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Abstract: The aim of this present study is to detect thermophilic Campylobacter species in chicken carcasses
sold unpackaged in Afyonkarahisar and to confirm C. jejuni isolates by using a PCR test based on the ceuf
gene. A total of 210 chicken carcasses were collected from various markets from May till the end of October in
2004, Thermophilic Campylobacter sp. was 1solated from 141 (67%) of 210 chicken carcass samples by classical
culture method. The identification of 419 thermophilic Campylobacter sp. isolates obtained from chicken
carcass samples were; 57.04% (239) C. jejuni, 40.57% (170) C. coli and 2.39% (10) C. lari. PCR method was
applied to 101 of 239 C. jejuni 1solates obtained from the chicken carcasses (n = 101). According to it 62
(61.38%) of 101 1solates were confirmed by PCR. About 28 (45.16%) of 62 isolates were confinmed to be C. jejuni

were detected to be resistant to nalidixic acid.
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INTRODUCTION

Campylobacter sp. are microorgamsms found n the
mntestinal flora of all domestic and wild animals including
poultry and in sea animals m nature (Blaser et al., 1983).
Thermophilic Campylobacter sp. (C. jejuni, C. coli,
C. lari and C. upsaliensis) displaying dissimilarity to
other Campylobacter sp. with respect to growth
temperatures may cause serious gastroenteritis as well
as cases ended in death in human (Bryan and Doyle,
1995).

Campylobacteriosis was reported to be a zoonotic
disease affecting all age groups prevalently i the world
and causing acute gastroenteritis in humans (Stern and
Line, 1992; Federigh et al., 1999). In the studies, chicken
meat was reported to be frequently contammated
with mtestinal content during slaughter procedure and
C. jejuni was also reported to be detected almost all
poultry meat sold at markets (Willis and Murray, 1997,
Atabay and Corry, 1997). Tt was reported that intestinal
content contamination to chicken carcasses (Jones et al.,
1991, Tzat et al., 1988), cross contamination during food
preparation stage, insufficient cooking and lack of
hygiene were playing mnportant roles in thermophilic
Campylobacter mfections (Oosterom et al, 1983
Amnan-Prah and JTanc, 1988a, b).

Poultry meat and their products were reported to be
the leading high risk groups of food in the infections
caused by thermophilic Campylobacter sp. (Schorr et al.,
1994, Atanassova and Ring, 1999; Solomon and Hoover,
1999; Effler et al., 2001). Atanassova and Ring (1999) and
Willis and Murray (1997) reported that contamination
level of raw poultty meat and their products may vary
between 0 and 100%.

Antibiotic  susceptibility test, an important
identification test of Campylobacter sp., has been
reported to be insufficient in the identification of
antiblotic  resistant species Increasing  recently.
Additionally, the necessity for the specific identification
studies by PCR to be complementary to phenotypical
identifications and to facilitate the differentiation of
analogous species has been emphasized since the
hippurate hydrolysis test used for the distinction of
C. jejuni from C. coli may cause mistakes resulting
from subjective assessments (Rautelin et af., 1999,
Wilson et al., 2000; Houng et «al., 2001, Bolton ef al.,
2002).

MATERIALS AND METHODS
The samples, a total of 35 chicken carcasses, used in

this study were collected during a period of 6 months
every lst and 3rd week of each month from May to
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October 2004. Chicken carcasses belonging to 6 firms
were bought from 10 markets where unpacked chicken
carcasses were comimercially sold. Carcass weights were
determined to vary between 1.2 and 1.9 kg.

