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Abstract

Broilers and broiler meat products are highly contaminated with extended spectrum beta-lactamase (ESBL) or plasmid-
mediated AmpC beta-lactamase producing Escherichia coli and are considered to be a source for human infections. Both
horizontal and vertical transmission might play a role in the presence of these strains in broilers. As not much is known
about the presence of these strains in the whole production pyramid, the epidemiology of ESBL/AmpC-producing E. coli in
the Dutch broiler production pyramid was examined. Cloacal swabs of Grandparent stock (GPS) birds (one2/two-days
(breed A and B), 18 and 31 weeks old (breed A)), one-day old Parent stock birds (breed A and B) and broiler chickens of
increasing age (breed A) were selectively cultured to detect ESBL/AmpC-producing isolates. ESBL/AmpC-producing isolates
were found at all levels in the broiler production pyramid in both broiler breeds examined. Prevalence was already relatively
high at the top of the broiler production pyramid. At broiler farms ESBL/AmpC producing E. coli were still present in the
environment of the poultry house after cleaning and disinfection. Feed samples taken in the poultry house also became
contaminated with ESBL/AmpC producing E. coli after one or more production weeks. The prevalence of ESBL/AmpC-
positive birds at broiler farms increased within the first week from 0–24% to 96–100% independent of the use of antibiotics
and stayed 100% until slaughter. In GPS breed A, prevalence at 2 days, 18 weeks and 31 weeks stayed below 50% except
when beta-lactam antibiotics were administered. In that case prevalence increased to 100%. Interventions minimizing ESBL/
AmpC contamination in broilers should focus on preventing horizontal and vertical spread, especially in relation to broiler
production farms.
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Introduction

Infections with Extended Spectrum Beta-Lactamase (ESBL) or

plasmid-mediated AmpC beta-lactamase producing Enterobacteria-

ceae are found increasingly in humans [1]. These isolates are

resistant to an important group of antibiotics: the beta-lactam

antibiotics. These antibiotics include penicillins and the newer

generation cephalosporins, like 3rd and 4th generation cephalo-

sporins. ESBL enzymes differ slightly from AmpC enzymes in their

ability to hydrolyze the different beta-lactam antibiotics. ESBLs

hydrolyze 3rd, 4th generation cephalosporins and monobactams

and are inhibited by clavulanic acid and cephamycins, like

cefoxitin. There are multiple gene families encoding ESBLs. Genes

belonging to the TEM, SHV and CTX-M families are most

predominant [2]. Over the last years especially genes belonging to

the CTX-M family are emerging rapidly worldwide [2]. AmpC

beta-lactamases hydrolyze 3rd generation cephalosporins and

cephamycins, but not the 4th generation cephalosporins and they

are not inhibited by clavulanic acid. The most important gene-

families encoding AmpC beta-lactamases are CMY, ACC, DHA

and FOX, with CMY being the most predominant family and

blaCMY-2 the most predominant gene [3]. During the last decade

infections with ESBL or AmpC-producing bacteria have not

exclusively been confined to the hospital, but community onset of

infections with these organisms is also increasing [4]. Although the

source of the colonization of ESBL/AmpC producing bacteria in

humans is not completely understood, circumstantial evidence

points also to a food-borne source [5]. When uptake of these

isolates takes place (through consumption or handling of

contaminated food), these isolates are able to share their ESBL/

AmpC genes with other bacteria in the gastro-intestinal tract by

plasmid-transfer, especially when selecting compounds, like beta-

lactam antibiotics are administered [6]. ESBL/AmpC producing

bacteria in the gastro-intestinal tract can act as a source for

infections in other parts of the body, like the urinary tract [7].

Treatment efficacy may be impaired due to the multi-drug

resistant features often found in these organisms [1].

ESBL/AmpC-producing isolates can be found in nearly all

food-producing animals [8], on all kinds of meats sold at retail

[9,10,11] and in vegetables [12]. A high prevalence of ESBL/

AmpC producing isolates is found in broilers and on broiler meat

[9,13,14,15]. The isolates found in broilers and broiler meat carry

similar ESBL-genes (mainly blaCTX-M-1 and blaTEM-52) as found in

clinical isolates in humans [10,11], moreover ESBL-genes in

broiler isolates are found on similar plasmids (mainly incI1) as in

human clinical isolates [10]. This suggests that contamination of
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broilers and broiler meat with ESBL/AmpC producing isolates

can lead to human colonization and as a result to human infection

with ESBL/AmpC producing pathogens.

A high prevalence of broilers shedding ESBL/AmpC producing

E. coli is described at broiler farms in the Netherlands, Belgium

and Spain [13,14,15].The broiler industry has a pyramidal

structure in which Pedigree chickens and Great Grandparent

Stock (GGPS) on the top through breeding chickens (Grandparent

Stock (GPS) and Parent Stock (GP)) produce the broiler chickens

on the bottom of the pyramid. Earlier studies have implicated a

vertical transmission of E. coli isolates from broiler breeding

chickens to their offspring [16,17,18]. Although much is known

about the prevalence at broiler level, little is known about

prevalence and characteristics of ESBL/AmpC-producing E. coli

higher in the broiler production pyramid. In the Netherlands

almost all levels of the broiler production pyramid are present

(GPS, PS and broilers). Therefore the purpose of this study was to

investigate the presence and distribution of ESBL/AmpC

producing isolates in all levels of the broiler production pyramid.

Moreover in a longitudinal study at the level of GPS broilers and

at three broiler production farms the dynamics of ESBL/AmpC

producing E. coli among the broiler chickens was examined.

