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SUMMARY Sera from patients with Crohn's disease were tested for antibodies against organisms
which are thought to cause inflammatory bowel disease in animals, or have been implicated in
human Crohn's disease. Control sera were collected from healthy individuals and patients with
ulcerative colitis. Sera from Crohn's disease and controls failed to agglutinate Clostridium colinum
or Campylobacter sputorum subsp. mucosalis and two strains of Mycobacterium paratuberculosis
(M26 and M27). Most of the sera agglutinated a Citrobacter freundii variant, Mycobacterium
paratuberculosis (M28) and Mycobacterium avium (M41) but Crohn's disease sera did not differ
from controls. A complement fixation test against Chlamydia gave more positive reactions in patients
with Crohn's disease and colitis than in healthy controls. There was a clear difference between
the sera from patients with Crohn's disease and other sera, including ulcerative colitis, in agglu-
tination tests with the commensal coccoid rods of the genera Eubacterium and Peptostreptococcus;
in these tests 540% of sera from Crohn's disease were positive compared with 11 % in ulcerative
colitis and none of the sera from healthy controls. All the results were essentially negative with
the exception of those from Eubacterium and Peptostreptococcus and these bacteria merit
investigation.

There has been a marked rise in the incidence of
Crohn's disease in the last 20 years which cannot
simply be attributed to greater recognition of the
condition.' In such circumstances an infectious
agent may play an important role, although at-
tempts to identify an organism have been unsuccess-
ful. We have used an unusual approach and have
examined sera for the presence of antibodies against
a variety of organisms known to cause inflammatory
bowel disease in animals,2 as well as organisms which
have recently been examined in patients with
Crohn's disease. Patients with ulcerative colitis and
healthy volunteers were used as controls to compare
with patients who had Crohn's disease.

In animals a variety of microorganisms are
associated with lesions in the terminal ileum and
colon which resemble some of the features of
Crohn's disease. Although these differ in some
respects from Crohn's disease, it is possible that one
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of the pathogens or a related organism may be
involved in Crohn's disease. Among the more likely
organisms are Mycobacterium paratuberculosis,
which causes Johne's disease in ruminants,3 Clostri-
dium colinum, which is the agent of quail enteritis,4-6
Campylobacter sputorum subspecies mucosalis, which
is the bacterium associated with porcine intestinal
adenomatosis,7 and a variant of Citrobacterfreundii,
which causes mucosal hyperplasia of the colon in
mice.8 It is pertinent to note that most of these
organisms have proved difficult to culture.
There have been many suggestions that micro-

organisms are implicated in Crohn's disease and one
recent candidate is Chlamydia.9-"1 Wensinck12 13 has
focused attention on another abnormality in patients
with Crohn's disease: he found that the faecal flora
from patients differed from healthy controls. It
contained increased numbers of anaerobic gram-
negative rods and gram-positive coccoid rods of the
genera Eubacterium and Peptostreptococcus. This
difference was not affected by the duration of disease
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or by ileocaecal resection and was considered to be
independent of the disease process. In his study it
was noted that agglutination of certain strains of
Eubacterium and Peptostreptococcus occurred more
frequently with sera from patients with Crohn's
disease than with sera from healthy individuals.

Methods

SERA
Samples of sera were obtained from 100 patients
with Crohn's disease and 40 with ulcerative colitis;
cases where the differential diagnosis between
Crohn's disease and ulcerative colitis had not been
fully established were excluded from the study. Sera
from 60 healthy controls were obtained from
volunteers who worked in the hospital. Some of the
sera were not tested against all bacterial pre-
parations.

