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Abstract

Aims—Crates used to transport live poultry can be contaminated with Campylobacter, despite

periodic sanitization, and are potential vectors for transmission between flocks. We investigated

the microbial contamination of standard and silver ion containing crates in normal use and the

genetic structure of associated Campylobacter populations.

Methods and Results—Bacteria from crates were enumerated by appropriate culture

techniques, and multilocus sequence typing (MLST) was used to determine the genetic structure

of Campylobacters isolated from standard and silver ion containing crates. Compared to standard

crates, counts of bacteria, including Campylobacter, were consistently lower on silver ion

containing crates throughout the decontamination process. In total, 16 different sequence types

were identified from 89 Campylobacter jejuni isolates from crates. These were attributed to

putative source population (chicken, cattle, sheep, the environment, wild bird) using the

population genetic model, STRUCTURE. Most (89%) were attributed to chicken, with 22% attribution to

live chicken and 78% to retail poultry meat. MLST revealed a progressive shift in allele

frequencies through the crate decontamination process. Campylobacter on crates survived for at

least 3 h after sanitization, a period of time equivalent to the journey from the processing plant to

the majority of farms in the catchment, showing the potential for involvement of crates in

transmission.

Conclusions—Inclusion of a silver ion biocide in poultry transportation crates to levels

demonstrating acceptable antibacterial activity in vitro reduces the level of bacterial contamination

during normal crate use compared to standard crates. Molecular analysis of Campylobacter

isolates indicated a change in genetic structure of the population with respect to the poultry-

processing plant sanitization practice.

Significance and Impact of the Study—The application of a sustainable antimicrobial to

components of poultry processing may contribute to reducing the levels of Campylobacter

circulating in poultry.
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Introduction

Campylobacter is the most common zoonotic cause of bacterial gastroenteritis in the

industrialized world with the financial burden estimated at £500 million in the United

Kingdom (Humphrey et al. 2007) and $8 billion in the United States (Buzby and Roberts

1997). Human campylobacteriosis occurs after consumption of contaminated meat, water

and milk (Friedman et al. 2000; Kapperud et al. 2003; Neimann et al. 2003), and poultry

meat is implicated as the major source of disease, accounting for 40–80% of cases (Corry

and Atabay 2001; Vellinga and Van Loock 2002; Neimann et al. 2003; Friedman et al.

2004; Wilson et al. 2008; Sheppard et al. 2009a). The widespread occurrence of

Campylobacter jejuni and Campylobacter coli in the digestive tract of farmed chickens and

the automated methods used to slaughter and present these birds to retail outlets help to

explain the contribution of poultry meat as a source of human campylobacteriosis. Poultry-

processing plants have also been implicated as a source of contamination as flocks that are

free of Campylobacter at slaughter may produce Campylobacter-positive meat after

processing (Johnsen et al. 2006). The crates used to transport live birds from farms to

processing have been shown to harbour Campylobacter spp. (Slader et al. 2002; Hansson et

al. 2005; Allen et al. 2008; Peyrat et al. 2008). Because these crates circulate between

unrelated flocks, they may present a contamination risk for uninfected birds (Rivoal et al.

1999; Newell et al. 2001; Miwa et al. 2003; Posch et al. 2006; Van Worth et al. 2006; Allen

et al. 2007). The cleaning of equipment involved in poultry processing, including

transportation crates, is ineffective (Wedderkopp et al. 2001), and better decontamination of

these crates may be expected to reduce the numbers of pathogens circulating between flocks.

Molecular biological studies have enhanced understanding of the distribution and survival of

Campylobacter genotypes in the environment and at various stages in the food chain

(Berndtson et al. 1996a; Herman et al. 2003; Lindmark et al. 2006; Allen et al. 2007; Klein

et al. 2007; Lienau et al. 2007). Multilocus sequence typing (MLST) has revealed sufficient

genetic variation within Camp. jejuni and Camp. coli to identify host- and source-associated

genotypes (Manning et al. 2003; McCarthy et al. 2007; Sheppard et al. 2009b; Colles et al.

