
CELLULAR AND INFECTION MICROBIOLOGY

REVIEW ARTICLE
published: 03 February 2012

doi: 10.3389/fcimb.2012.00004

Campylobacter concisus – a new player in intestinal

disease

Nadeem Omar Kaakoush and Hazel Marjory Mitchell*

School of Biotechnology and Biomolecular Sciences, The University of New South Wales, Sydney, NSW, Australia

Edited by:

D. Scott Merrell, Uniformed Services

University, USA

Reviewed by:

Terry Kwok, Monash University,

Australia

Georgina Hold, University of

Aberdeen, UK

Albert Joseph Lastovica, University of

the Western Cape, South Africa

*Correspondence:

Hazel Marjory Mitchell , School of

Biotechnology and Biomolecular

Sciences, The University of New

South Wales, Sydney, NSW 2052,

Australia.

e-mail: h.mitchell@unsw.edu.au

Over the last decade Campylobacter concisus, a highly fastidious member of the Campy-

lobacter genus has been described as an emergent pathogen of the human intestinal tract.

Historically, C. concisus was associated with the human oral cavity and has been linked

with periodontal lesions, including gingivitis and periodontitis, although currently its role as

an oral pathogen remains contentious. Evidence to support the role of C. concisus in acute

intestinal disease has come from studies that have detected or isolated C. concisus as sole

pathogen in fecal samples from diarrheic patients. C. concisus has also been associated

with chronic intestinal disease, its prevalence being significantly higher in children with

newly diagnosed Crohn’s disease (CD) and adults with ulcerative colitis than in controls.

Further C. concisus has been isolated from biopsy specimens of patients with CD. While

such studies support the role of C. concisus as an intestinal pathogen, its isolation from

healthy individuals, and failure of some studies to show a significant difference in C. con-

cisus prevalence in subjects with diarrhea and healthy controls has raised contention as to

its role in intestinal disease. Such findings could argue against the role of C. concisus in

intestinal disease, however, the fact that C. concisus strains are genetically diverse raises

the possibility that differences exist in their pathogenic potential. Evidence to support this

view comes from studies showing strain specific differences in the ability of C. concisus

to attach to and invade cells and produce virulence factors, including toxins and hemolytic

phospholipase A. Further, sequencing of the genome of a C. concisus strain isolated from

a child with CD (UNSWCD) and comparison of this with the only other fully sequenced

strain (BAA-1457) would suggest that major differences exist in the genetic make-up of

this species which could explain different outcomes of C. concisus infection.

Keywords: Campylobacter concisus, oral, intestine, enteritis, Crohn’s disease, pathogenesis, reservoirs of infection,

antibiotic susceptibility

INTRODUCTION

Members of the Campylobacter genus are fastidious Gram-

negative spiral or curved shaped rods, which grow under microaer-

obic or anaerobic conditions. The majority of species are motile,

having a single polar flagellum at one or both ends of the cell (Van-

damme et al., 2005; Man, 2011). The most well-studied species of

the Campylobacter genus is the intestinal pathogen Campylobacter

jejuni, a bacterium currently recognized as the leading cause of

acute diarrhea and gastroenteritis worldwide, accounting for 400

million cases of gastroenteritis in adults and children each year

(Blaser et al., 1983; Tauxe et al., 1987; Allos, 2001). Additionally in

a small number of those acutely infected with C. jejuni a number

of serious sequelae can occur including Guillain–Barré syndrome

and reactive arthritis (Altekruse et al., 1999). In addition to C.

jejuni, C. coli has also been recognized as an important cause of

gastroenteritis accounting for 5–18.6% of cases of gastroenteritis

caused by Campylobacter spp. (Friedman et al., 2004; Valenza et al.,

2010). While from a clinical perspective C. jejuni and C. coli are

major foci of attention worldwide, over the last decade mount-

ing evidence has accrued that would suggest that other members

of the Campylobacter genus including C. concisus, C. gracilis, C.

upsaliensis, and C. lari may also play a role in intestinal disease.

While evidence to support the role of each of these four non-

jejuni/coli Campylobacter species in intestinal disease is increasing

(a recent review by Man, 2011 provides a comprehensive refer-

ence source for the clinical importance of emerging Campylobacter

species), evidence for the role of C. concisus is perhaps the most

contentious.

Campylobacter concisus was first isolated and named by Tan-

ner et al. (1981). In a study, which compared 46 Gram-negative,

asaccharolytic, rod shaped bacteria isolated from humans with

periodontal disease with 10 reference strains including Eikenella

corrodens, Vibrio succinogenes (now known as Wolinella succino-

genes), Bacteroides ureolyticus (now known as C. ureolyticus), and

Campylobacter species, Tanner et al. (1981) identified six isolates

from patients with gingivitis and periodontitis that were described

as non-corroding, microaerophilic, Gram-negative, rods predom-

inantly curved in shape, with deoxyribonucleic acid guanine-

plus-cytosine contents of 34–38%, which they proposed should

be named “Campylobacter concisus sp. nov.” (type strain, ATCC

33237). Although it is now 30 years since Tanner and colleagues

first named C. concisus, advances in our understanding of the

required growth conditions, phenotypic characteristics (Table 1;

Tanner et al., 1981; Vandamme et al., 2005), genetic make-up, and
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Table 1 | Phenotypic characteristics of Campylobacter concisus.

Phenotypic characteristic Reaction*

Bergey’s manual (Vandamme et al., 2005) Tanner et al. (1981) Others

Active motility A A A

Growth on minimal media N – N

Growth in air+CO2 – N N

Growth stimulated by formate and fumarate – A A

Growth stimulated by nitrate – N –

Growth at 25˚C N – –

Growth at 42˚C M – –

GROWTH INTHE PRESENCE OF

Sodium fluoride M A –

Oxgall F A –

Sodium deoxycholate – A –

Phenol – N –

Janus green – A –

Basic fuchsin – A –

Crystal violet – A –

Safranine F A –

Alizarine red S – A –

Azure II – A –

Potassium cyanide – M –

Methyl orange – A –

KMnO4 N – –

END PRODUCTS

H2S N# A –

Formate – N –

Acetate – F –

Lactate – N –

Succinate – A –

Pyruvate – N –

Hydrogen – A –

Nitrous oxide – N –

REDUCTION OF

Nitrite – A –

Nitrate F – –

Selenite F – –

Benzyl viologen – A –

Neutral red – A –

ACTIVITY

Oxidase M A –

Urease N N –

Catalase N N –

Benzidine – A –

Lysine and ornithine decarboxylase – N –

Indoxyl acetate hydrolysis N – –

Hippurate hydrolysis N – –

Arylsulfatase – – A

Pyrazinamidase – – A

*A, 95–100% positive; M, 60–93% positive; F, 14–50% positive; N, 0–11% positive; not available, #Trace quantities.

pathogenic potential of C. concisus have been relatively slow, and

somewhat sporadic, with only approximately 80 papers relating to

C. concisus being published over the last 30 years.

While initially studies focused upon the role of C. concisus in

periodontal disease, over the last 20 years the major research focus

has predominantly been investigation of the role of C. concisus in
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intestinal disease, including enteritis and more recently inflamma-

tory bowel diseases (IBD). Although a relatively large number of

studies have examined the relationship between C. concisus and

intestinal disease there still remains no consensus as to its role. By

enlarge, this relates to the fact that in many studies no significant

difference was detected between the prevalence of C. concisus in

those with intestinal disease and healthy controls (Van Etterijck

et al., 1996; Lawson et al., 1998; Inglis et al., 2011). While these

findings per se would argue against such a link, the fact that there

is an extremely high degree of genetic heterogeneity among C. con-

cisus strains raises the possibility that only some C. concisus strains

have the ability to cause intestinal disease. Given this, a number of

studies have attempted to link specific genomospecies of C. con-

cisus with disease outcome, however, although some progress has

been made in this area no specific C. concisus genomospecies has

been associated with disease outcome. This review aims to pro-

vide an overview of our current understanding of the association

between C. concisus and oral and intestinal disease, the importance

of genetic diversity and its association with disease outcome, the

pathogenic potential of C. concisus, as well as potential reservoirs

of infection and susceptibility to antibiotics.

