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SUMMARY

Campylobacter is a natural member of the gut microflora in many commercial broilers and
as such can become a contaminant on edible surfaces during processing. Culturing gut contents
or feces can be a means to determine flock status prior to live-haul. The wide variety of non-
Campylobacter background bacteria in these complex samples contaminates growth media and
can make it very difficult to isolate Campylobacter. Over the course of 17 months, we cultured
cecal contents from 100 different broiler flocks. For the last 50 flocks, we tested 3 selective
plating media with and without the additional selection of a 0.45-μm filter for detection of
Campylobacter from cecal contents. Furthermore, from the last 50 flocks we also collected and
cultured carcass rinse samples. Growth media tested included: Campy–Cefex Agar, Campy–
Line Agar, and RF-Campylobacter jejuni/coli agar. About half (52%) of the 100 tested flocks
were positive for Campylobacter; positive flocks were detected during each month of the year.
Overall, the Campylobacter status of cecal contents from one carcass was predictive of the status
of a carcass rinse from the same flock. Placing a complex sample such as cecal contents onto
a 0.45-μm filter laid on top of the plating medium improved the detection of Campylobacter
by eliminating non-Campylobacter background colonies. All media allowed for detection of
Campylobacter from less complex carcass rinse samples without filtering. However, Campy–
Cefex agar had higher numbers of competing bacterial colonies than did Campy–Line agar or
RF-Campylobacter jejuni/coli agar.
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DESCRIPTION OF PROBLEM

Campylobacter is a natural member of the
complex bacterial community in the gut of many
broiler chickens [1] resulting in the potential
contamination of edible tissues with this hu-
man pathogen [2]. It is useful to culture feces
or gut contents to detect Campylobacter in order
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to determine the status of a flock. Campylobac-
ter presence in the ceca may predict its presence
on processed carcasses from the same flock [3–
5]. However, culturing Campylobacter from a
sample that is highly contaminated with non-
Campylobacter background bacteria is problem-
atic. Non-Campylobacter organisms can over-
grow or outcompete Campylobacter obscuring
typical colonies making it difficult or impossi-
ble to detect the organism even when it is present.
Studies have been conducted to test multiple se-
lective plating media for detection and enumer-
ation of Campylobacter from poultry samples
with varying results [6–9]. New media are con-
stantly being developed, but as the technical per-
sonnel in a poultry microbiology laboratory be-
come used to a particular method, that method
can become entrenched. Institutional bias to-
wards a specific method and or medium can
emerge making it difficult to conduct an impar-
tial comparison. This bias is especially evident in
the case of Campylobacter culture as the subjec-
tive examination of colony morphology can play
a critical role in detection. The objective of this
study was to compare 3 selective Campylobacter
plating media for utility to detect Campylobacter
in broiler cecal contents and carcass rinses. Each
medium was tested with and without a filter over-
lay method known to limit non-Campylobacter
bacteria from making contact with the surface of
a solid growth medium [10].

MATERIALS AND METHODS

Experimental Overview

This study was conceived and designed to
sample the highest possible number of flocks
as opposed to a high number of broilers within
each flock. As such, one sample was taken on
each sample day. In this way we sampled a total
of 100 flocks for ceca and 50 flocks for ceca and
carcasses. On each of 100 separate sample days
between April 2013 and September 2014, one
pair of ceca was collected from the evisceration
line in a commercial broiler slaughter plant; on
each of the last 50 sample days (January 2014 to
September 2014) one carcass was also collected.
Each sample was aseptically collected, individ-
ually bagged, and placed on ice for transport to

the lab. In this way a different flock was sam-
pled on each sample day. Samples were cultured
for the presence and numbers of Campylobacter
using different plating media and different plat-
ing techniques (direct or filtered). To optimize
objectivity, a technician new to the lab, compe-
tent but unbiased as to Campylobacter detection
methods or media was employed in this effort.

Sample Collection and Preparation

Ceca. On each of 100 sample days, one pair
of ceca was collected from the evisceration line
in a commercial broiler processing plant. Using
a clean nitrile glove, ceca were removed from
the viscera of eviscerated carcasses, placed into
an individual clean re-sealable plastic bag, and
covered with ice for transport to the laboratory.
Ceca were transferred to a sample bag, weighed,
smashed to release contents, and diluted with 3
times the weight sterile PBS. Ceca were sub-
jected to blending in a paddle blender [11] for
30 s before an aliquot was removed for dilution
and direct plating as described below. Cecal sam-
ples were not subjected to enrichment as this is
not indicated for such highly contaminated sam-
ple types [12].