Materials and Methods

One- or Two-day(s) Old GPS Chickens
GPS chickens were sampled from broiler breed A and B, which

are by far the two dominant broiler production breeds globally.

GPS chickens of broiler breed A were sampled in July 2009 at two

days of age. These GPS chickens were imported from the UK and,

as is routinely done by the breeding company for every batch of

imported GPS chickens, checked for diseases by euthanizing 10

animals per farm. The breeding company agreed that we used

caecal material obtained at autopsy for the detection of ESBL/

AmpC producing E. coli. In total 80 GPS chickens (10 per

production farm (n= 8)) were investigated. Fresh meconium

droppings taken from fresh broiler paper from one-day old GPS

chickens from broiler breed B were collected in September 2010

by the producer at the hatchery in the Netherlands. These broilers

were the offspring from GGPS birds held at farms located in the

UK and Ireland. In total 125 meconium samples (25 per

production farm of which the GPS chickens originated (n= 5))

were collected in individual falcon tubes and transported to the

laboratory. According to the information given by primary

breeding company A and B the parents of the sampled GPS

chickens had not received any antibiotic prior to sampling.

Longitudinal Study in GPS of Breed A
The batch of GPS chickens from broiler breed A in which 10

animalswereeuthanizedwasalsosampledwithconsentof the farmers

and thebreeding companyat theGPSrearing farmat18weeks of age

(November 2009) and at theGPS production farm at 31weeks of age

(February 2010). The animals weremixed as indicated by the arrows

showninFigure1.Atarrivalontherearing farm,all chickens received

enrofloxacin for three days. At two and eight weeks of age, the

chickens in poultry house 3 (PH3) at the rearing farm were orally

treated with amoxicillin-trihydrate and phenoxymethylpenicillin

respectively. From forty-one GPS chickens per poultry house, faecal

samples were collected by cloacal swabs, resulting in 205 and 164

samples from GPS chickens at rearing and production farm,

respectively. The first 25 samples were processed directly in the

laboratory and when not all samples were positive, the remaining 16

samples (kept in 1 mL of buffered peptone water supplemented with

30% glycerol by 220uC) were also analyzed for the presence of

ESBL/AmpC producing E. coli. In the end, a total of 189 and 164

samples, respectively from GPS rearing and production farms were

analyzed.

One-day Old PS Chickens
At the PS hatcheries of broiler breed A and B, fresh meconium

droppings of one-day old PS chickens were taken from fresh

broiler papers and collected in individual plastic containers in the

hatchery. In that way a minimum of 25 PS chickens per farm of

origin was sampled. This was done with consent of the breeding

companies. If the eggs from one farm of origin were divided over

more than one hatching unit, 25 PS chickens from each of those

hatching units were sampled. This resulted in a maximum of 100

samples per farm of origin. From broiler breed A in October 2009,

the eggs were derived from nine different production farms. These

eggs were divided over 21 hatching units. This resulted in 649

Figure 1. Schematic view of the prevalence of ESBL/AmpC producing E. coli in the broiler production pyramid. The direction of the
arrows shows how the chickens were mixed at the farms. *All isolates derived from caeca collected from two-day old GPS chickens had the AmpC
phenotype. {All GPS chickens received enrofloxacin at arrival on the rearing farm. `These Grandparent Stock (GPS) chickens were also treated with
amoxicillin-trihydrate and phenoxymethylpenicillin at respectively 2 and 8 weeks of age PH=Poultry house.
doi:10.1371/journal.pone.0079005.g001
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meconium samples (one sample was lost before analysis) that were

analyzed for the presence of ESBL/AmpC producing E. coli. From

broiler breed B in March 2010, the eggs derived from eight farms

of origin, were divided over six hatching units. This resulted in 325

meconium samples that were analyzed for the presence of ESBL/

AmpC producing E. coli. At both hatcheries the environment of

the hatching unit (after hatching, before cleaning) was also

sampled. This was done by taking five individual environmental

swabs per hatching unit.Some of the parents of the PS chickens of

breed B had received tylosin or enrofloxacin and some of the

parents of PS chickens of breed A had received either amoxicillin,

doxycycline and tilmicosin (as two separate treatments), amoxicil-

lin combined with sulfaclozine or amoxicillin and sulfaclozine (as

two separate treatments) within three months before sampling.

One-day Old Broiler Chickens
At the broiler hatchery broiler chickens are produced. Although

this hatchery hatches eggs of both broiler breeds A and B, only

eggs from broiler breed A were hatched at the sampling day in

February 2010. Again 25 chickens per farm of origin were

sampled, the same way as done at the parent hatcheries and with

consent of the hatchery. The eggs were derived from twelve

different production farms divided over sixteen hatching units.

This resulted in 425 meconium samples tested for the presence of

ESBL/AmpC producing E. coli. The environment was sampled as

described for the PS hatcheries. No information about antibiotic

treatments of the parents of the broilers was available.