BACTERIAL PREPARATIONS
Campylobacter sputorum subsp. mucosalis (strain
253/72),14 Clostridium colinum (strain ATCC
27770),5 and Citrobacter freundii (strain 4280)8 were
all isolated from diseased animals by authors in this
paper who are working with the organisms; bacterial
suspensions were prepared in 0 12% (w/v) formalde-
hyde solution. Three strains of Mycobacterium
paratuberculosis (M26, M27, M28) and Myoebac-
terium avium (type 1, strain M41)15 were also
isolated from diseased animals and prepared as
suspensions in 0.5% phenol; M26 cross-reacted
antigenically with Mycobacterium avium type 2 and
M27 and M28 cross-reacted with Mycobacterium
avium polyvalent sera composed of types 1, 2, 3, and
18 but failed to react with a specific serotype
(Personal communication): The coccoid rods in-
cluded Eubacterium contortum (strains ME44 and
ME47) and Eubacterium rectale (ME46) isolated
from patients with Crohn's disease in Rotterdam12
and Peptostreptococcus productus (strain C18). One
to two-day anaerobic cultures of coccoid rods were
incubated with 022% (w/v) formaldehyde solution,
incubated for 18h at 37°C, washed twice in isotonic
saline, and resuspended in saline containing 0-01%
(w/v) sodium ethylmercurithiosalicylate.

All of the bacteria except the Mycobacteria were
resuspended before examination in phosphate
buffered isotonic saline at pH 7 2 to give a 10% sus-
pension; when Mycobacteria were tested 0-10%
normal rabbit serum and 10% Tween 80 were added
to prevent spontaneous agglutination.

AGGLUTINATION TESTS
Various dilutions of the sera (40 ,ul) and the bacterial
suspensions (20,ul) were mixed together for five

minutes using a Dynatech-microshaker in the
wells of flat-bottomed microtest trays (Sterilin
M29ARTL). Agglutination patterns were examined
with an inverted microscope using x 125 magnifica-
tion, immediately after solutions had been mixed
in the case of the coccoid rods, but after a further
60 minutes at 37°C with Citrobacter freundii and
after 30 minutes at 37°C followed by 16 to 20 hours
at room temperature for Clostridium colinum,
Campylobacter sputorum, and the mycobacteria.
Neat sera were used in tests against Clostridium
colinum, Campylobacter sputorum and the coccoid
rods, at 1:4 dilutions against the mycobacteria and
with a range of dilutions against Citrobacterfreundii.
The degree of agglutination was scored as 0 for no
agglutination, 1 for weak but definite agglutination,
2 for gross agglutination, and 3 for heavy agglutina-
tion of the coccoid rods and Mycobacteria. In tests
with Citrobacter freundii the endpoint was taken as
the highest dilution which gave a score of 1.

In a subsequent double-blind study of eubacteria
and peptostreptococci conducted in Rotterdam, a
slightly different technique was used. Sera and
bacteria (5 x 108/ml) were mixed, placed on slides,
and shaken. The results were read macroscopically
after shaking for five minutes.

All tests were conducted without knowledge of the
source of serum samples.

COMPLEMENT FIXATION TEST FOR
ANTIBODIES AGAINST CHLAMYDIA
The antigen for Chlamydia psittaci had been grown
on embryonated hens' eggs, and cross-reacted with
Chlamydia trachomatis. Guinea-pig serum was used
as the source of complement and the serum dilutions
were tested against an egg yolk antigen as a control.
A positive test was recorded when sera reacted at a
higher dilution against the Chlamydia antigen than
against the egg yolk antigen. For each sample of
serum the titre was recorded as the ratio of the
dilution which reacted with Chlamydial antigen to
the dilution reacting with egg yolk antigen.

Results

None of the sera which were tested showed aggluti-
nation with Clostridium colinum and the incidence of
antibodies to Campylobacter sputorum was very low
(Table 1). In contrast, agglutinating antibodies to
Citrobacter freundii were present in almost all of the
patients with inflammatory bowel disease and con-
trols (Table 2); the mean titre was higher in sera
from patients with Crohn's disease than controls
but this was not statistically significant.
Mycobacterium paratuberculosis strains M26 and

M27 failed to be agglutinated by any of the sera
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Table 1 Antibodies to Campylobacter sputorum and
Clostridium colinum

Camp. sputorunoi Cl. colinum

Crohn's disease 1/62 0-61
Ulcerative colitis 1/35 0/34
Controls 1/58 0/55

Number of patients with agglutinins against Campylobacter sputorum
and Clostridiiam colinum:i; the denominator is the number of sera
tested in each group.

