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Abstract

Introduction. Antibiotic use, particularly amoxicillin-clavulanic acid in dairy farming, has been associated with an increased 
incidence of AmpC-hyperproducing Escherichia coli.

Gap statement. There is limited information on the incidence of AmpC-hyperproducing E. coli from seasonal pasture-fed dairy 
farms.

Aim. We undertook a New Zealand wide cross-sectional study to determine the prevalence of AmpC-producing E. coli carried 
by dairy cattle.

Methodology. Paddock faeces were sampled from twenty-six dairy farms and were processed for the selective growth of both 
extended-spectrum beta-lactamase (ESBL)- and AmpC-producing E. coli. Whole genome sequence analysis was carried out on 
35 AmpC-producing E. coli.

Results. No ESBL- or plasmid mediated AmpC-producing E. coli were detected, but seven farms were positive for chromosomal 
mediated AmpC-hyperproducing E. coli. These seven farms were associated with a higher usage of injectable amoxicillin antibi-
otics. Whole genome sequence analysis of the AmpC-producing E. coli demonstrated that the same strain (<3 SNPs difference) 
of E. coli ST5729 was shared between cows on a single farm. Similarly, the same strain (≤15 SNPs difference) of E. coli ST8977 
was shared across two farms (separated by approximately 425 km).

Conclusion. These results infer that both cow-to-cow and farm-to-farm transmission of AmpC-producing E. coli has occurred.

INTRODUCTION
Antibiotic usage for animal production and the potential 
contamination of food with antimicrobial resistant bacteria 
is an established consumer concern [1, 2]. Antimicrobial 
resistance is a true ‘One Health’ problem where infections 

associated with antimicrobial resistant bacteria result in 
poorer treatment outcomes and potentially death in both 
human and animal populations. The third generation 
cephalosporin (3GC) resistant E. coli are an important group 
of resistant bacteria associated with infections, but also 
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asymptomatic carriage in both humans and animals [3–8]. 
Extended-spectrum beta-lactamases, plasmid mediated 
AmpC beta-lactamases and hyperproducing chromosomal 
encoded AmpC enzymes are all able to confer resistance to 
3GCs. The CTX-M and CMY-2 types are the most common 
plasmid mediated extended-spectrum beta-lactamase (ESBL) 
and AmpC variants, respectively [3, 9]. The chromosomal 
ampC gene is usually constitutively expressed at low levels 
in E. coli. However, mutations in the promoter and attenu-
ator regions results in overproduction of the AmpC enzyme, 
resulting in resistance to the second and third generation 
cephalosporins and sometimes also fourth generation cepha-
losporins [10–12].

Antibiotic use is one of the drivers for the spread of anti-
microbial resistance. Although dairy farming is less reliant 
on antibiotics compared with pig and poultry farming, 
the prophylactic use of antibiotics (for dry cow therapy) is 
common practice to prevent intramammary infections during 
the dry period prior to calving. Additionally, both intramam-
mary and systemic injectable antibiotics are important for 
the treatment of mastitis, metritis, endometritis, respiratory 
disease and foot-rot [13]. The use of 3GCs and beta-lactams 
have been associated with the presence of 3GC resistant E. 
coli in dairy cattle [14–16]. The carriage of these resistant 
bacteria may have implications for the spread of antimicrobial 
resistance to other sources as well as the treatment of mastitis-
associated E. coli.

In New Zealand, dairy farms are predominantly seasonal 
pasture-based (ryegrass-clover) systems, with calving occur-
ring late winter through to early spring (August – September) 
and cows dried off in late autumn (April – May). Antibiotics 
are primarily using for the prevention and treatment of 
mastitis [17]. Globally, New Zealand is a low user of antibi-
otics in food production systems, including dairy [18, 19]. 
Despite there being a low use of antibiotics, there is some 
evidence for an increase in mastitis associated resistant 
Streptococcus uberis [20]. However, there is little data on the 
use of antibiotics and prevalence of resistant Gram-negative 
bacteria. We recently carried out a cross-sectional survey 
across one New Zealand region and found a higher prevalence 
of overexpressed chromosomal ampC E. coli compared with 
plasmid mediated AmpC or ESBL producing E. coli [21]. It 
is unknown whether this observation was associated with 
the use of specific antibiotics and if this characteristic E. coli 
resistance phenotype occurred in dairy farms from other New 
Zealand regions. The objectives of this study were to assess the 
prevalence of AmpC-producing E. coli across New Zealand 
dairy farms and whether the presence of AmpC-producing E. 
coli were associated with the use of specific antibiotics.

METHODS
Sampling
Twenty-six dairy farms (Table 1), from four regions across 
New Zealand were visited in autumn or winter (between 15 
May – 21 July 2017) as part of a parent study investigating the 
effectiveness of dry cow therapy [22]. On each farm, paddock 

faeces were collected, from 12 different pats using a sterile 
scoop and collection container, across a diagonal transect of a 
freshly grazed paddock. The samples were stored at 4 °C until 
they were transported on icepacks to the Hopkirk Research 
Centre, Palmerston North for processing.

