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Campy-Cefex, a modification of Campy-Cefex, modified charcoal cefoperazone deoxycholate (mCCDA),
Karmali, CAMPY, and Campy-Line agars were evaluated for their efficiency to isolate and enumerate Campy-
lobacter spp. from poultry carcass rinses. Campy-Cefex and its modification produced the best results but were
statistically similar to CAMPY, mCCDA, and Karmali.

Campylobacter spp. are found at a high prevalence in raw
poultry carcasses. Consequently, the mishandling of raw poul-
try and the consumption of undercooked poultry are important
risk factors for human campylobacteriosis (8, 20, 27). Studies
in the United States clearly show that more than 80% of
commercial chicken carcasses may be positive for Campy-
lobacter spp. (16, 23), although negative flocks can also be
found. When Campylobacter spp. are present, their numbers
per milliliter of carcass rinse can vary from 1 to 3 log CFU. This
range makes direct enumeration on agar plates an alternative
for the rapid identification of Campylobacter spp. in carcass
rinses.

Several agar plates have been developed or adapted for the
identification of Campylobacter spp. from enriched poultry
samples. However, few have been used for direct enumeration
of Campylobacter spp. from poultry carcass rinses. Our re-
search goals were to compare the efficacy of five plating media
for direct enumeration of Campylobacter spp. from poultry
carcass rinses and to determine if a modification of Campy-
Cefex (mCampy-Cefex), a low-cost medium, was comparable
to the original medium.

Twenty postchill carcass rinses were collected per visit from
four processing plants. Each plant was visited three times (to-
tal, 240 samples; 20 samples/visit from three visits to four
plants). Samples were collected using the carcass rinse method
(3) and processed within 4 h of collection. Each carcass rinse
was plated onto Campy-Cefex agar (26), mCampy-Cefex, mod-
ified charcoal cefoperazone deoxycholate agar (mCCDA) (6,
13), Campy-Line agar (17), Karmali agar (15), and CAMPY
agar (Table 1). CAMPY agar is also referred to as CampyFDA
(14) and is based on the medium developed by Skirrow (25)
with the addition of amphotericin B (similar to Campy-BAP)
and sodium pyruvate, sodium metabisulfite, and ferrous sulfate
(Martin Blaser, New York University School of Medicine, per-
sonal communication). Modified Campy-Cefex agar was made
by replacing cycloheximide with amphotericin B and laked
horse blood with regular whole, lysed horse blood.

For each medium, two plates were each spread with 0.1 ml
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of the carcass rinse and four plates were each spread with 0.25
ml of the rinse (18, 19). Plates were incubated at 42°C for 48 h
in Glad Fresh Protect bags (The Glad Products Company,
Oakland, CA) flushed with a microaerophilic gas mixture
(BOC Gases, Hixson, TN) containing 10% CO,, 5% O,, and
85% N,. Plates without Campylobacter growth after 48 h were
incubated an additional 24 h to ensure maximum recovery of
Campylobacter spp. from samples containing low numbers of
cells. Presumptive identification was based on colony morphol-
ogy, phase contrast microscopy (morphology and motility), and
positive results from catalase and oxidase tests (24). Confir-
mation of isolates was done with a multiplex PCR assay that
identifies Campylobacter jejuni and Campylobacter coli (9).
Bacterial DNA was extracted using PrepMan Ultra (Applied
Biosystems, Foster City, CA). The PCR assay was followed as
described previously (9) with the following changes: the mix
was premade (OmniMix HS; Cepheid, Sunnyvale, CA), and
the annealing temperature of the amplification cycles was
dropped to 47°C. Isolates that gave typical amplicons of C. coli
with PCR were further confirmed using API Campy tests (bi-
oMérieux. Hazelwood, MO).

Each plant visit was considered a replicate for statistical
purposes. Colony counts were converted to log,, CFU/ml and
analyzed using the general linear model (GLM) procedure of
SAS (SAS Release 8.02; SAS Institute, Inc., Cary, NC). Means
were analyzed for differences by Tukey’s honestly significant
difference test (SAS). Additionally, percent positives were an-
alyzed using GLM procedures. For all tests, a P value of =0.05
was considered significant.

