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Lectures

Arcobacter, an ignored foodborne
pathogen - a review*
Kurt Houf, Department of Veterinary Public Health and Food Safety,
Ghent University, Belgium

Introduction
In 1991, a taxonomic revision of all known Campylobacter-like organisms

showed that these organisms belonged to the epsilon subdivision of the Proteobac-

teria, referred to as rRNA superfamily VI (1). DNA:rRNA hybridization studies

showed the existence of three major RNA homology groups, called rRNA clusters

I, II and III. Based on these data, a differentiation into four genera was proposed:
the genus Campylobacter (rRNA cluster I), the genus Arcobacter (rRNA cluster II),
the genus Wolinella (rRNA cluster III) and the genus Helicobacter (rRNA cluster

III). Because of the close genotypic affiliation between the genera Campylobacter
and Arcobacter, a new family, the Campylobacteraceae, was created to encompass
both genera. Members of the family Campylobacteraceae are Gram-negative, non-
spore forming rods. Cells are usually slender, 0.2 to 0.9 pm wide and 0.5 to 3 pm
long. Cells in old cultures may form spherical, coccoid bodies or spiral filaments up
to 20 pm long. Cells are motile with a characteristic corkscrew-like motion by
means of a polar unsheathed flagellum. In general, arcobacters can be differentiated
from Campylobacters by their lower growth temperatures and aerotolerance (2).

Within the genus Arcobacter, six species are presently recognized. Arcobacter

nitrofigilis, Arcobacter halophilus and a number of yet not established species as

candidatus A. sulfidicus form the "environmental" division (3, 4). For these species,

no association with animal or human infection has yet been reported. A. butzleri has

been associated with enteritis, abdominal cramps, bacteraemia, and appendicitis in
humans and with enteritis and abortion in animals. This species has been isolated
from animal tissues and faeces, from various food products of animal origin and

from surface and drinking water reservoirs. The second species, Arcobacter

cryaerophilus is regarded as a genotypically heterogeneous species. Two subgroups
referred to as subgroup 1 or 1A, and subgroup 2 or IB have been described. A.

cryaerophilus has also been isolated from cases of human bacteraemia and diarrhoea,

* Lecture presented at the 38th Symposium of the Swiss Society of Food Hygiene, Zurich,
16. September 2005
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from animal faeces and food. Arcobacter skirrowii was designated as a third species
after a comparison of aerotolerant Campylobacters recovered from the faeces of
lambs with diarrhoea. Additional isolates were obtained from fluid samples of
preputial sheet-washings of bulls and from the internal organs of porcine, ovine and

bovine aborted foetuses. Recently, it has been isolated from a human patient with
enteritis (5). A fourth species, Arcobacter cibarius has recently been isolated and

characterized as a new species from broiler carcasses (6).

Isolation of Arcobacter species
Arcobacters were first isolated from bovine and porcine foetuses using the semisolid

Leptospira isolation medium Ellinghausen, McCullough, Johnson, and Harris-
polysorbate 80 supplemented with 5-fluorouracil and rabbit serum (7). Since then,
several selective media and isolation protocols have been applied for the isolation of
arcobacters from different matrices. Most of them are modified Campylobacter and

even Yersinia protocols (8, 9), but study of the susceptibility to the selective agents
included, have demonstrated there lack in the isolation of all animal related
Arcobacter species (10). Recently, specific Arcobacter isolation media have been

developed for the quantitative and qualitative isolation of all animal-related
Arcobacter species from food (11) and faeces (12) with a maximal suppression of the

accompanying flora.

Identification of arcobacters
Differentiating Arcobacter species by phenotypic tests gives erroneous results

because of their metabolic inertness, resulting in a shortage of clear-cut differentiation

tests, a phenomenon which has also been observed in the closely related

Campylobacters (2). Therefore, several DNA-based assays were developed for the
identification of arcobacters at genus and species level. Nowadays, human-related
arcobacters can be routinely identified within 4 hours in a single step multiplex-
PCR assay (13).

Characterisation of Arcobacter isolates
Methods as bio- and serotyping, and SDS-PAGE of whole cell-proteins have

limited discriminatory capacity, are laborious and, as typical for phenotypic tests,
are variable in outcome. Therefore, characterization of arcobacters nowadays is
performed by DNA-based methods as random amplified polymorphic DNA (RAPD)
assay (14), pulsed field gel electrophoresis (PFGE) (15) and polymorphic DNA
analysis based on genomic repetitive elements (14). Characterization of isolates in
epidemiological studies, shows, as for Campylobacters, a large heterogeneity at
strain level (14, 15).
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Arcobacter species in livestock animals

Arcobacters in bovines
The presence of Arcobacter species in cattle is associated with two pathologies:

reproduction abnormalities and mastitis. Ellis and co-workers were the first to
describe the association of arcobacters with the occurrence of abortion in cattle (7).

