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ABSTRACT

A cross-sectional study was conducted to evalu-
ate the prevalence of extended-spectrum (-lactamase
(ESBL)- and plasmid-mediated AmpC-producing Esch-
erichia coli and associated risk factors in dairy herds.
One hundred dairy herds were randomly selected and
sampled to study the presence of ESBL- and AmpC-
producing E. coli in slurry samples. The sensitivity of
testing slurry samples for ESBL/AmpC herd status is
less than 100%, especially for detecting herds with a
low ESBL/AmpC prevalence. Therefore, whereas herds
that tested positive for ESBL/AmpC-producing E. coli
in slurry were defined as positive herds, herds with
negative slurry samples were defined as unsuspected.
Isolates of ESBL- and AmpC-producing E. coli were
further characterized by detection and typing of their
ESBL/AmpC gene. At the initial sampling, a compre-
hensive questionnaire was conducted at the participat-
ing farms. The farmers were asked questions about
management practices potentially associated with the
ESBL/AMPC herd status. Also, data on antimicro-
bial purchases during 2011 were acquired to evaluate
whether the animal-defined daily dose of antimicrobials
per year at farm level was associated with the ESBL/
AmpC herd status. Multivariable logistic regression
models were used to determine the association between
management practices and the ESBL/AmpC herd sta-
tus. Six months after the initial slurry sampling, 10
positive herds and 10 herds that had an unsuspected
ESBL/AmpC herd status during the first visit were
resampled. At each farm, slurry samples and feces from
24 individual cows were collected to evaluate within
herd dynamics. During the first sampling, ESBL/
AmpC-producing F. coli were isolated from the slurry
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samples collected at 41% of the herds. In total, 37 iso-
lates were further characterized, revealing 7 different
ESBL genes (blacrxart, -2, -14, -15, -32, -55 and blargyiss), 1
plasmid-encoded AmpC gene (blacyry.s), and 1 chromo-
somally encoded ampC gene (ampC type 3). The total
animal-defined daily dose of antimicrobials per year
at farm level was not significantly different between
ESBL/AmpC-positive and unsuspected dairy herds.
The use of third- and fourth-generation cephalosporins,
however, was found to be associated with ESBL/AmpC
status, with higher use of these antimicrobials resulting
in a significant higher odds to be ESBL/AmpC-positive.
Management factors that were associated with a higher
odds of being ESBL/AmpC-positive were treatment
of all cases of clinical mastitis with antimicrobials, a
higher proportion of calves treated with antimicrobials,
not applying teat sealants in all cows at dry off, and the
use of a floor scraper. This last association, however,
was considered a methodological effect rather than a
true risk factor. On 5 of the 10 initially positive farms,
no ESBL/AmpC-producing E. coli were cultured from
the slurry or any of the individual cow samples col-
lected during the second sampling. In 4 of the initially
unsuspected farms, slurry or individual cow samples
tested positive during the second sampling. In conclu-
sion, ESBL/AmpC could frequently be cultured from
slurry samples collected from Dutch dairy farms and
the ESBL/AmpC genes carried by the isolates were
consistent with those reported earlier. The use of third-
and fourth-generation cephalosporins appeared to be
associated the ESBL/AmpC herd status.

Key words: dairy cattle, antimicrobial use, extended-
spectrum beta-lactamase, antimicrobial resistance

INTRODUCTION

Enterobacteriaceae possessing genes for producing
extended-spectrum (3-lactamases (ESBL) or plas-
mid-mediated AmpC B-lactamases (AmpC) are an
emerging problem and of great importance for public
health. These bacteria show resistance to (3-lactam
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antimicrobials, including third- and fourth-generation
cephalosporins, which are categorized by the World
Health Organization as critically important for human
medicine (WHO, 2012). FEnterobacteriaceae acquire
ESBL by mutation or by plasmid-mediated horizontal
gene transfer, which results in resistance to oxyimino-
cephalosporins. For example, the ESBL enzymes of
the TEM and SHV families are mutant derivatives of
established plasmid-mediated (3-lactamases, the ESBL
enzymes of the CTX-M family, however, are acquired
from environmental bacteria (Carattoli et al., 2008;
Hawkey and Jones, 2009).

The AmpC (-lactamases differ from ESBL in their
ability to hydrolyze cephalosporins. Where ESBL are
able to hydrolyze third- and fourth-generation cepha-
losporins, AmpC enzymes only hydrolyze cephalo-
sporins of the third generation. Furthermore, AmpC
B-lactamases are able to hydrolyze cephamycins,
whereas ESBL cannot. In addition, a difference exists
in the way these enzymes are inhibited: ESBL are in-
hibited by clavulanic acid, whereas AmpC enzymes are
not susceptible to clavulanic acid (Ewers et al., 2012;
Dierikx et al., 2013).

In the last decade, the spread of (B-lactamases, and
especially the enzymes of the CTX-M type, has rap-
idly emerged. Before the year 2000, most reports of
infections with ESBL-producing FEnterobacteriaceae
concerned TEM and SHV and occurred in hospitals;
currently CTX-M is the most dominant type found (Pi-
tout and Laupland, 2008; Hawkey and Jones, 2009; Sci-
entific Advisory Group on Antimicrobials of the Com-
mittee for Medicinal Products, 2009). The ESBL are
found in food-producing animals, companion animals,
horses, and the environment (EFSA, 2011; Dierikx et
al., 2012; Korzeniewska et al., 2013; Laube et al., 2014;
von Salviati et al., 2015).

