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In this study, enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) and randomly amplified
polymorphic DNA PCR (RAPD-PCR) were optimized for characterization of Arcobacter butzleri, Arcobacter
cryaerophilus, and Arcobacter skirrowii. In addition, a simple and rapid DNA extraction method was tested for
use in both typing procedures. Both methods had satisfactory typeability and discriminatory power, but the
fingerprints generated with ERIC-PCR were more reproducible and complex than those obtained with RAPD-
PCR. The use of nondiluted boiled cell suspensions as DNA templates was found to be very useful in
ERIC-PCR. Characterization of large numbers of Arcobacter isolates is therefore preferably performed by the
ERIC-PCR procedure. Isolates for which almost identical ERIC fingerprints are generated may subsequently
be characterized by RAPD-PCR, although adjustment and standardization of the amount of the DNA template
are necessary. In the second part of this study, the genotypic diversity of arcobacters present on broiler
carcasses was assessed by using both typing methods. A total of 228 cultures from 24 samples were examined
after direct isolation and enrichment. The isolates were identified by using a multiplex PCR as A. butzleri (n
� 182) and A. cryaerophilus (n � 46). A total of 131 types (91 A. butzleri types and 40 A. cryaerophilus types) were
discerned without discordance between the two typing techniques. The analysis of the poultry isolates showed
that poultry products may harbor not only more than one species but also multiple genotypes. All genotypes
were confined to one poultry sample, and only three genotypes were found after simultaneous enrichment and
direct isolation. These results demonstrate that different outcomes can be obtained in epidemiological studies
depending on the isolation procedure used and the number of isolates characterized.

The genus Arcobacter belongs to rRNA superfamily VI of
the Proteobacteria and currently includes four species (23).
Two species, Arcobacter butzleri and A. cryaerophilus, have been
associated with human diarrheal illness (11, 21) and bactere-
mia (7, 16, 30). They have also been isolated from farm animals
with clinical symptoms of mastitis (12), diarrhea (9), and re-
production abnormalities (3, 20), as well as from clinically
healthy farm animals (28) and poultry (29). A third species, A.
skirrowii, has been recovered from fecal samples from experi-
mentally infected poultry (29) and pigs (27) and from lambs
with diarrhea (24). Additional isolates have been obtained
from the internal organs of porcine, ovine, and bovine aborted
fetuses and from preputial sheet washes of bulls. This organism
has also been recovered from two broiler carcasses (1). Asso-
ciation of A. skirrowii with human infection has not been re-
ported. The fourth Arcobacter species, A. nitrofigilis, is a nitro-
gen-fixing bacterium associated with the roots of Spartina
alterniflora, a salt marsh plant (14). This organism requires an
elevated salt level for growth and has never been associated
with animal or human infection. Therefore, this species was
not considered in this study.

Examination of human and veterinary clinical specimens for
the presence of Arcobacter species is rarely performed, and in
most cases suboptimal procedures are used (6).

In addition, little is known about the risk factors for human

infection. However, the high rates of Arcobacter contamination
of raw poultry products (1, 5) and the distribution of the same
biotypes (2; H. Lior and D. L. Woodward, abstract from the
International Workshop on Campylobacter, Helicobacter, and
Related Organisms, 21 to 23 September 1993, Brussels, Bel-
gium, Acta Gastro-Enterol. Belg. Suppl. 6:28, 1993) and sero-
types (H. Lior and D. L. Woodward, Acta Gastro-Enterol. Belg.
Suppl. 6:29, 1993) among human and poultry isolates indicate
that handling of raw poultry and consumption of undercooked
poultry products may be routes of infection. As the precise
contribution of poultry to human infection is still unclear,
characterization of Arcobacter isolates can contribute to our
knowledge of the epidemiological behavior of these organisms.
However, few typing studies have been described so far. Meth-
ods such as biotyping (Lior and Woodward, Acta Gastro-En-
terol. Belg. Suppl. 6:28, 1993), serotyping (Lior and Wood-
ward, Acta Gastro-Enterol. Belg. Suppl. 6:29, 1993), and
comparison of cellular protein profiles (24) have been shown
to have limited discriminatory capabilities and to rely on phe-
notypic characteristics that may be unstable and poorly repro-
ducible. Molecular typing methods, such as the randomly am-
plified polymorphic DNA (RAPD) assay (H. Lior and G.
abstract from the International Workshop on Campylobacter,
Helicobacter, and Related Organisms, 21 to 23 September
1993, Brussels, Blegium, Wang, Acta Gastro-Enterol Belg.
Suppl. 6:29, 1993), ribotyping (10), and repetitive-motif-based
polymorphic DNA analysis (22), have been performed with
limited numbers of arcobacters, but there has not been a pro-
found evaluation of the performance and discriminatory abil-
ities of these methods for the three Arcobacter species exam-
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ined in this study. It has been shown that pulsed-field gel
electrophoresis of macrorestriction fragments (8; Lior and
Wang, Acta Gastro-Enterol. Belg. Suppl. 6:29, 1993) is a well-
suited method with respect to its discriminatory power for A.
butzleri and A. cryaerophilus, but this procedure is complex,
costly, and time-consuming (15).