In spite of this association, arcobacters have also been isolated from preputial sheath

washing samples of bulls without any association of breeding problems in the herds

(16). Moreover, arcobacters have been isolated from faecal samples of beef and dairy
cattle with no signs of enteritis, abortion or reproduction abnormalities (17, 18).

Therefore, the role of arcobacters in the aetiology of abortion remains unclear. Only
two studies have reported the association between arcobacters and mastitis so far. In
1982, Logan et al. isolated arcobacters from raw milk of an outbreak of mastitis in a

dairy herd. The isolates induced clinical mastitis in cows experimentally infected by
intramammary inoculation (19). Markedly swollen and painful quarters within four
hours of inoculation, elevated pulse rate and temperature and a light decline in milk
production followed. Sixteen hours after infection, the infected animals showed full
recovery and a return to normal levels of milk yield and cell counts.

In a recent study, from 11 % (n=276) of clinically healthy Belgian cows on three
unrelated farms, Arcobacter have been isolated from the faeces (12,17). Between the
three farms, the Arcobacter prevalence ranged from 7.5% to 15%. The study
revealed an influence of the animals' age: calves had the highest, young cattle the

middle and the dairy cows the lowest Arcobacter colonization rate. Co-colonization
was not uncommon, as more than one Arcobacter species was found in 26 % of the

positive samples. Arcobacter cryaerophilus was the dominant species, followed by
A. skirrowii. A large number of genotypes per species were determined at all farms
and no genotypes were simultaneously present on different farms. In the individual
animals, a large genotypic variation among the isolates was detected: the number of

genotypes per species present ranged from one to nine. No indication of vertical
transmission was demonstrated. Arcobacter butzleri genotypes present in water or
on the boot were also detected in faecal samples from cows, indicating that water
and farm material can be a vector for spreading arcobacters on the farm.

In conclusion, the prevalence and number of arcobacters in clinically healthy
cows is rather low though the excretion of Arcobacter in faeces may be a potential
source for carcass contamination. The initial contamination source however
remains unidentified.

Arcobacters in pigs
After the first reports in the late seventies of the isolation of arcobacters from

aborted pig foetuses, no additional information about these findings was reported
for more than a decade (21). Renewed scientific attention came by the research of
Erickson in 1992 (22). Late term abortions, repeat breeding and a higher than usual
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rate of stillbirths in pigs from which Arcobacter species were recovered from foetal
kidneys and livers were reported. Antibiotic therapy and the use of an autogenous
vaccine provided limited improvement. These findings were recently confirmed in a

Danish study by On et al. (23). As a result of the increasing number of reports, the

presence of Arcobacter in sows and boars has been studied more extensively. Various

studies have shown the presence of arcobacters in uterine and oviductal tissues
and placenta samples from sows with reproductive problems, including abortions,
early returns to oestrus and vulval discharges (24, 25). In addition, sows with
reproductive disorders on farms with a history of Arcobacter associated abortion showed

high antibody serum titres in the MAT test (24). In boars, arcobacters have been

recovered from randomly sampled preputial swabs but not from semen samples,

although insemination with experimental infected semen lowered conception rates
in sows (24). Two studies have been conducted on the pathogenicity of Arcobacter
in piglets. In the study byJahn et al. (26), neonatal piglets were intraperitoneal
inoculated with 106—1011 cfu arcobacters. No clinical symptoms were observed and no
arcobacters were isolated from tissues post mortem. In a second study, the
pathogenicity of A. butzleri, A. cryaerophilus and A. skirrowii was tested in caesarean-
derived colostrum-deprived piglets on the basis of the duration of faecal shedding
and colonization of tissues (27). The piglets experimentally infected with A. butzleri
shed arcobacters in their faeces for up to 10 days and the microorganism was
cultured from the ilea, livers, kidneys and brains. In contrast, A. cryaerophilus and
A. skirrowii infected piglets showed to have a short duration of faecal shedding with
no recovery of the microorganisms from diverse tissue samples on necropsy. Those
latter findings suggest failure of A. cryaerophilus and A. skirrowii to penetrate the
intestinal barrier.

