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Crohn’s disease may be triggered by an infection, and it is plausible to consider that such an infection may
be animal borne and ingested with our food. There has been considerable interest in the past in determining
whether Mycobacterium avium subsp. paratuberculosis (M. avium) might be the etiologic agent in Crohn’s disease
since it causes a disease in cattle that is similar to Crohn’s disease in humans. We aimed to determine if there
was an association between Crohn’s disease and infection with M. avium or other zoonotic agents and compared
the findings with those for patients with ulcerative colitis, unaffected siblings of Crohn’s disease patients, or
population-based controls without inflammatory bowel disease. Patients under age 50 years with Crohn’s
disease or ulcerative colitis, unaffected siblings of patients, or healthy controls drawn from a population-based
age- and gender-matched registry were enrolled in a study in which subjects submitted to a questionnaire
survey and venipuncture. A nested cohort underwent colonoscopy plus biopsy. Samples were batched and
submitted to PCR for the detection of M. avium and other zoonotic agents known to cause predominately
intestinal disease in cattle, sheep, or swine. Only one patient with ulcerative colitis, no patients with Crohn’s
disease, and none of the sibling controls were positive for M. avium, whereas 6 of 19 healthy controls were
positive for M. avium. Since the control subjects were significantly older than the case patients, we studied
another 11 patients with inflammatory bowel disease who were older than age 50 years, and another single
subject with ulcerative colitis was positive for M. avium. One other subject older than age 50 years with
ulcerative colitis was positive for circovirus, a swine-borne agent of infection. In conclusion, by performing PCR
with mucosal samples from patients with Crohn’s disease and controls, no association between Crohn’s disease

and infection with M. avium or any of the other six zoonotic agents studied could be found.

Recently, there has been heightened interest in pursuing a
microbial etiology in Crohn’s disease. Mycobacteria are among
the potential candidate microbes. In the early part of the 20th
century the similarities between segmental human intestinal
disease and granulomatous disease in cattle were identified
(12). In the latter part of the 20th century, with the advent of
a modern understanding of the clinical manifestations of
Crohn’s disease, parallels were drawn between Crohn’s disease
and mycobacterial diseases of both humans and animals.
Crohn’s disease is a segmental granulomatous intestinal dis-
ease with a predilection for the terminal ileum and right colon.
When Mycobacteria tuberculosis affects the gut it causes a seg-
mental granulomatous disease associated with pain, diarrhea,
and wasting, with a predilection for the terminal ileum and
right colon. Mycobacterium avium subsp. paratuberculosis (M.
avium) causes a disease in cattle known as Johne’s disease, also
a granulomatous inflammatory enteritis associated with diar-
rhea, wasting, and a predilection for the ileum (35). The sim-
ilarities between Johne’s disease and Crohn’s disease can be
summarized as follows: (i) both diseases typically begin early in
life; (ii) clinical manifestations of both diseases more typically
begin after sexual maturity; (iii) both diseases cluster in fami-
lies or herds; (iv) the main target site for disease is the ileum;
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(v) these diseases share similar host responses, as seen by
histopathology; and (vi) the clinical symptoms of diarrhea and
weight loss are similar (11). Granulomas are universally
present in animals with Johne’s disease, but they are present in
approximately one-third to one-half of subjects with Crohn’s
disease. This may reflect the potential diverse repertoire of
responses to a single pathogen that individuals can mount.
Alternatively, this may highlight the fact that Crohn’s disease is
a variety of diseases. Those patients who mount granulomatous
responses may have antigenic triggers different from those who
do not. Thus, on consideration of the diverse pathological
responses of Crohn’s disease and the diverse disease pheno-
types, it is reasonable to consider that a single organism may be
associated with only some cases of Crohn’s disease or that
multiple organisms cause the different clinical manifestations
of Crohn’s disease.

It is rational to consider that an infectious etiology for
Crohn’s disease might be the ingestion of foodstuffs. Further-
more, the epidemiology of the disease, whose incidence is
rising in Western societies, concurrent with the low rates of
Crohn’s disease in developing nations over the second half of
the 20th century and high rates among immigrants to Western
societies, is consistent with the possibility that a critical infec-
tion may be acquired from cattle or sheep via milk or meat
ingestion, staples of Western diets, and cause Crohn’s disease
in patients with the appropriate genetic predisposition (3).