Carcasses. On the last 50 of the total 100
sample days, eviscerated carcasses were col-
lected from the same flock as ceca. One carcass
was removed from the evisceration line on each
sample day. Carcasses were selected to be as
close as possible to the carcass from which ceca
were collected, but were not the same carcass.
In each case, it was designed such that the car-
cass and ceca came from the same trailer load of
broilers. Carcasses were collected using a clean
pair of nitrile gloves, placed into individual clean
plastic bags, and covered with ice for transport
to the laboratory. One hundred mL sterile water
was added to the carcass in the bag. Carcasses
were subjected to a 60 s whole carcass rinse by
hand. Serial dilutions were made from the rinsate
for direct plating; an additional 1 mL was placed
in 10 mL Campylobacter enrichment broth [13]
for enrichment (24 h at 42◦C).

Culture Methods

Growth media. Aliquots of serially diluted
sample or loopfuls from enrichment broth were
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plated on solid plating media for isolation and
identification of Campylobacter. For the first
50 flocks, only ceca were sampled. These sam-
ples were all plated on the surface Campy–Cefex
agar (CCA) [14]. For the following 50 flocks,
all samples, direct cecal contents, as well as
direct and enriched carcass rinses, were plated
on 3 different media including: CCA, Campy–
Line agar (CLA) [15], and RF Campylobacter
jejuni/coli agar (RFA) [16]. Direct samples were
spread plated for enumeration; enriched samples
were streaked for isolation. All plates were incu-
bated at 42◦C for 48 h in a sealable bag flushed
with a micro-aerobic atmosphere (10% CO2,
5% O2, and 85% N2). Colonies characteristic of
Campylobacter spp. were selected for confirma-
tion. All suspect colony types on all media were
confirmed as Campylobacter by observation of
cellular morphology and motility under phase
contrast microscopy and further confirmed as
thermophilic Campylobacter by a positive reac-
tion on a latex agglutination kit [17].

Filter method. During analysis of samples
from the last 50 flocks, each type of media was
inoculated in two ways: directly on the surface
and spread plated or by application onto the sur-
face of a nitrocellulose filter [18] previously laid
on the agar surface. Diluted sample (0.5 mL)
was placed drop-wise onto the filter, allowed
to soak in at room temperature (approximately
25◦C) and ambient atmosphere until dry (up to
60 min.). Filters were aseptically removed and
plates were incubated in micro-aerobic atmo-
sphere as described above. Similar filter meth-
ods have been shown to allow Campylobacter to
make its way through the filter while excluding
most non-Campylobacter background bacteria
[10, 19–21].

Colony Scoring and Data Analysis

Due to the high number of non-
Campylobacter colonies on most non-filtered
samples and the likelihood that not all cells
effectively migrate through filters [21] accurate
counting of Campylobacter colonies was not
possible. Therefore a scoring system for colony
number on each plate was used. One technician
did all scoring using 0, 1, 2, and 3 to be
roughly equivalent to log number of colonies
(1 to 10 colonies = 1, 11 to 100 colonies

= 2, and >100 colonies = 3). Mean score
number and 95% CI were calculated. Mean
score values were compared by ANOVA; when
indicated, means were further separated using
Tukey’s honest significant difference test [22].
Prevalence data was analyzed by chi-square test
for independence.

RESULTS AND DISCUSSION

Campylobacter prevalence in cecal contents
and carcass rinsate is presented in Table 1.
Campylobacter was detected in ceca from 52
of 100 flocks (52%). No clear seasonal trend
was noted; Campylobacter was detected in each
of the 17 consecutive mo tested. Of the last 50
flocks tested across 9 consecutive mo, 28 (56%)
were positive for Campylobacter in the ceca and
35 (70%) were positive by carcass rinse. These
prevalence figures are lower than reported in the
United Kingdom in 2008 [23] and close to what
was reported in the United States in 2007 [24].

Table 1. Recovery of Campylobacter from
commercial broiler flocks at slaughter as measured
by cecal contents (n = 100 flocks) or carcass rinse
(n = 50 flocks).