Longitudinal Study at Broiler Farms
Three broiler farms were included (Farm X, Y and Z) in a

longitudinal study on ESBL/AmpC prevalence at these farms.With

consent of the farmers, fromOctober 2010 through January 2011 in

total four poultry houses on these three farms were visited (X-1, Y-1,

Y-2 and Z-1). The broiler farms were visited at day 21 (when the

broilers had not yet arrived), day 0 (the day the animals arrived in the

poultry house), week 1, 2, 3, 4 and 5. At day21, the environment per

poultry house was sampled by the researcher according to Dutch

regulations for Salmonella control. Briefly, swabs were taken from the

floor (n = 25), drinking system (n = 16), feeding system (n = 12), valves

at the air inlet (n = 5), the floor of the feed compartment (n = 1), one

bootof the farmer (n = 1), andone samplewas taken fromthebedding

material. All swabs were individually processed in the lab with the

exceptionof the swabs taken inpoultryhouseX-1.Thesewerepooled

per sample placewith amaximumof five swabs in eachpool. Atweek

one to five, 25 cloacal swabs per poultry house were taken and on

every visit one sample per poultry housewas taken from the feed that

waspresent insidethepoultryhouses.ForpoultryhousesY-1,Y-2and

Z-1, also feed samples taken outside the poultry house in week five,

week five and week four, respectively, were analysed. The samples

were phenotypically analysed for the presence of ESBL/AmpC

producing E. coli and the isolates were not genetically characterized.

Microbiological Analysis of Samples
All faecal samples were spread on MacConkey agar (Becton

Dickinson) supplemented with 1 mg/L cefotaxime (with and

without aerobic pre-enrichment with Luria-Bertani broth (Becton

Dickinson) containing 1 mg/L cefotaxime) and incubated aerobi-

cally overnight at 37uC. All environmental, bedding and feed

samples were cultured on MacConkey agar with 1 mg/L

cefotaxime (MacConkey+) after selective pre-enrichment. All

morphologically typical E. coli colonies on MacConkey+ were

confirmed as E. coli by indole test (tryptophan hydrolysis) and if

negative by E. coli PCR [19]. One confirmed E. coli-type colony

per sample was examined for ESBL or AmpC production by

combination disc diffusion test containing cefotaxime and

ceftazidime with and without clavulanic acid and cefoxitin as

described [20]. The presence of ESBL/AmpC genes was

determined for one isolate per phenotype per group of samples.

These isolates were screened for ESBL/AmpC genes by minia-

turized microarray (Alere, ATR0503). The presence of ESBL/

AmpC genes was confirmed by PCR and sequencing as described

[20]. To improve sequencing results a new forward primer CMY-

Fseq838 59-TGG CGT ATT GGC GAT ATG TA-39 and reverse

primer CMY-Rseq857 59-TAC-ATA-TCG-CCA-ATA-CGC-CA-

39 were used.

Susceptibility Testing
Minimum Inhibitory Concentrations (MICs) in mg/L were

determined for a panel of antibiotics (ampicillin (AMP), cefotaxime

(FOT), ceftazidime (TAZ), gentamicin (GEN), tetracycline (TET),

sulfamethoxazole (SMX), trimethoprim (TMP), ciprofloxacin

(CIP), nalidixic acid (NAL), chloramphenicol (CHL), florfenicol

(FFN), streptomycin (STR), kanamycin (KAN) and colistin (COL))

by broth microdilution using the Sensititre system as described

earlier [20]. Wild-type susceptibility was distinguished from non-

wild type susceptibility using epidemiological cut-off values

according to EUCAST (ref. www.eucast.org).

Statistics
The ninety-five percent confidence intervals (95% CI) are given

as Clopper Pearson confidence intervals using Genstat (14th

Edition, VSN International).

Ethics Statement
The faecal samples derived from the birds were all taken from

broilers held at farms (grandparent rearing (breed A), grandparent

production (breed A) and broiler production farms (farm X, Y and

Z) or in routinely process at the hatchery (grandparent breed B,

parent breed A, parent breed B and broiler breed A hatcheries).

The farms and hatcheries were named in this way, to respect their

privacy. No animal experiment was conducted. Sampling with

cloacal swabs is considered a normal diagnostic sampling method

with a minimal impact on animal welfare. Meconium samples

were collected as fresh droppings on fresh broiler paper at

hatcheries. The samples related to ESBL-prevalence at two-days

old Grandparents of breed A were collected from animals that

were sacrificed (with CO2) by the breeding company for other

purposes. Faecal samples taken from these animals were part of

standard screening by the breeding company and these samples

became available for the research described in this manuscript.

Therefore approval by the Animal Care and Use Committee of

the Central Veterinary Institute was not obtained. Swabs from the

environment in the hatcheries and the environment of the broiler

farms were taken by the researcher.

Results

One or Two-day(s) Old GPS Chickens
The mean prevalence of ESBL/AmpC-producing E. coli in GPS

chickens of broiler breed A was 23% (Table 1). Prevalence at the

production farms ranged from 0% (95% CI 0–31%) to 70% (95%

CI 35–93%) (Figure 1.1).

For broiler breed B the mean prevalence in GPS chickens was

44% (Table 1). Prevalence at the production farm ranged from

36% (95% CI 18–57%) to 64% (95% CI 43–82%) (data not

shown). In both breeds, all isolates displayed solely the AmpC

phenotype.

ESBL/AmpC Producing E. coli in Broiler Breeders
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Longitudinal Study in GPS Chickens of Breed A
Figure 1 shows, next to the ESBL/AmpC-prevalence of GPS

chickens of breed A at the age of two days mentioned above, the

prevalence at 18 weeks and 31 weeks. The prevalence at 18 weeks

varied from 0% (95% CI 0–9%) in poultry house 1 (PH1) and

poultry house 4 (PH4) to 100% (95% CI 86–100%) in poultry

house 3 (PH3). The chickens in PH3 were treated twice for five

days each with beta-lactam antibiotics (amoxicillin-trihydrate at

two weeks of age and phenoxymethylpenicillin at eight weeks of

age) which may have selected for ESBL/AmpC producing E. coli.

In the samples taken in this poultry house, most isolates (24/25)

showed an AmpC phenotype, while in PH2a and PH2b, in which

the chickens were not treated with antibiotics, only ESBL-

phenotypes were detected (2% and 44% positive samples,

respectively) (Figure 1.2).