In this study, we optimized enterobacterial repetitive inter-
genic consensus PCR (ERIC-PCR) and RAPD-PCR for ge-
netic characterization of A. butzleri, A. cryaerophilus, and A.
skirrowii and assessed the performance and discriminatory abil-
ities of these methods by using a well-defined strain collection
consisting of members of these three Arcobacter species. In
addition, the usefulness of a simple and fast DNA preparation
method was evaluated. The genotypic diversity of arcobacters
present on broiler carcasses was studied, and the impact of the
isolation procedure and the number of isolates characterized
on epidemiological investigation results was determined.

MATERIALS AND METHODS

Bacterial strains and growth conditions. For optimization and evaluation of
the typeability, reproducibility, and discriminatory power of the two typing meth-
ods, 24 geographically and epidemiologically unrelated Arcobacter strains were
obtained from the BCCM/LMG Bacteria Collection (Ghent University, Ghent,
Belgium). These collection strains were isolated from humans and animals and
are listed in Table 1. The collection used also included three A. butzleri isolates
from a well-documented outbreak in a nursery and primary school in Italy (25).
The strains were grown on Mueller-Hinton agar plates (CM 337; Oxoid, Bas-
ingstoke, United Kingdom) and were incubated for 48 h at 29°C under mi-
croaerobic conditions by evacuating 80% of the normal atmosphere and intro-
ducing a gas mixture consisting of 8% CO2, 8% H2, and 84% N2 into each jar.
For each strain, a cell suspension was prepared in 10 ml of sterile water with an
optical density at 660 nm of about 0.074 � 0.002, which corresponded to a
concentration of approximately 108 CFU/ml.

DNA preparation. Template DNA was extracted from a 1.0-ml cell suspension
of each strain by two methods. Before extraction, all of the cell suspensions were
centrifuged for 5 min at 13,000 rpm (Eppendorf model 5417-R centrifuge) to
pellet the cells and the supernatants were discarded. In the first method, DNA
extracts were prepared by resuspending the cell pellets in 500 �l of sterile
distilled water and boiling the suspensions for 10 min. After a quick spin to pellet
the cell debris, the supernatants were used as DNA templates for subsequent
amplifications. In the second method, the bacterial pellets were resuspended in
100 �l of Tris-EDTA buffer and genomic DNA was extracted by the guanidinium
thiocyanate method described by Pitcher et al. (18).

Five microliters of each DNA preparation was size separated by electrophore-
sis to analyze the integrity of the DNA extracted. The concentration of each
DNA template was determined spectrophotometrically at A260 and adjusted to
25 ng �l�1. The DNA templates obtained by both methods were stored at
�25°C.

Conditions used for RAPD-PCR. All PCR amplifications were performed by
using 25 pmol of primer with Ready-To-Go RAPD analysis beads (Amersham
Pharmacia Biotech, Uppsala, Sweden) containing premixed, predispensed Ampli
Taq DNA polymerase, as well as all necessary buffer ingredients and nucleotides.
The cycling parameters were as follows: denaturing at 95°C for 30 s, annealing at
36°C for 1 min, and extension at 72°C for 2 min for a total of 45 cycles. Prior to
cycling, samples were heated at 94°C for 5 min. For each strain, 25, 50, and 100
ng of DNA, obtained by both extraction methods, were tested. In addition, 1 �l
of each nondiluted boiled cell suspension was analyzed. For the initial screening,
RAPD fingerprints were generated for all 27 strains by using the six arbitrary
10-mer primers included in the RAPD analysis primer set (Amersham Pharma-
cia Biotech). All amplifications were performed in 25-�l mixtures by using a
Perkin-Elmer GeneAmp System 9700 PCR thermocycler.

