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Abstract

AIM: To infect mice with atypical Campylobacter
concisus (C. concisus) for the first time.

METHODS: Three separate experiments were
conducted in order to screen the ability of five clinical
C. concisus isolates of intestinal origin and the ATCC
33237 type strain of oral origin to colonize and
produce infection in immunocompetent BALB/cA mice.
The majority of the BALB/cA mice were treated with
cyclophosphamide prior to C. concisus inoculation to
suppress immune functions. Inoculation of C. concisus
was performed by the gastric route.

RESULTS: C, concisus was isolated from the liver, ileum
and jejunum of cyclophosphamide-treated mice in the
first experiment. No C. concisus strains were isolated
in the two subsequent experiments. Mice infected with
C. concisus showed a significant loss of body weight
from day two through to day five of infection but this
decreased at the end of the first week. Histopathological
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examination did not consistently find signs of
inflammation in the gut, but occasionally microabscesses
were found in the liver of infected animals.
CONCLUSION: Transient colonization with C. concisus
was observed in mice with loss of body weight. Future
studies should concentrate on the first few days after
inoculation and in other strains of mice.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION
The importance of Campylobacter jejuni (C. jejuni) and

C. coli in causing diarrhoeal disease worldwide is well
established". However, a possible enteric pathogenic
role for Campylobacter spp. other than C. jejuni/ coli has not
been established as yet, however, the potential pathogen
C. concisus is at present the subject of investigation
concerning its role in human gastrointestinal disease™.
Campylobacter concisus (C. concisus) has been found in high
proportions in patients with diarrhoeal disease, especially
in tertiary hospital settings” . Other studies have shown
C. concisus to possess virulence factors including a
haemolytic phospholipase and cytotoxic activity caused
by the Cytolethal Distending Toxin (CDT) as described
in C. jejum”’s].

The presence of C. concisus in the gastrointestinal
tract has been described by some investigators as that
of a commensal as no statistical differences were found
between symptomatic and asymptomatic carriers'”.
However, the fact that C. concisus is a heterogeneous
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species with several subtypes and at least two genomo-
species could in part account for the conflicting

10-12] .
I To our knowledge, no reports of C. concisus

results!
in animal models have been presented.

Attempts to establish an animal model mimicking
human campylobacteriosis using various animals
have suffered from difficulties due to handling, lack
of reproducibility, high costs and inadequate clinical
pathology[“’m. A major shortcoming of murine
models is the inability to consistently reproduce the
most common symptoms of enteritis following gastric
inoculation, although sporadic colonization of the
gastrointestinal tract has been achieved"*™. Colonization
and development of gastrointestinal symptoms is
augmented in immunodeficient or immune dysregulated
mice and following pre-treatment with oral antibiotics
or iron”"?. Consequently, no single animal model is
widely accepted and applied in the study of Campylobacter
infection. The objective of this study was to determine
if five clinical C. concisus strains of intestinal origin and
the type ATCC 33237 strain of oral origin could infect
immunocompetent and immunodeficient mice and mimic
human Campylobacter infections.

MATERIALS AND METHODS

Bacterial strains

The C. concisus reference and type ATCC 33237 strain
of oral origin and five clinical isolates of C. concisus
(RH10776.98, RH4204.98, RH4482.98, RH5097.98,
RH15690.98) all from humans with diarrhoeal disease,
were used. Strain details are given in Table 1. The isolates
for inoculation were recovered from frozen storage, plated
on 5% blood agar plates containing yeast extract (1%)
and incubated in a microaerobic atmosphere (50 mL/L
O,, 100 mL/L H,, 850 mL/L N,) at 37°C for 48 h as
described previously™. The bacteria were harvested
directly from plates into sterile phosphate buffered saline
(PBS), washed and resuspended in PBS to the required
cell density (10° CFU/mL) determined by optical density.

Test animals

Immunocompetent BALB/cA mice of both sexes (from
the breeding colony of the University of Lund, Sweden),
6-7 wk old and with a mean weight of 16.7 g were used in
the study. The mice were not defined as flora or specific
pathogen free. The mice were housed in groups of a
maximum of ten mice of equal gender per cage. All mice
received vancomycin by intragastric intubation (0.3 mL, 80
ug/mL) three days ptior to the C. cwncisus challenge. The
mice had access, ad libitum, to water and standard food.
Three days before the start of the experiments, faecal
pellets were analysed for the presence of Campylobacter spp.,
and prior to all experiments 2-4 mice were sacrificed for
baseline values with complete sampling including culture,
PCR and histopathology of the stomach, liver, ileum,
jejunum and colon tissue. All experiments were performed
according to the recommendations of the Swedish Board
of Animal Research and were approved by the Committee
of Animal Ethics of the University of Lund.