The samples from the chicken carcasses were
analyzed immediately after they were brought to the
laboratory m the carrying bowls under aseptic conditions
kept in the cold cham. The 1solation and identification of
thermophilic Campylobacter sp. from the samples were
made according to ISO (The International Organization
for Standardization) method (Anonymous, 1995). ATCC
33291 Campylobacter jejuni (Oxoid 1400 L) was used as
control strain. Chicken carcass samples (n = 210) were put
into sterile rins bags. Then they were rubbed and
homogenized in 225 mL Preston selective enrichment
broth (Oxoid CM 67, Oxoid SR 232E, Oxoid SR 0117E,
Oxoid SR 048) for 60-120 sec. Washing liquids were
incubated in microaerofilic conditions (Campgen Oxoid
CN 25) for 24 h at 42°C (Lillard, 1988; Lee et al., 1994,
Cloak ef al., 2001, Jorgensen et al., 2002; Josefsen ef al.,
2003). Enrichment liquid was cultered on Campylobacter
blood-free selective Agar (CCD Agar-Oxoid CM 739,
Oxo1d SR 155). Then, it was incubated in microaerofilic
conditions between 48 and 72 h at 42°C. Following the
incubation, 5 of the suspected colonies, which were flat,
grey colored and in moist appearance, growing in the
Charcoal Cefoperazone Deoxycholata Agar were selected
and cultured into the blood agar (Oxoid CM 331, 5%
sheep blood) and they were incubated in microaerofilic
conditions for 24 h at 42°C. Gram staining, activity,
catalase, oxidase, sodium hippurate hydrolysis, growing
at 25°C tests, nalidixic acid and ceplalothin susceptibility
tests on Mueller Hinton Agar were applied to the
suspected colomies growing in the blood agar. Also, H,S
producing in TSI Agar was controlled. C. jejuni isolates,
stored in Brucella broth, contaimng 15% glycerol, at
-70°C were used to PCR procedure. Tsolates were
incubated in microaerofilic conditions for 48 h at 42°C
onto mCCDA. Boiling method (Mohran ef al., 1998,
Englen and Cray, 2002, Sails et al., 2003) was used to
DNA extraction. Tsolates suspended in 1000 ul, sterile
distilled water were kept in water bath for 10 min at 94°C
and centrifuged for 5 minutes at 10.000 g. The obtained
supernatant was used as target DNA. The primer pairs
used in the study, forming ceuE gene sequence
suggested by Gonzalez er al. (1997), contained JTET1
(5’CCTGCTACGGTGAAAGTTTTGC3) and JEI2
(5’GATCTITTTTGTTTTGTGCTGC3™) oligonucleotide
arrays.

To form a total volume of 25 pl., the PCR procedure
consisted of 30 mM KCL, 10 mM Trs-HCI1 (10x PCR
buffer) (pH 83), 1.5 pL MgCl, 0.5 uL dNTP mix, 0.25,

0.2 pl. Ampli Taq DNA polymerase and extracted 2 ul.
target DNA from each primer. The samples were amplified
in the thermal cycler (Biometra) over 30 cycles after the
mixture was covered with mineral oil. Each cycle was
occured by heating at 94°C for 3 min, denaturation at 94°C
for 30 sec, primer attachment at 57°C for 30 sec and primer
extension at 72°C for 1 min. Additionally, 1.5% agarose gel
was used for PCR amplification products. Primer extension
was made at 72°C for 1 min following the last cycle. ceuF
gene belongs to C. jejuni isolates showed 793 bp band on
electrophoresis.

RESULTS

Using classical culture method thermophilic
Campyiobacter was 1solated from 141 (67.1%) of 210
chicken carcass samples collected from May to October
2004 and C. jefuni was isolated from 101 of 141 carcasses.
Thermophilic Campylobacter contamination rate n
chicken carcasses were detected as 71.4, 80, 54.2 and
457% between May and June, Tuly and August in
September and October, respectively.

About 419 thermophilic Campylobacter sp. 1solates
were obtammed from a total of 210 chicken carcass samples.
Of the obtained 419 thermophilic Campylobacter sp.
isolate 57.04% (239) was detected as C. jejuni, 40.57%
(170) was detected as C. coli and 2.39% (10) was detected
as C. lari. PCR procedure was applied to 101 of the
obtained 239 C. jefuni isolates. According toi 62 (61.38%)
of the 101 isolate, identified both using classical culture
method and PCR. About 28 (45.16%) of 62 isolates were
detected to be resistant to nalidixic acid.

DISCUSSION

The samples, 35 chicken carcasses per month, used
in this study were collected during a period of 6 months
(from May to October 2004). Chicken carcasses were
bought from 10 markets selling unpackaged carcasses in
Afyonkaralisar. Thermophilic Campylobacter sp. was
isolated from 141 (67.1%) of carcass samples. Poultry
carcasses were reported to be contaminated with
thermophilic Campylobacter sp. at rates changing
between 84 and 100% m the other studies concermng the
same topic (Aho and Hirn, 1988; JTones et al., 1991).

