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ABSTRACT

Mycobacterium avium subsp. paratuberculosis (MAP) is a well-established etiological agent of Johne’s disease in
animals. In humans, similar clinical condition, first described by Crohn as regional ileitis in 1932, now known as Crohn’s
diseases (CD), has also been associated with this mycobacterial species. However, there are two schools of thoughts,
one favoring MAP as its etiological agent while the second considers it as an immune-inflammatory condition triggered
by an external factor. Onset of CD requires a series of events including predisposition of certain inherited genetic traits,
associated environmental stimuli, and immune-inflammatory response. A combination of these factors probably leads to
this disease. Recently, some human genes have also been identified which regulate ability to respond appropriately to
the external factors. Added to these factors are concerns about the selection of clinical specimens and poor adherence
to laboratory quality controls. The literature is full of contradictory findings, but there a lack of uniformity in the materials
and methods used by many of these researchers. In this review, we provide our perspective under above circumstances
and give our point of view which may open a platform for debate regarding the MAP as the etiological agent of human CD.
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INTRODUCTION

(~rohn’s disease (CD) in humans was described by
(" Crohn et al," as a chronic inflammatory reaction
of the intestines, characterized by protein losing
enteropathy, malabsorption, and steatorrhea. Discrete
and/ ot serpiginous ulcers and a cobblestone appearance
are hallmarks of this disease.”! Histologically, there
is mucosal erosion and neutrophil infiltrates are
seen within crypts and crypt abscesses are formed
that progress to transmural lymphogranulomatous
enteritis. A similar entity in animals later on known
as Johne’s disease (JD) manifests itself as a chronic
granulomatous infection of the intestine, resulting in
progressive weight loss, emaciation, cachexia in the
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affected animal which can lead to death.’® Due to
the clinical symptoms of CD closely mimicking those
found in animals with JD, it was proposed almost
90 years ago that the two diseases shared the same
etiology.!

Mycobacterium avium subsp. paratuberculosis
(MAP) is a well-established etiological agent of JD.
Johne and Frothingham initially reported the disease
in Germany in 1894; however, it was not until 1910
that Trowt successfully fulfilled Koch’s postulates by
growing MAP in the laboratory and reproducing the
disease in experimentally infected cattle.l” In animals,
the mode of transmission of MAP is usually through
the fecal-oral route and occurs either by ingesting the
organism through contaminated milk or food products
or by accidental ingestion of the microorganism from
contaminated surfaces.! Subclinically or clinically
infected animals shed MAP in feces and milk, enabling
dissemination to susceptible calves, the environment,
and in retail milk.”'" Although MAP is considered an
obligatory parasite, it can survive in the environment
and can be carried from livestock and wildlife
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‘reservoirs’ into drinking water systems and thus expose
human populations!'? [Figure 1]. The infection is often
restricted to the intestine, but the bacteria can spread from
the primary site of infection in the intestine to liver, spleen,
kidney, uterus, and mammaries through hematogenous or
lymphatic routes 27z monocytes and can be isolated from
these organs."’!

LABORATORY DIAGNOSIS OF CROHN’S DISEASE

The diagnosis of CD is made only on the basis of
clinical suspicion and is a matter of clinical acumen.
However, since there is no pathogenomic feature of
the disease, only pathological findings can confirm the
entity. Nonetheless, isolation of MAP from the intestinal
tissue of CD patients in some laboratories led to debate
that it may be the pathogenic for humans and a possible
etiological agent of CD. However, this issue still remains
controversial having reports both in favor as well against
this theory." 'l A systematic review and meta-analysis of
the various published reports reveals that the association
of MAP with CD seems to be specific, but its role in the
etiology of CD remains to be established!"¥ [Figure 1].

MAP is an intracellular pathogen that persists in the cell
wall deficient form; thereby escapes clearance by the host
immune system.™'") MAP can switch to a tough Zichl
Neelson negative form in which it is invisible by ordinary
light microscopy in infected tissues of human and requires
exogenous mycobactin an iron-transport protein for 7
vitro growth but usually results in very slow growth. These
inherent problems limit the chance of isolating them and
strains of bovine or human origin may require months or
years of incubation before their growth becomes visible,
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Figure 1: Schematic illustration of different modes of transmission
and factors determining the pathogenicity of M. avium subsp.
Paratuberculosis

whereas, serological tests lack specificity because of
ubiquitous nature of the organism. These tests also have
low sensitivity because the seroconversion occurs relatively
late during the course of the disease.l'"” Polymerase chain
reaction (PCR) amplification of IS900 gene of MAP from
clinical specimen is a reliable alternative modality!" to
culture and serological assays for the confirmation of MAP
infection in the specific tissue. However, every test system
has its own limitations and we would like to highlight these
in the following paragraphs.