At 31 weeks of age (Figure 1.3), the ESBL/AmpC prevalence

varied from 2% (95% CI 0–13%) in PH2 (only ESBL phenotype)

to 27% (95% CI 14–43%) in PH3 (a combination of ESBL (n= 3)

and AmpC (n= 8) phenotypes). AmpC types were only detected in

PH3 and PH4 that obtained birds from the poultry house at the

rearing farm that was treated with beta-lactam antibiotics.

The AmpC producing E. coli isolates found in the samples taken

from the two-day-old GPS chickens were almost all found without

pre-enrichment (data not shown). In contrast, the ESBL/AmpC

positive samples taken at 18 weeks and 31 weeks were mostly

detected by the use of a pre-enrichment step, except for the

samples taken from the antibiotic treated chickens from PH3 at 18

weeks of age (data not shown).

One-day Old PS Chickens
In the environmental samples taken from the 21 hatching units

at the hatchery delivering PS chickens of broiler breed A no

ESBL/AmpC producing E. coli were found. Two of the 649

meconium samples (0.31%) were positive for ESBL producing E.

coli (Table 1). The PS chickens corresponding to these positive

samples were derived from eggs from two different production

farms. On one production farm the GPS chickens had been

treated with amoxicillin (Table S1).

In all hatching units at the hatchery delivering PS chickens of

broiler breed B, at least one of the environmental swabs was

positive for AmpC producing E. coli (Table 1, one-day old PS).

Nineteen of the 325 broiler PS samples (5.8%) were positive for

AmpC producing E. coli (Table 1). The PS chickens corresponding

to these samples were derived from eggs from five different

production farms that were hatched in five of the six hatching

units. At two production farms the GPS chickens had been treated

with tylosin and on one farm with enrofloxacin (Table S1).

One-day Old Broilers
In 12 of the 16 hatching units at least one of the environmental

samples was positive for ESBL/AmpC producing E. coli (data not

shown). Eight of the 425 broiler samples (1.9%) were positive for

ESBL/AmpC producing isolates (Table 1). The chickens corre-

sponding to these samples were derived from eggs from three

different production farms and were hatched in three of the 12

hatching units in which the environment was positive for ESBL/

AmpC producing E. coli (Table S1).

Typing of ESBL/AmpC Genes
In isolates derived from GPS (broiler breed A and B), PS (broiler

breed B) and broilers (broiler breed A) blaCMY-2 was predomi-

nantly found (Table 1). blaCMY-2 was the only ESBL/AmpC gene

found in one- (or two-) day(s) old GPS chickens belonging to

broiler breed A and B (Table 1 and S1). However at 18 weeks and

at 31 weeks of age blaTEM-52 or blaTEM-52c were also found in GPS

chickens of broiler breed A (Table 1 and S1). These ESBL-genes

were mainly found in the samples from the chickens not treated

with beta-lactam antibiotics (Figure 1.2). In the isolates taken from

the chickens treated with beta-lactam antibiotics (in PH3), blaCMY-

2 was the dominant gene found. In the environment of the PS

hatchery of broiler breed B, as in the PS chickens hatched there,

only blaCMY-2 was found (Table S1). blaCTX-M types of ESBL-genes

were only found in PS chickens of broiler breed A (blaCTX-M-1 and

blaCTX-M-2) and in environmental samples of hatching units at the

broiler hatchery (blaCTX-M-1). Although in the chickens sampled at

this hatchery only blaCMY-2 was found, in the environment the

highest diversity of ESBL/AmpC genes was found: blaCMY-2,

blaTEM-20, blaSHV-12 and blaCTX-M-1 and mutations in the ampC

promotor/attenuator (ampC type 3) (Table S1).

Resistance Patterns ESBL/AmpC Producing Isolates
ESBL/AmpC producing E. coli derived from GPS chickens from

broiler breed A at two-days of age were wild-type susceptible to all

non-beta-lactam antibiotics tested, however isolates from these

chickensanalysedat18weeksofagewerenonwild-typesusceptible to

the (fluoro)quinolones and one isolate was in addition non wild-type

susceptible to kanamycin (Table S1). Some E. coli isolates collected

fromtheseanimalsat31weeksofagebelonging toPH1andPH2were

susceptible to all non-beta-lactam antibiotics and a few isolates from

chickens housed in PH3 and PH4 displayed non-wild-type suscep-

tibility to the (fluoro) quinolones (Table S1). Information from

primary breeding company A revealed use of enrofloxacin for three

days to prevent mortality from E. coli infection at arrival on the GPS

rearing farm. This treatment will select for ESBL/AmpC producers

that are non-susceptible to fluoroquinolones, which were indeed

detected in samples taken at 18 and 31 weeks of age (Table S1). The

ESBL/AmpC producing isolates collected from one-day old GPS

chickens frombroiler breed B that were analysed (n = 5) showed non

wild-type susceptibilities to thenon-beta-lactamantibiotics: nalidixic

acid and ciprofloxacin (n = 1), tetracycline, streptomycin and

kanamycin (n = 2), tetracycline, sulfamethoxazole, nalidixic acid,

ciprofloxacin, streptomycin and kanamycin (n = 1) and one isolate

was susceptible toallnon-beta-lactamantibiotics tested.However the

analysed isolatesofbroilerbreedAaswellasbroilerbreedBatPSlevel

displayed co-non wild-type susceptibilities to non-beta-lactam

antibiotics. The few ESBL-producing isolates derived from breed A

displayed co-non wild-type susceptibility to gentamicin, tetracycline

and sulfamethoxazole or to gentamicin, sulfamethoxazole, chloram-

phenicol and kanamycin (Table S1). The AmpC-producing isolates

derived from breed B were mainly co-non wild-type susceptible to

nalidixic acid and ciprofloxacin or susceptible to all non-beta-lactam

antibiotics. At broiler level, the three out of eight ampC-producing

isolates analyzed displayed either co-non wild-type susceptibility to

the non-beta lactam antibiotics ciprofloxacin and nalidixic acid

(n = 1), gentamicin, tetracycline, trimethoprim, ciprofloxacin and

nalidixic acid (n = 1), ordisplayed susceptibility to all non-bet- lactam

antibiotics tested (n = 1).