Tt has been considered that in a study carried out by
Atanassova and Ring (1999) between the years 1995 and
1997, using swab sampling methods duning November and
December was effective in finding low thermophilic
Campylobacter sp. rates. Although, Cloak et al. (2001)
and Atanassova and Ring (1999) study during the same
period, the results of Cloak et al. (2001) are different from
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the results of Atanassova and Ring (1999) due to Cloal’s
performmg enrichment procedure to the samples. The
thermophilic Campylobacter 1solation rate of the study of
Uyttendaele et al. (1999) 1s lower than the rates of our
study. This may be explained as follows: they used
chicken carcasses at different age groups as matenal,
chickens were slaughtered m different slaughterhouses
and the carcasses were supplied from different regions.
Only 6-8 weeks old chickens bred in Afyonkarahisar and
slaughtered in the same slaughterhouse were used as
material in this present study. Most Probable Number
(MPN) method used by Dufrenne et al. (2001) in the
1solation of thermophilic Campylobacter sp. 13 different
from the method used in persent study. The researcher
noted down that Preston broth was used as enrichment
medium and the dommant flora present in the skin of
chicken carcass and pieced chicken-meat samples
dominated the number of thermophilic Campylobacter sp.
during enrichment. However, the presence of hugh level of
thermophilic Campylobacter sp. in the results of
Bemrang et al. (2001), Zorman and Mozina (2002),
Uyttendaele et al. (1999) may be assessed as their using
pieced chicken-meat or chicken internal organs as the
study material instead of using complete chicken
carcasses. It has been reported that chicken meat sold in
the pieced form are contaminated with thermophilic
Campylobacter sp. at lngher rates than chicken carcasses
(Hudson et al., 1999).

The cause of the difference between the identification
rates of C. jejumi, C. coli and C. lari may be due to
contammination rate of the used chicken flocks, the
difference of thermophilic Campyvlobacter epidemiology
in the region where, the chicken exist, breeding style of
avian flocks in the poultry coops, age of the flock,
antibiotic use and the population of rodents and wild
avians living in the environment of the poultry coop. Also
it may be due to slaughtering techniques, methods for
preserving carcasses, selling conditions, sample type
where the factor 1s searched, method differences used 1n
1solation and the season. When Willis and Murray (1997)
mvestigated, the seasonal distributions of the presence of
C. jejuni n the chicken carcasses sold in markets, they
reported that the lighest isolation rate was found
between May and October in temperate climates. In
accordance with the results obtained from the present
study, the thermophilic Campylobacter sp. contam ination
rate in the carcasses was observed to increase between
May and June, reach the peak point between Tuly and
August and decrease between September and October.

A study, mn which the identification of C. jejumi and
C. coli was confirmed by PCR method, primers specific to