Campylobacter prevalence1

Year Month Ceca Carcass

2013 May 71% (5/7) NA
June 25% (1/4) NA
July 40% (4/10) NA
August 37% (3/8) NA
September 60% (3/5) NA
October 50% (2/4) NA
November 60% (3/5) NA
December 60% (3/5) NA

2014 January 50% (2/4) 100% (2/2)
February 30% (2/6) 30% (2/6)
March 78% (7/9) 100% (9/9)
April 25% (2/8) 50% (4/8)
May 100% (5/5) 100% (5/5)
June 40% (2/5) 60% (3/5)
July 43% (3/7) 57% (4/7)
August 57% (4/7) 71% (5/7)
September 100% (1/1) 100% (1/1)
Total 52% (52/100)a 70% (35/50)a

1Percentage of flocks positive and number of flocks pos-

itive over number of flocks sampled. n = 1 sample/flock.
aMean prevalence values with different superscripts are

not significantly same (P > 0.01) by chi-square test for

independence.

NA = Not analyzed.
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Table 2. Detection of Campylobacter in carcass
rinses according to detection in cecal contents
from the same commercial broiler flock (n = 50).

Ceca outcome Carcass outcome Prevalence1

positive positive 26/50a (52%)
positive negative 1/50d (2%)
negative positive 9/50c (18%)
negative negative 14/50b (28%)

a–dPrevalence values with different superscripts are

different P<0.05 by chi-square test for independence.
1Number of samples with the outcome shown in the

same row over the total number of samples.

Similar to [23] we found a numerically higher
percentage of positive carcasses than ceca. How-
ever, when corrected to only include the same
50 flocks, this difference was not significant
(P = 0.15).

The relationship between detection of
Campylobacter in cecal content and carcass rinse
is presented in Table 2. Approximately half of the
flocks had detectable numbers of Campylobacter
in the ceca and on the carcass. In only one in-
stance (2%) was Campylobacter detected in the
ceca and not on the nearby carcass examined;
most flocks with negative ceca also had negative

carcasses. These data agree with a body of work
that suggests that the Campylobacter status of
carcasses from a flock can be predicted by the
detection or lack thereof in ceca from the same
flock [3–5, 25]. It is interesting to note, how-
ever, that in 9 flocks, Campylobacter was not
detected in the ceca but was detected in the re-
lated carcass rinse. This suggests less than 100%
prevalence within those flocks or the possibil-
ity of flock to flock contamination during trans-
port [25] or in the processing plant as proposed
by [26].

Counts of Campylobacter and confounding
colonies in cecal contents as approximated by
score value on three different media with and
without filtering are presented in Table 3. When
analyzed, the Campylobacter score values were
not dependent on medium. When counted by
a trained technician equally proficient in the
use of the tested media, all plating media had
similar values. There was, however, a signifi-
cant method effect. By using a filter we were
able to detect higher numbers of Campylobacter
colonies. This outcome was largely a function
of the filter method eliminating all background
(non-Campylobacter) colonies that obscure the

Table 3. Mean score1 number of colonies detected on Campylobacter selective agar from broiler cecal content
samples (n = 50).

Medium, Method2 Campylobacter3 Background4 Look-alike5

CCA, direct 0.6 ± 0.3 2.8 ± 0.1a 0.1 ± 0.2a

CLA, direct 0.7 ± 0.3 1.6 ± 0.4b 0a

RFA, direct 0.7 ± 0.3 1.7 ± 0.4b 0a

Mean, direct 0.6b na6 NA
CCA, filtered 1.2 ± 0.4 0c 0a

CLA, filtered 1.1 ± 0.3 0c 0a

RFA, filtered 1.1 ± 0.3 0c 0a

Mean, filtered 1.1a NA NA

1Number of colonies estimated by score system 0 colonies = 0, 1 to 10 colonies = 1, 11 to 100 colonies = 2, >100

colonies = 3.
2Media: CCA = Campy–Cefex agar; CLA = Campy–Line agar, RFA = RF Campylobacter jejuni/coli agar. Method: plated

directly on agar surface or through a 0.45 μm filter.
3Campylobacter numbers: ANOVA revealed method effect (P < 0.01) and no medium effect therefore, values from all media

were pooled and comparison reported by method.
4Background numbers (non-Campylobacter colonies): ANOVA revealed method effect (P < 0.01), medium effect (P < 0.01),

and method by medium interaction (P < 0.01); therefore individual means were separated by Tukey’s honest significant

difference test. Means with different superscripts are significantly different (P < 0.01)
5Look-alike numbers (colonies that look like Campylobacter, but are not): ANOVA revealed no significant effect by method

or medium.
6NA = Not analyzed.
a–cValues within column with different superscripts are different (P < 0.05) by ANOVA and Tukey’s Honest Significant