ASSOCIATION WITH DISEASE

ORAL DISEASES

As described above C. concisus was first recognized and named as a

member of the microflora of the oral cavity by Tanner et al. (1981).

The isolation of six C. concisus strains from three subjects with gin-

givitis and three with periodontitis raised the possibility that an

association may exist between C. concisus and oral diseases (Tan-

ner et al., 1981, 1987). Following Tanner’s paper further reports of

the isolation of C. concisus from the oral cavity of small numbers

of subjects were published. For example, Tyrrell et al. (2003) iso-

lated C. concisus from a patient with oral malodor, while Haffajee

et al. (1984) reported the level of C. concisus to be associated with

a gain in tooth attachment in a subject with periodontitis.

In one of the few studies to examine the immune response

to C. concisus in periodontal disease and controls, Ebersole et al.

investigated the longitudinal effects on systemic antibody levels to

a range of oral microorganisms known to exist in subjects with

different periodontal diseases. This showed that in adult patients

with periodontitis undergoing subgingival scaling, antibodies to

C. concisus were elevated as compared with that in the normal

population (Ebersole et al., 1985). This association was supported

by a study by Taubman et al. (1992) who also found higher anti-

body levels to C. concisus in periodontally diseased subjects when

compared to healthy subjects.

Moore et al. (1987) compared the subgingival bacterial flora

cultured from children and adults with naturally occurring gin-

givitis with that in healthy controls and subjects with moderate,

severe, and juvenile periodontitis. This showed that in both chil-

dren and adults with naturally occurring gingivitis, C. concisus

was more numerous than in healthy controls or those with peri-

odontitis. Based on their findings Moore et al. suggested that the

composition of the subgingival microflora represented a transi-

tion between that associated with health and periodontitis. In a

similar study Macuch and Tanner (2000) compared the presence

of Campylobacter spp. in healthy subjects with that in subjects

with gingivitis, initial periodontitis, and established periodontitis.

While C. concisus was more frequently isolated from subjects with

initial periodontitis (approximately 68%) than healthy individu-

als (35%), the isolation rates from those with gingivitis (32%), or

established periodontitis (32%) did not differ from that in con-

trols (Macuch and Tanner, 2000). Interestingly, the proportion of

C. concisus as a percentage of all Campylobacter species was higher

in shallow pocket sites (19.7%) as compared with deep pocket sites

(6.6%) and healthy controls.

In a further study that examined the composition of the sub-

gingival microbiota of children, Kamma et al. isolated 45 microbial

species from subgingival plaque of both permanent and decidu-

ous teeth of systemically healthy children. While C. concisus was

not one of the most frequently detected species, its detection rate

in permanent teeth was significantly higher than that in decid-

uous teeth (P < 0.001). Furthermore the presence of C. concisus

was significantly associated with the bleeding index in permanent

teeth (Kamma et al., 2000a,b), a finding that was in line with a

previous study by Kamma et al. that showed C. concisus to be

associated with bleeding in young adults with rapidly progressive

periodontitis (Kamma et al., 1994; Nakou et al., 1998). Further-

more, Kamma et al. found C. concisus to be present in significantly

higher numbers, and more frequently, in smokers as compared

with non-smokers (Kamma and Nakou, 1997; Kamma et al., 1999).

Given reports that the enzyme aspartate aminotransferase

(AST) is markedly elevated in gingival crevicular fluid (GCF)

from sites with severe gingival inflammation and progressive

attachment loss, Kamma et al. (2001) determined the association

between AST activity in GCF and the subgingival microbiota in

periodontal sites of individuals with early onset periodontitis. This

showed the isolation frequency of seven bacterial species, includ-

ing C. concisus, to be significantly higher at AST positive sites than

at AST negative sites. Furthermore, C. concisus had the fourth

strongest positive association with AST activity (Odds Ratio 3.9;

95% CI: 1.91–22.36; Kamma et al., 2001).

While there have been further sporadic reports of the detection

and isolation of C. concisus from subjects with periodontal disease

over the last 10 years, there is currently limited evidence to sup-

port a role for C. concisus in oral disease. Given that many of the

studies reported only the isolation of C. concisus from sites of oral

disease, rather than comparing this with that in healthy controls,

assessment of the role of C. concisus in oral disease is problem-

atic. Thus, currently it remains unclear whether C. concisus is an

oral pathogen, an opportunistic pathogen in inflamed areas or is

simply a commensal of the oral cavity.

ENTERITIS

Johnson and Finegold (1987) published the first evidence that C.

concisus did not exclusively colonize the oral cavity. While this

finding was of significant interest, it was a study by Vandamme

et al. (1989) 2 years later that provided the first convincing evi-

dence that C. concisus was present in the gastrointestinal tract

(GIT) of humans. In their study Vandamme et al. (1989) used

protein analysis, immunotyping, DNA hybridization, and DNA

base analysis to determine the species identity of 14 Campylobacter

species previously isolated from a blood culture, two antral biop-

sies, a duodenal aspirate, two esophageal biopsies and the feces
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of eight patients with persistent diarrhea, which had previously,

based on a small number of phenotypic tests and immune-typing,

been provisionally grouped and named EF-group 22. Based on

their testing of these isolates as well as a range of Campylobacter

reference strains, all 14 were shown to be C. concisus a finding

that led Vandamme et al. (1989) to conclude that fecal carriage

of C. concisus may be common, and might be associated with

gastrointestinal disease.

Further evidence that C. concisus could be isolated from fecal

samples of subjects with diarrhea came from a prospective study

of Belgian children and adults conducted by Lauwers et al. In this

study, C. concisus was isolated from the stools of 2.4% of children

(n = 3165) and 1.5% of adults (n = 1265) with diarrhea (Lauwers

et al., 1991). Of those positive for C. concisus, 20% of children,

and 10.5% of adults harbored another enteropathogen. Interest-

ingly, 54% of the C. concisus-positive children were <1 year of age

while only 9% were positive in the age group >5 years. Of the 78

children in whom only C. concisus was isolated, 72% had enteri-

tis symptoms (62% diarrhea and 22% vomiting) while 89.4% of

adults had diarrhea. Lauwers et al. (1991) concluded that although

C. concisus may be commonly found in the feces of children and

adults, further studies were necessary to determine its pathogenic

role in the human intestinal tract. In contrast, in a study comparing

the isolation rates of Campylobacter species from stool samples of

867 adults with diarrhea and 1077 children (<10 years; 90% with

diarrhea), Lindblom et al. (1995) failed to isolate C. concisus from

any adult stool sample, although stool samples from four children

with diarrhea were positive, which represented 4% of all Campy-

lobacter species isolated. Moreover, following the detection of C.

concisus from fecal samples of healthy individuals (3/20; 15%),

Lawson et al. (1998) also suggested that C. concisus might only be

transiently present within the GIT.

Figura et al. (1993) reported the isolation of C. mucosalis from

the feces of two children with enteritis (NCTC 12408 and NCTC

12407) from Sienna, Italy. The classification of these isolates as C.

mucosalis was however later challenged by Lastovica et al. (1993)

due to the limited number of phenotypic tests used by Figura

et al. to classify them. Subsequently, based on rigorous pheno-

typic analysis, consisting of 64 individual phenotypic tests, On

(1994) confirmed NCTC 12408 (NCTC 12407 was no longer

extant) to be C. concisus. In a large study also conducted in the

Sienna/Tuscany region of Italy, Musmanno et al. investigated the

presence of unusual Campylobacter species in fecal samples of 288

Italian children with enteritis. Based on a filtration technique C.

jejuni subsp. jejuni was isolated from 6.9% of children, C. coli from

2%, and each of C. jejuni subsp. doylei, C. upsaliensis, and C. con-

cisus from 0.7% of children (Musmanno et al., 1998). While the

prevalence of C. concisus in these Italian children was low (0.7%),

in the same year a significantly higher isolation rate of C. con-

cisus was reported in South African children (Lastovica, 2006).