Strain Origin Diagnosis No. of Protein AFLP
experiment group group
ATCC 33237  Oral Periodontitis land 3 1 1
RH10776.98 Intestinal Healthy traveller 1and3 2 2
RH4204.98 Intestinal IBD 2 and 3 2 2
RH4482.98 Intestinal NHL and IBD 2 2 1
RH5097.98 Intestinal ALL (IR) 2 2 2
RH15690.98 Intestinal ALL (IR) 2 2 -

NHL: Non Hogdkin Lymphoma; IBD: Inflammatory Bowel Disease; ALL:
Acute Lymphoid Leukaemia; IR: In Remission; AFLP: Amplified Fragment
Length Polymorphisms.

Experimental design
The study consisted of three experiments involving a
total of 132 BALB/cA mice. Experiment 1 involved
22 animals, divided into 10 groups and the animals
were inoculated with the type ATCC 33237 strain and
the clinical isolate 10776.98. Half the mice received
an intraperitoneal injection of cyclophosphamide
(100 uL/10 g) three days before inoculation with the
C. concisus strains in order to suppress normal immune
systems by disrupting the T-cell population. The
cyclophosphamide treated and untreated mice were
kept in separate cages. Two mice were used for baseline
values. Experiment 2 involved 54 animals, divided into
10 groups and the animals were inoculated with four
clinical strains (RH4204.98; RH15690.98; RH4482.98,;
RH5097.98) or sham dosed with PBS. Half the mice
received an intrapetitoneal injection of cyclophosphamide
(100 uL/10 g) three days before inoculation with the
C. concisus strains. Four mice were used for baseline
values. Experiment 3 involved 56 animals, divided into
13 groups and the animals were inoculated with the type
ATCC 33237 strain, two clinical strains (RH4204.98;
RH10776.98) or sham dosed with PBS. All mice received
an intraperitoneal injection of cyclophosphamide
(100 pL/10 g) three days before inoculation with
C. concisus strains. Four mice were used for baseline values.
Inoculation of mice was performed by direct
intragastric administration of 0.3 mL 10” CFU/mL or
0.3 mL of PBS by gastro-oesophageal tube (outer
diameter 0.1 cm). Mice were challenged with a total of
three equal doses of C. concisus on three consecutive

days.

Evaluation of clinical status of the mice and necropsy
All animals were examined daily for signs of distress.
The consistency of faecal pellets was also noted.
Body weights of all mice in the third experiment were
measured daily. Mice were euthanized by inhalation of
carbon dioxide on day 7 (study 1: 3 mice; study 2: 5
mice; study 3: 5 mice), day 13 (study 1: 2 mice; study 2: 3
mice; study 3: 5 mice) and day 35 (study 1: 2 mice; study 2:
2 mice; study 3: 3 mice), and sampling from the stomach,
livet, jejunum, ileum and colon was performed.

Identification of C. concisus
Microbiological culture: Faecal and tissue samples
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'n = 12 from day 5. Weights are expressed as group mean. P-values are
calculated using the Mann Whitney U test.

Stomach  Liver lleum Jejunum Colon Stools
Culture 0 8 ® 1 0 0
PCR 0 1 1 1 0 0

All isolations were from mice inoculated with the clinical strain
RH10776.98.

were homogenized in PBS, plated onto blood agar
containing yeast extract using the filter technique and
incubated in a microaerobic environment for 48 h as
previously described™. Identification was petrformed on
phenotypic data according to On™,

Detection by PCR: Specimens were stored at -18°C until
examination. DNA was extracted from faecal and tissue
samples using DNeasy tissue minikit (Qiagen, Ballerup,
Denmark) using a clean room procedure. Organ tissues
were vortexed and manually degraded to homogenize
the solutions before DNA extraction. Primers and
amplification cycles were prepared according to Bastyns
et al””. The mixture consisting of one forward primer
MUC1 (5'-ATGAGTAGCGATAAATTGGG-3"), and
two reverse primers CON1 (5'-CAGTATCGGCAATT
CGCT-3") and CON2 (5-GACAGTATCAAGGATTTA
CG-3"). All C. concisus strains tested were PCR detectable
when tested directly from agar plates prior to inoculation.

Histopathological examination

Specimens for histological examination were prepared
throughout the study. Stomach, liver, small and large
intestine were removed immediately after death, fixed in
neutral buffered 4% formaldehyde, paraffin embedded
and processed for histopathological evaluation. Sections
were stained with haematoxylin and eosin and examined
under a light microscope by an experienced pathologist.
All examinations were performed blindly.