Conditions used for the ERIC-PCR assay. Each 50-�l PCR mixture was
composed of autoclaved deionized water, 5 �l of 10� PCR buffer (Invitrogen,
GmbH), 5 U of Taq polymerase (Invitrogen, GmbH), and a deoxynucleoside
triphosphate mixture containing each deoxynucleoside triphosphate (Invitrogen,
GmbH) at a final concentration of 0.2 mM. Several concentrations of primers,
MgCl2, and DNA templates were tested. Annealing was performed at different
temperatures, as indicated below. The ERIC motifs 1R (5�-ATGTAAGCTCC
TGGGGATTCAC-3�) and 2 (5�-AAGTAAGTGACTGGGGTGAGCG-3�) de-
signed by Versalovic et al. (26) were each used at concentrations of 25, 50, and
100 pmol/50 �l. The effects of MgCl2 concentrations of 2.5, 3.0, 3.5, and 4.0 mM
were evaluated. The DNA concentrations that were used in the RAPD assays,
including 1-�l portions of the boiled cell suspensions, were tested. The PCR
consisted of 35, 38, 40, or 42 cycles of 94°C for 1 min, 25, 40, or 50°C for 1 min,
and 72°C for 2 min. Prior to cycling, samples were heated at 94°C for 5 min.

Reproducibility. In order to assess the reproducibility of the two typing meth-
ods, genomic DNA of the 27 collection strains were extracted by the two extrac-
tion procedures and amplified by the two PCR-based typing methods on three
nonconsecutive days, and the fingerprints generated were compared.

Poultry isolates. Neck skin samples from 24 broiler carcasses were collected in
four different Belgian poultry slaughterhouses and examined for the presence of
Arcobacter. Each sample was taken on a different day and from a different poultry
flock. Samples were obtained immediately after chilling and were examined by
using the protocol developed previously, including isolation with and without a
primary enrichment step (5). Briefly, 10 g of neck skin was added to 10 ml of
Arcobacter enrichment broth consisting of 28 g of Arcobacter broth (CM 965;
Oxoid) per liter, 5% lysed horse blood, and the previously developed selective
supplement (5) and homogenized in a stomacher blender for 1 min at the normal
speed. One hundred microliters of each neck skin homogenate was inoculated by
the spiral plating method onto an Arcobacter selective agar plate containing 28 g
of Arcobacter broth per liter, 12 g of Agar Technical no. 3 (L13; Oxoid Ltd.,
Basingstoke, Hampshire, England) per liter, and the previously developed se-
lective supplement (5) and incubated at 28°C for 24 to 72 h. To detect low
Arcobacter contamination levels, the neck skin homogenates were incubated for
48 h at 28°C in a microaerobic atmosphere and then inoculated onto Arcobacter
selective agar plates. Following incubation, all colonies obtained by direct isola-
tion were examined. In addition, 2 to 10 randomly sampled colonies, obtained
after enrichment, were picked from the agar plates. Subsequently, all isolates
were identified by using a species-specific multiplex PCR assay (4) and were
characterized further by the two typing methods.

Analysis of PCR products. The PCR products were size separated by electro-
phoresis of 8-�l portions of the reaction mixtures in ethidium bromide-stained
2% agarose gels with 1� Tris-borate-EDTA buffer for 2.5 h at 100 V. The DNA
profiles were visualized by UV transillumination and photographed. The gels
were analyzed both by visual inspection and by computer-aided methods. DNA
patterns that differed in one or more DNA fragments were considered patterns

TABLE 1. Arcobacter strains used in this study

Species Iso-
late

Reference
no.a Source Country of

origin

A. butzleri 1 LMG 6620 Human, blood United Kingdom
2 LMG 9869 Piglet, liver United Kingdom
3 LMG 9906 Porcine fetus, eye Northern Ireland
4 LMG 10220 Pig, feces Canada
5 LMG 10223 Bovine, liver Canada
6 LMG 10240 Horse, feces Canada
7 LMG 10828T Human, feces United States
8 LMG 11118 Human, feces Italy
9 LMG 11119 Human, feces Italy