2010). This allowed the development of source attribution studies to infer the origin of

disease. By comparison of sequence types (STs) from clinical isolates with those from

reference datasets, chicken-associated lineages are consistently found to be major sources of

human disease (Wilson et al. 2008; Mullner et al. 2009; Sheppard et al. 2009b; Strachan et

al. 2009). Variation in Campylobacter genotypes throughout poultry processing could

provide insight into the contamination of retail meat, improving the understanding of the

transmission routes to human infection. This would act as a guide for the implementation of

effective intervention measures to reduce the burden of human disease (Baker et al. 2006).

In this study, we investigated the incidence and genetic structure of Campylobacter

populations contaminating crates used to transport live chickens. Standard and silver ion
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containing crates were examined throughout the decontamination process, providing

information on the epidemiology and transmission of Campylobacter through the poultry-

processing plant.

Materials and methods

Environmental site and samples

Samples were collected from two types of polyethylene chicken transportation crate (1165

mm length, 765 mm width, 255 height, 10 kg weight; Anglia Autoflow, Diss, UK), one

standard crate and the other incorporating antimicrobial silver ions (BioCote Ltd,

Wolverhampton, UK). The silver ions were incorporated into the crate polymer as a 1%

(w/w) masterbatch addition during crate moulding to produce a final concentration of Ag+ of

16 ppm. This concentration of Ag+ had previously been empirically determined using

similar polymers and the same silver ion additive in products unrelated to this study to

achieve acceptable antimicrobial efficacy (data not shown). Ten silver ion-treated crates

entered the chicken processing system during early February 2009 and were used

continuously for the transportation of live chickens from farms to the UK processing factory

for at least 4 weeks before sampling commenced.

Samples were collected on site from the ten silver ion containing crates and ten standard

crates at various stages through the crate decontamination process in March 2009 and

included swabs from crates and wash water. Six Amies charcoal transport swabs (TCS,

Heywood, UK) were collected from each of the ten treated and untreated crates, swabbing

an area of 25 cm2 on the inside surface of empty crates avoiding visible organic material. Of

these six swabs, three were later processed in the laboratory for aerobic colony counts and

three processed for Campylobacter isolation. Swabs were collected at defined points

throughout the decontamination process. Swabbing points were as follows: (i) before the

water wash (immediately following live bird removal); (ii) after the water wash; (iii) after

peracetic acid sanitization; (iv) 1 h after sanitization; (v) 2 h after sanitization; (vi) 3 h after

sanitization (representing the approximate maximum journey time from processing plant to

next farm for bird collection. This 3-h point also represented the microbiological state of

crates before live birds were placed in them). Crates are not normally stored after

sanitization, rather loaded immediately for the collection of more live birds. Samples of

wash water (100 ml) were collected in sterile, screw-topped containers at hourly intervals

throughout the sampling programme from the wash tank. After washing and sanitization,

crates were stored in metal-framed modules (routinely used for transporting crates) for 3 h.

On the day of sampling, it was noted that crates stored in the modules and exposed to the

open air had dried considerably after washing, but not completely. Collected swabs were

labelled and stored in chilled containers prior to transportation to the laboratory.

Crate decontamination

The standard decontamination procedure for transportation crates on the processing plant

used for sampling was as follows: emptied crates passed through an unheated mains-

supplied wash tank by conveyer belt taking approx. 10 s. The wash tank was filled with

fresh water at ambient temperature at the beginning of each day and not refreshed or treated.
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There was no physical action on the crates during the washing stage; crates were fully

submerged and not dried before progressing to the next stage. Within 20 s of emerging from

the wash water, crates entered a short-soak metal housing (approx. 5 s duration without

agitation) for spraying with 0·25% peracetic acid (Holchem Laboratories, Preston, UK). On

exiting the housing, crates were manually slotted into metal holding modules for return to

transportation trailers. We estimated in excess of 1000 empty crates had passed through the

wash water tank by the time sampling commenced.

