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ABSTRACT

The possible sources of Campylobacter spp. in poultry meat before slaughter were studied by examining
samples of feathers, cloaca swabs, litter swabs, transport coops, rinse water from coop washing equipment,
and chicken breast supports in the slaughter line just before stunning. The samples were collected from 8
broiler houses and from 8 different producers, from apoultry integration system in southern Brazil. The study
was carried out over a 12-month period, and each broiler house was sampled in three consecutive flocks, for
atotal of 24 flockg/broiler house. Campylobacter was found in 79.2% of the feather samples, followed by
cloacal swabs(75.0%) and transport coop (50.0%), litter (37.5%), breast support (33.3%) and coop rinse water
(25.0%) samples. Considering the combined results of cloacal, feather and litter samples, 21 (87.5%) of the 24
chicken batches contained thermophilic Campylobacter in at least one of these samples prior to slaughter.
Thermophilic Campylobacter werefound in 22 of 24 chicken batches destined to slaughter, corresponding to

91.7% contaminated batches.
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INTRODUCTION

Inthelast 25 years, reports of cases of human illiness caused
by Campylobacter spp. have increased year by year. Most
Campylobacter spp. are not identified at the species level, but
when thisisdone, C. jguni is aways the predominant species,
followed by C. coli and, rarely, C. lari. Although C. jejuni isan
intestinal saprophyte of poultry, it isone of the most commonly
isolated gastrointestinal pathogensin humans, and poultry meat
is the principal vehicle (2,8). In the United States, human
infections with Campylobacter are estimated to rang affect 2.1
to 2.4 million people per year and are mainly related to
contaminated poultry meat (12,20). However, other animalssuch
as cattle, sheep and pigs are also known to be carriers of
Campylobacter spp. Inthe United Kingdom, an 18-month study
showed the presence of Campylobacter in heat- processed
cow'smilk (24).

Campylobacter has been isolated from poultry in severa
countries. Uyttendaele et al. (21) studied the occurrence of
food-borne pathogens in poultry carcasses and poultry
products for sale on Belgium markets imported from countries
of the European Union (EU) and found Campylobacter spp. in
21.9% of 247 Belgian samples, 30.2% of 427 French samples,
15.4% of 13 Italian samples, and 54.5% of 44 United Kingdom
samples. The authors further reported that over 25% of the
Campylobacter isolates were either C. jejuni or C. coli. There
is very little published information on the occurrence of
Campylobacter spp. in Brazilian poultry products. One study
carried out on retail chicken in the State of Sao Paulo between
1986 (1) and 1987 (9) showed Campylobacter spp. in47.5and
62.2% of samples, respectively, demonstrating an increase of
31%inoneyear.

The sources of Campylobacter spp. inretail poultry are still
unclear. Broilers, analyzed in the present study, are reared in
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modern, open-air houses, with plastic curtains, datted floors
and automatic feeders and drinkers. On reaching slaughter age,
the animals are placed in plastic coopsin piles and transported
to the slaughterhouse. The chickens are unloaded from the
coop, and shackled and slaughtered on a modern automated
processing line of 9000 birds per hour.

Although chickens may excrete 10*to 10° Campylobacter
cellsper gram of feces, they are asymptomatic (16). Itisbelieved
that the source of bacterial contamination of poultry meat is
essentially the intestine or gut content which may come in
contact with carcasses already in the broiler house, and during
transport and slaughter, either directly or indirectly, through a
vehicle such astransport and processing equipment. High levels
of bacterial cross-contamination may occur especialy during
defeathering and water chilling, with intestinal contamination
apparently being the only source. However, these levels may
also increase during evisceration of the carcasses, washing
and processing due to contamination by personnel (14,23).

Although Campylobacter has been isolated from different
body parts of the chicken such as cloaca (4,11), carcasses,
feathers and crops (13), there is little information about the
possible sources of contamination. Thisinformationisextremely
important in order to adopt proper control measures and thus
to reduce carcass contamination. In the UK, stringent control
measures introduced in recent years have been successful in
reducing contamination with Salmonella but not with
Campylobacter and the levels of this microorganism remain
high. Apparently, Campylobacter is not sensitive to control
measures that reduce Salmonella contamination.