Sample processing and bacterial culture
Four faecal samples were pooled by transferring approximately 
1 g of faecal matter from each sample into 15 ml phosphate-
buffered peptone and incubated for 18–20 h at 35 °C. Three 
pooled enrichments were generated for each farm and these 
were each given a sample number (ED##). The enrichments 
were streaked onto four agar plates: CHROMagar ESBL 
(CHROMagar, Paris, France), MacConkey agar (Fort Richard 
Laboratories, Auckland, New Zealand), MacConkey agar with 
1 mg l−1 cefotaxime sodium (Sigma-Aldrich, St. Louis, U.S.A) 
or 1 mg l−1 ceftazidime pentahydrate (Sigma-Aldrich) and 
these were incubated for approximately 18 h at 35 °C. Two 
characteristic E. coli colonies from each agar (in total 2–6 
colonies from each enrichment) were purified and identified 
as described previously [21]. ESBL- and AmpC-producing 
E. coli confirmation disc diffusion assays were carried out 
on all the presumptive ESBL- and AmpC-producers using 
a double-disc (for ESBL) and triple-disc (for AmpC) assess-
ment methods, as per the EUCAST guidelines, described 
previously [23]. The reference strains E. coli NZRM4402, 
Klebsiella pneumoniae NZRM3681 and E. coli NZRM916 were 
used as controls in the confirmatory disc diffusion assays. 
Selected AmpC-producing E. coli were screened against 
six beta-lactams (ampicillin, amoxicillin plus clavulanic 
acid, cefoxitin, cefpodoxime, ceftazidime, cefotaxime, and 
cefepime) according to CLSI guidelines using Kirby-Bauer 
disc diffusion tests (Table S1, available in the online version 
of this article).

Whole genome sequencing and analysis
Genomic DNA was extracted from bacterial growth recov-
ered off a Columbia horse blood agar plate, with a QIAamp 
DNA mini kit (Qiagen, Hilden, Germany). Libraries were 
made using the Nextera XT DNA library preparation kit 
(Illumina Inc., San Diego, USA) and sequencing was carried 
out using the Illumina HiSeq X platform (Novogene, Hong 
Kong, China) with 2×150 bp paired-end reads.

Raw reads were processed using previously described bioin-
formatics protocols [21], with the Nullarbor bioinformatics 
pipeline (v.2.20181010) [24]. Resistance genes were deter-
mined using ResFinder (v.3.1) [25], multi-locus sequence 
typing using MLST (v. 2.16.1) [26], in silico phylotyping using 
ClermonTyper (v. 1.4.0) [27] and serotypes using Serotype-
Finder (v. 2.0) [28]. Core single nucleotide polymorphism 
(SNP) analysis was carried out using Snippy (v. 4.3.6) [29] 
using isolate ED0041f as the reference (Biosample accession 
SAMN18132542). A Neighbour-joining phylogenetic tree was 
generated using SplitsTree (v.4.14.8) [30], which was uploaded 
to the Interactive Tree of Life (iTOL v.5.7) for annotation 
[31]. Virulence genes were identified using VirulenceFinder 
(v.2.0, 2019-04-23) [32], with the virulence genes included 
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in the VirulenceFinder database listed in Table S2. Sequence 
reads originating from this study have been deposited in 
the sequence reads archive under the BioProject number 
PRJNA706437. Accession numbers are listed in Table S3.

Data analysis
Farmers consented to antimicrobial use data taken from sales 
data obtained through the veterinary clinic which collected 
the samples. The ​fisher.​test function in the R studio statistics 
package (v. 1.1.463) was used to investigate the association 
between the presence of AmpC-producing E. coli and the use 
of specific antibiotics.

RESULTS
Paddock faecal samples were collected from 26 dairy farms 
across four regions in New Zealand (ten farms in Waikato, 
seven farms in Canterbury, four farms in Otago and five farms 
in Southland). Three pooled faecal enrichments from each 
farm were screened for ESBL- and AmpC-producing E. coli; 
no ESBL producers were detected in any of the 78 enrich-
ments, but 11/78 (14 %) enrichments from 7/26 (27 %) farms 
were found to contain AmpC-producing E. coli (Table 1). 
Although not statistically significant, a higher proportion of 
AmpC-positive enrichments (6/11, 0.55 [95 % CI: 0.28–0.79]) 

Table 1. Description of farms included in study. AmpC-hyperproducing E. coli were isolated from grey shaded farms

Farm Region Herd size Breed (% of herd) Antimicrobial use (mg PCU*−1) No. of AmpC positive-