Aerobic colony counts

Swabs were processed for aerobic colony counts by immersing the swab tips in 1 ml sterile

phosphate-buffered saline (pH 7·0) and vortexing for 20 s. The bacterial suspensions were

serially diluted to a factor of 10−6, and 0·1 ml volumes of each dilution were inoculated onto

plate count agar (Oxoid, Basingstoke, UK) and incubated for up to 48 h at 37°C. Mean

colony counts were calculated from the cultures of the three swabs collected from individual

crates.

Campylobacter isolation, identification and enumeration

Tips of swabs collected for Campylobacter isolation were broken off into sterile bijous filled

with Bolton broth containing a selective supplement (Oxoid), vortexed for 20 s and

incubated for 4 h at 37°C, followed by further incubation at 42°C. After 24 h, 0·1 ml of the

inoculated broth was subcultured onto modified CCDA (mCCDA) (Oxoid) and incubated

for 48 h at 42°C in 10% CO2. Presumptive Campylobacter colonies were Gram-stained and

tested by the oxidase reaction (HPA 2005). For Campylobacter enumeration, 0·1 ml of

Bolton broth was withdrawn from the bijou containing the swab tip after 24-h incubation

and serially diluted in fresh Bolton broth to a dilution of 1 : 10 000. A volume of 0·1 ml of

each dilution was subcultured onto modified CCDA, spread with a sterile glass spreader and

incubated for 48 h at 42°C in 10% CO2. Campylobacter-like colonies were identified by

Gram stain and oxidase reaction. Colonies were counted at the appropriate dilution and

converted to colony forming units (CFUs) per swab.

DNA extraction and PCR sequencing

Single Campylobacter colonies were subcultured on mCCDA plates to obtain pure cultures

for DNA sequencing. Half of the colonial growth from a single plate was harvested from

each isolate and suspended in 0·15 ml of PBS in a sealable 1·5-ml Eppendorf tube. Cell

suspensions were heated at 100°C for 10 min to obtain a final DNA concentration of 10–30

ng μl−1. DNA concentrations were measured by UV spectroscopy (Nanodrop 1000, Thermo

Scientific, Cramlington, UK).

PCR, sequencing and bioinformatics

DNA template arrays were created in 96-well Thermo-fast®, polyethylene plates (Abgene,

Epsom, UK), and seven-locus MLST was carried out by standard methods using published

primers (Dingle et al. 2005; Miller et al. 2005). Each 25 μl PCR comprised molecular grade

water (Sigma-Aldrich, Poole, UK), 2·5 μl 10× PCR buffer (Qiagen, Crawley, UK), 0·25

μmol l−1 each of forward and reverse primer, 0·2 mmol l−1 dNTP mix (Invitrogen, Paisley,
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UK), 0·025 units μl−1 (0·125 μl) Taq polymerase (Qiagen) and 2 μl of template DNA. The

PCR thermal cycle began with a 15 min denaturation step at 95°C, followed by 35 cycles of

94°C (30 s), 50°C (30 s) and 72°C (1 min), with a final extension at 72°C (5 min). Five

microlitres of PCR products was visualized with ultraviolet transillumination following

electrophoresis at 200 V (10 min) on a 1% (w/v) agarose gel containing ethidium bromide

(10 mg ml−1) in 1× TBE buffer (1 mmol l−1 EDTA, 40 mmol l−1 Tris-acetate). The

amplification products were purified by precipitation with 20% polyethylene glycol–2·5 mol

l−1 NaCl (Embley 1991) and stored at −20°C. Nucleotide sequencing PCRs were performed

in both directions, using the same primers (f or r), diluted (1:15) in water. Reactions were

carried out in 10 μl volumes containing 2 μl of PEG-precipitated DNA resuspended in water,

1·0 μl 5× buffer, 0·02 μl BigDye Terminator v3·1 mix (Applied Biosystems, Warrington,

UK) and 0·25 μmol l−1 of either the forward or the reverse primer. Cycling parameters were

as follows: 30 cycles of 96°C (10 s), 50°C (5 s) and 60°C (2 min). Unincorporated dye

terminators were removed by precipitation of the termination products with 95% ethanol,

and the reaction products were separated and detected with an ABI Prism 3730 automated

DNA sequencer (Applied Biosystems). Forward and reverse sequences were assembled

from the resultant chromatograms using the STADEN suite of computer programs (Staden 1996).

