Madec et al., 2017).

A specific group of ESBL, known as CTX-M, due to their capacity to hydrolyse cefotaxime
(CTX), has been reported as the predominant type of ESBL (Xia et al., 2014; Bevan et al.,
2017), and includes 5 subgroups (CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, CTX-M-25)
and over 120 variants (D’Andrea et al., 2013). There are also plasmid-mediated β-lactamase
enzymes (pAmpC) produced by E. coli, of which the most frequently reported is the CMY
type, that typically confers antimicrobial resistance to cephamycins (Shin et al., 2017).
There is evidence suggesting transfer of the CMY-2 plasmid between different bacterial species
and even between food animals and humans (Winokur et al., 2001), therefore, their isolation
from farm animal origins is particularly relevant from a Public Health point of view.

Waste milk (Brunton et al., 2012; Duse et al., 2013), is a mixture of excess colostrum, tran-
sition milk and non-saleable milk from cows that have been or are still being treated with anti-
microbials or other substances with a milk withdrawal period. Feeding calves with waste milk
may represent an economic benefit for farmers not only because it leads to savings in milk
replacer, but also because feeding whole milk has been shown to lead to higher growth
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rates than feeding milk replacer with the same gross composition
(Lee et al., 2009). This practice may, however, present a risk for
calves due to the potential infection with pathogens, including
Mycobacterium avium subs. paratuberculosis leading to the spread
of paratuberculosis if the milk is not subject to pasteurization
(Leão et al., 2017).

Exposing bacteria to concentrations of antimicrobials well
below the minimum inhibitory concentrations has been shown
to select for resistant bacteria (Gullberg et al., 2011). Waste
milk may contain low concentrations of one or more antimicro-
bials, which may result in selection favouring antimicrobial resist-
ance in enteric bacteria. Feeding calves with waste milk was
observed to lead to increased antimicrobial resistance in faecal
isolates (Aust et al., 2013) and increased concerns about this
potential problem has led European authorities to evaluate the
risks and to recommend possible mitigation strategies (EFSA
Panel on Biological Hazards (BIOHAZ), 2017).

This study aims to evaluate potential risk factors for the occur-
rence of antimicrobial multi-resistance by extended spectrum
β-lactamase enzymes through determining ESBL production by
E. coli isolates from 32 dairy farms.

Materials and methods

Sample collection and isolate identification

A group of 32 commercial dairy farms located in mainland
Portugal, supported by three different veterinary practices, was
selected to participate in this study. Farms ranged in size from
16 to 715 lactating animals, with a mean size of 151 lactating ani-
mals, with zero grazing and feeding largely being based on maize
silage and ryegrass silage. In each farm, faecal samples were col-
lected from the rectum of five healthy calves in the first month
of life and 1 g of each sample was pooled into a single container.
The pooled faecal sample was then mixed with a 9 ml solution of
0.9% NaCl, and 10μl of the suspension was plated onto
MacConkey Agar and incubated at 37°C overnight. Whenever
possible, five lactose-positive colonies were selected per plate
and further inoculated onto sheep blood agar and incubated over-
night at 37°C. These colonies were submitted to biochemical iden-
tification by use of the IMViC test – Indole, Methyl red,
Voges-Proskauer, Citrate (Quinn et al., 1994), leading to 156 iso-
lates presumptively identified as E. coli. This identification was
then confirmed genotypically by amplification of the 16s rRNA
gene (Chen et al., 2003).

Determination of ESBL production

Phenotypic determination of ESBL production was performed
according to the double-disk synergy test as defined by CLSI
(2017). Briefly, each isolate confirmed genotypically as E. coli
(n = 148) was submitted to an antimicrobial susceptibility test
by the disk diffusion (Kirby-Bauer) method, with cefotaxime
(CTX, 30 μg) and ceftazidine (CAZ, 30 μg). Results were inter-
preted according to criteria defined by the Clinical and
Laboratory Standards Institute (CLSI, 2017). Isolates resistant to
CTX and/or CAZ were submitted to a subsequent antimicrobial
susceptibility test for phenotypic confirmation of ESBL produc-
tion (CLSI, 2017). In this second test, 30 min prior to the CTX
and CAZ disks being positioned on the plates, each paper disk
was impregnated with a 10 μl suspension of potassium clavulanate
(1 mg/ml reconstituted in phosphate-buffered saline). After a 24-h

incubation period at 37°C, results were once more interpreted
according to criteria defined by CLSI (2017). Phenotypic confirm-
ation of ESBL production was evidenced by an increase in zone
diameters of 5 mm or more for the test including clavulanate in
comparison with the test without it.

