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Abstract
It has been more than 25 years since Mycobacterium paratuberculosis was first proposed as an etiologic agent in
Crohn’s disease based on the isolation of this organism from several patients. Since that time, a great deal of
information has been accumulated that clearly establishes an association between M. paratuberculosis and Crohn’s
disease. However, data are conflicting and difficult to interpret and the field has become divided into committed
advocates and confirmed skeptics. This review is an attempt to provide a thorough and objective summary of current
knowledge from both basic and clinical research from the views and interpretations of both the antagonists and
proponents. The reader is left to draw his or her own conclusions related to the validity of the issues and claims made
by the opposing views and data interpretations. Whether M. paratuberculosis is a causative agent in some cases or
simply represents an incidental association remains a controversial topic, but current evidence suggests that the
notion should not be so readily dismissed. Remaining questions that need to be addressed in defining the role of
M. paratuberculosis in Crohn’s disease and future implications are discussed.
Keywords: Inflammatory bowel disease, Crohn’s disease, etiology, Mycobacterium paratuberculosis, infectious
agents

Introduction

500,000 Crohn’s disease patients in the USA and 800,000
in North America (Economou et al., 2009). The incidence
of disease is rising, both in developed and developing
countries (Molodecky et al., 2011).
There is no cure and treatment is supportive at best.
The use of a variety of immunomodulating, immunosuppressive, and anti-inflammatory agents provide temporary relief and symptomatic remission can occur, but
flare-ups invariably recur over time (Engel & Neurath,
2010). Many patients endure endless regimens of drugs
and hospitalizations to alleviate their symptoms.
The clinical course and manifestations of Crohn’s disease and patient’s response to various medications are
so diverse that the disease is best characterized as a syndrome rather than a single specific disease entity. Within
that light, it is generally accepted that Crohn’s disease
may not have a single etiology, but rather, may represent

Crohn’s disease remains one of the major challenges
in gastroenterology. Crohn’s disease is an incurable,
chronic, progressive, devastating, inflammatory bowel
disease often characterized by severe abdominal pain,
diarrhea, bleeding, bowel obstruction, perforation, and
fistula, as well as a variety of other intestinal and extraintestinal symptoms that impair the quality of patient
life. The natural history of the disease is variable, but
the majority of patients tend to have a relapsing and
remitting course (Vatn, 2009). The uncertainty of their
condition and the ever-present fear of a flare-up and
hospitalization often cause patients to experience anxiety, depression, and isolation. The economic impact of
this disease is substantial to the patient, their families,
the community, and the health care system (Kappelman
et al., 2011). Conservatively, it is estimated that there are
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Table 1. Prevailing theories involving bacteria as causative agents in Crohn’s disease.
Excessive bacterial
Inflammation results from the chronic bacterial translocation into the intestinal tissues as a result of
translocation (Leaky gut)
abnormal mucosal permeability.
Altered gut microbiome
Inflammation results from a disruption in luminal commensal bacterial homeostasis (dysbiosis) and loss
(Dysbiosis)
of the protective barrier provided by normal bacterial populations.
Persistent pathogen
Inflammation results from the persistence of a yet to be identified bacterial or viral pathogen within the
intestinal tissues.

a clinical syndrome with the possibility of a variety of etiologies or triggering factors (Arnott & Satsangi, 2003).
Long considered an autoimmune disease, the failure to
identify any significant auto-antibodies or other intrinsic
factors that could account for the inflammatory response
and the failure of the disease to meet standard criteria
for classification as such (Marks et al., 2010) has led to a
general dismissal of that notion. Current concepts focus
on a unique combination of genetic predisposition and
environmental triggers that result in immunologic dysregulation releasing a cascade of immunologic inflammatory mediators that result in hyper-responsiveness
within the gastrointestinal tract (Lees & Satsangi, 2009,
Marks et al., 2010).
Although the precise role of bacteria in Crohn’s
disease remains unknown, all current etiopathogenic
theories revolve around the role of bacterial agents in
disease causation. These theories have gained support
from genomic studies that have identified deficiencies in
innate immunity within a significant number of Crohn’s
disease patients, particularly those cases with ileal
disease (Hume & Radford-Smith, 2002, Barrett et al.,
2008, Cooney & Jewell, 2009). The predominant theories
(Table 1), which may overlap and are not mutually exclusive, include the following:
1. An abnormally permeable mucosal barrier that
results in a continuous translocation of commensal
bacteria and/or their antigens into the intestinal wall
leading to chronic inflammation (Laffineur et al.,
1992, McGuckin et al., 2009).
2. A collapse in the balance between “protective” and
“harmful” intestinal bacteria leading to a state of
dysbiosis and chronic inflammation (Marteau, 2009,
Packey & Sartor, 2009).
3. The existence of an unidentified persistent bacterial pathogen within intestinal tissues which continuously drives the inflammatory response (Behr &
Schurr, 2006).
There is evidence to support each of these theories,
unilaterally or in combination. Recent advances in
defining the intestinal microbiome within normal and
diseased patient populations (Manichanh et al., 2006,
Frank & Pace, 2008, Qin et al., 2010) may shed some
light on the types of bacteria involved in the disease
process and provide some insight into new therapeutic
approaches.
This review covers only the unidentified persistent
bacterial pathogen theory, specifically as related to
© 2012 Informa Healthcare USA, Inc.

Mycobacterium avium subspecies paratuberculosis
(hereafter referred to as M. paratuberculosis1).
Throughout the years, a variety of infectious agents
have been proposed as causal factors, but most of these
suggestions have been short lived and rejected or dismissed, usually because of limited evidence (Hansen
et al., 2010, Marks et al., 2010) (Table 2). The inability to
correlate any recognized infectious agent with Crohn’s
disease and the number of “false starts” have caused a
possible infectious etiology of some cases of Crohn’s
disease to be disregarded. However, recent findings of a
genetically driven deficiency in innate immunity related
to the ability of patients to deal with intracellular organisms in a significant proportion of Crohn’s disease patients
(Shaoul et al., 2004, Barrett et al., 2008, Cooney & Jewell,
2009, Lees & Satsangi, 2009) have lead many investigators to rethink their position related to the involvement
of an underlying infectious agent.
In 1984, the isolation of M. paratuberculosis from
the diseased intestinal tissues of some patients with
Crohn’s disease led to the suggestion that this organism
may be a causative agent in select cases (Chiodini et al.,
1984a). Since that time, M. paratuberculosis has been
demonstrated at a disproportionately higher frequency
in Crohn’s disease patients as compared with ulcerative
colitis and other control groups, both by cultural methods
and the demonstration of specific genetic components
of M. paratuberculosis in diseased tissues. In addition,
sources of human exposure to this agent have been identified within the human food chain and anti-mycobacterial
therapy has shown efficacy in some patients (Table 3).
However, the literature is conflicting and difficult to
interpret. The result has been the ever increasing division of committed advocates and confirmed skeptics.
For more than a quarter century, the suggestion that
M. paratuberculosis might be an etiologic agent of Crohn’s
disease has continued to linger; proponents of the suggestion have failed to provide convincing evidence of a
causal role and opponents have failed to provide convincing evidence of an incidental role. As a result, the role
of M. paratuberculosis as an etiology of Crohn’s disease
remains a controversial subject.
A major contributing factor to the controversy relates
to the difficulties in dealing with mycobacteria in general, and in particular, difficult to grow organisms such as
The official name of this organism is Mycobacterium avium subspecies
paratuberculosis, commonly abbreviated as MAP. The authors prefer
the original approved name which more accurately reflects its’ clinical
significance and phenotypic properties.
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Table 2. Bacterial agents implicated in the etiology of Crohn’s disease and their current disposition.
Infectious agent
Status
Reference
Bacterial
Listeria monocytogenes
Dismissed
(Liu et al., 1995, Chen et al., 2000)
Pseudomonas maltophilia
Dismissed
(Parent & Mitchell, 1976)
Mycobacterium kansasii
Dismissed
(Burnham et al., 1978)
Bacteroides fragilis
Dismissed
(Persson & Danielsson, 1979)
Chlamydia trachomatis
Dismissed
(Schuller et al., 1979, Müller et al., 2006)
(Belsheim et al., 1983, Chiodini et al., 1986)
L-form bacteria
Activea
Adherent-invasive Escherichia coli
Active
(Barnich & Darfeuille-Michaud, 2007, Friswell et al., 2010, Hansen et al., 2010)
Mycobacterium paratuberculosis
Active
(Chiodini, 1989, Grant, 2005)
Viral
Measles virus
Dismissed
(Mikula, 2000)
Cytomegalovirus
Dismissed
(Levesque et al., 2009, Lawlor & Moss, 2010)
Other
Dismissed
(Lidar et al., 2009)
a
As part of M. paratuberculosis.
Table 3. Currently recognized subspecies of the M. avium complex.
Subspecies
Disease
paratuberculosis
Johne’s disease (paratuberculosis)
avium
Avian tuberculosis
hominissuis
Opportunistic environmental organism

M. paratuberculosis. The unique culture peculiarities of
mycobacteria led to the failure of many groups to reproduce the results reported by other investigators due to
the lack of experienced technical personnel.
The controversy is best exemplified by the fact that
almost all publications primarily related to M. paratuber
culosis bring to light the association with Crohn’s disease
and the possible causal role of this agent. In contrast,
M. paratuberculosis is rarely mentioned in publications
focused on Crohn’s disease. Within the specialty of gastroenterology, the notion that M. paratuberculosis is etiologically related to Crohn’s disease, in either a primary
or secondary causal role, has largely been discounted
but available data fail to support this conclusion. The
premature discrediting of this theory by gastroenterologists has hampered funding and hindered progress,
scientific inquiry, and resolution of the controversy. The
controversial and polarizing issues of Helicobacter pylori
and peptic ulcers (Barry Marshall; Nobel Laureate, 2005)
and transposable elements (Barbara McClintock; Nobel
Laureate, 1983) remind us that a mistake is not a mistake
unless we fail to learn from it.
The purpose of this article is to attempt providing a
critical and objective summary of current knowledge
from basic and clinical research and bring to light the
research deficiencies and knowledge gaps that must be
addressed in defining the role, if any, of M. paratubercu
losis in Crohn’s disease. As proponents and opponents
have their valid points of contention, both sides of the
issue are presented and readers are left to draw their own
conclusions related to the validity of the issues and claims
made. As Medline lists more than 2,580 publications on
paratuberculosis and 427 publications on paratuberculosis and Crohn’s disease, literature cited is selective rather

Identifying genomic features
IS1311+, IS1245–, IS900+, IS901–
IS1311+, IS1245+, IS900–, IS901+
IS1311+, IS1245+, IS900–, IS901–

than exhaustive. References were selected based on relevance and/or historical significance.
As discussed below, while the data supporting the
etiologic role of M. paratuberculosis in some cases of
Crohn’s disease are inconclusive, the data also suggest
that it is premature to dismiss the notion and that there
exists a need to resolve this issue in the interest of patient
welfare, food and water safety, and scientific inquiry in
general.

The putative agent and ruminant
paratuberculosis
M. paratuberculosis is a facultative obligate intracellular bacterial pathogen and the causative agent of paratuberculosis or Johne’s disease, a chronic progressive
granulomatous inflammatory bowel disease primarily of
ruminant animals (Chiodini et al., 1984a).
To understand the disease caused by M. paratuber
culosis, it is important to understand its’ relationship to
the M. avium complex, commonly referred to as MAC.
As the term MAC, as well as current taxonomic classifications (Thorel et al., 1990), fails to distinguish between the
environmental and host-associated ecotypes, which is
problematic for interpretation and comparison between
studies, we adapt herein the more recent proposed terminology and classifications (Mijs et al., 2002, Turenne
et al., 2007, Radomski et al., 2010).
There are 3 distinct variants or ecotypes of M. avium,
including M. avium subsp. hominissuis, M. avium subsp.
avium, and M. paratuberculosis, each of which have their
own genetic identities and ecological niches (Table 3)
(Mijs et al., 2002, Turenne et al., 2007, Radomski et al.,
2010). Another subspecies, M. avium subsp. silvaticum,
Critical Reviews in Microbiology
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probably should not have subspecies status and should
be classified with M. avium subsp. avium for reasons
described below.
M. avium subsp. hominissuis, as used herein, refers to
environmental strains of M. avium that are most commonly associated with disease in human patients with
AIDS (hominis) and in swine (suis) and distinct from the
types of M. avium commonly affecting birds (avian tuberculosis) or ruminants (Johne’s disease). Distinguishing
features of M. avium subsp. hominissuis are the multiple
copies of IS1245 and its lack of the IS901 and IS900 insertion sequences (Möbius et al., 2006, Turenne et al., 2007).
This is the subspecies commonly found in the environment (Primm et al., 2004) giving rise to the frequent
statement that M. avium is an environmental organism,
which we now know is misleading (Turenne et al., 2007).
This subspecies is less virulent than the other avium
subspecies and is rarely found as the causative agent
of disease in animals (Pavlik et al., 2000, Dvorska et al.,
2003). As compared with other members of the M. avium
complex, M. avium subsp. hominissuis has maintained a
large genome with the capacity to survive in diverse ecosystems and conditions.
M. avium subsp. avium, as used herein, refers specifically to those strains isolated from birds and one of the
causes of avian tuberculosis. It contains the IS901 insertion element and is unequivocally more virulent than
M. avium subsp. hominissuis (Pavlik et al., 2000) and is
considered not to be widely dispersed in the environment. Diseased birds and animals with macroscopic
lesions and disease are generally infected with IS901positive mycobacteria (M. avium subsp. avium) versus
those isolated from humans, swine, and other animals
without lesions which are generally IS901-negative
mycobacteria belonging to the hominissuis subspecies
(Pavlik et al., 2000, Dvorska et al., 2003). It is likely that
M. avium subsp. avium evolved from the more common
environmental strains (Turenne et al., 2007) becoming
an obligate pathogen of birds.
M. paratuberculosis is the causative agent of ruminant paratuberculosis or Johne’s disease (Chiodini et al.,
1984a). It is acid-fast, slow-growing (8–16 weeks), and
mycobactin dependent. It also contains 15 to 20 copies
of a unique species-specific insertion sequence known
as IS900 (Collins et al., 1989, Green et al., 1989). By the
use of restriction fragment length polymorphism of the
IS900 sequence, at least 2 primary biovariants of M. para
tuberculosis have been identified: the cattle-associated
(C-type) and the less virulent sheep-associated (S-type)
(Collins et al., 1990). Although C and S subtypes appear
to have cattle and sheep as their respective host preferences, both strains freely cross-infect cattle and sheep,
as well as other ruminants (Chiodini et al., 1984a, Semret
et al., 2006). Unlike other members of the M. avium
group, M. paratuberculosis does not appear to contain
IS1245 (Johansen et al., 2005).
M. paratuberculosis (strain K-10; GenBank # 262316
and corrected genome (Wynne et al., 2010)) contains
© 2012 Informa Healthcare USA, Inc.
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a smaller genome than M. avium subsp. hominissuis
(strain 104; GenBank # 243243) (4.83 Mb vs. 5.48 Mb) but
shares similar G+C content (~69%). Although the DNA of
M. paratuberculosis K-10 and M. avium subsp. hominis
suis 104 are 98–99% identical (Li et al., 2005, Wynne et al.,
2010), M. paratuberculosis contains at least 27 unique
genes as compared with strain 104 and has more genes
associated with lipid metabolism (Bannantine et al.,
2002). The mbtA mycobactin synthesis operon, believed
to be the initiator of mycobactin synthesis, is truncated
in M. paratuberculosis (100, 166) which may account for
its mycobactin dependency for in vitro growth. Similar to
M. avium subsp. avium, M. paratuberculosis is not commonly found in, or generally associated with, the environment unless directly contaminated by infected animals. It
probably evolved from M. avium subsp. hominissuis, with
genomic downsizing and lateral gene transfer (Stinear
et al., 2008, Gordon et al., 2009) to become a specialized
pathogen occupying a unique biological niche within the
submucosal tissues of the gastrointestinal tract of ruminant animals (Turenne et al., 2007).
The disease caused by M. paratuberculosis, clinically
known as Johne’s disease, was first recognized as a disease of cattle in 1826 (Chiodini et al., 1984a). Since that
time, the disease has spread throughout the world’s livestock populations causing substantial economic losses in
the cattle, sheep, and goat industries. Efforts to control
the spread of the disease among domestic livestock populations have been largely ineffective, and the disease is
now recognized in every country of the world. In the USA,
the disease has gone from rare to endemic over the past
century. Currently, 8–34% of all dairy cattle and 22–68%
of dairy herds (USDA, 2008, Ferrouillet et al., 2009) are
M. paratuberculosis infected.
The primary mode of infection is via the fecal-oral
route. Adult animals with clinical disease may shed more
than 108 infectious organisms per gram of feces and,
considering an average cow defecates 20–40 kg per day,
environmental contamination may be great. Animals are
generally infected at an early age (<30 days of age), as an
age-dependent resistance appears to develop, but clinical
signs do not generally occur until 3–5 years of age (early
adolescence to prime of life). The severity and onset of
clinical disease is dependent on such factors as level of
environmental contamination (exposure dose), genetic
susceptibility (inter- and intra-species differences in
susceptibility), immunologic responses (maturity: age),
and virulence of the M. paratuberculosis strain (Chiodini
et al., 1984a).
The pathologic and immunologic natural history of
the disease most closely resembles that of leprosy with
tuberculoid and lepromatoid stages and a bipolar immunologic profile during the course of disease.
Whereas M. tuberculosis has a predilection for the
lungs and M. leprae for the skin and peripheral nerves,
M. paratuberculosis has it for intestinal tissues. It is possible that M. paratuberculosis damages intestinal neurons
in the same fashion that M. leprae damages peripheral
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nerves in leprosy (Gwozdz et al., 2001). Experimental
infections have clearly demonstrated that intravenous
injection and intra-tracheal inoculation of the organism
results, not in a systemic disease, but in a gastrointestinal
disease (Kluge et al., 1968, Merkal et al., 1968, Merkal
et al., 1968, Chiodini et al., 1984a). Experimental studies
have also shown that, although extra-intestinal lesions
are common and contain acid-fast bacilli, the organism
fails to replicate outside the tissues of the gastrointestinal
tract (Kluge et al., 1968, Merkal et al., 1968, Chiodini et al.,
1984a). Although infection may occur anywhere from the
tonsils to the rectum, the most common site of infection
is the terminal ileum, most often near the ileo-cecal valve
(Chiodini et al., 1984a). The mechanisms and reasons why
M. paratuberculosis specifically homes to, and replicates
in, the gastrointestinal tissues have not been elucidated.
Although primarily a disease of ruminant animals,
under select and undefined conditions, monogastric
animals, including nonhuman primates (McClure et al.,
1987, Zwick et al., 2002), may also become infected and
develop intestinal disease. Despite the wide host range,
M. paratuberculosis has historically been considered
innocuous in humans; it has only recently been specifically classified as a biohazard Level II agent.
Immunologic tests fail to identify most animals during
subclinical infection and cultivation of the organism is
problematic, requiring specialized media, long incubation periods, and experienced personnel (Chiodini et al.,
1984a). M. paratuberculosis is an extremely fastidious
acid-fast bacillus that requires 8–16 weeks (or longer)
for growth on artificial media; some strains fail to grow.
Because of an apparent inability to synthesize the ironchelating siderophore mycobactin, an exogenous source
of mycobactin is required for its growth in artificial
media. As such, human medical laboratories do not have
cultivation capabilities to isolate and/or identify this
organism; it fails to grow on standard Lowenstein-Jensen
medium as commonly used in medical laboratories. The
perception that M. paratuberculosis in humans is innocuous may simply reflect the inability of diagnostic and
research laboratories to seek or investigate this organism
in human tissues.
The disease in animals has been extensively reviewed
and the reader is referred elsewhere for additional information (Chiodini et al., 1984a, Harris & Barletta, 2001,
Manning & Collins, 2001).
M. paratuberculosis was first reported to have been isolated from several patients with Crohn’s disease in 1984
(Chiodini et al., 1984b, 1984d). These studies described
the isolation of acid-fast mycobactin-dependent organisms which, based on their physical and biochemical
properties (Chiodini et al., 1984b, Chiodini, 1986), were
suggested to be biovariants of M. paratuberculosis.
Inoculation of these organisms into newborn goats produced a granulomatous ileocolitis (Chiodini et al., 1984d,
Van Kruiningen et al., 1986), and patients with Crohn’s
disease were shown to have increased immune responses
to antigens of this organism (Thayer et al., 1984a). It was

subsequently shown that the organism appeared to exist
in a cell-wall deficient state, or a spheroplast, in early
culture (Chiodini et al., 1986) and restriction fragment
length polymorphisms identified the cultured organisms
as M. paratuberculosis (Chiodini et al., 1986, McFadden
et al., 1987, Chiodini, 1988, 1990a, 1990b).
Shortly after these initial reports, the isolation of M.
paratuberculosis from the diseased tissues of patients
with Crohn’s disease was reported from a variety of laboratories around the world (Chiodini, 1989) and a great
deal of excitement grew within the gastroenterology and
microbiology communities. However, it did not take long
before reports of failure to isolate M. paratuberculosis
from Crohn’s disease patients began to surface and the
suggestions that M. paratuberculosis might be a cause
of some cases of Crohn’s disease was challenged. These
early studies have been previously reviewed and the
reader is referred elsewhere for additional details and a
comparison between Crohn’s disease and mycobacterial
infections (Chiodini, 1989).