The consensus sequences were queried against the Campylobacter database to give an allele

number. The combination of alleles for the seven housekeeping genes gave the STs that

were assigned into genetically related clonal complexes, based on sharing four or more

alleles with the central genotype. A database was developed in the framework provided by

the existing Campylobacter profiles database, [http://pubmlst.org/Campylobacter/] which

covers the species Camp. jejuni and Camp. coli and is based on mlstdbNet software (Jolley

et al. 2004).

Published data

Data from this study were compared with data from published studies comprising a

comparison dataset for analysis containing, in total, 598 cattle, 1312 chicken (195 from live

bird faeces and 1117 from poultry meat), 250 sheep, 91 environmental (sand and

environmental waters) and 609 wild bird (1 jackdaw, 1 crow, 2 swan, 8 duck, 43 gull, 67

pigeon, 180 goose, 284 starling and 23 unknown birds) Camp. jejuni isolates (McCarthy et

al. 2007; Colles et al. 2008a; Sheppard et al. 2009a). The details of these datasets are given

in Table 1.

DNA sequence analysis

The similarity of the isolate genotypes from crates to published datasets of Campylobacter,

from chickens and other host species, was assessed by probabilistic assignment of genotypes

to host species based on MLST alleles. This analysis used the no-admixture model of

STRUCTURE, a Bayesian model-based clustering method designed to infer population structure

and assign individuals to populations using multilocus genotype data (Pritchard et al. 2000;

McCarthy et al. 2007). Differences in genotype frequency between populations allow

probabilistic assignment of isolates to populations, even if there is some sharing of

genotypes between those populations. MLST data were analysed as allelic profiles, and 10

000 iterations were performed following a 1000 iteration burn-in. In each analysis, an

external set of chicken crate-derived isolates was assigned to host based on genotype
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information using a training set with isolates from known host species and environmental

origin as outlined in the following sections. These were distinguished from the test data

using the USEPOPINFO flag of STRUCTURE. Two separate analyses were carried out in which the STs

from isolates sampled from poultry transport crates were assigned to host population using

(i) 2860 isolates from chicken, cattle, sheep, the environment and wild birds and (ii) 1312

chicken only isolates from chicken faeces and meat.

In vitro antimicrobial efficacy determination

Antimicrobial efficacy of silver ion-treated crates was determined by standard methodology.

This involved subjecting triplicate 5 × 5 cm sample coupons of silver ion-treated

polyethylene, cut from manufactured chicken crates, to the ISO 22196 protocol. Test

bacterial strains were methicillin-resistant Staphylococcus aureus (MRSA) NCTC 11939

and Escherichia coli ATCC 8739.

Live-Dead fluorescence staining

A single Campylobacter colony was randomly chosen from each of three mCCDA plates

containing Campylobacter isolates. These colonies were isolated from different prewash

silver ion-treated crates. They were suspended together in Bolton broth/PBS (1 : 500) to an

approximate density of 1·0 × 106 cells per ml. Sample coupons (5 × 5 cm) of silver ion-

treated polyethylene cut from manufactured chicken crates were inoculated with 0·1 ml of

this cell suspension in triplicate overlaid with sterile polyethylene film and incubated in

moistened Petri dishes for up to 24 h at 42°C in 10% CO2. Cells were retrieved from the test

surface by immersion in 1 ml of sterile PBS, agitation for 20 s and centrifugation at 13 000

rev min−1 in a bench top micro centrifuge (Eppendorf, Cambridge, UK). Pellets of cells

were washed in PBS, resuspended in 25 μl of PBS and stained with the Live-Dead®

BacLight™ Bacterial Viability kit according to manufacturer’s recommendations

(Invitrogen). The procedure was repeated using untreated polyethylene as a control.

