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Campylobacter Species Identification Based on Polymorphism
of DNA Encoding rRNA
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Total DNA from five Campylobacter species was digested with a mixture of XhoI and BglII restriction
endonucleases and analyzed by Southern hybridization by using a probe complementary to the DNA coding for
the 16S rRNA. Each of the Campylobacter species, including C. jejuni, C. coli, C. laridis, C. fetus, and C.
upsaliensis, displayed a characteristic pattern. Although some bands may be common to different species, the
simplicity of the hybridization pattern enabled us to discriminate among the different species of Campylobacter.

In industrial countries, Campylobacter coli and Camnpvlo-
bacterjejuni are major agents of diarrheal diseases. C. coli
and C. jejuni have been considered two separate species on

the basis of DNA homology (1, 14, 18, 24, 35). The test
currently performed to distinguish between these two spe-

cies is based on hippurate hydrolysis (13, 29), although
different studies have pointed out problems associated with
this test (14, 15, 34).
Most epidemiological studies have been based on serolog-

ical methods (20, 25), biotyping (2, 16, 19, 29), plasmid
analysis (3, 4, 32), and restriction endonuclease DNA anal-
ysis (5, 6). Recently, different methods based on rRNA (8, 9,
17) or DNA encoding rRNA (rDNA) composition have been
proposed for organism identification. Grimont and Grimont
(11) suggested that the restriction pattern of rDNA genes

might provide useful information for species and type strain
descriptions. Using total Escherichia uoli 16S and 23S RNAs
as probes in Southern blot experiments, they observed one

or several rDNA restriction patterns, depending on the
degree of divergence, within a bacterial species.
The nucleotide sequence of rRNA from organisms of the

three kingdoms appears to be very conserved in some

regions of the 16S RNA and less conserved in surrounding
regions (10, 36). In the study reported here, we used a short
synthetic probe hybridizing to a very conserved region of the
16S rDNA in order to reveal the Xliol-BglII polymorphism
existing between the rDNA of different Cninpylobacter
species.
While this work was in progress, Romaniuk and Trust (27)

published a work based on a similar approach to identify
Campylobacteîe species. Our results will be discussed with
special reference to their work (27) and to that of Grimont
and Grimont (11).

MATERIALS AND METHODS

Bacterial strains, media, and growth conditions. The refer-
ence strains C. jejunli I Lior 4, C. coli Lior 1. and C. l/aidis
Lior 34 were received from Y. Glupczynski (Brussels,
Belgium). C. fètuts subsp. fétus NCTC 10842, C. je/jui
NCTC 11168, C. coli NCTC 11366, C. coli Lior 8, and C. eoli
Lior 44 were supplied by J. P. Butzler and H. Goossens
(Brussels, Belgium). C. jejuni NCTC 11848, C. /laidis NCTC
11352, and C. upsaliensis NCTC 11541 were received from
F. Megraud (Bordeaux, France). C. jejuni A4646 CDC
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Atlanta and C. coli CCUG 11283 were received from J.
Dekeyser (Brussels, Belgium). The 13 reference strains were

as follows: C. jftits subsp. fetus NCTC 10842, strain 253; C.
je/juli I Lior 4, strain 106; C. jejuni NCTC 11848, strain 208;
C. je/juni NCTC 11168, strain 255; C. jejuni A4646 CDC
Atlanta, strain 260; C. coli Lior 1, strain 108; C. coli Lior 44,
strain 211; C. coli Lior 8, strain 212; C. coli NCTC 11366,
strain 256; C. (oli CCUG 11283, strain 261; C. luridis Lior
34, strain 116; L. luridis NCTC 11352, strain 195; and C.
lupsaliensis NCTC 11541, strain 170.
One hundred clinical isolates, received from G. Wauters

(University Hospital Saint Luc, Brussels, Belgium), were

included in this study. Out of them, 93 were isolated from
stools, grew at 42°C, and were resistant to cephalothin. They
were identified as C. je/jlui, C. coli, or C. laridis by total
DNA-DNA hybridization following the principle of the dif-
ferential spot blot test of Totten et ai. (34). Seven other
strains were isolated from blood samples. Of these, six grew
at 25°C and were classified as C. Jètus. The seventh strain
isolated from blood grew at 42°C and was classified as C. coli
by total DNA-DNA hybridization.
The usual culture medium for Cainpylobacter spp. was