In a study performed by Van Driessche et al. (20), the prevalence of Arcobacter
in porcine faecal samples on four unrelated farms ranged from 16% to 42% in
porkers and from 59 % to 85 % in sows. The bacterial load ranged from less than
102 to 104 cfu/g faeces. A. butzleri was the most frequently occurring species, but
co-colonization was not uncommon as two and three Arcobacter species were
found in 12.4% and 3.3 % of the positive samples, respectively. Characterization of
35 A. skirrowii, 121 A. cryaerophilus and 322 A. butzleri isolates, distinguished 30,
70 and 123 genotypes, respectively. There were no genotypes detected on more than
one farm. A large heterogeneity among the Arcobacter isolates was also found in an
individual animal: the number of genotypes in an animal for A. skirrowii ranged
from one to six, for A. cryaerophilus from one to ten and for A. butzleri from one to
seven. Arcobacters were also isolated from water and boot samples, which implies a

role as potential vector in the spreading of arcobacters on the farm.
In conclusion, arcobacters can be present in pigs at various prevalence and

colonization levels, with a broad range in diversity of species and strains, without any
clinical symptoms. The presence of Arcobacter in the faeces is however a potential
risk for carcass contamination during slaughter.
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Arcobacters in poultry
Research on the occurrence of arcobacters in chickens has been concentrated

to the presence of arcobacters in the intestinal track. Although A. butzleri,
A. cryaerophilus and A. skirrowii all have been isolated from poultry carcasses, it
appears however that they may not be able to colonize the poultry intestinal tract
(28,29, 30, 31, 32). In a study to determine the prevalence of Campylobacteraceae in
Belgian broilers after slaughter, broiler neck skin samples were collected at two
stages of slaughter in 8 poultry slaughterhouses (30, 31). In total, 96.2 % and 95.0 %

(n=480) of the samples were found positive for the presence of arcobacters, and

55.0% and 46.2% (n=400) for Campylobacters, after evisceration and chilling
respectively. Five poultry flocks were Campylobacter-free, but all flocks were
contaminated with arcobacters, regardless of the slaughtering procedure applied or the

slaughterhouse examined. In each slaughter facility, the processing line was already
contaminated with arcobacters before onset of slaughter. The number of arcobacters

ranged from 101 to 103 cfu/g skin. No arcobacters were recovered from the content
of the 30 collected intestinal tracks.

In conclusion, poultry products are commonly contaminated with Arcobacter
butzleri and Arcobacter cryaerophilus on the surfaces, though they have not
convincingly been recovered from living chickens so far. Although the exact contribution

of contaminated poultry products to human infection remains to be
determined, the handling of raw poultry, cross-contamination and the consumption of
undercooked poultry products are probable routes of transmission.

Arcobacters in water
Arcobacter nitrofigilis, Arcobacter halophilus and a number of yet not

established species as candidatus A. sulfidicus form the "environmental" division, which
is quit exceptional for Proteobacteria (3, 4, 33). These species have been isolated
from diverse environmental sources as salt-water lakes, costal seawater, oil wells,
sediments in the Black Sea and from different kind of sludge (33, 34, 35, 36, 37).
Direct transmission and infection of humans and animals through the consumption
of water has predominantly been reported in developing countries with insufficient
water supplies. Both A. butzleri and A. cryaerophilus have frequently been isolated
from drinking reservoirs in India and Thailand (38, 39). Arcobacter butzleri
accounted for 16% of the Campylobacter-like isolates obtained from Thai children
with diarrhoea (38). Nevertheless, arcobacters have also been isolated from river
water and water drinking reservoirs in Europe, Canada and the United States (40,

41, 42). Waterborne disease outbreaks of Arcobacter infection have rarely been

reported so far. One outbreak of gastroenteritis occurred in July 1996 at a Girl Scout

camp near Couer d'Alene, Idaho, USA. A breakdown in the camp's automated
chlorination system occurred at the same time as the outbreak. It was estimated that
81 % (n=117) of the individuals at the camp became ill. Nausea and vomiting,
followed by abdominal cramps and diarrhoea, were the predominant symptoms. At
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that time, the local health department was unable to confirm a specific aetiological

agent responsible for the outbreak, but later was the most likely causing organism
identified as A. butzleri (42). In literature, it is often stated that Campylobacteraceae

are vulnerable organisms, but survival studies conducted with arcobacters isolated

from the same well water as the outbreak illustrated thatA butzleri remained viable
for up to 16 days in pure well water stored at 5 °C, a temperature typical of ground
water. Experiments in the study showed that disinfection practices normally used in
drinking water treatment would have been adequate for controlling these organisms.