In his study, which used the Cape Town Protocol to determine

the distribution of Campylobacter and related species in diarrheic

stools collected from children attending the Red Cross Children’s

Hospital in Cape Town, Lastovica reported C. concisus to repre-

sent the third most common of the Campylobacter and related

species isolated (399/2351; 17.0%), the most common being C.

jejuni (33.4%) followed by C. upsaliensis (23.7%). Unfortunately,

as this study did not include a healthy control group, the role of C.

concisus in diarrheal disease could not be assessed.

The importance of Campylobacter species other than C. jejuni

and C. coli in diarrheal disease was also investigated by Aaben-

hus et al. (2002b) who determined the prevalence of C. con-

cisus infection in 11,550 stool samples obtained from patients

with enteric disease, using a filter isolation method. Of the 224

Campylobacter isolates cultured, 110 (49%) were shown to be

C. concisus, with concomitant infection, with an established gas-

trointestinal pathogen being found in 27% of the 103 patients

from whom these isolates were cultured. No conclusive associ-

ation was observed between any specific age group and C. con-

cisus infection. Interestingly, of the infected patients 73 (70.9%)

were immunocompromised the majority of whom were adults

(84%). Based on these findings,Aabenhus et al. (2002b) concluded

that the prevalence of C. concisus was likely to be significantly

underestimated, and that although C. concisus could be isolated

from both immunocompetent and immunocompromised adult

patients, immunocompromised patients appeared to be at a higher

risk of infection.

Maher et al. (2003) employed both culture and a 16S/23S

PCR/DNA probe assay to detect Campylobacter species in 320

consecutive liquid and semi-solid fecal samples from subjects

with acute infectious gastroenteritis, and found Campylobacter

DNA, other than C. jejuni or C. coli, to be present in 30% of

fecal specimens (including C. curvus, C. concisus, and C. gracilis).

Furthermore, Kulkarni et al. (2002) reported the isolation of C.

concisus using membrane filtration and selective culture from only

1 of 343 stool samples collected from patients with gastroenteritis.

In a recent epidemiological study conducted over a 22-month

period commencing January 2009, Nielsen et al. (2011a) which

investigated the prevalence of Campylobacter species and other

enteric bacterial pathogens in 10,388 stool samples using a filter

isolation technique, found the most prevalent enteric pathogen

isolated from these stools was C. jejuni (456 patients) followed by

C. concisus (378 patients). Interestingly, C. concisus was found to

be most frequently isolated in young children and elderly patients,

a finding consistent with that of Engberg et al. (2000). Moreover,

in the Nielsen study elderly patients with C. concisus tended to

present with a more long-lasting diarrhea.

In the first of a limited number of studies to investigate the

pathogenic role of C. concisus in intestinal disease, Van Etterijck

et al. (1996) used a filter isolation technique to isolate C. concisus

from children with enteritis (n = 174) and a control population

(n = 958) with no diarrhea. This study showed that while the isola-

tion rate of C. concisus in children with diarrhea (13%) was higher

than that in the control children (9%) this did not reach signif-

icance (P = 0.15), which led Van Etterijck et al. to conclude that

C. concisus should not be considered a primary pathogen associ-

ated with gastrointestinal disease. In a further study which used a

range of culture techniques to isolate Campylobacter species from

the feces of Danish children and adults with diarrhea, Engberg

et al. (2000) reported the isolation of C. concisus from a large

number of diarrheal cases, particularly from those at the extremes

of age (0–9 and >60 years). However, similar to the findings of Van

Etterijck, when the isolation rates of C. concisus in patients with

diarrhea were compared with healthy controls, isolation rates in
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those with diarrhea (5.6%) were not significantly different to that

in controls (2.8%).

More recently, Inglis et al. (2011) investigated the presence

of Campylobacter species in stools from diarrheic (n = 442) and

healthy (n = 58) humans living in southwestern Alberta using

PCR. In contrast to other studies, in this population the prevalence

of C. concisus DNA as detected by two primer sets was significantly

higher (P < 0.001) in healthy subjects (52%) as compared with

subjects with diarrhea (34.8%).

Although overall these findings support the presence of C. con-

cisus in the intestinal tract of healthy humans and those with

diarrheal disease, evidence to support a role for C. concisus in

acute enteritis, although increasing, remains tenuous.

INFLAMMATORY BOWEL DISEASES

Inflammatory bowel diseases are chronic inflammatory conditions

of the GIT, with currently unknown etiology and rising global inci-

dence (Economou and Pappas, 2008). The two major forms of IBD

are Crohn’s disease (CD) and ulcerative colitis (UC). Both forms

have distinct phenotypical characteristics: CD inflammation may

occur in any location along the GIT, with transmural lesions that

may extend through the mucosal surface and into the underly-

ing serosa, whilst UC is characterized by continuous sub-mucosal

inflammation occurring only in the colon (Colletti, 2004). A

histopathological hallmark of CD is the presence of compact gran-

ulomas, composed of macrophages, giant cells, and epithelioid

cells. The prominent histological features of UC include the pres-

ence of an elevated number of polymorphonuclear cells within the

lamina propria as well as in the intestinal crypts, in which micro-

abscesses form (Colletti, 2004). Research indicates that the etio-

pathogenesis of CD and UC are to some extent different; yet, the

general hypothesis regarding their etiology is that gastrointestinal

microbes or their by-products, in association with a disrupted gas-

trointestinal epithelium and/or environmental trigger, propagate

a dysregulated immune response leading to chronic inflammation

in genetically predisposed individuals (Man et al., 2011).

The possible association between Campylobacter species and

IBD was first investigated in 1984. While initial studies examining

a possible link between C. jejuni and IBD failed to provide evi-

dence for an association (Blaser et al., 1984; Weber et al., 1992;

Boyanova et al., 2004), more recent studies would suggest that C.

jejuni infection may be associated with increased IBD risk and

flare ups of IBD (Gradel et al., 2009).

Interestingly, Aabenhus et al. (2002a) reported the isolation of

C. concisus from fecal samples of IBD patients. However, it was

not until 2009 that Zhang et al. (2009) compared the prevalence

of C. concisus in patients with CD and controls. In this study

which investigated a possible association between C. concisus and

newly diagnosed pediatric CD, a significantly higher prevalence of

C. concisus DNA (P < 0.0001) as well as C. concisus specific IgG

antibody levels (P < 0.001) were detected in children with newly

diagnosed CD (51%; 0.991 ± 0.447) as compared with controls

(2%; 0.329 ± 0.303; Zhang et al., 2009). Additionally, C. concisus

UNSWCD was successfully isolated from an intestinal biopsy of a

child with CD (Zhang et al., 2009), indicating that viable bacteria

were present within the patient’s intestine. These findings were

later confirmed in a larger cohort of children where detection of

C. concisus DNA from fecal samples showed that 65% (35/54)

of CD patients were positive, which was significantly higher than

that in healthy (33%, 11/33) and non-IBD controls (37%, 10/27;

Man et al., 2010b). Recently, Hansen et al. (2011) also reported the

detection rate of C. concisus DNA in intestinal biopsies of pediatric

patients with IBD (14/24; 58.3%), specifically CD (8/12; 66.7%),

was higher than that in controls (11/26; 42.3%), however in their

study the difference was not significant, which most likely relates

to the relatively small number of subjects in their study.

These findings in children have recently been supported by

studies in adult CD patients, where a significantly higher preva-

lence of C. concisus DNA was detected in colonic biopsies of

CD patients (53%) as compared with controls (18%, P < 0.05;

Mahendran et al., 2011). Further indirect evidence of a possible

association between C. concisus and CD comes from the finding

that rifaximin, an antibiotic with good activity against Campy-

lobacter species, is effective for adults with active CD, and when

combined with long-term administration of probiotics can induce

and maintain remission of CD (Guslandi et al., 2009).