From previous research in a nonrepresentative group
of dairy herds, there seems to be an association between
the occurrence of ESBL-producing Escherichia coli and
the use of third- and fourth-generation cephalosporins
(Tragesser at al., 2006; Snow et al., 2012). From the
study of Snow et al. (2012), several additional manage-
ment factors influenced the risk of a herd being clas-
sified as ESBL/AmpC-positive. Studies on risk factors
associated with the ESBL/AmpC herd status have, to
our knowledge, not been conducted before in a large
and randomly selected group of dairy herds. Therefore,
the aim of our study was to evaluate the between and
within herd prevalence of ESBL/AmpC-producing FE.
coli in dairy herds in the Netherlands. In addition, asso-
ciations between the ESBL/AmpC herd status and (1)
the antimicrobials purchased and (2) farm management
was evaluated.
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MATERIALS AND METHODS
Definition of ESBL/AmpC Herd Status

In this study, slurry samples on a herd level were
evaluated instead of individual feces samples from all
cattle, to classify herds with regard to the presence of
ESBL/AmpC-producing E. coli. Slurry samples were
defined as samples of fresh manure gathered from either
the floor scraper or, if no scraper was present, from 5
different places on the slatted floor. Because, the slurry
may not be sensitive enough to detect a small number
of ESBL/AmpC-positive individual cows, herds with
slurry samples that tested negative for ESBL/AmpC-
producing FE. coli were defined as unsuspected herds.
Herds that tested positive for ESBL/AmpC-producing
E. coli in the slurry sample were defined as positive
herds.

Herds and Sample Collection

For the cross-sectional study that was conducted be-
tween September and December 2011, 500 herds were
randomly selected from all dairy farms in the Nether-
lands with a conventional (nonorganic) farming system,
using STATA 13.0 (StataCorp, 2014). Conventional and
organic herds were distinguished based on information
of the identification and registration system (RVO, As-
sen, the Netherlands) combined with information from
the SKAL database (control organization for organic
farming, Zwolle, the Netherlands). All 500 farmers were
contacted by mail with the request to participate in
our study and the first 100 farmers that responded and
agreed were included. With this number of herds, the
ESBL/AmpC herd prevalence could be determined,
with an accepted absolute error of 10% and 95% confi-
dence assuming a presence of ESBL/AmpC in 50% of
the herds (Win-episcope 2.0 Thrusfield et al., 2001).

During the first herd visit, one slurry sample was
collected by using transport swabs with Amies medium
(Beldico, Duiven, the Netherlands). When a floor scrap-
er was present on the farm, the scraper was swabbed
at different places. When no floor scraper was present,
manure samples from 5 randomly selected places on the
slatted floor were thoroughly mixed and sampled by
using the transport swab. The samples were refriger-
ated transported to the laboratory where bacteriologi-
cal culturing started within 24 h after collection of the
samples.

Six months after the first sampling, 10 herds that
tested positive and 10 herds that tested negative for
ESBL/AmpC-producing E. coli during the first visit
were randomly selected and visited a second time.
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During this second visit, a slurry sample was collected
using the same method as during the first visit. Ad-
ditionally, individual fecal samples from 24 randomly
selected clinically healthy lactating cows were collected
on each farm to obtain an estimate of the within-herd
prevalence with an accepted error of 15% and 95% con-
fidence (assuming a within-herd prevalence of 80% in
positive herds). By selecting only lactating cows, the
within-herd prevalence was applicable for dairy cows
within this age category and production status.

The individual fecal samples were collected by rectal
palpation using a new glove for each animal. Immedi-
ately after collection, the fecal samples was transferred
into sterile containers. Both the slurry samples and the
individual fecal samples were refrigerated at 2 to 8°C
following collection and were immediately transported
to the laboratory where bacteriological culturing start-
ed within 24 h after collection of the samples.

Bacteriological Culture and Phenotypic
ESBL/AmpC Testing

At the laboratory, the samples were processed as de-
scribed previously by Hordijk et al. (2013b) and EFSA
(2011). Briefly, the slurry swabs were transferred into
a tube with 10 mL of Luria-Bertani broth (Becton
Dickinson and Company, Franklin Lakes, NJ) supple-
mented with 1 mg/L of cefotaxime (LBB+-cef; Sigma-
Aldrich, St. Louis, MO). The fecal samples from the
individually sampled cows were processed similarly;
a cotton swab was saturated in the fecal sample and
then transferred to a tube with 10 mL of LBB+-cef.
Inoculated LBB+-cef tubes were incubated aerobically
overnight at 37°C. Subsequently, all overnight cultures
were streaked onto MacConkey agar (Becton Dickin-
son) supplemented with 1 mg/L of cefotaxime. After
overnight incubation at 37°C, all presumptive FE. coli
colonies were confirmed as E. coli using matrix-assisted
laser desorption/ionization time-of-flight MS (Maldi
Biotyper, Bruker Daltonics GmbH, Billerica, MA).
Confirmed E. coli isolates (1 per sample, randomly se-
lected) were examined for ESBL or AmpC production
by combination disk diffusion tests using cefotaxime
and ceftazidime with and without clavulanic acid (Bec-
ton Dickinson) according to CLSI (2011) guidelines.
Additionally, a cefoxitin disk (30 pg, Becton Dickinson)
was included in the test to detect AmpC phenotypes.
Isolates nonsusceptible to cefoxitin, according to CLSI
criteria (zone diameter <17 mm), were classified as
AmpC-producers. Fscherichia coli isolates producing
ESBL/AmpC were stored at —80°C in Microbank vials
(Pro-lab Diagnostics, Austin, TX).

9003
Molecular Typing of ESBL/AmpC Genes

Phenotypically confirmed ESBL- and AmpC-pro-
ducing E. coli were further characterized to identify
the B-lactamase genes. The aim of molecular typing
of the ESBL/AmpC-positive isolates was to determine
whether the types found had been encountered before
and whether there was overlap with human types of
ESBL/AmpC-producing E. coli. Isolation of DNA was
performed with the DNeasy Blood & Tissue kit (69506,
Qiagen Benelux B.V., Venlo, the Netherlands). From
each isolate 3 to 4 colonies, collected from a MacCon-
key agar plate with 1 mg/L of cefotaxime, were resus-
pended in 180 pL of ATL buffer of the kit. The DNA
isolation was performed according to the manual from
the manufacturer.

