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The aim of this work was to test a surveillance protocol able to detect extended-spectrum

β-lactamase (ESBL)-, cephalosporinase (AmpC)- and carbapenemase (CP)-producing

gram-negative bacteria in three conveniently chosen dairy farms with known prior

occurrences of ESBL- and CP-producing strains. The protocol was applied monthly for

a year. At each visit, 10 healthy lactating dairy cows were rectally swabbed, and raw

milk filters (RMFs) were sampled in two of the three farms. Bacterial isolation was based

on a first screening step with MacConkey agar supplemented with 1 mg/L cefotaxime

and commercial carbapenem-supplemented media. We failed to detect CP-producing

strains but showed that ESBL-Escherichia strains, found in one farm only (13 strains),

were closely associated with multi-drug resistance (12 out of 13). The limited number of

conveniently selected farms and the fact that RMFs could not be retrieved from one of

them limit the validity of our findings. Still, our results illustrate that ESBL-status changes

monthly based on fecal swabs and negative herds should be qualified as “unsuspected”

as proposed by previous authors. Although surveillance of farm statuses based on RMF

analysis could theoretically allow for a better sensitivity than individual swabs, we failed

to illustrate it as both farms where RMFs could be retrieved were constantly negative.

Determination of CP herd-level status based on RMFs and our surveillance protocol was

hindered by the presence of intrinsically resistant bacteria or strains cumulating multiple

non-CP resistance mechanisms which means our protocol is not specific enough for

routine monitoring of CP in dairy farms.

Keywords: antimicrobial resistance, carbapenemase, extended-spectrum beta-lactamase, multi-drug resistance,

dairy cattle, gram-negative
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INTRODUCTION

Extended-spectrum β-lactamase (ESBL)-, cephalosporinase
(AmpC)- and carbapenemase (CP)-producing gram-negative
(GN) bacteria have been described in numerous settings of the
ecosphere worldwide (1), including cattle (2, 3). An increasing
amount of evidence of gut colonization in cattle with ESBL-
/AmpC- (4–7) and CP-producing GN bacteria (8, 9) is accruing,
especially in commensal Enterobacteriaceae, among healthy beef
cattle (10, 11) and healthy dairy cattle (8, 12–16). ESBL-/AmpC-
/CP-producing GN bacteria have also been reported in raw
milk (17, 18). In the One Health approach the presence of these
bacteria in livestock such as cattle creates a general concern of the
scientific community who sees the animal sector as a reservoir
for selection and amplification of antimicrobial resistance genes
by the use of antibiotics before they eventually spread back to
humans (1). Data gaps still exist which prevent a full quantitative
risk analysis of possible transmission routes through livestock
to humans, e.g., levels of ESBL-producing Escherichia coli in
the bulk tank milk (BTM) on farm (19) and CP-reports using
systematic screening with carbapenem-supplemented selective
media instead of side investigations within other studies (1).

Indeed, only a few studies actually address the presence of
nonpathogenic or commensal antimicrobial resistant bacteria
specifically in BTM as a main research project (20–22), most of
them being focused on the detection and antimicrobial profiling
of zoonotic foodborne pathogens [e.g., (23–26)]. Instead of
BTM, or concomitantly with BTM, some authors advocate the
analysis of raw milk-filters (RMFs) as a way to monitor the
presence of zoonotic foodborne pathogens in a dairy herd (27)
or in raw milk (23, 28–31). In-line RMFs are an essential part
of milking systems, trapping particles of organic material and
foreign objects, but they are not designed to ward off bacteria.
Residues withheld in the RMFs are considered as real-time
indicators of the fecal shedding of zoonotic pathogens from a
milking herd and its environment (27, 30) or indicators of the
presence of resistant commensal E. coli in dairy herds (32–34).
Overall, these studies illustrate the usefulness of RMF analysis
as a way to monitor the presence of both zoonotic foodborne
pathogens and commensal antimicrobial resistant bacteria in
dairy herds.

Therefore, we conducted a longitudinal study focused on
monitoring the presence of ESBL-/AmpC-/CP-producing GN
bacteria in three dairy farms by using RMF as a proxy for
dairy cows fecal shedding of resistant GN enteric bacteria. RMF
analysis was associated with concomitant fecal samplings of
healthy lactating dairy cattle in order to assess the baseline of
resistant GN enteric bacteria in dairy cows in each farm. The
objective of this study was to devise and test this surveillance
protocol which would allow repeated point-of-care diagnostics
able to detect the presence of ESBL-/AmpC-/CP-producing GN
bacteria at the dairy farm level.

MATERIALS AND METHODS

Herd Selection and Farm Visits
Three suburban conventional dairy farms (i.e., non-organic)
were selected, all located in the same department at the

South-West of Paris. During the year 2018, the mean number of
lactating cows was 393 in Farm A, 168 in Farm B and 150 in Farm
C. This choice was a convenient one as these farms are regularly
visited for routine reproductive follow-ups by members of our
teaching team. Besides, these farms had already been included
in previous studies conducted by members of our research team
which demonstrated the intestinal colonization of cows in Farm
A by CP-producing Acinetobacter in 2010 (9), and the intestinal
colonization of cows in Farms A and B by ESBL-producing E.
coli in 2015 (35). The study lasted 1 year, from January 2018
to December 2018; samplings were scheduled once a month in
each farm.

Cow Selection
At each sampling session, a convenient number of ten cows
were randomly selected among the 40–90 cows presented
for a routine reproductive follow-up using random number
generator from Excel (Microsoft Corporation, version 2013).
Reasons for their inclusion in routine reproductive follow-up
were uterine involution control, pregnancy diagnosis at 1, 3,
or 7 months, and anestrus. To be included in the study, a
cow needed to be clinically healthy after clinical examination
by the first author, and its milk had to be currently collected.
Characteristics of sample populations in each farm are presented
in Supplementary Table 1.

Samples Collection
Rectal swabs were performed using a swab with Amies agar
(Copan, Brescia, Italy). RMFs were collected at the end of
the morning milking session, before the cleaning and rinse
procedures, and placed in a sterile plastic stomacher bag (Fisher
Scientific, Illkirch, France) then sealed. Only Farm B and Farm
C used milk filters, Farm A used a percolation system to trap
debris which unfortunately prevented the addition of a filter.
This information wasn’t mentioned by the farm manager at
enrollment. All samples were stored on ice and delivered to
the laboratory within 4 h from collection. Once arrived in the
laboratory, the samples were immediately processed.

Laboratory Screening Procedures
Swabs were placed aseptically in 9mL buffered peptone
water (BPW) (bioMérieux, Marcy l’Etoile, France). RMFs were
unsealed, kept in the stomacher bag, soaked with 225mL of
BPW (bioMérieux, Marcy l’Etoile, France) and sealed again.
The stomacher bag was then shaken manually. All samples
were incubated at 37 ± 2◦C for 4–6 h for pre-enrichment.
Antimicrobial resistant isolates were sought with three different
selective media: ChromIDTM CARBA (bioMérieux, Marcy
l’Etoile, France), ChromIDTM OXA-48 (bioMérieux, Marcy
l’Etoile, France) and a non-commercial selective MacConkey
(McC) agar plate (Condalab, Madrid, Spain) supplemented with
1 mg/L cefotaxime (COX) (Sigma-Aldrich, Saint-Louis, MO,
USA). Quality of the latter media was controlled before each use
with a negative strain E. coli ATCC25922 and a positive strain E.
coli NCTC13353. Plates were inoculated with 10 µL of enriched
solution, placed at 37 ± 2◦C for 18–24 h for a first reading, and
then replaced at 37 ± 2◦C for another 18–24 h for a second
reading. At the last reading, phenotypically different and isolated
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colonies were numbered and smeared on the corresponding
media then incubated for another 24 h at 37 ± 2◦C. Once purity
was confirmed, a colony was taken and stored at −80◦C using
cryo-beads (bioMérieux, Marcy l’Etoile, France).