General similarities between Crohn’s disease
and Johne’s disease
Supporting evidence (protagonist’s view)
There have been several reports describing the similarities and dissimilarities between Crohn’s disease and the
disease in ruminants, commonly known as paratubercu
losis or Johne’s disease (Chiodini, 1989, Van Kruiningen,
1999, Mayer, 2010). The remarkable similarity (“as similar
as may be”) between these two diseases has been noted
since the early 1900s (Dalziel, 1913). Although differences do exist (Van Kruiningen, 1999), these differences
should be expected when crossing wide species barriers
and few animal models present with identical pathologic
features. Mycobacterial diseases are, in all practicality,
immunologic disorders (it is the host’s response which
causes disease) and, as such, intra- and inter-species
variations in the disease are expected (Verna et al., 2007).
For example, some ruminant animals develop tuberculoid-type lesions while others develop a lepromatoid
form and caseation necrosis occurs in deer, sheep, and
goats but never in cattle (Chiodini et al., 1984a). In addition, comparisons are being made between animals
in which the natural course of the disease is allowed to
progress unimpeded and a disease course in humans
which is altered with a myriad of immune modulators
and chemotherapeutic agents. As such, identical clinical
and pathological manifestations would not be expected.
Most zoonotic diseases of animals cause similar, although
not identical, disease in humans.
It is also important to note the subclinical versus overt
disease distinction in animals which display signs as
opposed to symptoms. Animal have a different innervation of their gastrointestinal tract and as a result a
comparatively higher pain threshold and cannot voice
complaints of abdominal pain or cramping. Thus, the
clinical onset of Crohn’s disease would more closely
Critical Reviews in Microbiology
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correspond to subclinical cases in animals rather than
animals with overt clinical disease.
The similarities between Johne’s disease (paratuberculosis) and Crohn’s disease are remarkable (Table 4)
and has, since 1914 (Dalziel, 1913), driven the notion
that the likelihood of association is obvious; “If it looks
like a fish, swims like a fish, and smells like a fish, then it
probably is a fish.”

Opposing evidence (antagonist’s view)
While the proponents suggest that the similarities
between Johne’s and Crohn’s disease are “as similar
as may be” (Table 4), these similarities are superficial.
The disease in cattle, sheep, goats and other ruminants is most often characterized by a lepromatoid
inflammatory response with macrophages containing
large numbers of mycobacteria. The disease caused by
M. paratuberculosis infection in animals is more similar to that of M. avium subsp. hominissuis infection in
patients with acquired-immunodeficiency syndrome
(AIDS) than it is to Crohn’s disease. Thus, Johne’s disease
is more of an animal model of MAC infection than it is of
Crohn’s disease. Even in nonhuman primates (McClure
et al., 1987), infection with M. paratuberculosis results in
a lepromatoid inflammatory reaction with macrophages
filled with an abundance of acid-fast bacilli. This is nothing like Crohn’s disease.
Aside from the superficial gross pathological similarities, there are a host of features found in Crohn’s disease
that are never seen in animals infected with M. paratu
berculosis (Table 5). Considering these major differences,
Johne’s disease can hardly be considered “as similar as
may be” to Crohn’s disease and an equivalent or even
relevant animal model. While the 100-year-old notion
(Dalziel, 1913) that “if it lives in the water, looks like a fish,
smells like a fish, and swims like a fish, it probably is a
fish” has its legitimacy, in this case, it is likely a porpoise
and not a fish.
Proponents claim that they have reproduced a chronic
inflammatory bowel disease in newborn goats by inoculation of these animals with M. paratuberculosis isolated
from patients with Crohn’s disease (Chiodini et al., 1984d,
Van Kruiningen et al., 1986, Allen et al., 2011). The experimental production of a granulomatous ileocolitis in goats
and cows with a human isolate of M. paratuberculosis
has little meaning and does not support an etiologic role
of this agent in Crohn’s disease. As the putative agent of
Crohn’s disease has been identified as M. paratubercu
losis, by definition, the experimental infection is not like
Crohn’s disease but only Johne’s disease (Graham et al.,
1988, Van Kruiningen, 1999). Besides, the lesions produced in these experimental animals contained acid-fast
bacilli (Van Kruiningen et al., 1986), a major distinguishing feature from Crohn’s disease.
There is little evidence from comparative or animal
inoculation/model studies to support the causal role of
M. paratuberculosis in Crohn’s disease (Van Kruiningen,
1999).
© 2012 Informa Healthcare USA, Inc.
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Culture of M. paratuberculosis from Crohn’s
disease tissues
Supporting evidence (protagonist’s view)
Cultivation of M. paratuberculosis is problematic even
under the best of circumstances, despite the methodological advances made over the past 100+ years (Chiodini
et al., 1984d). In addition to fastidiousness, cultivation
of M. paratuberculosis is hampered because it is the
slowest of all cultivable bacterial pathogens. Compared
to a doubling rate of 10–12 hours for M. avium and 20
minutes for Escherichia coli, M. paratuberculosis has an
in vitro doubling time of 22–26 hours under ideal conditions (Chiodini, 1986, Bannantine et al., 2003). Although
M. paratuberculosis can be cultured from approximately
72% of clinically infected cattle (animals with overt
Johne’s disease), successful cultivation is 30% to 50% in
cattle with subclinical disease, depending on the stage of
infection (Nielsen & Toft, 2008). Successful cultivation is
even less frequent in non-bovine species such as sheep,
goats, deer, and other ruminants, and some strains fail to
grow and have yet to be cultured. Nevertheless, culture of
M. paratuberculosis is the “gold standard” for the identification of M. paratuberculosis infection and Johne’s
disease.
Despite the challenges and expected low success rate,
a variety of investigators have sought to culture M. para
tuberculosis from a variety of tissue samples with success
rates for Crohn’s disease ranging from 0% to 40% for classical culture methods and from 0% to 100% when using
polymerase chain reaction (PCR) detection of IS900 in
culture media (Table 6). Few studies have used the best
culture methods available or maximized recovery by
employing a variety of different culture media (Eamens
et al., 2000, Whittington et al., 2011).
Studies employing classical microbiologic approaches,
that is, subculture to obtain pure cultures and physiologic and morphologic determinations in addition to
IS900 detection, have only identified M. paratubercu
losis in Crohn’s disease patients and not in any control
groups. Many of these human-origin M. paratuberculosis
strains have been made publically available through the
American Type Culture Collection (ATCC 43015, 43544,
43545, 49164) for comparative and confirmatory purposes. Success rates from these studies range from 14%
to 40% from Crohn’s disease patients which is within
the range of the success rates reported for the isolation
of M. paratuberculosis from subclinically infected cattle
(Nielsen & Toft, 2008).
The discordance of results between studies likely
results from methodological differences and experience with M. paratuberculosis isolation. Culture of
M. paratuberculosis is difficult for even experienced laboratories with trained personnel. Various investigations
used NaOH-N-acetyl-L-cysteine during tissue processing (Rath et al., 2011), commonly used in the isolation of
M. tuberculosis and M. avium, but is known to be
detrimental to recovery of M. paratuberculosis
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Table 4. Comparison of the epidemiological, clinical, and pathological features of Crohn’s disease and Johne’s disease (ruminant
paratuberculosis)a.
Feature
Johne’s diseaseb
Crohn’s disease
Epidemiological comparison
30–75%
Female predominance
Unknownc
Ileocecal disease
85–95%
85%
Primary age incidence
3–5 (prime of life)
15–25 (prime of life)
Familial association
Yes
Yes
Clinical comparison
Intermittent diarrhea
Yes
Yes
Yes
Abdominal pain
Assumedd
Weight loss
Yes
Yes
Obstruction
No
Yes
Ileac region mass
No
Yes
Blood in stool
Rare
Rare
Remission/quiescent periods
Yes
Yes
Not curative
Effect of ant-mycobacterial therapy
Not curativee
Effect of anti-inflammatory/Anti-suppressive agents
Clinical improvement
Clinical improvement
Pathological comparison
Yes
Segmental distribution (skip lesions)
Yesf
Primary disease site
Ileocecal areag
Ileocecal area
Strictures
No
Yes
Perforations
No
Yes
Fibrosis
No
Yes
Ulcerations
Yes
Yes
Transmural inflammation
Yes
Yes
Abdominal edema
Yes
Yes
Fissures & fistulae
No
Yes
Sinus tracts
No
Yes
Lymphoid hyperplasia
Yes
Yes
Pseudopolyps
No
Yes
Granulomas
Yes
Yes
Non-caseating granulomas
Yes
Yes
Non-specific inflammation
Yes
Yes
Giant cells
Yes
Yes
No
Presence of acid-fast bacilli
Usuallyh
Immunologic comparison
Type-1
Primary T cell response
Type-1i
Antibody response
No/Yesj
No
NOD2/CARD15 associated
Yesk
Yesk
Systemic comparison
Frequency of systemic lesion
Rare
Rare
Amyloidosis
Yes
Yes
Granulomatous hepatitis
Yes
Yes
Nephrolithiasis
Yes
Yes
Oral ulcers
Yes
NKl
Ocular lesions
Yes
Yes
Skin lesions
Yes
Yes
a
Data abstracted in part from Chiodini (Chiodini, 1989).
b
The comparison between Johne’s disease and Crohn’s disease is a subjective determination and involves the comparison of a disease which
is under therapeutic manipulation at early onset (Crohn’s disease) and a bipolar disease that is allowed to progress unimpeded till near death
(Johne’s disease). Therefore, this table reflects the findings in pre-clinical Johne’s disease and not the terminal lepromatoid disease most often
used in comparison.
c
Since the majority of older cattle (>2 years of age) are female, predominance cannot be determined.
d
Animals do not have symptoms and rarely display pain; therefore pain can only be assumed.
e
No animal has ever been cured of Johne’s disease.
f
Early lesions are segmental. These segmental lesions may coalesce as the disease advances creating a continuous lesion.
g
Although the disease may be found anywhere from the mouth to anus, the disease is generally manifested in the terminal ileum/proximal colon
area. Other lesions rarely occur in the absence of primary ileocecal disease.
h
Acid-fast bacilli are generally plentiful in advanced clinical disease, although paucibacillary cases do occur. Acid-fast bacilli may be rare or nondemonstrable in pre-clinical (tuberculoid) cases.
i
Preclinical disease is Th1-mediated and paucibacillary (tuberculoid). Advanced clinical disease is Th2-mediated and multibacillary
(lepromatoid).
j
Antibodies are generally demonstrable only in Th2-mediated advanced lepromatous disease (animals at or near overt clinical onset and terminal
disease stage).
k
NOD2/CARD15 deficiencies identified in 30% of Caucasian Crohn’s disease patients.
l
NK, not known.
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Table 5. Features of Crohn’s disease that do not occur in animals infected with M. paratuberculosis during subcinical (paucibacillary) or
clinical (multibacillary) disease (from Van Kruiningen, 1999).
Aphthoid ulcers
Lymphangiectasia
Muscle coat hyperplasia
Obstruction
Transmural inflammation
Pyloric gland metaplasia
Abdominal mass
Dilatation above constrictions
Fibrosis
Perforation
Fat encroachment
Loop-to-loop adhesions
Stenosis
Focal endarteritis and phlebitis
Extensive ulceration
Arthritis
Bloody stools
Spondylitis
Fissures
Episcleritia
Fibrous thickening of mesentery
Iritis
Fistulas
Erythema nodosum
Angulation of the bowel
Pyoderma gangrenosum
Abscesses
Aphthous stomatitis
Sclerosing cholangitis
Thromboembolic complications
Table 6. Summary of attempts to culture M. paratuberculosis from tissues of patients with Crohn’s disease and control groupsa.
Identification
Culture
Type of tissue
methodology
Culture media
(mo)
CD
UC
nIBD Source
Resected intestine
Classicalb
HEYM
18
4/28
0/10
0/3
(Chiodini et al., 1986)
HEYM
30
6/28
0/10
0/3
(Wall et al., 1993)
Resected intestine
PCRc
HEYM
30
10/28
0/10
0/3
—
Resected intestine
Classical/PCRd
MG3
2–6 years
6/18
0/5
1/6
(Moss et al., 1992)
Resected and biopsied PCRi
Intestine
Resected and biopsied PCRi
MGITe
12
10/27
0/14
2/22
(Schwartz et al., 2000)
Intestine
Blood
PCRi
MGIT, BACTEC
2–3
14/28
2/9
0/15
(Naser et al., 2004)
Intestinal biopsy
PCR
MGIT
4
19/30
0/2
5/29
(Sechi et al., 2005)
MGIT, HEYM, BACTEC
4.5
0/130
0/0
0/130 (Parrish et al., 2009)
Blood
PCRi
BACTEC, MGIT
12
4/10
0/2
0/2
(Kirkwood et al., 2009)
Intestinal biopsy
Classicala,f
MGIT
2
30/30
29/29
10/10 (Mendoza et al., 2010)g
Blood
PCRi
MGIT
18
30/30g
1/29
0/10
i
MGIT
12
0/75
0/80
0/135h (Ricanek et al., 2010)
Intestinal biopsy
PCR
Intestinal biopsy
PCR
MGIT
12
0/14
0/49
0/21
(Rath et al., 2011)
a
Data are not inclusive and articles in which insufficient information was available to precisely define methodology or the results were
inconsistent or unclear are not included. The reader is referred to a previous review for data related to early isolation reports (Chiodini,
1989). CD: Crohn’s disease; UC: ulcerative colitis; nIBD: non-inflammatory bowel disease controls; HEYM: Herrold’s egg yolk media;
MG3: veal heart infusion based medium (Markesich et al., 1988); MGIT: mycobacterial growth indicator tube; BACTEC: Bactec 12B
medium; ND: not determined.
b
Classical identification methodology means the isolation of pure culture, demonstration of mycobactin dependency, culture and
microscopic characteristics of M. paratuberculosis, and confirmation by IS900 PCR.
c
PCR Identification methodology denotes that a positive IS900 signal was the sole source of identification and no data on culture purity,
mycobactin-dependency, or colony/bacillary morphology was obtained.
d
Represents a composite of the 2 prior publications.
e
No growth occurred in BACTEC 12B media.
f
All cultures from liquid media were sub-cultured on HEYM for morphologic and mycobactin-dependency determinations and PCR on
pure cultures.
g
See text for explanation of results.
h
A single IS900 PCR-positive culture was identified as M. avium subsp. hominissuis.
i
Denotes use of the same PCR Primer (P90/P91). See Table 8.

(Chiodini et al., 1984a). In addition, various stringency
requirements have been used by different authors to
designate cultures as positive for M. paratuberculosis.
For example, in the study by Mendoza et al. (2010) in
which blood samples from all patient populations were
positive at 8 weeks by IS900-PCR, positive cultures at 18
months were presumably identified solely on the basis
of non-specific acridine-orange staining.
© 2012 Informa Healthcare USA, Inc.

In addition to classical microbiological methods,
M. paratuberculosis has also been detected in liquid
cultures by IS900 PCR in resected tissues from 21% to
63% of Crohn’s disease patients, 0% of ulcerative colitis
patients, and 9–17% of non-inflammatory bowel disease
(nIBD) controls; as well as in 50–60% of blood cultures
from Crohn’s disease patients, 3–22% of ulcerative colitis
patients, and in 0% of nIBD controls (Table 6). These data
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are well within the range of expected M. paratuberculosis
detection rates based on the use of comparable methods
in cattle and other animals (Whitlock et al., 2000, Nielsen
& Toft, 2008).
These data firmly establish that M. paratuberculosis
can be cultured and/or identified in culture media from
a significant number of patients with Crohn’s disease as
compared with both ulcerative colitis and nIBD controls.
Meta-analysis has revealed that M. paratuberculosis IS900
is seven times (7×) more likely to be detected in Crohn’s
disease patients as compared with controls (Feller et al.,
2007). It is important to note that M. paratuberculosis has
only been recovered, in pure culture with microbiologic
confirmation, from humans with Crohn’s disease; the
organism has never been isolated in pure culture from
ulcerative colitis patients or any other control groups.

Opposing evidence (antagonist’s view)
Although it is true that M. paratuberculosis has been
cultured almost exclusively from Crohn’s disease by
classical microbiological methods and predominately
from Crohn’s disease by PCR detection in liquid cultures
(Table 6), such findings are more consistent with opportunistic colonization (growth on the luminal mucosal
surface) than causality and bona fide infection. M. para
tuberculosis is widely distributed in the environment
(USDA, 2010) and the deep crypts found in Crohn’s disease, not found in other disease states, support mucosal
surface colonization and replication of M. paratubercu
losis in Crohn’s disease leading to the findings associating M. paratuberculosis with this disease. The situation
may simply represent mucosal growth in a dysbiotic
environment.
There have been too few studies employing classical
microbiologic methodologies for the culture of M. para
tuberculosis from Crohn’s disease patients and controls to
draw meaningful conclusions about the reported recovery rates. An element of concern regarding these culture
findings is the fact that most M. paratuberculosis isolates that have been recovered from the Crohn’s disease
patient tissues were cultivated in veterinary laboratories,
where the agent of Johne’s disease is commonly grown,
thereby raising concerns of sample contamination (Van
Kruiningen, 1999). Table 6 does not accurately reflect the
actual number of failed attempts to cultivate mycobacteria from Crohn’s disease tissues over the years.
In addition, the alleged culture of M. paratuberculosis
from the blood of patients with Crohn’s disease (50–60%),
ulcerative colitis (3–22%), and nIBD controls (0%) is
directly correlated with the degree of dysbiosis and bacterial translocation and suggests mucosal colonization
rather than an invasive etiological role.
Patients with Crohn’s disease and ulcerative colitis
have increased bacterial translocation and a higher
frequency of demonstrable bacteria in their blood
(Harada et al., 2008, Schulzke et al., 2009, John et al.,
2011) as a result of architectural disruption of the intestinal barrier and increased permeability. The culture of

M. paratuberculosis from the blood of patients is consistent with mucosal surface colonization and translocation
across an altered mucosal barrier. This is more clearly
supported by the detection of M. paratuberculosis by PCR
in Crohn’s disease and controls as discussed below.
Although bacteremia may occur at various times during the disease process in animals, it generally occurs
late in the disease process with widespread infection or
space-occupying multi-bacillary (lepromatoid) lesions
as bacteria-laden macrophages are forced out of the
intestinal lamina propria and regional lymph nodes into
the bloodstream and lymphatics (Chiodini et al., 1984a).
Crohn’s disease is not a lepromatoid disease with an
abundance of M. paratuberculosis-laden macrophages
and the culture/detection of this organism in the blood
of patients is inconsistent with a causal role.
The failure to recover M. paratuberculosis by culture or
to detect IS900 in culture media in early Crohn’s disease,
as opposed to patients with long-term disease (Ricanek
et al., 2010) further suggests that the detection of M.
paratuberculosis is associated with the dysbiosis resulting from long-term disease. Culture data only suggests
mucosal surface detection of M. paratuberculosis and
possible translocation of an environmental organism
that is unrelated to causality. There is no evidence that
M. paratuberculosis is being detected in the submucosal
tissues of the gut as opposed to the luminal mucosal
surface.

