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The number and proportion of CTX-M positive Escherichia coli organisms were determined in feces from
cattle, chickens, and pigs in the United Kingdom to provide a better understanding of the risk of the
dissemination of extended-spectrum (-lactamase (ESBL) bacteria to humans from food animal sources.
Samples of bovine (z = 35) and swine (n = 20) feces were collected from farms, and chicken cecal contents (n =
32) were collected from abattoirs. There was wide variation in the number of CTX-M-positive E. coli organisms
detected; the median (range) CFU/g were 100 (100 X 10° to 1 x 10°), 5,350 (100 x 10° to 3.1 X 10°), and 2,800
(100 x 10° to 4.7 X 10°) for cattle, chickens, and pigs, respectively. The percentages of E. coli isolates that were
CTX-M positive also varied widely; median (range) values were 0.013% (0.001 to 1%) for cattle, 0.0197%
(0.00001 to 28.18%) for chickens, and 0.121% (0.0002 to 5.88%) for pigs. The proportion of animals designated
high-density shedders (=1 X 10* CFU/g) of CTX-M E. coli was 3/35, 15/32, and 8/20 for cattle, chickens, and
pigs, respectively. We postulate that high levels of CTX-M E. coli in feces facilitate the dissemination of
blarx.v genes during the rearing of animals for food, and that the absolute numbers of CTX-M bacteria
should be given greater consideration in epidemiological studies when assessing the risks of food-borne

transmission.

The emergence and spread of extended-spectrum beta-lac-
tamases (ESBLs), particularly among Enterobacteriaceae, is
well recognized as a threat to the efficacy of extended-spectrum
cephalosporins for the treatment of serious infections (8, 11,
14, 31, 35). During the last 5 years, ESBLs belonging to the
CTX-M family of enzymes have been reported from many
countries from a variety of different food-producing animals,
including cattle, chickens, and pigs (17, 21, 22, 25), and these
animals are recognized as reservoirs of extended-spectrum
B-lactamase producers (12). The presence of CTX-M ESBLs
in United Kingdom cattle was first reported in 2005 and 2006
(20, 37). More recently, CTX-M ESBL-positive Escherichia
coli has also been detected in United Kingdom poultry flocks
(32).

Epidemiological studies often use selective agar to ascertain
and report the presence or absence of CTX-M-producing bac-
teria in samples; however, the number of bacteria present in
samples is usually not reported. Fecal carriage is an important
factor for the spread of CTX-M ESBL bacteria among both
human communities (34) and animals (1, 12, 15, 24) and will be
influenced by factors such as previous treatment with antimi-
crobials (2, 4, 6). The dissemination of CTX-M E. coli in food
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production units may occur via fecal cross-contamination be-
tween groups of animals (or individuals), and the contamina-
tion of food derived from animals may occur during processing
in the abattoir. Previous studies have shown that the number of
E. coli O157 organisms shed in feces is an important factor for
dissemination during slaughter and carcass processing (29).
Therefore, the aim of this study was to quantify the number
and percentage of E. coli organisms that contain blacrx_am
genes in fecal samples from cattle and pigs and in cecal con-
tents from broiler chickens to provide information on the po-
tential for dissemination during food production.

MATERIALS AND METHODS

CHROMagar ECC (selective for all E. coli) and CHROMagar CTX (selective
mainly for CTX-M-positive E. coli [33]) media were obtained from M-Tech
Diagnostics Ltd., United Kingdom.