Microbial Identification
Phenotypically resistant strains were identified to the genus- and
species-level using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS). Isolates
were processed on a Biotyper Microflex LT R© using Flex Control
software (Bruker Daltonics, Champs-sur-Marne, France). The
MALDI-TOF target plate was prepared using the extraction
method given by the manufacturer. Species identification cut-off
values were applied according to the manufacturer’s instructions,
according to which a score of ≥2 indicated a species-level
identification, a score between ≥1.7 and <2 indicated a genus-
level identification. Whatever the isolate, a score <1.7 was
considered inconclusive. In that case, the sample was cultured
again on a brain heart infusion agar at 37± 2◦C for reprocessing
the next day. Failure to obtain at least an identification to the
genus-level prompted an exclusion from further analysis.

Non-GN isolates and intrinsically resistant GN isolates
were excluded from further analysis. Briefly, Pseudomonas
spp. (36), Acinetobacter spp. (36–38), Achromobacter spp.
(39), Wautersiella falsenii (40), and Empedobacter brevis (41)
were considered naturally resistant to COX; Stenotrophomonas
maltophilia (36) and Arcobacter butzleri (42) were considered
naturally resistant to carbapenems.

Antimicrobial Susceptibility Testing
All GN isolates for which growth on McC-COX, ChromIDTM

CARBA or ChromIDTM OXA-48 could not be attributed to
intrinsic resistance to COX or carbapenems were submitted to
antimicrobial susceptibility testing (AST) by disc diffusion with
a panel of 15 antimicrobial agents (Supplementary Table 2) on
Mueller-Hinton agar (bioMérieux, Marcy l’Etoile, France). The
EUCAST standards were followed for inoculum standardization
and incubation conditions (43). Quality control was performed
using E. coli ATCC25922 (44). Antimicrobial disks (Biorad,
Marnes-la-Coquette, France) were spaced by a standard distance
of 30mm from each other. Inhibition zone diameter (IZD)
readings were made following EUCAST recommendations
(45); results are available for all strains as supplemental
material (Supplementary Table 3). When available, EUCAST
epidemiological cut-off values (ECOFF) were applied to
determine “microbiological” resistance (46), otherwise EUCAST
clinical breakpoints were used (43) (Supplementary Table 2).
Of note, neither the ECOFF nor the clinical breakpoint for
tetracycline (TET) for Enterobacteriaceae being available in the
EUCAST database, the 2018 CLSI clinical breakpoint was applied
for this antimicrobial agent after verification that incubation
methods were compatible (47). Antimicrobial resistance patterns
for each strain constituted the basis for determining duplicates
originating from the same samples, i.e., bacteria of the same
genus and species isolated from the same matrix on the same
media and on the same day. Duplicates were excluded from final
data presentation.

This panel was a compromise intended to allow both detection
of ESBL-/AmpC-/CP-phenotypes and assessment of multi-drug
resistance (MDR) among Enterobacteriaceae and Pseudomonads
which were the most frequently identified families. The panel
allowed: (i) screening of E. coli strains stably overproducing
AmpC β-lactamase by applying a breakpoint of <19mm
for cefoxitin (FOX) (43); (ii) detection of inducible-AmpC
production among Enterobacteriaceae and Pseudomonas spp. by
performing a Ceftazidime-Imipenem Antagonism Test (CIAT)
(48); (iii) detection of ESBL-producing Enterobacteriaceae
strains by performing three double-disk synergy tests [DDSTs;
amoxicillin-clavulanic acid (AMC) next to COX, ceftazidime
(CZD) and cefepime (FEP)] (49); (iv) detection of a subsample
of potentially CP-producing strains among ChromIDTM CARBA
and ChromIDTM OXA-48 isolates based on imipenem (IPM)
EUCAST ECOFF when available, EUCAST clinical breakpoint
otherwise. This subsample of IPM-resistant strains was
subsequently tested for CP production by using a commercial
RAPIDEC R© CARBA NP test (bioMérieux, Marcy l’Etoile,
France); (v) definition of MDR status, i.e., “microbiological”
resistance to three or more antimicrobial classes (46, 50).

The algorithm used for determining the isolates’ ESBL-
/AmpC-/CP-statuses is summarized in Supplementary Figure 1.

Definition of ESBL/AmpC/CP Herd Status
Herds that tested positive for ESBL-/AmpC-/CP-producing GN
bacteria in any number of cows or in RMFs were defined as
positive. Following the terminology used by previous authors
(12, 51), negative herds were defined as unsuspected.

RESULTS

Farm Characteristics and Sample
Descriptions
Farms A and B were visited 11 times during the year 2018, Farm
C 12 times, with a mean number of 32 days between visits in
Farms A and B, and 29 days in Farm C. Overall, 338 rectal swabs
were performed, with 110 animals sampled in Farms A and B,
and 118 in Farm C; 23 RMFs were sampled in Farms B and C,
with, respectively, 11 and 12 RMFs for each farm. Two rectal
swabs were excluded in Farm C at the December visit because
of an identification error. The median cow characteristics at the
day of sampling are presented in Supplementary Table 1. As
sampled cows were randomly selected among cows presented for
reproductive motives, some animals were sampledmultiple times
during the year 2018: 12, 20, and 28 cows were therefore sampled
at least two times in Farms A, B, and C, respectively.

Microbial Identification and Frequency of
Genera and Species
In Farm A, 72 isolates were submitted to identification. Using
MALDI-TOF, a total of 62 (86%) isolates from fecal swabs were
identified at least to the genus-level. Non-GN organisms were
predominantly isolated (41 isolates, 57%), especially Candida
spp. which represented 29 of the 72 isolates (40%). The second
most predominant genus in Farm A was Escherichia spp. which
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represented 13 out of the 72 isolates (18%). Within the 13
Escherichia spp., five were identified to the species-level as E. coli.

In Farm B, 20 isolates of fecal swab origin were submitted
to identification and all of them were identified at least to
the genus-level. Again, non-GN organisms were dominant (13
isolates, 65%), especially Candida spp. which represented 12 of
the 20 isolates (60%). Ninety-one isolates of RMF origin were
submitted to identification, and 71 (88%) were identified at
least to the genus-level. Contrary to fecal swab isolates, non-
GN organisms were scarcely isolated in RMF (two out of 81,
2%). The most predominant genus was by far Pseudomonas spp.,
which represented 57 isolates out of 81 (70%). Within this genus,
27 could be identified to the species-level, with Pseudomonas
aeruginosa being themost frequent with 24 isolates. Pseudomonas
spp. were isolated from RMFs at ten out of 11 visits, only
December was spared.

In Farm C, 35 isolates of fecal swab origin were submitted
to identification. A total of 29 (83%) of these were identified
at least to the genus-level. Once again, non-GN organisms
were predominant with 28 isolates (80%), including 26 Candida
spp. (74%). One hundred and fourteen isolates of RMF origin
were submitted to identification, among which 97 isolates were
identified at least to the genus-level. Similarly as in Farm B
and in opposition to fecal swabs, only one non-GN organism
was isolated. Among the GN organisms of RMF origin, the
most frequent genus was again Pseudomonas spp. (65 isolates,
57%); 29 isolates could be identified to the species-level with
Pseudomonas aeruginosa being the most frequent one with 23
isolates. Pseudomonas spp. were isolated from RMFs at eight out
of 12 visits, the months of January, September and November
were spared.

Numbers and proportions of each genus and species are
presented in Table 1.