In the United States approximately 22% of all dairy herds
and 8% of beef herds are infected with M. avium (11). A survey
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of dairy operations with at least 30 milk cows involving 20
states (representing 79.4% of the dairy population) across the
United States found evidence of Johne’s disease in 22% of the
herds. However, over half of the infected herds had only one
infected cow (28). This is also a problem in Canadian cattle. A
survey of 14,932 cows in 304 randomly selected dairy herds in
Ontario, Canada, found that 6.1% of the animals tested were
seropositive for M. avium by enzyme-linked immunosorbent
assay (24). Of all cows presenting to abattoirs for slaughter, M.
avium was isolated from the tissues of 5.5% (24).

Investigators have used molecular biology-based techniques
in search of M. avium gene sequences. We believed that it was
critical to pursue this question of M. avium infection of muco-
sal tissue with an appropriate, unbiased, population-based con-
trol group. Furthermore, we hypothesized that it may be plau-
sible that other cattle- or sheep-borne infections may be
relevant to human disease and worth pursuing in a study of the
tissues of Crohn’s disease patients and controls.

Bovine viral diarrhea (BVD) virus causes a complex of dis-
eases in cattle, including enteritis, during acute or transient
infection, which is usually mild but which is occasionally severe
enough to kill even adult cows. Brachyspira hyodysenteriae is
the causative agent of swine dysentery, a disease of actively
growing pigs, and Brachyspira pilosicoli is associated with in-
testinal spirochetosis of pigs in the postweaning period, dogs,
birds, and humans (usually those that are immunocompro-
mised) (14). Q fever is a zoonotic disease caused by Coxiella
burnetii, a species of bacteria that is distributed globally (2).
Many human infections are inapparent. Cattle, sheep, and
goats are the primary reservoirs of C. burnetii. Infection has
been noted in a wide variety of other animals, including other
breeds of livestock and domesticated pets. Infection of humans
usually occurs by inhalation of these organisms from air that
contains airborne barnyard dust contaminated with dried pla-
cental material, birth fluids, and excreta of infected herd ani-
mals. Humans are often very susceptible to the disease, and
very few organisms may be required to cause infection. The
pattern of illness in patients with Chlamydia psittaci infections
is very similar to that in patients with C. burnetii infections (22).

Circovirus causes an entity known as postweaning multisys-
temic wasting syndrome (PMWS) in pigs. Pigs show chronic
wasting, pallor, and enlarged lymph nodes. They usually de-
velop jaundice and a decreased growth rate. In some less
specific cases, there are some respiratory and digestive (diar-
rhea, gastric ulcers) signs. Porcine circovirus type 2 has been
demonstrated in the lesions of animals with PMWS, sometimes
in association with other viruses such as porcine reproductive
and respiratory syndrome virus and parvovirus. However, por-
cine circovirus type 2 is also found in herds which do not have
problems with PMWS.

In Manitoba, Canada, we have developed a population-
based database of inflammatory bowel disease (IBD) and re-
ported Crohn’s disease incidence rates (15 cases/10° popula-
tion/year) that were among the highest in the published
literature (4). The agricultural economy of rural Manitoba and
the production of locally consumed beef, dairy, and other an-
imal products enhance the relevance of pursuing M. avium and
other zoonoses as potential etiologies for Crohn’s disease in
Manitoba. We developed a cohort of population-based con-
trols and had a cadre of siblings of patients with Crohn’s
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disease who also served as controls. Patients with ulcerative
colitis served as relevant disease controls. We enrolled subjects
in an endoscopy plus biopsy study which facilitated the acqui-
sition of mucosal tissue.