10 LMG 11120 Human, feces Italy
11 LMG 14714 Human, feces Greece
12 LMG 15918 Human, feces Hungary

A. cryaerophilus 13 LMG 7536T Ovine fetus Northern Ireland
14 LMG 9066 Porcine fetus, eye Northern Ireland
15 LMG 9905 Bovine fetus, kidney Northern Ireland
16 LMG 10210 Bovine fetus Canada
17 LMG 9861 Bovine fetus, peritoneal Northern Ireland
18 LMG 9864 Porcine fetus, eye Northern Ireland
19 LMG 9867 Equine fetus, spleen Northern Ireland
20 LMG 10209 Bovine fetus Canada
21 LMG 10217 Porcine fetus, placenta Canada

A. skirrowii 22 LMG 6621T Lamb, feces United Kingdom
23 LMG 9802 Bull, preputial fluid Belgium
24 LMG 9912 Bovine fetus, thoracal Northern Ireland
25 LMG 10234 Porcine fetus, lung Canada
26 LMG 10239 Bovine, feces Canada
27 LMG 14983 Bull, preputial fluid United States

a T � type strain. LMG, Bacteria Collection Laboratory, Ghent University,
Ghent, Belgium.
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that represented different types. Whenever type differences relied on only one
band, a repeat analysis was performed (including a repeat DNA extraction) to
confirm the reproducibility of the fingerprint. To interpret the profiles of the
poultry isolates, computer-based normalization and interpolation of the DNA
profiles and numerical analysis using the Pearson product moment correlation
coefficient with 1% position tolerance were performed using the GelCompar 4.2
software package (Applied Maths, Kortrijk, Belgium). Dendrograms were con-
structed by using the unweighted pair group linkage analysis method. For con-
venience, the correlation levels were expressed as percentages of similarity.

RESULTS

DNA preparation. DNA templates of all 27 Arcobacter col-
lection strains were prepared on three occasions by using both
extraction procedures. DNA was detected in all extracts; the
concentrations ranged from 35 to 600 ng of DNA �l�1, and
there was no apparent effect of extraction procedure, Arco-
bacter species, or day of extraction. When the integrity of the
DNA extracts was checked on agarose gels, clear-cut DNA

bands were observed when the extraction procedure of the
Pitcher et al. (18) was used. When boiled lysates were ana-
lyzed, smears of DNA appeared in the agarose gel.

RAPD-PCR. Of the six random primers tested, primer 1
(5�-GGTGCGGGAA-3�) gave the clearest and most distinc-
tive band pattern for each of the 27 strains examined. When 25
pmol of this primer was used, unique profiles were obtained for
all of the Arcobacter strains except the three outbreak isolates
(Fig. 1A). The profiles were composed of two to nine frag-
ments with different intensities. The sizes of the DNA frag-
ments generated by the amplification process and used for
determination ranged from 300 to 2,072 bp. When 100 ng of
DNA or 1 �l of nondiluted boiled cell suspension was used,
few or no DNA fragments were amplified, while nondiscrimi-
natory profiles consisting of two or three fragments were ob-
tained when 50 ng of DNA was utilized (data not shown).
When the fingerprints generated with 25-ng DNA templates
obtained by the two extraction methods were compared, sim-

FIG. 1. RAPD (A) and ERIC (B) fingerprints of the 27 Arcobacter collection strains. The lane numbers correspond to the isolate numbers
shown in Table 1. Lanes M contained a reference marker.
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ilar degrees of discrimination were observed, although the
profiles generated were not identical (data not shown).

ERIC-PCR. To enhance the discriminatory power of ERIC-
PCR fingerprinting, the optimal annealing temperature and
optimal concentrations of MgCl2, DNA template, and primers
were determined. The Mg2� concentration and the annealing
temperature were observed to have profound effects on the
complexity of the band pattern (data not shown). Only the use
of 4 mM MgCl2 and an annealing temperature of 25°C pro-
duced strain-specific band patterns. While an MgCl2 concen-
tration of 2.5 or 3 mM and annealing at 25°C resulted in poor
amplification, higher annealing temperatures generated spe-
cies-specific profiles with all MgCl2 concentrations tested. The
fingerprints, however, did not vary significantly when different
amounts of DNA template or primers were used (irrespective
of the DNA preparation procedure), although slight differ-
ences in band intensity were noticed.