Phenotypic Screening
In Farm A, out of the 62 isolates of fecal origin identified at least
to the genus level, 18 were submitted to AST (Table 2): eight
Escherichia spp. and five E. coli isolated on McC + COX; one
Pseudomonas spp., two Pseudomonas fragi and two Enterobacter
spp. isolated on ChromIDTM CARBA and ChromIDTM OXA-
48. All the Escherichia isolates were confirmed resistant to COX,
ESBL-producers according to the DDSTs, non-AmpC-producers
according to FOX screening, and MDR for 12 out of the 13
strains (92%) (Table 3). The most frequent resistance profile
patterns, five out of 13 isolates (38.5%), associated resistance
to ampicillin (AMP), COX, FEP, TET, and trimethoprim-
sulfamethoxazole (SXT) (Table 4). ESBL-producing Escherichia
strains were isolated in March (one out of 13), May (one out of
13), June (seven out of 13), July (three out of 13) and December
(one out of 13). None of the Pseudomonas and Enterobacter
were resistant to IPM, in fact they were all pansusceptible to the
panel of antibiotics except for intrinsic resistances. The CIAT
was positive for both the Enterobacter strains. Based on our
phenotypic surveillance protocol, Farm A was classified CP-
negative for the year 2018, and ESBL-positive at five sampling
periods out of 11 (March, May, June, July, December). The
proportions of positive cows harboring ESBL-producing enteric

GN bacteria were highest in June and July, at, respectively, 70%
(seven out of ten) and 30% (three out of ten); they were preceded
by low-levels of positivity in March and May, both at 10% (one
cow out of ten) followed by a 10% positivity in December and
unsuspected cows in-between. Interestingly, among the six ESBL-
producing Escherichia coli in June, July and December, five of
them were lactose-negative on McC + COX after 48 h, and only
the one strain isolated in December was lactose-positive.

In Farm B, out of the 20 isolates of fecal origin identified
to the genus-level, only one was submitted to AST (Table 2): a
P. aeruginosa isolated on ChromIDTM CARBA in June, which
was susceptible to IPM. The CIAT was positive, meaning the
strain was an inducible AmpC-producer. Out of the 71 isolates
of RMF origin identified to the genus-level, 38 were submitted
to AST (Table 2): 21 Pseudomonas spp., 12 P. aeruginosa,
two Pseudomonas koreensis, one Pseudomonas mendocina, one
Acinetobacter proteolyticus, and one Aeromonas hydrophila.
All of these strains were isolated on ChromIDTM CARBA
or ChromIDTM OXA-48 media. Three Pseudomonas spp. and
11 Pseudomonas aeruginosa were resistant to IPM, none of
them were MDR. All the other isolates, including Aeromonas
hydrophila and A. proteolyticus, were pansusceptible. All the
Pseudomonas spp. and P. aeruginosa IPM-resistant strains and
one P. aeruginosa IPM-susceptible strain were inducible AmpC-
producers based on the CIAT. The subsample of 14 IPM-resistant
Pseudomonas spp. isolated from RMFs were submitted to a
commercial RAPIDEC R© CARBA NP test: none were positive
(Table 3). Screening results being consistently negative for both
rectal swabs and RMFs at every sampling period, Farm B was
classified as ESBL- and CP-unsuspected.

In Farm C, out of the 29 isolates of fecal origin identified
to the genus-level, only one was submitted to AST (Table 2):
an E. coli isolated from ChromIDTM CARBA in May, which
was pansusceptible, ESBL-/AmpC- and CIAT-negative. Out of
the 97 strains of RMF origin identified to the genus-level,
46 were submitted to AST: 27 Pseudomonas spp., nine P.
aeruginosa, one P. mendocina, four Pseudomonas nitroreducens,
two Aeromonas spp., two Aeromonas veronii and one Aeromonas
hydrophila. All these strains were isolated from ChromIDTM

CARBA and ChromIDTM OXA-48. Only three P. aeruginosa
isolated in March and May were resistant to IPM, none of them
were MDR. The RAPIDEC R© CARBA NP tests were negative
for the IPM-resistant P. aeruginosa strains (Table 3). Screening
results being consistently negative for both rectal swabs and
RMFs at every sampling period, Farm C was classified as ESBL-
and CP-unsuspected.

DISCUSSION

Herds’ statuses were assessed monthly by analyzing fecal swabs
from healthy lactating dairy cows in all farms, and by analyzing
RMFs in two of the three farms. When assessing the data, it
should be understood the classification of isolates as being ESBL-
/AmpC-/CP-positive or negative is based on their phenotype
and would require further testing, especially to confirm the
mobile nature of the resistance genes in ESBL-positive isolates.
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TABLE 1 | Number (percent) of each genera identified among isolates of fecal swab or raw milk filter origin within each farm over the year 2018.

Isolates of fecal swab origin

Genus Farm A no. (%, n = 72) Farm B no. (%, n = 20) Farm C no. (%, n = 35) Total

(%, n = 127)
McC

+ COX

CARBA

OXA-48

Total McC

+ COX

CARBA

OXA-48

Total McC

+ COX

CARBA

OXA-48

Total

Inconclusivea 2 (3%) 8 (11%) 10 (14%) 0 (0%) 0 (0%) 0 (0%) 2 (6%) 4 (12%) 6 (17%) 16 (13%)

Non-gram-negativeb 13 (18%) 28 (39%) 41 (57%) 3 (15%) 10 (50%) 13 (65%) 0 (0%) 28 (80%) 28 (80%) 82 (65%)

Candida spp.b 8 (11%) 21 (29%) 29 (40%) 2 (10%) 10 (50%) 12 (60%) 0 (0%) 26 (74%) 26 (74%) 67 (53%)

Gram-negative 16 (22%) 5 (7%) 21 (29%) 4 (20%) 3 (15%) 7 (35%) 0 (0%) 1 (3%) 1 (3%) 29 (23%)

Acinetobacter spp.b 0 (0%) 0 (0%) 0 (0%) 2 (10%) 0 (0%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)

Bordetella spp.b 0 (0%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (<1%)

Enterobacter spp.b 0 (0%) 2 (3%) 2 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)

Ochrobactrum spp.b 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)

Escherichia spp.(b) 13 (18%) 0 (0%) 13 (18%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3%) 1 (3%) 14 (11%)

Including E. colic 5 (7%) 0 (0%) 5 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3%) 1 (3%) 6 (5%)

Pseudomonas spp.b 3 (4%) 3 (4%) 6 (8%) 1 (5%) 1 (5%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 8 (6%)

Including P. aeruginosac 1 (1%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 3 (2%)

Total 31 (43%) 41 (57%) 72 (100%) 7 (35%) 13 (65%) 20 (100%) 2 (6%) 33 (94%) 35 (100%) 127 (100%)

Isolates of raw milk filter origin

Genus Farm B no. (%, n = 81) Farm C no. (%, n = 114) Total

(%, n = 195)
McC +

COX

CARBA

OXA-48

Total McC +

COX

CARBA

OXA-48

Total

Inconclusivea 5 (6%) 5 (6%) 10 (12%) 4 (4%) 13 (11%) 17 (15%) 27 (14%)

Non-gram-negativeb 0 (0%) 2 (2%) 2 (2%) 0 (0%) 1 (1%) 1 (1%) 3 (2%)

Gram-negative 25 (31%) 44 (55%) 69 (85%) 34 (30%) 62 (54%) 96 (84%) 165 (85%)

Achromobacter spp.b 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) A (1%) 1 (<1%)

Acinetobacter spp.b 3 (4%) 1 (1%) 4 (5%) 5 (4%) 0 (0%) 5 (4%) 9 (5%)

Aeromonas spp.b 0 (0%) 1 (1%) 1 (1%) 0 (0%) 6 (5%) 6 (5%) 7 (4%)

Arcobacter spp.b 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (2%) 2 (2%) 2 (1%)

Empedobacter spp.b 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 1 (1%) 1 (<1%)

Myroides spp.(b) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (3%) 3 (3%) 3 (2%)

Ochrobactrum spp.b 0 (0%) 1 (1%) 1 (1%) 0 (0%) 1 (1%) 1 (1%) 2 (1%)

Stenotrophomonas spp.b 0 (0%) 5 (6%) 5 (6%) 0 (0%) 9 (8%) 9 (8%) 14 (7%)

Wautersiella spp.b 1 (1%) 0 (0%) 1 (1%) 3 (3%) 0 (0%) 3 (3%) 4 (2%)

Pseudomonas spp.b 21 (26%) 36 (44%) 57 (70%) 24 (21%) 41 (36%) 65 (57%) 122 (63%)

Including P. aeruginosac 12 (15%) 12 (15%) 24 (30%) 14 (12%) 9 (8%) 23 (20%) 47 (24%)

Total 30 (37%) 51 (63%) 81 (100%) 38 (33%) 66 (67%) 114 (100%) 195 (100%)

McC + COX, MacConkey + Cefotaxime; CARBA, ChromID TM CARBA; OXA-48, ChromIDTM OXA-48.
a Isolates for which MALDI-TOF score was <1.7.
b Isolates for which MALDI-TOF score was >1.7 and <2.
c Isolates for which MALDI-TOF score was >2.