Results

Aerobic colony counts

Aerobic colony counts obtained from both standard untreated and silver ion containing

chicken transportation crates varied across the processing plant decontamination process.

Counts were obtained from swabs taken immediately after live chickens (12 birds per crate)

had been removed from the crates and before a water wash and then at key points

throughout the decontamination process (Fig. 1a). The mean aerobic colony count (CFU) on

standard crates before washing was 1·7 × 106 CFU compared to 1·2 × 105 CFU from silver

ion containing crates. Water washing diminished counts for both crate types to 4·9 × 105

CFU (71·2% reduction) on standard crates and 8·7 × 104 CFU (27·5% reduction) on silver

ion containing crates. Spray sanitization with 0·25% peracetic acid further reduced counts to

1·6 × 105 CFU (67·5% reduction) for standard crates and 1·9 × 104 CFU (78·2% reduction)

for silver ion containing crates. Standard crates exhibited a 15-fold increase in aerobic

colony count after 1 h post-sanitization (2·4 × 106 CFU), whilst silver ion containing crates

exhibited a reduction in count to 9·2 × 102 CFU (95·2% reduction). After a further 1 and 2 h,

the standard crate counts had reduced to 6·1 × 105 CFU (74·6% reduction) and 5·4 × 104
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CFU (91·2% reduction), respectively. The silver ion containing crate counts increased to 9·3

× 102 CFU (1·1% increase) and then decreased to 3·5 × 102 CFU (62·4% reduction) after the

further 1 and 2 h, respectively. The mean count of aerobic colonies from wash water was 3·0

× 1010 CFU ml−1.

Campylobacter colony counts

The number of Campylobacter cells present on crates was quantified by determining the

number of Campylobacter colonies isolated from swabs (Fig. 1b). The mean Campylobacter

colony count from prewash standard crates was 4·7 × 103 CFU compared to 3·2 × 103 CFU

for silver ion containing crates. Both crate types yielded increased counts after washing,

suggesting the wash water contaminated the crates with Campylobacter; 1·9 × 104 CFU and

8·3 × 103 CFU from standard and silver ion containing crates, respectively. Wash water

samples yielded a mean count of 2·3 × 104 CFU of Campylobacter. Sanitization reduced the

counts of Campylobacter from standard crates (1·3 × 104 CFU) but increased the counts

from silver ion containing crates (1·3 × 104 CFU). Counts of 1·3 × 104 CFU, 1·3 × 104 CFU

and 1·0 × 104 CFU were then obtained from standard crates at 1-, 2- and 3-h postsanitization

sampling points, respectively. Corresponding counts from silver ion containing crates were 0

CFU, 4·7 × 102 CFU and 0 CFU. The mean Campylobacter count from wash water was 2·3

× 104 CFU ml−1.

The number of Campylobacter-positive swabs from standard crates increased through

processing from 6/30 (prewash) to 22/30 (postwash), increasing further after sanitization

(28/30) (Fig. 1c). The number of Campylobacter-positive swabs decreased over the 3-h

postsanitization period on the standard crates (1 h: 18/30, 2 h: 18/30 and 3 h: 8/30).

Campylobacter-positive swabs also increased on silver ion containing crates during washing

from 3/30 (prewash) to 14/30 (postwash). The number of Campylobacter-positive swabs

then decreased (6/30) after sanitization. The 3-h period after sanitization produced a single

Campylobacter-positive swab 2 h postsanitization (1/30).

In vitro antimicrobial efficacy determination

Antimicrobial efficacy was confirmed in vitro using the ISO 22196 protocol. A mean loss of

cultivability, 99·35% from an inoculum of 1·5 × 104 E. coli cells and 99·63% from an

inoculum of 2·5 × 104 MRSA cells, was observed after 24 h exposure to silver ion-treated

(BioCote®) crate test samples compared to untreated crate material. Nine replicates were

tested per bacterial species (data not shown).