An annealing temperature of 25°C with 4 mM MgCl2 and 25
pmol of each primer generated reproducible fingerprints with
a sufficient number of amplimers for typing purposes. The
profiles were specific for unrelated strains and identical for the
three outbreak Arcobacter isolates (Fig. 1B). The number of
amplimers in the ERIC-PCR profiles ranged from 3 to 15. The
band patterns used to determine the ERIC-PCR types com-
prised DNA fragments between 100 and 2,072 bp long. For
optimal results, 40 amplification cycles were used, as fewer
cycles resulted in fewer amplimers and a poor yield of some
fragments (data not shown).

Reproducibility. Twenty-five nanograms of DNA of each
collection strain, obtained by the two extraction methods, was
examined with both typing methods in triplicate. One microli-
ter of nondiluted boiled cell suspension was tested only with
the ERIC-PCR, as using 1 �l of a nondiluted boiled lysate in
RAPD-PCR resulted in amplification of few or no DNA frag-
ments.

Excellent reproducibility was obtained for ERIC-PCR with
all three types of DNA templates and for RAPD-PCR with
25-ng DNA templates obtained by the guanidinium thiocya-
nate or boiled cell method. In some fingerprints, the major
bands were less intense and the minor bands were difficult to
visualize, but the presence or absence of DNA fragments was
very consistent.

Poultry isolates. Of the 24 broiler neck skin samples, 20 and
9 obtained after enrichment and by direct isolation, respec-
tively, were found to be positive for the presence of Arcobacter
strains. The numbers of colonies randomly collected from the
agar plates after enrichment and the total numbers of colonies
obtained after direct isolation are shown in Table 2. For ERIC-
PCR and multiplex PCR, the poultry isolates were examined
by using boiled cell suspensions as DNA templates. Based on
the results obtained by comparing different amounts of DNA
from the collection strains, a portion of each supernatant was
adjusted so that the DNA concentration was 25 ng �l�1, and 1
�l was used as the DNA template in RAPD-PCR.

A total of 228 subcultures were identified by multiplex PCR
as A. butzleri (182 isolates) or A. cryaerophilus (46 isolates) and

TABLE 2. Numbers of Arcobacter isolates analyzed

Abattoir Broiler

After enrichment Direct isolation

A. butzleri A. cryaerophilus A. butzleri A. cryaerophilus

No. of
colonies

No. of
ERIC types

No. of
RAPD types

No. of
colonies

No. of
ERIC types

No. of
RAPD types

No. of
colonies

No. of
ERIC types

No. of
RAPD types

No. of
colonies

No. of
ERIC types

No. of
RAPD types

A 1 0a — — 5 4 3 0 — — 9 7 7
A 2 0 — — 5 5 5 0 — — 0 — —
A 3 5 4 4 0 — — 0 — — 0 — —
A 4 5 2 2 0 — — 0 — — 0 — —
A 5 5 2 2 0 — — 0 — — 9 9 9
B 6 0 — — 0 — — 0 — — 0 — —
B 7 2 1 1 0 — — 21 8 6 2 2 2
B 8 2 1 1 0 — — 7 3 3 2 2 2
B 9 0 — — 0 — — 0 — — 0 — —
B 10b 2 1 1 0 — — 7 3 3 1 1 1
C 11 2 1 1 0 — — 14 7 6 1 1 1
C 12 2 2 2 0 — — 1 1 1 2 2 2
C 13 2 2 2 0 — — 0 — — 0 — —
C 14 0 — — 0 — — 0 — — 0 — —
C 15 10 4 4 0 — — 0 — — 0 — —
C 16 0 — — 0 — — 0 — — 0 — —
C 17b 10 5 5 0 — — 8 7 7 2 1 1
D 18 6 4 4 0 — — 5 4 4 4 3 2
D 19 10 3 3 0 — — 0 — — 0 — —
D 20 4 1 1 0 — — 0 — — 0 — —
D 21 10 3 3 0 — — 0 — — 0 — —
D 22 10 3 3 0 — — 0 — — 0 — —
D 23 10 3 3 0 — — 6 6 6 1 1 1
D 24 10 7 7 0 — — 3 3 3 3 2 3