The farms had been selected partly because there were previous
occurrences of ESBL-producing Enterobacteriaceae in Farms A
and B, and because a CP-producing Acinetobacter was isolated

in Farm A (9) and yet we failed to isolate any CP-producing
strain and found ESBL-producing Escherichia only in Farm
A. This contradiction with previous results might be due to
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a decrease in antimicrobial consumption in these farms since
2016 following the implementation of a law on veterinary
antibiotics usage in France. Although we initially intended to
assess the use of antimicrobials in each farm in this study,
we did not include the data because they were based solely
on the farmers’ voluntary recordings and were not deemed
objective or precise enough. Another major obstacle was the
unfortunate absence of RMFs from Farm A as this hampers
the comparison between rectal swabs and RMFs in the only
farm where ESBL-producing E. coli were isolated. The overall
small number of resistant strains isolated, coupled with the
failure to detect CP-producing isolates preclude any statistical
analyses but the implementation of a year-long monthly protocol
as well as the recurrent detection of ESBL-producing MDR
Escherichia strains in Farm A and of Pseudomonas strains
all year-long in RMF samples in Farms B and C allow for
some discussion.

In a longitudinal study in a commercial dairy farm in the
UK (15), there was a significant increase in detection of ESBL-
producing E. coli in the lactating herd in May and August,
and a decrease in November. Our results are consistent with
this observation since 12 out of 13 of our ESBL-producing
Escherichia strains were isolated in March, May, June and July,
i.e., during spring and summer seasons. Thermal stress could
explain this surge but other stress factors have been associated
with more frequently identified ESBL-producers in cattle like
calving (15), changes in feeding in the last 2 weeks before
sample collection (11) and more intensive farm management
(13). Overall, these risk factors—except antibiotic use—should be
considered as general trends and more studies are still needed to
determine the ideal period of sampling to determine a herd ESBL-
/AmpC-status and which sample would be most appropriate
(12, 51).

To the best of our knowledge, only a handful of studies have
reported the use of carbapenem agars as an initial screening step
with the objective of detecting CP-producing GN bacteria in the
gut of healthy cattle (11, 52) or in milk from healthy cattle (53).
In our study, screening with commercial carbapenem agars led
to the isolation of mainly Pseudomonas spp., Ochrobactrum spp.
and Enterobacter spp. from fecal swabs, and of Pseudomonas
spp., Ochrobactrum spp., Aeromonas spp., Arcobacter spp. and
Stenotrophomonas spp. from RMFs. These results are consistent
with the previous studies in which the main genera identified
are mentioned (11, 53). In all these reports, as well as in ours,
no CP production or CP-genes were evidenced despite the
isolation of numerous GN strains on commercial carbapenem-
supplemented agars, illustrating the overall poor specificity of
these media for CP-producing strain detection when applied to
cattle or raw milk compared to monitoring in human patients
(54–56). At least two hypotheses can be advanced to explain this
poor apparent specificity: (i) evaluation studies of commercial
carbapenem-supplemented agars in humans are often performed
in regions where patients are frequently colonized with CP-
producing bacteria, and in populations with scarcely detected
CP-producing bacteria such as cattle, screening with commercial
agars are expected to exhibit lower predictive positive value
(56); (ii) commensal GN bacteria isolated from cattle or raw
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TABLE 3 | Summary of presumptive ESBL-/AmpC-/CP-producing Escherichia spp. and Pseudomonas spp. collected within the monitoring in 2018.

Matrix Farm Selective media No. of presumptive

ESBL producers (%)a
No. of presumptive

AmpC producers (%)

No. of presumptive

CP producers (%)d
No. of MDR

isolates (%)e

Escherichia spp.

Fecal swabs Farm A (n = 13) McC + COX 13 (100%) 0 (0%)b ND 12 (92%)

Pseudomonas spp.

Raw milk filters Farm B (n = 4) CARBA 0 (0%) 4 (100%)c 0 (0%) 0 (0%)

Farm C (n = 2) CARBA 0 (0%) 2 (100%)c 0 (0%) 0 (0%)

n = isolates showing “microbiological” resistance to cefotaxime and isolated on McC + COX, or isolates showing “microbiological” resistance to imipenem and isolated on ChromIDTM

CARBA or OXA-48 were considered (see Materials and Methods); ND, non-determined.
a Isolates showing clavulanate synergy with cefotaxime, ceftazidime, cefepime or all compounds, suggesting the presence of an ESBL (indepedently of the presence of other mechanisms).
bEscherichia isolates showing “microbiological” resistance to cefoxitin (see Materials and Methods).
cPseudomonas isolates showing ceftazidime inhibition with imipenem (see Materials and Methods).
dBased on a Rapidec© CARBA NP test (see Materials and Methods).
eBased on the classification by Magiorakos et al. (50).

TABLE 4 | Resistance patterns of Escherichia strains isolated from dairy cows’

rectal swabs in Farm A (n = 13) on the basis of inhibition zone diameter

breakpointsa.

Resistance profile No. of isolates

with profile

% of isolates

with profile

MDR

statusb

AMP COX 1 7.7% Non-MDR

AMP COX FEP TET 1 7.7% MDR

AMP COX SXT TET 2 15.4% MDR

AMP COX FEP TET SXT 5 38.5% MDR

AMP COX FEP TET SXT LVX 1 7.7% MDR

AMP COX FEP SXT CIP LVX 1 7.7% MDR

AMP COX FEP TET SXT CIP LVX 2 15.4% MDR

a “Microbiological” resistance based on EUCAST ECOFF when available; EUCAST clinical
breakpoint 2020 if not; CLSI 2018 if none available.
bMagiorakos et al. (50).
AMP, ampicillin; FEP, cefepime; COX, cefotaxime; TET, tetracycline; SXT, trimethoprim-
sulfamethoxazole; CIP, ciprofloxacin; LVX, levofloxacin.

milk on carbapenem-supplemented media are often resistant to
carbapenems because of non-CP resistance mechanisms, that can
be either intrinsic to certain species (36, 42) or a combination of
acquired resistance mechanisms in certain strains (57, 58).

The use of McC + COX media as an initial screening step
for detection of ESBL-producing E. coli is fairly common as it
allows a presumptive diagnosis of E. coli colonies based on their
ability to ferment lactose, conferring them a typical pink color,
even if there are some strains which ferment it slowly or not at
all (59–61). In some studies [e.g., (12, 51, 62)], ESBL-producing
E. coli have been searched for only among E. coli which formed
typical lactose-positive colonies according to the “Materials and
Methods” description. Yet in our study, lactose-negative ESBL-
producing E. coli strains were isolated at amuch higher frequency
than lactose-positive strains (12 vs. 1) illustrating that failure
to include these strains in monitoring programs could result in
serious underestimation of ESBL prevalence among E. coli. This
microbiological difference among ESBL-producing Escherichia
strains isolated in spring/summer and in winter might be
explained by a change of the dominant genotypes in the lactating

dairy cows, as described in calf cohorts in a previous longitudinal
study (63).