PROBLEMS IN DIAGNOSTIC METHODS

Culture isolation of the suspected mycobacterium
except Mycobacterium leprae remains the gold standard to
claim as etiology of any mycobacterial disease. Using
Herrold’s egg yolk agar with mycobactin | (HEYA) faecal
culture and/or BACTEC MGIT 960, the MAP is usually
demonstrated from the samples collected from animals
suffering from JD.!?" Interestingly in the case of MAP,
its genotypically diverse subtype populations behave
differently in the liquid culture method (BACTEC MGIT
960) than the solid culture method. A variety of subtypes
are observed in the liquid cultures obtained from the same
fecal samples which suggests that culture methods could
provide a “microbiological” bias and lead to a discrepant
results.”!! The shedding of MAP of JD is often plutibacillary
as compared to human genotypes of MAP, which is usually
paucibacillary.® The trend is quite similar to the form
of CNS and pleural tuberculosis, where acid fast bacilli
(AFB) smears positivity is only 10-20% and poses a
diagnostic challenge.” In a study from India, one group
of authors have claimed a positivity rate of 37.5% (3/8) by
smear, 80% (4/5) by culture, and 100% (5/5) by enzyme-
linked immunosorbent assay (ELISA) in the CD patients.
Interestingly these authors also reported that 75% JD
animal handlers and 38% healthy persons positive for anti-
MAP antibodies detected by ELISA.*Y The major bias in
the study was that the authors did not rule out co-infection
of other mycobacteria or other infectious and non-
infectious etiologies of colitis in their patients. It is very
much possible that the fecal samples which were positive
for acid fast bacilli were environmental mycobacteria. Some
authors have reported high sensitivity of PCR on human
colonic tissues!"™* 27 and in paraffin-embedded tissue
sections™ but these findings have not been reproducible.

WHICH SAMPLE IS APPROPRIATE AND IDEAL?

Quite often, there is a dilemma over establishing the link
with MAP as infectious etiology of CD and one is not
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sure about the most appropriate clinical specimen from
the non-sterile inflicted sites. Mere isolation even in pure
culture from feces or intestinal biopsy material may not
be indicative of disease causation. Pierce®! suggested
that if the MAP are demonstrated by direct microscopy
in blood vessels, lymph vessels (lymphatics), and lymph
nodes in the mesentery of affected bowel wall segments,
mesentery itself, i.e., the adipocytes that fill the mesentery
and in the walls of fistulae, the causal role of MAP in
CD will be confirmed. However, till it happens and
confusion goes on, a few studies claimed to isolate MAP
from patients of CD as well as from healthy population.
A study from India, cultured MAP bacilli from fecal
specimens from five (62.5%) of the eight persons involved
in animal husbandry practices and 6 of 22 (27.2%) healthy
humans.® In another study cattied out by Scanu ez a/*"
MAP was detected in 15 of 20 (75%) patients with irritable
bowel syndrome, 3 of 20 (15%) healthy controls, and 20
of 23 (87%) CD patients. However, Sechi ¢z a/!" reported
that 63.3% of the CD patients and 10.3% of the control
cases were MAP culture positive. MAP has been cultured
in a significantly higher percentage of bowel-pinch biopsies
from CD patients (42%) vis-a-vis from controls (9%)."!
With the PCR method, the positivity rate has increased up
to 83.3% in CD patients, but no difference was observed
in control cases.!'" By taking together of all these findings,
it is quite compelling to conclude that MAP occurrence
in healthy individuals may be mere colonization, and may
not have causal role. Nevertheless, a significant association
is observed between the disease and the consumption of
hand-made cheese,™ dairy products and raw water.!"” All
these sources have yielded MAP positive cultures. Albeit,
isolation of MAP bacilli or their DNA from stool specimen
of the CD patients may not be conclusive evidence to
establish causal etiology of the MAP in CD.

This uncertainty is not restricted to nonsterile specimens,
but also with sterile specimens such as blood. Live MAP
or its DNA is reported to be detected from blood of CD
patients and showed mixed results.>**! Juste ez @/P" also
detected the MAP DNA in blood of healthy individuals, and
when the results compared with IBD patients it was found
that 47% (47/100) healthy controls and 16% (40/246) IBD
patients were positive for ISO900 DNA when amplified by a
nested PCR protocol. These findings further indicate that
MAP has no direct causal role in CD. The same group
of workersP reproduced the similar results and reported
significant correlation with the elevated IFNy (uninduced
with MAP antigen) levels in controls as compared to IBD
patients, indicating that healthy individuals (but not IBD
patients) have a significantly stronger cellular immune
response that might be able to control the infection in
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these individuals. It seems to be a good hypothesis, which
needs to be proven. These “selection biases” need to be
avoided to establish that MAP is the causative agent of
CD, only if appropriate healthy as well as diseases controls
are included in these studies with detailed clinical and
laboratory details. We feel that good epidemiological studies
with extensive details of demography, living style, possible
contaminating source of MAP (food and water), MAP
infection/colonization status of their family members
(including genetic makeup) or population who have equal
probability of access to the same habitat are urgently
needed. The investigators should not only focus on MAP
in these patients but extensive collaborative studies where
other possible agents and factors are also investigated in a
comprehensive manner. The resulting data will be helpful
to understand the etiology, pathogenesis and possible risk
factors that favor the disease/infection/colonization only
in few individuals and what prophylactic measures can be