Sample screening. Samples of bovine feces (fecal pat samples) were collected
from three epidemiologically distinct farms, and samples of swine feces (fecal pat
samples) were collected from seven farms, six of which were epidemiologically
linked as a network of breeding, growing, and finishing units. The cattle and pig
farms were epidemiologically independent of each other, and none of the farms
provided both cattle and pig samples. All of these farms were subject to inves-
tigation for outbreaks of CTX-M E. coli. Samples of chicken cecal contents were
collected from 13 different poultry abattoirs as part of a survey for CTX-M E. coli
in broilers in the United Kingdom (18). All samples were screened initially for
CTX-M E. coli by preparing a 10% suspension of feces in buffered peptone water
(BPW) and were then incubated aerobically at 37°C for approximately 18 h to
enrich the total bacterial population. A 10-ul aliquot of these enriched cultures
was then plated onto CHROMagar CTX medium (33) and incubated as de-
scribed above to identify samples containing presumptive CTX-M E. coli. Only
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samples positive for growth at the screening stage were selected for further
analysis (n = 35 for cattle feces, n = 32 for chicken cecal samples, and n = 20
for pig feces) to determine the fraction of CTX-M-positive E. coli with respect to
the total E. coli population (from growth on CHROMagar ECC). The total
number (CFU/g) of presumptive E. coli organisms expressing blacrx.n genes
was estimated by using a serial dilution method based on that previously de-
scribed by Miles and Misra (27). Briefly, fresh portions of the original sample
material were suspended in 0.1 M phosphate-buffered saline (PBS) (1g/10 ml),
and further dilutions (1073, 107>, and 10~7) were prepared in 0.1 M PBS and
inoculated (100 pl) onto CHROMagar ECC or CHROMagar CTX. The number
of CFU/g was calculated from the colony counts and by correcting for the
dilutions used, and these values were used to calculate the percentage of pre-
sumptive CTX-M-positive E. coli cells in the samples.

Real-time PCR determination of CTX-M group. The presence of a blacrx_m
gene was confirmed for up to four colonies from each plate by using a real-time
PCR system (LightCycler 2.0 system and the LightCycler Fast Start DNA master
SYBR green I kit; Roche) and by using the CTX-M universal forward (5'-CGA
TGT GCA GCA CCA GTA A-3') and reverse (5'-TAA GTG ACC AGA ATC
AGC GG-3') primers. Positive controls for CTX-M groups 1, 2, and 9 were
included in each assay to aid in the identification of blarx_\; genes belonging to
these groups by melting curve analysis.

blacrx.n gene sequencing. A selection of isolates from cattle, pig, and chicken
samples (n = 5 each) was analyzed to determine the blacrx.\ gene sequence
type. Briefly, a PCR amplicon was produced using adjacent flanking primers for
blacrx.m genes from either group 1 (forward, 5'-CCC ATG GTT AAA AAA
CAC TGC-3'; reverse, 5'-CAG CGC TTT TGC CGT CTA AG-3") or group 9
(forward, 5'-GTG ACA AAG AGA GTG CAA CGG-3'; reverse, 5'-ATG ATT
CTC GCC GCT GAA GCC-3"). The PCR product was then sequenced using an
ABI 3730 DNA analyzer (Applied Biosystems, Warrington, United Kingdom).
The CTX-M sequence type was then determined by the use of the ABI SeqScape
program, which compared unknown sequences to known CTX-M sequence
types.

Species confirmation by MALDI-TOF mass spectrometry. Bacterial species
identity was confirmed by matrix-assisted laser desorption ionization-time of
flight (MALDI-TOF) mass spectrometry (Autoflex II; Bruker Daltonics Ltd.,
United Kingdom) by using the manufacturer’s Biotyper database identification
software (23).

CTX-M-14 ESBL E. coli calf challenge study. A small-scale infection experi-
ment was conducted to obtain further data on the extent of shedding and
colonization (defined as the presence and growth of bacteria on host tissues
without tissue invasion or damage) of CTX-M E. coli under more controlled
conditions and in the absence of antibiotic treatment. These animal studies were
performed in accordance with the United Kingdom Animals (Scientific Proce-
dures) Act 1986 and were approved by the Veterinary Laboratories Agency
(VLA) ethics committee. Ten-week-old, conventionally reared Holstein-Friesian
calves (n = 10) were obtained from VLA-approved suppliers (details have been
withheld for confidentiality). Rectal fecal samples were collected from all calves
7 days before the inoculation of the bacterial test strain, and these samples were
screened using the protocol outlined above to ensure that the calves were not
carrying any ESBL E. coli isolates.