When monitoring healthy dairy cows we isolated with our
protocol a majority of non-GN organisms in fecal swabs,
especially Candida organisms. Among these non-GN strains,
most of them (74 out of 93, all farms combined) were
recorded at the second reading 36–48 h after inoculation and
not at the first reading 18–24 h after inoculation. Therefore,
suppressing the additional 18–24 h of inoculation would greatly
restrict the isolation of non-GN organisms. On the other
hand, this extra-step allowed for a better differentiation
between strains when monitoring RMFs and permitted a more
precise isolation of morphologically different colonies. If other
protocols were to keep a 36–48-h incubation period with
similar media we would recommend a gram-staining before
any identification step so that non-GN organisms could be
rapidly excluded.

By monitoring RMFs all year-long in Farms B and C,
we detected the persisting presence of Pseudomonads.
This observation is consistent with previous studies
(64, 65). From a public health risk point of view, none
of the IPM-strains were CP-producing, which means
that resistance was most likely an association of non-
horizontally-transferrable resistant mechanisms as is often
described in P. aeruginosa (58, 66, 67) and that commercial
carbapenem agars were not specific enough to differentiate
these strains.

This is one of the few studies reporting monitoring of resistant
bacteria at the herd level by using RMFs (33, 34) and performing
a longitudinal monitoring of antimicrobial resistance in dairy
farms (15, 63, 68–70) rather than a single snapshot. Our results
are consistent with other European studies which failed to detect
CP-producing strains in cattle but showed that ESBL-phenotypes
were closely associated with MDR, especially to AMP-TET-STX
(46). Our results also illustrate that ESBL-status in fecal swabs can
change monthly in a positive-farm, therefore the terminology of
Gonggrijp et al. (51) who defined herds that tested negative as
“unsuspected” seems appropriate. This variation in status could
be due to low sensitivity of our method and/or to an overall low
prevalence of ESBL-producing GN enteric bacteria in the dairy
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farms chosen in our study. Further research in other farms with
different ESBL-/AmpC-/CP-statuses is needed to better assess
the potential of analyzing RMF as a proxy for the dairy herd
fecal contamination by resistant GN commensal bacteria. We
believemonitoring CP-producing bacteria in dairy herds by using
RMFs could be advantageous compared to fecal samplings, but
is hindered by the lack of specificity of commercially available
carbapenem-supplemented media when applied to dairy cattle.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

Ethical review and approval was not required for the animal
study because no ethical review and approval required for this
study where animal subjects were only submitted to a rectal swab.
Written informed consent was obtained from the owners for the
participation of their animals in this study.

AUTHOR CONTRIBUTIONS

SG and YM: conceptualization, validation, and supervision.
VP and YM: investigation. PG, SG, and YM: resources. VP:
writing—original draft preparation and visualization. PG and
YM: writing—review and editing and funding acquisition. YM:

project administration. All authors contributed to the article and
approved the submitted version.

FUNDING

This research was funded by Ceva Santé Animale.

ACKNOWLEDGMENTS

Christelle Gandoin and Corinne Bouillin are gratefully
acknowledged for their expert technical assistance during
laboratory procedures.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2021.633598/full#supplementary-material

Supplementary Figure 1 | Algorithm steps followed for the characterization of

the strains isolated from fecal swabs and raw milk filters on selective media. McC,

MacConkey; COX, cefotaxime; DDST, double disk synergy test; CIAT,

ceftazidime-imipenem antagonism test; ESBL, extended-spectrum β-lactamase;

AmpC, cephalosporinase; CP, carbapenemase.

Supplementary Table 1 | Sampling visit details and sample population

characteristics during the year 2018.

Supplementary Table 2 | Applied breakpoints for definition of “microbiological”

resistance for each strain submitted to antimicrobial susceptibility testing.

Supplementary Table 3 | Inhibition zone diameters for each strain submitted to

antimicrobial susceptibility testing.

REFERENCES

1. Madec J-Y, Haenni M, Nordmann P, Poirel L. Extended-spectrum beta-
lactamase/AmpC- and carbapenemase-producing Enterobacteriaceae in
animals: a threat for humans. Clin Microbiol Infect. (2017) 23:826–
33. doi: 10.1016/j.cmi.2017.01.013

2. Guerra B, Fischer J, Helmuth R. An emerging public health problem: acquired
carbapenemase-producing microorganisms are present in food-producing
animals, their environment, companion animals and wild birds.VetMicrobiol.

(2014) 171:290–7. doi: 10.1016/j.vetmic.2014.02.001
3. Palmeira JD, Ferreira HMN. Extended-spectrum beta-lactamase (ESBL)-

producing Enterobacteriaceae in cattle production - a threat around the world.
Heliyon 6. (2020) 6:1–20. doi: 10.1016/j.heliyon.2020.e03206

4. Adams RJ, Kim SS, Mollenkopf DF, Mathys DA, Schuenemann GM,
Daniels JB, et al. Antimicrobial-resistant Enterobacteriaceae recovered from
companion animal and livestock environments. Zoonoses Public Health.

(2018) 65:519–27. doi: 10.1111/zph.12462
5. Diab M, Hamze M, Madec J-Y, Haenni M. High prevalence of Non-ST131

CTX-M-15-producing Escherichia coli in healthy cattle in Lebanon. Microb

Drug Resist. (2016) 23:261–6. doi: 10.1089/mdr.2016.0019
6. Hartmann A, Locatelli A, Amoureux L, Depret G, Jolivet C, Gueneau E,

et al. Occurence of CTX-M producing Escherichia coli in soils, cattle, and
farm environement in France (Burgundy region). Front Microbiol. (2012)
3:83. doi: 10.3389/fmicb.2012.00083

7. Madec J-Y, Lazizzera C, Châtre P, Meunier D, Martin S, Lepage G,
et al. Prevalence of fecal carriage of acquired expanded-spectrum
cephalosporin resistance in Enterobacteriaceae strains from Cattle
in France. J Clin Microbiol. (2008) 46:1566–7. doi: 10.1128/JCM.02
299-07

8. Braun SD, Ahmed MFE, El-Adawy H, Hotzel H, Engelmann I, Weiss D, et al.
Surveillance of extended-spectrum beta-lactamase-producing Escherichia coli
in dairy cattle farms in the Nile delta, Egypt. Front Microbiol. (2016)
7:1020. doi: 10.3389/fmicb.2016.01020

9. Poirel L, Berçot B, Millemann Y, Bonnin R, Pannaux G, Nordmann P.
Carbapenemase-producing Acinetobacter spp. in Cattle, France. Emerg Infect

Dis. (2012) 18:523–5. doi: 10.3201/eid1803.111330
10. Schmid A, Hörmansdorfer S, Messelhaüsser U, Käsbohrer A, Sauter-Louis

C, Mansfeld R. Prevalence of extended-spectrum beta-lactamase-producing
Escherichia coli on Bavarian dairy and beef cattle farms. Appl Env Microb.

(2013) 79:3027–32. doi: 10.1128/AEM.00204-13
11. Velasova M, Smith RP, Lemma F, Horton RA, Duggett NA, Evans J,

et al. Detection of extended-spectrum beta-lactam, AmpC and carbapenem
resistance in Enterobacteriaceae in beef cattle in Great Britain in 2015. J Appl
Microbiol. (2019) 126:1081–95. doi: 10.1111/jam.14211

12. Heuvelink AE, Gonggrijp MA, Buter RGJ, ter Bogt-Kappert CC, Van Schaik
G, Velthuis AGJ, et al. Prevalence of extended-spectrum and AmpC beta-
lactamase-producing Escherichia coli in Dutch dairy herds. Vet Microbiol.

(2019) 232:58–64. doi: 10.1016/j.vetmic.2019.04.005
13. Hille K, Ruddat I, Schmid A, Hering J, Hartmann M, Von Münchhausen

C, et al. Cefotaxime-resistant E. coli in dairy and beef cattle farms - Joint
analyses of two cross-sectional investigations in Germany. Prev Vet Med.

(2017) 142:39–45. doi: 10.1016/j.prevetmed.2017.05.003
14. Ibrahim DR, Dodd CER, Stekel DJ, Ramsden SJ, Hobman JL.