Longitudinal Study at Broiler Farms
Environmental samples taken from the floor of the poultry

house, before the start of the production period, contained ESBL/

AmpC producing E. coli in two poultry houses (one out of five

pools of five swabs and three out of 25 individual swabs were

positive in respectively poultry house X-1 and Y-1, (Table 2). All

other environmental samples taken at the broiler farms were

negative (data not shown).
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Feed samples taken in the four poultry houses at the start of the

production period, were all negative for ESBL/AmpC producing

E. coli (Table 3). Feed samples taken after one week were

incidentally positive for ESBL/AmpC producing E. coli (Table 3).

This was probably the result of feed contaminated by dust and

manure produced by the chickens. Feed samples, from the same

batch when sampled outside the poultry house, or directly from

the feeding pipe inside the poultry house were negative (Table 3).

The three studied farms obtained their broilers from three

different hatcheries. Prevalences of broilers positive for ESBL/

AmpC producing E. coli upon arrival at poultry house X-1, Y-1, Y-

2 and Z-1 were 0% (95% CI, 0–14%), 16% (95% CI 5–36%), 20%

(95% CI 7–41%) and 4% (95% CI 0.1–20%), respectively. After

one week the prevalences were 100% (95% CI 86–100%), 100%

(95% CI 86–100%), 96% (95% CI 80–100%) and 96% (95% CI

80–100%), respectively and remained 100% (95% CI 86–100%)

in all poultry houses from week three onwards (Table 2).

Discussion

In this study we demonstrate the presence of ESBL/AmpC

producing E. coli isolates at all levels in the broiler production

pyramid. At the top of the pyramid the prevalence is lower than

found in the longitudinal study at broiler production farms at the

bottom of the pyramid.

The broiler production system looks very simple with only a few

primary breeding companies at the top of the pyramid that

produce broilers all over the world. However due to transport and

trade of similar eggs and chickens to many different countries

around the world, this also results in a vulnerable system. If a

disease, or in this case, antibiotic resistant bacteria enter the

production chain, they may be transferred globally. It is therefore

worrying that ESBL/AmpC producing isolates are already present

at relatively high prevalence in the top of the production pyramid.

In 2010, Sweden reported the presence of E. coli carrying

blaCMY-2 positive strains in imported GPS chickens at their arrival

in Sweden [21]. In the Netherlands, like in many other countries,

the same hybrid chickens as in Sweden are used (www.sva.se). The

present study confirms the Swedish findings and illustrates how

these transferable resistance genes can spread in globally organized

production systems.

In both broiler breeds examined, the plasmid-mediated AmpC

gene blaCMY-2 was imported into the Netherlands in GPS animals

derived from both the UK and Ireland or via eggs from the US.

This AmpC gene was originally found in the chromosome of

Citrobacter freundii and has spread world-wide now as a plasmid-

Table 2. Prevalence of broilers positive for ESBL/AmpC-producing E. coli at three commercial broiler farms measured in four
poultry houses at arrival at the farm till week five between September 2010 and February 2011.

Poultry house Prevalence of ESBL/AmpC-producing E. coli in n=25 broilers (%, 95%CI), number of isolates with AmpC(A) or ESBL(E) phenotype

Week 0 1 2 3 4 5

X-1* 0 100 100* 100 100 100

(0–14) (86–100) (86–100) (86–100) (86–100) (86–100)

19A, 6E 15A, 9E 9A, 16E 14A, 11E 14A, 1E

Y-1* 16 100 92 100 100 100

(4.5–36) (86–100) (74–99) (86–100) (86–100) (86–100)

4A 8A, 17E 15A, 8E 21A, 4E 18A, 7E 14A, 11E

Y-2 20 96 100 100 100 100

(6.8–41) (80–100) (86–100) (86–100) (86–100) (86–100)

1A+E, 2A, 2E 19A, 5E 24A, 1E 24A, 1E 24A, 1E 1A+E, 17A, 7E

Z-1 4 96 100 100 100 100

(0.1–20) (80–100) (86–100) (86–100) (86–100) (86–100)

1A 1A, 23E 3A, 22E 3A, 22E 9A, 16E 1A+E, 8A, 16E

*One sample was lost during processing, therefore this is 100% from 24 samples.
doi:10.1371/journal.pone.0079005.t002

Table 3. Presence of ESBL/AmpC-producing isolates in broiler feed at three commercial broiler farms measured in four poultry
houses at arrival at the farm till week five between September 2010 and February 2011.