However, it is important to note that, as in the case of this outbreak, continuous

chlorination is essential when disinfection represents the only barrier to the

spread of infectious agents via a contaminated water source (42).
Water can also function as vector, and food of animal origin can be contaminated

during the slaughter process. Especially in poultry slaughter, water may even function

as initial contamination source for the poultry products, as arcobacters seem

not to belong to the chicken flora. Arcobacter butzleri en A. cryaerophilus were
detected in the process water (scalding, picking machine and inside-outside bird
washer) in several poultry slaughter plants in Belgium and the U.K. (29, 30, 31).
Characterization of the isolates did not contribute to the clarification of the
transmission routes as different genotypes were found on the carcasses, slaughter equipment

and the process water. It remains unclear if the initial contamination source
of poultry products are the chickens themselves, but with very low prevalence in
the living birds, or if the (ground) water used in the plants, the reservoir tanks and

even the water pipelines are causing the contamination. The risk of water functioning

as source and vector for arcobacters is depending on the survival capacity in
the matrix. Studies in the laboratory have shown the survival of A. butzleri up to
200 days in drinking water, and even longer when organic material was added to the

water. In the same studies, arcobacters survived the low and even the hard scalding

temperatures applied in poultry slaughterhouses, and remained viable on the carcass
surface until consumption (Van Driessche et al., submitted for publication). The

waste water of slaughter plants are not adequate decontaminated and the application
of sludge in agriculture may contribute to the spreading of the organisms in the

environment, resulting in a transmission over long distances, as illustrated in the

study of Stampi et al. (43).

Arcobacters in food of animal origin
Besides contaminated water, food of animal origin is another possible route of

transmission of arcobacters to humans. Arcobacters, like thermotolerant
Campylobacters, have been reported more frequently from poultry than from red meats.

Therefore, poultry may be a significant reservoir for infection with Arcobacter. It is

well known that C. jejuni and C. coli frequently colonize chickens, and that poultry
products are considered to be the source of most human C. jejuni infections. Recent
studies have indicated that also arcobacters are common on broiler chicken car-
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casses (28, 29, 30). Arcobacters have also been isolated from skin samples of
commercially reared ducks (28) and turkeys (15, 46). Eggs do not seem to be infected
(44). Apart from chickens, arcobacters have been isolated from turkey and ducks. A
survey of mechanically separated turkey samples suggested that this meat may be

highly contaminated by Arcobacter species (15, 46). Variation in the prevalence
between plants was noticed, as one plant yielded 96% of samples contaminated
with arcobacters whereas arcobacters were isolated from 44% of samples from
another. Examination of duck carcasses at the abattoir revealed the presence of
A. butzleri together with A. cryaerophilus and A. skirrowii. Ground pork, although
at lower incidence, is also contaminated by Arcobacter species, in particular with
A. butzleri, with varying prevalence at the processing plant level (45). During a survey

of a pork-processing plant in the U.S.A., 89% of the ground pork samples
collected were contaminated with arcobacters. A survey conducted 9 months later

involving the same plant and four others, only 5 % of the samples of the four plants
were found to be positive for Arcobacter, but again, 90 % of the samples were positive

from the first plant examined. It was not clear whether the sanitary practices
during slaughter or the rearing of pigs on the source farms contributed to the prevalence

of Arcobacter.

Arcobacters in humans
Arcobacter infections in humans are associated with enteritis and occasionally

septicaemia. A. butzleri is the most commonly reported pathogen of the genus
Arcobacter. Few reports have mentioned the isolation of A. cryaerophilus associated

with human infection, and one case of A. skirrowii infection has been described so
far. The most common clinical features are watery diarrhoea associated with nausea,
vomiting and abdominal pain. A. butzleri has been isolated from several patients
with severe diarrhoea (47, 48, 49, 50, 51, 52).

Most cases reported are single cases without a clear source of infection. The age
of the infected patients ranged from less than 1 to 72 years. In a number of these

incidents, patients suffered from underlying (chronic) diseases, which may have

contributed to the progress of the infection, although A. butzleri infections have

been reported in otherwise healthy patients. Occasionally, A. butzleri is associated

with septicaemia. Only two outbreaks of A. butzleri have been documented so far.

An outbreak of recurrent abdominal cramps occurred in a nursery and primary
school in Italy (48). Ten of the 64 children suffered from recurrent abdominal

cramps but none of them had diarrhoea. During that period, all clinical samples

were collected, but only in 1992, the preserved isolates were identified as A. butzleri.

The findings that all isolates belonged to serogroup 1 and shared identical phe-
notypic characteristics, protein and genotypic profiles, suggest an epidemiological
relationship. The timing of the cases suggests person-to-person transmission. A
second outbreak of associated gastro-enteritis happened during a Girl Scout camp in
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the USA and was correlated with the breakdown of the automated water chlorina-
tion system in the camp.