F J XB Total Intra amc Inj amc pooled samples isolates

DF001 Waikato 440 50.6 1.2 48.1 7.03 0 0 0/3 0

DF002 Waikato 450 47.2 5.6 47.2 4.43 0 0 0/3 0

DF003 Waikato 266 33.8 6.3 60.0 6.40 0 0 1/3 1

DF004 Waikato 288 46.3 0.0 53.7 13.82 0 0 0/3 0

DF005 Canterbury 680 65.1 0.0 34.9 11.80 0 0.73 0/3 0

DF006 Otago 1444 0.0 41.5 58.5 12.65 0 0.46 0/3 0

DF007 Canterbury 702 48.8 1.3 50.0 6.01 0 0.35 1/3 4

DF008 Canterbury 702 58.1 1.4 40.5 17.43 0 0.59 1/3 2

DF009 Waikato 1032 31.3 1.3 67.5 5.80 0 0.13 0/3 0

DF010 Waikato 332 0.0 94.1 5.9 15.35 0 0.10 0/3 0

DF011 Waikato 855 27.9 4.9 67.2 12.41 0.15 0.08 0/3 0

DF012 Waikato 378 36.5 1.4 62.2 20.65 0 0 0/3 0

DF013 Waikato 711 91.5 0.0 8.5 12.91 0 0 0/3 0

DF014 Southland 663 36.4 5.5 58.2 Unknown Unknown Unknown 0/3 0

DF015 Otago 1582 23.5 9.9 66.7 7.55 0.15 0.17 3/3 12

DF016 Waikato 275 97.1 0.0 2.9 20.92 0.19 0.36 0/3 0

DF017 Otago 730 58.2 1.3 40.5 9.66 0.22 0.23 0/3 0

DF018 Canterbury 549 67.5 0.0 32.5 14.42 0 1.2 1/3 1

DF019 Canterbury 745 13.4 11.0 75.6 4.39 0 0 0/3 0

DF020 Canterbury 509 84.0 0.0 16.0 12.21 0 0.18 0/3 0

DF021 Canterbury 813 48.8 0.0 51.3 7.16 0 0.29 3/3 14

DF022 Southland 573 85.5 0.0 14.5 Unknown Unknown Unknown 0/3 0

DF023 Otago 1907 14.5 0.0 85.5 6.72 0.08 0.05 1/3 2

DF024 Southland 1095 41.9 2.7 55.4 Unknown Unknown Unknown 0/3 0

DF025 Southland 696 85.5 0.0 14.5 Unknown Unknown Unknown 0/3 0

DF026 Southland Unknown Unknown Unknown Unknown Unknown 0/3 0

*PCU, population correction unit is the kilogram of live weight per annum
amc, amoxicillin-clavulanic acid; F, Friesian-Holstein; inj, injectable; intra, intramammary; J, Jersey; XB, cross-breed.
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originated from four Canterbury farms, compared with the 
other regions (Otago: 4/11, 0.36 [95 % CI: 0.12–0.68] enrich-
ments from two farms; Waikato: 1/11, 0.09 [95 % CI: 0.005–
0.43] enrichments from one farm; Southland: 0 enrichments 
from five farms). In total 35 AmpC-producing E. coli were 
isolated from seven farms, with multiple isolates generally 
being purified from the same enrichment (Table S3). All the 
presumptive AmpC-producing E. coli (n=31) were isolated 
from MacConkey agar with ceftazidime or cefotaxime and 
were confirmed as being AmpC-positive using the AmpC 
confirmatory disc diffusion assay. The three presumptive 
ESBL producers (ED0058g, ED0058h, ED0058i) isolated 
from ESBL CHROMagar were not confirmed as being ESBL 
positive but were confirmed as being AmpC-positive. The 
remaining confirmed AmpC-positive isolate (ED0006b) 
originated from plain MacConkey.

Characterisation of the AmpC phenotype and 
genotype
Whole genome sequencing was carried out on all the 
AmpC-producing E. coli. All 35 isolates were phylogroup 
B1 with six different sequence types identified: ST45, 
ST351, ST1079, ST1730, ST5729 and ST8977 (Table S3). 
None of the isolates carried acquired resistance genes, but 
they all harboured mutations in the promoter region of the 
ampC gene (Table 2) including non-synonymous changes 
impacting the AmpC amino acid sequence (Table 3). Three 
different mutation profiles were identified compared with 
the non-AmpC E. coli control strain ATCC 25922 (Table 2). 
Isolates ED0058g, ED0058h and ED0058i, which were 
isolated from ESBL CHROMagar, all had an ALA13SER 
change in the signal peptide sequence. Next, we examined 
whether seven of the AmpC-producing isolates with a 
different mutation profile or sequence type had different 
beta lactam resistance phenotypes (Table  4). Six of the 
seven isolates were resistant to ampicillin, which is char-
acteristic of an AmpC hyperproducing phenotype, and the 
remaining isolate ED006b which was isolated from plain 
MacConkey was resistant to cefoxitin. All the isolates origi-
nating from antibiotic agar were resistant to cefpodoxime 
and three isolates (ED0020c, ED0040c and ED0058c) were 
non-susceptible to ceftazidime and/or cefotaxime. The 
beta lactam resistance profile of strain ED0058g, which 
was isolated from ESBL CHROMagar, was similar to those 

strains isolated from MacConkey agar containing cefo-
taxime or ceftazidime.