Poultry house Presence of ESBL/AmpC-producing E. coli in broiler feed{, AmpC(A) or ESBL(E) phenotype

Week 0 1 2 3 4 5

X-1 2 2 +, E 2 2 2

Y-1 2 +, E +, A 2 2 2, E

Y-2 2 2 2 2 2 +, E

Z-1 2 2 2 +, E +, E +, E

{‘2’ means absence of ESBL/AmpC-producing E. coli in the feed sample taken in the particular poultry house in the indicated week; ‘+’ means presence of ESBL/AmpC-
producing E. coli in the feed sample taken at the particular poultry house in the indicated week.
doi:10.1371/journal.pone.0079005.t003

ESBL/AmpC Producing E. coli in Broiler Breeders

PLOS ONE | www.plosone.org 6 November 2013 | Volume 8 | Issue 11 | e79005



mediated gene in many different gram-negative bacterial species.

It occurs not only in isolates from poultry in Europe and the US

and other parts of the world [14,22,23], but also in isolates derived

from other animals and from humans [2,8]. How it has entered

the top of the poultry production pyramid is still unknown.

Isolates derived from broilers at five or six weeks of age, just

before slaughter, can carry multiple types of ESBL/AmpC genes

[14,15,23]. Although at the top of the production pyramid only

blaCMY-2 was found, our results also show the presence of other

genes (blaTEM-52, blaTEM-52c, blaCTX-M-1 and blaCTX-M-2) at other

levels of the production pyramid, probably due to environmental

contamination.

Multi-drug resistance, which is often seen in ESBL/AmpC

producing isolates [24], is an important feature of these strains,

because it can lead to further selection when non-beta-lactam

antibiotics are used. Therefore susceptibilities to other classes of

antibiotic classes were determined. The blaCMY-2 isolates from one-

day old GPS birds from broiler breed A were completely

susceptible to all non-beta-lactam antibiotics tested. In contrast,

in the blaCMY-2-positive isolates of GPS chickens from broiler

breed B co-non wild-type susceptibilities to tetracycline, strepto-

mycin, kanamycin, sulfamethoxazole and nalidixic acid was found.

Antibiotic treatment data from GGPS and pedigree stock from

breed A and B showed no treatment of the particular flocks. This

could indicate that the multi-resistance found in isolates from

broiler breed B resulted from circulation of these isolates at the

breeding farm or hatchery derived from earlier rounds.

At PS-level we again observed a difference in phenotype of the

ESBL/AmpC producing E. coli derived from one-day old chickens

of breed A (resistant to gentamicin, sulfamethoxazole, chloram-

phenicol and kanamycin or resistant to gentamicin, sulfamethox-

azole and kanamycin) compared to the ones from breed B

(sensitive or resistant to ciprofloxacin and nalidixic acid). Using

one of those antibiotics can select and maintain these isolates in the

production chain.

Day-old chickens can inherit bacterial isolates from their

parents, or from the environment [16,25]. In the hatching units

of the PS-hatchery of breed A formaldehyde gas is used in low

concentrations for infection control during hatching. Whether this

may have led to the fact that no ESBL/AmpC producing isolates

were found in the environmental samples of the hatching units at

this hatchery, or whether this was a result of the differences in

methods used (pooling five by five swabs at hatchery of breed A

compared to processing individual swabs at hatchery of breed B) is

not determined. It might be that a vertical transmission route

through contaminated eggs [16,18] is the most likely route of

transmission in chickens of breed A. However, this would be

important information for intervention measures and should be

further investigated.

The observation in the longitudinal study at the broiler farms,

that after the first week all broilers shed ESBL/AmpC producing

E. coli is striking. We recently described a high prevalence of six-

week-old broilers (sampled a few days before slaughter) carrying

ESBL/AmpC producing E. coli [15]. A similar high prevalence is

found on broiler meat in Dutch supermarkets [9,10,11]. This is

reason for concern as the genes and plasmids found in isolates

derived from broilers are also found in human clinical isolates [10]

and indication for transmission to humans through the food chain

has been documented [5].

During the first hours post hatch E. coli isolates (either antibiotic

resistant or susceptible) are taken up by the chickens from the

environment, although vertical transmission of isolates has also

been described [16,18]. Directly after hatch it takes between a few

hours to a few days until E. coli has proliferated and has colonized

the intestine of the chickens [26,27]. Therefore analysing cloacal

swabs a few hours post hatch might give variable results. A rapid

increase of cloacal samples positive for ESBL/AmpC producing E.

coli in the first week at all broiler production farms independent of

antibiotic use might reflect the differences in colonization time

between individual broilers. This may be the result of uptake of

these isolates at the hatchery, or from feed and environmental

sources at the broiler production farm [28]. No ESBL/AmpC

producing E. coli isolates were found in the feed of the broilers

during the first week, but sampling of the environment of the

poultry house before the birds were placed there, resulted in the

confirmation of ESBL/AmpC presence in two out of four poultry

houses even after intensive cleaning and disinfection of the poultry

house. This indicates that recirculation of resistant strains from

earlier production rounds plays a role in contaminating the

consecutive flock. The rapid increase to 100% prevalence at

broiler level was in contrast to the presence of ESBL/AmpC

producing isolates at GPS level. In the GPS chickens, although

prevalences found were already relatively high, at 18 and 31 weeks

of age no rapid increase to 100% of chickens positive for ESBL/

AmpC producing E. coli was observed, except when treated with

beta-lactam antibiotics. The results even indicated a decrease in

the number of ESBL/AmpC producing isolates per sample.

Compared to broilers, GPS chickens are housed at a very high

level of biosecurity in which cleaning and disinfection protocols are

of much higher standard and they are much less frequently treated

with antibiotics (once during our study compared to multiple

treatments described in broilers [15]). Feed composition differs

also between GPS and broiler chickens. One of the main

differences in the feed is the addition of anticoccidial compounds

(nicarbazin, narasin, salinomycin or monensin) to the feed of

broilers, while breeding chickens are vaccinated against coccidiosis

[29]. Diarra and co-workers, demonstrated the presence of more

ceftiofur resistant isolates in broilers fed with salinomycin

compared to broilers fed either with non-supplemented feed or

feed supplemented with bambermycin, penicillin, bacitracin or a

combination of salinomycin plus bacitracin [30]. However data to

explain this phenomenon were not given and this should be

further investigated.