In summary, the importance of Arcobacter species as cause of human illness

seems to be small. This is may be because optimal isolation techniques have not yet
established and routine primary screening procedures used for Campylobacter
species may not allow recovery of Arcobacter species (50, 53). Moreover, the symptoms

of Arcobacter infections are similar to those of campylobacteriosis and may be

transient in nature, making infection numbers difficult to assess (52). Overall,
arcobacters appear to be resistant to antimicrobial agents typically used in the treatment

of diarrhoeal illness caused by Campylobacter species, such as erythromycin
and other macrolide antibiotics, tetracyclines and chloramphenicol. In addition, less

susceptibility to cephalosporines has also been detected (53). Optimized isolation
methods are required to learn more about the pathogenesis and epidemiology of
arcobacters in enteric disease in both developing and industrialized countries.

Summary
Arcobacters are Gram-negative, slender curved bacteria closely related to

Campylobacters. At present, six species have been characterized. Arcobacter

nitrofigilis and Arcobacter halophilus are the "environmental" species whereas

Arcobacter butzleri, Arcobacter cryaerophilus, Arcobacter skirrowii and Arcobacter
cibarius are human and animal related. Though arcobacters have been associated

with reproductive problems, mastitis and gastric ulcers in livestock, they have been

more frequently isolated from clinically healthy animals. In humans, Arcobacter has

been associated with abdominal illness and septicaemia. The routes of infection are
still unclear, but include person-to-person contact and consumption of contaminated

water and food. At present, there is no unequivocal evidence that arcobacters

are hazards for human health but they have been classified by the International
Committee on Microbial Specification for Foods as emerging food pathogens.

Zusammenfassung
Arcobacter spp. sind Gram-negative gekrümmte Stäbchen, die ursprünglich zur

Gruppe der Campylobacter spp. gezählt wurden. Nach intensiven Untersuchungen
wurden sie dann aber einem eigenen Genus mit heute sechs Spezies zugeordnet:
Arcobacter nitrofigilis und Arcobacter halophilus werden zu den «Umweltspezies»
gezählt, während Arcobacter butzleri, Arcobacter cryaerophilus, Arcobacter skirrowii

und Arcobacter cibarius human und Tier assoziierte Spezies darstellen. Arcobacter

spp. können beim Menschen Diarrhoe auslösen und sind in einzelnen Fällen
auch assoziiert zu Septikämien beschrieben. Über die Entstehung, die Entwicklung
und die Übertragungswege der Krankheiten ist bislang sehr wenig bekannt, jedoch
wird eine alimentäre Übertragung mit kontaminiertem Wasser und Lebensmitteln
diskutiert. Arcobacter spp. wurden von der ICMSF zur Gruppe der «emerging food
pathogens» zugeteilt.
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Résumé
Les arcobacters sont des bactéries minces et spiralées, de type Gram-négatif et

proches parentes des Campylobacters. A ce jour, six espèces ont été caractérisées; les

espèces environnementales Arcobacter nitrofigilis et Arcobacter halophilus; ainsi que
les espèces humaines et animales Arcobacter butzleri, Arcobacter cryaeropbilus,
Arcobacter skirrowii et Arcobacter cibarius. Bien que les arcobacters ont été associées

à des problèmes liés à la reproduction, de mastites et d'ulcères gastriques chez

le bétail, ils ont plus fréquemment été isolés à partir d'animaux cliniquement sains.

Chez l'homme, les arcobacters ont été associés à des troubles gastriques et à des

septicémies. Le cycle d'infection n'est pas encore élucidé mais on sait qu'il inclue les

contacts de personnes à personnes et la consommation d'aliments ainsi que d'eau
contaminés. Actuellement, il n'y a pas d'évidence certaine prouvant que les arcobacters

sont un danger pour la santé de l'homme. Toutefois l'International Committee

on Microbial Specification for Foods a classifié les arcobacters comme germes
pathogènes alimentaires émergents.

References
1 Vandamme P., Vancanneyt M., Pot B., Mels L., Hoste B., Dewettinck D., Vlaes L., Wan Den

Borre G, Higgins R., Hommez/., Kersters K., ButzlerJ.-P. and Goosens H.: Polyphasic taxo-
nomic study of the emended genus Arcobacter with Arcobacter butzleri comb. nov. and

Arcobacter skirrowii sp. nov., an aerotolerant bacterium isolated from veterinary specimens.
Int. J. Syst. Bacteriol. 42, 344-356 (1992)

2 On S.L.W.: Taxonomy of Campylobacter, Arcobacter, Helicobacter and related bacteria: current

status, future prospects and immediate concerns. J. Appl. Microbiol. 90, 1S-15S (2001)
3 McClung C.R., Patriquin D.G. and Davis R.E.: Campylobacter nitrofigilis sp. nov., a nitro¬

gen-fixing bacterium associated with roots of Spartina alterniflora Loisel. Int. J. Syst. Bacteriol.