In a recent study, Kovach et al. (2011) investigated C. concisus

immunoreactive proteins in the sera of C. concisus-positive chil-

dren with CD, and identified 37 proteins of which flagellin B, ATP

synthase F1 alpha subunit and outer membrane protein 18 were

predominant antigens recognized by all CD patients. At least six of

the identified proteins functioned in adhesion to the host cell, sug-

gesting that this bacterium can cross the mucus layer and attach

to the intestinal epithelium (Kovach et al., 2011).

Of significant interest is the recent finding by Mukhopadhya

et al. (2011) that C. concisus may also be associated with UC. In

their study the prevalence of C. concisus DNA in biopsy speci-

mens from adults with UC was shown to be significantly increased

(P = 0.0019) in UC patients (33.3%; 23/69) as compared with

controls (10.8%; 7/65). This finding is supported by the study of

Mahendran et al. (2011) who not only isolated C. concisus from

patient biopsies, but also determined that C. concisus positivity

in UC patients (77%) was significantly higher than that in con-

trols (36%, P < 0.05). In a study to investigate the presence of

Campylobacter species in IBD, Tankovic et al. (2009) employed

real-time PCR to detect Campylobacter species in the stools of 8

CD patients, 11 UC patients and 11 symptomatic controls. In addi-

tion stools were cultured for 10 days on Skirrow-supplemented

blood agar plates in a microaerobic atmosphere. While detection

of Campylobacter DNA was higher in IBD patients (21%) than

control patients (9%), this did not reach significance (P = 0.46).

Further analysis of the Campylobacter PCR positive isolates using

species-specific primers showed four of these to be C. concisus. Of

these four PCR positive patients, C. concisus was isolated from the

stools of two patients. Based on the finding that C. concisus was

only present in the stools of IBD patients, the authors suggested

that C. concisus may be implicated in IBD (Tankovic et al., 2009).

Finally, attempts to associate oral C. concisus with IBD showed

no significant difference to be present in the detection of C. con-

cisus DNA in saliva samples of IBD patients (100%; CD, n = 13,

UC, n = 5) and healthy controls (97%, 57/59; Zhang et al., 2010).

Overall, these findings provide considerable evidence that some

C. concisus strains may be involved in IBD (Table 2), either as a

direct trigger or as an opportunistic pathogen.
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Table 2 | Detection rates of Campylobacter concisus in inflammatory bowel disease patients and controls.

Study Disease Population Sample type Detection rate (%) Significant

Patients Controls

Zhang et al. (2009) Crohn’s disease Pediatric Intestinal biopsy 53.0 2.0 Yes

Man et al. (2010b) Crohn’s disease Pediatric Fecal 65.0 35.0 Yes

Hansen et al. (2011) Crohn’s disease Pediatric Intestinal biopsy 66.7 42.3 No

Mahendran et al. (2011) Crohn’s disease Adult Intestinal biopsy 53.0 18.0 Yes

Mukhopadhya et al. (2011) Ulcerative colitis Adult Intestinal biopsy 33.3 10.8 Yes

Mahendran et al. (2011) Ulcerative colitis Adult Intestinal biopsy 77.0 36.0 Yes

Tankovic et al. (2009) Inflammatory bowel disease Adult Fecal 21.0 9.0 No

Zhang et al. (2010) Crohn’s disease Mixed Saliva 100.0 97.0 No

OTHER DISEASES

The majority of research associating C. concisus with human dis-

ease has focused on periodontal disease, enteritis, and IBD, how-

ever, several studies have associated C. concisus with other human

diseases. The most significant of these is the association of this

bacterium with Barrett’s esophagus (BE; Macfarlane et al., 2007),

a condition in which gastroduodenal reflux leads to squamous

epithelial cells lining the esophagus being replaced with colum-

nar epithelial cells. In this study by Macfarlane et al. (2007), high

levels of C. concisus and C. rectus were found in four of seven

patients (57%) with BE compared with none of the controls. C.

concisus was isolated from both the aspirate and mucosal sam-

ples, and was the most prevalent bacterium. As a result of their

study Macfarlane et al. hypothesized that pathogenic and putative

toxin producing Campylobacter species could be involved in the

initiation, maintenance, or exacerbation of esophageal disease.

In addition to the above study there have been a number of

sporadic reports of the isolation of C. concisus from a range of

body sites. For example, Johnson and Finegold (1987) reported

the isolation of C. concisus from a diabetic foot ulcer of a patient

with underlying osteomyelitis. Further, in a report on Campylobac-

ter species isolated from extra-oro-intestinal abscesses, C. concisus

was one member of a polymicrobial flora isolated from a brain

abscess of a patient who had previously undergone craniotomy for

maxillary sinus carcinoma (de Vries et al., 2008). Despite antibi-

otic therapy the patient later died from an intracerebral infection

due to chronic sinusitis (de Vries et al., 2008). In this case it is likely

that C. concisus was an opportunistic pathogen, an interpretation

that may also explain the isolation of C. concisus from human

blood samples (Lastovica, 2009). Further, following a survey of

pediatric records Lastovica reported the isolation of C. concisus

from stool specimens of nine liver transplant patients, six patients

with biliary atresia and three with renal transplants or renal failure

(Lastovica, 2009). While a role for C. concisus in these diseases can-

not be confirmed, these results in combination with the finding

of micro-abscesses in the livers of two mice infected with C. con-

cisus (Aabenhus et al., 2008), raises the possibility of an association

between this bacterium and hepatobiliary disease.

GENETIC TYPING AND DIVERSITY

While the above studies support the role of C. concisus as a human

pathogen, its isolation from healthy individuals, and the failure

of some studies to show a significant difference in C. concisus

prevalence in subjects with disease and healthy controls has raised

contention as to its role in disease. The existence of high genetic

diversity among C. concisus strains has been proposed as a possible

justification for this inconsistency.

An early study conducted by Vandamme et al. (1989) that

used DNA–DNA hybridization to investigate diarrheal isolates

that fitted the phenotypic description of C. concisus, first raised

the possibility that C. concisus was genetically diverse. In this

study phenotypically confirmed C. concisus strains were shown

to exhibit only 42–50% DNA–DNA hybridization values with the

type and reference strains of oral origin, leading Vandamme et al.

to conclude that C. concisus was likely to be genetically diverse.

Given this, On and Harrington (2000) suggested that, based on

current taxonomic guidelines, diarrheal isolates and oral strains

should actually be distinct genomic species, however, as they could

not be differentiated phenotypically they should be regarded as a

“complex species comprising at least two genomospecies.”

Further evidence that considerable genetic diversity existed

within C. concisus isolates of fecal origin came from a study by

Van Etterijck et al. (1996) who used randomly amplified poly-

morphic DNA (RAPD) analysis to compare C. concisus strains

isolated from fecal samples of 37 children with diarrhea attend-

ing the same Belgian day care center. This showed that C. concisus

strains isolated from 35 of the 37 children (94.6%) had distinct

RAPD profiles, further confirming the genetic heterogeneity of C.

concisus strains.

The considerable genetic diversity between oral and fecal iso-

lates of C. concisus was further confirmed by Aabenhus et al.

(2002b) who examined the protein profiles of C. concisus strains

isolated from Danish subjects with a range of symptoms including

diarrhea and dyspepsia using SDS-PAGE. This showed, based on

major protein band composition, that 85% of C. concisus fecal

strains differed from the oral reference type strain C. concisus

ATCC 33237. Given this, Aabenhus et al. assigned the C. concisus

isolates into two broad groups, Group 1 which included C. concisus

strains resembling the oral C. concisus ATCC 33237 type strain, and

Group 2 which comprised C. concisus strains whose protein pro-

files differed from that of the C. concisus type strain. Interestingly

Group 2, which included 83 of the 98 (85%) C. concisus isolates

tested, predominantly comprised C. concisus strains isolated from

patients with diarrhea,as well as all C. concisus strains isolated from
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children and immunocompetent patients. In the same year, Mat-

sheka et al. (2002) used pulsed field gel electrophoresis (PFGE),

with the restriction enzyme Not I to determine the genetic diver-

sity of 53 C. concisus strains isolated from fecal samples of children

with diarrhea. This showed that of the 53 isolates examined, 51

had distinct Not I macrorestriction fragments, while 2 strains were

resistant to Not I digestion. The patterns comprised between 1 and

14 restriction fragments, with type and reference strains of two

well-defined genomospecies of oral and fecal origin containing 6

and 12 fragments, respectively. Based on these results Matsheka

et al. (2002) concluded that C. concisus was genetically diverse and

that the species was likely to be “a taxonomic continuum com-

prised of several genomospecies.” In a later study, Matsheka et al.