The combined results from all six plating media showed that
63.3% (152) of all of the samples were positive for Campy-
lobacter spp. Campy-Cefex and its modification, mCampy-
Cefex, were the media that produced the best results, although
there were no statistical differences compared to CAMPY,
mCCDA, or Karmali medium. Campy-Line, however, had the
lowest counts (P = 0.05) compared to the other media (Table
2). The results obtained with Campy-Line may be explained by
the large numbers of antimicrobial substances incorporated
into this medium. Carcass rinses taken postchill have a rela-
tively low level of microbial contamination; therefore, a highly
selective medium may not be required.

The modification of Campy-Cefex agar described here per-
formed similarly to Campy-Cefex. This is not surprising, be-
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TABLE 1. Composition of the media used in the experiments

Medium Base

Supplement

Campy-Cefex
liter), deionized water (1 liter)
mCampy-Cefex
liter), deionized water (1 liter)

CAMPY

mCCDA/

Brucella agar® (43 g/liter), ferrous sulfate” (0.5 g/liter),
sodium bisulfite” (0.2 g/liter), sodium pyruvate” (0.5 g/

Brucella agar (43 g/liter), ferrous sulfate (0.5 g/liter),
sodium bisulfite (0.2 g/liter), sodium pyruvate (0.5 g/

Brucella agar (43 g/liter), deionized water (1 liter)

Nutrient broth no. 2 (25 g/liter), bacteriological charcoal
(4 g/liter), casein hydrolysate (3 g/liter), sodium

La ked horse blood® (50 ml), cefoperazone” (33 mg),
cycloheximide® (0.2 g)

Lysed horse blood? (50 ml), cefoperazone (33 mg),
amphotericin B” (2 mg)

Lysed horse blood (70 ml), polymyxin B sulfate® (1
mg), trimethoprim® (0.01 g), vancomycin® (0.01 g),
amphotericin B (2 mg), novobiocin” (0.05 g),
sodium pyruvate (0.25 g), sodium metabisulfite
(0.25 g), ferrous sulfate (0.25 g)

Cefoperazone (32 mg), amphotericin B (10 mg)

desoxycholate (1 g/liter), ferrous sulfate (0.25 g/liter),

sodium pyruvate (0.25 g/liter), agar (12 g/liter),

deionized water (1 liter)

Karmalié

Campy-Line

Columbia agar base (39 g/liter), activated charcoal (4 g/
liter), hemin (0.032 g/liter), deionized water (1 liter)

Brucella agar (43 g/liter), ferrous sulfate (0.5 g/liter),
sodium bisulfite (0.2 g/liter), sodium pyruvate (0.5 g/
liter), alpha-ketoglutaric acid® (1 g/liter), sodium
carbonate” (0.6 g/liter), deionized water (1 liter)

Sodium pyruvate (100 mg), cefoperazone (32 mg),
vancomycin (20 mg), cycloheximide (100 mg)

Hemin® (10 mg), polymyxin B sulfate (0.35 mg),
trimethoprim (5 mg), vancomycin (10 mg),
cycloheximide (100 mg), cefoperazone (33 mg),
triphenyltetrazolium chloride” (200 mg)

“ Acumedia, Lansing, MI.

b Sigma-Aldrich, St. Louis, MO.

¢ Oxoid, Inc., New York, NY.