Live-Dead fluorescence staining

The Live-Dead® BacLight™ Bacterial Viability kit employs the SYTO® 9 and propidium

iodide stains (the green and red-fluorescent nucleic acid stains, respectively). A combination

of these stains enables the differentiation of live bacterial cells with intact cell membranes

(green) from cells with damaged membranes (red). Campylobacter cells were harvested

from Bolton broth culture during logarithmic growth and stained with the Live-Dead® kit,

fluoresced bright green (Fig. 2a). Using this technique, Campylobacter cells exposed to

silver ion containing crate material showed a loss of viability over time (Fig. 2b–d). In

contrast, Campylobacter cells harvested from the same culture exposed to untreated crate
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material for the same incubation times retained more viability (Fig. 2e) compared to cells

exposed to silver ion containing material.

Genetic diversity

MLST was completed for 89 isolates, all of which gave genetic profiles characteristic of

Camp. jejuni (Table 2). The 89 isolates were retrieved from the following samples: sample

point i standard crate 6; sample point i silver ion containing crate 3; sample point ii standard

crate 13; sample point ii silver ion containing crate 9; sample point iii standard crate 20;

sample point iii silver ion containing crate 4; sample point iv standard crate 13; sample point

v standard crate 14; sample point vi standard crate 4; wash water 3. There were a total of 16

STs. The four most common STs accounted for 80% of genotypes. There were four clonal

complexes (ST-45, ST-354, ST-574, ST-661) defined as groups of STs that share four or

more alleles in common with the central genotype. The ST-45 complex is known from

multiple hosts (McCarthy et al. 2007; Colles et al. 2008a; Sheppard et al. 2009b), and the

other clonal complexes have been found in chicken samples (Colles et al. 2008a; Sheppard

et al. 2009b). They contrast with those most commonly associated with cattle (for example,

ST-61, ST-206 and ST-403) and wild birds (for example, ST-177, ST-179, ST-682,

ST-1034, ST-1275) (Colles et al. 2008b). The variation in MLST allele frequency is related

to the change in dominant STs but provides additional information about the progressive

shift in abundance and persistence of particular lineages throughout the crate

decontamination process (Fig. 3).

Probabilistic assignment to host

The assignment probability for putative origin was calculated for each chicken transport

crate isolate individually (Fig. 4), and the percentage of all isolates attributed to each source

was calculated as the sum of these probabilities. In the first STRUCTURE analysis, the crate

isolates were attributed to origin populations in the following percentages: 89% to chicken,

1% to cattle, 2% to sheep, 7% to the environment and 1% to wild bird. The attributions in

the second analysis using chicken only reference isolates assigned 22% to live chicken

(faeces) and 78% to dead chicken (carcass swabs and retail poultry).

Discussion

The occurrence of Camp. jejuni on poultry transport crates reflected the high prevalence of

Campylobacter in chicken flocks (Heuer et al. 2001; Petersen et al. 2001; Newell and

Fearnley 2003; Wittwer et al. 2005; Bull et al. 2006; Lindmark et al. 2006; Van Overbeke et

al. 2006). The level of contamination and the diversity of genotypes identified by MLST (16

STs) underline the potential importance of transport crates in the transmission of

Campylobacter (Slader et al. 2002; Hansson et al. 2005; Allen et al. 2008; Peyrat et al.

2008).

Previous studies have shown that the slaughter process is an important factor in the spread of

Campylobacter genotypes in poultry (Berndtson et al. 1996b; Herman et al. 2003;

Rosenquist et al. 2003; Allen et al. 2007; Klein et al. 2007; Lienau et al. 2007). Our finding

that the ST-45, ST-354, ST-574, ST-661 clonal complexes, commonly associated with
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chickens (Sheppard et al. 2009a), dominate among the Camp. jejuni on the transport crates

is consistent with the crates being involved in transmission. Furthermore, the persistence of

these genotypes on the crates through the decontamination process provides a potential

source of Campylobacter for uncontaminated flocks as the crates are reused.