Inthe UK, Campylobacter continuesto beagreat challenge
and, therefore, the government prioritizes the fight against this
pathogen in order to reduce food-borne diseases caused by
thismicroorganism (FSA, 2003).

In 2001, the Brazilian poultry industry was responsible for
11.4% of theworld production of 58,987,000 tons (15). Thehigh
incidence of Campylobacter spp. in chicken productsworldwide
has encouraged the present study. The aim of thisinvestigation
was to identify the sources of Campylobacter spp. in poultry
slaughterhouses by analyzing transport coops, rinse water from
coops, breast support lines, cloaca, feathers and litter swabs.
The results of this study should be helpful in the identification
of thecritical pointsthat need to be controlled in order to reduce
the incidence of Campylobacter contamination in the poultry
industry.

MATERIALSAND METHODS

Litter samples

Three litter samples each were randomly collected from 8
different chicken producers, for a total of 24 samples, and
analyzed for the presence of Campylobacter spp. Sampleswere
collected in 2002 and 2003 and each flock was considered a
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chicken batch. The average age of the flocks was 32 to 34 days
and flock size was about 18,000 birds. Samples were collected
from each batch when the chickens were 18 to 24 days old.

Swab samples were taken from the litter by moistening
each swab (BioPro Sample Bags, International BioProducts,
Inc., Bothell, WA) with 10 mL sterile buffered peptone water
(BPW) (Merck, Art.107228-0). Samplesweretaken by swabbing
the litter back and forth in parallel movements towardsto the
water-supply pipes on the left and the right side of the poultry
house. The swabs were transported to the laboratory in
isothermic boxes and tested on the same day. The swabswere
placed in flasks containing 100 mL BPW and shaken for 1
minuteusing amixer (Model MA 440 Marconi, Piracicaba, S&o
Paulo, Brazil). After homogenization, a 10-mL sample was
transferred to 90 mL of Bolton broth (Oxoid, BB CM 983,
Basingstoke, Hampshire, UK) containing selective supplement
(Oxoid, SR 208E) in asterile glassflask system devel oped by
Franchin (Fig 1). Theflaskswereincubated under microaerobic
conditions (5% O, 10% CO,and 85% N.,) initially at 37°C for 4
h and then at 42°C for 44 h. The sample was then plated onto
modified Bolton agar (MBA) and modified charcoal
cefoperazone desoxycholate agar (MCCDA) for isolation and
enumeration of Campylobacter spp.

The MBA culture medium described by Line (10) was
modified by supplementation of Bolton broth (Oxoid, CM 983)
with 1.5% agar-agar, 0.5 g/L ferrous sulphate (Carlo Erba, Code




451454) and 200 ppm of 2,3,5-triphenyltetrazolium chloride
solution (TTC) (Merck, Art. 108380). Thereafter, a selective
supplement (Oxoid, SR 183E) containing 20 mg/L cefoperazone,
20 mg/L trimethoprim, 20 mg/L vancomycin and 50 mg/L
cycloheximide was added.

Selective supplement (Oxoid, SR 155E) containing 32 mg/L
ceforazone and 10 mg/L amphotericin B was added to mCCDA
medium (Oxoid, CM 739) and used as a blood-free selective
medium for the isolation of C. jgjuni, C. coli and C. lari. The
MBA and mCCDA plates were incubated in a microaerobic
system at 42°C for 24to 48 h. Theisolated colonieswereidentified
using the following tests. catalase, oxidase, morphology and
motility under a phase contrast microscope, latex agglutination
(Oxoid, Dryspot Campylobacter Test DR 150M), and APl Campy
(BioMérieux, France).