(2006) typed 100 C. concisus isolates obtained from 98 children

with diarrhea and 2 dental isolates from adult patients by DNA

fingerprinting. RAPD analysis of the 100 isolates showed 86% of

isolates to be genotypically diverse. Of these heterogeneous iso-

lates, 25 had previously been shown by the same group to have

unique profiles using PFGE (Matsheka et al., 2002). The remain-

ing 14 strains were shown to have 5 RAPD profiles. The high level

of heterogeneity observed in these C. concisus strains was in line

with this group’s previous study.

This high level of diversity is consistent with a study by Pruckler

et al. (2002) who examined the genetic diversity of 73 pheno-

typically and genotypically proven C. concisus strains including

six ATCC/NCTC reference strains (two of which represented two

established genomospecies; Aabenhus et al., 2002b) using PFGE

and the restriction enzyme Not I. This showed all strains to have

an unique Not I PFGE pattern. Further, composite analysis revealed

five clusters, with the reference strains representing the two estab-

lished genomospecies being clearly separated into different clus-

ters. Moreover, in the same year, Aabenhus et al. (2002a) employed

a lectin typing system, which used a panel of 4 lectins, to type

44 clinical isolates of C. concisus obtained from patients present-

ing with malignancies, HIV, IBD, and other conditions, who had

suffered diarrhea and upper gastrointestinal dyspepsia, as well as

the type strain ATCC 33237 of oral origin. This typing system

grouped the 45 strains into 13 lectin reaction patterns, however,

when the authors attempted to correlate the reaction patterns with

the clinical category of the patients, no association was observed.

To determine the clinical relevance of C. concisus in gastroin-

testinal disease, Engberg et al. (2005) investigated the genotypic

characteristics of 39 C. concisus isolates from Danish patients with

diarrhea, three from healthy individuals and the type strain CCUG

13144. Protein profiling and PCR amplification of the 23S riboso-

mal RNA (rRNA) gene showed the isolates to cluster into two

distinct, but discordant groups. Furthermore, automated ribo-

typing showed 34 of the 43 isolates to have distinct patterns.

Additional analysis of 37 isolates using RAPD showed these to

have 37 unique profiles. Interestingly, two strains from the feces of

healthy human carriers were distinct from the majority of strains

of diarrheal origin. Based on these studies Engberg et al. concluded

that C. concisus consists of at least two genomospecies with exten-

sive genetic diversity, however, no clear genotypic differences were

observed between isolates from patients with diarrhea and isolates

from healthy carriers. In a further study published in the same

year, Aabenhus et al. (2005a) investigated the genotype of 62 C.

concisus clinical isolates (56 diarrheal strains, 4 oral strains, and

the oral CCUG 13114 and intestinal CCUG 19995 type strains)

using amplified length fragment polymorphism (AFLP) analysis

and correlated the results to clinical data. All strains examined

were shown to have unique profiles, however, following numeri-

cal analysis of the AFLP profiles, relationships at the taxonomic

level were revealed that allowed the strains to be grouped into four

distinct clusters. AFLP cluster 1 contained the type strain of oral

origin (CCUG 13144) as well as 22 other clinical isolates, 27% of

which were isolated from immunocompetent (IC) patients. Clus-

ter 2 contained the reference strain CCUG 19995 originally isolated

from a human diarrhea sample, as well as 32 other clinical isolates,

59% of which were isolated from IC patients. Interestingly, five

of the seven C. concisus strains isolated from IBD patients were

present in cluster 2. AFLP cluster 3 consisted of a single diar-

rheal isolate from an IC patient, whereas cluster 4 contained five

strains all of which were isolated from severely immunodeficient

patients, a finding that led the authors to suggest that the strains

in AFLP cluster 4 may be less invasive. As result of their study,

Aabenhus et al. (2005a) concluded that C. concisus contains at

least four distinct genomospecies that may vary in their pathogenic

potential.

In a recent study, Kalischuk and Inglis (2011) compared

the genotypes of C. concisus fecal isolates from diarrheic and

asymptomatic healthy individuals using AFLP analysis and a

genomospecies-specific 23S rRNA gene PCR, that grouped iso-

lates into genomospecies A or B. Of the 22 isolates examined,

six were assigned to genomospecies A and 12 to genomospecies

B, while three isolates generated PCR products with both the

genomospecies A and B primer sets, and were designated genomo-

species A/B. One isolate failed to amplify with either primer set.

Consistent with previous observations the type strain, LMG7788,

was assigned to genomospecies A. Based on AFLP analysis the

C. concisus isolates were shown to cluster into two phylotypes,

distinguished from each other at a 34% similarity level. All iso-

lates assigned to AFLP cluster 1 belonged to genomospecies A

and included the type strain LMG7788, four isolates from healthy

controls and one isolate from a patient with diarrhea. Of the 17 C.

concisus isolates assigned to AFLP cluster 2, 12 (70.6%) belonged to

genomospecies B, 3 to genomospecies A/B (17.6%), 1 to genomo-

species A (5.9%), and the final untypable isolate (5.9%). While

these results are in contrast to the findings of Aabenhus et al.

(2005a) who based on AFLP identified four clusters among 62 C.

concisus isolates, it should be noted that the majority of isolates

(90.3%) in that study formed two main clusters.

In studies conducted in our own laboratory we recently

sequenced the genome of C. concisus strain UNSWCD, isolated

from a patient with CD and found it to have a 1.8-Mb genome

that is substantially smaller than the available 2.1 Mb C. con-

cisus BAA-1457 genome (Deshpande et al., 2011). While 1593

genes were conserved across UNSWCD and BAA-1457, 138 genes

(7.8%) from UNSWCD and 281 (13.98%) from BAA-1457 were

unique when compared against the other, and substantial func-

tional differences were observed between the two strains. When

cutoff values of 70% identity plus at least 85% gene length cover-

age were employed, searches between C. concisus UNSWCD and

BAA-1457 showed that 76% of genes were homologs, whereas
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those between C. jejuni strains showed 90–91% to be homologs,

indicating substantial variation exists within these two C. concisus

genomes (Kaakoush et al., 2011a). Furthermore, average percent-

age identities for all homologs revealed that C. concisus strains had

higher variation when compared to the phylogenetically related

species C. jejuni (96 vs. 98%, respectively). We investigated the

protein profiles of these two strains and a further six C. concisus

strains isolated from different disease states, and found BAA-1457

was highly divergent from the other C. concisus strains (Kaak-

oush et al., 2011a). Interestingly, the healthy control strain ATCC

51561 was divergent from the other strains isolated from acute and

chronic gastroenteritis and CD. Attempts to discover markers for

the detection of C. concisus through the identification of proteins

found in all our strains but not in another bacterial species, found

two candidates that may be good taxon-specific markers for this

species.

PATHOGENESIS

Until recently, the pathogenic potential of C. concisus has remained

relatively unexplored with comparatively few studies dedicated

to elucidating the pathogenic mechanisms within this bacterium.

However, following the association of C. concisus with enteritis

and IBD, studies have increased significantly.