With the use of the Check-MDR, ¢t101 micro-array
(10-0020, Check-Points B.V., Wageningen, the Neth-
erlands), ESBL families (blacrx.a, blarpy en blagyy)
and plasmid-mediated AmpC families (blacyry, blappa,
blaFOX, blaM()X7 blCLAcc, blCLMIR en blaACT) were detected
and identified. In addition, ESBL and non-ESBL
blargy and blagyy B-lactamases were differentiated and
the identification of the different groups within blargy
and blagyy PB-lactamases (A-L and A-E, respectively)
were established.

Further determination of the ESBL/AmpC types was
performed by PCR amplification followed by sequenc-
ing using different primers (Table 1). The PCR con-
sisted of 5 min of denaturation at 95°C, followed by 30
cycles of 30 s at 95°C, 30 s of annealing at temperatures
(mentioned in Table 1), and 60 s of extension at 72°C.
Amplicons were purified and sequenced as described
previously by Dierikx et al. (2010). All E. coli isolates
with AmpC phenotypes that could not be attributed to
the presence of a plasmid-mediated AmpC gene were
tested for mutations in the AmpC promoter or attenu-
ator region according to the same procedure. Sequences
were compared with references in GenBank (www.ncbi.
nlm.gov) and the Lahey database (Lahey, 2012).

Calculation of the Animal-Defined Daily Dose
per Year of Antimicrobials

Veterinary service providers were asked to deliver all
of the invoices from 2011 of the participating farmers.
The invoices were digitalized by hand by one person
and checked by a second person. From this information,
the exact amount of antimicrobials and teat sealants
that were supplied to each of the dairy herds during the
study period was calculated. The antimicrobials were
classified in 11 groups based on their mechanism of ac-
tion, chemical structure, or spectrum of activity: ami-
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Table 1. Target genes, primer name, annealing temperature (Ta), primer sequence, and product size of the 8 (-lactamase genes used for
molecular B-lactamase or extended-spectrum f-lactamase typing of Escherichia coli isolates (Dierikx et al., 2012)

Ta Product

Target Primer name' (°C) Primer sequence (5-3") size (bp)

CTX-M-1-group CTX-1-SEQ-F 60 CCCATGGTTAAAAAATCACTGC +1,000
CTX-1-SEQ-R 60 CAGCGCTTTTGCCGTCTAAG

CTX-M-2-group CTX-M-2F 55 ATGATGACTCAGAGCATTCG 866
CTX-M-2R 55 TGGGTTACGATTTTCGCCGC

CTX-M-9-group CTX-M-9-1F 55 TGGTGACAAAGAGAGTGCAACG 875
CTX-M-4R 55 TCACAGCCCTTCGGCGAT

CTX-M-14/17 CTX-M-9_792_F 55 CTATTTTACCCAGCCGCAAC 238
CTX-M-9_1029_R 55 GTTATGGAGCCACGGTTGAT

SHV-group SHV-F 55 TTATCTCCCTGTTAGCCACC 796
SHV-R 55 GATTTGCTGATTTCGCTCGG

TEM-group TEM-F 55 GCGGAACCCCTATTTG 964
TEM-R 55 ACCAATGCTTAATCAGTGAG

CMY-group CMY-F 58 ATGATGAAAAAATCGTTATGCTGC 1,138
CMY-R 58 GCTTTTCAAGAATGCGCCAGG

AmpC promotor AmpCl 4 55 AATGGGTTTTCTACGGTCTG 191
AmpC2iy 55 GGGCAGCAAATGTGGAGCAA

1
F = forward, R = reverse.

noglycosides, amphenicols, first- and second-generation
cephalosporins, third- and fourth-generation cephalo-
sporins, combination preparations (benzylpenicillin/
neomycin/procaine benzylpenicillin, cephalexin/kana-
mycin and lincomycin/neomycin), fluoroquinolones,
macrolides, penicillins (narrow and broad spectrum),
polymyxins, tetracyclines, and trimethoprim/sulfa-
methoxazole.

The animal-defined daily dose per year calculated
at farm level (DDDAy) was calculated following the
standard operating procedures of The Netherlands
Veterinary Medicines Authority (SDa, 2015). In short,
to be able to calculate the DDDAy, additional data on
herd size (provided by the Dutch Enterprise Agency,
The Hague, the Netherlands), the standard weights of
cattle in the Netherlands, and pharmacological infor-
mation (the Faculty of Veterinary Medicine, Utrecht
University) were acquired. For each herd, the amount
of treatable weight (DDA,,) was calculated for the year
2011, by multiplying the amount of delivered product
(product;) in 2011 with the registered amount of treat-
able weight per dose (milliliters, milligrams, grams,
piece, pastille, and so on) of the delivered product
(kg_treated;; equation 1). Treatable weight was defined
as the weight (kg) of a cow that can be treated with 1
U of the product as described in the instructions of use
developed by the manufacturer of the product:

DDA, = Z product; X kg _treated,. [1]

i=1

Subsequently, the DDDAy was calculated by dividing
the amount of the total treatable weight by the total
weight of cattle present per herd in 2011 (kg,,esens), Which
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was based on data of the identification and registration
system combined with the standardized weights per age
category (equation 2):

DDA,
DDDA, = —=

2]

gpresent

In these DDDAy calculations, it was assumed that all
purchased antimicrobials were actually used to treat
animals. Additionally, an average weight for each stan-
dardized age category was used.