Table 2 Antibodies to Citrobacter freundii

Positive in Nuntber Mean titre
neat serumpi (log10)

Crohn's disease 62/62 31 165 0--025
Ulcerative colitis 28/35 - -

Controls 58/58 35 1.56 -027

Number of patients with agglutinins against Citrobacter freundii. In
31 patients and 35 controls the titre at which a positive result occurred
was determined; the mean and standard deviation for those titres is
given.

tested. However, M. paratuberculosis (M28) and
M. aviuim (M41) were agglutinated by most sera
(Table 3). Sera from patients with Crohn's disease
were not more reactive than the controls.
Complement fixing antibodies against Chlamydia

were not significantly more common in Crohn's
disease and ulcerative colitis sera than in control
sera (Table 4) and the titres were not higher.

Agglutinins against stains of the commensal
anaerobes Eubacterium and Peptostreptococcus were
found more often in Crohn's disease sera than in
ulcerative colitis or controls sera (Table 5). Of the
four strains examined, strain ME46 appeared most
'specific' for Crohn's disease. If one considers sera
which agglutinated either ME46 or two of the other
strains then the difference between patients with
Crohn's disease and the other groups is highly
significant (XQ2,23; P < 0.001). *2 analysis on
1 degree of freedom with a continuity coriection
showed that the difference between patients with
Crohn's disease and ulcerative colitis was significant

Table 3 Agglutinins against Mycobacterium
paratuberculosis, Strain M28 and Mycobacterium
avium, Strain M41

M28 M1

Numilber Mean Numlber Mean
positiv,e at score positiv,e at score
dilutioni 1/1I dilution 1/4

Crohn's disease 19/24 1.08=083 23/24 1.794-083
Ulcerative

colitis 17/24 092072 20/24 1.7911-06
Controls 19/24 1 29-086 22/24 167-0 76

Twenty-four samples of sera were tested from each group against both
mycobacteria, and the denominator gives the number which were
positive using a I in 4 dilution of the serum. The degree of agglutina-
tion was scored 1 for weak, 2 gross, and 3 for very heavy agglutina-
tion: the mean -SD of these scores are given.

Table 4 Complement fixing antibodies against
Chlamydia

Numnber Mean po.sitive
positiv,e titres

Crohn's disease 30/62 (48.4 ) 460 -407
Ulcerative co!itis 19/35 (54.3) 305 1-54
Controls 18/57 (31l6%) 4.32-1.80

The number of positive complement fixation tests for sera against
Chalson ydia; a positive was recorded when sera reacted at a higher
dilution against Chataniydia antigen compared with egg yolk antigen.

(y2 -6-54; P<0-02) and that the difference between
patients with Crohn's disease and controls was
significant (P<0-001).

Discussion

The most striking finding from our results was that
circulating antibodies to certain strains of Pepto-
streptococcus and Eubacterium were present in
significantly more patients with Crohn's disease
(540o) than in patients with ulcerative colitis (1 1o%)
or normal controls. These findings confirm Wen-
sinck's, sa13 earlier observations and those from a
small joint study which gave similar results in
Rotterdam and Cardiff. Wensinck's work followed

Table 5 Agglutinins against Peptostreptococcus productus, Straini c, 8 and Eubacterium contortum, Strains ME44 and
ME47, and Eubacterium rectale, Strain ME4 6

Proportion positive against Proportion positive against ME4,
or any two of Cl,,, ME44, or ME4,

C18 ME44 ME4, ME4,

Crohn's disease 6/24 7/24 12/24 6/24 13/24 (540
Ulcerative colitis 1/18 0/18 2/18 5/18 2/18 (110%)
Controls 1/26 1/26 0/26 4/26 0/26 (04)

The number of sera which were positive are represented by the numerator and the total sera tested by the denominator. The number of sera
with a positive result to ME4, or any two of the other organisms is in the right hand column.
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his initial finding that the number of these organisms
was substantially increased in the stools of patients
with Crohn's disease. We are reluctant to attribute
any causative role to the organisms but the findings
could be of some value in screening the relatives of
patients. It is unfortunate that only half of the
patients gave positive results and about 10% of
those with colitis were also positive.