hipQ, ceuE and mapA genes were detected to be used
and also, as a result of typing oligonucleotide primers
contaiming ceul gene sequence were detected to be more
specific than the others On and Jordan (2003). In another
study, carried out by benefiting from the ceuE gene of
C. jejuni and C. coli, it was reported that 275 strains by
PCR method and 186 strains by classical culture method
were identified to be C. jejuni. Besides, 16 of 83 strains,
detected not to be C. jefuni by PCR method were detected
to be C. jejuni by classical culture method. Depending on
these results, PCR method was reported to be more
reliable and sensitive (Houng et al., 2001). Similarly,
Lawson et al. (1998) reported that they collected 200 feces
samples for their studies on identification Campylobacter
sp. In patients with gastroenteritis. They isolated
Campylobacter sp. from 16 (8%) using classical culture
method, 19 (9.5%) by PCR method. They also stated that
1 sample yielding positive result using classical method
gave a negative result by PCR and 4 of 19 samples
identified by PCR gave negative results in the classical
culture. Researchers associated isolates, obtained with
the classical culture method as a result of phenotypic
tests, yielding negative results with real-time PCR with the
template DNA quantity remaining below a determinable
limit subsequent to DNA extraction and inhibition
possibility of template DNA molecules preserved for a
long period of tune (Waage et af., 1999, Sails et af., 2003).
In enother study, it was reported that although direct
boiling method used for DNA-extraction was quite an
easy and widespread method, 1t brought about negative
results, Campylobacter sp. could not be elimmated due to
the chemical structure of their cell walls and an effective
DNA-extraction could not be performed using the boiling
method, proteinase K added to the extraction procedure
for DNA extraction was a markedly effective method
(Mohran et al., 1998). Bolton et al. (2002), reported that 69
of 115 samples comprising various food types yielded
positive results both with the PCR-ELISA and the
classical culture methods, 70 yielded positive results with
the classical culture method, 71 yielded positive results
with PCR-ELISA. They also stated that 1solation used to
wdentify Campylobacter sp. with the classical culture
techmques took up long time and the phenotypic
identification results required after isolation could be
subjective, which led to incorrect identifications. Similar
to the PCR results obtained from this present study in
other studies by Lawson et al. (1998), Houng et al. (2001),
Bolton et al. (2002), Kulkarni et al. (2002), Hong et al.
(2003) and Sails et al. (2003), it was reported that positive
results were yielded with classical culture methods and
negative results were yielded with PCR method. The
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researchers reported that the cause could be ascribed to
the cross reactions occurring during the phenotypic
identifications with the classical culture method, the
extraction method of the template DNA used for PCR
procedure and template DNA quantity, the negative
effects of nonspecific DNA products that may occur
during pure DNA preparation stage, on some PCR
primers, type of the used DNA polymerase and the buffer
solution reaction and such conditions could inhibit PCR
(Mohran et al., 1998; Bolton et ai., 2002; On and Jordan,
2003; Sails et al., 2003).

Similar to the other studies by Wilson et al. (2000),
Houng et al. (2001), Avrain et al. (2003), Gupta et al.
(2004), Ishihara et al. (2004) and Mayrhofer ef af. (2004) in
this present study 28 (45.16%) of 62 solates confirmed to
be C. jejuni as a result of PCR procedure were detected to
be resistant to nalidixic acid subsequent to the antibiotic
susceptibility tests included by the phenotypic
identification tests applied in advance. In numerous
investigations, thermophilic Campylobacter sp. were
designated to develop resistance to the nalidixic acid in
the antibiotic susceptibility tests, which were significant
among phenotypic identification tests (Wilson ef al,
2000; Houng et al., 2001; Avrain et al., 2003; Gupta et al.,
2004, Tshihara et al., 2004). In a similar investigation of the
of antibiotic resistance, resistance to quinolenes (nalidixic
acid) was reported to display a high prevalence (40.7%)
(Mayrhofer ez al., 2004).

CONCLUSION

Tt has been established that the majority of chicken
carcasses bred, slaughtered and sold unpacked in
Afyonkarahisar are contaminated with thermophilic
Campylobacter sp. and these clicken carcasses sold
unpacked may comprise potential health risk concerning
public health. Tn this regard, implementation of the food
safety programs and HACCP (Hazard analysis critical
control point) systems primarily on the farms, to breeding
stage in slaughterhouses and lastly in the food outlets
becomes important in order to prevent Campylobacter
mfections that may emanate from chicken meat and
products.

Moreover, this study displays the necessity for the
management of PCR and the specific identification studies
parallel with the identifications depending on the classical
culture methods due to the insufficiency of the antibiotic
susceptibility tests, an important identification test of the
classical culture test to the identification of the antibiotic
resistant species increasing lately and probability of
leading to mistakes with subjective evaluations by the
hippurate hydrolysis tests.

REFERENCES

Aho, M. and J. Hirn, 1988. Prevalence of Campylobacter
in finnish broiler chicken chain from the producer
to the consumer. Acta Veterinaria Scandinavica,
29 (3-4): 451-462. PMID: 3256242,

Aman-Prah, A. and M. Janc, 1988a. Chicken to human
infection  with  Campylobacter  jejumi  and
Campylobacter  coli:  biotype and  serotype
correlation. J. Food Protec., 51: 562-564.