The genetic relatedness of AmpC-producing E. coli
To determine whether strains of AmpC-producing E. coli 
were shared between farms, a core SNP comparison was 
carried out and a phylogenetic tree generated (Fig. 1a). E. 
coli ST8977 from Farm 21 and Farm 23 had SNP distances 
of 11–15 SNPs suggesting recent farm to farm transmis-
sion or a common source (Fig. 1b, Table S4). These two 
farms are separated by approximately 425 km. There was no 
other ST sharing between farms. However, multiple ST5279 
isolates from different enrichment samples were obtained 
from farm 15 with 1–2 SNPs difference suggesting cow to 
cow transmission.

None of the isolates could be classified as ExPEC (presence 
of ≥2 genes characteristic of this pathotype) [33] or STEC 
[34]. Isolates ED023c and ED023d had the most genes 
(n=38 genes) associated with virulence, followed by isolate 
ED006b (n=34 genes) (Fig. 1a, Table S5). ED006b was the 
only isolate that had virulence genes associated with toxin 
production (hylABCD operon and astA). Isolates ED023c 
and ED023d carried multiple genes important for sidero-
phore activity (fyuA, irp, iutA, iucABCD).

Antimicrobial use and its association with AmpC-
positive E. coli
Over the 2016/2017 season penicillins were the most 
frequently used group of antibiotics as inferred from the 
sales data, followed by the macrolides, tetracyclines and 
aminopenicillins (Table S6). AmpC E. coli positive farms 
were associated with a larger herd size and greater anti-
biotic use (calculated as mg per population correction 
unit (PCU)) based on their sales data (Fig. 2). Six of the 
seven (86%) AmpC E. coli positive farms had purchased 
injectable amoxicillins inferring previous exposure to these 
antibiotics (OR 4.2, 95 % CI: 0.3–240.5, P=0.3) compared 
with 1/7 (14 %) AmpC-positive farms which had purchased 
intramammary amoxicillin (OR 0.43, 95 % CI: 0.007–5.9, 
P=0.6) and similarly 6/7 (86 %) of the AmpC-positive farms 
used ceftiofur. Of the AmpC E. coli negative farms, 8/14 
(57 %), 6/14 (43 %) and 7/14 (50 %) purchased injectable 
amoxicillins, intramammary amoxicillins, and ceftiofur 
respectively.

Table 2. Promoter and attenuator nucleotide point mutation profiles of AmpC-hyperproducing E. coli obtained from this study

Isolate Mutation profile

 �  −82 −73 −42 −18 +1 +58

ED0006b A->G T->C C G->A C->T C->T

ED0058g ED0058h ED0058i A->G T->C C->T G->A C->T C->T

All other isolates (n=31) A->G T->C C->T G->A C->T C->T

*Numbering denotes position in the promoter or attenuator region as used by [49].
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DISCUSSION
In this study the prevalence of 3GC resistant E. coli was 
assessed across 26 New Zealand dairy farms, with seven 
farms (27%) found to be positive for AmpC-hyperproducing 
E. coli. This is in comparison with our previous regional cross-
sectional study carried out in both spring and autumn, where 
5/75 (7 %) of enriched pooled faecal samples from across 4/15 
(27 %) farms were positive for AmpC-hyperproducing E. coli 
[21]. To our knowledge only one study in Israel determined 
that the prevalence of ESBL-producing E. coli were lower on 
pasture-based dairy farms compared with intensive dairy 
farms [35]. However, their study did not assess the prevalence 
of AmpC-producing E. coli. Few studies have found chromo-
somal mediated AmpC-hyperproducing E. coli to be more 
prevalent in dairy cattle compared with plasmid mediated 
AmpC [14, 36]. In previous cross-sectional studies carried out 
in Europe, of those E. coli isolates with an AmpC phenotype, 
18–20 % harboured a mutation in the ampC promoter and 
the remainder carried the blaCMY-2 or blaCMY-4 gene [15, 37]. 
The mutations found in the promoter and attenuator regions 
of the E. coli isolates reported from this work were the same 
as those previously found in both human and dairy cattle 
isolates [14, 38, 39]. However, although two of the AmpC 
isolates were sub-cultured from ESBL CHROMagar, they 
did not have an ESBL phenotype; whole genome sequencing 
revealed mutations in the signal peptide and amino acid 
sequence (changes ALA13SER, GLU235LYS, ARG248CYS) 
that to our knowledge have not been previously documented. 
However, these mutations did not result in an increased range 
of beta-lactam resistance phenotype compared with the other 
AmpC-producing isolates.

In vitro studies have shown that exposure to amoxicillin was 
associated with the development of AmpC hyperproduction 
in E. coli through mutations in the promoter/attenuator 
region of the ampC gene [40, 41]. This is in concordance 
with observations herein where an association between 
AmpC-positive farms and the use of injectable amoxicillin 
was noted, but not intramammary administered amoxicillin. 
This is not unexpected given intramammary administration 
of antibiotics would be predicted to have less or no impact on 
the gut and faecal microbiota compared with systemic inject-
able antibiotics. Other studies have demonstrated that the use 
of amoxicillin is a risk factor for the increased incidence of 
AmpC-hyperproducing E. coli [14].