Detection of M. paratuberculosis in
Crohn’s disease intestinal tissues
Supporting evidence (protagonist’s view)
With the advent of molecular biology, PCR, and identification of a species-specific insertion element (IS900)
in M. paratuberculosis (Collins et al., 1989, Green et al.,
1989), there was a surge in activity seeking to identify
IS900 in tissues from patients with Crohn’s and other
diseases. As would be expected with a new technology
and unique application, results were inconclusive and
conflicting; reports ranged from 0% to 100% detection
each in Crohn’s disease, ulcerative colitis, and controls
using a variety of different methodologies and IS900
target sequences (Table 7) (Chiodini, 1989, Jayarao &
Shreekumar, 1999, Feller et al., 2007, Abubakar et al.,
2008).
Although PCR is considered to be a routine method
commonly employed in research and clinical laboratories, these various studies exemplify the inherent difficulties and variability of PCR assays when methods have not
been standardized, that is, in-house methodologies. As
a result, data between studies are difficult to compare,
analyze, or even find consensus as each study tended to
use different patient populations, different types of tissues, different PCR methods and primers (Table 8), different tissues and DNA extraction methods, and the like;
each report has its own unique set of weaknesses and
strengths. Differences between laboratory detection rates
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Table 7. Detection of M. paratuberculosis IS900 by PCR in tissues from patients with Crohn’s disease, ulcerative colitis and nIBD controlsa.
CD
UCc
nIBD
Primersd
Source
Methodology
Tissue typeb
IS900 PCR
Resection
26/40
1/23
5/40
P90/P91
(Sanderson et al., 1992)
IS900 PCR
Biopsy
6/18
0/5
1/6
P90/P91
(Moss et al., 1992)
(Wall et al., 1993)
IS900 PCR
Biopsy
6/25
0/2
0/3
Wp1/Wp2e
IS900 PCR
Mixed
13/18
1/5
7/24
Is150C/Is921
(Dell’Isola et al., 1994)
Nested IS900 PCR
Paraffin
4/58
0/55
0/17
PTB1/PTB2
(Lisby et al., 1994)
Resection
11/24
2/10
3/28
IS900 PCR
Paraffin
4/31
0/10
0/20
Wpt1/Wpt2e
(Fidler et al., 1994)
IS900 PCR
Mixed
0/68
0/49
1/26
P90/P91
(Rowbotham et al., 1995)
(Murray et al., 1995)
Nested IS900 PCR
Biopsy
2/9
2/15
0/11
TDB3/TDB4f
IS900 PCR
Biopsy
10/10
11/18
14/16
P90/p91
(Suenaga et al., 1995)
(Mishina et al., 1996)
RT IS900 PCR
Resection
8/8
0/2
0/2
Wp1/Wp2e
Nested IS900 PCR
Biopsy
17/36
6/13
13/23
rRNA
(Dumonceau et al., 1996)
0/36
0/13
0/23
P90/P91
Nested IS900 PCR
Paraffin
0/23
0/0
0/11
P90/P91
(Frank & Cook, 1996)
P90/P91
(Al-Shamali et al., 1997)
IS900 PCR
Biopsy
0/10
0/6
0/21c
Nested IS900 PCR
Paraffin
17/36
2/18
3/20
P90/P91
(Huatian et al., 1997)
IS900 PCR
Biopsy
1/21
0/5
0/11
P90/P91
(Clarkston et al., 1998)
IS900 PCR
Resection
16/19
11/13
8/21
rRNA
(Kallinowski et al., 1998)
0/19
0/13
0/21
P90/P91
Nested IS900 PCR
Mixed
0/30
0/14
0/3
P902/P912 & Is150C/Is921
(Chiba et al., 1998)
(Cellier et al., 1998)
Nested IS900 PCR
Mixed
2/47
1/27
2/20
Cp1/Cp2e,f
Nested IS900 PCR
Resection
0/13
0/14
0/13
P90/P91
(Kanazawa et al., 1999)
Nested IS900 PCR
Resection
15/79
16/61
3/48
PTB1/PTB2
(Collins et al., 2000)
Nested IS900 PCR—LCM
Paraffin
6/15
0/0
0/12
P902/P912; Rp1/Rp2
(Ryan et al., 2002)
(Fujita et al., 2002)
Taqman IS900 qPCR
Paraffin
0/16
0/11
0/18
P90/MPARA-Rf
IS900 PCR
Paraffin
0/35
0/36
0/21
Is150C/Is921
(Ellingson et al., 2003)
(Bernstein et al., 2003)
Nested IS900 PCR
Biopsy
0/24
0/28
6/28
P902/P912g
Nested IS900 PCR
Biopsy
34/37
0/0
9/34
L1/L2 & Tj1/Tj2
(Bull et al., 2003)
Nested IS900 PCR
Paraffin
8/82
0/20
0/20
P89/P92
(Sechi et al., 2004)
IS900 PCR
Paraffin
0/18
0/0
0/0
Bp1/Bp2e,f
(Baksh et al., 2004)
Nested IS900 PCR
Blood
13/28
4/15
3/9
P90/P91
(Naser et al., 2004)
(Sechi et al., 2005)
IS900 PCR & Taqman IS900
Biopsy
25/30
0/2
3/29
P89/P92 + Sp1/Sp2e,f
qPCR
IS900 PCR
Biopsy
25/37
0/0
7/34
P89/P92
(Sechi et al., 2005)
Nested IS900 PCR
Resection
52/100
2/100
5/100
L1/L2
(Autschbach et al., 2005)
IS900 PCR
Blood
0/73
0/0
0/73
P89/92
(Lozano-Leon et al., 2006)
Nested IS900 PCR
Biopsy
15/63
6/54
7/45
L1/L2
(Clancy et al., 2007)
IS900 PCR
Blood
122/361
0/0
43/200
SF214/ SR289
(Bentley et al., 2008)
Semi-nested IS900 PCR
Paraffin
1/20
0/0
0/0
S1/A1
(Toracchio et al., 2008)
Nested IS900 PCR & IS900 PCR Blood
0/130
0/0
1/130
P90/p91;p902/p912g;Tj1/tj2
(Parrish et al., 2009)
PCR
Mixed Paraffin 0/56
0
0/20
rRNA genef
(Knösel et al., 2009)
Nested IS900 PCR
Blood
8/50
2/25
0/31
TJ1/TJ2
(Kirkwood et al., 2009)
Biopsy
39/56
7/22
6/39
3/20
TJ1/TJ2
(Scanu et al., 2007)
Nested IS900 PCR
Biopsy
20/23
15/20c
Nested IS900 PCR
Biopsy
0/81
0/0
0/85
P90/p91
(Sasikala et al., 2009)
Nested IS900 PCR
Blood
30/30
29/29
10/10
P90/P91
(Mendoza et al., 2010)
Nested IS900 PCR & taqman
Biopsy
1/14
10/49
7/21
TJ1/TJ2
(Rath et al., 2011)
Nested IS900 PCR
Paraffin
7/20
1/20
1/19
L1/L2 & Tj1/Tj2
(Lee et al., 2011)
(Tuci et al., 2011)
Nested IS900 PCR
Feces
21/31
13/20
11/23
P902/P912h
(Imirzalioglu et al., 2011)
qPCR
Feces
2/6
0/5
16/1282
Variousf
a
Data are not inclusive and articles in which insufficient information was available to precisely define methodology or the results were
inconsistent or unclear are not included. See previous review for older studies (Chiodini, 1989). CD: Crohn’s disease; UC: ulcerative colitis; nIBD:
non-inflammatory bowel disease.
b
Type of tissue examined in the study. Resection: resected intestinal tissues; Biopsy: intestinal biopsy; Paraffin: paraffin-embedded tissues; Blood:
peripheral blood cells; Mixed: resected intestinal tissues and intestinal biopsy with no defined distinction in results.
c
Control group consisted of patients diagnosed with irritable bowel syndrome (IBS).
d
Nickname or other published designation of the PCR primer sets used in the study.
e
No published or otherwise public primer designation. Primers were arbitrarily named herein for the purpose of comparison.
f
Unique sequence used only in the corresponding study.
g
Modified version of P90/P91. See Table 8 for explanation.
h
Modified version of the P901/P912 primers.
© 2012 Informa Healthcare USA, Inc.
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Table 8. PCR Primers used in various studies to detect M. paratuberculosis in Crohn’s diseasea.
Forward primer
Reverse primer
Nickname
Source
(Sanderson et al., 1992)
GTTCGGGGCCGTCGCTTAGG
GAGGTCGATCGCCCACGTGA
P90/P91b
(Millar et al., 1996)
GAAGGGTGTTCGGGGCCGTCGCTTAGG
GGCGTTGAGGTCGATCGCCCACGTGAC
P902/P912b
TGGACAATGACGGTTACGGAGGTGG
TGATCGCAGCGTCTTlGGCGTCGGT
Wp1/Wp2
(Wall et al., 1993)
CCGCTAATTGAGAGATGCGATTGG
AATCAACTCCAGCAGCGCGGCCTCG
Dp1/Dp2
(Vary et al., 1990)
CTGGGCGCTGAGTTCCTCG
CAGCATTGCCCACAGGACGT
Cp1/Cp2
(Cellier et al., 1998)
GTTCGGGGCCGTCGCTTAGG
GCGGGCGGCCAATCTCCTT
P90/MPARA-R
(Fujita et al., 2002)
CTTTCTTGAAGGGTGTTCGG
ACGTGACCTCGCCTCCAT
L1/L2
(Bull et al., 2003)
GCTGATCGCCTTGCTCAT
CGGGAGTTTGGTAGCCAGTA
TJ1/TJ2
(Bull et al., 2003)
CGTCGGGTATGGCTTTCATGTGGTTGCTGTG CGTCGTTGGCCACCCGCTGCGAGAGCAAT P89/P92
(Sechi et al., 2001)
CCGACGCGATGATCGAGGAG
GAACTCAGCGCCCAGGATGA
Sp1/Sp2
(Sechi et al., 2005)
ATGACGGTTACGGAGGTGGTT
TGCAGTAATGGTCGGCCTTAC
SF214/SR289
(Bentley et al., 2008)
GATGGAGGCGAGGTCACGT
CTTGCCTTCGCCGCGGTAA
S1/A1
(Toracchio et al., 2008)
GCATGGTTATTAACGACG
CGAAAGTATTCCAGCAGC
PTB1/PTB2
(Lisby et al., 1994)
GGAGCGATTTCGCCGCCA
GTCGGCGGAGGCGAATGC
Bp1/Bp2
(Baksh et al., 2004)
GCCCGGATGCGCCACGACTT
GCGCGGCACGGCTCTTGTTGTA
Rp1/Rp2
(Ryan et al., 2002)
GAGAATTCGTGCT TAACACATGCAAGTCG
ATGGATCCGTGAGATTTCACGAACAACGC
rRNA
(Dumonceau et al., 1996)
GCGCCTGCTACCTGTCGG
GACAGCGTCGTCGCGCAG
Tdb3/Tdb4
(Murray et al., 1995)
a
May not be inclusive of all primers used and the original source of the primer is referenced even if the primer name was changed in subsequent uses.
b
Primer pair P90/P91 was originally designed by Sanderson et al. (Sanderson et al., 1992). After related IS900-like sequences were discovered that
hybridized with this primer pair, it was modified by Millar et al. (Millar et al., 1996) by the addition of nucleotides depicted by italic type; however,
Millar et al. maintained the original name P90/P91 for this new primer set. To avoid confusion, the modified P90/P91 primers are designated
P902/P912. Most studies continue to use the original P90/P91 primer set.

for M. paratuberculosis (range: 0–100%) are also likely
related to the facilities and technical skills of each laboratory as multi-centered trials using the same samples and
techniques have produced different and conflicting data
(Naser et al., 2009).
The results of PCR-detection of M. paratuberculosis
in Crohn’s disease are generally inconsistent and display considerable heterogeneity. However, in-house
PCR methods used in the identification of M. tubercu
losis have also been shown to be error prone because
of the many methodological variances among laboratories (Flores et al., 2005). The inherent difficulty in lysing
mycobacteria (Singh et al., 2008) and the organisms’
buoyancy, which may prevent it from sedimentation
during centrifugation, contribute to this variability and
heterogeneity of results. Although PCR is extremely
sensitive, being theoretically capable of detecting a
single genome in a sample, the dilution effect of tissue
processing, in addition to other variances, also contribute to assay accuracy as demonstrated by the higher
sensitivity of culture in tuberculosis (Greco et al., 2006)
and in light shedding dairy cattle (Singh et al., 2008) as
compared with PCR.
There have been three publications on the systematic
meta-analysis on M. paratuberculosis detection in tissues
from patients with Crohn’s disease by PCR and other
molecular techniques (Jayarao & Shreekumar, 1999,
Feller et al., 2007, Abubakar et al., 2008).
Jayarao (Jayarao & Shreekumar, 1999) performed a
systematic meta-analysis of 20 available peer-reviewed
publications representing a total of 458 patients with
Crohn’s disease and 584 controls between 1990 and 1998.
Analysis of available data using PCR-techniques to detect
M. paratuberculosis in tissues suggested that M. paratu
berculosis could be detected from a significantly higher

number of patients with Crohn’s disease (odds ratio
2.35:1) as opposed to controls.
Feller et al. (2007) preformed a systematic review
to assess the evidence for an association between
M. paratuberculosis and Crohn’s disease by analyzing
18 case-control studies comparing the detection of M.
paratuberculosis in patients with Crohn’s disease to nIBD
controls between 1992 and 2005. The prevalence of M.
paratuberculosis DNA was found to be higher in patients
with Crohn’s disease than in nIBD controls in 16 of the
18 studies, resulting in a pooled odds ratio of 7.01 (95%
confidence interval [CI], 3.95–12.4). There was no difference whether straight PCR or nested PCR methodologies
were used. In the 12 studies which compared the detection of M. paratuberculosis in Crohn’s disease with nIBD
and ulcerative colitis, the odds ratios were similar, 6.88
(3.28–14.4) and 4.13 (1.57–10.9), respectively. Feller et al.
concluded that, on the basis of 18 case-control studies,
systematic review and meta-analysis shows that detection of M. paratuberculosis is substantially more common
in patients with Crohn’s disease, independent of whether
patients with Crohn’s disease are compared with nIBD
controls or patients with ulcerative colitis.
Abubakar et al. (2008) also performed a systematic
review and meta-analysis of 47 studies using nucleic
acid-based techniques to detect M. paratuberculosis in
patients with Crohn’s disease as compared with controls.
The pooled estimate of risk difference from all included
studies between 1996 and 2006 was determined to be
0.23 (95% CI, 0.14–0.32) using a random effects model
indicating that M. paratuberculosis IS900 is detected significantly more frequently in Crohn’s disease than in controls. Similarly, M. paratuberculosis was detected more
frequently from patients with Crohn’s disease as compared with those with ulcerative colitis (risk difference
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0.19, 95% CI, 0.10–0.28). Their data further confirm the
observation that M. paratuberculosis is detected more
frequently among Crohn’s disease patients compared
with controls and demonstrate that there is a high
strength of association with a reasonable level of consistency between M. paratuberculosis and Crohn’s disease,
across many sites, by many investigators, and controlling
for a number of factors.
The observation that the detection of M. paratuber
culosis IS900 within biopsy material appears to be stable
over time during disease recurrence (up to 6 years)
further supports an etiologic role of this agent (Wagner
et al., 2011).
It is well established, and generally accepted, that
M. paratuberculosis can be detected in a significant number of patients with Crohn’s disease and that an association between M. paratuberculosis and Crohn’s disease
does exist (Nacy & Buckley, 2008).

Opposing evidence (antagonist’s view)
The detection of M. paratuberculosis or IS900 in tissues
and blood is perhaps the most convincing evidence that
M. paratuberculosis is widely distributed in the environment, that the human population is commonly exposed
to this organism (without any apparent ill-effect) and that
M. paratuberculosis commonly colonizes the mucosal
surfaces of the intestinal lumen.
The recent study by Lee et al. (2011), which sought
the presence of IS900 in pediatric patients, illustrates the
general mucosal colonization by M. paratuberculosis and
suggests that there is simply increased mucosal surface
colonization (dysbiosis) in Crohn’s disease that is unassociated with causality. In that study, using stringent data
interpretation (i.e., all three IS900 replicates were positive), IS900 was detected in 35% of patients with Crohn’s
disease, 5% of patients with ulcerative colitis, and in 5.2%
of controls. However, when the presence or absence of
IS900 was used in the interpretation of data (case definition: any one of the three replicates being positive), no
significant association with Crohn’s disease was found
as compared with ulcerative colitis (58% vs. 53% positive,
respectively) suggesting dysbiosis and increased mucosal
surface colonization in inflammatory bowel disease.
Whether 1 or 3 replicates are positive in an assay
relates solely to the sensitivity of the assay (not specificity) and the number of copies of the template (in this
case, M. paratuberculosis IS900). Thus, these data support the notion that M. paratuberculosis is present in
most individuals as a commensal organism but there are
simply more found in Crohn’s disease. These findings are
consistent with the observation that there are increased
organisms of the genus Bacteroides (Manichanh et al.,
2006, Gillevet et al., 2010) in Crohn’s disease resulting
from a generalized dysbiotic state of the affected intestinal tissues and supports the mucosal colonization by M.
paratuberculosis unrelated to causality.
Further suggesting that the detection of M. paratu
berculosis is an incidental finding is the failure to show
© 2012 Informa Healthcare USA, Inc.
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a consistent association between the detection of this
pathogen and the presence of granulomas, NOD2/
CARD15 polymorphisms, length of disease, disease
activity, disease location, immunosuppressive therapy,
age, sex, or any other clinical parameter (Romero et al.,
2005, Bernstein et al., 2007; Bentley et al., 2008).
In addition to intestinal diseases, M. paratubercu
losis has been found to be “associated” with scrofula
and lympadenitis (Hermon-Taylor et al., 1998), sarcoidosis (McFadden & Fidler, 1996), type 1 diabetes (Rosu
et al., 2009), Blau Syndrome (Dow & Ellingson, 2011),
Hashimoto’s thyroiditis (Sisto et al., 2010), multiple sclerosis (Cossu et al., 2011), and others. One may be led to
believe that M. paratuberculosis may be the cause of all
idiopathic diseases of man (Thomas Dow, 2008), and
maybe even of dogs (Glanemann et al., 2008). These data
all suggest a ubiquitous environmental organism that is,
at most, an opportunistic pathogen and not a primary
cause of Crohn’s disease or any other human disease.
Furthermore, reports suggesting that M. paratuber
culosis IS900 can be detected in the blood of 46–50% of
patients with Crohn’s disease, 22–44% of patients with
ulcerative colitis, and 0–20% of controls (Table 7) is higher
than that reported in animals chronically infected and/
or exposed to M. paratuberculosis and further diminishes
the importance of the M. paratuberculosis–Crohn’s disease association.
Bhide et al. (2006) performed M. paratuberculosis
IS900 PCR on the blood of 262 cattle and 78 sheep from
infected farms by methodologies similar to those applied
in humans. Only 30 of 262 (11.45%) cattle and only 1 of
78 (1.28%) sheep from paratuberculosis-endemic herds
were found to be positive for IS900 in blood. Separating
cattle into 136 clinically healthy and 126 clinically
unhealthy animals, IS900 detection rates in blood were
5.9% and 17.5%, respectively. Juste et al. (2005) also
examined blood from cattle and sheep by IS900-PCR and
found positive results in 56 of 278 (20%) cattle and in 52
of 496 (10.5%) sheep from endemically infected herds.
It is generally agreed that the primary source of M.
paratuberculosis is the domestic livestock population,
notably cattle, sheep, and goats. It is also generally recognized that the environment of chronically infected
herds is heavily contaminated with M. paratuberculosis
(Raizman et al., 2004). The suggestion that patients with
Crohn’s disease (and some control groups) have M. para
tuberculosis circulating in their blood more frequently
than animals living in a heavily contaminated area are
inexplicable, contrary to conventional wisdom, and
greatly diminishes the significance of these findings.
A similar inexplicable finding has been observed with
the examination of feces for M. paratuberculosis IS900. In
the study by Tuci et al. (2011), M. paratuberculosis IS900
was detected in 68% of Crohn’s disease patients, 65% of
patients with ulcerative colitis, and 48% of healthy controls. Such detection rates are higher than those reported
for the detection of M. paratuberculosis IS900 in feces of
cattle from infected herds (Douarre et al., 2010).
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The data support the view that M. paratuberculosis is
a ubiquitous environmental organism that colonizes the
mucosal surfaces of the gut resulting in translocation
and increased detection in Crohn’s disease patients. The
dysbiosis and reduced bacterial diversity of the intestinal
microbiome in Crohn’s disease (Manichanh et al., 2006,
Qin et al., 2010) likely promotes M. paratuberculosis
mucosal surface growth and detection.