33, 605-612 (1983)
4 Donachie S.P., Bowman J.P., On S.L.W. and Alam M.: Arcobacter halophilus sp. nov., the first

obligate halophile in the genus Arcobacter. Int. J. Syst. Evol. Microbiol. 55,1271-1277 (2005)
5 Wandamme P., Vancanneyt M., Pot B., Mels L., Hoste B., Dewettinck D., Vlaes L., Van Den

Borre C., Higgins R., Hommez J., Kersters K, ButzlerJ.-P. and Goosens H.: Polyphasic taxo-
nomic study of the emended genus Arcobacter with Arcobacter butzleri comb. nov. and

Arcobacter skirrowii sp. nov., an aerotolerant bacterium isolated from veterinary specimens.
Int. J. Syst. Bacteriol. 42, 344-356 (1992)

6 HoufK., On S.L.W., Coenye T., Van HoofJ. and Vandamme P.: Arcobacter cibarius sp. nov.,
isolated from broiler carcasses. Int. J. Syst. Evol. Bacteriol. 55, 713-717 (2005)

7 Ellis W.A., Neill S.D., O'Brien J.J., Ferguson H.W. and Hanna J.: Isolation of Spirillum/Vib-
rio-like organisms from bovine fetuses. Vet. Ree. 100, 451-452 (1977)

8 Collins C.I., Wesley I.V. and Murano E.A.: Detection of Arcobacter spp. in ground pork by
modified plating methods. J. Food Prot. 59, 448-452 (1996)

9 Johnson L.G. and Murano E.A.: Development of a new medium for the isolation of Arcobacter

spp. J. Food Prot. 62, 456-462 (1999)
10 Houf K., Devriese L.A., De Zutter L., Van Hoof J. and Vandamme P.: Susceptibility of

Arcobacter butzleri, Arcobacter cryaerophilus and Arcobacter skirrowii to antimicrobial

agents used in selective media. J. Clin. Microbiol. 39,1654-1656 (2001)

18 Mitt. Lebensm. Hyg. 97 (2006)



11 HoufK, Devriese L.A., De Zutter L., Van HoofJ. and Vandamme P.: Development of a new
protocol for the isolation and quantification of Arcobacter species from poultry products. Int.
J. Food Microbiol. 71, 189-1% (2001)

12 Van Driessche E., Houf K., Van Hoof J., De Zutter L. and Vandamme P.: Isolation of
Arcobacter species from animal faeces. FEMS Microbiol. Lett. 229, 243-248 (2003)

13 HoufK, Tutenel A., De Zutter L., Van HoofJ. and Vandamme P.: Development of a multi¬
plex PCR assay for the simultaneous detection and identification of Arcobacter butzleri,
Arcobacter cryaerophilus and Arcobacter skirrowii. FEMS Microbiol. Lett. 193, 89—94 (2000)

14 HoufK., De Zutter L., Van HoofJ. and Vandamme P.: Assessment of the genetic diversity
among arcobacters isolated from poultry products by using two PCR-based typing methods.

Appl. Environ. Microbiol. 68, 2172-2178 (2002)
15 Hume M.E., Harvey R.B., Stanker L.H., Droleskey R.E., Poole T.L. and Zhang H.Z.: Geno-

typic variation among Arcobacter isolates from a farrow-to-finish swine facility. J. Food Prot.
64, 645-651 (2001)

16 Gill K.P.W.: Aerotolerant Campylobacter strain isolated from a bovine preputial sheat wash¬

ing. Vet. Ree. 112, 459 (1983)
17 Van Driessche E., Houf K., Vangroenweghe F., De Zutter L. and Van HoofJ.: Prevalence,

enumeration and strain variation of Arcobacter species in the faeces of healthy cattle in Belgium.
Vet. Microbiol. 105, 149-154 (2005)

18 Wesley I.V., Wells S.J., Harmon K.M., Green A., Schroeder-Tucker L., Glover M. and Sid-

dique I.: Fecal shedding of Campylobacter and Arcobacter spp. in dairy cattle. Appl. Environ.
Microbiol. 66, 1994-2000 (2000)