brain heart infusion agar (GIBCO Laboratories, Madison,
Wis.) supplemented with 3 g iiter-1 of yeast extract
(GIBCO) and 10% defibrinated horse blood (Ecobio, Genk,
Belgium). This medium is currently referred to as Caîmpylo-
bacter medium. Plates were incubated for 24 to 72 h at 37°C
in a microaerophilic atmosphere generated by the Anaero-
cult C system (E Merck AG, Darmstadt, Federal Republic of
Germany).
NaCI (0.15 M) was used to suspend Campylobacter cells

scraped from plates. Bacterial counts were determined by
measuring the optical density at 600 nm. One A600 unit was

determined to correspond to 2 x 109 cells ml-1.
Total DNA preparation. Bacteria were cultivated on two

plates of Carnpvlobacter medium. Cells were collected and
suspended in 50 mM Tris hydrochloride-50 mM EDTA-50
mM NaCI (pH 8.5) (THES). The cells were washed and
suspended in THES supplemented with 10% sucrose. RNase
(Serva, Heidelberg, Federal Republic of Germany) and
lysozyme (Serva) were added to final concentrations of 90 ,ug
ml1 and 1 mg ml-', respectively. The suspension was

incubated for 90 min at 37°C. A 10% sodium lauryl sulfate
solution in THES was added to a final concentration of 4.4%,
and incubation was prolonged at 37°C for 20 min. The lysate
was subjected to two chloroform-octanol (96:4) extractions,
one phenol extraction, and one chloroform-isoamylic alco-
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hol (99:1) extraction. DNA was precipitated by the addition
of 2 volumes of ethanol and 0.1 volume of 7.5 M ammonium
acetate. The DNA precipitate was resuspended in distilled
water and stored at -20°C.
DNA concentration was estimated by comparing the flu-

orescence intensity of the sample DNA against a standard of
lambda DNA (Bethesda Research Laboratories, Gaithers-
burg, Md.) on an agarose electrophoresis gel stained with
ethidium bromide.

Southern blot analysis. Total DNA (1.5 pg) was digested
with 15 U of the relevant restriction endonucleases (Phar-
macia, Uppsala, Sweden) according to the supplier's speci-
fications.
DNA fragments were separated by 0.8%r agarose

(SeaKem; FMC BioProducts, Rockland, Maine) gel electro-
phoresis (21). HindIII-digested bacteriophage lambda DNA
was used as molecular weight marker; 1 pg of unlabeled
marker was mixed with the equivalent of 7.500 dpm of
32P-labeled marker. Labeling was done with T4 DNA poly-
merase (21).

Prior to transfer on a nylon membrane (Hybond-N; Am-
ersham, Little Chalfont, United Kingdom) as described by
Southern (12, 30), the DNA fragments were depurinated and
denatured as recommended by the membrane's supplier.
The membrane was then washed, irradiated as described by
the manufacturers, and prehybridized for 2 h at 50°C in 2x
SSC (lx SSC is 0.15 M NaCI plus 0.015 M sodium citrate)
containing 1%Î dehydrated skim milk (Gloria; Nestlé, Brus-
sels, Belgium), 21%î sodium dodecyl sulfate (Serva) and 20 1tg
mlV of heat-denatured calf thymus DNA (Serva). Labeled
probe was added to a final activity of 106 dpm ml-1. After 16
h of incubation at 50°C, the membrane was washed three
times for 15 min at 50°C in 2x SSC-1% sodium dodecyl
sulfate. The membrane was air dried and autoradiographed
(21).
Probe synthesis and labeling. Oligodeoxynucleotide was

synthesized on a Applied Biosystems synthetizer model
380A via the solid-phase phosphoramidite method (7. 2,
28).
The oligonucleotide probe was end labeled essentially as

described by Thein and Wallace (33), except that only 15
pmol of [y-3-PIATP (3,000 Ci mmol-1; Amersham) was used
for the labeling of 15 pmol of probe. After the labeling step.
the reaction mixture was diluted to 100 111 with HO and the
probe was purified by passage through a Sephadex G-50
column (Pharmacia).
Typing by total DNA-DNA hybridization. Typing by total

DNA-DNA hybridization was done by the method of Totten
et al. (34), but DNA (1 ig) rather than bacteria, was spotted
onto the membranes. Total DNA from strains C. je/junii I Lior
4, C. uoli Lior 8, and C. laridis Lior 34 was radiolabeled with
cX-32P]dATP (3,000 Ci mmol-'; Dupont, NEN Research
Products, Boston. Mass.) to a specific activity of 108 dpm
.g-1 by using a nick translation kit (Bethesda Research

Laboratories). The unincorporated nucleotides were elimi-
nated by passage through a Sephadex G-50 column (Phar-
macia). Hybridization conditions were as described for
Southern blot analysis except that hybridizations and wash-
ings occurred at 63°C.