Direct observation of M. paratuberculosis in
Crohn’s disease tissues
Supporting evidence (protagonist’s view)
Several studies have attempted to show the presence
of M. paratuberculosis within the diseased tissues of
patients with Crohn’s disease by a variety of different
methods including light microscopy, immunofluorescense, and in situ hybridization (Table 9). Although most
studies reported the ability to detect M. paratuberculosis,
and/or even acid-fast bacilli (Jeyanathan et al., 2006),
predominantly in tissues of Crohn’s disease patients,
these studies have been few.
The difficulties in detecting M. paratuberculosis
within the diseased tissues may relate to its existence and
presence within tissues in an altered cell-wall deficient
state (spheroplast) and the paucibacillary infection that
ensues. Until these technological limitations are resolved,
the demonstration of M. paratuberculosis in tissues of
patients with Crohn’s disease will be challenging.
Nevertheless, in the systematic review and metaanalysis by Abubakar et al. (2008), a number of in
situ hybridization studies were included. Although
there was significant evidence of heterogeneity (chisquare = 301.29, p < 0.001), the summary measure of risk
difference was 0.43 (95% CI, 0.01–0.84) indicating that
the probability of a positive result is significantly higher
in Crohn’s disease as compared with controls.

Opposing evidence (antagonist’s view)
Acid-fast bacilli are not demonstrable within the lesions
of Crohn’s disease, and M. paratuberculosis cannot be

reproducibly detected by immunohistochemistry, in
situ hybridization, or other detection methods (Table 9).
Although most of the published studies suggest that M.
paratuberculosis can be detected in tissues, these studies do not accurately reflect the state of our knowledge or
the thousands of failed attempts to demonstrate mycobacteria in Crohn’s disease over the past 75 years. It is
common knowledge that mycobacteria, that is, acid-fast
bacilli, are not present within the tissues of patients with
Crohn’s disease.
The two explanations offered by proponents for the
inability to visually demonstrate mycobacteria within
Crohn’s disease tissues (i.e., paucibacillary disease and
the existence of cell-wall deficient bacterial variants) are
inherently flawed.
Although it is well documented in the literature that cell
wall deficient forms of mycobacteria and other microbes
do exist (Onwuamaegbu et al., 2005, Beran et al., 2006),
much of the available information is presumed rather
than documented or defined. Many studies presume
the existence of cell-wall deficient states based on pleomorphic appearing material within unknown cultures
that failed to or stained lightly by acid-fast techniques
and the reliance of IS900-PCR to identify the material as
M. paratuberculosis (Naser et al., 2002, Juste et al., 2008,
Naser et al., 2009). PCR only detects DNA and does not
differentiate between physical and physiological forms.
Furthermore, no investigation has demonstrated spheroplast-like bodies by ultrastructure or any other means
in tissues from patients with Crohn’s disease (Dvorak &
Dickersin, 1979, Bataille et al., 2004). To suggest that cellwall deficient organisms can be identified based only on
the detection of IS900 DNA (Hulten et al., 2000) is erroneous. Without the demonstration of spheroplast forms
within tissues, the relevance of their detection in culture
must be questioned.
Bacterial infections are generally associated with large
numbers of bacteria that are readily demonstrable in
tissues—there are no known chronic progressive paucibacillary diseases. Although tuberculoid (paucibacillary)
leprosy and paucibacillary paratuberculosis (Johne’s

Table 9. Demonstration and observation of M. paratuberculosis in Crohn’s disease tissues and controlsa.
Detector
Tissuec
CD
UC
nIBD
Source
Methodb
ICC
Ag/Ab
Paraffin
0/16
0/0
0/0
(Cartun et al., 1993)
ISH
IS900
Paraffin
7/37
2/21
0/22
(Hulten et al., 2001)
ISH
IS900
Paraffin
27/33
0/20
0/20
(Sechi et al., 2001)
IHC
Ag/Ab
Paraffin
0/35
0/36
0/21
(Ellingson et al., 2003)
ISH
IS900
Paraffin
73/82
0/20
0/20
(Sechi et al., 2004)
FISH
IS900
Resected
8/12
0/0
0/6
(Romero et al., 2005)
ISH
rRNA
Paraffin
15/17
2/5
3/30
(Jeyanathan et al., 2007)
LM/ZN
ZN
Paraffin
10/17
2/5
3/30
a
Data are not inclusive and articles in which insufficient information was available to precisely define methodology or the results were
inconsistent or unclear are not included. Method: methodology employed in the study; Detector: target of the method; Tissue: type of
tissues examined; CD: Crohn’s disease; UC: ulcerative colitis; nIBD: non-inflammatory bowel disease control.
b
ISH: in situ hybridization; FISH: fluorescence in situ hybridization; IHC: immunohistochemistry; Ag/Ab: antigen/polyclonal antibodies;
ICC: immunocytochemistry; LM: light microscopy/Ziehl-Neelsen.
c
Paraffin: paraffin-embedded tissues of undefined nature (biopsy vs. resected tissues); Resected: fresh resected intestinal tissues.
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disease) are often used as examples of paucibacillary
disease (Nacy & Buckley, 2008), neither is appropriate.
Tuberculoid leprosy is a chronic self-limiting disease and,
if not self-limiting, often progresses to the multibacillary form with an abundance of bacteria (Scollard et al.,
2006). Paucibacillary paratuberculosis, although it may
occur and lead to clinical disease, is poorly understood
and not reproducible (Clark et al., 2010). Thus, there is
no model of a chronic progressive paucibacillary disease
and suggesting this mechanism represents a novel model
in bacterial pathogenesis.
It is also alleged that the existence of M. paratubercu
losis in a cell-wall deficient spheroplast form accounts for
the inability to demonstrate the organism in tissues. If M.
paratuberculosis were present in abundance, even in a
cell-wall deficient form, it would be visible by other staining techniques not dependent on the cell wall and/or by
electron microscopy; but neither has been demonstrated.
Even electron microscopic investigations of tissues from
patients with Crohn’s disease (Dvorak & Dickersin, 1979,
Bataille et al., 2004) do not report unidentified pleomorphic structures or Mycoplasma-like organisms within
phagocytic cells.
Recent studies on the sensitivity of various detection
methods (Jeyanathan et al., 2006) found that standard
cell-wall staining methods were no more sensitive than
in situ hybridization or in situ PCR based on the IS900
sequence and that detection is solely dependent on the
bacterial burden of the tissues. Therefore, the existence
of spheroplastic forms of M. paratuberculosis is irrelevant
to its detection and amounts to little more than an excuse
for the failure to demonstrate M. paratuberculosis within
disease tissues of patients with Crohn’s disease.

Treatment of Crohn’s disease patients with
anti-mycobacterial agents
Supporting evidence (protagonist’s view)
In cattle and other ruminants infected with M. paratuber
culosis, a variety of methods, from diet to antimicrobials
and probiotics (Merkal & Larsen, 1973, Chiodini et al.,
1984a, St-Jean & Jernigan, 1991, Hendrick et al., 2006, Click
& Kampen, 2010), have been used in attempts to arrest
the disease. Although temporary improvements and/or
remission can be achieved in some animals, no animal
has ever been cured of an M. paratuberculosis infection
and all infected animals ultimately succumb to clinical
disease (Chiodini et al., 1984a). Even the administration of antimicrobials prior to infection does not prevent
infection and the ultimate development of clinical disease
(Rankin, 1955, Chiodini et al., 1984a). Despite attempts,
no animal has ever been cured of Johne’s disease.
A number of case reports and case series have reported
the successful treatment of Crohn’s disease patients with
anti-mycobacterial therapeutic regimes (Chiodini, 1989,
Borgaonkar et al., 2000, Borody et al., 2002, Ohkusa &
Sato, 2005, Chamberlin et al., 2007), suggesting that treatment with anti-mycobacterial agents may be effective in
© 2012 Informa Healthcare USA, Inc.
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some patients. Of the more than 19 case reports on the
use of anti-mycobacterial agents in Crohn’s disease, 14
reported good to dramatic responses.
The systematic review and meta-analysis performed
by Borgaonkar et al. (2000) on randomized placebocontrolled trials using anti-mycobacterial therapy from
1966 to 1998 found that anti-mycobacterial therapy to
be effective in maintaining disease remission in Crohn’s
disease. When combined with initial corticosteroid use,
the pooled odds ratio of maintenance of Crohn’s disease
remission was 3.37 (95% CI, 1.38–8.24; p = 0.013).
Although meta-analysis suggests beneficial responses
to anti-mycobacterial agents, most controlled trials
(Table 10), particularly the large Australian trial (Selby
et al., 2007), have been considered a failure, results offer
various interpretations and are open to debate (Thayer,
1992, Chamberlin, 2007, Gitlin & Biesecker, 2007, Lipton
& Barash, 2007, Peyrin-Biroulet et al., 2007, Selby et al.,
2007, Behr & Hanley, 2008). There are many different
reasons that can be put forth to explain the heterogeneity of trial results (Table 10), including patient selection,
antimicrobial choices, single versus multiple drug use,
doses used, treatment duration, and the like. In addition,
while the evaluations of most therapeutic regimens in
Crohn’s disease are measured by their ability to induce
and/or maintain disease remission, when applied to antimycobacterial agents, success/failure is generally judged
by the ability of these drugs to produce a curative effect
(Peyrin-Biroulet et al., 2007). When more liberal measurements of success are applied to anti-mycobacterial
drug use in Crohn’s disease, as used in other evaluations,
anti-mycobacterial drugs demonstrate efficacy better
or equal to currently employed therapeutic practices
(Chamberlin, 2007, Gitlin & Biesecker, 2007, Lipton &
Barash, 2007, Behr & Hanley, 2008).
In fact, a recent systematic review and meta-analysis
on the general use of antimicrobial agents in Crohn’s
disease concluded that there was a statistically significant effect of antibiotics at inducing remission in active
disease, at reducing fistula drainage and in preventing
relapse in quiescent disease (Anonymous, 2011, Khan
et al., 2011). Interestingly enough, the most effective
drugs were rifampicin derivatives and clofazimine, two
commonly used anti-mycobacterial agents.
There are various reasons why a curative effect has not
been consistently demonstrated in Crohn’s disease by
the use of anti-mycobacterial therapy. Patients selected
for antimicrobial treatment trials are generally refractory
to conventional therapies and have undergone years of
unsuccessful pharmacologic and/or chemotherapeutic manipulations which produce a host of side-effects
which may need to be overcome before achieving a
curative response. The concurrent use of corticosteroids,
as commonly used in other mycobacterial infections
(Thornton, 1970, Golden & Vikram, 2005, Scollard et al.,
2006), may be an inappropriate designation of failure.
In cattle with M. paratuberculosis infection, the administration of immunosuppressive agents has been shown
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Table 10. Treatment of Crohn’s disease patients with anti-mycobacterial therapeutic agentsa.
Remission (%)
Duration
(mo)
Criteriad
Drug
Placebo
Type of studyb Patients Drugs usedc
RCT
27
RF + ET
12
38
64
ΔCDAI
RCT
24
RB
6
29
38
ΔHBI
Clinical remission
Open trial
20
RF + ET + IZ + PZ or CL
9
50
NAe
Open trial
16
RB + ET
6–12
0
NA
Endoscopic healing
RCT
40
RF + ET + CL + DS
9
84
35
Mucosal healing
RCT
49
CL
12
64
50
Clinical remission
RCT
126
RF + IZ + ET
24
35
38
Clinical remission
Open trial
RCT
Open trial
Open trial
Open trial
Retrospective
review
RCT

46
31
25
36f
12
39

RB+CL or AZ
CM + ET
CM
RB + CM
RB + CL + CM
RB + CL + CM

6–35
3
1–15
4–17
24
6–9

94
NA
p = 0.08 v. placebo
32
48
58
NA
25
NA
52
NA

Clinical remission
ΔHBI
ΔHBI
Clinical response
Clinical remission
Mucosal healing

Source
(Shaffer et al., 1984)
(Basilisco et al., 1989)
(Hampson et al., 1989)
(Rutgeerts et al., 1992)
(Prantera et al., 1994)
(Afdhal et al., 1991)
(Swift et al., 1994, Thomas
et al., 1998)
(Gui et al., 1997)
(Goodgame et al., 2001)
(Leiper et al., 2000)
(Shafran et al., 2002)
(Borody et al., 2002)
(Borody et al., 2007)

213
RB + CM + CL
12
61
44
Relapse
(Selby et al., 2007)
122
24
74
57
54
36
42
50
a
Case reports and trials in which sufficient data could not be extrapolated are not included.
b
RCT: randomized controlled trial.
c
RF: rifampicin; ET: ethambutol; IZ: isoniazid; PZ: pyrazinamide; CL: clofazimine; RB: rifabutin; DS: dapsone; AZ: azithromycin; CM:
clarithromycin.
d
Measurement or criteria used by authors to evaluate efficacy. ΔCDAI: Change in Crohn’s disease activity index; ΔHBI: Change in
Harvey-Bradshaw index.
e
Not applicable.
f
Serologically positive to M. paratuberculosis antigens before treatment.

to produce clinical improvement without exacerbation
of the disease or infection (Merkal et al., 1970, Chiodini
et al., 1984a).
Successful treatment of a mycobacterial infection
requires optimal intensive therapy early during the
course of infection (Scollard et al., 2006, Kasperbauer &
Daley, 2008). Neither of these conditions has been met
in any clinical trial to date. Mycobacterial infections,
particularly those caused by the non-tuberculous mycobacteria, may require triple to quintuplicate antimicrobials for periods of 3–5 years (Hornick et al., 1988, Cook,
2010, McGrath et al., 2010). In addition, although current
anti-mycobacterial chemotherapeutics are very effective
at early bacterial clearance, they are ineffective in tissue
sterilization (Roy et al., 2007). Combine the ineffectiveness in tissue sterilization with a deficiency in innate
immunity (Cooney & Jewell, 2009, Marks et al., 2010,
Mayer, 2010) and effective therapy may require a host of
immunomodulators in combination with antimicrobials to achieve long-lasting remission or cure. The use of
anti-mycobacterial therapy alone in Crohn’s disease may
simply be too little too late.
Clinical trials with anti-mycobacterial chemotherapeutic agents in Crohn’s disease have not followed
American Thoracic Society/Infectious Disease Society
of America (ATS/IDSA) guidelines (Griffith et al., 2007)
in duration, doses, or drug choices for severe disease. In
addition, no clinical trial to date has attempted to use
M. paratuberculosis detection as a criterion for patient

selection or to monitor M. paratuberculosis detection
during the course of treatment. Until these minimum
requirements are met, conclusions based on the apparent failure of anti-mycobacterial therapy to achieve a
cure for Crohn’s disease may be premature.
Whether it is case reports or controlled trials, antimicrobials are effective in Crohn’s disease and there is a
subset of patients who respond exceptionally well to antimycobacterial therapy, beyond what could be attributed
to a placebo or other effect.

Opposing evidence (antagonist’s view)
There have been a variety of clinical trials on the use
of anti-mycobacterial agents in Crohn’s disease and
all clinical trials to date have failed to demonstrate a
curative or even a long-term clinical benefit (Table 10).
Although small uncontrolled studies and meta-analysis
of those studies (Borgaonkar et al., 2000) suggest some
therapeutic efficacy, the largest long-term, large-scale,
randomized, placebo-controlled trial ever conducted in
Crohn’s disease failed to show a beneficial effect of antimycobacterial therapy in remission or maintenance of
remission (Selby et al., 2007). The results of that landmark
study (Peyrin-Biroulet et al., 2007, Selby et al., 2007),
which evaluated the efficacy of 3 anti-mycobacterial
drugs over a period of 2-years in 213 patients, illustrate
that anti-mycobacterial therapy has no role in the maintenance of Crohn’s disease remission, and it does not
offer any curative effect either.
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As antimicrobial therapy is effective and curative in
80–90% of patients with tuberculosis and non-tuberculous pulmonary disease (Fujikane et al., 2005, Thiam
et al., 2007), including infection with organisms of the M.
avium complex, the failure of similar treatment regimes
in Crohn’s disease is strong evidence that M. paratuber
culosis is not a causative agent.
Even if these trials had demonstrated a beneficial
effect or if we accept the reports from uncontrolled studies and case reports, results would not specifically support the role of M. paratuberculosis in Crohn’s disease.
Anti-mycobacterial agents are not specific to the genus
and have broad spectrum of activity against diverse bacteria, including luminal organisms. The beneficial effects
of antimicrobials in some patients (Feller et al., 2010) may
simply represent broad antimicrobial activity to luminal
bacteria that alter (improve) the dysbiotic state (Khan
et al., 2011, Man et al., 2011).