19 Logan E.F., Neill S.D. and Mackie D.P.: Mastitis in dairy cows associated with an aerotoler¬

ant Campylobacter. Vet. Ree. 110, 229-230 (1982)
20 Van Driessche E., Houf K., Vangroenweghe F., Nollet N., De Zutter L., Vandamme P. and

Van HoofJ.: Occurrence and strain diversity of Arcobacter species isolated from healthy
belgian pigs. Res. Microbiol. 155, 662-666 (2004)

21 Ellis W.A., Neill S.D., O'Brien J.J. and Hanna J.: Isolation of spirillum-like organisms from
pig fetuses. Vet. rec. 102, 106 (1978)

22 Erickson G.: Diagnostic approach to systemic infectious reproductive diseases. Proc. Am.
Assoc. Swine Pract. 273-276 (1992)

23 On S.L.W., Jensen T.K., Bille-Hansen V.,Jorsal S.E. and Vandamme P.: Prevalence and diver¬

sity of Arcobacter spp. isolated from the internal organs of spontaneous porcine abortions in
Denmark. Vet. Microbiol. 85, 159-167 (2002)

24 de Oliveira S.J., de Barcellos D.E.S.N. and Borowski S.M.: Antigenic diversity among strains
of Arcobacter spp. isolated from pigs in Rio Grande de Sul, Brazil and presence of agglutinating

antibodies in sera of sows with reproducitve disorders. Ciensa-Rural. 29, 705—710 (1999)
25 de Oliveira S.J., Wesley I.V., Baetz A.L., Harmon K.M., Kader I.T.A. and de Uzeda M.:

Arcobacter cryaerophilus and Arcobacter butzleri isolated from preputial fluid of boars and

fattening pigs in Brazil. J. Vet. Diagn. Invest. 11, 462-464 (1999)
26 Jahn B. : Campylobacter im Genitaltrakt des Schweines. Inaugural dissertation, Tierärztliche

Hochschule Hannover, Hannover, Germany (1983)
27 Wesley I.V., Baetz A.L. and Larson D.J.: Infection of cesarean-derived colostrum-deprived

one-day old piglets with Arcobacter butzleri, Arcobacter cryaerophilus and Arcobacter
skirrowii. Infect. Immunol. 64, 2295-2299 (1996)

28 Atabay H.I., Corry J.E.L. and On S.L.W.: Diversity and prevalence of Arcobacter spp. in
broiler chickens. J. Appl. Microbiol. 84, 1007-1016 (1998)

29 Gude A., Hillman T.J., Helps C.R., Allen V.M. and CorryJ.E.: Ecology of Arcobacter species
in chicken rearing and processing. Lett Appl Microbiol. 41, 82-87 (2005)

Mitt. Lebensm. Hyg. 97 (2006) 19



30 Houf K., De Zutter L., Van Hoof J. and Vandamme P.: Occurrence and distribution of
Arcobacter species in poultry processing. J. Food Prot. 65, 1233—1239 (2002)

31 HoufK., De Zutter L., Verbeke B., Van HoofJ. and Vandamme P.: Molecular characterization
of Arcobacter isolates collected in a poultry slaughterhouse. J. Food Prot. 66, 364-369 (2003)

32 Wesley I.V. and Baetz A.L.: Natural and experimental infections of Arcobacter in poultry.
Poultry Sei. 78, 536-545 (1999)

33 Wirsen C. O., Sievert S.M., Cavanaugh C.M., Molyneaux S.J., Ahmad A., Taylor L. T., DeLong
E.F. and Taylor C.D.: Characterization of an autotrophic sulfide-oxidizing marine Arcobacter

sp. that produces filamentous sulfur. Appl. Environ. Microbiol. 68, 316-325 (2002)
34 Teske A., Sigalevich P., Cohen Y. and Muyzer G.: Molecular identification of bacteria from a

coculture by denaturaturing gradient gel electrophoresis of 16S ribosomal DNA fragments as

a tool for isolation in pure cultures. Appl. Environ. Microbiol. 62, 4210-4215 (1996)
35 Llobet-Brossa E., Rossello-Mora R. and Amann R.: Micobial community composition of

Wadden Sea sediments as related by fluorescence in situ hybridization. Appl. Environ.
Microbiol. 64, 2691-2696 (1998)

36 Thamdrup B., Rossello-Mora R. and Amann R.: Microbial manganese and sulfate reduction
in Black Sea sediments. Appl. Environ. Microbiol. 66, 2888-2897 (2000)

37 Frias-Lopez J., Zerkle A.L., Bonheyo G.T. and Fouke B.W.: Partitioning of bacterial communities

between seawater and healthy black band diseased and dead coral surfaces. Appl. Environ.