RESULTS

Selection of the probe. The approach we followed was to
select a probe hybridizing to a very conserved region of
rDNA from Cainp/lobaeter species and to look for a restric-
tion enzyme (or a combination of such enzymes) displaying

a polymorphism among the different species of Cainpl/obae-
ter. The probe was chosen to hybridize to a sequence
conserved between E. /oli and C. Rjj/ui with the assumption
that all species of Cn1pvlobaîcter would hybridize to it
(26, 36). The nucleotide sequence of this probe (ORJ16Sa)
was 5'-TGATCCGACCGCAGGTTCTCCTA-3'. This 23-mer
probe was complementary to the 3' end of the 16S RNA of
C. jejuni and hybridized to the sequence corresponding to
nucleotides 1511 to 1533 in 16S RNA from E. coli (26, 36).
The oligonucleotide was synthesized and was shown to
hybridize specifically to 16S RNA in a Northern (RNA) blot
experiment (data not shown). Specific hybridization of the
probe to the 3' end of 16S RNA was further confirmed by
using the probe as a primer for sequencing of C. jejuni I Lior
4 rRNA by the chain termination method (17 and data not
shown).

Analysis of 13 reference strains. DNA from the 13 refer-
ence strains was digested with a variety of restriction en-
zymes and analyzed by Southern blot hybridization. Restric-
tion endonuclease Bg/II (data not shown) and the
combination of Bg/II and XlhoI allowed us to discriminate
between the different species of Cainpl/obacter, including
C. /oli, C. jejiunii, C. laidlis. C. fetus, and C. upsaliensis. The
probe did not contain any restriction sites for these two
enzymes.
Four C. coli reference strains (C. (oli Lior 8 and Lior 44

[Fig. lA], C. coli NCTC 11366, and C. /oli CCUG 11283
[data not shown]) presented the same pattern characterized
by a unique band of 0.8 kilobases (kb). The fifth reference
strain (C. coli Lior 1; Fig. 1A) presented an additional 3.7-kb
band.

C. lariidis Lior 34 and C. luindis NCTC 11352 (Fig. 1A)
presented the same pattern characterized by a unique 2.4-kb
band.

C. upsaliensis NCTC 11541 (Fig. lA) presented two bands
of about 24 and 0.83 kb. The high-molecular-weight band
appeared to be less intense than the 0.83-kb band. This could
be due to a lower transfer efficiency of large DNA fragments
than of small DNA fragments or to a lower sequence
homology.

C. fètus subsp. fetits NCTC 10842 (Fig. lA) featured a pair
of bands at the level of 6 kb. The two bands could only be
individualized when the DNA load was lower (Fig. 1B).
The four C. jejuinli reference strains presented three bands,

suggesting the presence of at least three copies of the 16S
rDNA in C. jejiunli. C. jCjuizii I Lior 4 (Fig. 1A), C. jejuni
NCTC 11168 (data not shown), and C. jejuni A4646 (data not
shown) featured the same pattern, consisting of bands at 4.6.
11, and 15 kb. C. je/junfi NCTC 11848 (Fig. lA) displayed a
different pattern characterized by three bands of 3.7, 6.3,
and Il kb. This nitrate-negative C.j/'jll)li strain, described by
Steele et ai. (31). was considered a subspecies of C. jejuni by
Owen and Dawson (23).

Analysis of 100 clinical isolates of Campylobacter. The
rDNA Xiol-Bg/II restriction-fragment-length polymorphism
was assessed for 100 clinical isolates identified as C. jejunl,
C. coli, C. /laidis, or C. euits as described in Materials and
Methods.
Out of the nine C. eoli strains tested, eight presented the

same pattern as the reference strains Lior 8, Lior 44, NCTC
11366, and CCUG 11283 (Fig. 1B). One strain (strain 205;
Fig. 1B) displayed an additional band of 2.4 kb that was also
found in the pattern of the C. l/aitlis reference strains. Total
DNA-DNA hybridization identified this strain as C. coli. The
fact that the growth of strain 205 was inhibited by nalidixic
acid further confirmed that this strain was not contaminated
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FIG. 1. rDNA Xhol-BglII restriction-fragment-length polymorphism in Carnpylobacier spp. (A) Reference strains. (B) C. coli, C. laridis,
and C. ffetus isolates. (C) C. jejuni isolates. Numbers at the sides of the autoradiograph refer to the fragment sizes (in kilobases), and numbers
at the top refer to the strain numbers with the corresponding reference assignments. Lanes from two different gels have been rearranged for
the sake of clarity. HindIII-digested lambda DNA was used as a molecular weight marker (lane M).