MATERIALS AND METHODS

Study subjects. A population based case-control study was undertaken. In
developing an administrative definition of IBD for the purposes of creating a
population-based database, subjects identified through the administrative data-
base of Manitoba Health, the single provincial health insurer, were mailed
questionnaires regarding their histories of IBD and willingness to participate in
future studies. Sixty percent of the subjects responded and mailed back the
questionnaires (4). Those who returned the questionnaires (and thereby con-
sented to be known to the researchers) were logged in the University of Mani-
toba Research Registry. At the beginning of the present study there were 2,890
subjects in the Research Registry. Individuals in this Research Registry who
agreed to participate in future studies furnished a mailing address and a tele-
phone number to facilitate contact. We accessed the registry to enroll subjects
under the age of 50 years and mailed them information sheets and questionnaires
for the case-control study that we were initiating.

Control selection. As part of a larger case-control study, a population-based
set of controls was selected from the Manitoba Health population registry. The
Manitoba Health population registry contains demographic information on all
individuals registered with the Manitoba Health public health insurance system.
The registry is regularly updated with vital registrations and information from
medical and hospital transactions and closely matches population estimates de-
rived from the Canadian census (Statistics Canada) (31). A random sample of
registered persons was selected with stratification for age (5-year intervals) and
gender to achieve balance with the case series for those two variables. Using the
specified stratification, Manitoba Health’s Information Services generated a
mailing list of eligible controls and sent an information package prepared by the
investigators explaining the study and requesting participation. The investigators
did not know the identities of the controls unless they received a mailed re-
sponse. For a second control group, we asked patients with IBD to refer us to one
or more siblings.

All cases and controls completed a questionnaire and submitted to venipunc-
ture. Controls were invited to participate in the colonoscopy plus biopsy study,
and those who agree were paid an honorarium. Approximately 10% of the
controls who were enrolled in our study in which we collected questionnaire data
and blood agreed to participate in the colonoscopy plus biopsy study. Cases were
asked to contact the study personnel when they were to undergo their next
colonoscopy for clinical reasons. All cases who were to undergo colonoscopies
agreed to tissue collection for study purposes.

Colonoscopy plus biopsies. At colonoscopy we obtained eight biopsy speci-
mens from the cecum and eight biopsy specimens from the rectum, which were
studied separately, from the cases and controls. For subjects with a previous cecal
resection, biopsy specimens were obtained from the right colon distal to the
ileocolonic anastomosis. All biopsy specimens were snap-frozen in liquid nitro-
gen and stored at —70°C.

PCR. All laboratory procedures were performed by using published guidelines
for quality assurance of PCR in diagnostic laboratory settings (29). Each stage of
the PCR process was carried out in one of four separate rooms which were
designated for specific use in order to minimize the risk of cross contamination
(29). Separate sets of designated gloves, lab coats, micropipettors, and filter
barrier tips were used in each room for all steps. Every set of PCRs that were
performed included two positive control samples and at least one negative
control sample. In the past 2 years our team has performed a total of over 20,000
routine PCR tests. Relevant to this report, several individual tissue specimens
were positive by PCR for the organisms evaluated in the study described in this
report, including M. avium (n = 80), BVD virus (n = 4,000), B. pilosicoli (n =
190), B. hyodysenteriae (n = 130), circovirus (n = 600), C. psittaci (n = 120), and
C. burnetii (n = 50). In the Nayar, Hamel laboratory all specimens positive by
PCR tests are subjected to either DNA sequencing or analysis of the patterns
observed on electrophoresis gels after restriction enzyme digestion of the PCR
products. Samples from among these specimens with positive results served as
positive controls in our study.

Nucleic acid purification. Nucleic acids were extracted from tissue samples
essentially as described previously (19), except that tissues were homogenized in
only 1 ml of lysis buffer in 10-ml polypropylene snap-cap tubes. The tissue lysis
buffer used in this study is a modification (19) of the commonly used Chomczyn-
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ski lysis buffer (9). Specifically, 0.2 M sodium acetate was used at pH 7.0 instead
of pH 4.0.