There was evidence of differential survival of STs through the crate cleaning process. It is

known that some STs are found at a significantly lower frequency on chicken after slaughter

compared to the levels in live chickens (Newell et al. 2001; Johnsen et al. 2006). In this

study, STs 418 and 4227 were only found on crates before washing and other STs

dominated at later processing stages. The reasons for the variation in ST frequency

throughout the crate decontamination process are poorly understood. A recent study reported

variation in Campylobacter spp. adhering to an inert surface, the initial stage of biofilm

formation (Sulaeman et al. 2010). The ability of Campylobacter to form biofilms may then

impact on the observed survival of STs. The potential for differential survival of Camp.

jejuni strains has also been suggested with the identification of environmentally adapted

lineages, in particular ST-45 (Sopwith et al. 2008). This ST was one of those that was more

abundant throughout the crate decontamination process, which is consistent with the idea

that it is adapted to survival outside a host (Sopwith et al. 2008). The dynamics of genotypic

changes were investigated by characterizing the abundance of alleles at various stages

throughout crate decontamination. Trends in allele abundance indicate that some alleles

decline and others increase at stages through the process. Although these are not necessarily

determinants of phenotypes directly related to survival outside the host, this does provide

insight into the trends in genotypic variation. It may therefore be possible to identify

genotypes that could be important in Campylobacter transmission between flocks, on the

basis of their constituent MLST alleles.

A total of 60% of the STs (9/15), accounting for 20% of the isolates (19/89), from the

poultry transport crates, had not been previously described from any other source (http://

pubmlst.org/campylobacter). However, comparison with isolates from chicken, other farm

animal sources and the environment, by probabilistically assigning the putative origin,

indicated an 89% similarity between the STs from transport crates and those from chicken

(faeces/meat). Taking this analysis further, using chicken only training datasets, 78% of STs

isolated from the transport crates were more similar to those from retail meat compared to

live chickens. The similarity between the STs isolated during this study and previously

recognized STs suggests parameters such as sampling/enrichment methods, times/seasons

and temperatures did not influence significantly ST findings. The overlap between the

genotypes from transport crates and those from retail meat suggests a common source of

contamination.

This study demonstrated the survival of Campylobacter on crates for at least 3 h after on-site

sanitization, a period of time equivalent to the crates’ journey from the processing plant to

the majority of the farms in the catchment. It has previously been suggested that storage of

crates for a period of not less than 2 weeks before contact with the next flock would

dramatically reduce the circulation of pathogens, including Campylobacter, between flocks

(Berrang et al. 2004). The crate decontamination process operated at our study’s processing

plant was shown to be ineffective. Indeed, the wash water contained sufficient bacteria
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including Campylobacter to increase the levels of contamination on crates passing through

it. However, mass storage of crates as an additional intervention would be impractical and

expensive. Compared to standard crates, silver ion containing crates were consistently

shown in our study to be less contaminated with bacteria, including Campylobacter, under

normal conditions. It is possible that bacteria are rendered non-culturable by the action of a

silver ion biocide but retain pathogenicity. However, the action of ionic silver on bacteria is

lethal, so use of these treated crates may contribute to the interruption of Campylobacter

transmission through poultry processing and the application of antimicrobials at key points

may have the potential to reduce the prevalence of Campylobacter in the poultry

environment. A potentially useful exercise would be to enhance wash/sanitization conditions

for silver ion containing crates to determine the optimum combination of these antimicrobial

strategies.