Multidrug resistant, extended spectrum beta-lactamase (ESBL)-producing
Escherichia coli isolated from a dairy farm. FEMS Microbiol Ecol. (2016)
92:fiw013. doi: 10.1093/femsec/fiw013

15. Watson E, Jeckel S, Snow L, Stubbs R, Teale C, Wearing H,
et al. Epidemiology of extended spectrum beta-lactamase E. coli

Frontiers in Veterinary Science | www.frontiersin.org 8 February 2021 | Volume 8 | Article 633598

https://www.frontiersin.org/articles/10.3389/fvets.2021.633598/full#supplementary-material
https://doi.org/10.1016/j.cmi.2017.01.013
https://doi.org/10.1016/j.vetmic.2014.02.001
https://doi.org/10.1016/j.heliyon.2020.e03206
https://doi.org/10.1111/zph.12462
https://doi.org/10.1089/mdr.2016.0019
https://doi.org/10.3389/fmicb.2012.00083
https://doi.org/10.1128/JCM.02299-07
https://doi.org/10.3389/fmicb.2016.01020
https://doi.org/10.3201/eid1803.111330
https://doi.org/10.1128/AEM.00204-13
https://doi.org/10.1111/jam.14211
https://doi.org/10.1016/j.vetmic.2019.04.005
https://doi.org/10.1016/j.prevetmed.2017.05.003
https://doi.org/10.1093/femsec/fiw013
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Plassard et al. Surveillance ESBL/AmpC/CP in Milk Filters

(CTX-M-15) on a commercial dairy farm. Vet Microbiol. (2012)
154:339–46. doi: 10.1016/j.vetmic.2011.07.020

16. Webb HE, Bugarel M, den Bakker HC, Nightingale KK, Granier SA,
Morgan Scott H, et al. Carbapenem-resistant bacteria recovered from faeces
of dairy cattle in the high plains region of the USA. PLoS ONE. (2016)
11:e0147363. doi: 10.1371/journal.pone.0147363

17. Diab M, Hamze M, Bonnet R, Saras E, Madec J-Y, Haenni M. OXA-48
and CTX-M-15 extended-spectrum beta-lactamases in raw milk in Lebanon:
epidemic spread of dominant Klebsiella pneumoniae clones. J Med Microbiol.

(2017) 66:1688–91. doi: 10.1099/jmm.0.000620
18. Yaici L, Haenni M, Saras E, Boudehouche W, Touati A, Madec J-Y. blaNDM-

5-carrying IncX3 plasmid in Escherichia coli ST1284 isolated from raw milk
collected in a dairy farm in Algeria. J Antimicrob Chemother. (2016) 71:2671–
2. doi: 10.1093/jac/dkw160

19. Horrigan V, Kosmider RD, Horton RA, Randall L, Simons RRL. An
assessment of evidence data gaps in the investigation of possible transmission
routes of extended-spectre beta-lactamase producing Escherichia coli

from livestock to humans in the UK. Prev Vet Med. (2016) 124:1–
8. doi: 10.1016/j.prevetmed.2015.12.020

20. Berge ACB, Champagne SC, Finger RM, Sischo WM. The use of bulk tank
milk samples to monitor trends in antimicrobial resistance on dairy farms.
Foodborne Pathog Dis. (2007) 4:397–407. doi: 10.1089/fpd.2007.0009

21. Odenthal S, Akineden Ö, Usleber E. Extended-spectrum beta-lactamase
producing Enterobacteriaceae in bulk tank milk from German dairy farms.
Int J Food Microbiol. (2016) 238:72–8. doi: 10.1016/j.ijfoodmicro.2016.08.036

22. Straley BA, Donaldson SC, Hedge NV, Sawant AA, Srinivasan V, Oliver
SP, et al. Public health significance of antimicrobial-resistant gram-negative
bacteria in raw bulk tank milk. Foodborne Pathog Dis. (2006) 3:222–
33. doi: 10.1089/fpd.2006.3.222

23. Albonico F, Gusmara C, Gugliotta T, Loiacono M, Mortarino M, Zecconi A. A
new integrated approach to analyse bulk tank milk and raw milk filters for the
presence of the E. coli serogroups frequently associated with VTEC status. Res
Vet Sci. (2017) 115:401–6. doi: 10.1016/j.rvsc.2017.07.019

24. Del Collo LP, Karns JS, Biswas D, Lombard JE, Haley BJ, Camilla Kristensen R,
et al. Prevalence, antimicrobial resistance, and molecular characterization of
Campylobacter spp. in bulk tank milk and milk filters from US dairies. J Dairy
Sci. (2017) 100:3470–9. doi: 10.3168/jds.2016-12084

25. Gurung M, Nam HM, Tamang MD, Chae MH, Jang GC,
Jung SC, et al. Prevalence and antimicrobial susceptibility of
Acinetobacter from raw bulk tank milk in Korea. J Dairy Sci. (2013)
96:1997–2002. doi: 10.3168/jds.2012-5965

26. Sonnier JL, Karns JS, Lombard JE, Kopral CA, Haley BJ, Kim S-W, et al.
Prevalence of Salmonella enterica, Listeria monocytogenes, and pathogenic
Escherichia coli in bulk tank milk and milk filters from US dairy operations in
the National Animal Health Monitoring System Dairy 2014 study. J Dairy Sci.
(2018) 101:1943–56. doi: 10.3168/jds.2017-13546

27. Van Kessel JS, Karns JS, Wolfgang DR, Hovingh E, Jayaro BM, Van Tassel
CP, et al. Environmental sampling to predict fecal prevalence Salmonella
in an intensively monitored dairy herd. J Food Prot. (2008) 71:1967–
73. doi: 10.4315/0362-028X-71.10.1967

28. Giacometti F, Serraino A, Finazzi G, Daminelli P, Losio MN, Bonilauri P, et al.
Foodborne pathogens in in-linemilk filters and associated on-farm risk factors
in dairy farms authorized to produce and sell rawmilk in northern Italy. J Food
Prot. (2012) 75:1263–9. doi: 10.4315/0362-028X.JFP-12-028

29. Lambertini E, Karns JS, Van Kessel JA, Cao H, Schukken YH, Wolfgang DR,
et al. Dynamics of Escherichia coli virulence factors in dairy herds and farm
environments in a longitudinal study in the United States. Appl Env Microb.

(2015) 81:4477–88. doi: 10.1128/AEM.00465-15
30. Murphy BP, Murphy M, Buckley JF, Gilroy D, Rowe MT, McCleery

D, et al. In-line milk filter analysis: Escherichia coli O157 surveillance
of milk production holdings. Int J Hyg Env Health. (2005) 208:407–
13. doi: 10.1016/j.ijheh.2005.03.001

31. Serraino A, Florio D, Giacometti F, Mion D, Zanoni RG. Presence of
Campylobacter and Arcobacter species in in-line milk filters of farms
authorized to produce and sell raw milk and of water buffalo dairy farm in
Italy. J Dairy Sci. (2013) 96:2801–7. doi: 10.3168/jds.2012-6249

32. Dolejska M, Jurcickova Z, Literak I, Pokludova L, Bures J, Hera A,
et al. Short communication: IncN plasmids carrying blaCTX-M-1 in

Escherichia coli isolates on a dairy farm. Vet Microbiol. (2011) 149:513–
6. doi: 10.1016/j.vetmic.2010.11.032

33. Manga I, Hasman H, Smidkova J, Medvecky M, Dolejska M, Cizek A. Fecal
carriage and whole-genome sequencing-assisted characterization of CMY-2
beta-lactamase producing Escherichia coli in calves at Czech dairy cow farm.
Foodborne Pathog Dis. (2019) 16:42–53. doi: 10.1089/fpd.2018.2531

34. Dell’Orco F, Gusmara C, Loiacono M, Gugliotta T, Albonico F, Mortarino M,
et al. Evaluation of virulence factors profiles and antimicrobials resistance of
Escherichia coli isolated from bulk tank milk and raw milk filters. Res Vet Sci.
(2019) 123:77–83. doi: 10.1016/j.rvsc.2018.12.011

35. Freilich L, Granier SA, Boulouis H-J, El-Bay S, Marault M, Millemann Y.
Gram-negative bacteria resistant to critically important antimicrobials found

in dairy cattle in Ile-de-France. Unpublished results; (2016).
36. EUCAST. Intrinsic Resistance and Unusual Phenotypes Version 3.2.