The use of immunosuppressive agents in
Crohn’s disease
Supporting evidence (protagonist’s view)
Immunosuppressive agents are generally effective in
minimizing acute disease flare-ups in Crohn’s disease
(Panés et al., 2007) but are generally contraindicated in
mycobacterial infections, causing an exacerbation of the
disease. This has generally been considered by gastroenterologists as evidence that M. paratuberculosis could not
be involved in Crohn’s disease.
Thalidimide, methotrexate, prednisolone, cyclosporine, azathioprine and other immunosuppressive
drugs are common therapeutic agents used during the
treatment of leprosy and extra-pulmonary cases of tuberculosis (Golden & Vikram, 2005, Scollard et al., 2006),
and the ATS/IDSA recommends the use of corticosteroids in the treatment of advanced M. avium infections
(Griffith et al., 2007). There are even early reports on the
successful treatment of tuberculosis with corticosteroids
alone (Thornton, 1970). In cattle with M. paratuberculo
sis infection, the administration of immunosuppressive
agents has been shown to produce clinical improvement
without exacerbation of the disease or infection (Merkal
et al., 1970, Chiodini et al., 1984a). Thus, the suggestion
that the use of immunosuppressive agents in Crohn’s
disease is evidence against a role of M. paratuberculosis
in Crohn’s disease is erroneous.
It has also been observed that patients with Crohn’s
disease that are co-infected with human immunodeficiency virus/acquired immune deficiency syndrome
(HIV/AIDS) do not show an exacerbation of intestinal
disease, and there is no observed increase in Crohn’s
disease in areas endemic with HIV/AIDS (Viazis et al.,
2010). It has been suggested that if mycobacteria were
associated with Crohn’s disease, one would expect an
exacerbation of intestinal disease with HIV/AIDS coinfection as seen in tuberculosis where infection with the
HIV/AIDS causes an exacerbation of latent tuberculosis
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infection (Barry et al., 2009, Doherty et al., 2009) as well
as causing increased susceptibility to non-tuberculous
opportunistic mycobacteria such as M. avium (Corti &
Palmero, 2008).
Such would suggest a paradox, but such a paradox
also exists with leprosy. Co-infection with HIV/AIDS
does not cause an exacerbation of leprosy nor is there
an increase in leprosy observed in areas where HIV/
AIDS is endemic (Scollard et al., 2006, Ustianowski
et al., 2006). Some leprosy patients may actually
improve with HIV co-infection (Talhari et al., 2008, Kar
et al., 2009). To address the HIV/AIDS paradox in leprosy, in which the progression and outcome of M. leprae
infection is not affected by co-infection with HIV even
during advanced stages of AIDS, it has been suggested
that the slow growth of M. leprae, as compared with
M. tuberculosis and M. avium, allows what remaining
immunity exists to maintain and control the infection
(Scollard et al., 2006). A similar situation may exist for
M. paratuberculosis.
Anti-TNF-α antibodies could have a beneficial effect
by the disruption of granulomata and sequestered bacterial organisms thereby allowing chemotherapeutic
agents and effector cells greater access to the infectious
agents (Roy et al., 2007).

Opposing evidence (antagonist’s view)
Immunosuppressive agents, particularly steroids, play
a major role in the treatment and disease remission of
Crohn’s disease (Peyrin-Biroulet & Lémann, 2011) but
are generally contraindicated in mycobacterial infections, causing an exacerbation of the disease. Physicians
know that they should screen patients for latent mycobacterial infection or disease prior to the administration of any immunosuppressive agent. Although the
use of steroid therapy is commonly used and beneficial
in the treatment of various mycobacterial infections
(Smego & Ahmed, 2003), they are always used concurrently with antimicrobials and never alone as employed
in the treatment of Crohn’s disease. Thus, the use and
beneficial effects of steroids in the management of
Crohn’s disease suggests that mycobacteria do not play
an etiological role.
In addition to corticosteroids, the efficacy of antitumor necrosis factor-α (TNF-α) antibodies in the treatment of Crohn’s disease (Lee & Fedorak, 2010) would
seem particularly problematic for an etiologic role of
mycobacteria in Crohn’s disease. Anti-TNF-α treatment
in patients with underlying tuberculosis, leprosy, and
non-tuberculous pulmonary disease all cause an exacerbation of the mycobacterial disease (Scollard et al.,
2006, Winthrop et al., 2009), yet such does not occur in
Crohn’s disease. One would expect the proliferation of
M. paratuberculosis and exacerbation of disease under
anti-TNF-α conditions (Quesniaux et al., 2010). The fact
that this does not occur suggests that M. paratuberculo
sis is not etiologically related to the causation of Crohn’s
disease.
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Immunologic responses to M. paratuberculosis
antigens in Crohn’s disease patients
Supporting evidence (protagonist’s view)
As a complex disease with tuberculoid and lepromatoid
phases, immunologic responses to M. paratuberculosis
in infected animals are often variable and unpredictable.
A variety of immunologic-based assays, both cellular
and humoral, have been evaluated for their usefulness
as diagnostic tools in animals (Chiodini et al., 1984a,
Stevenson, 2010). As a general rule, assays based on cellular immunity, including skin testing, blastogenesis,
cytokine assays, and others are of low sensitivity and
specificity, suffer from cross-reactivity, and have limited
diagnostic value (Chiodini et al., 1984a, Nielsen & Toft,
2008, Stevenson, 2010). Assays of humoral immunity
have been found to have more utility in the detection of
infectious animals (animals actively shedding M. para
tuberculosis in feces), although the reliability of methods
varies between species. There are also differences in
the antigens recognized by different species of animals
(Chiodini et al., 1984a, Nielsen & Toft, 2008).
In cattle, the preferred diagnostic immunologic assay
is the enzyme-linked immunosorbent assay (ELISA),
which has a reported sensitivity and specificity of 76–98%
and 96–99%, respectively, in detecting infectious and
clinically diseased cattle. However, although these sensitivities and specificities are impressive, they are based on
fecal culture (the “gold standard”) which has a sensitivity
of 40–60% (Chiodini et al., 1984a, Nielsen & Toft, 2008,
Stevenson, 2010). When used on subclinically infected
animals or animals shedding M. paratuberculosis in feces
below culture detection limits, the sensitivity of the ELISA
falls to 15–37% (Whitlock et al., 2000, Stevenson, 2010).
Sensitivity of the ELISA is even less in non-cattle species
such as goats, sheep, and deer (Nielsen & Toft, 2008) and
specificity may be affected by environmental and other
micro-organisms (Dunn et al., 2005, Osterstock et al.,
2007). Detection of infectious animals (fecal shedders) is
good and many commercial tests are available, but the
detection of all M. paratuberculosis-infected animals,
particularly subclinical cases, is problematic.
A variety of studies have sought the presence of M.
paratuberculosis antibodies in Crohn’s disease and controls with conflicting results (Table 11). Most of these
studies used different methodologies and M. paratuber
culosis antigens, which may account for the heterogeneity of results reported.
In the systematic review and meta-analysis of the
detection of M. paratuberculosis antibodies in Crohn’s
disease patients between the period 1966–2006 (Feller
et al., 2007), 10 of the 13 studies included in the metaanalysis found the prevalence of antibodies against M.
paratuberculosis antigens was higher in patients with
Crohn’s disease as compared with controls with a pooled
odds ratio of 1.72 (1.02–2.90). Pooled odds ratios were
similar for comparisons between Crohn’s disease and
ulcerative colitis patients (1.88 [1.26–2.81]).

These various studies convincingly establish that
Crohn’s disease patients have elevated antibodies to
M. paratuberculosis antigens and that responses are similar to those expected in both subclinical Johne’s disease
in animals (Whitlock et al., 2000, Stevenson, 2010) and in
human tuberculosis (Steingart et al., 2007, Verma & Jain,
2007).
In addition to humoral immune studies, a few studies have examined the more relevant cellular immune
responses but most of these studies have relied on
peripheral blood mononuclear cells with variable results
(Table 11). Since peripheral blood mononuclear cells
express different antigen receptors than compartmentalized mononuclear cells (Juarez et al., 2010), it is important
to rely more on reactivity of cells within compartmentalized tissues such as the gastrointestinal tract.
Clancy et al. (2007) established gut mucosal organ
cultures from 63 patients with Crohn’s disease 53 with
ulcerative colitis, 45 with irritable bowel disease, and
74 normal controls to determine TNF-α production in
response to M. paratuberculosis antigens. They found
a significantly higher production of TNF-α in Crohn’s
disease patients as compared with other patient groups
and controls. In addition, by incorporating M. paratu
berculosis IS900-PCR detection, they observed significantly higher TNF-α production in PCR positive
samples from Crohn’s disease patients as compared
with PCR positive samples from other patient groups
and controls.
Olsen et al. (2009) established T cell lines without
ex vivo stimulation from biopsies of 11 patients with
Crohn’s disease, 13 patients with ulcerative colitis, and 10
controls. Generated cell lines were tested for reactivity to
M. paratuberculosis and commensal bacteria. Patients
with Crohn’s disease were found to have a higher frequency of M. paratuberculosis-reactive T cells (71%)
than other groups examined. The 3 Crohn’s disease
patients that failed to have a detectable response to
M. paratuberculosis had colon involvement only. These
M. paratuberculosis-reactive T cells produced higher
levels of IL-17 and IFN-γ compared with commensal bacteria, ulcerative colitis and nIBD controls. The
M. paratuberculosis-reactive T cells from Crohn’s disease
patients were Th1 or Th1/Th17 mixed phenotypes.
These studies suggest that the cellular immune
response within intestinal tissues (the gut-associated
lymphoid tissue or GALT) in patients with Crohn’s disease
have increased cellular reactivity and TNF-α production
in response to M. paratuberculosis antigens greater than
that to commensal bacteria or controls.
Thus, the predominance of data suggests that there
exists a higher frequency of serum antibodies and reactive intestinal T cells to M. paratuberculosis in Crohn’s
disease patients compared with controls—findings
comparable with those seen with other mycobacterial
diseases.
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Table 11. Detection of antibodies and cell-mediated immune reactivity to M. paratuberculosis antigens in Crohn’s diseasea.
Humoral antibody studies
Antigenc
CDd
UCd
nIBDd
Associatione
Source
Year
Methodb
1984
ELISA
PPA
56
34
67
p < 0.0005
(Thayer et al., 1984)
1986
ELISA
disrupted
33
21
12
NS
(Cho et al., 1986)
1991
ELISA
PPA
52
15
41
NS
(Tanaka et al., 1991)
1991
ELISA
PPA
4/108
2/40
3/149
NS
(Brunello et al., 1991)
1992
Wblot
38-kDa
16/28
0/20
0/18
ND
(Elsaghier et al., 1992)
cELISA
24-kDa
15/28
0/20
0/18
ND
ELISA
18-kDa
15/28
2/20
0/18
ND
1993
ELISA
Sonicate
38
15
30
NS
(Stainsby et al., 1993)
1996
ELISA
18 kDa
40
15
21
NS
(Walmsley et al., 1996)
1999
ELISA
PPA
13
20
0
p < 0.05
(Suenaga et al., 1999)
272
167
275
p < 0.005
(Collins et al., 2000)
2000
ELISA
PPAh
2000
ImmBot
35 kDa
40/53
1/10
5/35
p < 0.0001
(Naser et al., 2000)
36 kDa
79/89
4/27
7/50
p < 0.0001
35K & 36K
39/53
0/10
0/35
p < 0.0001
2001
ELISA
14-kDa
10
10
0
p < 0.05
(Olsen et al., 2001)
2004
ELISA
PPA
14/42
0
3/34
ND
(Barta et al., 2004)
2004
ELISA
PPA
283
144
402
NS
(Bernstein et al., 2004)
006
ELISA
IS900-GST
23/50
0/40
0/44
p < 0.005
(Nakase et al., 2006)
2009
ELISA
PPA-3
124
90
80
p <0.0001
(Juste et al., 2009)
2010
ELISA
Cf
48
0
46
p <0.001
(Shin et al., 2010)
2010
ELISA
PtpA / PknG
20
0
20
p < 0.01
(Bach et al., 2011)
Cell-mediated immunity studies
CDd
UCd
nIBDd
35
28
25
33
18
23
32
5
21
10
9
10
0/10
0/9
0/10

Year
1990
1991
1992
1992
1995

Methodb
MIFA
BLAST
BLAST
BLAST
Skin test

Tissue/antigenf
PBMC/Sonicate
PBMC/Sonicate
PBMC /ND
PBMC/PPD
In situ/PPD

2000
2001

PBMC/Sonicate
PBMC/PPD
PBMC/PPD
PBMC/14-kDa-PPD
Mucosal organ
culture/ND

13/13
125
125
10
63

17/17
101
101
10
53

17/17
107
107
0
74

NS
p < 0.05
NS
NS
p < 0.0001
NS

PBMC

46

30

18

NS

(Ren et al., 2008)

2009

BLAST
IFN-γg
IL-5g
IFN-γ/IL-10g
TNF-α
IFN-γ, IL-2,
IL-10,IL-12g
IL-4, TNF-α,
IFN-γ, IL-2g
IL-17/IFN-γg

Mucosal T cells/PPD 11

13

10

p < 0.025

(Olsen et al., 2009)

2009

IFN-γg

PBMC/PPA-3

90

80

p < 0.001h

2007
2008

124

Associatione
NS
p <0.001h
NS
p < 0.05h
ND

Source
(Seldenrijk et al., 1990)
(Ebert et al., 1991)
(Ibbotson et al., 1992)
(Dalton et al., 1992)
(Rowbotham et al.,
1995)
(Collins et al., 2000)
(Olsen et al., 2001)
(Clancy et al., 2007)

(Juste et al., 2009)

Data are not inclusive and articles in which insufficient information was available to precisely define methodology or the results were
inconsistent or unclear are not included. See previous review for older studies (Chiodini, 1989).
b
ELISA: Enzyme-linked immunosorbent assay; Wblot: Western Blot; cELISA: Competitive ELISA; ImmBot: Immunoblot; MIFA;
macrophage inhibition factor assay; BLAST: Blastogenesis or proliferative assay.
c
PPA: Purified protoplasmic antigen; disrupted: disrupted whole cells; sonicate: sonicated whole cells; PtpA: protein tyrosine
phosphatase A; PknG: protein kinase G; Cf: culture filtrates
d
CD: Crohn’s disease; UC: ulcerative colitis; nIBD: non-inflammatory bowel disease controls; number positive/total number of patients
when data available or total number of patients.
e
Crohn’s disease versus control groups; ND: not defined; NS: not significant.
f
PBMC: peripheral blood mononuclear cells; PPD: purified protein derivative.
g
Proliferative/blastogenesis assay followed by ELISA for cytokine detection; IFN-γ: gamma interferon; IL-5: Interleukin-5; IL-10:
Interleulin-10; IL-4: Interleulin-4; IL-2: Interleulin-2; TNF-α: Tumor necrosis factor alpha.
h
Suppression.
a

© 2012 Informa Healthcare USA, Inc.
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Opposing evidence (antagonist’s view)
The intestinal lumen and mucosal microbiome in Crohn’s
disease is dysbiotic (Packey & Sartor, 2009, Gillevet
et al., 2010), and there is increased bacterial translocation (Adams et al., 2008, Baker et al., 2009, Lewis et al.,
2010). As a result, there are increased humoral and cellular reactivity to enteric and non-enteric organisms in
Crohn’s disease. Numerous studies have demonstrated
that patients with Crohn’s disease have increased antibody titers against Escherichia coli, aerobes, anaerobes,
and enteric bacterial pathogens at both the systemic and
mucosal level (Tabaqchali et al., 1978, Blaser et al., 1984,
Macpherson et al., 1996, Wen & Fiocchi, 2004). These
studies provide supporting and convincing evidence of a
generalized sensitization to bacterial antigens in patients
with Crohn’s disease.
It is therefore not surprising that increased humoral
and cellular activity against M. paratuberculosis is
demonstrable in Crohn’s disease (Table 11), but in light
of the generalized bacterial sensitization in Crohn’s disease, it does not add support for a causal role.
In addition, most antigens of M. paratuberculosis are
shared with other environmental organisms and there is
broad cross-reactivity between species. In the absence
of M. paratuberculosis-specific antigens, there is insufficient evidence to suggest that the observed immunologic responses are actually against M. paratuberculosis
specifically and not some other environmental organism
or that the observed response is not simply the result of a
generalized increased reactivity to commensal and environmental organisms.

Genetic susceptibility to Johne’s disease and
Crohn’s disease
Supporting evidence (protagonist’s view)
Heritability of disease concordance and immune
responses to bacteria have been clearly shown in Crohn’s
disease (Cooney & Jewell, 2009, Lees & Satsangi, 2009)
and mycobacterial diseases (Zhang et al., 2009, Misch
et al., 2010, Modlin, 2010, Möller & Hoal, 2010, Yim &
Selvaraj, 2010) and have provided early evidence for the
importance of gene–gene interactions in regulating resistance and exacerbation of disease.
Bacteria clearly play a major role in the etiopathogenesis of Crohn’s disease. Whether it is a specific infectious agent or commensal bacteria that drives the initial
inflammatory reaction or secondary bacterial colonization that perpetuates the process, there exists a localized
dysregulation of immune responsiveness to bacterial
antigens that is, at least partially, reflected in the individual’s genetic susceptibility (Packey & Sartor, 2009).
Although there are at present more than 30–71 susceptibility genes and loci associated with Crohn’s disease
(Barrett et al., 2008, Franke et al., 2010), the strongest
associations are with polymorphisms observed in the
NOD2/CARD15 and the autophagy-associated ATG16L1
and IRGM genes (Cooney & Jewell, 2009, Lees & Satsangi,

2009). These genes are associated with innate immunity
and the ability to process bacterial antigens and regulate
intracellular killing. These same deficiencies have been
identified as susceptibility factors in both tuberculosis
and leprosy (Schurr & Gros, 2009, Modlin, 2010, Möller &
Hoal, 2010) and comparable deficiencies are being identified in susceptibility to M. paratuberculosis infection in
animals (Pinedo et al., 2009).
Genetic susceptibility to M. paratuberculosis infection
in cattle and other ruminants is currently in its infancy
with 51 possible susceptibility loci identified (Kirkpatrick
et al., 2010). Although most identified susceptibility loci
have not been confirmed or corroborated, the association
of NOD2/CARD15 with M. paratuberculosis infection in
cattle has been well established (Pinedo et al., 2009, RuizLarrañaga et al., 2010a). Other susceptibility loci associated with M. paratuberculosis infection in ruminants
include SLC11A1 (solute carrier family 11 member A1)
(Korou et al., 2010, Ruiz-Larrañaga et al., 2010b), tolllike receptor (TLP) genes (Bhide et al., 2009, Koets et al.,
2010), Interleukin-10 (IL-10) (Verschoor et al., 2010c) and
SP110 nuclear body protein (Ruiz-Larrañaga et al., 2010).
Undefined loci on chromosomes 9, 11 and 12 have also
been suggested (Minozzi et al., 2010). Most of these susceptibility loci were identified based on the M. paratuber
culosis infection phenotype of antibody production alone
and require further examination and corroboration.
In addition to common genotypic profiles between
Johne’s and Crohn’s disease, a direct correlation between
the detection of M. paratuberculosis and NOD2/CARD15
polymorphisms has been reported (Sechi et al., 2005)
as well as a strong association between Crohn’s disease
and SLC11A1 (NRAMP1) polymorphisms (Sechi et al.,
2006). These findings firmly establish a common genetic
fingerprint between Crohn’s disease, M. paratuberculosis
infection and other mycobacterial diseases (Schurr &
Gros, 2009).