Each isolate confirmed genotypically as E. coli was submitted
to genotypic evaluation of ESBL production capability through
conventional PCR, for the genes blaCTX-M and blaCMY-2.
The test was performed using the primers (shown in online
Supplementary Table S1) that were used by Yan et al. (2004)
and Shahid et al. (2014). The 50 μl final volume included 2 μl
of each primer (10μM), with the exception of blaCTX-M-8, for
which 4 μl of each primer (10 μM) were used. Amplification reac-
tions were performed in a VWR® Thermocycler Doppler, with
distinct conditions for CTX-M and CMY-2. The first group was
submitted to an initial denaturation at 94°C (7 min); 35 cycles
of 94°C (50 s), 50°C (40 s) and 72°C (2 min), with a final exten-
sion at 72°C (5 min). For the second group, initial denaturation
was performed at 94°C for 3 min, with 35 cycles of 94°C (1
min), 55°C (1 min) and 72°C (1 min), with a final extension at
72°C (7 min). Observation of amplification products was per-
formed using the Chemidoc XRS + (Bio-Rad®Molecular Imager)
equipment, with use of the Ladder V (NZYTech®) reference for
the CTX-M group, and the Ladder VI (NZYTech®) reference for
the CMY-2 group. Positive control isolates were kindly provided
by Dr Lina Cavaco, National Food Institute, Technical
University of Denmark. Both phenotypic and genotypic processes
for the identification of ESBL production are summarized in
Figure 1.

Questionnaire

A questionnaire was performed on all participating farms, under-
taken by three different veterinarians, one from each practice. The
questionnaire included questions regarding potential risk factors
for the emergence of antimicrobial resistance, including feeding
waste milk to calves, type of waste milk being fed (during anti-
microbial treatment, during withdrawal period for treatment,
from cows with mastitis or with high somatic cell counts), if
the waste milk underwent any processing (such as pasteurization),
use of preventive antimicrobial medicines fed to calves through
milk, number of different intramammary tubes with antimicrobial
drugs (different active substances) used on farm within the previ-
ous year to treat mastitis, if oral, systemic or both forms of anti-
microbials were used for the treatment of diarrhoea in calves and
if farms were open with respect to buying in animals.

Statistical analysis

A univariable logistic regression analysis was performed in order
to understand if any of the considered risk factors (chosen consid-
ering the information provided by the questionnaire) had a sig-
nificant impact on the presence of ESBL-producing E. coli. Each
risk factor was used as an independent (or explanatory) variable,
and the outcome variable was whether or not ESBL-producing
E. coli was identified (on each farm) through genotypic confirm-
ation. Each farm was regarded as one statistical unit.

Following this, the aim was to understand if there was any
association between the aforementioned risk factors and the num-
ber of E. coli isolates from each farm that were able to produce
ESBL. For this, a univariable negative binomial regression analysis
was performed, in which the outcome variable was the number of
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E. coli isolates from each farm that were positive to ESBL. This
analysis was performed considering each of the risk factors
retrieved from the questionnaire separately, as an explanatory
variable. These statistical procedures were performed using the
software R®, version 4.1.2 and R Studio; the STATS package was
used for the logistic regression procedure, and the MASS package
was used to conduct the negative binomial regression analysis.

Results

Confirmation of ESBL production

Out of 156 isolates from 32 dairy farms, 148 isolates from 31
farms were confirmed to be E. coli. These were all submitted to
an initial antimicrobial susceptibility test with CTX and CAZ,
of which 41 isolates (27.7%) from 16 farms (51.6%) were resistant.
A second susceptibility test performed after the inclusion of cla-
vulanate in the test media, revealed that phenotypic production
of ESBL occurred in 40 isolates from 15 farms (48.4%), with
only one resistant isolate not being an ESBL producer.

Based on the genotypic evaluation, there were ESBL producing
isolates on 20 farms (64.5%). These results and the processes for
phenotypic and genotypic identification of ESBL production are
summarized in Figure 1. Figure 2 displays the distribution of the
number of E. coli isolates, from each farm, that were genotypically
identified as being ESBL-producing. Fifteen out of these 20 farms
showed only one type of ESBL group, whereas 4 farms showed
two different types and 1 farm had three different ESBL groups.
Individual farm data are presented in online Supplementary
Table S2.

There was a significant association (P < 0.05) between pheno-
typic and genotypic results of ESBL production; on 20 farms the
results were coherent, whereas on 6 farms there were genotypi-
cally positive results with a negative phenotype, and on a single
farm there was a positive phenotype and negative genotype.

Questionnaire

The questionnaire revealed that 28 out of 31 farms (90.3%) fed
waste milk to calves. On all of the farms that had this practice,

Fig. 1. Summary of the phenotypical and genotypical
detection of ESBL production (and its results), and num-
bers of each type of ESBL among all E. coli isolates. AST,
Antimicrobial susceptibility test. PCR, Polymerase chain
reaction. CTX, cefotaxime. CAZ, ceftazidime. ESBL,
Extended Spectrum Betalactamase. CTX.M.1, CTX.M.2,
CTX.M.8, CTX.M.9, CMY.2, are the different types of
ESBL identified.