(2020). Available from: https://www.eucast.org/fileadmin/src/media/PDFs/
EUCAST_files/Expert_Rules/2020/Intrinsic_Resistance_and_Unusual_
Phenotypes_Tables_v3.2_20200225.pdf (accessed August 11, 2020).

37. Diez AID, Pérez MAB, Bouza JME, Gomez AA, Rodriguez PG, Gomez MAM,
et al. Susceptibility of the Acinetobacter calcoaceticus-A. baumannii complex
to imipenem, meropenem, sulbactam and colistin. Int J Antimicrob Agents.

(2004) 23:487–93. doi: 10.1016/j.ijantimicag.2003.09.026
38. Seifert H, Baginski R, Schulze A, Pulverer G. Antimicrobial susceptibility

of Acinetobacter species. Antimicrob Agents Chemother. (1993) 37:750–
3. doi: 10.1128/AAC.37.4.750

39. Glupczynski Y, Hansen W, Freney J, Yourassowsky E. In vitro susceptibility
of Alcaligenes denitrificans subsp. xylosoxidans to 24 antimicrobial agents.
Antimicob Agents Chemother. (1988) 32:276–8. doi: 10.1128/AAC.32.2.276

40. Giordano C, Falleni M, Capria A-L, Caracciolo F, Petrini M, Barnini
S. First report of Wautersiella falsenii genomovar 2 isolated from the
respiratory tract of an immunosuppressed man. IDCases. (2016) 4:27–
9. doi: 10.1016/j.idcr.2016.02.009

41. Sharma D, Patel A, Soni P, Sharma P, Gupta B. Empedobacter brevis
meningitis in a neonate: a very rare case of neonatal meningitis and
literature review.Case Rep Pediatr. (2016) 2016:7609602. doi: 10.1155/2016/76
09602

42. Fera MT, Maugeri TL, Giannone M, Gugliandolo C, La Camera E, Blandino
G, et al. In vitro susceptibility of Arcobacter butzleri and Arcobacter
cryaerophilus to different antimicrobial agents. Int J Antimicrob Ag. (2003)
21:488–91. doi: 10.1016/S0924-8579(03)00004-9

43. EUCAST. The European Committee on Antimicrobial Susceptibility Testing.

Breakpoint Tables for Interpretation of MICs and Zone Diameters. Version 10.0
(2020). Available from: http://www.eucast.org (accessed August 22, 2020).

44. EUCAST. The European Committee on Antimicrobial Susceptibility Testing.
Routine Extended Internal Quality Control for MIC Determination Disk

Diffusion as Recommended by EUCAST. Version 10.0 (2020). Available
from: http://www.eucast.org (accessed August 22, 2020).

45. EUCAST. Reading Guide: EUCAST Disk Diffusion Method for Antimicrobial

Susceptibility Testing. Version 7.0 (2020). Available from: https://www.eucast.
org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/2020_
manuals/Reading_guide_v_7.0_EUCAST_Disk_Test_2020.pdf (accessed
August 24, 2020).

46. EFSA, ECDC. The European Union summary report on antimicrobial
resistance in zoonotic and indicator bacteria from humans, animals and food
in 2017/2018. EFSA J. (2020) 18:6007. doi: 10.2903/j.efsa.2020.6007

47. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 28th ed.
Wayne, PA: CLSI supplement M100 (2018).

48. Cantarelli VV, Inamine E, Brodt TCZ, Secchi C, Cavalcante BC,
Pereira FS. Utility of the ceftazidime-imipenem antagonism test
(CIAT) to detect and confirm the presence of inducible AmpC
beta-lactamases among Enterobacteriaceae. Braz J Infect Dis. (2007)
11:237–9. doi: 10.1590/S1413-86702007000200014

49. Drieux L, Brossier F, Sougakoff W, Jarlier V. Phenotypic detection
of extended-spectrum b-lactamase production in Enterobacteriaceae:
review and bench guide. Clin Microbiol Infec. (2008) 14(Suppl.
1):90–103. doi: 10.1111/j.1469-0691.2007.01846.x

50. Magiorakos A-P, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske
CG, et al. Multidrug-resistant, extensively drug-resistant and pandrug-
resistant bacteria: an international expert proposal for interim standard

Frontiers in Veterinary Science | www.frontiersin.org 9 February 2021 | Volume 8 | Article 633598

https://doi.org/10.1016/j.vetmic.2011.07.020
https://doi.org/10.1371/journal.pone.0147363
https://doi.org/10.1099/jmm.0.000620
https://doi.org/10.1093/jac/dkw160
https://doi.org/10.1016/j.prevetmed.2015.12.020
https://doi.org/10.1089/fpd.2007.0009
https://doi.org/10.1016/j.ijfoodmicro.2016.08.036
https://doi.org/10.1089/fpd.2006.3.222
https://doi.org/10.1016/j.rvsc.2017.07.019
https://doi.org/10.3168/jds.2016-12084
https://doi.org/10.3168/jds.2012-5965
https://doi.org/10.3168/jds.2017-13546
https://doi.org/10.4315/0362-028X-71.10.1967
https://doi.org/10.4315/0362-028X.JFP-12-028
https://doi.org/10.1128/AEM.00465-15
https://doi.org/10.1016/j.ijheh.2005.03.001
https://doi.org/10.3168/jds.2012-6249
https://doi.org/10.1016/j.vetmic.2010.11.032
https://doi.org/10.1089/fpd.2018.2531
https://doi.org/10.1016/j.rvsc.2018.12.011
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Expert_Rules/2020/Intrinsic_Resistance_and_Unusual_Phenotypes_Tables_v3.2_20200225.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Expert_Rules/2020/Intrinsic_Resistance_and_Unusual_Phenotypes_Tables_v3.2_20200225.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Expert_Rules/2020/Intrinsic_Resistance_and_Unusual_Phenotypes_Tables_v3.2_20200225.pdf
https://doi.org/10.1016/j.ijantimicag.2003.09.026
https://doi.org/10.1128/AAC.37.4.750
https://doi.org/10.1128/AAC.32.2.276
https://doi.org/10.1016/j.idcr.2016.02.009
https://doi.org/10.1155/2016/7609602
https://doi.org/10.1016/S0924-8579(03)00004-9
http://www.eucast.org
http://www.eucast.org
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/2020_manuals/Reading_guide_v_7.0_EUCAST_Disk_Test_2020.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/2020_manuals/Reading_guide_v_7.0_EUCAST_Disk_Test_2020.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/2020_manuals/Reading_guide_v_7.0_EUCAST_Disk_Test_2020.pdf
https://doi.org/10.2903/j.efsa.2020.6007
https://doi.org/10.1590/S1413-86702007000200014
https://doi.org/10.1111/j.1469-0691.2007.01846.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Plassard et al. Surveillance ESBL/AmpC/CP in Milk Filters

definitions for acquired resistance. Clin Microbiol Infec. (2012) 18:268–
81. doi: 10.1111/j.1469-0691.2011.03570.x

51. GonggrijpMA, Santman-Berends IMGA,Heuvelink AE, Buter GJ, Van Schaik
G, Hage JJ, et al. Prevalence and risk factors for extended-spectrum beta-
lactamase- and AmpC-producing Escherichia coli in dairy farms. J Dairy Sci.
(2016) 99:9001–13. doi: 10.3168/jds.2016-11134