Other AmpC-hyperproducing E. coli isolated from cattle 
belong to a diverse range of STs [14, 21, 42]. In a study from 
South West England [14], E. coli ST88 was found to be the 
dominant ST, in contrast to our study where ST8977 followed 
by ST5729 predominated. These STs have been rarely reported 
(Enterobase, https://​enterobase.​warwick.​ac.​uk/​species/​index/​
ecoli accessed 30 August 2021) [43], with three ST8977 strains 
reported to have been isolated from human urine, water, and 
soil, and 22 ST5729 strains from cattle, sheep, forage plants 
and soil. Our whole genome sequence analyses inferred that 
there was recent within farm transmission of ST5729 and both 
within and between farm transmission of ST8977. Previous Ta
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studies have also used a core SNP approach to infer that farm-
to-farm transmission of both AmpC-hyperproducing E. coli 
and mastitis associated E. coli has occurred; however as with 
our study no metadata was collected to explain the pathway of 
transmission, for example, through movement of cattle from 
one farm to another [14, 44].

A limitation to our study is that it is cross-sectional and does 
not take seasonal changes into consideration. The absence of 
ESBL-producing E. coli could be attributed to a low preva-
lence on New Zealand dairy farms, a small farm sample size 
and the collection of samples in autumn only. In our previous 
cross-sectional study, ESBL-producing E. coli were detected 

Table 4. Susceptibility* to extended-spectrum beta-lactams and cephalosporins by selected AmpC-hyperproducing E. coli isolates obtained from this 
study

Isolate ST Ampicillin Amoxicillin and 
clavulanic acid

Cefoxitin Cefpodoxime Ceftazidime Cefotaxime Cefepime

ED0006b ST351 S S R S S S S

ED0020c ST8977 R R R R S I S

ED0023c ST56 R R S R S S S

ED0040c ST5729 R R S R I I S

ED0050c ST1730 R R I R S S S

ED0058c ST8977 R R R R S I S

ED0058g ST1079 R R S R S S S

*Isolates were determined to be S, I or R as per CLSI guidelines, Table S1.
I, intermediate; R, resistant; S, sensitive; ST, sequence type.

Fig. 1. Neighbour-joining phylogenetic trees of AmpC-producing E. coli obtained from this study. Core SNPs were generated using Snippy 
(v. 4.3.6). (a) Thirty-four E. coli isolated from across seven farms and constructed using 62 545 core SNPs. The tree was annotated with, 
from left to right, farm, region, ST, serotype and putative virulence factors using iTOL as illustrated in the legend with coloured bands. (b) 
Core SNPs of E. coli ST8977 alone constructed using 321 core SNPs. The coloured band represents the farm.
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in spring only from one of fifteen farms [21]. Previous longi-
tudinal studies in France and the UK suggest the incidence of 
ESBL producing E. coli is greater in spring, immediately after 
calving [45, 46], and that increased temperature is associated 
with increased numbers of ESBL-producing E. coli [47]. New 
Zealand dairy farming is seasonally based with calving gener-
ally occurring in late winter or early spring and drying off in 
late autumn. Additionally, New Zealand dairy farms are low 
users of 3GCs [17], which have previously been identified as 
a risk factor for ESBL producing E. coli [15].

On New Zealand dairy farms aminopenicillins, such as 
amoxicillin, are administered as both intramammary and 
injectables for the treatment and prevention of mastitis as well 
as secondary bacterial infections [13]. Whilst penicillins are 

the most frequently used group of antibiotics on New Zealand 
dairy farms [17], there is little data on amoxicillin use. In this 
current study penicillins accounted for 79 % of the total esti-
mated antimicrobial usage and aminopenicillins (including 
amoxicillin) accounted for 3 % of total sales. In 2017 the New 
Zealand Veterinary Association (NZVA) announced the 
vision statement ‘By 2030 New Zealand Inc. will not need 
antibiotics for the maintenance of animal health and wellness’. 
As part of this vision the NZVA supports the move to use 
less critically important antibiotics as defined by the World 
Health Organisation. It is yet to be established whether this 
may result in the increased use of aminopenicillins including 
amoxicillin [48].

Fig. 2. Boxplots showing (a) farm size, (b) total antimicrobial use (mg per kg liveweight adult cows), (c) total injectable amoxicillin use, (d) 
total ceftiofur use for AmpC negative and positive herds.
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In conclusion, our study found a low incidence of AmpC-
producing E. coli (11/78 enrichments from 7/26 farms) 
compared with European studies [14, 15, 37, 47], and no 
ESBL- or plasmid-mediated AmpC-producing E. coli were 
detected. This may be a due to a combination of samples being 
collected in autumn, when there was a lower use of injectable 
antibiotics compared with in spring during calving, and New 
Zealand dairy farms having a low prevalence of 3GC resistant 
E. coli. AmpC-positive farms were associated with injectable 
amoxicillin use. However, because of the small sample size 
we were unable to determine whether injectable amoxicillin 
use was a significant factor. Genomic analyses suggested there 
may have been transmission of AmpC-hyperproducing E. 
coli between two farms. Further investigation is needed to 
determine any seasonal variation in the prevalence of these 
bacteria and the risk factors which drive the development and 
clonal spread of AmpC-hyperproducing E. coli.