Antimicrobial usage (AMU) had 3 different ap-
plication methods, oral AMU (DDDAg,,), dry cow
therapy AMU (DDDAp 4,), and intramammary AMU
(DDDAF ,..st), Which were calculated seperately. These
DDDAy were calculated in a similar way as the total
DDDAy, with the exception that for these calculations
only the relevant groups of antimicrobials and age cat-
egories were included. In the DDDAg 4, drying off 1
cow with 4 tubes was calculated as 4. Additionally, the
DDDA} was calculated for each of the 11 antimicrobial
groups for each of the application methods.

Questionnaire Data

In the period between December 2011 and Febru-
ary 2012, all farmers were contacted by phone and a
comprehensive questionnaire was conducted. The items
included in the questionnaire are summarized in 8
categories of management practices in Table 2. The 2
interviewees were informed about the background of
the study and were instructed to ask the questions in a
similar way. The questionnaire is available on request.
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Table 2. Questionnaire topics potentially associated with extended-spectrum p-lactamase (ESBL)/AmpC in the study herds

Topic Description

General Herd size, presence of other animal species on the farm and possible contacts with the cattle (pigs,
veal, horses, sheep, goats, poultry, dogs, cats), presence and distance of other livestock species near
the stable location (cattle, pigs, veal, sheep, goats, poultry, others), purchase of cattle in 2011,
purchase of manure in 2011

Housing Type of stable, number of cubicles, bedding, type of floor, usage of antiseptics in the cubicles,
presence of a calving pen, usage of the calving pen for sick cows

Hygiene Wearing herd-specific clothing and changing of clothing between livestock species (if multiple species
are present in the herd), cleaning frequency of cubicles and slatted floors, cleaning method of slatted
floors, cleaning routine of the calving pen

Feeding Source of drinking water used in the barn and on the pasture, method of supply of the drinking

water in the barn and on pasture, gazing regimen, percentage of corn silage in the ration,
supplementation minerals to heifers/dry cows and lactating cows, type of milk that is fed to the male
and female calves after the first 24 h

Milk production and udder health

Milk production, protein and fat percentage, bulk milk SCC in 2011, percent of cows with a high

SCC in the most recent test-day milk recording, evaluation of the percent of cows with a high SCC
compared with the previous year, percent of clinical mastitis during the dry period, conducting
bacteriological culturing on milk samples, changing treatment based on culture results, milking
system, adapting milking routine when high-SCC cows are present

Milking hygiene

Premilking udder cleaning, management of the cows directly after milking, usage of milking gloves,

pre- and postmilking teat disinfection, cleaning milk parlor (when, how and frequency)

Mastitis and treatment

Antimicrobial treatment of subclinical and clinical mastitis, dry cow therapy (blanket, selective,

motivation of selective dry-cow treatment), percent of antimicrobials used intramammary and
parentally for clinical mastitis (heifers, primiparae, multiparae, dry cows), duration of antimicrobial
treatment, number of days before switching to another antimicrobial if the first treatment does not
work, usage of alternatives for antimicrobials in case of mild/severe mastitis, percentage treatment
with antimicrobials needed after initial use of alternative, treatment of high-SCC cows with
antimicrobials, usage of internal teat sealants

Other diseases and treatment

Farmers attitude toward antimicrobial use, applying preventive antimicrobial treatments, use of

antimicrobials in pregnant heifers, percentage of lame cows and antimicrobial use to cure lameness,

antimicrobial use in calves

Statistical Analysis

All statistical analyses were carried out in Stata 13.0
(StataCorp, 2014). The herd prevalence during the
initial sampling of ESBL/AmpC-producing E. coli in
100 dairy herds and the within-herd prevalence in 20
dairy herds at the second sampling were calculated us-
ing descriptive statistics.

To evaluate the association between the ESBL/
AmpC herd status and parameters such as AMU or
other management factors, the ESBL/AmpC herd
status during the first visit was used to classify the
herds into 2 separate groups. The first sampling mo-
ment was chosen for classification because the data on
AMU and management factors were collected at that
point in time. A logistic regression model was used
to evaluate the association between DDDAy (total
])D]DIAF7 ])]:)DAAF‘OM]7 DDDAF,dryy and DDDAF,mast) and
the ESBL/AmpC herd status. Any P-values <0.05
were considered significant. Likewise, the association
between the ESBL/AmpC herd status, the use of dif-
ferent groups of antimicrobials (in 4 different DDDAy),
and the use of teat sealants was evaluated using the
same model. In addition, to evaluate a possible associa-
tions between management factors and ESBL/AmpC
herd status, a logistic regression model was used. All
management factors that were potentially associated

with the ESBL/AmpC herd status, were included and
were first screened in a univariable analysis. Risk fac-
tors with an association with the ESBL/AmpC herd
status at P < 0.25 subsequently entered the multivari-
able model. With a forward selection and elimination
procedure at each run, the variable with the lowest
P-value in the univariable analysis entered the model
until a final model was defined, in which all variables
had P < 0.05, with the lowest Akaike information crite-
rion value (Akaike, 1974). Confounding was monitored
by the change (>25% or 0.1 between values of —0.4
and 0.4) in the coefficient of a variable after removing
another variable. Potential confounders re-entered in
the model. The coefficient of determination (pseudo-
R2) was calculated to measure the proportion of vari-
ance explained by the model. To support the results
of the questionnaire, the use of teat sealants, available
from both the questionnaire and the invoices from the
veterinary practice, were each evaluated in the logistic
regression model.