Total 110 49 49 10 9 8 72 42 40 36 31 31

a 0, no arcobacters isolated; —, not applicable.
b One of the A. butzleri types was found both after enrichment and after direct isolation.
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were characterized further by the two typing methods. When
direct isolation was used, both Arcobacter species were isolated
simultaneously from nine broiler samples. When enrichment
was used, A. cryaerophilus was isolated only in the absence of A.
butzleri. A. cryaerophilus was detected in 11 broiler samples by
direct isolation but in only 2 samples by enrichment culture.
Furthermore, discordance in the Arcobacter species isolated
was observed for broiler 5, from which A. butzleri was isolated
by enrichment culture and A. cryaerophilus was isolated by
direct isolation.

All 228 isolates were examined by both typing methods.
ERIC-PCR generated fingerprints for 197 isolates; DNA
smears appeared for the remaining 31 isolates. The superna-
tants of these 31 isolates were diluted 1/10 in sterile water, and
amplification was performed again by using 1-�l portions of
the diluted supernatants as the DNA templates. After this
second analysis, only three isolates (one A. butzleri isolate and
two A. cryaerophilus isolates) remained uncharacterized. RAPD
fingerprints were obtained for all but 12 isolates. Genomic
DNA was reextracted, the concentration was adjusted to 25 ng
�l�1, and 1 �l was used in a new RAPD-PCR. When this was
done, six isolates (three A. butzleri isolates and three A. cry-
aerophilus isolates) remained uncharacterized. DNA were ex-
tracted by the guanidinium thiocyanate method from the three
isolates that were not characterized by ERIC-PCR and the six
isolates that were not characterized by RAPD-PCR, and these
DNA were tested by using both PCR methods. ERIC and
RAPD fingerprints were obtained for all isolates. However, the
latter patterns were not included in the subsequent analysis
because of the different DNA extraction method used.

Computer analysis of the patterns allowed rapid comparison
of the different gel tracks and construction of dendrograms.
For both methods, groups consisting of identical fingerprints or
fingerprints with minor differences in band intensity were char-
acterized by Pearson correlation coefficients of 90% or higher.

Pearson correlation coefficients lower than 78% were obtained
for band patterns that differed by the presence of two or more
distinct DNA fragments. For some isolates (for example, iso-
lates 1 and 2 from broiler 1 [Fig. 2]), ERIC fingerprints differed
in only one fragment. Such fingerprints were characterized by
Pearson correlation coefficients ranging from 78 to 90%. When
the corresponding RAPD profiles were analyzed, different pat-
terns (and thus different types) were observed, which were
characterized by Pearson correlation coefficients lower than
78%. Cluster analysis of the DNA patterns of all of the isolates
tested revealed great heterogeneity among the Arcobacter iso-
lates obtained after direct isolation, as well as among the iso-
lates obtained after enrichment. Ninety-one A. butzleri types
and 40 A. cryaerophilus types were determined by ERIC-PCR,
and 89 A. butzleri types and 39 A. cryaerophilus types could be
distinguished by RAPD-PCR analysis (Table 2). The discrim-
inatory powers of the two methods were identical. Differences
in the total number of types obtained by the two typing meth-
ods (Table 2) were due to the presence of some isolates for
which no fingerprint was obtained by one of the methods used.
The same type was never detected in more than one poultry
sample, and only three identical A. butzleri types were found
after direct isolation and after enrichment in the same sample.

DISCUSSION

In the first part of this study, ERIC-PCR and RAPD-PCR
were optimized for differentiation of A. butzleri, A. cryaerophi-
lus, and A. skirrowii strains. In addition, a simple and rapid
DNA extraction method was tested for use with both PCR
methods, in order to obtain maximum resolution with a mini-
mum of effort. In the second part of the study, both typing
methods were used to characterize 228 arcobacters isolated
from 24 broiler carcasses with and without prior enrichment.