Opposing evidence (antagonist’s view)
Crohn’s disease has been found to be associated with
NOD2/CARD15 and the autophagy-associated ATG16L1
and IRGM genes (Cooney & Jewell, 2009, Lees & Satsangi,
2009) and, although some of these genes are also found
associated with mycobacterial diseases, NOD2/CARD15
is a general sensor of peptidoglycan through muramyl
dipeptide (MDP) detection found in all Gram-negative
and Gram-positive bacteria (Kawai & Akira, 2009). It
can be equally correlated with mycobacteria as it can for
other bacterial infections such as E. coli, Streptococcus
pneumonia and Listeria monocytogenes (Franchi et al.,
2009).
In addition, epidemiological and clinical data of NOD2/
CARD15 and other deficiencies in Crohn’s disease do not
correlate with those found associated with mycobacterial disease. For instance, in leprosy, NOD2/CARD15 is
associated with lepromatous leprosy in Chinese patients
and not tuberculoid (paucibacillary) disease (Zhang
et al., 2009). In contrast, there is no correlation between
Critical Reviews in Microbiology
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NOD2 polymorphisms and Crohn’s disease in patients of
Chinese descent (Hume & Radford-Smith, 2002, Leong
et al., 2003, Zhang et al., 2008) and Crohn’s disease (if
mycobacterial) is a paucibacillary disease, not lepromatous. In tuberculosis, leprosy, paratuberculosis and in
experimental animals, NOD2 deficiencies are associated
with increased bacterial proliferation (Möller & Hoal,
2010, Montoya & Modlin, 2010, Ruiz-Larrañaga et al.,
2010, Purdie et al., 2011), not paucibacillary disease. As
such, although a common genetic fingerprint may exist
between Crohn’s disease and mycobacterial disease
(Schurr & Gros, 2009), such commonality does not support the role of M. paratuberculosis in Crohn’s disease.
Although Sechi et al. (2005) reported an association
between the detection of M. paratuberculosis and NOD2/
CARD15 polymorphism in 70% of the Crohn’s disease
patients examined, these findings are not supported by
other studies (Bentley et al., 2008). Likewise, there is no
apparent correlation between NOD2/CARD15 deficiencies and serologic responsiveness to M. paratuberculosis
in patients with Crohn’s disease (Bernstein et al., 2004,
2007). While SLC11A1 polymorphisms are associated
with M. paratuberculosis infection in animals (Stewart
et al., 2010, Purdie et al., 2011), there is no correlation
between SLC11A1 polymorphisms and Crohn’s disease
(Crawford et al., 2005, Chermesh et al., 2007), or the
detection of M. paratuberculosis and Crohn’s disease
(Stewart et al., 2010).
While a superficial genetic commonality may exist
between Johne’s disease and Crohn’s disease, there is
no reproducible association between the detection of M.
paratuberculosis and any of the recognized susceptibility
genes in Crohn’s disease.

environmental distribution of
M. paratuberculosis and human sources of
infection
Supporting evidence (protagonist’s view)
There has been a great deal of effort devoted to the
examination of M. paratuberculosis in the environment, particularly in milk and other products for human
consumption, to identify possible public sources of M.
paratuberculosis exposure. M. paratuberculosis has been
detected in milk, cheese, river water, tap water, and a host
of other products and sources (Eltholth et al., 2009). For
example, by IS900 PCR, M. paratuberculosis has been
detected in 2.8% of retail milk samples (Ellingson et al.,
2005), 5% of retail cheese curds (Clark et al., 2006), 4.2%
of raw milk cheese samples (Stephan et al., 2007), 8% of
water samples (Whan et al., 2005), 32.3% of river water
samples (Pickup et al., 2005), and in 81% of drinking
water and biofilm samples (Pinedo et al., 2009). Although
suggestive of a widespread environmental distribution
of M. paratuberculosis, these data may simply reflect an
episodic distribution (Chiodini et al., 2011).
In addition, a variety of studies, using cultural
and genetic-based methodologies, have shown that
© 2012 Informa Healthcare USA, Inc.
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M. paratuberculosis is shed in the milk of infected animals (Chiodini et al., 1984a, 2010) and can survive routine pasteurization methods (Chiodini & Hermon-Taylor,
1993, Lund et al., 2002), resulting in the presence of viable
M. paratuberculosis and its antigenic components in
retail milk (Cerf et al., 2007, Eltholth et al., 2009). Meat
may also be a source of infection (Jaravata et al., 2007,
Eltholth et al., 2009, Klanicova et al., 2011).
These various studies conclusively establish that
M. paratuberculosis is present within the human food
supply, particularly dairy-associated products, and provides a source of human exposure that simulates the
primary infectious route observed in ruminant animals
(i.e., oral route of exposure). This episodic exposure to
M. paratuberculosis, coupled with an age-dependent
exposure (Chiodini et al., 1984a, Windsor & Whittington,
2010) and a deficiency in intestinal innate immunity
(Marks et al., 2010, Uematsu & Fujimoto, 2010), could
establish the conditions for infection leading to disease
in susceptible hosts.

Opposing evidence (antagonist’s view)
As previously discussed, M. paratuberculosis appears to
be widely distributed in the environment and present in
our food supply (USDA, 2010), thereby creating widespread exposure of the general population. Under such
circumstances, M. paratuberculosis must be considered
a ubiquitous environmental organism and an opportunistic pathogen. As an opportunistic organism, M. para
tuberculosis is not likely to be a primary causative agent
in Crohn’s disease; at most, it would constitute an opportunistic infection in an already compromised individual.
Milk and other dairy products are not sterile and
common nonpathogenic environmental organisms are
expected. The presence of M. paratuberculosis in dairy
products and the environment has no public health
significance.

epidemiological parameters
Supporting evidence (protagonist’s view)
Crohn’s disease is considered predominately an urban
disease, having a higher frequency in developing urban
areas as opposed to rural areas (Economou et al., 2009).
Individuals living in rural areas are presumed to have
an increased exposure to domestic and wild ruminants
(and hence M. paratuberculosis) and as infection within
domestic livestock populations increase, so should theoretically the incidence of Crohn’s disease within those
rural areas.
However, limited survey-based epidemiological
investigations have failed to establish any correlation
between Crohn’s disease and the exposure to known
M. paratuberculosis-infected cattle or identify raw milk
consumption, cattle ownership or other parameters as
risk factors (Jones et al., 2006, Qual et al., 2010). These
studies compared agricultural workers with known
and unknown exposure to infected cattle and found no

Critical Reviews in Microbiology Downloaded from informahealthcare.com by 70.120.230.148 on 04/08/12
For personal use only.

72

R.J. Chiodini et al.

increased prevalence between these populations thereby
concluding that there was no association between
Crohn’s disease and the exposure to infected cattle.
However, the authors overlooked an important parameter in their data. These studies found the prevalence of
Crohn’s disease within the study populations to be as high
as 474 per 100,000 (Qual et al., 2010). This is a very high
prevalence rate among agricultural workers that is several fold higher than the national average of 174–200 per
100,000 (Loftus et al., 1998, Kappelman et al., 2007). Such
high prevalence suggests increased incidence of Crohn’s
disease among agricultural workers as opposed to nonagricultural workers and the general population and the
risk of developing Crohn’s disease appears greater among
populations exposed to animals potentially infected with
M. paratuberculosis. This is strong evidence for a causative role of the agent in Crohn’s disease.
The epidemiology of zoonotic diseases has dramatically changed for various sanitary, socioeconomic and
political reasons, as well as international travel and the
global distribution of food and increased contact with
potential sources of infection. As a result, epidemiological studies often fail to uncover associations even where
they are known to exist.
This is evident in recent studies on the epidemiology of zoonotic bovine tuberculosis (M. bovis) and the
exposure of human populations to reactor cattle (cattle
tested positive for M. bovis infection). There is no statistically significant association between reactor cattle
and human cases of M. bovis infection in farm households or their contacts (Cleaveland et al., 2007). In a
recent review of zoonotic M. bovis infections in the UK,
where both human and bovine tuberculosis are on the
increase, showed no correlation of higher numbers of
zoonotic tuberculosis cases in areas where the incidence
of bovine tuberculosis in cattle is highest (de la RuaDomenech, 2006). There was also little strain correlation
between human and bovine strains of M. bovis from the
same geographical area.
The fact that epidemiologic studies show a high prevalence of Crohn’s disease among agricultural workers
(Qual et al., 2010) as opposed to the normal population
suggests an etiological link between Johne’s disease and
Crohn’s disease.

Opposing evidence (antagonist’s view)
The most compelling evidence that Johne’s disease and
Crohn’s disease do not share a common etiology is the
observation that there is not an increased incidence
of Crohn’s disease among farmers and their family at
farms that are heavily infected and contaminated with
M. paratuberculosis (Jones et al., 2006, Qual et al., 2010).
Given the poor sanitation at most dairy farms, the itinerant and uneducated help commonly employed on the
farm and the propensity for farm families and workers to
drink unpasteurized milk, the failure to show increased
incidences of Crohn’s disease in farm and farm workers
exposed to infected cattle is important testimony to the

lack of correlation between Crohn’s disease and Johne’s
disease (paratuberculosis) (Van Kruiningen, 1999).
When cattle, sheep, or goats shed Brucella, Leptospira,
Yersinia, Campylobacter or Salmonella, human contacts
frequently develop disease (Collins & Wall, 2004). Even
though M. paratuberculosis is widely shed by animals
with Johne’s disease, there is no epidemiologic evidence
to support its recognition as a zoonotic agent or even an
opportunistic pathogen.
Caution needs to be used when interpreting and
reaching conclusions from epidemiological observations
because they are generally based on operational data
which reflect the intensity of ongoing work more than the
extent of any given problem.

Conclusions
Supporting evidence (protagonist’s view)
While the protagonists recognize that there is insufficient
evidence to firmly establish that M. paratuberculosis is
the causative agent of Crohn’s disease, there is sufficient
evidence to strongly support the notions that M. para
tuberculosis is etiologically related and associated with
some cases of Crohn’s disease.
As detailed in the above discussions, there is a remarkable similarity between Johne’s disease and Crohn’s
disease including gross and histologic lesions and
genetic susceptibility loci that suggests more than mere
coincidence. M. paratuberculosis has been isolated and
detected in Crohn’s disease at a higher frequency than in
ulcerative colitis or nIBD controls; patients with Crohn’s
disease have increased humoral and cellular reactivity to M. paratuberculosis antigens that is greater than
responses to commensal bacteria and to responses in
ulcerative colitis and controls; and treatment with antimycobacterial agents can have a profound beneficial
effect in some cases of Crohn’s disease (Table 12).
Koch’s postulates, as originally proposed by Robert
Koch and Friedrich Loeffler in 1884 (Koch, 1884), and
the various modifications made thereafter by Koch and
others recognizing the limitations imposed by these postulates, remains a valid guideline to establish the causal
relationship between an organism and a specific disease.
A recent example of the use of Koch’s postulates in gastroenterology was in defining the role of Helicobacter
pylori in peptic ulcer disease. To fulfill Koch’s postulates,
in the absence of an animal model, Marshall ingested the
organism and demonstrated the production of an erosive
digestive process (Marshall et al., 1985, Marshall, 2002).
Technical and mechanistic advances in genomics,
proteomics and techniques of molecular detection
have expanded our understanding of the scope and
pathogenesis of infectious diseases, and it has become
increasingly clear that Koch’s original postulates are
often too rigid and inadequate to explain the occurrence, course and outcome of many serious infections.
In addition, the absence of a suitable animal models (e.g., Helicobacter pylori), the inability to grow an
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infectious agent (e.g., M. leprae), the recognition of
asymptomatic infections and ethical issues of infecting normal individuals with a pathogen, to name just
a few, hinder the application and the ability to fulfill
Koch’s postulates in modern medical research. Several
accepted causes of disease (e.g., Tropheryma whipplei
and Whipple’s disease) have failed to fulfill the rigid
criteria in Koch’s postulates.
Despite these limitations, as illustrated in Table 13,
Koch’s postulates have essentially been fulfilled for M.
paratuberculosis as a causative agent in Crohn’s disease
and that M. paratuberculosis establishes a true infection
and is not a simple commensal. Furthermore, studies have conclusively established that Crohn’s disease
patients have significantly higher levels of antibodies
to M. paratuberculosis as compared with controls and
nIBD patients and patients with Crohn’s disease have
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increased Th1 and Th17 cellular responsiveness of gut
associated lymphoid tissue to M. paratuberculosis that is
greater than that detected in controls and to commensal
bacterial species.
In addition to Koch’s postulates, epidemiologists have
developed their own list of criteria for causality known
as the Hill’s criteria (Table 14) (Hill, 1965, Rothman &
Greenland, 2005). Although best suited for non-infectious diseases with long latent periods, such as smoking
and cancer, and retrospective epidemiological studies,
these criteria can be applied to pathogenic organisms
and infectious diseases. As illustrated in Table 14, most
of the standards and principles established in the Hill’s
criteria can be met for M. paratuberculosis and Crohn’s
disease within the context of animal models.
Although there are many yet unanswered questions
related to the association of M. paratuberculosis and

Table 12. Summary of evidence for a causal role of M. paratuberculosis in some cases of Crohn’s disease.
Similarity to inflammatory bowel disease of ruminant animals.
Human isolates of M. paratuberculosis produce a granulomatous ileocolitis in experimental animals.
Crohn’s disease and mycobacterial diseases share common genetic susceptibilities.
Culture of M. paratuberculosis from the tissues of 15–40% of Crohn’s disease patients and not from any control populations.
Detection of M. paratuberculosis IS900 in the tissues of a significant proportion of Crohn’s disease patients (7 times more frequently) as
compared with control populations.
Visualization of M. paratuberculosis IS900 and/or antigens within the tissues of patients with Crohn’s disease by light microscopic
methods.
A significant proportion of Crohn’s disease patients have elevated antibodies against M. paratuberculosis as compared to controls.
A significant proportion of Crohn’s disease patients have increased TH1 and TH17 reactive intestinal T cells to M. paratuberculosis as
compared with commensal bacteria and controls.
Human sources of exposure to M. paratuberculosis have been identified within the food chain.
Antibiotics are effective in the treatment of Crohn’s disease and subpopulations of patients respond exceptionally well to antimycobacterial agents.
There is an increased prevalence of Crohn’s disease within animal industry workers as opposed to the general population.
Table 13. Modified Koch’s postulates as applied to the role of M. paratuberculosis in Crohn’s disease.
Classical Koch’s postulates
The specific causative agent must be found predominately in M. paratuberculosis is found in Crohn’s disease at a statistically
persons suffering from the disease.
significant higher frequency than in ulcerative colitis and nIBD controls
by cultural and DNA-based methods with a odds ratio of 6.88–7.01 (Feller
et al., 2007, Abubakar et al., 2008).
The disease organism must be isolated from diseased persons M. paratuberculosis has been isolated in pure culture with microbiologic
and grown in pure culture.
confirmation only in cases of Crohn’s disease.
Inoculation of a sample of the culture into a susceptible
Inoculation of M. paratuberculosis strains from humans into susceptible
animal must produce the same disease.
ruminants (goats) produces a granulomatous ileocolitis resembling
Crohn’s disease (Chiodini et al., 1984, Van Kruiningen et al., 1986).
The organism must be reisolated from the experimentally
M. paratuberculosis has been re-isolated in pure culture from susceptible
infected animal.
animals that developed intestinal disease following infection with human
isolates (Chiodini et al., 1984d, Van Kruiningen et al., 1986).
Host-dependent Koch’s postulates
The agent is associated with a host-defined immunod
Infection with M. paratuberculosis and Crohn’s disease are associated
eficiency.
with deficiencies in NOD2/CARD15 and the autophagy ATG16L1 and
IRGM genes.
Pure cultures of M. paratuberculosis with microbiologic confirmation
The organism is isolated from the diseased host and grown
in pure culture.
have only been obtained from patients with Crohn’s disease.
Susceptible animals inoculated with human isolates of M.
Inoculation of a sample of the culture into an animal
produces the same disease only in a host that shares the same paratuberculosis develop a similar granulomatous ileocolitis. Nonsusceptible animals (rats, mice, etc.) fail to develop disease.
immunodeficiency.
The organism is then re-isolated from the experimentally
M. paratuberculosis can be re-isolated from infected animals that
infected animal.
develop granulomatous ileocolitis following inoculation of M.
paratuberculosis.
© 2012 Informa Healthcare USA, Inc.
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Table 14. Hill’s Criteria for establishing causality as related to M. paratuberculosis and Crohn’s disease (Hill, 1965, Rothman &
Greenland, 2005).
Criteriona
Question to be answered
Answerb
Biological plausibility
Does the suggested cause make sense
Yes. M. paratuberculosis causes a similar disease in susceptible
in the context of current knowledge?
ruminant animals and humans are known to react violently to
M. paratuberculosis antigens. Evidence Level: Strong
Dose response
Natural
Does disease occur more in individuals
Yes. There is a higher incidence of Crohn’s disease among
closer to the source?
agricultural workers with a prevalence 2x that of the normal
population. Evidence Level: Moderate
Interventional
Does the disease recede with antiYes. There is a statistically significant effect of antibiotics at
mycobacterial treatment?
inducing remission in active Crohn’s disease. Evidence Level:
Conflicting
Strength of Association
What is the risk of disease after
Strong. In ruminant animals, inoculation with M.
infection?
paratuberculosis consistently and reproducibly results in
intestinal disease. Evidence Level: Strong
Specificity of Association Is the agent associated with only one
Yes. M. paratuberculosis is only associated with intestinal
clinical syndrome?
Johne’s disease in ruminants and is not known to cause any
other disease. Evidence Level: Strong
Consistency
Do studies by different groups
No. There is conflicting results between laboratories using
consistently arrive at the same findings? different methodologies, reagents, and procedures. However,
meta-analysis of high quality studies supports an association.
Evidence Level: Conflicting
Temporality
Does infection precede disease?
Yes. Infection of susceptible experimental animals results in
subsequent disease.Evidence Level: Strong
No. M. paratuberculosis as a cause of Crohn’s disease does not
Coherency
Are there any serious conflicts with
conflict with the natural history or biology of Crohn’s disease.
generally known facts of the natural
Evidence Level: Strong
history and biology of the disease?
Experimental verification Are there any animal studies that support Yes. Pure culture strains of M. paratuberculosis isolated
the hypothesis?
from patients produce a similar granulomatous ileocolitis in
experimental animals. Evidence Level: Strong
Analogy
Is there any analogy with other causal
Yes. Johne’s and Crohn’s disease are similar diseases with
relationships?
similar natural histories. Evidence Level: Strong
a
An association need not satisfy all criterion to be considered causal; however, the more that are, the better the case that is made. Some
criterion may not be relevant to particular diseases.
b
Strength at an evidence level refers to how strong the evidence supporting a conclusion is. Requirements for levels of evidence (Roffey
et al., 2010):
Strong: 2 or more high-quality studies with consistent multivariate results
Moderate: 1 high-quality study or 2 low-quality studies with consistent multivariate results
Limited: 1 low-quality study or unadjusted results
Conflicting: Inconsistent studies of same quality (consistent high quality > inconsistent low quality)

Crohn’s disease, the data clearly establish M. paratu
berculosis as a probable cause of at least some cases of
Crohn’s disease (Table 12). Many of the unanswered
questions will be addressed and resolved as improved
research tools with increased specificity, sensitivity and
reproducibility are developed and applied in carefully
designed large-scale studies.
It would be a mistake, based on the evidence presented
herein, to discount M. paratuberculosis as a possible
causative agent in some cases of Crohn’s disease. It may
also be inappropriate to suggest that M. paratuberculosis
may be a causative agent in only a few cases and therefore not worth investigating (Chassaing & DarfeuilleMichaud, 2011). Suffering patients may disagree with
such a conclusion.
After 25+ years of effort, there is sufficient evidence to
warrant a concerted effort into resolving the role of M.
paratuberculosis in Crohn’s disease. There can be little
justification to allow this issue to continue to linger—the
well-being of thousands of patients are at stake.