At 12 weeks of age, each calf was given a single oral dose of a CTX-M-14-
positive E. coli bacteria (serotype O33) that previously had been isolated from
cattle (20, 37). The inocula contained 1 X 10'° CFU in 20 ml of PBS and was
delivered directly to the pharynx by using a worming gun. Rectal fecal samples
were then collected at 24-h intervals for the following 19 days. The proportion of
CTX-M ESBL E. coli from the rectal fecal samples was determined by plating
serial dilutions (107! to 107%) of BPW-vortexed fecal samples onto
CHROMagar CTX medium as described above. For each sample, up to four
colonies isolated were selected to check for the recovery of the inoculum strain
by phenotyping (serum agglutination to confirm the detection of E. coli) and by
molecular typing (PCR) to confirm the presence of the blacrx.\ gene. At the
end of the study, all calves were euthanized and four were selected at random for
postmortem examination.

Statistical analysis. Software programs from the R Foundation for Statistical
Computing (http://www.r-project.org/) and GraphPad Prism version 4.00 for
Windows (GraphPad Software, San Diego California) were used to analyze the
data. The level for statistical significance was predetermined to be a probability
of P < 0.05. Normality tests were obtained using the Kolmogorov-Smirnov (KS)
test as implemented by GraphPad Prism version 4.00 for Windows. Bartlett’s test
was used to test for equal variances between species, both for the absolute levels
of bacteria present (CFU/g) and for percentages of CTX-M-positive E. coli.
Welch’s test was used to test for differences between means when it was not
possible to assume equal variance in the data sets. The power of this test to
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TABLE 1. Summary of numbers of animal samples per farm and
the proportion of samples with growth on CHROMagar CTX

Proportion of samples that had

Farm . Total no. of

code Species samples collected growth oggjli{uio(lg}e;gar CTX
A Cattle 674 274/674 (41)
B Cattle 61 41/61 (67)
C Cattle 96 53/96 (55)
D Pigs 340 337/340 (99)
E Pigs 20 10720 (50)
F Pigs 20 2/20 (10)
G Pigs 20 4/20 (20)
H Pigs 20 3/20 (15)
I Pigs 32 32/32 (100)
J Pigs 52 50/52 (96)

discern significant differences in means was calculated based on the average
sample size, variance of the means of each group, and the mean variance within
each group. A chi-square test was used to investigate whether there were signif-
icant differences in the proportion of animals with low, medium, or high shedding
densities between cattle, chickens, and pigs.

RESULTS

Prevalence of CTX-M-positive samples from farms. The
proportions of all samples collected from cattle and pig farms
that produced growth on CHROMagar CTX medium are
shown in Table 1.

Quantification of CTX-M ESBL E. coli isolates selected for
enumeration studies. Since the majority of the presumptive
CTX-M E. coli isolates that were used for enumeration studies
were found to carry a bla-rx_\ gene when tested by real-time
PCR (RT-PCR) (47 out of 51 tested; 92%), the assumption
was made that those not tested by PCR but found growing on
this highly selective agar (33) also were highly likely to carry
the blarx. gene. The total numbers of presumptive E. coli
organisms and the numbers of presumptive CTX-M-positive E.
coli organisms (CFU/g) isolated from CHROMagar ECC and
CHROMagar CTX, respectively, were highly variable in sam-
ples from cattle, chickens, and pigs (Table 2). These sets of
data did not have normal distributions, which prevented direct
statistical analysis. The log transformation of the data pro-
duced normal distributions for chicken and pigs but not for
cattle (data not shown).