There has recently been considerable interest in
the possible role of Mycobacteria in Crohn's disease.
Evidence implicating Mycobacteria kansasii involves
its isolation from a mesenteric lymph node, sero-
logical studies, and delayed type skin tests.16 17
However, by immunofluorescence M. kansasii
antigens were not detected in the affected bowel
mucosa of patients with Crohn's disease.'8 As far
as we are aware, Mycobacterium paratuberculosis
has not been investigated in human Crohn's disease.
In our study three strains of M. paratuberculosis and
one M. avium strain were tested. With two of the
M. paratuberculosis strains none of the sera tested
produced agglutination; with the third M. para
tulberculosis strain and the M. avium strain aggluti-
nation was produced by sera from most of the
patients and controls with no significant difference
between the groups.

Several groups have investigated the possible role
of Chlamydia with variable results.91'19 We have
been unable to demonstrate any significant difference
between our patients and those with colitis and the
results give no support to the suggestion that
Chlamydia plays a role in the aetiology of Crohn's
disease.

Similar investigations have been undertaken by
Tabaqchali et al.20 who examined 159 subtypes of
Escherichia coli. Agglutinins were found in most of
30 patients with inflammatory bowel disease and the
mean number of positives in individual subjects was
13.8 in Crohn's disease, 7.8 in ulcerative colitis, and
1-5 in controls. The higher antibody titre in patients
compared with controls is attributed to an increase
in the antigenic load entering the circulation through
diseased bowel wall and overloading the liver
'filter' system. The possibility of a pathogenic re-
lationship between the bacterial antigens and chronic
inflammatory bowel disease was unlikely in view of
the large number of Escherichia coli serotypes in-
volved. It was more likely that the phenomenon was
secondary to the disease process, although these and
other bacteria such as Peptostreptococci and
Eubacteria may play a role in perpetuating it. In a
study of bacterial flora associated with the intestinal
mucosa of 14 patients with Crohn's disease and 16
controls there was no statistical difference in the
number of bacteria associated with Crohn's tissue
compared with normal tissue, although entero-

bacteria were more commonly associated with the
Crohn's tissue.2' This contrasts with earlier work by
WlSn 12 13Wensinck.'1
In view of the disappointing efforts to identify a

causative organism, we felt it was worth examining
some bacteria which were known to cause inflam-
matory bowel disease in animals. We were en-
couraged to pursue this course because some of the
organisms in animals have proved very difficult to
culture by conventional techniques and in some
instances grow intracellularly. During the last few
years bacteria related to two of the organisms have
been found to be responsible in man for acute
diarrhoea (Campylobacter jejuni and coli)2223 and
the colitis following antibiotic administration
(Clostridium difficile).242' Our search for antibodies
to Campylobacter sputorum subsp. mucosalis (the
cause of porcine intestinal adenomatosis or 'Crohn's
disease' in pigS),26 27 Clostridium colinum (the cause
of quail enteritis in fowl),4 6fi and a variant of
Citrobacter freundii (the cause of transmissible
murine colonic hyperplasia)s gave no encourage-
ment to the suggestion that these organisms have a
causative role in Crohn's disease, although a
negative agglutination test does not exclude the
possibility that they may play a part.

We should like to like to thank Mr P R J Matthews,
of the Institute of Research in Animal Diseases,
Compton, Newbury, England; for providing myco-
bacterial antigens, and Dr Moore, of the Virginia
Polytechnic Institute and State University, Blacks-
burg, Virginia, USA, for providing Peptostrepto-
coccus productus.
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