In conclusion, this study demonstrates the potential involvement of poultry transport crates

in the transmission of Campylobacter. The genotypes colonizing them, characteristic of

those from poultry, change through the slaughter process but current crate decontamination

practices remove only certain genotypes. This study provides information that will enable

targeted intervention by the poultry industry to help reduce the circulation of Campylobacter

through the food chain.
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Figure 1.
Quantification of aerobic colony count (a) and Campylobacter colony count (b) of 25-cm2 sample areas, and the number of

Campylobacter-positive swabs (c) from standard  and silver ion containing  chicken transportation crates obtained after

removal of live birds at the processing plant and across the decontamination process.
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Figure 2.
Live-Dead-stained Campylobacter cells exposed to silver ion-treated crate material and standard crate material. Cells stained

during logarithmic phase growth in Bolton broth (a) fluoresce green indicating viability. Cells photographed 1 h (b), 2 h (c) and

4 h (d) after exposure to silver ion containing crate material show an increasing red/orange fluorescence indicating a progressive

reduction in viability. Live-Dead-stained Campylobacter cells exposed to untreated crate material show less reduction in

viability over a 4-h period (e) compared to d.
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Figure 3.
Frequency of alleles that showed an increasing (a) and decreasing (b) trend throughout the crate decontamination process at

stages: prewater wash (i); postwash (ii); postsanitization in 0·25% peracetic acid (iii); 1 h postsanitization (iv); 2 h

postsanitization (v); 3 h postsanitization (vi). The abundance of alleles is expressed as a percentage of the total number of alleles

at that locus at that sample point.

Hastings et al. Page 16

J Appl Microbiol. Author manuscript; available in PMC 2014 May 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 4.
Assignment of Campylobacter jejuni STs from chicken transport crates (n = 89) to origin population using the Bayesian

clustering algorithm structure. Each isolate is represented by a vertical bar, showing the estimated probability that it originates

from each of the putative sources indicated by different colours. Two independent analyses were carried out assigning tray

genotypes to (a) chickens, cattle, sheep, the environment and wild birds, and (b) live chicken (faecal samples) or dead chicken

(carcass swabs or retail meat). An equal area of each colour would be expected in the absence of genetic differentiation by host

species (a) or food chain stage (b). (a)  wild bird;  environment;  sheep;  cattle;  chicken. (b)  dead chicken;  live

chicken.
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Table 1

Multilocus sequence typing and isolate data from published sources

Source Number of isolates Number of STs Number of
clonal
complexes

Date References

Chicken live (faeces) 195 25 12 2005–2006 Wedderkopp et al. 2001;
Sheppard et al. 2009b

Chicken dead (meat) 1117 224 28 2004–2006 Rivoal et al. 1999;
Wedderkopp et al. 2001

Wild bird 609 159 22 2002–2006 Rivoal et al. 1999; Colles et
al. 2008b

Cattle 598 130 19 1981–2003 & 2005/2006 Rivoal et al. 1999; Lienau et
al. 2007

Sheep 250 72 12 1982–2003 & 2005/2006 Rivoal et al. 1999; Lienau et
al. 2007

Environment 91 71 17 2003, 2005 & 2005/2006 Rivoal et al. 1999; Wittwer et
al. 2005; Wilson et al. 2008

All isolates from UK sources.
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Table 2

Multilocus sequence typing data for isolates from poultry transport crates

Allele nucleotide sequence number

ST Frequency* aspA glnA gltA glyA pgm tkt uncA Clonal complex

464 41 24 2 2 2 10 3 1

814 14 2 75 4 48 141 34 1 661

4225 11 2 25 5 10 149 12 35

45 6 4 7 10 4 1 7 1 45

354 5 8 10 2 2 11 12 6 354

574 2 7 53 2 10 11 3 3 574

418 1 4 7 2 4 1 7 1 45

4226 1 2 75 2 48 141 34 1 661

4227 1 24 2 10 2 10 3 1

4228 1 24 2 2 2 10 34 1

4229 1 43 25 5 10 149 12 35

4230 1 43 75 4 48 141 34 1 661

4231 1 75 2 14 2 10 3 1

4232 1 151 75 10 48 141 34 1 661

4233 1 249 75 4 48 141 34 1 661

4384 1 7 53 2 10 11 3 1 574

*
The number of times this ST was recorded in the dataset.
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