adopted.

GOOD LABORATORY PRACTICES AND QUALITY
ASSURANCE

The results of the studies proving the infectious etiology
of CD will be informative only with the adherence to
the stringent quality control procedure by processing the
specimen in Level 11 Bio-safety hoods for DNA extraction
and separate uniforms, rooms, pipettes, and thermal
cyclers for the PCR amplification. Special attention must
be given to purity of water used for preparing buffers
and other reagents, especially in tropical countries. Even
though many studies have shown very high culture and
PCR positivity from diseased and un-diseased persons,
but studies with more stringent methods did not support
these findings. Ellingson ez 4/l using a cross-species and
cross-disease samples (CD and JD) compared multiple
detection techniques [histology, immunocytochemistry, and
IS900 polymerase chain reaction]|, and found that the IS900
sequence was demonstrable in all samples of confirmed
positive JD tissue but none of the 35 patients of CD, 36
patients of ulcerative colitis, and 21 patients of diverticular
disease. To address the concern of the low detection rate
by PCR, the presence of PCR inhibitors must be checked
by amplifying any of the known human housekeeping
genes like B-actin, NADPH, or B-globulin.”” Whereas, the
chances of cross contamination are difficult to control in
a laboratory where primarily samples of animal origin are
being handled along with human samples.” We feel that
findings from such laboratories should be interpreted with
extreme care. The studies’ results from such laboratories
must ensure about the prevention of cross contamination
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by storing the specimens and processing them in a
dedicated place, which were physically distant from each
other. Other important factors such as details about the
collection and transportation of specimens, quality and
quantity of specimens must be considered. The knowledge
of pathophysiology, different stage(s) of their infection
and corresponding bacilli load is very scarce and testing
the samples collected during the eatly stages of infection
may not be useful. Therefore, minimum guidelines and
necessary criteria need to be made regarding collection
of specimens, performance of tests, and interpretation
of their results in both diseased and control cases to
demonstrate the etiology of MAP.

Host factors

Itis postulated that human CD may sometime prove to be
an immunity-mediated condition where some gene might
be identified that increase susceptibility of the gut mucosa
to general bacterial flora of the gastrointestinal tract.
Recently, a gene known as CARD75/NOD?2 situated within
the IBD1 region of chromosome 16q12 has been identified
which is associated with susceptibility to CD.P**! The
CARD175 has been proposed to be an intracellular receptor
for bacterial components in the monocytes. Three main
mutations of CARDT75 have been found in patients with
CD, but not in patients with ulcerative colitis.”**! Others
have found that smoking habit aggravates the course of
CD and promotes formation of fistulas, strictures, and

other complications.

There is counter evidence which does not support MAP
etiology of CD. These include host conditions, such
as HIV infection,’” organ transplantation or patients
with immunosuppressive treatment, or Type I diabetes
mellitus,” which otherwise favor the multiplication of
MAP but surprisingly, incidence of MAP has not been

found higher in these populations. On the contrary,
immunosuppressive therapy is found to be beneficial to

the CD patients.” It is quite possible, though, that in
HIV-TB endemic settings, Mycobacterinm tuberculosis grows
comparatively faster than MAP and may overgrow the
MAP" and thus many diagnostic laboratories might
be missing the co-infections of M. tuberculosis and MAP.
Nonetheless, one has to be cautious in reporting high
MAP-PCR positivity in AIDS patients, which is often
a false positive result.