Amnan-Prah, A. and M. Janc, 1988b. The mode and
spread of Campylobacter jejunifcoli broiler flocks. T.
Vet. Med., 35: 11-18. PMID: 3376623,

Anonymous, 1995, Microbiology of foed and animal
feeding stuffs-horizontal method for detection of
thermotolerant Campylobacter. The International
Organization for Standardization, pp: 10272.

Atabay, HI. and JE.L. Corry, 1997. The prevalence of
Campylobacters and arcobacters 1n broiler chickens.
I. Applied Microbiol., 83 (5): 619-626. PMID: 9418023,

Atanassova, V. and C. Ring, 1999. Prevalence of
Campyiobacter sp. in poultty meat 1 Germany. Int.
J. Food Microbiol., 51: 187-190. PMID: 10574094,

Avramn, L., F. Humbert, R.L. Hospitalier, P. Sanders,
C. Vernozy-Rozand and . Kempf, 2003. Antimicrobial
resistance 1 Campylobacter
Association with production type and antimicrobial
use. Vet. Microbiol., 96: 267-276. PMID: 14559174,

Berrang, M.E., S.R. Ladley and R.J. Buhr, 2001. Presence
and level of Campylobacter, coliforms, Fscherichia
coli and total aerobic bacteria recovered from
broiler parts with and without skin. I. Food Protech.,
64 (2): 184-188. PMID: 11271765,

Blaser, M.J., D. Taylor and R.A. Feldman, 19%3.
Epidemiology of Campylobacter jejuni infections.
Epidemiologic Rev., 5: 157-176. PMID: 6357819.

Bryan, FL. and MP. Doyle, 1995 Health nisks and
consequences of Salmonella and Campylobacter
Jejuni ntaw poultry. J. Food Protect., 58 (3): 326-344.

Bolton, F.I., A.D. Sails, A.J. Fox, D.R.A. Wareing and
D.IL.A. Greenway, 2002. Detection of Campylobacter
jejuni and Campylobacter coli in foods by
enrichment culture and polymerase chain reaction
enzyme-linked immunosorbent assay. J. Food
Protect., 65 (5): 760-767. PMID: 12030285,

Cloak, O.M, G. Dufty, I.J. Sheridan, 1.S. Blair and
D.A. McDowell, 2001. A survey on the meidence of
Campylobacter sp. and the development of a Surface
Adhesion Polymerase Chain Reaction (SA-PCR)
assay for the detection of Campylobacter jejuni in
retail meat products. Food Microbiol., 18: 287-298.

from broiers:

2066



J. Anim. Vet Adv., 8 (10): 2063-2068, 2009

Dufrenne, J., W. Ritmeester, A. Delfgou-Van, E. Van
F. Leusden and R. De Jonge, 2001. Quantification of
the contamination of chicken and chicken products
i the Netherlands with Salmonella and
Campylobacter. J. Food Protect., 64: 538-541.
PMID: 11307893,

Effler, P, M.C. Teong, A. Kimura, M. Nakata, R. Bur,
E. Cremer and L. Slutsker, 2001. Sporadic
Campylobacter infections in Hawaii: Associations
with Prior entibiotic use and commercially
prepared chicken. J. Infect. Dis., 183: 1152-1155.
PMID: 11237847,

Englen, M.D. and P.JF. Cray, 2002. Evaluation of
commercial diagnostic PCR forthe identification of
Campylobacter jejuni and Campylobacter coli. Lett.
Applied Microbiol., 35 (4): 353-356. PMID: 12358702,

Federighi, M., C. Magras, M.F. Pilet, D. Woodward,
W. Jolnson, F. Jugiau and JL. Jouve, 1999.
Incidence of thermotolerant Campylobacter in
foods assesed by NF ISO 10272 standart: Results of
a 2 year study. Food Microbiol., 16: 195-204.