MOTILITY AND CHEMOTAXIS

Owing to its single polar flagellum (Man et al., 2010a), C. concisus

has the ability to swim through protective host barriers such as

saliva or the intestinal mucus layer, allowing it to achieve close

contact with epithelial layers, and thus, a greater chance of trig-

gering disease. One of the first studies to investigate C. concisus

pathogenesis was that of Paster and Gibbons (1986) who in an

attempt to understand the role of this bacterium in oral disease

studied its chemotactic response to a range of compounds. While

this showed that C. concisus exhibited a chemotactic response to

formate, it was not chemoattracted to many sugars, inorganic salts,

amino acids and their derivatives, purines and pyrimidines, fatty

acids,or natural mixtures such as saliva, serum,and crevicular fluid

(Paster and Gibbons, 1986). Intriguingly, unlike C. jejuni strains,

C. concisus strain 288 was not chemoattracted to mucin (Paster

and Gibbons, 1986), a finding that may relate to the oral origin

of this strain. In contrast, the aggregation and possible attraction

of C. concisus strains isolated from human intestinal biopsies to

mucin has been observed through scanning electron microscopy

(SEM; Kaakoush et al., 2011b).

PRODUCTION OF TOXINS AND OTHER VIRULENCE FACTORS

Campylobacter concisus strains have been shown to produce sev-

eral toxins and virulence factors. Istivan et al. (1998) reported 20 C.

concisus strains isolated from children with enteritis, and one from

a healthy control to have hemolytic activity associated with lysis

of human and animal erythrocytes. The same group later showed

that C. concisus strains had membrane-bound hemolytic phos-

pholipase A2 activity that caused stable vacuolating and cytolytic

effects on Chinese hamster ovary (CHO) cells (Istivan et al., 2004),

and that this activity was encoded by the pldA gene (Istivan

et al., 2008). Additionally, Istivan et al. (2008) detected secreted

hemolytic activities in C. concisus strains isolated from children

with enteritis. These findings are in accordance with Musmanno

et al. (1998) who showed that a C. concisus strain isolated from a

child with enteritis produced a cytotoxic-like effect on CHO cells

and induced intracytoplasmic vacuole formation, and Kalischuk

and Inglis (2011) who also showed that C. concisus isolates had

hemolytic activity against sheep red blood cells. Moreover, Eng-

berg et al. (2005) reported strain specific differences in the ability

of C. concisus strains to induce cytolethal distending toxin-like

effects on monkey kidney (Vero) cells, however, no association

with disease outcome was found.

Further evidence of the cytotoxicity of C. concisus isolates was

provided more recently by Nielsen et al. (2011b) who observed an

elevated level of lactate dehydrogenase release in cells exposed to

this bacterium. In contrast, Kalischuk and Inglis (2011) reported

that none of their C. concisus isolates caused significant epithe-

lial cytotoxicity (also measured through lactate dehydrogenase

release). However, these authors also reported that 64.3% (9 out

of 14) of their C. concisus isolates induced epithelial DNA frag-

mentation and this was correlated with an increase in host cell

metabolic activity (Kalischuk and Inglis, 2011).

In studies conducted in our own laboratory we recently iden-

tified an invasin InvA, a hemolysin TlyA and zonula occludens

toxin Zot within the genome of C. concisus BAA-1457, isolated

from a patient with acute enteritis (Kaakoush et al., 2010). A

complete list of virulence factors and their putative functions

is provided in Kaakoush et al. (2010). Zot, a protein used by

virulent pathogens to increase tissue permeability was not a com-

mon feature among our C. concisus strains (one out of eight;

Kaakoush et al., 2011a). In contrast, Kalischuk and Inglis (2011)

detected zot in 42.8% (6 out of 14) of their C. concisus iso-

lates, which may suggest that these six isolates were genetically

related to the BAA-1457 strain. We also analyzed the secretome

of C. concisus strain UNSWCD isolated from an intestinal biopsy

of a patient with CD, and identified a S-layer RTX protein and

an outer membrane fibronectin-binding protein CadF (Kaakoush

et al., 2010). RTX proteins are pore-forming toxins synthesized

by a diverse group of Gram-negative pathogens, whereas CadF

is known to be involved in adhesion to the host cell. Analysis

of the genome of C. concisus UNSWCD revealed an O-antigen

ligase that may play a role in the aggregation and adherence

onto host cells, and an Acr protein (α-crystallin) that may con-

tribute to persistent infection within the host and may influ-

ence the host response to infection (Kaakoush et al., 2011a), as

has been observed in Mycobacterium tuberculosis (Stewart et al.,

2005). Furthermore, we identified variations within the flagellin

glycosylation pathways of C. concisus strains (Kaakoush et al.,

2011a), a factor that may contribute to the differences observed

in their pathogenic potential (Man et al., 2010a; Kaakoush et al.,

2011b).

ADHERENCE AND INVASION INTO HOST CELLS

Russell and Ward (1998) investigated the ability of C. concisus

strains isolated from children with diarrhea to adhere to and

invade HEp-2 cells, and found rates 4- to 100-fold higher than

the pathogenic and invasive Campylobacter species C. jejuni and

C. coli. In contrast, in a recent study Kalischuk and Inglis (2011)

found that C. concisus isolates exhibited comparable epithelial
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adherence, invasion, and translocation abilities to that of C.

jejuni 81–176. Moreover, the authors did not observe any dif-

ferences in mean adherence, invasion, or translocation between

isolates from diarrheic and healthy humans (Kalischuk and Inglis,

2011). In a recent study, Nielsen et al. (2011b) examined six oral

and eight fecal C. concisus isolates and found that all strains

invaded confluent host cells and impaired epithelial barrier func-

tion. The authors concluded that epithelial barrier dysfunction by

C. concisus strains could mainly be assigned to apoptotic leaks

together with moderate tight junction changes (Nielsen et al.,

2011b).

In recent studies we have investigated the invasive phenotype of

C. concisus in more detail through the analysis of isolates from dif-

ferent disease states (Man et al., 2010a). These studies showed that

the percentage invasion of C. concisus strain UNSWCD, isolated

from a child with newly diagnosed CD, was significantly higher

than that of C. concisus strains isolated from patients with acute

enteritis and a healthy control. Interestingly, C. concisus ATCC

51561 isolated from a healthy subject, showed no evidence of

invasion. These findings were confirmed with SEM (Figure 1;

Man et al., 2010a). To investigate the possible involvement of host

microtubules and microfilaments on the C. concisus UNSWCD

invasion process, we pre-treated Caco-2 cells with colchicine or

cytochalasin D, and this showed the level of invasion by C. concisus

UNSWCD to be significantly attenuated in the presence of both

colchicine and cytochalasin D (Man et al., 2010a). We also showed

that C. concisus UNSWCD preferentially attached to intercellu-

lar junctional spaces (Figure 2) and that this spatial distribution

was concomitantly associated with a loss of membrane-associated

ZO-1 and occludin. Given that C. concisus UNSWCD was isolated

from a patient with CD, we also investigated the potential effect

of pre-existing inflammation (driven by TNF-α and IFN-γ) on

C. concisus UNSWCD invasion. This showed that the ability of

C. concisus UNSWCD to invade Caco-2 cells treated with TNF-α

or IFN-γ was significantly increased, suggesting that the presence

of inflammation increases the invasive ability of C. concisus (Man

et al., 2010a).

In a more recent study, we investigated the invasive potential of

eight C. concisus strains isolated from different disease states (three

CD, one chronic enteritis, three acute enteritis, and one healthy

subject), and found that the percentage invasion of C. concisus

strains isolated from chronic intestinal diseases were more than

500-fold higher than that of C. concisus strains isolated from acute

intestinal diseases and a healthy control (Kaakoush et al., 2011b).

As was previously reported by Russell and Ward (1998), the lev-

els of invasion observed for C. concisus strains in our study were

higher than that reported for C. jejuni (Kaakoush et al., 2011b).

Importantly, we detected a plasmid harboring virulence deter-

minants from several pathogenic organisms only in the highly

invasive strains isolated from chronic intestinal diseases, thus, elu-

cidating the feature that may be responsible for the heterogeneity

in the invasive potential of C. concisus (Kaakoush et al., 2011b).