4 College of Veterinary Medicine, Auburn University.
¢ Alexis Corporation, Lausen, Switzerland.

/ Campylobacter selective blood-free agar (CM0739) and CCDA selective supplement (SR0155, Oxoid).
& Campylobacter agar base (CM0935) and Campylobacter selective supplement (SR0167, Oxoid).

cause the only changes made involved the replacement of the
antifungal compound and the type of blood. The addition of
blood and/or other ingredients to neutralize the toxic effects of
compounds produced in the presence of oxygen and light is
common in the formulation of Campylobacter media (5). Lysed
horse blood was the best supplement out of 22 supplements
screened by Bolton and Coates (4) for compounds that facili-
tate aerotolerance. Amphotericin B has been used to replace
cycloheximide in the preparation of Campylobacter enrichment
broth (Bolton formula) (12). By replacing laked horse blood
(Oxoid) with whole lysed horse blood, the price of this medium
was reduced considerably (Table 3) without affecting its effi-
cacy for Campylobacter sp. recovery. Usually, the supplements
are the most expensive components of the media (Table 3).
A combination of two or more media increased the likeli-

hood of detecting Campylobacter-positive samples compared
to a single medium. However, no statistical differences were
seen among combinations. Some of the combinations are ex-
emplified in Table 4. Considering performance, price, and
preparation time, the combination of mCampy-Cefex and
mCCDA yielded the best results for enumeration of Campy-
lobacter spp. from poultry carcass rinses. CAMPY agar consis-
tently exhibited more contaminants that interfered with the
recognition of Campylobacter colonies. The most prevalent
contaminant was Acinetobacter baumannii, which grew on all
plates except Campy-Line. Acinetobacter Iwoffi grew in a mixed
culture with A. baumannii on Karmali. Pseudomonas spp. and
Staphylococcus hominis grew on Campy-Cefex. The identifica-

TABLE 3. Cost of preparation of 1 liter of medium

TABLE 2. Campylobacter counts and prevalence by medium Cost of supplies (§)* ~ Labor  Prepar-  Total cost
Plate time  ation cost  per liter
Medium Mean (log CFU/ml)* Total no. positive (%) Base Supplements (h) ($)° $)
Campy-Cefex 0.66™ 113 (47.1)* Campy-Cefex 5.98 20.92 0.40 2.10 28.99
mCampy-Cefex 0.65% 118 (49.2)* mCCDA 7.25 18.23 0.45 2.36 27.84
mCCDA 0.63* 109 (45.4)» Karmali 7.48 13.84 0.45 2.36 23.69
Karmali 0.53% 102 (42.5)* Campy-Line 6.56 7.37 0.61 3.20 17.12
CAMPY 0.51* 99 (41.3)* CAMPY 5.61 7.30 0.51 2.65 15.56
Campy-Line 0.248 51(21.3)B mCampy-Cefex  5.98 5.54 0.40 2.10 13.61

“ Pooled standard error of the mean, 0.044. Different letters within a column
indicate a significant difference (P = 0.05).

“ Based on prices during spring 2004.
® Minimum wage was calculated at $5.25 per hour.
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TABLE 4. Results using different plating medium combinations portant area of research for regulatory agencies and the poul-

try industry in the United States and the United Kingdom (1,

L Average (log Total no.
Plate combination CFU/ml)" positive (%) 2).

C -Cefex + CAMPY 0.58* 126 (53)*
m%n;pmypy_%z)f(ex + mCCDA 0.632 133 ESS;A We thank Ann Cooper for her technical support.
Campy-Cefex + mCCDA 0.65* 132 (55)»
Campy-Cefex + CAMPY + Karmali 0.56* 147 (62)* REFERENCES
Campy-Cefex + CAMPY + mCCDA 0.594 136 (57)A 1. Anonymous. 2003. Food safety and inspection service research priorities.
Campy-Cefex + CAMPY + mCCDA 0.584 148 (62)* USDA Food Safety and Inspection Service, Washington, D.C. [Online.]