by a C. laridis strain. None of the human isolates had the
hybridization patterns of C. coli Lior 1. This result suggests
that C. coli Lior 1 is not a good representative of the C. coli
isolated in Western Europe.
The C. laridis isolated showed a 2.4-kb band, as in the

reference strains (Fig. 1B).
The six C. fetus strains tested displayed a pair of bands at

the level of 6 kb, as in reference strain NCTC 10842 (Fig. 1B
and data not shown).

In contrast with C. coli, C. fetus, and C. laridis, in which
the patterns appeared to be very conserved, a rather high
polymorphism occurred within the patterns produced by the
C. jejuni isolates (Fig. 1C and data not shown). However,
the patterns of the 84 C. jejuni strains tested shared common
features: a band at the level of 4.6 kb and two larger bands.
The latter were not always separated on the 0.8% agarose
gels but were readily apparent on 0.4% agarose gels (data not
shown).
None of the human isolates had the hybridization pattern

of C. jejuni NCTC 11848 and C. upsaliensis NCTC 11541.
This is not surprising, since all our clinical isolates were

resistant to cephalothin whereas C. upsaliensis and nitrate-
negative C. jejuni are known to be susceptible (31; K.
Sandstedt and I. Ursing, 14th Int. Congr. Microbiol., abstr.
no. P.B8-17, 1986).

DISCUSSION

A Southern blot analysis using a probe complementary to
the 3' end of the 16S rRNA enabled us to discriminate among
the five species of Campylobacter, i.e., C. jejuni, C. coli, C.
laridis, C. fetus, and C. upsaliensis.

This kind of approach was first proposed by Grimont and
Grimont (11), who used total 16S and 23S rRNAs as probes.
These probes hybridize with many fragments of DNA and
permit leading strain discrimination and, hence, can be
useful in epidemiological studies. It is, however, difficult to

analyze these patterns in order to identify Campylobacter
isolates at the species level. Our method gives a simpler
pattern, allowing easy discrimination among the commonly
found species of Campylobacter. However, it does not
necessarily allow one to distinguish individual strains. The
two methods should therefore be considered complemen-
tary.
Our approach is very similar to that of Romaniuk and

Trust (27). Our observation that C. jejuni contains at least
three copies of 16S rDNA is in perfect agreement with the
results of these authors. They used as a probe a 17-mer
oligonucleotide complementary to a unique sequence
present in the 5' domain of the 16S rRNA of several species
of Campylobacter. This probe seems to be Campylobacter
specific but the sensitivity of the probe was so far only tested
on nine strains from four different species. In their study, the
hybridization pattern did not always allow discrimination
between C. jejuni and C. coli.
Our method was evaluated on 100 clinical isolates. All the

XhoI-BglIl restriction patterns appeared to be species spe-
cific and, therefore, allowed for speciation of Campylobacter
isolates. C. coli could be recognized by its conserved 0.8-kb
hybridizing fragment. In some cases, C. coli had an addi-
tional band of either 3.6 (C. coli Lior 1) or 2.4 (C. coli 205)
kb. C. laridis had a unique 2.4-kb hybridizing fragment, and
C. fetus showed a doublet at 6 kb. C. upsaliensis had two
hybridizing fragments: one at 0.83 kb and one faint band of
a size larger than 24 kb. With C. jejuni, we observed a rather
high degree of polymorphism, but a general profile could be
recognized: three hybridizing fragments of sizes larger than
4.6 kb.
We think that hybridization methods involving rDNA

offer new prospects in clinical bacteriology. The progress
foreseen towards the automation of DNA extraction and
subsequent Southern blot analysis could make rDNA restric-
tion-fragment-length-polymorphism analysis an interesting
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method for Carmpylobacter species identification and epi-
demiology.

ACKNOWLEDGMENTS

We thank G. Wauters, T. Michiels, and M. Delmée for a critical
reading of the manuscript. We thank M. Van Bouchaute for excel-
lent technical assistance and G. Gobert for typing the manuscript.
We also thank J. P. Butzler, H. Goossens, F. Megraud, J. Dekeyser,
and Y. Glupczynski for the reference strains.