The usefulness of the two typing methods was evaluated by
using the three main criteria for typing schemes, namely, type-
ability, reproducibility, and discriminatory power (19). To do
this, a well-defined collection of three related Arcobacter iso-
lates and 24 unrelated Arcobacter isolates that represented the
three animal-associated species in this genus was used. With
both methods, satisfactory typeability and reproducibility were
obtained, as a reproducible profile was obtained for each strain
tested. The two typing methods generated identical and unique
fingerprints for the outbreak and unrelated strains, respec-
tively, illustrating the discriminatory power of the methods and
their suitability for use in epidemiological investigations. The
amount of DNA used in the PCR-based methods and the
method of DNA extraction seemed to have important effects
on the results obtained. Particularly in the RAPD-PCR assay,
variations in the quality and amount of DNA template had a
major impact on the results obtained. For this assay, the best
typing results were obtained with DNA template standardized
at a concentration of 25 ng �l�1 and extracted by the guani-
dinium thiocyanate or boiled cell method. The use of nondi-
luted boiled cell extract as the DNA template generated useful
fingerprints only in ERIC-PCR.

When the 228 Arcobacter poultry isolates were analyzed, 86
and 95% of the isolates could be characterized by ERIC and
RAPD fingerprints, respectively. No discordance between the
typing results obtained by the two typing methods was ob-

FIG. 2. Dendrograms based on RAPD and ERIC fingerprints for
A. butzleri isolates obtained after enrichment from broiler 4.
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served. Dilution of the DNA templates of 31 isolates for which
DNA smears instead of band patterns were obtained after
ERIC-PCR increased the typeability of the method to 98%.
There was great variation among the DNA patterns of Arco-
bacter poultry isolates. A total of 131 types (91 A. butzleri types
and 40 A. cryaerophilus types) from 24 neck skin samples from
24 broilers were discerned. The diversity of patterns was espe-
cially interesting because a particular genotype never occurred
in more than one poultry sample. Moreover, only three geno-
types were detected after enrichment and after direct isolation.
These findings have major implications for epidemiological
studies of arcobacters. In order to characterize the source of
Arcobacter contamination by genotyping, it is necessary to ex-
amine a large number of isolates, and both direct isolation and
enrichment should be used in order to recover as many differ-
ent strains as possible.

The presence of considerable heterogeneity among arco-
bacters in one animal specimen was suggested previously by
biotyping (2; Lior and Woodward, Acta Gastro-Enterol. Belg.
Suppl. 6:28, 1993) and serotyping (2; Lior and Woodward,
Acta Gastro-Enterol. Belg. Suppl. 6:29, 1993) studies. When
DNA-based methods were used, genotypic variation was dem-
onstrated among Arcobacter isolates from a farrow-to-finish
swine facility (8) and among A. butzleri isolates from mechan-
ically separated turkey samples (13). The possible explanations
for the large amount of heterogeneity include multiple sources
of contamination, the presence of multiple parent genotypes
for both species in a single animal, and a high degree of
genomic recombination among the progeny of parent geno-
types. The ability to undergo genomic rearrangements has
been demonstrated in Campylobacter species (17) but not in
members of the genus Arcobacter. Genomic rearrangements
were not detected among 14 outbreak isolates of A. butzleri, as
all isolates belonged to the same serotype and had identical
phenotypic characteristics and protein and ERIC-PCR profiles
(22). Furthermore, in vitro cultivation of Arcobacter isolates
over a period of time did not induce genomic rearrangements,
as identical fingerprints were obtained in the reproducibility
experiments in this study.

In conclusion, ERIC-PCR and RAPD-PCR are both valu-
able techniques for characterizing A. butzleri, A. cryaerophilus,
and A. skirrowii isolates. Both methods have satisfactory type-
ability and discriminatory power. One-band differences be-
tween two fingerprints generated by one method reliably rep-
resented different types, as confirmed by the results of the
other typing method. The fingerprints generated with ERIC-
PCR were more reproducible and complex than the finger-
prints generated with RAPD-PCR. Moreover, the use of non-
standardized amounts of boiled cell suspensions was possible
only with ERIC-PCR. Therefore, for characterization of a
large number of Arcobacter isolates, ERIC-PCR performed
with boiled cell suspensions as the DNA templates is the first
choice for a characterization method. Isolates for which almost
identical ERIC fingerprints are generated may subsequently be
characterized by RAPD-PCR, although adjustment and stan-
dardization of the amount of DNA template will be necessary.
Our analysis of poultry isolates showed that poultry products
may harbor not only more than one species but also multiple
genotypes of the species. Depending on the isolation proce-
dure used, different Arcobacter species can be isolated. More-

over, a large number of isolates should be characterized in
order to recover as many different strains as possible.
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