Chicken transport coop samples

Swab samples were collected at the processing plant from
the internal and external surface areas of two transport coops
for each batch of chickens. Two swabs were taken from each
coop, for atotal 4 swabs per batch. After sampling, the swabs
were placed in 50-mL sterile tubes containing 20 mL BPW. The
tubes were shaken in a shaker (Phoenix, Model AP 56, Brazil)
for 30 seconds. Thereafter, 1 mL of the homogenized samples
was transferred to sterile tubes containing 9 mL Bolton broth
and incubated under microaerobic conditions at 37°C for 4 h,
and then at 42°C for an additional 44 h. The cultures were then
transferred to solid media as described for the litter samples.
The isolated colonies were identified as described previously.

Coop rinsewater samples

Rinsewater (50 mL) samplesfrom the coopswere collected
directly from the rinse machine. One mL of each water sample
was added to tubes containing 9 mL Bolton broth and incubated
at 37°C for 4 h and then at 42°C for 44 h. The cultures were
transferred to solid media as described for the litter samples.
The isolated colonies were identified as described previoudly.

Feather sasmples

Before starting the slaughtering process, 10 coops were
separated from each batch, and feather samples were removed
from one chicken in each coop, for atotal of 10 chickens per
sample (approximately 4 g of feathers). Thefeathersweretaken
by hand from the neck and the breast using sterile gloves. The
feather samples were placed in sterile bags (WHIRL-PACK,
Millipore Ind. Com. Ltd, Billerica, Massachusetts, USA), 100
mL BPW was added and the bags were shaken for 30 seconds.
FivemL of theliquid wastransferred to tubes containing 45 mL
Bolton broth and incubated under microaerobic conditions at
37°Cfor 4 handthen at 42°C for an additional 44 h. The cultures
were transferred to solid media and identified as described for
the other litter samples.

Thermophilic Campylobacter in poultry before slaughter

Cloacal samples

Before starting the slaughtering process, 10 coops were
separated from each batch, and cloacal samples were obtained
from one chicken in each coop, for atotal of 10 chickens per
sample. Thecloaca sampleswere collected using the same swab
for two chickens. Thefive swabswereplaced in sterileflasksto
which 20 mL BPW was added. The flasks were shaken for 30
seconds and 2 mL of the liquid was transferred to sterile flasks
containing 18 mL Bolton broth. The cultures were incubated,
subcultured and identified as described for the other litter
samples.

Breast support samples

The breast support is designed to calm the chicken after
hanging and also to protect the breast area. Two swabs were
taken from a 100-cm? surface area of the breast support line
before the stunning bath. The swabs were placed in tubes with
10 mL BPW. After shaking the sasmplefor 15 seconds, 1 mL of
theliquid wastransferred to sterileflasks containing 9 mL Bolton
broth, incubated, subcultured and identified as described for
the other litter samples.

Satistics analysis

The nonparametric McNemar test (17) was used for
comparison of the results. Values of X2> 3.84 were considered
to besignificant at 0.05 level.

RESULTSAND DISCUSSION

Thermophilic Campylobacter were detected in 22 of 24
chicken batch samples destined to slaughter, corresponding to
a91.7% rate of contaminated batches.

Table 1 showstheincidence of thermophilic Campylobacter
in samples collected before the bleeding process. There was a
high incidence of Campylobacter inthefeather samples(79.2%),
followed by cloacal (75.0%), chicken transport coop (50.0%),
litter swab (37.5%), breast support (33.3%) and coop rinse water
(25.0%) samples. Table 2 showsthe presence of Campylobacter
in the different samples collected from three different batches
of 8 producers.

The occurrence of thermophilic Campylobacter showed X2
=4.92 (p = 0.0265) for combined results for cloaca and litter
samplesand X2=5.78 (p=0.0162) for feather and litter samples.
Theseresultsindicate asignificant difference between samples.
On the other hand, the combined resultsfor feather and cloacal
samplesshowed no significant difference (X2=0.000, p< 0.0001).
These results indicate that feathers as well as cloaca are more
important as a source of chicken contamination than the litter
samples.