Opposing evidence (antagonist’s view)
The protagonists present an interesting, intriguing
and compelling argument for M. paratuberculosis as a
cause of some cases of Crohn’s disease but fall short in
establishing this organism as a primary pathogen and
leave the biological significance of M. paratuberculosis
in Crohn’s disease in question (Table 15). Association
is not the same as causation and the imputation of guilt
by simple association is unsupported in modern medicine. After 25+ years of unsuccessful efforts to establish a
causal relationship, the time may be ripe to finally lay this
hypothesis to rest.
Association is not the same as causation. There are
many things associated with Crohn’s disease including
such things as smoking (Thia et al., 2010) and sunlight
exposure (Nerich et al., 2011), neither of which are likely
the cause of the disease. If there were more than a simple
association, investigators would have shown a temporal
or causal relationship. This issue has continued to linger
because you cannot establish a causal link when one does
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Table 15. Summary of evidence that refutes or negates the role of M. paratuberculosis as a causal agent in Crohn’s disease.
The similarities between Crohn’s disease and Johne’s disease are superficial at best and do not add support for a causal role.
The inoculation of animals with M. paratuberculosis produces Johne’s disease, not Crohn’s disease.
The genetic susceptibilities between Crohn’s disease and the mycobacterioses are general similarities and there is no correlation between
the detection of M. paratuberculosis and any recognized susceptibility gene in Crohn’s disease.
M. paratuberculosis can be cultured from Crohn’s disease as well as controls suggesting an opportunistic pathogen at best and mucosal
colonization in a dysbiotic environment at the least.
Because of the dysbiotic state in Crohn’s disease and the environmental distribution of M. paratuberculosis, increased detection of the
organism in Crohn’s disease supports mucosal surface colonization, not causality.
Acid-fast bacilli or any other evidence of mycobacteria cannot be generally found in the tissues of patients with Crohn’s disease.
Patients with Crohn’s disease have increased antibodies and cellular responsiveness to most commensal bacteria as a result of dysbiosis,
impaired mucosal barrier, and bacterial mucosal translocation. Responsiveness to M. paratuberculosis is similar to the increased
responses to other commensal bacteria.
All double-blinded control trials, including the largest trial ever conducted in Crohn’s disease, have failed to show a sustained curative or
beneficial effect of anti-mycobacterial therapy. The apparent beneficial effect in some patients is likely the result of the broad spectrum
activity of antimicrobials used.
The beneficial use of steroids and other anti-inflammatory agents, and in particular anti-TNF-α treatments, which are all contraindicated
in mycobacterial infections, strongly suggests that mycobacteria are not involved in Crohn’s disease.
Epidemiological studies have failed to show any association between Crohn’s disease and the exposure to animals infected with
M. paratuberculosis. Available data suggests that M. paratuberculosis is a ubiquitous environmental organism with no clinical
significance in humans.

not exist and a negative can never be proven. Although
there may be an association between M. paratuberculosis
and Crohn’s disease, it is a simple association, nothing
more. The continued pursuit of an etiologic role of M.
paratuberculosis in Crohn’s disease is like beating a dead
horse—It is time to let it die an honorable death.
The suggestion that Koch’s postulates (Table 13) and
Hill’s criteria (Table 14) have been met is a stretch of the
imagination and based almost exclusively on limited animal model studies that are flawed. Crohn’s disease is a
granulomatous intestinal disease without visibly demonstrable bacteria, viruses, or other microbial pathogens.
In contract, the animal model in which Koch’s postulates
and Hill’s criteria are based, produces a granulomatous intestinal disease with visible acid-fast bacilli (Van
Kruiningen et al., 1986) as seen in Johne’s disease. These
experiments fulfilled Koch’s postulates for Johne’s disease (known to be caused by M. paratuberculosis) and
not Crohn’s disease. When this simple concept is applied
to Koch’s postulates and Hill’s Criteria, M. paratubercu
losis as a causative agent in Crohn’s disease fails: Neither
Koch’s Postulates or Hill’s Criteria have been met.
The data presented by protagonists are straightforward but do not suggest causation. M. paratuberculosis
is a ubiquitous organism, present in a variety of environments (Nacy & Buckley, 2008, Gill et al., 2011). To single
out milk and other dairy products, because of its affiliation with Johne’s disease and cattle, would seem inappropriate when M. paratuberculosis is just as commonly
detected, if not more so, in tap water (Beumer et al.,
2010) than it is in milk. It is clear from available data that
M. paratuberculosis can be detected within intestinal tissues of a variety of normal and diseased tissues, expected
for a ubiquitous organism, and that the only real difference between Crohn’s disease and controls appears to be
the number of organisms present (Lee et al., 2011). It is
likely that assay sensitivity causes the increased detection
© 2012 Informa Healthcare USA, Inc.

of M. paratuberculosis in Crohn’s disease. This does not
suggest causation. Crohn’s disease is characterized by
dysbiosis and the loss of the protective mucosal microbiome (Manichanh et al., 2006, Packey & Sartor, 2009)
which allows increased mucosal surface colonization by
environmental organisms, such as M. paratuberculosis.
As there is an increase in the number of organisms of
the phylum Firmicutes (Manichanh et al., 2006, Frank &
Pace, 2008), there is simply an increase in the number of
M. paratuberculosis organisms detected. Importantly,
the level of detection is far below the number of organisms generally associated with bacterial infections and
may simply represent background “noise.”
There is also no evidence that the detection of
M. paratuberculosis is within the diseased intestinal tissues as opposed to the mucosal surfaces. This is a major
distinction since one suggests infection (submucosal)
and the other suggests colonization (superficial mucosal
surfaces). Biopsy material is predominately superficial
mucosal tissue and resected tissues are likewise over
representative of the bacteria present on the mucosal
surface; that is, the large number of bacteria colonizing
the mucosal surface will dominate and obscure anything
within the submucosal tissues. As a result, the detection
of M. paratuberculosis in resected tissues and/or biopsy
material may simply be detecting mucosal surface colonization with little contribution to causation.
All other data reported likewise suggests an incidental finding unrelated to causality (Table 15). There is no
consistent immune response to M. paratuberculosis in
Crohn’s disease patients and no evidence that detectable responses are specific to M. paratuberculosis or
that the observed response is greater than the general
increased responsiveness and sensitization in Crohn’s
disease to all environmental and commensal bacteria.
There is no evidence of an increased incidence of Crohn’s
disease in individuals exposed to cattle infected with
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M. paratuberculosis (Jones et al., 2006, Qual et al., 2010)
and epidemiological data does not support a zoonosis or
any link between Crohn’s disease and M. paratuberculo
sis exposure.
As antimicrobial therapy is effective and curative in
essentially all mycobacterial infections, the failure of
targeted therapy against M. paratuberculosis to be curative, or even beneficial in most patients, strongly suggests
that M. paratuberculosis does not play a causative or even
propagating role. The apparent beneficial effect observed
in some patients is likely due to the broad spectrum of
activity of the antimicrobials used. The beneficial effect
of immunosuppressive agents, particularly anti-TNF-α
(Quesniaux et al., 2010), is further evidence against a role
of M. paratuberculosis in Crohn’s disease.
Considering available evidence, proponents rely
almost exclusively on the detection of M. paratuberculo
sis in a greater proportion of Crohn’s disease patients as
opposed to control groups as the sole basis of suggesting
causality without any other supporting evidence and in
the presence of substantial conflicting and inconsistent
data. Although this association may exist, recent evidence
suggests that the association is more related to assay
sensitivities that create the artifact of association rather
than suggestive of causality. The continued pursuit of this
research area serves only to detract effort and resources
from solving the etiology of Crohn’s disease.
After 100+ years of futile efforts to establish a link
between M. paratuberculosis, Crohn’s disease, and
Johne’s disease, it is time to stop beating the old dead
horse and devote investigations to more productive avenues of pursuit. Available data do not support continued
efforts.

Author’s Conclusions
Significant advances have been achieved in the understanding of Crohn’s disease. A number of genetic variations, termed susceptibility genes, have been detected by
large genome wide screening approaches and, although
we do not completely understand the function of most of
these genetic variants, there is good evidence that most
of them are associated with the recognition, detection
and defense against intracellular bacteria. There is also a
recognized dysbiosis in Crohn’s disease whereby the protective bacterial layers of the mucosal surface, that is, the
mucosal microbiota, has been lost and there is impairment of mucosal barrier function leading to increased
bacterial translocation. Although these new understandings are generally considered important to the pathogenesis of Crohn’s disease, there is little evidence that they
are the cause of disease and not simply incidental or the
result of the disease process (Schirbel & Fiocchi, 2010).
Genome-wide association studies (GWAS) are based
on the theoretical framework of the “common diseasecommon variants hypothesis” which consists of many
common alleles of small effect. Much of the data generated from GWAS has been disappointing (Daly, 2010) and

most variants identified confer only a small proportion of
heritability. For example, in Crohn’s disease the NOD2/
CARD15 polymorphism, although highly associated with
Crohn’s disease, is only found in about 30% of Crohn’s
disease cases, appears to be associated predominately
with ileal disease and patients of European descent
(Zhang et al., 2008, Marks et al., 2010) and is apparently
not associated with the formation of granulomas (Shaoul
et al., 2004). In addition, about 20% of the normal population has this identical NOD2 phenotype, which means,
in absolute terms, that for every Crohn’s disease patient
that carries this deficiency, there are about 500 healthy
individuals with the same genotype that do not have any
evidence of bowel or other disease.
Genetics alone are insufficient to explain the development and pathogenesis of Crohn’s disease. These “common traits” identified may provide insight into general
concepts but the variable results of single nucleotide
variants (SNVs) in different populations suggest that
susceptibility to Crohn’s disease is multigenic, with a
high degree of heterogeneity among the different populations studied. The complexity of Crohn’s disease likely
requires multiple molecular mechanisms, including
genomic altercations, acting in a cascade of events that
would lead to the final clinical outcome. Different gene
polymorphism and the balance among these pathways
may ultimately lead to infection, disease development,
progression, or immunity. It is likely that gene–gene
interactions and their cumulative effects play a far more
important role in an individual’s susceptibility to complex
disease than a single polymorphism would on their own.
To conclude that Crohn’s disease results from a defect in
innate immunity (Subramanian et al., 2006) based on the
“common disease-common variants hypothesis” may be
premature; susceptibilities exist for all diseases and the
manifestation of most disease can be interpreted as an
insufficiency in immunity. These susceptibility loci are
rarely the actual cause of the disease.
The intestinal bacterial population in Crohn’s disease
is abnormal (dysbiotic), being more pronounced within
affected segments of the intestinal tract and in ileal disease. The dysbiotic state in Crohn’s disease is characterized by an overall decrease in biodiversity of commensal
bacteria associated with an increase in organisms of the
genus Bacteriodes and reduced numbers and lower diversity of organisms in the phylum Firmicutes (Manichanh
et al., 2006, Gillevet et al., 2010, Qin et al., 2010). In
addition, there appears also to be at least two distinct
microbiota in healthy individuals: a luminal microbiome
(which is dynamic (Turnbaugh et al., 2009, Gillevet et al.,
2010)) and a mucosal bacterial microbiome or mucosal
biofilm which forms a synergistic and stable interaction
with the host immune system. The distinction between
the luminal and mucosal microbiome may have been
lost in Crohn’s disease (Gillevet et al., 2010).
This dysbiotic state, in conjunction with recent findings in genetic susceptibility loci, has lead to the current
etiologic hypotheses that Crohn’s disease is caused by an
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overly aggressive immune response to normal commensal enteric bacteria; that is, the complex microbiome of
the distal ileum and colon provide a constant source of
antigens that stimulate chronic inflammation in genetically susceptible hosts. While dysbiosis may be responsible for many of the clinical features of Crohn’s disease,
it is unlikely the cause.
Dysbiosis is not unique to Crohn’s disease but
rather occurs under a variety of conditions that alter
the microenvironment of the intestinal tract and other
mucosal tissues. Dysbiosis of the gastrointestinal microbiome has been described in obesity (Cani & Delzenne,
2009), coeliac disease (De Palma et al., 2010), irritable
bowel syndrome (Cremon et al., 2010, Salonen et al.,
2010) and colorectal cancer (Pagnini et al., 2011, Sobhani
et al., 2011). It can become dysbiotic in response to diet
(Turnbaugh et al., 2009), chemotherapy (van Vliet et al.,
2010), cigarette smoking (Charlson et al., 2010), changes
to the cellular tissue composition (Fraune et al., 2009) and
many other conditions and circumstances. It is generally
the result of some other condition, extrinsic or intrinsic,
that alters the normal microenvironment of the gastrointestinal tract. Anything that disrupts the homeostasis of
the gastrointestinal tract will result in dysbiosis, mucosal
barrier disturbance and increased bacterial translocation. There is likely dysbiosis in animals suffering from
Johne’s disease.
Although dysbiosis is a significant clinical entity, data
would suggest that the dysbiosis observed in Crohn’s disease is the result of some other precipitating or propagating factor (trigger) rather than the etiology of the disease.
Although many of the clinical manifestations of Crohn’s
disease may be manifested by the dysbiotic state, to suggest that Crohn’s disease is caused by dysbiosis implies
etiology and may not be accurate. There is something in
Crohn’s disease that not only is acting as a “trigger” but
also maintains the homeostatic imbalance that perpetuates the clinical syndrome (Schirbel & Fiocchi, 2010).
The common genetic traits, the dysbiotic state, and
even the association of M. paratuberculosis could all be
epiphenomena unrelated to the actual initiating cause
of the disease. However, such does not detract from their
clinical significance or importance of these findings to
general disease pathogenesis, disease course, chemotherapeutic approaches, or clinical outcomes. At present,
there are only two avenues of investigation exploring the
possible underlying causes of Crohn’s disease and both
are based on the persistent bacterial infection theory: M.
paratuberculosis and adherent-invasive E. coli (Packey &
Sartor, 2009, Hansen et al., 2010, Chassaing et al., 2011).
These investigations need to be pursued and focused on
specific subpopulations of patients.
The clinical manifestations of Crohn’s disease, as well
as disease course and response to treatments, are so
diverse as to strongly suggest that Crohn’s disease is a
clinical syndrome rather than a disease caused by a single
etiologic agent or factor. Rather, Crohn’s disease is best
viewed as a common clinical syndrome which may have
© 2012 Informa Healthcare USA, Inc.
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multiple etiologies. To study Crohn’s disease as a single
disease entity using “Crohn’s disease” as the sole criteria
for the selection of study populations is akin to studying
“cancer” as a single disease—the progress made in carcinogenesis would not have been accomplished without
first recognizing each type of malignancy as a unique
and separate disease. Until Crohn’s disease patients are
segregated into clearly defined objective subpopulations,
the actual etiology of Crohn’s disease is unlikely to be
resolved.
There is evidence that suggests a role of M. paratu
berculosis in the etiopathogenesis of Crohn’s disease
that warrant the continued investigation and resolution
of this controversy. Crohn’s disease is one of, if not the
most, important disease in gastroenterology, and Johne’s
disease is one of the most important diseases affecting
the world’s food animal industries. The tools and knowledge are available to resolve this issue and determine if a
causal link exists between these two globally important
illnesses.
A variety of investigators have put forth hypotheses
to explain the mechanism by which M. paratuberculosis
may cause disease in a select subpopulation of patients
(Behr & Schurr, 2006, Uzoigwe et al., 2007, Behr & Kapur,
2008). Although many of these theories introduce new
concepts in bacterial pathogenesis, most do have a basis
in fact. Paucibacillary (tuberculoid) leprosy, although
generally considered a self-limiting disease, can be
chronic and persist for years. These lesions can become
super-infected with a host of other microorganisms,
like the leprosy-associated corynebacteria (Hottat et al.,
1988, Baelden et al., 1994) for example, that may obscure
the true causative agent.
Available data support the observation that
M. paratuberculosis homes to, penetrates, and invades
the submucosal layers of the gastrointestinal tract
through M cells and enterocytes in cattle and goats
(Momotani et al., 1988, Sigurdardóttir et al., 2005),
mice (Bermudez et al., 2010), and humans (Golan
et al., 2009). As with other pathogenic mycobacteria,
the fate of M. paratuberculosis will depend on the host
response to the lipid-rich antigenic constituents of the
organism and whether that response is protective or
destructive to the host.
M. paratuberculosis possesses potent immunomodulating antigens that elicit vigorous immunologic reactivity in human and nonhuman primates. The accidental
human inoculation of the killed whole cell paratuberculosis vaccine used in animals requires surgical excision
or amputation of the infected tissues (Patterson et al.,
1988, Windsor et al., 2005, Kennedy & Tetlow, 2008). The
paratuberculosis vaccine administered to nonhuman
primates ultimately required euthanasia of the animals
because of a chronic progressive granulomatous disease which spread from the injection site and became
life threatening (Chiodini, unpublished observation,
McClure et al., 1987). The lower temperature of humans
as opposed to the natural hosts of M. paratuberculosis
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(ruminants: 38°C) may further alter pathogenicity and
metabolic pathways of the agent in the human host
(Lamont & Sreevatsan, 2010).
Although M. paratuberculosis appears to have the ability to infect a variety of hosts under certain circumstances
(Chiodini et al., 1984a), its ability to infect and replicate
in normal monogastric animals may be limited. In certain
breeds of mice, such as C57/B6 and C57/B10 for example,
animals are capable of spontaneously reducing infection
with M. paratuberculosis as evidenced by decreasing tissue bacterial counts over a 6-month period (Chiodini &
Buergelt, 1993). In contrast, a steady-state infection occurs
in Balb/C mice whereby infection is maintained for periods of up to 6 months. In these animals, bacterial tissue
counts neither increased nor decreased over the 6-month
study period suggesting that either bacterial proliferation
was equal to bacterial death or that the organism was
neither growing nor dying. The ability to alter this steadystate infection with antimicrobial agents suggests that the
organism is metabolically active and not in a stagnant
stationary phase of growth (Chiodini et al., 1993). These
findings suggest that M. paratuberculosis can establish
a low-level infection in non-immunocompromised animals that may be persistent and unaffected by therapeutic
doses of antimicrobial agents. Furthermore, it has been
established that a low-level persistent and asymptomatic infection with M. paratuberculosis in normal Balb/C
mice augments acute intestinal injury. Mice with lowlevel intestinal infection with M. paratuberculosis have
an increased and exaggerated response to acute dextran
sulfate sodium (DSS)–mediated intestinal inflammation
with increased weight loss, increased frequency of rectal
blood, and an exacerbation of gross and histologic lesions
(Johnson et al., 2011).
These observations firmly establish the ability of M.
paratuberculosis to cause a chronic low-level persistent
infection in normal monogastric animals that sensitizes
the host to enhanced intestinal injury and inflammation.
Such a property is consistent with disease caused by an
environmental organism in susceptible hosts (e.g., Balb/C
vs. C57 mice) or infection with a primary pathogen.
The research now required is to move the established
association between M. paratuberculosis and Crohn’s
disease to causality.
Establishing causality, as opposed to association, is
not an easy or straightforward path. Although a variety
of approaches could be used to indirectly support a causative role (Hill, 1965, Lowe et al., 2008), few would offer
convincing or conclusive evidence that would be widely
accepted. Since M. paratuberculosis has never been conclusively shown to cause disease in humans, establishing
causality is problematic. Defining modes of transmission
to humans and/or development of diagnostic tests (as
opposed to investigative tools) (Nacy & Buckley, 2008) or
the development of human vaccines would seem premature. Defining the role of M. paratuberculosis in a single
case is more important that attempting to illustrate an
association with many cases.

Future direction
The most straightforward approach to establishing a significant causal (as opposed to secondary or opportunistic) role for M. paratuberculosis in the etiopathogenesis
of Crohn’s disease would be through a properly organized treatment trial. Establishing a correlation between
the disappearance of M. paratuberculosis and clinical/
pathologic improvement in the disease and a correlation
between the re-emergence of M. paratuberculosis and
the recurrence of disease would be strong evidence for
a causal role; that is, disappearance of the organism is
associated with disease improvement or resolution and
recurrence of disease is associated with recurrence of the
organism. However, no clinical trial or individual case
study has attempted to make this correlation. Neither
has any trial attempted to select patients for anti-mycobacterial treatment that have tested positive for M. para
tuberculosis or to monitor M. paratuberculosis detection
during treatment.
Although the antimicrobial susceptibility of M. para
tuberculosis has been defined for a host of different antimicrobials in a few strains (Chiodini et al., 1984a, 1984c,
Chiodini, 1990a, 1990b, 1991, Krishnan et al., 2009), these
data unlikely represent the heterogeneity of wild-type
strains or in vivo conditions. Small genetic mutations can
have a great impact on the susceptibility of mycobacteria
to chemotherapeutic agents (Beckler et al., 2008, Chiang
et al., 2010). More importantly, in vitro antimicrobial
activity may not correlate with in vivo activity. In mice
systemically infected with a rifabutin-susceptible strain
of M. paratuberculosis, high doses of rifabutin (50 mg/
kg), far exceeding human doses, over a 6-month period
reduced but did not eliminate infection (Chiodini et al.,
1993). Doses lower than 50 mg/kg failed to reduce tissue
bacterial counts or arrest infection over the 6 months of
treatment.
The choice of rifabutin as the primary drug in the
treatment of Crohn’s disease is empirical and not based
on sound clinical data. In the 1980s, rifabutin was being
developed by Pharmatalia (Milan, Italy) as an anti–
M. avium drug for use in AIDS patients because of its
anti-reverse transcriptase activity. Subhuman primates,
at the time presumed to have simian AIDS and gastrointestinal M. avium infection (McClure et al., 1987), were
treated with some success using rifabutin and amikacin. From these observations, rifabutin was chosen as
the primary agent in early experimental trials (Chiodini,
1989). However, rifabutin is associated with several serious side effects, including a “flu-like” syndrome with
severe leukopenia, which has affected clinical trials
because of the dropout rate associated with rifabutin
side effects. Although the in vitro activity of rifabutin
is greater than that of rifampin (Chiodini et al., 1984c,
Chiodini, 1990a, 1990b, 1991), there is little to no evidence to suggest greater clinical efficacy (Griffith et al.,
2007) and its continued use in Crohn’s disease should
be questioned.
Critical Reviews in Microbiology

Critical Reviews in Microbiology Downloaded from informahealthcare.com by 70.120.230.148 on 04/08/12
For personal use only.