Funding information
Laboratory work in the Hopkirk Research Institute was supported by 
the Wairarapa Research Fund. Additionally, the Food Integrity Systems 
Team, AgResearch supported Dr Burgess’ post-doctoral research 
fellowship.

Acknowledgements
We thank Margaux Francois and Rose Collis for help with some of the 
laboratory work, David Wilkinson for help with the genomics meth-
odologies, Ahmed Fayaz for database support, the veterinary clinics 
(Anexa FVC, VetEnt Riverside, The Veterinary Centre and Vetsouth) for 
the sampling, the farmers who allowed us to collect from their farms.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Ethical statement
Ethics approval from the Ruakura Animal Ethics Committee of 
AgResearch (application number 14046) was obtained as part of the 
parent study [22]. A written informed consent was provided by the 
recruited farms, acknowledging that farm management data could be 
accessed through electronic or paper means, provided that the data is 
anonymised to protect their identity.

References
	1.	 George A. Antimicrobial resistance, trade, food safety and security. 

One Health 2017;5:6–8. 

	2.	 Weinrich R, Kühl S, Zühlsdorf A, Spiller A. Consumer attitudes in 
Germany towards different dairy housing systems and their impli-
cations for the marketing of pasture raised milk. Int Food Agribusi-
ness Manag Rev 2014;17:205–222.

	3.	 Day MJ, Rodriguez I, van Essen-Zandbergen A, Dierikx C, Kadlec K, 
et al. Diversity of STs, plasmids and ESBL genes among Escherichia 
coli from humans, animals and food in Germany, the Netherlands 
and the UK. J Antimicrob Chemother 2016;71:1178–1182. 

	4.	 Heffernan HM, Woodhouse RE, Pope CE, Blackmore TK. Preva-
lence and types of extended-spectrum beta-lactamases among 
urinary Escherichia coli and Klebsiella spp. in New Zealand. Int J 
Antimicrob Agents 2009;34:544–549. 

	5.	 Bortolami A, Zendri F, Maciuca EI, Wattret A, Ellis C, et al. Diver-
sity, virulence, and clinical significance of extended-spectrum 
beta-lactamase- and pAmpC-producing Escherichia coli from 
companion animals. Front Microbiol 2019;10. 

	6.	 Dahmen S, Métayer V, Gay E, Madec J-Y, Haenni M. Characteriza-
tion of extended-spectrum beta-lactamase (ESBL)-carrying plas-
mids and clones of Enterobacteriaceae causing cattle mastitis in 
France. Vet Microbiol 2013;162:793–799. 

	7.	 Pascual V, Alonso N, Simo M, Ortiz G, Garcia MC, et al. Bloodstream 
infections caused by Escherichia coli producing AmpC beta-
lactamases: epidemiology and clinical features. Eur J Clin Microbiol 
Infect Dis 2016;35:1997–2003. 

	8.	 Bogaerts P, Huang TD, Bouchahrouf W, Bauraing C, Berhin C, 
et al. Characterization of ESBL- and AmpC-producing Enterobacte-
riaceae from diseased companion animals in Europe. Microb Drug 
Resist 2015;21:643–650. 

	9.	 Peirano G, Pitout JDD. Extended-spectrum beta-lactamase-
producing Enterobacteriaceae: update on molecular epidemiology 
and treatment options. Drugs 2019;79:1529–1541. 

	10.	 Cremet L, Caroff N, Giraudeau C, Dauvergne S, Lepelletier D, et al. 
Occurrence of ST23 complex phylogroup A Escherichia coli isolates 
producing extended-spectrum AmpC beta-Lactamase in a French 
hospital. Antimicrob Agents Chemother 2010;54:2216–2218. 

	11.	 Mammeri H, Eb F, Berkani A, Nordmann P. Molecular charac-
terization of AmpC-producing Escherichia coli clinical isolates 
recovered in a French hospital. J Antimicrob Chemother 
2008;61:498–503. 

	12.	 Santiago GS, Coelho IS, Bronzato GF, Moreira AB, Goncalves D, 
et al. Short communication: Extended-spectrum AmpC-producing 
Escherichia coli from milk and feces in dairy farms in Brazil. J Dairy 
Sci 2018;101:7808–7811. 

	13.	 Burgess SA, French NP. Antimicrobial bacteria in dairy cattle: A 
review. Palmerston North, New Zealand: New Zealand Food safety 
Science and Research Centre. 2017.

	14.	 Alzayn M, Findlay J, Schubert H, Mounsey O, Gould VC, et al. Charac-
terization of AmpC-hyperproducing Escherichia coli from humans 
and dairy farms collected in parallel in the same geographical 
region. J Antimicrob Chemother 2020;75:2471–2479. 

	15.	 Gonggrijp MA, Santman-Berends I, Heuvelink AE, Buter GJ, 
van Schaik G, et  al. Prevalence and risk factors for extended-
spectrun beta-lactamase- and AmpC-producing Escherichia coli in 
dairy farms. J Dairy Sci 2016;99:9001–9013. 