STRAIN VARIATIONS IN MAP

More than 30 strains of MAP have been identified using
methods such as restriction endonuclease analysis, IS900
RFLP, and PFGE ."'*I Typing of over a thousand MAP
isolates obtained from all over the world has demonstrated
differences between ovine strains (S-type or type I) and
bovine strains (C-type or type 1I), suggesting an adaptation
to their respective preferred hosts. Although phenotypic
and genotypic differences are found between ovine strains
and bovine strains, they nonetheless share substantial
intra-species commonality. The major differences are inter-
species [Table 1]. Studies in Iceland and the Netherlands
have shown that sheep strains of MAP can infect cattle,
and cattle strains of MAP can give rise to long-standing
subclinical infection in sheep grazing the same pastures.*!
Bovine strains, however, have a much broader host range.
18900 RELP typing of MAP isolates from humans with CD
has so far demonstrated that they all belong to the cattle
C-type/type II background.* A unique 12-bp tandem
repeat sequence present in sheep strains is absent from
bovine strains, making these strains distinguishable by
specific PCR.*'*! The use of representational difference
analysis has further identified an 11 bp fragment present
in sheep strains which is absent from bovine strains.
Differences in MAP strains from cattle and sheep have
been demonstrated between Argentina and Europe,!*”
and between Australia and Iceland.*! Typing of IS7377
polymorphisms from MAP isolates obtained from nine

Table 1: Genome of M. paratuberculosis K-10 and its comparison with genomes of other

mycobacterial species

Property MAP M. avium M. tuberculosis M. bovis M. leprae M. smegmatis
Genome size, bp 4,829,781 5,475,738 4,411,532 4,345,492 3,268,203 6,988,209
GC content, % 69.30 68.99 65.61 65.63 57.79 67.40
Protein coding, % 91.30 NA 90.80 90.59 £49.50 92.42
ORFs 4,350 NA 3,959 3,953 1,604 6,897
Gene density, bp per gene 1,112 NA 1,114 1,099 2,037 1,013
Average gene length, bp 1,015 NA 1,012 995 1,011 936
tRNAs 45 45 45 45 45 47
rRNA operon 1 1 1 1 1 2

ABC transporters® 60 - 39 42 24 -

*Unpublished data.
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bison in Montana, USA showed consistent variation at
base position 223 compared with 13 C-type isolates from
cattle and goats in the other parts of the United States.
Taken together, the findings are consistent with predictable
geographical differences in MAP isolates between
continents and different regions. Diversification of MAP
strains is a continuing dynamic process and human MAP
strains and type-specific features can be expected.

RFLP and PFGE are methods which limit the typing of
MAP to those strains which can be cultured. Given the
very slow growth, and in some cases unculturable nature
of these organisms, PCR-based typing procedures for
these difficult pathogens are highly desirable. PCR typing
of M. tuberculosis based upon mycobacterial interspersed
repetitive units*! has been adapted for MAP. PCR typing
based upon six mycobacterial interspersed repetitive units
loci, distinguishes MAP from other Mycobacterium avium
complex (MAC) [Table 1]. This observation may be useful
in a clinical settings if the isolates of MAP in liquid cultures
from the clinical sample are pure or mixed with other MAC
organisms.*¥

CONCLUSION

Crohn’s disease (CD) is a devastating inflammatory illness
in search of a cause and a cure. It needs some trigger such
as microorganisms. It is suspected that some individuals
have genetic inability to interact appropriately with
certain bacteria or bacterial products and that might cause
increased vulnerability for CD. The bacterial suspects at
the moment include a Mycobacterium species, specially M.
avium subsp. paratuberculosis and some strains of Escherichia
coli. The possibility of more than one infectious cause
cannot be ruled out due to the presence of huge normal
flora in the gut. Researchers have reported that people with
CD have 7:1 odds of having a documented presence of
MAP in blood or gut tissues than those who do not have
CD. However, the critical issue is whether MAP causes CD
or as only incidentally present in tissue not participating
in the disease process. MAP is ubiquitous in environment
and persists in contaminated soil and water. MAP has a cell
wall that contains muramyl dipeptide (MDP). Some people
have mutations in their genes, like NOD2, which regulates
ability of the host to respond appropriately to MDP.
Hence, persons having gene mutations in NOD2 may
be more vulnerable. Circumstantially, these observations
appear to make a compelling case of involving MAP in
CD. On the other hand, several clinical trials with existing
anti-tubercular drugs have either failed completely or
produced partial cure. Also, while the site of infection and
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tissue pathologies of MAP in animals can be assessed at
necropsy, there is enough dissimilarities between digestive
processes of ruminants and humans that this information
may not necessarily translate in humans. Further, recent
studies have shown that immunosuppressive drugs such
as cyclosporine A, rapamycin and tacrolimus have shown
encouraging results. These findings put a big question
mark on MAP etiology of the CD. It is proposed that
with the available genomic data of MAP, sensitive and
specific diagnostics will be developed. We can also expect
that specific pathways or proteins involved in successful
establishment of MAP in diverse inanimate environmental
sources, such as water, milk and soil, and diverse biological
conditions, e.g. animals and human guts, could be
identified. It is very much possible that combination of
several factors is found in near future which facilitate this
disease.
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