Crohn’s disease and the mycobacterioses
The American Thoracic Society/Infectious Disease
Society of America (ATS/IDSA) recommends that treatment for M. avium complex pulmonary disease (Table
16) should include a macrolide plus rifamycin or rifampicin and ethambutol (Griffith et al., 2007). For nodular/
bronchiectatic disease, clarithromycin or azithromycin,
rifampicin, and ethambutol is recommended, whereas
for fibrocavitary or severe disease, a daily regimen of
clarithromycin or azithromycin, rifampicin or rifabutin,
and ethambutol with the addition of amikacin/streptomycin early in therapy is recommended. In cases of severe
disease, prednisolone over a course of 4–8 weeks is also
recommended (Griffith et al., 2007). Standard treatment
duration for pulmonary non-tuberculous mycobacterial
disease is 18–24 months of therapy (Cook, 2010) with
treatment continuing for 12 months after sputum culture
conversion (Glassroth, 2008, McGrath et al., 2010).
Clinical trials with anti-mycobacterial chemotherapeutic agents in Crohn’s disease have not followed ATS/
IDSA guidelines (Griffith et al., 2007) in duration, doses,
or drug choices for severe disease. Under suboptimal
treatment protocols, as employed in Crohn’s disease, a
curative effect or long-lasting remission would not be
an expected outcome. Recognizing that successful treatment of a mycobacterial infection requires optimal intensive therapy early during the course of infection (Scollard
et al., 2006, Kasperbauer & Daley, 2008) and that most
Crohn’s disease patients subjected to anti-mycobacterial
therapy are in advanced late-stage disease, the use of
anti-mycobacterial therapy alone in Crohn’s disease may
simply be too little too late. Anti-tuberculous drugs alone
are rarely effective in advanced primary or hypertrophic
intestinal tuberculosis (Cattell & Mosely, 1946, Chiodini,
1998). Effective therapy may require a host of other chemotherapeutics, such as corticosteroids or Vitamin D
(Martineau et al., 2007, Nerich et al., 2011) in combination with antimicrobials to achieve long-lasting remission or cure.
In addition to appropriate drug choices and duration,
trials should be based on a curative therapy design and
have different objectives, study design, data analysis,
and end points than a supportive approach (Chiodini,
1998). Study designs and data interpretation need to
consider possible treatment complications and pitfalls
of prolonged therapy, irrespective of subjective data
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such as the Crohn’s Disease Activity Index (CDAI), in
determining endpoints and failures. Healing of severely
inflamed tissue may lead to fibrotic healing resulting in
fibrostenotic obstruction and the need for surgery. As
surgery is often a required adjunct therapy for primary
hypertrophic intestinal tuberculosis (Cattell & Mosely,
1946), surgery may not be an appropriate endpoint or
indication of therapeutic failure. Subjective data, such
as the CDAI, may show a detrimental effect of treatment
while the patient may be improving objectively. Absent
objective data, a curative therapy designed trial may prematurely be designated a failure.
If Crohn’s disease is not a homogeneous disease
(Arnott & Satsangi, 2003) and only a subset of patients are
infected with M. paratuberculosis, treating all patients
without rigid patient selection is unlikely to yield a statically significant benefit even if the treatment regimen is
effective in that subset. No trial to date has attempted
to select patients for anti-mycobacterial treatment that
have tested positive for M. paratuberculosis or to monitor
M. paratuberculosis detection during treatment. Without
this information, the efficacy or failure of anti-mycobacterial therapy and the relevance of M. paratuberculosis in
Crohn’s disease will not be resolved.
The mandate for further trials of antibiotic therapy
in Crohn’s disease (Khan et al., 2011) should justify the
selection of patients based on the consistent detection of
M. paratuberculosis and the treatment of these patients
employing ATS/IDSA antimicrobial guidelines for severe
atypical mycobacterial disease for durations of up to
1-year after M. paratuberculosis is no longer detected in
that patient.
However, before these trials or other causality related
issues are addressed, there are a few questions that have
arisen in basic microbiology that need to be resolved.
These basic questions fall to the heart of the issue and
developing controversies.

What is M. paratuberculosis?
Historically, for more than 100 years, M. paratuberculosis
has been identified as a small (0.5 × 1.5 micron) Grampositive facultative acid-fast bacillus and obligate pathogen that requires an exogenous source of mycobactin for
in vitro growth and produces small (1–5 mm) firm, glistening, white rough-smooth colonies after 8–12 weeks

Table 16. American Thoracic Society/Infectious Disease Society of America (ATS/IDSA) guidelines for the treatment of non-tuberculous
mycobacterial disease (Griffith et al., 2007).
Drug
Procedurea
Doseb
Clarithromycin (azithromycin)
Recommended for most infections
Clarithromycin (500 mg–1 g), Azithromycin (250–500 mg)
Ethambutol
Add as “enhancing” drug
Ethambutol (15–25 mg/kg)
Rifampin or rifabutin
Add as third drug
Rifampicin (600 mg), Rifabutin (150–300 mg)
Parenteral aminoglycoside
Add as 4th drug for severe illness. 3×
Amikacin (25 mg/kg), Streptomycin (25 mg/kg)
weekly for 1–3 months
Corticosteroids
Tapered over 4–8 weeks in severe illness
Prednisolone (1–2 mg/kg/day)
a
Treatment duration: 18–24 months or 12-month therapy beyond sputum conversion to smear negative.
b
Dose dependent on disease severity with lower ranges being standard and higher ranges recommended for severe disease. Dosing
frequency: 3× weekly or daily depending on disease severity.
© 2012 Informa Healthcare USA, Inc.
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incubation (Chiodini et al., 1984a). With the discovery
of IS900 as a species-specific insertion sequence (Collins
et al., 1989, Green et al., 1989), the identification of IS900
alone has become prima facie evidence of M. paratuber
culosis. As a result, over the years, other characteristics
have been eroded and it is becoming increasingly unclear
exactly what are the current identifying characteristics of
M. paratuberculosis (Chiodini et al., 2011) (Table 17). The
identification of M. paratuberculosis based exclusively on
IS900, as used in many studies, may be problematic.
It must be questioned whether the detection of a
specific sequence in bulk-extracted DNA actually represents a microbe, an in situ microbe, and a member of the
microbial community without establishing a direct link
between the molecular sequence and an actual in situ
active microbe. It may be a leap of faith to assume that it
does (Chiodini et al., 2011).
Although IS900 has proved to be species-specific and
reliable for the detection and confirmation of M. para
tuberculosis infection in animals with Johne’s disease
(Benedictus & Kalis, 2003, Taddei et al., 2004, Sidoti et al.,
2011, Zhang & Zhang, 2011), that specificity in other biological ecosystems such as human tissues and the environment is unknown.
The species-specific insertion sequence of M. paratu
berculosis (IS900) is only species-specific within the context of organisms examined. Recent studies on the human
gut microflora by metagenomic sequencing suggests that
there are at least 160 distinct bacterial species in each
individual (total species = 1,000–1,105) and as many as
80% of these bacteria may be unknown (Qin et al., 2010).
The opportunities for similar or identical sequences
occurring in currently unknown microbes are numerous.
In domestic livestock, where IS900 PCR detection of M.
paratuberculosis occurs on a daily basis throughout the
world, false-positive reactions and cross-reactivity with
other organisms have been known to occur (Cousins
et al., 1999, EngLund et al., 2002, Tasara et al., 2005).
Combined with the knowledge that “species-specific”
insertion sequences have been shown to cross-species
barriers and exist in other species (Keller et al., 2002, da
Silva Rabello et al., 2010), the sole reliance on IS900 as a

means of identifying M. paratuberculosis would seem to
be misguided when applied to remote ecosystems.
Several studies have shown that the M. paratuberculo
sis “species-specific” IS900 sequence is not that specific
and may react strongly with identical or related sequences
in M. avium, including those strains recovered from AIDS
patients. In three separate studies, with the commonly
used P90/P91 primer sequences, IS900 was shown to
provide positive signals in 57.6% (Naser et al., 1999), 25%
(Roiz et al., 1995) and 73% (Hampson et al., 1989) of M.
avium strains (assumed to be M. avium subsp. hominis
suis) isolated from patients with HIV infection. Are these
strains of M. avium subsp. hominissuis possessing IS900
or strains of M. paratuberculosis that are not mycobactindependent and not slow growing? In our studies, we have
detected IS900 (confirmed by sequencing) within normal human tissues in the absence of IS1311, 251F, and
F57; all of which should be present in M. paratuberculo
sis (Bannantine et al., 2002, Li et al., 2005). We have also
detected 251F in Crohn’s disease tissues in the absence
of IS900 and IS1311. Can either of these be identified as
M. paratuberculosis simply because available databases
suggest the sequences only exists within this known
species?
Sequencing of PCR products is an important step in
the right direction, but it does not exclude the existence
of IS900 in other unidentified microbes. In addition, with
polymorphisms occurring within the IS900 sequence
(Möbius et al., 2008, Sohal et al., 2010), at what point do
they represent different insertion elements as opposed to
strain genomic variability. The IS901-IS902 sequence is
an example on point (Ahrens et al., 1995, Turenne et al.,
2007, Turenne et al., 2008).
Insertion sequence elements (also known as jumping
genes or transposable elements) are by nature mobile
elements, and so there is risk that identical or similar elements are found in unrelated as well as related bacteria
because of mobility to and from other strains and species
(lateral and recombinant gene transfer). Thus, although
studies may report on the specificity of an element across
M. paratuberculosis strains, the degree of specificity is not
assured in diagnostic or investigative settings classifying

Table 17. Erosion of M. paratuberculosis identification when IS900 is used as sole basis of identification.
Recent observations
Characteristica
Slow growing (8–12 weeks) Grows similarly to environmental M. avium strains and does not require extensively long incubation
periods as evidenced by the detection of IS900 in M. avium strains isolated from AIDS patients (Hampson
et al., 1989, Roiz et al., 1995, Naser et al., 1999).
Acid-fast bacillus
May exist as a cell-wall deficient variant that is variable or non-acid-fast and coccoid in shape (Naser et al.,
2004, Sechi et al., 2005, Mendoza et al., 2010).
Mycobactin dependency
Grows on standard media without an exogenous source of mycobactin (Hampson et al., 1989, Naser et al.,
1999).
Small size (0.5 × 1.5 µm)
Pleomorphic in appearance with no defined size (Naser et al., 2004, Sechi et al., 2005, Mendoza et al., 2010).
Colony morphology
Not discernable in liquid cultures.
Obligate pathogen
Widely distributed environmental organism and, by definition, an opportunistic pathogen (Nacy & Buckley,
2008).
a
Original description: A small (0.5 × 1.5 micron) Gram-positive facultative acid-fast bacillus and obligate pathogen that requires an
exogenous source of mycobactin for in vitro growth and produces small (1–5 mm) firm, glistening, white rough-smooth colonies after
8–12 weeks incubation (Chiodini et al., 1984a).
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unknown isolates unless the organism has first been
shown to be M. paratuberculosis by other methods.
Until it can be ascertained that this element (IS900), or
something genetically similar, is not found among the
more than 130 mycobacteria (Euzéby, 2011) and related
microbes, and their respective biovariants and strains
that may be present in an unknown sample, a positive
PCR element should not on its own be considered sufficient evidence to state that M. paratuberculosis has been
detected.
The use of PCR should be limited to its appropriate
application as a confirmatory tool and not used as the
sole basis of identification. The detection of IS900 is, at
most, only suggestive of a specific microbe and is not
direct evidence of an active in situ organism or that the
detected sequence actually represents a member of the
microbial community (Chiodini et al., 2011).
The question arises in these various studies using
IS900 as the sole method for the identification of
M. paratuberculosis in tissues and culture material actually detecting M. paratuberculosis alone or M. paratu
berculosis and some yet-to-be-identified environmental
microbe. This could explain the widespread detection
of IS900 in some control groups and in the environment
that do not coincide with known biological properties of
M. paratuberculosis.
Recognizing the genomic heterogeneity of populations, reliance on a single genomic sequence as the sole
means of identification without support from other characteristics would seem misguided in modern medicine.
Research is needed to define the specificity of IS900 in
remote ecosystems to insure that the detection of IS900
is a reliable marker for M. paratuberculosis and no other
known or unknown microbe that may exist in remote
ecosystems.

Obligate pathogen or environmental opportunist?
Data from PCR detection of IS900 suggest that M. para
tuberculosis is a ubiquitous environmental organism
that can be found in dairy products, river waters, and
even domestic tap water (Beumer et al., 2010, Gill et al.,
2011) and that the human (and animal) populations are
routinely exposed to this organism. This is similar to the
environmental distribution of M. avium subsp. hominis
suis (Turenne et al., 2007), suggesting that M. paratu
berculosis is an opportunistic pathogen rather than an
obligate pathogen. Such a property does not coincide
with other known biological properties of the organism.
Bacterial species that have a wide distribution in the
environment are generally capable of replication in the
environment; without environmental replication, they
become diluted below detectable and infectious levels. A
variety of studies have documented the ability of M. para
tuberculosis to survive in the environment for extended
periods (Chiodini et al., 1984a, Whittington et al., 2004,
Cook et al., 2010), but none have demonstrated its ability to replicate outside the gastrointestinal tissues of
the host. In fact, experimental studies have shown that
© 2012 Informa Healthcare USA, Inc.
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M. paratuberculosis does not replicate in the environment and that certain conditions destroy viability (such
as urine, sunlight, high pH, etc.) (Chiodini et al., 1984a).
The inability of M. paratuberculosis to produce mycobactin, and thus compete for iron, would also preclude its
ability to replicate in the environment.
If the primary biomass of M. paratuberculosis was
the environment as suggested by various environmental studies based on IS900 detection, the prevalence of
M. paratuberculosis infection (Johne’s disease) in domestic and wild ruminants would be far more widespread
than reported and the direct correlation between herd
infectivity and the introduction of an infected animal
(Chiodini et al., 1984a) would not be so firmly established.
There are few, if any, documented cases of M. paratu
berculosis infection or herd infectivity associated with
drinking pond or river water, or drinking tap water during the winter months or any other environmental source
(absent direct contamination by infected animals), all of
which presumably contain M. paratuberculosis. The only
known mode of infection is the direct or indirect exposure to feces from an infected animal.
If M. paratuberculosis exists in an environmental reservoir as suggested, the classification of M. paratubercu
losis as an obligate pathogen may be erroneous and the
organism may need to be reclassified as an environmental opportunistic pathogen. Considering the presumed
predominance of this organism in the environment and
the routine exposure of wild and domestic ruminants to
this agent, its role as a primary etiologic agent of Johne’s
disease may need to be questioned as well.

Concluding remarks
There is little doubt that Crohn’s disease is a complex
disorder involving the interaction of a variety of extrinsic and intrinsic factors that, in combination, result
in the clinical manifestations of Crohn’s disease. The
disease is often considered to be caused by a complex
inter-relationship between the environment, genetic
susceptibility, and immunologic responses. However, is
Crohn’s disease really a complex disease or just have the
appearance of complexity (Norman, 2011)? All diseases
involve the interplay of environment, genetic susceptibility, and immunologic responses, and all biological
systems and metabolic pathways can be considered
complex adaptive systems regardless of their etiology, if
we choose to look at them that way. The appearance of
complexity often becomes an excuse that may blind us
to the simplicity.
Although Crohn’s disease and the gastrointestinal environments appear to be complex and multi-dimensional,
involving many facets of biology with many competing
and changing biological parameters and interests, this
does not preclude the possibility that the simple involvement of an infectious agent or other straightforward and
deterministic factor is the causative driving force behind
the disease. Apparently complex situations often hide
simple relationships (Norman, 2011). The collective
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cognitive bias within the field of gastroenterology may
cause science to miss or dismiss an obvious relationship.
Medicine, and in particular the field of gastroenterology, does not change quickly and is slow to accept or
implement new developments and findings. Despite
overwhelming evidence, it took 12 years and the
National Institutes of Health Consensus Development
Conference to recognize the role of H. pylori in peptic
ulcer disease and to make recommendations for antimicrobial therapy (NIH Consensus Conference, 1994).
Despite being highly publicized, it took years for gastroenterologists to implement these recommendations
(Thamer et al., 1998).
In Crohn’s disease, it has long been recognized that
antimicrobial agents are beneficial in the treatment
and maintaining disease remission (Chiodini, 1998).
However, it took almost 15-years for a consensus recognizing the beneficial effects of antimicrobials in Crohn’s
disease and the mandate for further investigations on
the therapeutic benefits of antimicrobials in Crohn’s
disease (Khan et al., 2011). However, as part of that same
journal issue, the American College of Gastroenterology
published a Continuing Medical Education Supplement
on medical therapies for inflammatory bowel diseases
in which all sections referring to the use of antibiotics
in Crohn’s disease is prefaced by the statement that “A
pooled analysis of antibiotic therapies shows a statistically significant effect at … but these are not recommended . . .” (emphasis in original) (Anonymous, 2011).
Will it be another 10–15 years or longer before antimicrobials become an accepted treatment in Crohn’s disease
and will patients continue to be treated symptomatically
without regard to etiologies?
The suggestion that M. paratuberculosis may be the
cause of some cases of Crohn’s disease has, since its first
suggestion in 1984, been a controversial subject, particularly within the field of gastroenterology. Both sides of
the issue may fail to recognize that the desire to prove or
disprove often blinds people on both sides. How much
longer will this controversy continue to linger without
resolution?
If M. paratuberculosis is ultimately shown to be one
of the causes of Crohn’s disease, the effects would have
overwhelming consequences to the medical, pharmaceutical, agricultural, and veterinary industries, in addition
to affecting the lives of thousands of suffering patients.
New and more effective chemotherapeutic agents and
standardized diagnostic procedures and methodologies
to identify the affected subpopulation of patients would
need to be developed. The reclassification of Johne’s disease, which is now widespread and out of control in the
world’s animal industries, as a zoonotic disease would be
devastating.
One is again reminded that transposable elements
(Barbara McClintock; Nobel Laureate, 1983) and the
bacterial etiology of peptic ulcers (Barry Marshall; Nobel
Laureate, 2005) were once controversial and polarizing issues. It is time to resolve this controversial and

polarizing issue and resolve the role, if any, of M. paratu
berculosis in Crohn’s disease.
This review has attempted to present both sides of the
issue to bring to light the strengths and weaknesses of the
proponents and opponents views related to the role of M.
paratuberculosis in Crohn’s disease, without interpretation, and provide the reader the opportunity to judge
these strengths and weaknesses for themselves. This
review should also be considered a mandate for further
research to resolve this lingering issue. Patients cannot
afford to wait another 25 years.
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