This work was supported by IRE-Medgenix and the Belgian
Institut pour la Recherche Scientifique dans l'Industrie et l'Agricul-
ture (convention 25006 and WA026).

LITERATURE CITED
1. Belland, R. J., and T. J. Trust. 1982. Deoxyribonucleic acid

sequence relatedness between thermophilic members of the
genus Cainpylobacter. J. Gen. Microbiol. 128:2515-2522.

2. Bolton, F. J., A. V. Holt, and D. N. Hutchinson. 1984. Cainipylo-
bacter biotyping scheme of epidemiological value. J. Clin.
Pathol. 37:677-681.

3. Bopp, C. A., K. A. Birkness, I. K. Wachsmuth, and T. J. Barret.
1985. In vitro antimicrobial susceptibility, plasmid analysis. and
serotyping of epidemic-associated Cainpylobacter jejuini. J.
Clin. Microbiol. 21:4-7.

4. Bradbury, W. C., M. A. Marko, J. N. Hennessy, and J. L.
Penner. 1983. Occurrence of plasmid DNA in serologically
defined strains of Caimpylobacter jejiui and Caimpylobacter
/oli. Infect. Immun. 40:460-463.

5. Bradbury, W. C., A. D. Pearson, M. A. Marko, R. V. Congi, and
J. L. Penner. 1984. Investigation of a Cainpylobacter jejuni
outbreak by serotyping and chromosomal restriction endonucle-
ase analysis. J. Clin. Microbiol. 19:342-346.

6. Collins, D. M., and D. E. Ross. 1984. Restriction endonuclease
analysis of Campylobacter strains with particular reference to
Campylobhacierfetus ss. fetits. J. Med. Microbiol. 18:117-124.

7. Froehler, B. C., and M. D. Matteucci. 1983. Substituted 5-
phenyltetrazoles: improved activators of deoxynucleoside phos-
phoramidites in deoxyoligonucleotide synthesis. Tetrahedron
Lett. 24:3171-3174.

8. Giovannoni, S. J., E. F. DeLong, G. J. Olsen, and N. R. Pace.
1988. Phylogenetic group-specific oligodeoxynucleotide probes
for identification of single microbial cells. J. Bacteriol. 170:
720-726.

9. Gobel, U. B., A. Geiser, and E. J. Stanbridge. 1987. Oligonucle-
otide probes complementary to variable regions of ribosomal
RNA discriminate between Mycop/asmna species. J. Gen. Mi-
crobiol. 133:1969-1974.

10. Gray, M. W., D. Sankoif, and R. J. D. Cedergren. 1984. On the
evolutionary descent of organisms and organelles: a global
phylogeny based on a highly conserved structural core in small
subunit ribosomal RNA. Nucleic Acids Res. 12:5837-5852.

11. Grimont, F., and P. A. D. Grimont. 1986. Ribosomal ribonucleic
acid gene restriction patterns as potential taxonomic tools. Ann.
Inst. Pasteur Microbiol. 137B:165-175.

12. Hames, B. D., and S. J. Higgins. 1985. Nucleic acid hybridiza-
tion: a practical approach. IRL Press, Oxford.

13. Harvey, S. M. 1980. Hippurate hydrolysis by Ca;npyl/abacre
fetus. J. Clin. Microbiol. 11:435-437.

14. Harvey, S. M., and J. R. Greenwood. 1983. Relationships among
catalase-positive campylobacters determined by deoxyribonu-
cleic acid-deoxyribonucleic acid hybridization. Int. J. Syst.
Bacteriol. 33:275-284.

15. Hébert, G. A., P. Edmonds, and D. J. Brenner. 1984. DNA
relatedness among strains of Cainpylovbacter jejini and Ca,,z-
pylobacter coli with divergent serogroup and hippurate reac-
tions. J. Clin. Microbiol. 20:138-140.

16. Hébert, G. A., D. G. Hollis, R. E. Weaver, M. A. Lambert,
M. J. Blaser, and C. W. Moss. 1982. 30 years of campylobacters:
biochemical characteristics and a biotyping proposal for Canm-
pylobacterjejini. J. Clin. Microbiol. 15:1065-1073.

17. Lane, D. J., B. Pace, G. J. Olsen, D. A. Stahl, M. L. Sogin, and
N. R. Pace. 1985. Rapid determination of 16S ribosomal RNA

sequences for phylogenetic analyses. Proc. Natl. Acad. Sci.
USA 82:6955-6959.