52. Tello M, Ocejo M, Oporto B, Hurtado A. Prevalence of cefotaxime-
resistant Escherichia coli isolated from healthy cattle and sheep in
northern Spain: phenotypic and genome-based characterization of
antimicrobial susceptibility. Appl Env Microb. (2020) 86:e00742–
20. doi: 10.1128/AEM.00742-20

53. Al S, Hizlisoy H, Ertas Onmaz N, Karadal F, Barel M, Yildrim Y, et al.
A molecular investigation of carbapenem resistant Enterobacteriaceae and
blaKPC, blaNDMand blaOXA48 genes in rawmilk.Kafkas Univ Vet FakDerg.
(2020) 26:391–6. doi: 10.9775/kvfd.2019.23329

54. Girlich D, Anglade C, Zambardi G, Nordmann P. Comparative evaluation
of a novel chromogenic medium (chromID OXA-48) for detection of OXA-
48 producing Enterobacteriaceae. Diagn Micro Infec Dis. (2013) 77:296–
300. doi: 10.1016/j.diagmicrobio.2013.08.015

55. Papadimitriou-Olivgeris M, Bartzavali C, Christofidou M, Bereksi
N, Hey J, Zambardi G, et al. Performance of ChromID CARBA
medium far carbapenemases-producing enterobacteriaceae detection
during rectal screening. Eur J Clin Microbiol Infect Dis. (2014)
33:35–40. doi: 10.1007/s10096-013-1925-6

56. Vrioni G, Daniil I, Voulgari E, Ranellou K, Koumaki V, Ghirardi
S, et al. Comparative evaluation of a prototype chromogenic
medium (ChromID CARBA) for detecting carbapenemase-producing
Enterobacteriaceae in surveillance rectal swabs. J Clin Microbiol. (2012)
50:1841–6. doi: 10.1128/JCM.06848-11

57. Cornaglia G, Hryniewicz W, Jarlier V, Kahlmeter G, Mittermayer
H, Stratchounski L, et al. European recommendations for
antimicrobial resistance surveillance. Clin Microbiol Infect. (2004)
10:349–83. doi: 10.1111/j.1198-743X.2004.00887.x

58. Rodriguez-Martinez J-M, Poirel L, Nordmann P.Molecular epidemiology and
mechanisms of carbapenem resistance in Pseudomonas aeruginosa.Antimicob

Agents Chemother. (2009) 53:4783–8. doi: 10.1128/AAC.00574-09
59. Nicoletti M, Superti F, Conti C, Calconi A, Zagaglia C. Virulence

factors of lactose-negative Escherichia coli strains isolated from
children with diarrhea in Somalia. J Clin Microbiol. (1988)
1988:524–9. doi: 10.1128/JCM.26.3.524-529.1988

60. Shedden WIH, Potter CW, Dubowitz V, Wood M. An epidemic of
gastroenteritis due to an uncommon variant of Escherichia coli 0.128. J Clin
Pathol. (1962) 15:482–3. doi: 10.1136/jcp.15.5.482

61. Yaratha G, Perloff S, Changala K. Lactose vs non-lactose fermenting
E. coli: epidemiology, clinical outcomes, and resistance. Open Forum

Infect Dis. (2017) 4(Suppl. 1):S589–90. doi: 10.1093/ofid/ofx16
3.1546

62. Santman-Berends IMGA, Gonggrijp MA, Hage JJ, Heuvelink AE, Velthuis
A, Lam TJGM, et al. Prevalence and risk factors for extended-spectrum

beta-lactamase or AmpC-producing Escherichia coli in organic dairy herds in
the Netherlands. J Dairy Sci. (2017) 100:562–71. doi: 10.3168/jds.2016-11839

63. Hoyle DV, Davison HC, Knight HI, Yates CM, Dobay O, Gunn GJ, et al. Short
communication: molecular characterisation of bovine faecal Escherichia coli

shows persistence of defined ampicillin resistant strains and the presence of
class 1 integrons on an organic beef farm. Vet Microbiol. (2006) 115:250–
7. doi: 10.1016/j.vetmic.2006.01.006

64. Leriche F, Fayolle K. No seasonal effect on culturable pseudomonads
in fresh milks from cattle herds. J Dairy Sci. (2012) 95:2299–
306. doi: 10.3168/jds.2011-4785

65. Nucera DM, Lomonaco S, Morra P, Ortoffi FM, Giaccione D, Grassi
MA. Dissemination and persistence of Pseudomonas spp. in small-
scale dairy farms. Ital J Food Saf. (2016) 5:5652–5. doi: 10.4081/ijfs.201
6.5652

66. Lister PD, Wolter DJ, Hanson ND. Antibacterial-resistant Pseudomonas

aeruginosa: clinical impact and complex regulation of chromosomally
encoded resistance mechanisms. Clin Microbiol Rev. (2009) 22:582–
610. doi: 10.1128/CMR.00040-09

67. Quale J, Bratu S, Gupta J, Landman D. Interplay of efflux system,
ampC, and oprD expression in carbapenem resistance of Pseudomonas

aeruginosa clinical isolates. Antimicrob Agents Chemother. (2006) 50:1633–
41. doi: 10.1128/AAC.50.5.1633-1641.2006

68. Awosile B, McClure J, Sanchez J, Rodriguez-Lecompte JC, Keefe G,
Heider LC. Salmonella enterica and extended-spectrum cephalosporin-
resistant Escherichia coli recoverd from Holstein dairy calves from
8 farms in New Brunswick, Canada. J Dairy Sci. (2018) 101:3271–
84. doi: 10.3168/jds.2017-13277

69. Horton RA, Duncan D, Randall LP, Chappell S, Brunton LA, Warner R,
et al. Longitudinal study of CTX-M ESBL-producing E. coli strains on a
UK dairy farm. Res Vet Sci. (2016) 109:107–13. doi: 10.1016/j.rvsc.2016.
09.018

70. Liebana E, Batchelor M, Hopkins KL, Clifton-Hadley FA, Teale
CJ, Foster A, et al. Longitudinal farm study of extended-spectrum-
beta-lactamase-mediated resistance. J Clin Microbiol. (2006)
44:1630–4. doi: 10.1128/JCM.44.5.1630-1634.2006

Conflict of Interest: The authors declare that this study received funding from
Ceva Santé Animale. The funder had the following involvement in the study:
writing - review and editing. In all the other aspects of the study - design, collection,
analysis, interpretation of data and decision to submit it for publication - the
authors declare that the funder was not involved.

Copyright © 2021 Plassard, Gisbert, Granier and Millemann. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Veterinary Science | www.frontiersin.org 10 February 2021 | Volume 8 | Article 633598

https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.3168/jds.2016-11134
https://doi.org/10.1128/AEM.00742-20
https://doi.org/10.9775/kvfd.2019.23329
https://doi.org/10.1016/j.diagmicrobio.2013.08.015
https://doi.org/10.1007/s10096-013-1925-6
https://doi.org/10.1128/JCM.06848-11
https://doi.org/10.1111/j.1198-743X.2004.00887.x
https://doi.org/10.1128/AAC.00574-09
https://doi.org/10.1128/JCM.26.3.524-529.1988
https://doi.org/10.1136/jcp.15.5.482
https://doi.org/10.1093/ofid/ofx163.1546
https://doi.org/10.3168/jds.2016-11839
https://doi.org/10.1016/j.vetmic.2006.01.006
https://doi.org/10.3168/jds.2011-4785
https://doi.org/10.4081/ijfs.2016.5652
https://doi.org/10.1128/CMR.00040-09
https://doi.org/10.1128/AAC.50.5.1633-1641.2006
https://doi.org/10.3168/jds.2017-13277
https://doi.org/10.1016/j.rvsc.2016.09.018
https://doi.org/10.1128/JCM.44.5.1630-1634.2006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Surveillance of Extended-Spectrum β-Lactamase-, Cephalosporinase- and Carbapenemase-Producing Gram-Negative Bacteria in Raw Milk Filters and Healthy Dairy Cattle in Three Farms in Île-de-France, France
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