Statistical analysis

The loss of body weight in the vatious infected groups
compared to the control group was evaluated using the
Mann-Whitney U-test, with normalized weight ratios from
day 1 of the experiment. Thus, for example, in Table 2 on
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Figure 1 High power view of histological section of liver from experiment
1. Mouse inoculated with strain RH10776.98 in the non-treated group. A
microabscess is seen in the centre. Haematoxylin-eosin (x 40).

day 2, the control group 0.7 (weight increase) is compared
to ATCC 33237 0.0 (unchanged weight). Results were
considered statistically significant when P < 0.05.

RESULTS

Isolation of C. concisus

Culture: On day 7 of experiment 1, C. concisus
was isolated from all three mice sacrificed in the
cyclophosphamide-treated group, inoculated with the
clinical isolate RH10776.98. All mice had positive liver
and ileum cultures, whereas only one mouse had a
positive jejunum culture (Table 3). Faecal pellets examined
throughout the study were consistently negative. Tissue
samples obtained on day 21 and day 56 were negative
for C. concisus. Isolation of C. concisus was not obtained
during the two subsequent experiments (2 and 3).

PCR: PCR testing of the samples yielded comparable
results on day 7 of experiment 1, as all three mice sacrificed
in the cyclophosphamide-treated group, inoculated with
the clinical isolate RH10776.98, were PCR positive when
analysing ileum tissue (Tables 2 and 3). Using PCR,
C. concisus was not detected from liver or jejunum tissue.
Tissue samples obtained on day 21 and day 56 were not
positive for C. concisus. PCR results were consistently
negative in the two subsequent expetiments (2 and 3).

Histological examinations
Stomach: No evidence of inflammation or infection
was noted throughout the study.

Liver: One mouse inoculated with the clinical isolate
RH10776.98 and one mouse inoculated with the type
ATCC 33237 strain, both from non-treated groups in
experiment 1, harboured microabscesses in their livers
(Figure 1). Megakaryocytes were occasionally noted
in the livers of cyclophosphamide-treated groups,
including the controls, but not in untreated controls. The
three C. concisus-positive livers all showed evidence of
megakaryocytes and haematopoiesis.

Jejunum: No evidence of inflammation or infection
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was found, although oedema of intestinal villi was
detected in the cyclophosphamide-treated control group.
One mouse inoculated with the clinical C. concisus isolate
RH15690.98, showed infiltration of lymphocytes as
evidence of inflammation.

Ileum: Villi oedema was occasionally noted in the
various untreated and treated groups, but not in controls.
The three C. concisus-positive mice in experiment 1 had
no signs of inflammation of the ileum.

Colon: Two mice in the untreated group infected with
the type ATCC 33237 strain, showed evidence of
inflammation and lymphocyte infiltration.

Clinical parameters

Loss of body weight: Compared to controls, the mice
infected with the C. concisus strains RH4204.98 and RH
10776.98 showed a significant weight loss (P < 0.05),
while ATCC 33237-infected mice showed a similar trend,
however, this was only bordetline significant (P = 0.08)
(experiment 3). The effect was clear from day 2 but
wore off on day 5. At the end of the first week, all three
groups of C. concisus-infected mice showed a net gain less
than one g of bodyweight. The controls had a slowly
progressive net weight gain of two g These results are
summarized in Table 2. After the first week no differences
in weight were observed between the groups.

Loose stools: On day 2 and 3 faecal pellets in C. concisus-
inoculated groups were loose and slimy compared to
control groups (experiment 3).

Mortality: Two mice in experiment 2 died after the second
C. concisus inoculation with the clinical strains RH4204.98
and RH5097.98. One mouse inoculated with the clinical
isolate RH10776.98 died on day 5 (experiment 3).

DISCUSSION

The present model mimics a relevant intragastric
exposure to C. concisus infection in immunocompetent
BALB/cA mice upon cyclophosphamide and
vancomycin pretreatment. Taken together, the results
indicate a transient colonization of liver and ileum, with
clinical signs of illness seen as loss of body weight and
loose stools, however, the lack of consistent C. concisus
isolation is troublesome in the present model.

The reason for these discrepancies is not clear, but
may predominately arise from (1) difficulties in isolation
of C. concisus and (2) lack of tissue samples from sick
animals. The problem encountered in the isolation of
C. concisus from faecal pellets collected in the cages may
have been due to swarming contamination of Proteus
spp. on many of the blood agar plates, which obstructed
identification of other bacteria including C. concisus.
Using the filter technique reduced this problem but
did not alleviate this swarming. A method to separate
faecal pellets from urine might increase the isolation
rate of C. concisus in future studies. In addition, the

inoculation dose (0.3 X 10’ CFU) may have limited the
chance of persistent colonization and development
of full scale illness, as many researchers report doses
above 10" CFU before the successful recovery of
bacteria is achieved” . PCR detection was poor and
refined techniques must be used, which could also solve
the problem of swarming. In the clinical parameters
assessed, loss of body weight and loose stools were most
prominent on the first three days of infection; after that
time the effects of colonization seemed to wear off. As
the first mice were sacrificed on day 7, no symptomatic
animals were sacrificed, leaving the cultivation of
C. concisus and histopathological studies to determine the
presence of inflammation only in asymptomatic mice.