Difference Test.
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Table 4. Mean score1 number of colonies detected on Campylobacter selective agar from direct plated broiler
carcass rinse samples (n = 50).

Medium2 Campylobacter3 Background4 Look-alike5

CCA 0.8 ± 0.3b 2.7 ± 0.1a 0.04 ± 0.1a

CLA 1.4 ± 0.3a 0.7 ± 0.2b 0.2 ± 0.1a

RFA 1.5 ± 0.3a 0.5 ± 0.2b 0.3 ± 0.2a

1Number of colonies estimated by score system 0 colonies = 0, 1 to 10 colonies = 1, 11 to 100 colonies = 2, >100

colonies = 3.
2Media: CCA = Campy–Cefex agar; CLA = Campy–Line agar, RFA = RF Campylobacter jejuni/coli agar.
3Campylobacter numbers: ANOVA revealed medium effect (P < 0.01) therefore individual means were separated by Tukey’s

honest significant difference test.
4Background numbers (non-Campylobacter colonies): ANOVA revealed medium effect (P < 0.01); therefore individual

means were separated by Tukey’s honest significant difference test.
5Look-alike numbers (colonies that look like Campylobacter but are not): ANOVA revealed no significant effect by medium.
a,bValues within column with different superscripts are different (P < 0.05) by ANOVA and Tukey’s Honest Significant

Difference Test.

target. Filtered cecal samples made it easy for
the technician to clearly see the Campylobacter
colonies. Use of a filter to control background
colonies and allow detection of Campylobacter
from highly contaminated human fecal samples
has been reported before [10, 19, 20]. It ap-
pears that this method is highly advantageous
when searching for Campylobacter in chicken
gut contents as well. When used without a filter,
all 3 plating media had substantial numbers of
background non-Campylobacter colonies. Two
media (CLA and RFA) were significantly less
covered with background than CCA; however,
even on these more selective plates, Campy-
lobacter colonies were difficult to count be-
cause extraneous colonies outnumbered Campy-
lobacter colonies. With cecal samples, few to
no look-alike colonies (look like Campylobacter,
but upon further testing were not) were noted on
any media.

Counts of Campylobacter detected in carcass
rinse samples are presented in Table 4. For car-
cass rinse samples, CLA and RFA were more
selective than CCA allowing higher numbers of
Campylobacter to be detected even though the
numbers of background and look-alike colonies
were not different according to medium used.
For these samples we did not use filters, be-
cause far fewer non-Campylobacter contamina-
tion colonies are encountered from carcass rinses
than from gut contents when plated on selective
media. Furthermore, preliminary study (data not
shown) and other reports suggest that a propor-
tion of Campylobacter cells may not make it

through the filter [21], which could lead to a
false-negative result in a sample with relatively
low numbers of such as a post chill carcass rinse.
Therefore, although filters were very helpful in
detecting Campylobacter from cecal samples,
we do not recommend their use for carcass rinse
samples.

CONCLUSIONS AND
APPLICATIONS

1. Campylobacter can be detected in ceca and
carcass rinses samples from approximately
half of commercial broiler flocks tested over
a 17-mo period.

2. Prevalence of Campylobacter- positive
flocks does not appear to be linked to sea-
son.

3. Campy–Line agar and RF chromogenic
Campylobacter agar are both more selec-
tive for Campylobacter than Campy–Cefex
agar.

4. Using a 0.45-μm filter on the surface of
agar increases the selectivity of plating me-
dia by essentially eliminating background
microflora.

5. The filter method is recommended for op-
timum detection and isolation of Campy-
lobacter from heavily contaminated sam-
ples such as chicken feces and gut contents
that are expected to have high numbers of
Campylobacter and background microflora.
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