RESULTS

Prevalence of ESBL/AmpC-Producing E. coli
Between and Within Herds

The 100 dairy herds housed a median of 89 cows
(>2 yr; interquartile range = 70-126) and had a me-
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Table 3. Isolation of extended-spectrum B-lactamase (ESBL)/AmpC-producing Escherichia coli from slurry
samples and manure samples from 24 individual cows, collected on 20 dairy herds during 2 visits

Second visit

First visit, slurry

Number of positive cows

Farm test-result’ Slurry test-result (ESBL/AmpC)
1 ESBL-positive Negative 3(2/1)
2 ESBL-positive Negative 0

3 ESBL-positive Negative 0

4 ESBL-positive Negative 0

5 ESBL-positive Negative 0

6 ESBL-positive Negative 0

7 ESBL-positive ESBL-positive 0

8 ESBL-positive AmpC-positive 1(0/1)
9 ESBL-positive AmpC-positive 24 (0/24)
10 ESBL-positive ESBL-positive 24 (24/0)
11 Negative Negative 0

12 Negative Negative 1(1/0)
13 Negative Negative 0

14 Negative Negative 1(1/0)
15 Negative ESBL- and AmpC-positive 4 (4/0)
16 Negative Negative 0

17 Negative Negative 0

18 Negative ESBL-positive 0

19 Negative Negative 0

20 Negative Negative 0

A slurry sample is a swab with fresh manure obtained either from a floor scraper or from a mixture of manure

collected from 5 different places on the slatted floor.

dian milk production per lactation of 8,546 kg/cow
(interquartile range = 8,189-9,121; comparable to the
Dutch average of all dairy herds). The study herds were
randomly located across the country and appeared a
representative sample of all Dutch dairy herds (the per-
centage of study herds was comparable to the percent-
age of all dairy herds in each of the 12 provinces). From
the slurry samples of 41 of the 100 dairy herds, ESBL/
AmpC-producing E. coli were cultured (41%; 95% CI
= 31-51%). Thirty-nine of these E. coli isolates were
ESBL-producing and 2 were AmpC-producing based on
the combination disk diffusion test.

From 5 out of 10 initially positive herds, no ESBL/
AmpC-producing F. coli could be cultured from any
of the samples collected during the second visit. From
the other 5 initially positive herds, ESBL/AmpC-
producing E. coli was cultured from the slurry or from
individual cow samples. Whereas only ESBL-producing
E. coli were cultured from samples collected during the
first sampling on 2 of these farms, AmpC-producing
E. coli were isolated from both slurry and individual
cow samples collected during the second visit. For 4 of
10 initially unsuspected herds, ESBL-producing E. coli
were cultured from the slurry to individual cow samples
at the second sampling (Table 3).

The within-herd prevalence of herds with ESBL/
AmpC-producing F. coli cultured from slurry samples
collected during the second visit (n = 6) ranged from 0
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to 100% with a median of 10%. The within-herd preva-
lence of herds with no ESBL/AmpC-producing E. coli
being cultured from the slurry collected at the second
visit (n = 14) ranged from 0 to 13% with a median of
0% (Table 3).

ESBL/AmpC Genes

Of the 41 positive slurry samples, 38 E. coli iso-
lates that were phenotypically confirmed as ESBL- or
AmpC-producing were available for further identifica-
tion of the B-lactamase genes. One isolate could not be
recultured after storage. In all of the 37 E. coli isolates
ESBL/AmpC genes were identified (Figure 1). Seven
different ESBL genes were found (blacrx a1 214153255
and blarpys:) and only one type of plasmid-coded
AmpC gene (blacyryz). In 1 of the 5 E. coli isolates
with an AmpC phenotype, the resistance to cefotaxime
was caused by a (inducible) chromosomal AmpC gene
(AmpC type 3). This isolate also carried a non-ESBL
TEM gene (blargyi,). One of the E. coli isolates with
a blactxae gene also had a non-ESBL TEM gene:
blarpi1a- The ESBL gene blacrx.a.; was the most fre-
quently identified gene in this study (57%, 95% CI =
39-73), followed by blacrxaris (13%, 95% CI = 4-28)
and blaCTx_M_Q and blaCTX-M-M (bOth 8%, 95% CI =
2-22).
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Figure 1. Extended-spectrum f-lactamase (ESBL) and AmpC genes identified in Escherichia coli isolates from slurry samples from 37 Dutch

dairy herds.

Use of Antimicrobials and the Association
with ESBL/AmpC Herd Status

Of the 100 study herds, 4 herds were excluded be-
cause of withdrawal of consent by the farmers (n = 2)
or incompleteness of the data on antimicrobial purchas-
es (n = 2). Eventually, records on 1,139 purchases of
antimicrobials in 96 dairy herds were used for analysis.
The median total DDDAy was 2.55 (mean 2.64) and
varied between 0.02 and 6.79 in 2011. The median total
DDDAy of 2.71 in ESBL/AmpC-positive dairy herds
was not significantly different from the total DDDAy
in ESBL/AmpC unsuspected herds (median 2.52; Fig-
ure 2). The total use of oral antimicrobials, dry cow
therapy, and intramammary infusions (in DDDAg .,
DDDAGg 4y, and DDDAy ;) was not significantly dif-
ferent between ESBL/AmpC-positive and unsuspected
dairy herds.

The median DDDAy (of the total usage) of third-
and fourth-generation cephalosporins in dairy herds,

was 0.32 (mean 0.48) in ESBL/AmpC-positive and
0.18 (mean 0.26) in ESBL/AmpC unsuspected herds.
In these herds, 1 U increase in DDDAy of third- and
fourth-generation cephalosporins resulted in a 4.5 times
higher odds (95% CI = 1.4-15.0) of being ESBL/AmpC-
positive (P-value Wald = 0.01). The same association
was found with the use of intramammary infusions
containing third- and fourth-generation cephalosporins.
No significant association was found between ESBL/
AmpC status and the use of other groups of antimicro-
bials, such as (amino)penicillins or others.