PCR amplification. A nested PCR assay for detection of the IS900 sequence
of M. avium was performed by using previously described primer sequences (33)
and previously described reaction and thermocycling conditions (19). The lysis
buffer that our laboratory uses (19) to detect M. avium in Johne’s disease cases
in cattle is used with the understanding that its sensitivity will be slightly com-
promised in order to minimize the risk of false-positive results. The sensitivity of
our M. avium-specific nested PCR assay is approximately 10 mycobacterial ge-
nomes, which is comparable to that described previously (26, 33). The first PCR
used primers (5" to 3") p90 (GAAGGGTGTTCGGGGCCGTCGCTTAGG)
and p91 (GGCGTTGAGGTCGATCGCCCACGTGAC). After the first PCR
was performed, 1 pl was tested by PCR with nested primers (5 to 3') AV1
(ATGTGGTTGCTGTGTTGGATGG) and AV2 (CCGCCGCAATCAACTCC
AG).

The procedure that our laboratory uses is suitable for detection of the vege-
tative state of M. avium, which is associated with Johne’s disease in cattle.

Other organisms. Reverse transcription-PCR (RT-PCR) for detection of
BVD virus was performed as described previously (20). The PCR assay for
detection of B. pilosicoli used unpublished primer sequences designed by our
laboratory which targeted a 601-bp region of the 16S rRNA gene (GenBank
accession number U14928) between nucleotide positions 160 and 760. Primers
Spil-1 (AGAGTAGAGGAAAGTTTTTTCGCTTCACGA) and Spil-2 (GTAC
AACGTTTACGGCTAGGACTACCAGGG) were used. The PCR assay for
detection of B. hyodysenteriae used unpublished primer sequences designed by
our laboratory which targeted a 586-bp region of a probe sequence (GenBank
accession number U16319) between nucleotide positions 248 and 833. Primers
Shyo-248 (CTCTTGGGTGGGCGTTATAATCG) and Shyo-833 (GTCCTGTA
GGAACTGTTGCAGGCT) were used. The PCR assay for detection of type 2
circovirus used previously described primer sequences (19). The PCR assay for
detection of C. psittaci used unpublished primer sequences designed by our
laboratory which targeted a 221-bp region of the major outer membrane protein
gene (GenBank accession number M36703) between nucleotide positions 55 and
275. Primers momp-1 (TGCTTAAGGCTGTTTTCACTTGCA) and momp-2
(GTAAGGAGAGAGCGGAACCCGT) were used. The PCR assay for detec-
tion of C. burnetii used unpublished primer sequences designed by our laboratory
which targeted a 442-bp region of the transposase (ISI/11a) gene (GenBank
accession number M80806) between nucleotide positions 138 and 642. Primers
Cox-821-For (TTGTCGGCGTTTATTGGGTTGGTC) and Cox-1262-Rev (GG
TTGATGCTTATCGGGCTATCGG) were used.

Gel electrophoresis and photography were performed as described previously
(19). The sensitivities of the regular RT-PCR and PCR assays have been esti-
mated to be from 10° to 10° genome copies, and this decreases to 100 copies for
the nested PCR. The sensitivities of our assays were comparable to those pub-
lished previously. We have previously reported that the sensitivity of our BVD
RT-PCR test is approximately 0.1 50% tissue culture infectious doses (20). The
assays for the other organisms had similar sensitivities. The investigators per-
forming the PCR studies (G.N. and A.H.) were blinded to study subject infor-
mation.

This study was approved by the University of Manitoba Research Ethics Board
and the Manitoba Health Human Information Privacy Committee.

RESULTS

A total of 24 patients with Crohn’s disease (12 males, 12
females; mean age, 33.5 = 1.7 years), 28 patients with ulcer-
ative colitis (16 males, 12 females; mean age, 36.2 * 1.9 years),
and 28 controls (15 males, 13 females; mean age, 41.1 = 1.1
years) were enrolled in the study. Among the patients with
Crohn’s disease enrolled in the study, 33% were known to have
granulomatous disease, as determined histologically. The con-
trols were significantly older than the patients in the Crohn’s
disease group (P = 0.003) and the ulcerative colitis group (P =
0.01); however, there were no significant differences between
the groups by gender. There was no difference between the
three groups in terms of the distribution of urban and rural
residents. Among the controls, 9 were sibling controls and 19
were random population-based controls.