For each species, the animals could be divided arbitrarily
into three shedding density groups: low (1 to 199 CFU/g),
medium (200 to 9,999 CFU/g), and high (=1 X 10* CFU/g)
(Table 3). Chi-square analysis indicated that there were signif-
icant differences (P = 0.0062) in the proportions of animals
with low, medium, or high shedding densities between species.

There was also a wide range of values for the percentage of
E. coli organisms containing blarx_n genes from the cattle,
chicken, and pig samples tested, which were all non-Gaussian
in distribution and had unequal variances (Fig. 1). The median
values for the percentage of E. coli organisms containing
blacrx.n genes and expressing extended-spectrum cephalo-
sporin resistance in cattle feces, chicken cecal contents, and pig
feces were 0.013, 0.0197, and 0.121%, respectively. Welch’s test
suggested that there was no statistically significant difference in
mean values between species (P = 0.1302); however, this in-
terpretation must be considered with caution, since the power
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TABLE 2. Summary statistics of the numbers of presumptive E. coli organisms isolated from different animal species from CHROMagar
ECC and CHROMagar CTX agar medium

No. of E. coli organisms (CFU/g) isolated from:

Statistic Cattle feces (n = 35) Chicken cecal contents (n = 32) Pig feces (n = 20)

ECC* CTX? ECC CTX ECC CTX
Minimum 6 %X 10* 100 8 x 10* 100 1% 10° 100
25th percentile 9% 10° 100 4.2 X 10° 250 3% 10° 100
Mean 2.8 X 10% 8.6 X 10* 1.2 % 108 2.1 % 10° 1.1 x 107 1.0 x 10°
Median 1.8 X 10° 100 3.5 X 107 5,350 7.5 X 10° 2,800
75th percentile 7 X 10° 1,000 8.05 x 107 1.75 X 10° 1x 107 1.95 X 10°
Maximum 4.9 x 10° 1% 10° 1x10° 3.1 % 10° 4.4 x 107 4.7 X 10°
SD 1.1 % 10° 2.8 x 10° 2.5 x 108 5.7 X 10° 1.2 X107 1.6 X 10°

“ ECC, CHROMagar ECC.
> CTX, CHROMagar CTX.

of this test to discern significant differences given the sample
size and variance was only 38%. The number of samples in
which the proportion of CTX-M-positive E. coli organisms was
>1% was 1, 5, and 5 for cattle, chickens, and pigs, respectively.

bla x_\ gene sequence results. Gene sequence analysis of a
small number of representative samples from each animal spe-
cies showed that blac1x ., genes were present in E. coli
isolates from both pigs and chickens (n = 5 each), whereas the
E. coli isolates from cattle contained either blarx_n.15 (7 = 2)
or blarx.14 (n = 3). Subsequent serotyping confirmed that
the two cattle isolates of E. coli carrying bla rx_n.15 Were not
the human 025-ST131 pandemic strain.

CTX-M-14 ESBL E. coli calf challenge study. The 7-day
predosing samples confirmed that the 10 calves did not harbor
CTX-M-positive E. coli, including the CTX-M-14 test strain
used for the dosing challenge. The shedding density of the
inoculated strain was maximal 24 h postchallenge and then
declined steadily to minimum levels (=200 CFU/g) after 16
days (results not shown). At the end of the experiment, post-
mortem examinations of four calves indicated that the CTX-M
E. coli test strain was associated at low levels with tissue sam-
ples from the colon (=330 CFU/g; one of four calves), cecum
(=390 CFUy/g; four of four calves), rectum (=360 CFU/g; four
of four calves), and recto-anal junction (=200 CFU/g; three of
four calves). The test strain was not detected in tissue samples
from the duodenum, jejunum, Peyer’s patches, or ileum.