Gonzalez, 1., K.A. Grant, P.T. Richardson, S.F. Park and
M.D. Collins, 1997. Spesific identification of the
enteropathogens  Campylobacter  jejuni  and
Campylobacter coli by using a PCR test based on
ceuE gene encoding a putative virulence determinant.
I. Clin. Microbiol., 35: 759-763. PMID: 9041429,

Gupta, A., IM. Nelson, T.J. Barmrett, R.V. Tauxe,
S.P. Rossiter, C.R. Friedman, K. W. Joyce, K.E. Smith,
T.F. Jones, M.A. Hawkms, B. Shiferaw, ].L. Beebe,
D.I. Vugia, T. Rabatsky-Ehr, T.A. Benson, T.P. Root
and F.J. Angulo, 2004. Antimicrobial resistance
among Campylobacter strains, United States,
1997-2001. Emerg. Infect. Dis., 10 (6): 1102-1109.
PMID: 15207064,

Hong, Y., MLE. Berrang, T. Liu, C.L. Hofacre, S. Sanchez,
I.. Wang and I.J. Maurer, 2003. Rapid detection of
Campylobacter coli, C. jejuni and Salmonella
enterica on poultry carcasses by using PCR-Enzyme-
linked immunosorbent assay. Applied Environ.
Microbiol., 69 (6): 3492-3499. PMID: 12788755,

Houng, HH., O. Sethabutr, W. Nirdnoy, D.E. Katz and
L.W. Pang, 2001. Development of a ceuF-based
multiplex Polymerase Chain Reaction (PCR) assay
for direct detection and differentiation of
Campylobacter jejuni and Campylobacter coli mn
Thailand. Diagnhostic Microbiol. Infec. Dis., 40: 11-19.
PMID: 11448558,

Hudson, T.A., C. Nicol, I. Wright, R. Whyte and
SK. Hasell, 1999, Seasonal variaton of
Campylobacter types from human cases, veterinary
cases, raw chicken, milk and water. J. Applied
Microbiol., 87: 115-124. PMID: 10432592,

Ishihara, K., T. Kira, K. Ogikubo, A. Morioka,
A. Kopjima, M. Kijima-Tanaka, T. Takahasli and
Y. Tamuray, 2004. Antimicrobial susceptibilities of
Campylobacter 1solated from food-producing
animals on farms (1999-2001): Results from the
Japanese  veterinary  antimicrobial
monttoring  program. Int. J. Antimicrob. Agents,
24: 63-69. PMID: 15325430,

Tzat, A L., F.A. Gardner, ] H. Dentonand F.A. Golan, 1988.
Incidence and level of Campylobacter jejuni in
broiler processing. Poult. Sci., 67 (11): 1568-1572.
PMID: 3237574,

Jones, F.T., R.C. Axtell, D.V. Rivers, S.E. Scheideler,
FR. Tarver, RL. Walker and M.T. Wineland, 1991. A
survey of Campylobacter jejuni contamination in
modern broiler production and processing systems.
I. Food Protect., 54 (4): 259-262.

Jorgensen, F., R. Bailey, 5. Williams, P. Henderson,
D.R A Wareing, F.I. Bolton, J.A. Frost, L. Ward and
T.J. Humphrey, 2002. Prevalence and numbers of
Salmonella and Campylobacter sp. on raw, whole
chickens in relation to sampling methods. Int. J. Food
Microbiol., 76: 151-164. PMID: 12038572

Josefsen, M.H., P.S. Lubeck, B. Aalbak and J. Hoorfar,
2003. Preston and Park-Sanders protocols adapted
for semi quantitative isolation of thermotolerant
Campylobacter from chicken rmse. Int. J. Food
Microbiol., 80: 177-183. PMID: 12381404,

Kulkarni, S.P., S. Lever, JM.I. Logan, AJ Lawson,
J. Stanley and M.S. Shafi, 2002. Detection of
Campylobacter sp. A comparison of culture and
polymerase chain reaction based methods. T. Clin.
Pathol., 55: 749-753. PMID: 12354800,

Lawson, A.J., M.3. Shati, K. Pathak and J. Stanley, 1998.
Detection of Campvlobacters in gastroenteritis:
Comparison of direct PCR assay of faecal samples
with selective culture. Epidemiol. Infect., 121: 547-553.
PMID: 10030703,

Lee, C.Y., CL. Tai, S.C. Lin and Y.T. Chen, 1994.
Occurence of plazmids and tetracycline resistance
among Campylobacter jejuni and Campylobacter

resistance

coli 1solated from whole market chickens and
clinical samples. Int. J. Food Microbiol., 24: 161-170.
PMID: 7703010.