18. Leaper, S., and R. J. Owen. 1982. Differentiation between
Caînpv/lobactr je/uni and allied thermophilic campylobacters
by hybridization of deoxyribonucleic acids. FEMS Microbiol.
Lett. 15:2(03-208.

19. Lior, H. 1984. New. extended biotyping scheme for Canmp/lo-
bacter jejuni. Canip/lobacter coli, and '-Canipyl/bacter lai-
dis.` J. Clin. Microbiol. 20:636-640.

20. Lior, H., D. L. Woodward, J. A. Edgar, L. J. Laroche, and P.
Gill. 1982. Serotyping of Caimpy/obaierjejuni by slide aggluti-
nation based on heat-labile antigenic factors. J. Clin. Microbiol.
15:761-768.

21. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor. N.Y.

22. Matteucci, M. D., and M. H. Caruthers. 1981. Synthesis of
deoxyoligonucleotides on a polymer support. J. Am. Chem.
Soc. 103:3185-3191.

23. Owen, R. J., and C. Dawson. 1986. DNA base compositions and
base sequence relatedness of atypical Canp/lobacter jeljuni
strains from clinical material. FEMS Microbiol. Lett. 35:283-
287.

24. Owen, R. J., and S. Leaper. 1981. Base composition, size and
nucleotide sequence similarities of genome deoxyribonucleic
acids from species of the genus Campvlobaci'er. FEMS Micro-
biol. Lett. 12:395-400.

25. Penner, J. L., and J. N. Hennessy. 1980. Passive hemagglutina-
tion technique for serotyping Cinpv/aobacterfeitus subsp. jejiuni
on the basis of soluble heat-stable antigens. J. Clin. Microbiol.
12:732-737.

26. Rashtchian, A., M. A. Abbot, and M. Shaffer. 1987. Cloning and
characterization of genes coding for ribosomal RNA in Cain-
p/lobacterjejuni. Curr. Microbiol. 14:311-317.

27. Romaniuk, P. J., and T. J. Trust. 1987. Identification of Cain-
pyl/bacer species by Southern hybridization of genomic DNA
using an oligonucleotide probe for 16S rRNA genes. FEMS
Microbiol. Lett. 43:331-335.

28. Sinha, N. D., J. Biernat, J. McManus, and H. Koster. 1984.
Polymer support oligonucleotide synthesis XVIII: use of P-
cyanoethyl-N.N-dialkylamino-/N-morpholino phosphoramidite
of deoxynucleosides for the synthesis of DNA fragments sim-
plifying deprotection and isolation of the final product. Nucleic
Acids Res. 12:4539-4557.

29. Skirrow, M. B., and J. Benjamin. 1980. Differentiation of
enteropathogenic Canmpv/ahcter. J. Clin. Pathol. 33:1122.

30. Southern, E. M. 1975. Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J. Mol. Biol.
98:503-517.

31. Steele, T. W., N. Sangster, and J. A. Lanser. 1985. DNA
relatedness and biochemical features of Cainpylobacter spp.
isolated in Central and South Australia. J. Clin. Microbiol.
22:71-74.

32. Tenover, F. C., S. Williams, K. P. Gordon, N. Harris, C. Nolan,
and J. J. Plorde. 1984. Utility of plasmid fingerprinting for
epidemiological studies of Campylovbacter jejuni infections. J.
Infect. Dis. 149:279.

33. Thein, S. L., and R. B. Wallace. 1986. The use of synthetic
oligonucleotides as specific hybridization probes in the diagno-
sis of genetic disorders, p. 33-50. In K. E. Davies (ed.), Human
genetic diseases. A practical approach. IRL Press, Oxford.

34. Totten, P. A., C. M. Patton, F. C. Tenover, T. J. Barrett, W. E.
Stamm, A. G. Steigerwalt, J. Y. Lin, K. K. Holmes, and D. J.
Brenner. 1987. Prevalence and characterization of hippurate-
negative Cainpo/abactejerjuni in King County, Washington. J.
Clin. Microbiol. 25:1747-1752.

35. Ursing, J., M. Walder, and K. Sandstedt. 1983. Base composi-
tion and sequence homology of deoxyribonucleic acid of ther-
motolerant Canuipyl/acier from human and animal sources.
Curr. Microbiol. 8:307-310.

36. Woese, C. R., R. Gutell, R. Gupta, and H. F. Noller. 1983.
Detailed analysis of the higher-order structure of 16S-like ribo-
somal ribonucleic acids. Microbiol. Rev. 47:621-669.

VOL. 27. 1989