Risk Factors for the Presence of ESBL/AmpC-
Producing E. coli

For the risk factor analysis, 96 of the 100 study herds
completed the questionnaire and were included in the
analyses. The results of the univariable analyses showed
that 23 variables were potentially associated (P-value
< 0.25; Wald test) with the probability of a herd being
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Figure 2. The median and interquartile range of the total animal-
defined daily dose per year at farm level (DDDAp) in 2011 for 96
Dutch dairy herds that tested either positive or were unsuspected for
extended-spectrum $-lactamase (ESBL)/AmpC-producing Escherichia
coli in slurry.

ESBL/AmpC-positive. The results of the univariable
analysis are presented in Appendix Table Al.

The final multivariable model contained 4 parameters
and explained 19% of the variation in ESBL/AmpC sta-
tus (pseudo-R? = 0.19; Table 4). When the use of third-
and fouth-generation cephalosporins was added to this
model, the explained variation increased to 25%. In this
final model, data of 86 herds were included. Records of
the 10 excluded herds were incomplete for one or more
of the parameters in the final model. Farmers of dairy
herds that indicated to treat all cases of clinical mastitis
with antimicrobials had a 3.9 times higher odds to have
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an ESBL/AmpC-positive status than farmers that did
not treat all cases (Table 4). Increasing percentages of
calves treated with antimicrobials, as indicated by the
farmers, resulted in an increased odds of being ESBL/
AmpC-positive. For example, a farmer that estimated
that 25% of the calves were treated with antimicrobi-
als had a 2.09 times higher odds (1.03*) of having an
ESBL/AmpC-positive dairy herd than a farmer that
never treated the calves with antimicrobials. Using teat
sealants in all cows at dry off had a protective effect on
the ESBL/AmpC status. Farmers that used teat seal-
ants in a selected group of cows or farmers that did not
use teat sealants at all had, respectively, 7.0 and 4.9
times higher odds of having an ESBL/AmpC-positive
herd. Finally, farms where the floors were cleaned with
a floor scraper had a 4.6 times higher odds to have
an ESBL/AmpC-positive status than farms where the
floors were cleaned with other methods.

For 57 of the 100 study herds, the prescribed amount
of teat sealants was available. Running the logistic
regression models with the prescribed amount of teat
sealants instead of the results of the questionnaire, the
association with ESBL/AmpC herd status that was
found using the questionnaire results, could not be
confirmed.

DISCUSSION

This study estimated the between-herd prevalence
of ESBL/AmpC-producing E. coli in dairy herds at
41% (95% CI = 31-51%). This is the first time the

Table 4. Results of the multivariable logistic regression analysis modeling the probability of testing positive for extended-spectrum (3-lactamase
(ESBL)/AmpC-producing Escherichia coli in 86 Dutch dairy farms in 2011, based on the results from a questionnaire

ESBL/AmpC-positive Odds ratio P-value
Parameter Frequency herds (%) (95% CI) (Wald’s test)
The use of third- and fourth-generation cephalosporins’ 8.05 0.03
(1.17-55.33)
Are all clinical mastitis cases treated with antimicrobials?
No 32 28 Referent 0.02
Yes 51 49 3.92
(1.23-12.52)
Unspecified 3 33
Percentage of calves treated with antimicrobials 1.03 0.04
(1.00-1.06)
Internal teat sealants are used for dry cow therapy
In all cows 21 19 Referent 0.03
In a selected group of cows 13 54 7.01
(1.17-41.83)
No 52 46 4.93
(1.14-21.22)
Cleaning method of the floors
Floor scraper 25 56 4.60 0.02
(1.29-16.36)
Other methods 47 30 Referent
Unspecified 14 50

'This group of antimicrobials included the use of cefoperazone, cefquinome, and ceftiofur.
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herd prevalence of ESBL/AmpC -producing E. coli was
established among dairy herds in the Netherlands. In
recent studies conducted in other countries prevalences
among dairy herds varied from 5 to 87% (Snow et
al., 2012; Ohnishi et al., 2013; Schmid et al., 2013).
However, these studies vary in, among others, the use
of different selective media and the selection of farms,
which results in different prevalences of ESBL/AmpC-
producing E. coli.

One of the aims of our study was to evaluate risk fac-
tors for ESBL/AmpC on a herd level. This information
is important to study management practices related to
the occurrence of ESBL/AmpC. Because bacteriologi-
cal culturing and typing of ESBL/AmpC is relatively
expensive, most studies are based on a small number of
herds (Tragesser et al., 2006; Mollenkopf et al., 2012).
Sample size calculations showed that at least 100 herds
have to be included in a study to enable detection of
risk factors with an odds ratio of 3.5 or higher (20%
estimated exposure rate in the control group). Thus,
given our budgetary limitations, we decided to deter-
mine the ESBL/AmpC herd status based on herd-level
slurry samples. Based on earlier work from Lombard
et al. (2012) and Schmid et al. (2013), pooled slurry
samples were expected to be sensitive enough to deter-
mine the ESBL/AmpC herd status. Specific attention
was given to take the slurry samples from different sites
in the herd to contain FE. coli isolates originating from
multiple cows; the presence of ESBL/AmpC-producing
E. coli on a farm can be underestimated using this
sampling method. This was supported by results of the
second visit: on 3 out of 14 farms where no ESBL/
AmpC-producing E. coli were cultured from the slurry,
these bacteria were cultured from 1 (2 farms) or 3 cows
(1 farm). A negative test result from the slurry sample
does not mean that all animals in the herd are free
of ESBL/AmpC-producing E. coli; these bacteria can
still be present, although apparently in low within-herd
prevalences, among the cows. Therefore, we decided to
define herds that tested negative based on the slurry
sample as unsuspected and not as negative. In 2 herds
that tested ESBL/AmpC-positive based on the slurry
sample, all of the 24 individual cows tested negative,
indicating that individual sampling of 24 cows is also
not 100% sensitive. Thus, with either sampling method
some misclassification bias may occur. Misclassifica-
tion bias mainly leads to underestimation of the asso-
ciations of the explanatory variable with the outcome.
Therefore, we believe that the risk factors that were
detected with this study represent true risk factors for
the ESBL/AmpC herd status.