+ Karmali

2. Anonymous. 2003. Food standards agency strategy for the control of Campy-
“ Pooled standard error of the mean, 0.042. Different letters within a column lobacter in chickens. Food Standards Agency, London, United Kingdom.
indicate a significant difference (P =< 0.05). E)(g(r)lsl)me.(}f http://www.foodstandards.gov.uk/multimedia/pdfs/campyloconsult
e.pdf.
3. Anonymous. 1996. Pathogen reduction; hazard analysis and critical control
point (HACCP) systems; final rule. USDA Food Safety and Inspection
Service. Code of Federal Regulations, 9 CFR Part 304, et al. Fed. Regist.
tion of the contaminants was performed at the National Vet- 61:38805-38943.
erinary Services Laboratories (Ames, IA). 4. Bolt(?n, F. .I.., an.d D. Cgates. 1983. Development of a blood-free Campy-
- g . . lobacter medium: screening tests on basal media and supplements, and the
Of the 152 positive samples, the multiplex PCR identified ability of selected supplement to facilitate aerotolerance. J. Appl. Bacteriol.
143 as C. jejuni, 3 as C. coli, and 6 as containing both C. jejuni S ;4=11tl5-1Fz5J- DN, Hutchi 4D, Coates. 1984, The ability of ¢
. - . . . Bolton, F. J., D. N. Hutchinson, and D. Coates. . The ability of Campy-
and C. coli. A total of 509 I.SOIat?S were teSFe.d V\./lth the multi- lobacter media supplements to neutralize photochemically induced toxicity
plex PCR, with 496 (97%) identified as C. jejuni and 13 (3%) and hydrogen peroxide. J. Appl. Bacteriol. 56:151-157.
identified as C. coli. C. coli isolates grew on mCampy-Cefex (1 6. Bolton, F. J., a}qd L prertspn. 1982. A selective medium for isolating
. . . Campylobacter jejuni/coli. J. Clin. Pathol. 35:462-467.
1solate), mCCDA (4 1solates), CAMPY (4 1solates) and Kar- 7. Brooks, B. W., M. M. Garcia, A. D. E. Frazier, H. Lior, R. B. Stewart, and
mali (4 isolates). One C. coli isolate was found in one visit to A. M. Lammerding. 1986. Isolation and characterization of cephalothin-
plant D, and the rest (12 isolates) were found in a single visit ;zsggpl)ilgées Campylobacter coli from slaughtered cattle. J. Clin. Microbiol.
to plant B. Seven samples taken from a single visit to plant B 8. Butzler, J., and J. Oosterom. 1991. Campylobacter: pathogenicity and signif-
had both C. jejuni and C. coli growing in different media. icance in foods. Int. J. Food Microbiol. 12:1-8. )
Karmali and mCCDA aears that contained a sinele antibacte- 9. Cloak, O. M., and P. M. Fratamico. 2002. A multiplex PCR for the differ-
. g . . g e entiation of Campylobacter jejuni and C. coli from a swine processing facility
rial compound (cefoperazone, selective against gram-positives) and characterization of isolates by PFGE and antibiotic resistance profiles. J.
i : 0 : Food Prot. 65:266-273.
performed similarly to CAMPY, a medium containing multiple . . .
. . . . - 10. Corry, J. E. L., D. E. Post, P. Colin, and M. J. Laisney. 1995. Culture media
antibacterial compounds (polymyxin and trimethoprim, selec- for isolation of campylobacters. Int. J. Food Microbiol. 26:43-76.
tive against gram negatives; and vancomycin and novobiocin, 11. Dickins, M. A,, S. Franklin, R. Stefanova, G. E. Shutze, K. D. Eisenach, L
selective against gram p ositives) for isolation of C. coli. Con- Wesley, and D. Cave. 2002. Diversity of Campylobacter isolates from retail
> =7 K K poultry carcasses and from humans as demonstrated by pulsed-field gel
sequently, we believe that antimicrobial substances contained clectrophoresis. J. Food Prot. 65:957-962.
in the media are not the only accountable factors involved in 12. Hunt, J. M., C. Abeyta, and T. Tran. 2001. Isolation of Campylobacter species
th ful isolati £ C li. The di that from food and water. In Food and Drug Administration bacteriological
€ 'success u IS.O ation o - co l: € discovery ; at some analytical manual, 8th ed., revision A/1998. Association of Official Analytical