ESBL/AmpC producing isolates are found in high prevalences

at broiler farms also in other European countries. In a Belgian

study risk factors for ceftiofur resistance at broiler farms were

determined [31]. Next to antibiotic use at the farm, management

factors as well as the hatchery from where the chickens originated

were risk factors for the presence of a high level of ceftiofur

resistance in five week old chickens at broiler production farms

[31]. This last risk factor is explained by (off-label) ceftiofur use at

some broiler hatcheries in Belgium, which could have selected for

these isolates. In the Netherlands, like in Belgium, third generation

cephalosporins are not licensed for treatment of broilers, however

also in the Netherlands up to the spring of 2010 ceftiofur has been

used off-label in hatcheries [32]. The relation between the use of

ceftiofur at hatcheries and the occurrence of extended spectrum

cephalosporin (ESC) resistant Salmonella and E. coli in broilers has

previously been described in Canada [33]. Although at the time of

our longitudinal study at broiler farms, ceftiofur use at hatcheries

had been stopped for almost six months [32], all broilers still

became rapidly positive for ESBL/AmpC-producing E. coli.

Whether this could be due to recirculation of these strains in the

environment of the hatchery or broiler farm has to be determined.

It indicates that to reduce the prevalence of ESBL/AmpC-

producing isolates at broiler farms other interventions than

stopping illegal antibiotic usage at the hatchery are necessary as

well.
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To conclude, it has been demonstrated that ESBL/AmpC

producing isolates are found at every level of the broiler

production pyramid. At broiler production farms these isolates

spread very fast, leading to high prevalences. These high

prevalences at broiler production farms are a reason for serious

concern as they enter the food chain in high prevalences. Vertical

transmission, horizontal transmission as well as recirculation of

these isolates at farms and hatcheries may play a role. Therefore

future research should not only evaluate interventions implement-

ed at broiler farms, but should also take into account interventions

implemented at hatcheries and breeding farms.
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thanks to André Steentjes, poultry veterinarian for fruitful discussions and

to Joop Testerink, Marga Japing and Kees Veldman for their help in

collecting all the samples.

Author Contributions

Conceived and designed the experiments: CD JAVDG HES DJM.

Performed the experiments: CD AK. Analyzed the data: CD JAVDG

HES DJM. Contributed reagents/materials/analysis tools: CD AK. Wrote

the paper: CD JAVDG HES AK DJM.

References

1. Livermore DM (2012) Current epidemiology and growing resistance of gram-

negative pathogens. Korean J Intern Med 27: 128–142.

2. Ewers C, Bethe A, Semmler T, Guenther S, Wieler LH (2012) Extended-

spectrum beta-lactamase-producing and AmpC-producing Escherichia coli from

livestock and companion animals, and their putative impact on public health: a

global perspective. Clin Microbiol Infect 18: 646–655.

3. Jacoby GA (2009) AmpC beta-lactamases. Clin Microbiol Rev 22: 161–182.

4. Pitout JD, Nordmann P, Laupland KB, Poirel L (2005) Emergence of

Enterobacteriaceae producing extended-spectrum beta-lactamases (ESBLs) in

the community. J Antimicrob Chemother 56: 52–59.

5. Lavilla S, Gonzalez-Lopez JJ, Miro E, Dominguez A, Llagostera M, et al. (2008)

Dissemination of extended-spectrum beta-lactamase-producing bacteria: the

food-borne outbreak lesson. J Antimicrob Chemother 61: 1244–1251.

6. Smet A, Rasschaert G, Martel A, Persoons D, Dewulf J, et al. (2011) In situ

ESBL conjugation from avian to human Escherichia coli during cefotaxime

administration. Journal Appl Microbiol 110: 541–549.

7. Niki M, Hirai I, Yoshinaga A, Ulzii-Orshikh L, Nakata A, et al. (2011)

Extended-spectrum beta-lactamase-producing Escherichia coli strains in the

feces of carriers contribute substantially to urinary tract infections in these

patients. Infection 39: 467–471.

8. Carattoli A (2008) Animal reservoirs for extended spectrum beta-lactamase

producers. Clin Microbiol Infect 14 Suppl 1: 117–123.

9. Cohen Stuart J, van den Munckhof MP, Voets GM, Scharringa J, Fluit AC, et

al. (2012) Comparison of ESBL contamination in organic and conventional

retail chicken meat. Int J of Food Microbiology 154: 212–214.

10. Leverstein-van Hall MA, Dierikx CM, Cohen Stuart J, Voets GM, van den

Munckhof MP, et al. (2011) Dutch patients, retail chicken meat and poultry

share the same ESBL genes, plasmids and strains. Clin Microbiol Infect 17: 873–

880.

11. Overdevest I, Willemsen I, Rijnsburger M, Eustace A, Xu L, et al. (2011)

Extended-spectrum beta-lactamase genes of Escherichia coli in chicken meat and

humans, The Netherlands. Emerg Infect Dis 17: 1216–1222.

12. Egea P, Lopez-Cerero L, Navarro MD, Rodriguez-Bano J, Pascual A (2011)

Assessment of the presence of extended-spectrum beta-lactamase-producing

Escherichia coli in eggshells and ready-to-eat products. Eur J Clin Microbiol Infect

Dis 30: 1045–1047.