DISCUSSION

The extent of CTX-M-positive E. coli fecal contamination in
pat samples from pigs, cattle, and chicken cecal contents varied
widely both in terms of absolute numbers and the percentage

TABLE 3. Percentage of animals shedding CTX-M E. coli at three
different shedding levels

% (Fraction positive) of animals

Shedding level shedding CTX-M

(CFU/g)
Cattle Chicken Pigs
Low (1-199) 54.3 (19/35) 21.9(7/32) 35.0 (7/20)
Medium“ (200-9,999) 37.1 (13/35) 31.3(10/32) 25.0 (5/20)
High” (=1 X 104) 8.6 (3/35) 46.9 (15/32) 40.0 (8/20)

“ Equivalent to a high-density shedder (3).
? Equivalent to a supershedder (3).

of the total E. coli population. The variability for total E. coli
numbers was consistent with previously published data for
these animal species (5, 13, 28).

CTX-M gene sequence analysis of a small number of E. coli
isolates from samples of chicken cecal contents and pig feces
(n = 5 each) showed that they all contained blarx_y., genes.
This finding is consistent with a recently completed survey of
broiler chickens for E. coli carrying extended-spectrum B-lac-
tamases in Great Britain (32) that indicated that the predom-
inant sequence type in United Kingdom broiler chickens was
CTX-M-1. This is also the sequence type found in broilers in
The Netherlands (16). CTX-M-1-producing E. coli strains have
also been isolated from pigs in Demark (1, 13, 19, 39) and
Spain (7, 9); however, the present study appears to be the first
report of CTX-M-1-producing E. coli isolated from pigs in the
United Kingdom.

The E. coli isolates from the cattle samples tested contained
either CTX-M-14 (n = 3) or CTX-M-15 (n = 2). These results
are consistent with previous reports for E. coli carrying CTX-
M-14 in United Kingdom cattle (20, 37). However, to date
there have been relatively few reports of animal sources of E.
coli CTX-M-15 producers, despite the widespread prevalence
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FIG. 1. Estimates for the percentages of the E. coli population in
cattle feces (n = 35), chicken cecal contents (n = 32), and pig feces
(n = 20) with a CTX-M phenotype. Bars represent geometric means
with 95% confidence intervals.
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of these bacteria among human populations (12). E. coli car-
rying CTX-M-15 was isolated from a urinary sample from
cattle in France (25). To our knowledge, this is the first report
of United Kingdom cattle carrying CTX-M-15-positive E. coli.
Based on serotyping these isolates, they were not the human
pandemic CTX-M-15 025-ST131 E. coli strain.

Our data indicate that of the samples studied, the median
levels of CTX-M E. coli were higher in chicken cecal contents
and pig feces than in samples from cattle feces (Table 2).
There were a number of cattle, pigs, and chickens designated
(arbitrarily) in this study as being high-density shedders (=1 X
10* CFU/g) of CTX-M E. coli (Table 3). This high shedding
level is equivalent to that described for so-called supershed-
ders of E. coli O157:H7 in beef cattle that was associated with
an increased risk of contamination of animals hides (3). Also,
for cattle shedding high levels of E. coli 0157 (>1 X 10*
CFU/g), it has been recognized that such animals pose an
increased risk of contamination of the food chain when they
are presented for slaughter at abattoirs (29). We suggest that
food-producing animals that are also high-density shedders of
CTX-M E. coli pose similar risks of the contamination of the
food chain if they reach the abattoir. The samples from broiler
chickens were collected at slaughter, and therefore the results
from these samples indicate the potential for the contamina-
tion of food products from these birds. However, the samples
from pigs and cattle were collected from animals in the rearing
and/or breeding phases of production, and while providing an
indication of the level of contamination at that stage of pro-
duction, they may not reflect the values that could be obtained
from animals at or immediately prior to slaughter and there-
fore are less likely to reflect the potential for the contamina-
tion of food products.