Fig. 2. Histogram representing the distribution of the
number of ESBL-producing E. coli isolates identified in
each farm.
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waste milk comprised milk from animals being treated with anti-
microbials and milk originating from animals during the with-
drawal period for antimicrobial treatment. For 17 of the farms,
waste milk also included milk from animals with high somatic
cell count.

On 7 of the 31 farms, an antimicrobial was added to milk,
either waste milk or milk replacer, in a preventive way. The ques-
tionnaire also revealed that the number of different intramam-
mary tubes used as treatment options for mastitis in the
previous year varied from 1 to 7, considering different active sub-
stances or their combinations. Sixteen of the farms where the
interview was conducted had made frequent use of 3 or more dif-
ferent intramammary formulations for this purpose. Fifteen
(48.4%) farms bought in animals, 16 (51.6%) used oral antimicro-
bials to treat cases of neonatal diarrhoea, 26 (83.8%) used systemic
antimicrobials and 12 (38.7%) farms used both oral and systemic
antimicrobials to treat calves with diarrhoea. Results of individual
farm questionnaires are presented in online Supplementary
Tables S3 and S4.

Statistical analysis

According to the results of the univariate logistic regression ana-
lysis (Table 1), none of the analysed risk factors had a significant
influence on the presence of ESBL-producing E. coli on farm. The
negative binomial regression analysis (Table 2) identified the
number of intramammary antimicrobial formulations used in
the previous year to treat mastitis as being significantly associated
with a higher number of ESBL-producing E. coli isolates detected.
According to the results of this analysis, in farms that had used
three or more different intramammary formulations to treat mas-
titis during the previous year, the number of ESBL-producing E.
coli isolates being detected in the samples from their calves was
expected to increase by a factor of 2.125 in comparison with
farms that had not done so (given that, for a given farm, the
other risk factors remained unchanged). This means that, in
farms that have used that many intramammary formulations dur-
ing that period, we estimate that the number of ESBL-producing
E. coli isolated from their calves will be, on average, 112.5% higher
compared to farms that had used less intramammary
formulations

Discussion

Feeding waste milk to calves is a common practice among the
farms that participated in the study, with 90.3% of the farms
from which E. coli was sampled having it as part of their feeding
routine. This has been reported in other parts of the world as well,
including 48.2% of the farms in Canada (Vasseur et al., 2010),
79% of the farms in Sweden (Duse et al., 2013) and 83% of the
farms in England and Wales (Brunton et al., 2012).

In our study, none of the farm management practices
addressed in the survey were found to be significant risk factors,
per se, for the occurrence of ESBL-producing E. coli. However, we
did find a significant association between having used a certain
number of different intramammary antimicrobials in the previous
year and the number of ESBL producing E. coli isolates detected.
In farms that had used three or more different intramammary
tubes to treat mastitis during the previous year, the number of
ESBL-producing E. coli isolates being detected in the samples
from their calves was expected to increase by a factor of 2.125
in comparison with farms that had not done so. Taking these
results into account, we argue whether the number of
ESBL-producing E. coli isolates detected in each farm could be
an indicator of the intensity at which this microorganism is
being excreted in that same farm, thus being a possible indicator
of its prevalence. We find that further studies with larger samples
are necessary to draw conclusions regarding this matter.

Mastitis is the main reason for the use of antimicrobials in
dairy cattle (Kuipers et al., 2016), and as such it will be the
main driver for the generation of waste milk with antimicrobial
residues. There are many licensed products for mastitis treatment,
including 3rd and 4th generation cephalosporins, some of which
have been reported as having the highest usages for mastitis treat-
ment (Kuipers et al., 2016). The use of many different intramam-
mary tubes for the treatment of mastitis (instead of defined
protocols with one or two treatment options) is contrary to
good practice. The number of antimicrobials in each intramam-
mary tube was not taken into account, even though there are
intramammary tubes in the European market that contain up to
four distinct antimicrobials, which might be relevant from the
point of view of antimicrobial stewardship.