None of the Crohn’s disease patients, one ulcerative colitis
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patient, and six controls were positive for M. avium. All con-
trols who were positive were randomly selected, and none was
a sibling of an IBD patient. Among the controls, only the cecal
biopsy specimen set of samples from one individual was posi-
tive and only the rectal biopsy set of specimens from one
individual was positive (Fig. 1). The specimens from both sites
from the rest of the controls were positive. No tissues from any
of the Crohn’s disease patients, ulcerative colitis patients, or
controls were positive for BVD virus, B. pilosicoli, B. hyodys-
enteriae, circovirus, C. psittaci, or C. burnetii.

In a separate study to test whether these organisms might be
isolated from elderly patients with IBD, samples were obtained
from 11 patients over the age of 50 years. This included four
subjects with Crohn’s disease (two males, two females; mean
age, 55.5 = 1.8 years) and seven subjects with ulcerative colitis
(four males, three females; mean age, 61.1 *= 2.2 years).
Among these elderly subjects, one patient with ulcerative co-
litis was positive for M. avium and one was positive for circo-
virus. This is the first reported identification of circovirus in
human tissue.

DISCUSSION

M. avium has been cultured from a small number of patients
with Crohn’s disease (8, 17, 23), but generally, culture can be
unreliable (M. avium has an extremely long incubation time,
and there has been poor recovery of M. avium from the tissue
of Crohn’s disease patients by culture). Thus, investigators
have used molecular techniques in search of gene sequences
for M. avium. This has been greatly aided by the discovery of
the IS900 gene sequence, which is highly specific for M. avium.
This insertion sequence is present in multiple copies of 15 to 20
per genome (18). It is critical to distinguish M. avium subsp.
paratuberculosis from other M. avium species, some of which
can be ubiquitous in the environment and, therefore, in the
human gut. Many studies probing for the IS900 gene sequence
of M. avium in intestinal tissue have been conducted to date.
The results of most of these studies have been negative (1, 6, 7,
10, 15, 30, 32; S. W. P. Wu, C. C. Pao, J. Chan, and T. S. B.
Yen, Letter, Lancet 337:174-175, 1991) or similarly positive for
cases and controls (36). Some, however, have been positive
(13, 16, 25, 26, 33, 37).

In our study we found no association between the detection
of M. avium DNA in the mucosas of patients with Crohn’s
disease and the presence of Crohn’s disease and no association
between the presence of the DNA of any zoonotic agent
sought in this study and Crohn’s disease. Circovirus was de-
tected in one ulcerative colitis patient. This is the first report of
the detection of this virus in humans and is of uncertain sig-
nificance. Although the controls were statistically significantly
older than the IBD patients, we doubt that this contributed to
the higher rate of M. avium positivity for the control group.
This higher rate also cannot be explained by a higher rate of
residence in a rural area for the controls. In fact, the controls
and cases were evenly matched by gender and residence. There
is no obvious rationale for why the unrelated population-based
controls had a higher rate of M. avium positivity (32%) than
either the Crohn’s disease or ulcerative colitis patients. We are
not suggesting that the mucosal presence of M. avium is pro-
tective against the development IBD but are suggesting that
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FIG. 1. Samples C2 and C11 retested positive two more times by nested PCR, and all other samples, including sample C8, retested negative
two more times by nested PCR for M. avium. The band for sample C8 might have been weakly positive because the amount of the organism present
was just barely at the lower detection limit of our nested PCR or the test might have had a false-positive result. In such situations, we reported
sample C8 as being negative. All other samples that were processed on the same day before and after samples C2 and C11 were tested consistently
retested negative. Several negative samples were randomly chosen and retested negative for M. avium by nested PCR. POS, positive control; neg,

negative control. The numbers on the right are in base pairs.