The factors responsible for the high levels of CTX-M E. coli
shedding in the cattle, chickens, and pigs used in this study are
unknown. However, one of the acknowledged risk factors for
the selection of ESBL-producing bacteria is the use of antibi-
otics (10, 30). “Third-generation” (i.e., expanded-spectrum an-
tibiotics) and “fourth-generation” (broad-spectrum antibiotics
with enhanced activity against Gram-positive bacteria and
B-lactamase stability) cephalosporin antibiotics are not li-
censed for use in poultry in the United Kingdom but can be
used under the cascade system (38). Ceftiofur is licensed in the
United Kingdom for the treatment of cattle and pigs with
respiratory disease and for cattle with foot rot and metritis,
whereas cefquinome and cefoperazone are used in veterinary
medicines for the treatment and prophylaxis of bovine mastitis
(http://www.noahcompendium.co.uk/Compendium/Overview/
-21789.html). Cefquinome injection also may be used as a
treatment for respiratory disease in pigs (http://www
.noahcompendium.co.uk/Compendium/Overview/-21789
.html). The presampling antimicrobial therapeutic history of
the cattle and broilers used for this study is unknown, hence it
is not possible to link the usage of antimicrobials with high
levels of CTX-M-positive E. coli from these animals. However,
the pigs recently had been treated with florfenicol in feed to
treat respiratory disease as well as amoxicillin for diarrhea. The
coselection of B-lactamase resistance by the use of florfenicol
has been reported recently for French cattle in which florfeni-
col use in the production stage facilitated the isolation of
ceftiofur-resistant E. coli (26). The use of cephalosporin anti-
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biotics directly would be expected to increase the proportion of
E. coli with bla <\ genes in fecal samples, as has been shown
for pigs treated with ceftiofur or cefquinome (13, 19).

The results of the small-scale in vivo study showed that the
shedding density of the CTX-M-14 E. coli test strain declined
steadily to low levels after 16 days. This experiment was con-
ducted in the absence of any antimicrobial treatment of calves
and suggests that the presence of high-density shedding cattle
on farms is associated with unidentified environmental factors
or farm management practices. The postmortem examinations
indicated that the inoculated strain was associated at low levels
with some gut tissues at a stage when the fecal shedding density
was at minimal levels. Such host reservoirs would allow for
continued low-level environmental contamination and are a
risk factor for the selection of resistant strains with antimicro-
bial chemotherapy.

With respect to fecal contamination, it is assumed that both
the absolute levels as well as the proportion of CTX-M-resis-
tant E. coli present are likely to be important factors for envi-
ronmental contamination and spread to the food chain. The
relative importance of these two parameters for contributing to
risks of contamination of food are not certain at present, par-
ticularly with respect to the threshold levels for significant risk
for each parameter. Despite the extent of the variability in both
absolute numbers and percentages of CTX-M E. coli present in
feces, the similarity of the median values from cattle, pigs, and
chickens suggests that at present there is a comparable risk of
contamination from these sources. However, the risk of envi-
ronmental contamination from these fecal sources also will be
influenced by the management/rearing systems used for these
species. For example, the risk of environmental contamination
of surface water from runoff from cattle on the open pasture is
likely to be higher than the risk from pigs and poultry that are
reared in confined accommodations.

In summary, the present work extends the current under-
standing of CTX-M ESBL carriage in cattle, pigs, and chickens
by providing data on the absolute numbers and proportions of
CTX-M-positive E. coli organisms present in samples of feces
and cecal contents. We suggest that greater emphasis be given
to the absolute numbers of CTX-M bacteria that are shed in
feces when considering risks of the contamination of the food
chain. The results have potential value for informing future
microbial risk assessments (36) that aim to assess the risk to
human or animal health due to the dissemination of CTX-M
ESBL E. coli or the bla rx_ gene via food-borne transmission
or environmental routes, such as farm waste. The factors driv-
ing the selection of CTX-M E. coli remain unidentified and
require further investigation to identify effective interventions
to reduce their number and to maintain the safety of food
production.
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