The fact that C. concisus was isolated from the
liver of infected animals is consistent with previous
studies of C. jejuni extraintestinal manifestations™"
where histopathological lesions have been described,
as opposed to the present study. There have been
occasional reports of humans developing hepatitis due
to C. jejuni infections”"™. Tn our study of 98 patients
with C. concisus infection™ none had hepatitis, although
several had disturbed liver biochemistry. The presence
of Campylobacter spp. in liver is an intriguing finding that
merits further investigation.

Overall inflaimmatory changes in the present study
were scarce and limited to a total of three mice. The
absence of substantial histopathological findings could
be due to localised patches of colonization in the GI-
tract, or that the damaging effects of colonization
were small and resolved quickly before the mice were
sacrificed seven days post-inoculation. Some studies
have reported similar findings of discrepancies between
colonization and the absence of lesions on histological
examination™, whilst studies of infections on limited-
flora SCID mice present with severe histopathological
lesions when symptomatically sick mice are sacrificed”.
Similar results were found in human studies, as
histopathological evidence of intestinal damage is limited
to sick patients and not found in asymptomatically
colonized patients®”

The present panel of six C. concisus strains (Table 1)
showed only minor differences in clinical outcome, but
the only isolated strain after inoculation was the clinical
strain RH10776.98, originally from an otherwise healthy
traveller with diarrhoea. We have previously shown
clinical differences when applying protein profiles as
well as DNA-based typing systems to differentiate
clinical C. concisus strains™'"*. The clinical strain
RH10776.98 belonged to the protein profile group
2 and genomospecies 2, both of which consisted of
predominately immunocompetent patients complaining
of diarrhoeal disease. However, clinical differences wetre
not apparent as the type ATCC strain of protein group
1 and genomospecies 1 was also able to induce a near
significant and comparable weight loss. The fact that
genetic differences exist and that many Campylobacter spp.
exhibit interstrain differences in colonization has been
shown previously”™ !, However, more strains need to
be tested to clarify the question of strain variability in
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C. concisus infection.

Recently, a membrane bound haemolytic phos-
pholipase has been identified in clinical C. concisus
strains!”. Also cytotoxic activity mimicking the Cytolethal
Distending Toxin (CDT) has been found in the majority
of tested C. concisus strains'®. Taken together these
findings suggest that a pathogenic role exists for at least
certain subtypes of C. concisus strains. It is conceivable
that C. concisus strains may differ in their pathogenicity
due to the heterogeneity of the species"**".

Intragastric exposure to C. concisus infection in im-
munocompetent BALB/cA mice upon cyclophosphamide
and vancomycin pretreatment resulted in transient
colonization of liver, jejunum and ileum in a few mice.
The symptoms were loss of body weight and loose stools.
As most mice were not diseased, other strains of mice and
increased dose levels of inoculum should be studied with
a focus on the first days after inoculation. Future studies
should concentrate on the first three days of infection
and symptomatic mice should be sacrificed for optimal
detection of histopathological changes, as the organism is
rapidly cleared from the GI-tract and symptoms resolve.

COMMENTS

Background

Our knowledge of the etiological agent in infectious diarrhoea can at present
only account for some 50% of the cases presenting with gastroenteritis. Lately,
Campylobacter concisus (C. concisus) has been associated with gastroenteritis
in humans, however clear evidence of a pathological role is lacking. At present
only few clinical laboratories worldwide perform an active search for C. concisus
strains in routine sampling from diarrhoeal patients. The present study aims to
determine if C. concisus can cause diarrhoeal illness in mice.

Research frontiers

No study has addressed a pathogenic role of C. concisus in animal models.
The demonstration of a pathogenic role of C. concisus in animals will fuffill
Koch'’s postulates and establish C. concisus as a pathogen to be considered
in diarrhoeal disease. This study reports that transient colonization occurs and
clinical symptoms are present in mice. However, the described model is not
suitable for further research, as colonization is inconsistent and symptoms
rapidly resolve.

Innovations and breakthroughs

This is the first study to report on C. concisus infection in mice.

Applications

This study proves that the colonization of mice Gl tract and liver is possible
and histopathological findings including microabscesses are present. Further
studies using immunodeficient mice and focussing on the first days of infection
are needed to justfully answer the question of pathogenicity. The liver pathology
is an intriguing finding that merits attention in a human setting.

Peer review

The experimental study is focused on establishment of experimental infection
with Campylobacter concisus in mice. The experiments are in the field of
intestinal microbiology. Experimental cohorts are well clustered; important
Campylobacter strains are used. The manuscript is well written.
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