	16.	 Sato T, Okubo T, Usui M, Yokota S, Izumiyama S, et al. Associa-
tion of veterinary third-generation cephalosporin use with the 
risk of emergence of extended-spectrum-cephalosporin resist-
ance in Escherichia coli from dairy cattle in Japan. PLOS One 
2014;9:e96101. 

	17.	 Bryan M, Hea SY. A survey of antimicrobial use in dairy cows from 
farms in four regions of New Zealand. N Z Vet J 2017:1–6.

	18.	 Hillerton JE, Irvine CR, Bryan MA, Scott D, Merchant SC. Use of 
antimicrobials for animals in New Zealand, and in comparison with 
other countries. N Z Vet J 2016:1–7.

	19.	 Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, et al. 
Global trends in antimicrobial use in food animals. Proc Natl Acad 
Sci USA 2015;112:5649–5654. 

	20.	 McDougall S, Clausen L, H-J H, Gibson I, Bryan M, et  al. Mecha-
nisms of β-lactam resistance of Streptococcus uberis isolated from 
bovine mastitis cases. Vet Microbiol 2020;242:108592. 

	21.	 Burgess SA, Aplin J, Biggs PJ, Breckell G, Benschop J, et al. Char-
acterisation of AmpC and extended-spectrum beta-lactamase 
producing E. coli from New Zealand dairy farms. Int Dairy J 
2021;117.

	22.	 McDougall S, Williamson J, Gohary K, Lacy-Hulbert J. Detecting 
intramammary infection at the end of lactation in dairy cows. J 
Dairy Sci 2021;104:10232–10249. 

	23.	 Toombs-Ruane L, Benschop J, French NP, Biggs PJ, Midwinter AC, 
et  al. Carriage of extended-spectrum beta-lactamase-and AmpC 
beta-lactamase-producing Escherichia coli within and between 
humans and pets in the same households. Appl Environ Microbiol 
2020;86:20.

	24.	 Seemann T, Goncalves da Silva A, Bulach D, Schultz M, Kwong J, 
et al. Nullarbor. 2016. https://​github.​com/​tseemann/​nullarbor

	25.	 Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, 
et  al. Identification of acquired antimicrobial resistance genes. J 
Antimicrob Chemother 2012;67:2640–2644. 

https://github.com/tseemann/nullarbor


9

Burgess et al., Journal of Medical Microbiology 2021;70:001447

	26.	 Larsen MV, Cosentino S, Rasmusse S, Friis C, Hasman H, et  al. 
Multilocus sequence typing of total-genome-sequenced bacteria. 
J Clin Microbiol 2012;50:1355–1361. 

	27.	 Beghain J, Bridier-Nahmias A, Le Nagard H, Denamur E, Clermont O. 
ClermonTyping: an easy-to-use and accurate in silico method for 
Escherichia genus strain phylotyping. Microb Genom 2018;4. 

	28.	 Joensen KG, Tetzschner AMM, Iguchi A, Aarestrup FM, Scheutz F. 
Rapid and easy in silico serotyping of Escherichia coli isolates by use of 
whole-genome sequencing data. J Clin Microbiol 2015;53:2410–2426. 

	29.	 Seemann T. Snippy: fast bacterial variant calling from NGS Reads. 
2015. https://​github.​com/​tseemann/​snippy

	30.	 Huson DH, Bryant D. Application of phylogenetic networks in 
evolutionary studies. Mol Biol Evol 2006;23:254–267. 

	31.	 Letunic I, Bork P. Interactive Tree Of Life (iTOL) v4: recent updates 
and new developments. Nucleic Acids Res 2019;47:W256–W259. 

	32.	 Joensen KG, Scheutz F, Lund O, Hasman H, Kaas RS, et al. Real-
time whole-genome sequencing for routine typing, surveillance, 
and outbreak detection of verotoxigenic Escherichia coli. J Clin 
Microbiol 2014;52:1501–1510. 

	33.	 Johnson JR, Johnston BD, Porter S, Thuras P, Aziz M, et al. Acces-
sory traits and phylogenetic background predict Escherichia coli 
extraintestinal virulence better than does ecological source. J 
Infect Dis 2019;219:121–132. 

	34.	 Boerlin P, McEwen SA, Boerlin-Petzold F, Wilson JB, Johnson RP, 
et al. Associations between virulence factors of Shiga toxin-producing 
Escherichia coli and disease in humans. J Clin Microbiol 1999;37:497–503. 

	35.	 Adler A, Sturlesi N, Fallach N, Zilberman-Barzilai D, Hussein O, et al. 
Prevalence, risk factors, and transmission dynamics of extended-
spectrum-beta-lactamase-producing Enterobacteriaceae: a 
national survey of cattle farms in Israel in 2013. J Clin Microbiol 
2015;53:3515–3521. 

	36.	 Ceccarelli D, Kant A, van Essen-Zandbergen A, Dierikx C, 
Hordijk J, et al. Diversity of plasmids and genes encoding resist-
ance to extended spectrum cephalosporins in commensal 
Escherichia coli from Dutch livestock in 2007-2017. Front Microbiol 
2019;10:76. 