The most frequently found ESBL genotypes in our
study originated from CTX-M group 1 (blacrxaris
blacrxaris, dlacrxarse and blacrxarss). Genes from this
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group were also identified most frequently in previous
studies in which ESBL-producing FE.coli isolates from
cattle were sequenced in Great Britain (Snow et al.,
2012; Wu et al., 2013), the Netherlands (Wu et al., 2013),
Germany (Wu et al., 2013), and Switzerland (Geser
et al., 2012). Other frequently found ESBL genotypes
belonged to CTX-M group 2 (blacrxane) or CTX-M
group 9 (blacrxaris, blacrxarsr), which were also often
found in isolates from cattle in previous European stud-
ies (Geser et al., 2012; Wu et al., 2013; Valentin et
al., 2014). The genotypes blarg\.s and blacyy.s, which
were identified in only one of the sequenced isolates in
our study, were also sporadically found in isolates from
cattle in previous European research (Hordijk et al.,
2013b; Wu et al., 2013; Carmo et al., 2014). These lat-
ter genotypes, however, appeared to occur more often
in chicken and humans than in cattle (Wu et al., 2013).
The genotypes of ESBL/AmpC and their distribution
found in our study appeared comparable to genotypes
that were found in previous research conducted in
cattle.

In dairy herds, the use of third- and fourth-genera-
tion cephalosporins was positively associated with the
ESBL/AmpC status. Snow et al. (2012) also found that
the use of third- and fourth-generation cephalosporins
resulted in a higher probability to be ESBL/AmpC-
positive in dairy farms. In addition, Tragesser et al.
(2006) also found an association between the use of
ceftiofur (third-generation cephalosporins) and the
presence of E. coli with reduced susceptibility to ceftri-
axone among cattle on dairy farms. In the Netherlands,
the government has restricted the use of third- and
fourth-generation cephalosporins since 2013 (Speksni-
jder et al., 2015; Kuipers et al., 2016). Currently, before
a veterinarian decides to treat a cow with these anti-
microbials, he or she has to prove with bacteriological
culturing and sensitivity testing that there is no other
alternative. This has resulted in a steep decrease in the
use of this type of antimicrobial toward negligible levels
in 2014 (SDa, 2015). The attitude of farmers to treat
all clinical mastitis cases with antimicrobials was also
associated with a positive ESBL/AmpC herd status.

No association was found between the total AMU and
the ESBL/AmpC herd status. Unfortunately, no infor-
mation was available on the actually treated animals on
the farms. Oral antimicrobials can only be administered
to calves and not to other cattle, and can therefore
be allocated with certainty to the calves. Antimicrobi-
als for parenteral use can, however, be administered
to calves as well as to older cattle, which can result
in an underestimation of the amount of antimicrobials
administered to calves. The association found, based
on the questionnaire data on estimated AMU in calves,
could therefore not be confirmed with an analyses of
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the association between prescribed AMU in calves and
the ESBL/AmpC herd status.

The questionnaire conducted among the farmers also
revealed an association between the use of teat seal-
ants and the ESBL/AmpC herd status: applying teat
sealant in all cows at dry off seemed protective. This
association, however, could not be confirmed with the
prescribed amount of teat sealants. An explanation for
these different results could be the difference in number
of included herds. Only 57 herd invoices of teat sealants
were available, compared with 86 herds included in the
model with the questionnaire data. Because of the dif-
ferences in results, the association found based on the
questionnaire data on the use of teat sealants were not
fully convincing and should be studied in more detail.

The use of a floor scraper was associated with ESBL/
AmpC in slurry samples, which might be partly ex-
plained by the sampling methodology. In our study,
2 sampling methods were applied: sampling the floor
scraper, and sampling 5 different places on the slat-
ted floor in herds without a floor scraper. A scraper is
likely contaminated with manure from multiple if not
all cattle in the barn. This sample is therefore assumed
to be relatively sensitive to detect ESBL/AmpC on a
herd level based on a single sample. To prevent selec-
tion bias, we did not want to exclude herds without a
floor scraper from our study and it was decided to de-
velop an alternative sampling method for these herds.
Our results showed that the scraper samples were more
often ESBL/AmpC-positive compared with the pooled
samples from manure of the slatted floor. Nevertheless,
herds with a high within-herd prevalence seemed to be
detected with either method, and false negative herd-
level results only occurred in herds with a low within-
herd prevalence. The final multivariable model con-
tained explained 19% of the variation in ESBL/AmpC
herd status, which means that 82% of the variation in
ESBL/AmpC herd status is attributable to factors that
were not evaluated in our study. Although the varia-
tion in ESBL/AmpC herd status that was explained
by this model was limited, the risk factors were in line
with those that were described earlier (Tragesser et al.,
2006; Snow et al., 2012).

Based on earlier work of Ojer-Usoz et al. (2013), it
is known that beef can be contaminated with ESBL.
Nevertheless, to which extent the ESBL/AmpC herd
status found in our study was associated with possible
contamination of meat was not evaluated.