Feeding waste milk with antimicrobials to calves has been
observed to increase the number of CTX-M-positive bacteria shed

Table 1. Results of the univariable logistic regression analysis

Risk factor Estimate SE Z-statistic P-value

Feeds waste milk −0.105 1.287 −0.082 0.935

Waste milk from mastitis −0.105 1.287 −0.082 0.935

Waste milk from withdrawal period −0.105 1.287 −0.082 0.935

Waste milk from high cell count 0.588 0.758 0.775 0.438

Processing of waste milk −16.04 2399.54 −0.007 0.995

Adds antimicrobials to milk 0.945 1.197 0.789 0.430

Treats diarrhoea with oral antimicrobials 0.965 0.775 1.245 0.213

Treats diarrhoea with systemic antimicrobials −0.916 1.189 −0.771 0.441

Treats diarrhoea with oral and systemic antimicrobials 0.780 0.812 0.960 0.337

Buys-in animals 0.760 0.771 0.986 0.324

Three or more intramammary formulations used in previous year 0.965 0.775 1.245 0.213

SE, Standard error.
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in faeces, leading to a longer excretion of such bacteria and a higher
level of contamination of calf pens with CTX-M-positive E. coli, in
comparison with feeding milk replacer (Brunton et al., 2014).
Several recent publications have found increased antimicrobial resist-
ance in faecal E. coli from calves being fed wastemilkwith antimicro-
bial residues (Pereira et al., 2014; Maynou et al., 2017), but not
necessarily in other bacterial species (Aust et al., 2013).
ESBL-producing E. coli has also been isolated from mastitic milk
samples in a high proportion of samples (Ali et al., 2016).
Pasteurization of waste milk to render it safer from a microbiological
point of view has been shown not to affect the presence of antimicro-
bials in waste milk (Jorgensen et al., 2006). The presence of
ESBL-producing E. coli in raw bulk tankmilk seems to vary between
publications (Geser et al., 2012; Odenthal et al., 2016) but in this case,
pasteurization renders milk safe for human consumption.

The potential risks and mitigation strategies of feeding waste
milk to calves have recently been critically reviewed by EFSA
(2017). Several options are discussed in that document to prevent
waste milk with antimicrobial residues being fed to calves.
However, due to the economic constraints put on many dairy
farmers, the use of waste milk to feed calves will probably con-
tinue to be a routine for many farmers. Use of on-farm testing
systems to identify mastitis pathogens and target treatment deci-
sions for mastitis has been shown to decrease antimicrobial use by
50% and decrease milk withdrawal times (Lago et al., 2011). Using

such a strategy could thus reduce the amount of waste milk being
generated, while allowing for important economical savings.

Simply not feeding waste milk to calves may not be sufficiently
safe to be recommended either. If waste milk is not used to feed
calves, it will generally be delivered to manure, which in itself
might carry other dangers relating to the transfer of resistance
genes horizontally to indigenous soil bacteria (Beneragama
et al., 2013). However, there is evidence that anaerobic digestion
or composting of manure reduces the load of initial antimicrobial
resistant bacteria (Youngquist et al., 2016).

In conclusion, feeding waste milk to calves was performed in
90.3% of participating farms, and that included milk from animals
under antimicrobial treatment, animals going through the with-
drawal period of antimicrobial treatments and milk from animals
with subclinical mastitis. None of the farm management practices
analysed were significant risk factors for harbouring
ESBL-producing E. coli. However, further statistical analysis sug-
gested that farms that had used three or more different intramam-
mary formulations to treat mastitis during the previous year would
see an estimated increase of 112.5% in the number of
ESBL-producing E. coli isolates being detected in the samples
from their calves (provided that other risk factors remained equal).

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0022029922000486

Table 2. Results of the univariate negative binomial regression analysis, expressed as the exponential value of the regression coefficients

Risk factor
Exponential of the

coefficient
LL of 95%

CI
UL of 95%

CI P-value

Feeds waste milk Intercept 1.667 0.467 5.886 0.929

0.943 0.251 3.572

Feeds waste milk from mastitis Intercept 1.667 0.467 5.886 0.929

0.943 0.251 3.572

Feeds waste milk from withdrawal period Intercept 1.667 0.467 5.886 0.929

0.943 0.251 3.572

Feeds waste milk with high cell count Intercept 1.571 0.876 2.802 0.979

1.010 0.463 2.208

Processing of waste milk Intercept 3.000 0.488 24.280 0.475

0.506 0.060 3.253

Adds antimicrobials to milk Intercept 1.348 0.854 2.091 0.159

1.929 0.773 4.894

Treats diarrhoea with oral antimicrobials Intercept 1.400 0.782 2.472 0.572

1.250 0.577 2.725

Treats diarrhoea with systemic antimicrobials Intercept 2.000 0.805 5.045 0.572

0.750 0.272 2.043

Treats diarrhoea with oral and systemic antimicrobials Intercept 1.579 0.958 2.592 0.995

1.003 0.451 2.225

Buys-in animals Intercept 1.625 0.947 2.779 0.883

0.943 0.433 2.052

Three or more intramammary formulations used in
previous year

Intercept 1.000 0.533 1.777 0.049

2.125 1.016 4.585

LL, lower limit; UL, upper limit; CI, confidence interval.
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