According to the results obtained for cloacal, feather and
litter samples, 21 (87.5%) of the 24 chicken batches to be
slaughtered contained thermophilic Campylobacter in at least
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Table 1. Occurrence of thermophilic Campylobacter spp. in chicken samples

collected at different points before slaughter.

scalding, fromthe plucking equipment. Kotula
and Pandya (7) reported 7.5 log,e CFU of
Campylobacter/g in feathers removed from

Sampling Number of

the breast of the chicken, and Berrang et al.

. Number of |solated Positivity X
points samples positive species (%) (3) found 5.4 10g10 CFU/gin thefeathersand
examined samples 3.8 log10 CFU/g in the skin of 18 chicken
Litter 2% 9 C. jejuni doylei (6) 375 samples examined at the end of the bleeding
C. upsaliensis (3) tunnel, but before scalding. Thelatter authors
Transport coop 2 2 C. jejuni doylei (8) 500 also found the crop samples to be 100%
C. coli (3) positive for Campylobacter spp.
C.jejuni jejuni 1(2) The present study showed alow incidence
Coop rinse water 2% 6 C. jejuni doylei (4) 250 of thermophilic Campylobacter spp. in the
C.jeiuni jejuni 1(2) litter swabs compared to cloacal and feather
C. coli (2) samples, which might be dueto environmental
Cloaca 2% 18 C.jejuni jejuni 1(9) 750 conditions such oxygen, relative humidity and
C. jgjuni doylei (6) temperature reported to affect the survival of
C.cali (3) Campylobacter spp. (2,22).
Feather 2% 19 C. jejuni doylei (7) 792 Of the 22 chicken batches positive for
C.jejuni jejuni 1( 10) thermophilic Campyl obacter, only one batch
C.coli (2) (No. 10) showed the absence of the
Breast support 2% 8 C. jejuni doylei (4) 33 microorganism in litter, cloacal and feather
C. jeiuni jeiuni 1(3) samples. The organism was present in the
transport coop and on the breast support
Total 144 72 50.0

equipment, indicating that these areas could

one of these samples. Theseresultsare similar to those reported
by Sternet al. (19) in 1998, inthe US, who showed the presence
of Campylobacter in 28 of 32 chicken batches (87.5%).

In the present study, Campylobacter spp. were isolated
from 75% of cloacal samples, arate higher than that reported by
Machado (11) and Carvalho (4) who detected Campylobacter
Spp. in about 57% and 42% of samples, respectively. Machado
(11) used 30 individua chickens as the sample unit, whereas
Carvaho (4) used 5 chickensto form one pool of cloacal swabs
and analyzed 50 pooled samples; in the present study each
pool consisted of 10 cloacal samples and 24 pooled samples
wereanalyzed.

In Denmark, Nielsen et al. (13) examined 929 cloacal swabs
between 1995 and 1996 and found that 36% t were positive for
thermophilic Campylobacter. In their study the authors did not
use the broth enrichment step but rather plated directly onto
CCDA agar plus selective supplement. In Holland, Jacobs-
Reitsma (6) found 67% of 43 flocks to be positive for
Campylobacter spp., with each flock being sampled by taking
fresh cecal droppings of 30 individual birds. The swabs were
also directly streaked onto Campylobacter blood-free selective
medium, without the enrichment step.

At the defeathering stage, 79.2% of the sampleswere positive
for thermophilic Campylobacter, which is more than twice the
level reported by Carvalho (38%) who collected feathers, after
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be possible sources of cross- contamination.
Thermophilic Campylobacter were
detected in 50% of the coop samples after
transportation. De Zutter (5) studied 12 chicken batches of
broiler flocks and the possibility of cross-contamination during
transit to slaughter, and found that two batches which were
initially free of Campylobacter spp. became infected with the
organism when they reached the slaughter stage, indicating
that infection occurred during transportation. The same author
(5) examined 72 trucks used to transport the 12 batches and
observed that 75% were positive for Campylobacter before
cleaning and disinfection and 83% were positive after cleaning
and disinfection, indicating that the coop cleaning procedure
was inadequate and may have resulted in the spreading of the
organism. Stern et al. (18,19) found that transport coopsarriving
from the farms to the processing plant were sometimes
contaminated with Campylobacter spp. before being used to
transport the flocks under study. In the same study regarding
the occurrence of Campylobacter spp. in coops before and
after transportation of flocksfrom 4 producers, the levels of the
microorganism increased from 64.7 to 89.4% in the coops used
to transport flocks.