FIGURE 1 | Host attachment and invasion by Campylobacter concisus

UNSWCD (adapted from Man et al., 2010a). Caco-2 cells were infected

with bacteria at a MOI of 200 for 6 h. (A) The polar flagellum of C. concisus

UNSWCD mediated attachment to the microvillus tip (triangles). (B) The

flagellum appears to fold around the microvillus (triangle). (C) C. concisus

induced a membrane ruffling-like effect (*). (D) C. concisus is observed half

internalized in the host cell, resulting in a surface protrusion on the host cell

membrane, and the flagellated half remains externally exposed. A host cell

infected with multiple bacteria displays cell membrane irregularities and

uneven texture because of bacteria-induced protrusions (arrows).
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FIGURE 2 | Preferential attachment of Campylobacter concisus UNSWCD to intercellular junctional spaces of host cells (adapted from Man et al.,

2010a). HT-29 cells were infected with bacteria at a MOI of 200 for 6 h. (A–D) C. concisus UNSWCD preferentially attached to areas resembling the intercellular

junctional space.

HOST IMMUNE RESPONSE TO CAMPYLOBACTER CONCISUS

Several studies have attempted to elucidate the host immune

response to C. concisus infection. In our own studies we have

shown that following infection of intestinal cells, C. concisus

UNSWCD stimulated significantly higher levels of IL-8 as com-

pared with Escherichia coli K-12 (Man et al., 2010a), a finding that

is supported by Kalischuk and Inglis (2011) who also reported

the infection of intestinal cells with C. concisus strains to result

in increased expression of IL-8 by more than twofold. Interest-

ingly, in our study the levels of IL-8 stimulated with heat-killed C.

concisus were found to be comparable to that of their viable coun-

terparts. Furthermore, in an examination of the THP-1 monocytic

cell response to bacterial stimulation we observed that C. concisus

UNSWCD induced significantly elevated levels of IL-8 and TNF-α,

but not IL-1β when compared with unstimulated controls (Man

et al., 2010a). When primary human macrophages were infected

with C. concisus UNSWCD a significantly higher level of TNF-α

was observed as compared with the unstimulated control, while

relatively low levels of IL-1β were produced. Whilst C. concisus

UNSWCD induced increased levels of IL-8 in primary human

macrophages, the levels observed were not significantly higher

than that in the unstimulated control (Man et al., 2010a). Com-

parison of the results of C. concisus UNSWCD to that of other C.

concisus strains, showed strain dependency in their ability to stim-

ulate IL-8 and TNF-α in the different types of host cells examined

(Man et al., 2010a).

More recently, we showed that host cells infected with any

of our C. concisus strains (CD, chronic enteritis, acute enteritis,

and a healthy subject) produced high amounts of IL-12, however,

only the C. concisus strains capable of internalizing into host cells

induced a significantly increased quantity of IFN-γ with respect

to controls (Kaakoush et al., 2011b). These findings, along with

the regulation of proteasomal subunits, ubiquitination pathways,

and NF-κB inhibitors, led us to hypothesize that invasive C. con-

cisus strains can activate the NF-κB pathway (Kaakoush et al.,

2011b).

PATHOGENESIS IN ANIMAL MODELS

Only one study has observed the pathogenic potential of C. con-

cisus in vivo (Aabenhus et al., 2008). In this study, five clinical C.

concisus isolates of intestinal origin and the ATCC 33237 type

strain of oral origin were inoculated into immunocompetent

BALB/cA mice treated with cyclophosphamide to suppress their

immune functions. While C. concisus was isolated from the liver,

ileum, and jejunum of some of these mice, this was not consis-

tent across experiments. Further histological examination did not

consistently find signs of inflammation in the gut, but occasion-

ally micro-abscesses were found in the liver of infected animals

(Aabenhus et al., 2008). Compared to controls, mice infected with

some C. concisus strains showed a significant weight loss in the first

couple of days, but this effect wore off by the fifth day of infection.

Finally, a total of three C. concisus-infected mice died during the

course of the experiments.

The findings in relation to animal models of C. concisus infec-

tion are of no surprise given the difficulty faced with developing

a good animal model of C. jejuni infection. For example, many
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murine models of C. jejuni infection have resulted in sporadic col-

onization and/or absence of clinical disease signs (Bereswill et al.,

2011), an outcome that is suggested to relate to colonization resis-

tance caused by the murine intestinal flora. The recent develop-

ment of novel C. jejuni infection models by Bereswill et al. (2011)

may however now overcome previous problems relating to both

poor colonization and the absence of the classical campylobac-

teriosis picture observed in humans. To overcome colonization

resistance due to the murine flora, Bereswill et al. eradicated the

intestinal flora of gnotobiotic mice using antibiotic treatment and

then investigated the colonization potential of these mice with

C. jejuni. This showed that C. jejuni could colonize all regions

of the GIT of these mice. Further, a group of gnotobiotic mice

treated with antibiotics were recolonized with human intestinal

microflora and following recolonization, were infected with C.

jejuni and the colonization and inflammatory response investi-

gated. This showed that C. jejuni could not only stably colonize

the gnotobiotic “humanized” intestinal tract but also exhibited the

typical pro-inflammatory features of human campylobacteriosis.

Given this, the gnotobiotic and “humanized” mouse models may

turn out to be an excellent model of C. concisus infection (Bereswill

et al., 2011).

RESERVOIRS OF INFECTION

While the source and routes of transmission for the closely related

species C. jejuni and C. coli are well established (Vandamme et al.,

2005), little is known about the source and route of transmission of

C. concisus. Given the importance of birds and animals as a source

of C. jejuni and C. coli in human infection, current studies have

focused on detection of C. concisus in domestic animals, sheep,

cattle, pigs, and chickens. For example, in a study investigating the

presence of C. concisus DNA in the saliva of domestic pets, Petersen

et al. (2007) identified this bacterium in 1 of 8 cats but in none

of 12 dogs. In another study, which screened fecal samples from

healthy dogs for different Campylobacter species, although several

Campylobacter species were identified,C. concisus was not detected

(Chaban et al., 2009). Interestingly, in a follow up study by the same

group, which screened fecal samples from both healthy (n = 70)

and diarrheic dogs (n = 65), C. concisus DNA was detected in six

diarrheic dogs but not in healthy dogs (P < 0.05; Chaban et al.,

2010). In an attempt to determine if farm animals were a reservoir

for emerging Campylobacter species, Oporto and Hurtado (2011)

detected two isolates from healthy sheep feces that were shown to

cluster with C. concisus strains, despite sharing higher similarity

with C. mucosalis, however, no C. concisus DNA was detected in

swine, beef cattle, or dairy cattle. Interestingly in a study which

investigated the presence of C. concisus in chicken (n = 185), pork

(n = 179), and beef (n = 186) samples collected throughout the

Republic of Ireland, Lynch et al. (2011) found C. concisus to be

present in 10 and 3% of chicken and beef samples, respectively.

Notably, the detection level of C. concisus in chicken meat was

similar to that observed for C. jejuni (13% of samples; Lynch et al.,

2011). While C. concisus may be associated with enteritis in dogs

(Chaban et al., 2010), collectively current studies would suggest

that chickens, and not domestic pets, are a more likely reservoir

for C. concisus, thus suggesting the possibility of zoonotic trans-

mission. Furthermore, the presence of viable C. concisus in the

saliva of most humans (described above) may support a person to

person route of transmission.

ANTIBIOTIC SUSCEPTIBILITY

The susceptibility of C. concisus to a variety of antimicrobial agents

has been examined in several studies and these are summarized in

Table 3 (Tanner et al., 1981; Johnson et al., 1986; Aabenhus et al.,

2005b; Vandenberg et al., 2006). In 1981, upon designation of six

isolates from the oral cavity of humans into the new species C.

concisus, Tanner et al. (1981) measured the effects of 17 antimi-

crobial agents against these isolates and found them to be resistant

to bacitracin, nalidixic acid, rifampin, and vancomycin (Table 3).