13. Mesa RJ, Blanc V, Blanch AR, Cortes P, Gonzalez JJ, et al. (2006) Extended-

spectrum beta-lactamase-producing Enterobacteriaceae in different environ-

ments (humans, food, animal farms and sewage). J Antimicrob Chemother 58:

211–215.

14. Smet A, Martel A, Persoons D, Dewulf J, Heyndrickx M, et al. (2008) Diversity

of extended-spectrum beta-lactamases and class C beta-lactamases among

cloacal Escherichia coli Isolates in Belgian broiler farms. Antimicrob Agents

Chemother 52: 1238–1243.

15. Dierikx C, van der Goot J, Fabri T, van Essen-Zandbergen A, Smith H, et al.

(2013) Extended spectrum beta-lactamase- and AmpC-beta-lactamase-produc-

ing Escherichia coli in Dutch broilers and broiler farmers. J Antimicrob

Chemother 68: 60–67.

16. Bortolaia V, Bisgaard M, Bojesen AM (2010) Distribution and possible

transmission of ampicillin- and nalidixic acid-resistant Escherichia coli within the

broiler industry. Vet Microbiol 142: 379–386.

17. Giovanardi D, Campagnari E, Ruffoni LS, Pesente P, Ortali G, et al. (2005)

Avian pathogenic Escherichia coli transmission from broiler breeders to their

progeny in an integrated poultry production chain. Avian Pathol 34: 313–318.
18. Petersen A, Christensen JP, Kuhnert P, Bisgaard M, Olsen JE (2006) Vertical

transmission of a fluoroquinolone-resistant Escherichia coli within an integrated
broiler operation. Vet Microbiol 116: 120–128.

19. Heininger A, Binder M, Schmidt S, Unertl K, Botzenhart K, et al. (1999) PCR
and blood culture for detection of Escherichia coli bacteremia in rats. J Clin

Microbiol 37: 2479–2482.

20. Dierikx CM, van Duijkeren E, Schoormans AH, van Essen-Zandbergen A,
Veldman K, et al. (2012) Occurrence and characteristics of extended-spectrum-

beta-lactamase- and AmpC-producing clinical isolates derived from companion
animals and horses. J Antimicrob Chemother.

21. (2011) SVARM 2010. Swedish Veterinary Antimicrobial Resistance Monitoring.

The National Veterinary Institute (SVA), Uppsala, Sweden. Available: www.sva.
se.

22. Arlet G, Barrett TJ, Butaye P, Cloeckaert A, Mulvey MR, et al. (2006) Salmonella
resistant to extended-spectrum cephalosporins: prevalence and epidemiology.

Microbes Infect 8: 1945–1954.
23. Dierikx C, van Essen-Zandbergen A, Veldman K, Smith H, Mevius D (2010)

Increased detection of extended spectrum beta-lactamase producing Salmonella

enterica and Escherichia coli isolates from poultry. Vet Microbiol 145: 273–278.
24. Paterson DL, Bonomo RA (2005) Extended-spectrum beta-lactamases: a clinical

update. Clin Microbiol Rev 18: 657–686.
25. Mamber SW, Katz SE (1985) Effects of antimicrobial agents fed to chickens on

some gram-negative enteric bacilli. Appl Environ Microbiol 50: 638–648.

26. Coloe PJ, Bagust TJ, Ireland L (1984) Development of the normal
gastrointestinal microflora of specific pathogen-free chickens. J Hyg (Lond) 92:

79–87.
27. Saleha AA, Tin Tin Myaing, Ganapathy KK, Zulkifli I, Raha R, et al. (2009)

Possible Effect of Antibiotic-Supplemented Feed and Environment on the
Occurrence of Multiple Antibiotic Resistant Escherichia coli in chickens. Int J of

Poul Sci.

28. da Costa PM, Bica A, Vaz-Pires P, Bernardo F (2008) Effects of antimicrobial
treatment on selection of resistant Escherichia coli in broiler fecal flora. Microb

Drug Resist 14: 299–306.
29. Peek HW, Landman WJ (2011) Coccidiosis in poultry: anticoccidial products,

vaccines and other prevention strategies. Vet Q 31: 143–161.

30. Diarra MS, Silversides FG, Diarrassouba F, Pritchard J, Masson L, et al. (2007)
Impact of feed supplementation with antimicrobial agents on growth

performance of broiler chickens, Clostridium perfringens and enterococcus counts,
and antibiotic resistance phenotypes and distribution of antimicrobial resistance

determinants in Escherichia coli isolates. Appl Environ Microbiol 73: 6566–6576.

31. Persoons D, Haesebrouck F, Smet A, Herman L, Heyndrickx M, et al. (2011)
Risk factors for ceftiofur resistance in Escherichia coli from Belgian broilers.

Epidemiol and Infect 139: 765–771.
32. (2012) MARAN 2012. Monitoring of Antimicrobial Resistance and Antibiotic

Usage in Animals in the Netherlands, Central Veterinary Institute (CVI) of
Wageningen UR, Lelystad. Available: www.cvi.wur.nl/NL/publicaties/

rapporten/maranrapportage/default.html. Accessed 2013 Jun 12.

33. Dutil L, Irwin R, Finley R, Ng LK, Avery B, et al. (2010) Ceftiofur resistance in
Salmonella enterica serovar Heidelberg from chicken meat and humans, Canada.

Emerg Infect Dis 16: 48–54.

ESBL/AmpC Producing E. coli in Broiler Breeders

PLOS ONE | www.plosone.org 8 November 2013 | Volume 8 | Issue 11 | e79005