In the present study, 25% of coop rinse water sampleswere
also positivefor thermophilic Campylobacter. Thiswater could
be a source of cross-contamination for news flocks that will be
transported in these coops cleaned with this contaminated water.

Although breast support samples showed relatively low
levels of thermophilic Campylobacter, their role in the



Table 2. Occurrence of thermophilic Campylobacter spp. in chicken
samples collected from 8 chicken producersaat different pointsbefore
slaughter.

Thermophilic Campyl obacter

Transport Coop Cloaca Feather Breast

Producer Batch Litter coop  rinse support
water
1 - - - - + -
A 2 - - - + + +
3 - + + + + +
4 + - - + + +
B 5 + + - + + +
6 - + + + + +
7 - - + + +
C 8 + + - - + -
9 - - - + + -
10 - + - - - +
D 1 - + - + + -
12 - - - + + -
13 - - - - -
E 14 - - - + + +
15 - - - - - -
16 + + + + + -
F 17 + - - + + -
18 + + + + + -
19 + + + + - -
G 20 + + - + + -
2 - - - + + -
2 - + + + + -
H B+ + - - - -
24 - - - + + -

Number of
positive samples

(+) presence of Campylobacter spp.; (-) absence of Campylobacter spp.

transmission of the microorganism isimportant since this piece
of equipment is normally in direct contact with the breast area
of the chicken.

The high incidence of thermophilic Campylobacter (75%)
in cloacal samples suggests that the presence of the

microorganism in poultry is mainly due to intestinal 2.

contamination, as also reported by other authors (14,23).
Although 25% of the chicken batchesdid not show thermophilic
Campylobacter in the cloaca, their presencein the litter, coops,
feathersand breast support rendersthe chicken meat vulnerable

Thermophilic Campylobacter in poultry before slaughter

to cross-contamination, thus increasing the risk of the
presence of this pathogen in chicken meat and products.
The present study showed that chicken feathers and feces
areresponsiblefor coop contamination instead of the coops
contaminating the chicken feathers.

In conclusion, thermophilic Campylobacter spp. were
found in 91.7% of the chicken batches collected at different
points prior to slaughter. The major points or sources of
contamination with thermophilic Campylobacter were
cloacaand feathers. However, in therisk assessment of the
poultry industry, the coopsaswell asbreast supports should
be considered as critical points which may contribute to
Cross- contamination.

RESUMO

Fontesde contaminacéo da carnedefrango com
Campylobacter termofilico antes do abate

As possiveis fontes de contaminagdo com
Campylobacter termofilicos em carne de frango, antes do
abate, foram estudadas através da andlise de amostras de
penas, cloaca, camade aviério, gaiolas de transporte, agua
de lavagem da méquina de lavar gaiola e o suporte para
peito de frango na linha de abate, imediatamente antes do
atordoamento. As amostras foram coletadas em 8 aviarios
de8 produtoresdiferentes, daregido Sul do Brasil. O estudo
foi realizado durante o periodo deum ano, onde cadaaviario
foi amostrado trésvezes, perfazendo um total de 24 coletas
nos aviarios.Campylobacter foi encontrado em 79,2% das
amostras de penas, seguido por cloaca (75,0%), gaiola de
transporte (50,0%), cama de aviério (37,5%), suporte para
peito (33,3%) e agua de lavagem de gaiola (25,0%).
Considerando-se acombinac&o dos resultados encontrados
entreamostrasde cloaca, penasecamadeaviério, 21 (87,5%)
dos 24 lotes de frango a serem abatidos apresentaram
Campylobacter termofilico pelo menos em uma dessas
amostras. Campylobacter termofilico foi encontrado em 22
dos 24 lotes de aves destinados ao abate, o que significa
91,7% dos lotes contaminados.

Palavras-chave: Campylobacter, processamento defrango
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