	37.	 Tello M, Ocejo M, Oporto B, Hurtado A. Prevalence of Cefotaxime-
resistant Escherichia coli isolates from healthy cattle and sheep in 
northern Spain: Phenotypic and genome-based characterization of 
antimicrobial susceptibility. Appl Environ Microbiol 2020;86:20. 

	38.	 Mulvey MR, Bryce E, Boyd DA, Ofner-Agostini M, Land AM, et  al. 
Molecular characterization of cefoxitin-resistant Escherichia 
coli from Canadian hospitals. Antimicrob Agents Chemother 
2005;49:358–365. 

	39.	 Santiago GS. Detection of mutations in ampC promoter/attenuator 
gene in Escherichia coli from dairy cows in Rio de Janeiro and Mato 
Grosso, Brazil. African J Microbiol Res 2019;13:388–391.

	40.	 Stohr JJJM, Kluytmans-van den Bergh MFQ, Verhulst CJMM, 
Rossen JWA, Kluytmans JAJW. Development of amoxicillin resist-
ance in Escherichia coli after exposure to remnants of a non-related 
phagemid-containing E. coli: An exploratory study. Antimicrob 
Resist Infect Control 2020;9:48. 

	41.	 Händel N, Schuurmans JM, Feng Y, Brul S, ter Kuile BH. Interac-
tion between mutations and regulation of gene expression during 
development of de novo antibiotic resistance. Antimicrob Agents 
Chemother 2014;58:4371–4379. 

	42.	 Massella E, Reid CJ, Cummins ML, Anantanawat K, Zingali T, et al. 
Snapshot study of whole genome sequences of Escherichia coli 
from healthy companion animals, livestock, wildlife, humans and 
food in Italy. Antibiotics (Basel) 2020;9:E782:782.:. 

	43.	 Zhou ZM, Alikhan NF, Mohamed K, Fan YL, Achtman M, et al. The 
EnteroBase user’s guide, with case studies on Salmonella trans-
missions, Yersinia pestis phylogeny, and Escherichia core genomic 
diversity. Genome Res 2020;30:138–152. 

	44.	 Alawneh JI, Vezina B, Ramay HR, Al-Harbi H, James AS, et al. Survey 
and sequence characterization of bovine mastitis-associated 
Escherichia coli in dairy herds. Front Vet Sci 2020;7:582297. 

	45.	 Plassard V, Gisbert P, Granier SA, Millemann Y. Surveillance of 
extended-spectrum beta-lactamase-, cephalosporinase- and 
carbapenemase-producing Gram-Negative bacteria in raw milk 
filters and healthy dairy cattle in three farms in ile-de-France, 
France. Front Vet Sci 2021;8:633598. 

	46.	 Watson E, Jeckel S, Snow L, Stubbs R, Teale C, et al. Epidemiology 
of extended spectrum beta-lactamase E. coli (CTX-M-15) on a 
commercial dairy farm. Vet Microbiol 2012;154:339–346. 

	47.	 Schubert H, Morley K, Puddy EF, Arbon R, Findlay J, et al. Reduced 
antibacterial drug resistance and bla

CTX-M
 β-lactamase gene 

carriage in cattle-associated Escherichia coli at low temperatures, 
at sites dominated by older animals, and on pastureland: implica-
tions for surveillance. Appl Environ Microbiol 2021;87:20.

	48.	 Critically Important Antimicrobials for Human Medicine. 6th revision. 
Switzerland: World Health Organisation; 2018.

	49.	 Caroff N, Espaze E, Berard I, Richet H, Reynaud A. Mutations in 
the ampC promoter of Escherichia coli isolates resistant to oxyimi-
nocephalosporins without extended spectrum beta-lactamase 
production. FEMS Microbiol Lett 1999;173:459–465. 

	50.	 Mammeri H, Poirel L, Fortineau N, Nordmann P. Naturally occur-
ring extended-spectrum cephalosporinases in Escherichia coli. 
Antimicrob Agents Chemother 2006;50:2573–2576. 

Five reasons to publish your next article with a Microbiology Society journal
1.   The Microbiology Society is a not-for-profit organization.
2.   We offer fast and rigorous peer review – average time to first decision is 4–6 weeks.
3.   �Our journals have a global readership with subscriptions held in research institutions around  

the world.
4.   80% of our authors rate our submission process as ‘excellent’ or ‘very good’.
5.   Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.

https://github.com/tseemann/snippy

	The epidemiology of AmpC-­producing ﻿Escherichia coli﻿ isolated from dairy cattle faeces on pasture-­fed farms
	Abstract
	Introduction
	Methods
	Sampling
	Sample processing and bacterial culture
	Whole genome sequencing and analysis
	Data analysis

	Results
	Characterisation of the AmpC phenotype and genotype
	The genetic relatedness of AmpC-producing ﻿E. coli﻿
	Antimicrobial use and its association with AmpC-positive ﻿E. coli﻿

	Discussion
	References