Little is known about the dynamics of ESBL-pro-
ducing E. coli at animal and herd level in dairy cattle,
including the levels and periods of shedding. Hordijk et
al. (2013a) studied the prevalence of ESBL-producing
E. coli among veal calves on 3 farms during the first 10
wk of a production cycle. The prevalence declined from
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18 to 26% at the moment of arrival, to 0 to 1.4% after
10 wk. These results showed that most of the previ-
ously positive calves were no longer colonized by ESBL-
producing E. coli after 10 wk (Hordijk et al. 2013a).
In humans, different periods of excretion were found
as well, ranging from 2 to almost 7 mo (Apisarnthana-
rak et al., 2008; Li et al., 2012; Birgand et al., 2013).
The results of our study could also indicate that the
presence of ESBL/AmpC-producing F. coli in slurry
samples changes over time. In 6 out of 10 initially posi-
tive herds, no ESBL- or AmpC-producing F. coli could
be cultured from slurry samples collected during the
second visit, whereas the other 4 farms remained posi-
tive in the slurry. In 2 out of 10 initially unsuspected
herds, ESBL/AmpC-producing E. coli were cultured
from the slurry during the second visit. This change
in status could, however, also be due to the relatively
low sensitivity of our sampling method. Therefore, it
is recommended to conduct further research to gain
more insight in the period ESBL/AmpC-producing E.
coli are present in dairy herds and how these bacteria
spread among dairy cows, young stock and calves.

CONCLUSIONS

This is the first study that estimated the herd-level
prevalence of ESBL- and AmpC-producing E. coli
among Dutch dairy farms. The ESBL/AmpC-producing
E. coli isolates carried the same ESBL/AmpC genes as
have been found in cattle isolates in previous research
conducted in the Netherlands and in other European
countries. No association was found between the total
AMU and the ESBL/AmpC herd status. The use of
third- and fourth-generation cephalosporins, however,
was associated with an increased odds of having a posi-
tive ESBL/AmpC herd status and seems important in
reducing ESBL/AmpC. Four other management factors
were also found to be associated with the ESBL/AmpC
status of dairy herds. Further research should focus on
the dynamics of ESBL/AmpC-producing E. coli within
dairy herds.
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APPENDIX

Table A1l. Descriptive results (no. with % in parentheses unless otherwise noted) of the univariable logistic regression analyses between
extended-spectrum (-lactamase (ESBL)/AmpC status and management factors in 96 dairy farms

Parameter

ESBL/AmpC unsuspected ~ ESBL/AmpC positive P-value

herds (n = 56) herds (n = 40) (Wald test)

Presence of sheep on the farm
No
Yes
Presence of goats on the farm
No
Yes
Are there any cattle farms located within a radius of 2 km near
the barn?
No
Yes

Are there any veal calves farms located within a radius of 2 km near

the barn?
No
Yes
The type of floor, in case of a freestall barn
Slatted floor
Solid floor
Not applicable
Cleaning method of the floors
Floor scraper
Other methods
Unspecified
Are all clinical mastitis cases treated with antimicrobials?
No
Yes
Unspecified
Are all clinical mastitis cases treated with antimicrobials?
No, antimicrobials are not used to treat clinical mastitis
No, only when the milk contains flakes and the udder is swollen
Yes
Unspecified
Internal teat sealants are used for dry cow therapy
No
Yes
Internal teat sealants are used in all cows for dry cow therapy
No
No, only in a selected group of cows
Yes, in all cows
Administration of minerals to dry cows
No
Yes
Administration of minerals to young stock
No
Yes
Employment of farmer or relative in healthcare
No
Yes
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44 (79) 36 (90) 0.17
12 (21) 4 (10)

46 (82) 37 (93) 0.18
10 (18) 3 (7)

2 (4) 5 (13) 0.12
54 (96) 35 (87)

46 (82) 38 (95) 0.07
10 (18) 2 (5)

52 (96) 32 (89) 0.18
; 4) j (11)

11 (20) 15 (38) 0.10
37 (66) 18 (45)

8 (14) 7 (17)

24 (43) 9 (23) 0.04
29 (52) 29 (72)

3 (5) 2 (5)

1(2) 1(3) 0.19
23 (41) 8 (20)

29 (52) 29 (72)

3(5) 2 (5)

31 (55) 29 (73) 0.09
25 (45) 11 (27)

31 (55) 29 (73) 0.03
7 (13) 7 (17)

18 (32) 4 (10)

14 (25) 5 (13) 0.14
42 (75) 35 (87)

20 (36) 8 (20) 0.10
36 (64) 32 (80)
i % o) o
Continued
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Table A1l (Continued). Descriptive results (no. with % in parentheses unless otherwise noted) of the univariable logistic regression analyses
between extended-spectrum B-lactamase (ESBL)/AmpC status and management factors in 96 dairy farms

ESBL/AmpC unsuspected ~ ESBL/AmpC positive P-value
Parameter herds (n = 56) herds (n = 40) (Wald test)

Stripping before milking

No 27 0.15

Sometimes 4

Yes 17

Not applicable (milk robot) 8
Change of treatment with antimicrobials when treatment seems

ineffective

Never 1

After completing first treatment

After several days

Else (after culture)

Unspecified
Use of standard treatments with antimicrobials

No 43 (77

Yes 13 (23
Presence of clinical mastitis during dry period

No 40 (7

Yes 16 (2
Use of third- and fourth-generation cephalosporins in animal-defined

daily dose of antimicrobials per year at farm level

Average (range) 0.24 (0-2.1) 0.47 (0-1.7) 0.02
Percentage of cows with a high SCC during the last milk control in

2011

Average percentage (range) 15.7 (6-29) 13.4 (3-27) 0.12
Number of goats present on the farm

Average number of goats (range) 0.8 (
Number of dogs present on the farm

Average number of dogs (range) 0.8 (
Percentage of cows with lameness in 2011

Average percentage (range) 19.6 (5-50) 14.2 (2-30) 0.08
Percentage of calves (<1 yr old) with antimicrobial treatment for

other diseases (than lameness)

Average percentage (range) 11.8 (0-42) 18.8 (0-70) 0.09

0-3) 0.2

0-2) 1

2(0-2) 0.20
8 1(0-3) 0.18
(
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