these results may merely reinforce the negative association of
the identification of M. avium in the mucosas of patient’s with
Crohn’s disease. Alternatively, the detection of a marked dis-
parity between the 32% rate of positivity for M. avium for the
controls and the complete absence of positivity for M. avium
for patients with Crohn’s disease might suggest that patients
with Crohn’s disease may have been more likely to have erad-
icated any traces of M. avium, perhaps through repeated
courses of antibiotics over the years. This finding might also
provide clues to the etiology of Crohn’s disease. If M. avium
acquisition can ultimately be shown to be associated with child-
hood behaviors (such as drinking from specific water or milk
sources), we may ultimately learn that those environmental
influences are protective against the development of Crohn’s
disease (and, hence, that M. avium isolation is a proxy measure
of specific protective lifestyles, without M. avium necessarily
being protective itself). Another important consideration is
that the standard DNA extraction approach that we used fa-
cilitates the detection of the vegetative form of M. avium. If
this is not the form that ultimately resides in the intestines of
Crohn’s disease patients, it may not have been detected in our
study. Elsewhere, a combined mechanical-enzymatic disrup-
tion technique for DNA extraction has been used to detect
lysis-resistant (paucibacillary) forms of M. avium (5). In that
study 26% of healthy controls were positive for M. avium
(comparable to the 32% rate positivity for the controls in our
study), whereas 92% of Crohn’s disease patients were positive
for M. avium (5). A possible explanation for the comparable
rates of M. avium positivity among controls in both studies is
that controls may harbor a vegetative form of M. avium, and in
the two studies M. avium DNA was extracted by either the
standard lysis technique, which we used, or the novel combined
mechanical-enzymatic disruption technique. Perhaps recurrent
courses of antibiotics or other drugs or simply altered intestinal
function among Crohn’s disease patients may select out or

force a change in the M. avium organisms to a lysis-resistant,
paucibacillary form. Whether Crohn’s disease tissue that does
harbor M. avium harbors it in a vegetative or a paucibacillary
form, the existence of an enzyme lysis-resistant form remains
to be proven.

A strength of our study was the case-control design, with
subjects selected from the whole population. Had we found
higher rates of positive PCR findings, there would have been
an appropriate context in which to interpret these findings.
Whereas colonoscopy provided relatively easy access to tissue
specimens, the use of mucosal specimens may be a limitation
of our study. Although ingested organisms would confront the
mucosal epithelium first, it is plausible that for insidious infec-
tions, reactions are mainly established in mesenteric nodes.
Furthermore, it remains plausible that Crohn’s disease is a
vasculitis; hence, if antigens circulate, they may be more likely
to be found in the deeper layers of the bowel. Investigators
with a keen interest in M. avium have shown that in patients
with Crohn’s disease M. avium may be a conventional sphero-
plast and that lysis of a tissue sample from a Crohn’s disease
patient in sodium dodecyl sulfate-proteinase K or 6 M guani-
dine thiocyanate, which would reliably release the DNA from
most other bacteria, does not do so for M. avium (21).

Finally, these results do not refute the likelihood that ani-
mal-borne infections are responsible for Crohn’s disease. M.
avium was not identified in mucosal specimens of Crohn’s
disease patients in our study but was identified in mucosal
specimens of control subjects. Hence, this may suggest that our
findings reflect either a true absence of M. avium from the
tissue of Crohn’s disease patients (or simply the presence of a
form of M. avium not identified by our DNA extraction tech-
nique). The use of surgical specimens from the deeper bowel
layers and mesenteric lymph nodes is problematic, in that spec-
imens from unbiased adequately matched controls would be
difficult to access. However, recently, an M. avium detection
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system comprising a 10-week incubation of decontaminated
tissue followed by IS900-specific PCR of the culture has iden-
tified M. avium in full-thickness surgical specimens from
Crohn’s disease patients (34). The finding of M. avium in
breast milk does support the possibility that it can be a systemic
infection in humans (27). Hence, the search for a systemic
response to M. avium, for instance, by serological assays, may
be necessary to establish an association between M. avium and
Crohn’s disease, if one exists. Nonetheless, at present, the
finding of M. avium in 32% of our control specimens and the
absence of M. avium from specimens from our Crohn’s disease
patients argue against an important role for this organism in
the etiology of Crohn’s disease.
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