Microbiol. 68, 2214-2228 (2002)
38 Taylor, D.N., Tee W., Pitarangsi C. and Echeverria P.: Campylobacter cryaerophila and other

atypical strains of Campylobacter isolated from Thai children with diarrhea. Abstract
Helicobacter and related Gastric Organisms. P. 390-392 (1991)

39 Dhamabutra, N., Kamol-Rathanakul P. and Pienthaweechai K.: Isolation of Campylobacters
from the canals of Bangkok metropolitan area. J. Med. Assoc. Thailand, 75, 350-363 (1992)

40 Jacob /., Woodward D., Feuerpfeil I. and Johnson W.M.: Isolation of Arcobacter butzleri
in raw water and drinking water treatment plants in Germany. Zbl. Plyg. Umweltmed. 201,
189-198 (1998)

41 Jacob J., Lior H. and Feuerpfeil I.: Isolation of Arcobacter butzleri from a drinking reservoir
in eastern Germany. Zbl. Plyg. Umweltmed. 193, 557-562 (1993)

42 Rice E. W., Rodgers M.R., Wesley I. V., Johnson C.H. and Tanner S. A.: Isolation of Arcobacter
butzleri from ground water. Lett. Appl. Microbiol. 28, 31-35 (1999)

43 Stampi S., De Luca G., Varoli O. and Zanetti F.: Occurence, removal and seasonal variation of
thermophilic Campylobacters and Arcobacter in sewage sludge. Zbl. Hyg. Umweltmed. 202,

19-27(1999)
44 Zanetti F., Varoli O., Stampi S. and De Luca G.: Prevalence of thermophilic Campylobacter

and Arcobacter butzleri in food of animal origin. Food Microbiol. 33, 315-321 (1996)
45 Collins C.I., Murano E.A. and Wesley I. V.: Survival of Arcobacter butzleri and Campylo¬

bacter jejuni after irradiation treatment in vacuum-packaged ground pork. J. Food Prot. 59,
1164-1166 (1996)

46 Manke T.R., Wesley I.V., Dickson J.S. and Harmon K.M.: Prevalence and genetic variability
of Arcobacter species in mechanically seperated turkey. J. Food Prot. 12, 1623-1628 (1998)

47 Lauwers S., Breynaert J., Van Etterijck R., Revets H. and Mets T.: Arcobacter butzleri in the

elderly in Belgium. Campylobacters, helicobacters and related organisms. Plenum Press,

New York, 515-518 (1996)
48 Lerner J., Brumberger V. and Preac-Mursic V.: Severe diarrhea associated with Arcobacter

butzleri. Eur. J. Clin. Microbiol. Infect. Dis. 13, 660-662 (1994)
49 Vandamme P., Pugina P., Benzi G., Van Etterijck R., Vlaes L., Kersters K., Butzler J.-P,

Lior H. and Lauwers S.: Outbreak of recurrent abdominal cramps associated with Arcobacter
butzleri in an Italian school. J. Clin. Microbiol. 30, 2235-2237 (1992)

20 Mitt. Lebensm. Hyg. 97 (2006)



50 Vandenberg O., Dediste A., Houf K., Ibekwem S., Souayah H., Cadranel S., Douât N., Zissis

G., Butzler J.-P. and Vandamme P.: Arcobacter species in humans. Emerg. Infect. Dis. 10,

1863-1867 (2004)
51 Wybo I., Breynaert J., Lindenburg F., Houf K. and Lauwers S.: Isolation of Arcobacter

skirrowii from a patient with chronic diarrhea. J. Clin. Microbiol. 42, 1851—1852 (2004)
52 Yan J.-J., Ko W.-C., Huang A.-H., Chen H.-M., Jin Y.-T. and Wu J.-J.: Arcobacter butzleri

bacteremia in a patient with liver cirrhhosis. J. Formos. Med. Assoc. 99,166-169 (2000)
53 Houf K., Devriese L.A., Haesebrouck F., Vandenberg O., Butzler J.-P., Van Hoof J. and

Vandamme P.: Antimicrobial susceptibility patterns of Arcobacter butzleri and Arcobacter
cryaerophilus strains isolated from humans and broilers. Microb. Drug Resist. 3, 243-247
(2004)

Corresponding address: Dr. Kurt Houf, Department of Veterinary Public Health
and Food Safety, Ghent University, Salisburylaan, 133 B-9820 Merelbeke, Belgium,
e-mail: kurt.houf@UGent.be

Mitt. Lebensm. Hyg. 97 (2006) 21


	Arcobacter, an ignored foodborne pathogen - a review