Five years later, Johnson et al. (1986) observed the effects of 17

antimicrobial agents, 7 of which had been previously investigated

by Tanner et al. against a group of five isolates designated“Wolinella

spp./C. concisus” (Table 3) and showed that as reported by Tanner

et al. isolates were susceptible to chloramphenicol, metronida-

zole, clindamycin, erythromycin, tetracycline, and penicillin. In

contrast to Tanner et al., Johnson et al. (1986) found two of five

isolates to be resistant to gentamicin. O’Connor et al. (1990) stud-

ied the effect of minocycline on C. concisus and as was observed by

Tanner et al. (1981), they found the drug to be effective against the

bacterium. However, they also observed an increase in the MIC of

minocycline for C. concisus after the bacterium was exposed to sub-

lethal concentrations of the antibiotic for 6–7 weeks, a finding that

was not observed in most of the bacteria they tested (O’Connor

et al., 1990).

In a more recent study Engberg et al. (2005) reported that all 43

C. concisus isolates tested were susceptible to erythromycin, tetra-

cycline, nalidixic acid, streptomycin, ciprofloxacin, gentamicin,

colistin, chloramphenicol, sulfamethizole, neomycin, and ampi-

cillin, however, their data was not shown. In a study which char-

acterized and sub-grouped 109 C. concisus strains isolated from

98 patients with gastrointestinal disease into two major groups

(Group 1, n = 15; Group 2, n = 94) using protein profiling, Aaben-

hus et al. (2005b) tested the effects of eight antimicrobial agents

against the isolates in each group using a range of techniques

(Table 3). While resistance to nalidixic acid was detected in 87–

90% of strains (API Campy system and disks from Biodisc AB),

all strains were resistant to cefazolin (API Campy system). Based

on two techniques (Neosensitabs and E-tests), C. concisus strains

were found to be generally susceptible to ampicillin (93–100%),

tetracycline (97–100%), ceftriaxone (89–98%), mecillinam (92–

100%), erythromycin (93–97%), and ciprofloxacin (87–95%). In

contrast, the API Campy system found all isolates to be resistant

to erythromycin (Aabenhus et al., 2005b). The authors concluded

that the API Campy system was not a valid tool in the identification

of C. concisus as they considered the reaction patterns to be too het-

erogenous (Aabenhus et al., 2005b). In agreement with Aabenhus

et al., Vandenberg et al. (2006) reported all 20 C. concisus isolates

tested to be susceptible to ampicillin and tetracycline, 5% to be

resistant to gentamicin, ciprofloxacin, and erythromycin, and 80%

to be resistant to nalidixic acid. Strikingly, Aabenhus et al. (2005b)

found that the majority of their strains (94%) were susceptible

to cephalothin, a finding that contradicts Roop et al. (1985) who

stated that C. mucosalis strains can be differentiated from C. con-

cisus through the latter’s resistance to cephalothin. In agreement
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Table 3 | Susceptibility* of Campylobacter concisus to 30 antimicrobial agents.

Antibiotic Tanner et al. (1981) Johnson et al. (1986) Aabenhus et al. (2005b)# Vandenberg et al. (2006) Bergey’s

(Vandamme et al., 2005)

Group 1 Group 2

Amikacin – >64 – – – –

Ampicillin – – 1.5 0.38 2.0 –

Bacitracin >128 – – – – 128

Cefazolin – >128 – – – –

Cefoperazone – >128 – – – –

Cefotaxime – 4.0 – – – –

Cefoxitin – >128 – – – –

Ceftazidime – 64 – – – –

Ceftriaxone – – 2.0 0.5 – –

Chloramphenicol 4.0 4.0 – – – 4.0

Ciprofloxacin – ≤1.0 0.094 0.125 0.25 –

Clindamycin 2.0–4.0 1.0 – – – 24

Colistin 0.5–1.0 – – – – 0.5–1.0

Erythromycin 4.0 2.0 3.0 3.0 4.0 4.0

Gentamicin 2.0–4.0 >32 – – 1.0 24

Imipenem – ≤1.0 – – – –

Kanamycin 1.0–2.0 – – – – 12

Mecillinam – – 3.0 3.0 – –

Metronidazole 0.5–2.0 1.0 – – – 0.5–2.0

Minocycline 2.0 – – – – 2.0

Moxalactam – 128 – – – –

Nalidixic acid 64–128 – – – 32 64–128

Neomycin 16–32 – – – – 16–32

Penicillin 0.5–4.0 8.0 – – – 0.5–4.0

Piperacillin – 256 – – – –

Polymixin B ≤0.25–1.0 – – – – 0.25–1.0

Rifampin 16–64 – – – – 16–64

Streptomycin 1.0–2.0 – – – – 12

Tetracycline 1.0–2.0 1.0 0.5 0.75 0.5 12

Vancomycin >128 – – – – 128

*MIC90 represents the MIC that completely inhibited visible growth of 90% of the strains. #C. concisus strains were split into two groups based on their protein

profiles.

with Aabenhus et al., Pruckler et al. (2002) reported that only 5%

of their 73 C. concisus isolates to be resistant to cephalothin. In

addition, the authors reported that the overall resistance rates for

their 73 C. concisus isolates were 93.75% for nalidixic acid, 30%

for clindamycin, 7.5% for ciprofloxacin, 3.75% for tetracycline,

2.5% for erythromycin, 1.25% for azithromycin, and 0% for both

chloramphenicol and gentamicin (Pruckler et al., 2002).

Notably, Moore et al. (2006) upon examining 457 C. con-

cisus isolates collected between 1998 and 2006, reported that

resistance to nalidixic acid increased from 40 to 62%, resistance

to ciprofloxacin increased from 6.9 to 18%, resistance to ery-

thromycin increased from 4.8 to 21.7%, whereas ceftriaxone resis-

tance remained stable at 2% over the time frame. Moreover, some

isolates were resistant to several classes of antibiotic (Moore et al.,

2006).

Other studies reporting the effect of antimicrobial agents

against C. concisus include the finding that this bacterium

expresses pyrazinamidase activity (Shingaki et al., 1999), a reac-

tion that converts the pro-drug pyrazinamide to its active form

pyrazinoic acid.

Interestingly, a number of studies investigating the effect of

antibiotic therapy in patients with CD have reported nitroimida-

zoles and ciprofloxacin, antibiotics to which C. concisus remains

sensitive, to have a beneficial effect (Feller et al., 2010). For

example, in a recent systematic review and meta-analysis of ran-

domized clinical trials, which investigated the effect of antibi-

otic therapy on remission in patients with active disease and

relapse in patients with inactive disease, three studies using

nitroimidazoles (two, metronidazole and one, omidazole), showed

a beneficial effect (OR: 3.54; 95% CI: 1.94–6.47). Further, a

trial examining treatment with ciprofloxacin for 6 months also

showed benefit (OR: 11.3; 95% CI: 2.60–48.8). In contrast, the

combined OR (OR: 0.58, 95% CI: 0.29–1.18) obtained from

three trials involving treatment with anti-tuberculosis drugs
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(including rifamycins) showed no beneficial effect (Feller et al.,

2010).

Collectively, these studies show that although several classes of

antibiotics that are generally effective against anaerobes remain

effective against C. concisus, resistance to antimicrobial agents

within C. concisus isolates is on the rise.

CONCLUSION

Significant advances in our understanding of C. concisus have

occurred over the last 5 years with over a third of studies on C. con-

cisus published within this time period. Current evidence would

suggest that likely reservoirs of this bacterium include humans

and chickens. In relation to disease, C. concisus has been asso-

ciated with periodontal diseases, acute enteritis, and IBDs, with

the strongest evidence relating to acute and chronic intestinal

diseases. The finding that C. concisus strains can adhere to and

invade host cells, translocate across cell monolayers and induce

inflammatory immune responses supports the possible role of

this bacterium in intestinal diseases. Further studies that com-

pare the prevalence and pathogenic potential of C. concisus strains

isolated from different disease outcomes with those from healthy

controls are required to reinforce the current evidence suggest-

ing an association between C. concisus and intestinal diseases. A

further important step will be the identification of a suitable ani-

mal model in which to investigate the pathogenesis of C. concisus

infection.
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