strains of C. coli are more susceptible to cephalothin than C. Chemists International, Arlington, Va. [Online.] http://vm.cfsan.fda.gov/
jejuni strain 22) prompted the replacement of cephalothin ~ebam/bam-7.html.
Jejun st s (7’ . ).p N .p N e cplace e of cephalot 13. Hutchinson, D. N., and F. J. Bolton. 1984. An improved blood-free selective
by cefoperazone in isolation media (10) to increase the prob- medium for isolation of Campylobacter jejuni from faecal specimens. J. Clin.
ability of isolating C. coli. However, further studies are needed Pathol. 37:956-995.
to assess the most suitable medium for direct isolation of C. 14. Jeffrey, J. J., E. R. Atwill, A. Hur}ter. 2001. Pre\{alence of Campylobpcter and
i f It X Salmonella at a squab (young pigeon) processing plant. Poult. Sci. 80:151—
coll Trom poultry carcass rinses. 155.
Direct plating is a valuable technique to Study Campy- 15. Karmali, M. A, A. I":. Simor, M. Roscoe, P. C. Fleming, S. S. Smith,' and J.
lobact. . It Di t plati 18.19 d Lane. 1986. Evaluation of a blood-free, charcoal based, selective medium for
0 .ac er SPP. m pouliry carcasses. Direct p a.lng ( ’ ) and a the isolation of Campylobacter organisms from feces. J. Clin. Microbiol.
spiral-plating system (23) have been used with success to enu- 23:456-459.
merate Campylobacter spp. in postchill carcass rinses. Dickins 16. Kramer, J. M., J. A. Frost, F. J. Bolton, and D. R. A. Wareing. 2000.
. . . . Campylobacter contamination of raw meat and poultry at retail sale: identi-
et al. (11) used concentration and filtration methods with di- fication of multiple types and comparison with isolates from human infec-
rect plating, without enrichment, to study the genomic diversity tion. J. Food Prot. 63:1654-1659.
: : 17. Line, J. E. 2001. Development of a selective differential agar for the isolation
of Campylobacters 1sola.tes from retail poultry carcasses. Th_e and enumeration of Campylobacter spp. J. Food Prot. 64:1711-1715.
results from those studies showed that 67% of the contami- 18. Line, J. E. 2000. A method for the enumeration of Campylobacter spp. from
nated carcasses had more than one distinguishable pulsed-field POIUIUY EDSCS- I;IO‘SHUY. Mi‘zotl:iOlOgiGcal Safety Research Unit, USDA Agri-
. . . culture Research Service, Athens, Ga.
gel eleCtrophoreSIS p att?rn' In. countries where corpmermal 19. Line, J. E., N. J. Stern, and C. Lattuada. 1998. Comparison of methods for
poultry flocks are colonized with a range of bacterial geno- recovery and enumeration of Campylobacter from poultry-rinse samples. p.
tvpes. such as Australia and the United States (21. 28). direct 389-392. In A.J. Lastovica, D. G Newell, and E. E. Lastovica (ed.), Campy-
yP 7 X . . ( N ): lobacter, Helicobacter and related organisms. The Rustica Press, Pinelands,
plating or filtration and direct plating may provide a useful South Africa.
technique to study the genomic diversity of Campylobacter spp. 20. Nadeau, E., S. Messier, and S. Quessy. 2002. Prevalence and comparison of
These results show that direct plating of carcass rinses is an genetic profiles of Campyl_ob_acter strains isolated from poultry and sporadic
X ; . K cases of campylobacteriosis in humans. J. Food Prot. 65:73-78.
inexpensive, easy-to-perform enumeration technique for 21. Newell, D. G., and C. Fearnley. 2003. Source of Campylobacter colonization
Campylobacter spp. A well-validated enumeration technique is in broiler chickens. Appl. Environ. Microbiol. 69:4343-4351.
22. Ng, L. K., D. E. Taylor, and M. E. Stiles. 1988. Characterization of freshly

useful to assess the impact of intervention strategies aimed at
reducing Campylobacter spp. in poultry meat, which is an im-

http://www.fsis.usda.gov/OA/programs/research_priorities.htm.

isolated Campylobacter coli strains and suitability of selective media for their
growth. J. Clin. Microbiol. 26:518-523.
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