Lillard, H.S., 1988. Comparison of sampling methods and
mmplications for bacterial decontammation of poultry
carcasses by mnsing. J. Food Protect., 51 (5): 405-408.

Mayrhofer, S., P. Paulsen, F.I.M. Smulders and F. Hilbert,
2004. Antimicrobial resstance profile of food-borne
pathogens isolated from beef, pork and poultry. Int.
J. Food Microbiol., 97: 23-29. PMID: 15527915.

2067



J. Anim. Vet Adv., 8 (10): 2063-2068, 2009

Mohran, 7.5., R.R. Arthur, B.A. Oyofo, L.F. Peruski,
M.O. Wasfy, T.F. Ismail and JR. Murphy, 1998.
Differentiation of Campylobacter isolates on the
basis of sensitivity to boiling in water as measured
by PCR detectable DNA. Applied Environ.
Microbiol., 64 (1): 363-365. PMID: 94350091,

On, SL.W. and P.J. Jordan, 2003. Evolation of 11
PCR assay for species level identification of
Campylobacter jejuni and Campylobacter coli. 1.
Clin. Microbiol., 41: 330-336. PMID: 12517869,

Oosterom, T., S. Notermans, H. Karman and G.B. Engels,
1983. Origin and prevalence of C. jejuni in poultry
processing. J. Food Protect., 46 (4): 339-344.

Rautelin, H., T. Jusufovic and M.L. Haminen, 1999.
Tdentification of hippurate negative thermophilic
Campylobacters. Diagnostic Microbiol. Infect. Dis.,
35:5-12. PMID: 10529875,

Sails, A.D., AJ. Fox, F.J. Bolton, D.R.A. Wareing and
L.A. Greenway, 2003. Areal-time PCR assay for the
detection of Campylobacter jejuni m foods after
enrichment culture. Applied Environ Microbiol,
69 (3): 1383-1390. PMID: 12620820,

Schorr, D., H. Schmid, HIL. Rieder, A. Baumgartner,
H. Vorkaufand A. Bumens, 1994, Risk factors
for Campylobacter  enteritidis m Switzerland.
Zentralblatt fiir Hygiene Umweltmed, 196: 327-337.
PMID: 11594479,

Solomon, E.B. and D.G. Hoover, 1999. Campylobacter
Jefuni: A bacterial paradox. J. Food Safe, 19: 121-136.

Stern, N.J. and T.E. Line, 1992. Comparison of three
methods for recovery of Campyiobacter sp. from
broiler carcasses. J. Food Protect., 55 (9): 663-666.
PMID: 16204541,

Uyttendaele, M., P. De Troy and J. Debevere, 1999.
Incidence of Salmonella, Campylobacter jejuni,
Campylobacter coli and Listeria monocytogenes 1n
poultry carcasses and different types of poultry
products for sale on the Belgian retail market. J. Food
Protect., 62: 735-740. PMID: 10419264,

Waage, A.S., T. Vardund, V. Lund and G. Kapperud,
1999.
Campylobacter jejuni and Campylobacter coli cells

Detection of  small numbers of
in environmental water, sewage and food samples
by a semmested PCR assay. Applied Environ
Microbiol., 65 (4): 1636-1643. PMID: 10103261,

Willis, W.L. and C. Murray, 1997. Campylobacter jejuni
seasonal recovery observations of retail market
broilers. Poult. Sci., 76: 314-317. PMID: 9057212.

Wilson, D.L., SR. Abner, T.C. Newman, L.S. Mansfield
and J.E. Linz, 2000. Tdentification of ciprofloxacin
resistant Campylobacter jejumi by use of a
fluorogenic PCR  assay. I  Clin. Microbiol.,
38(11): 3971-3978. PMID: 11060054,

Zorman, T. and 8. 5. Mozina, 2002. Classical and molecular
identification of thermotolerany Campylobacters
from poultry meat. Food Technol.,, 40 (3): 177-184.
PMID: 16712997,

2068



