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ABSTRACT 

The notion that Crohn’s Disease (CD) occurs as a 
result of an aberrant reaction to the commensal mi- 
crobiota in genetically susceptible hosts is widely re- 
garded by physicians and scientists as fact. Yet al- 
though it is undisputed that Crohn’s Disease is im- 
mune-mediated, an aberrant reaction to one’s own 
native flora is far from proven. The aim of the cur- 
rent review is to present a summary of the known 
infectious causes of Crohn’s Disease, whilst high- 
lighting the limitations of using outdated methods to 
attempt to classify the disease as a single entity. We 
propose a re-classification of Crohn’s Disease, and 
suggest that the disease is best conceptualized as a 
syndrome, an “umbrella-like” term comprising a 
group of diseases with varying infective etiologies, 
which clinically, endoscopically and histologically are 
indistinguishable from CD.  
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1. INTRODUCTION 

Crohn’s Disease was first described in 1904 by Polish 
surgeon Antoni Leśniowski [1], later by Dalziel [2] and 
ultimately by Crohn in 1932 [3]. Yet, after more than a 
century of research, the pathological processes are still 
poorly understood and numerous etiological questions 
remain. Current concepts suggest that Inflammatory 
Bowel Disease results from dysregulation of the mucosal 
immune system in genetically predisposed individuals 
leading to an exaggerated and ongoing activation of im- 
munological responses to a person’s own normal micro- 
flora [4]. Previously most research has focused on auto- 

immune factors. Recently however, Mycobacterium avium 
paratuberculosis (MAP), the known pathogen response- 
ble for the remarkably similar Johne’s Disease in live- 
stock, has been detected in the gastrointestinal mucosa of 
up to 92% of CD patients [5]. With the publication of the 
fulfillment of Koch’s postulates [6] establishing MAP as 
a causal agent of CD, considerable doubt has been cast 
on the current “aberrant reaction” theory. Findings from 
the Genome Wide Association Studies implicating mu- 
tant genes involved in pathways involving the recog- 
nition and response to intracellular microbial infections, 
and the recognition that CD is associated with innate 
immune deficiency [7] add to these doubts.  

These findings, strengthened by the knowledge that 
numerous pathogens are capable of reproducing the CD 
Syndrome, have led to a resurgence in theories implicat- 
ing infectious etiologies of Crohn’s Disease and suggest 
that an etiological reevaluation is overdue. Further edu- 
cation, research and funding are sorely required to dra- 
matically improve diagnostic sensitivity and specificity, 
particularly for MAP, as well as for other pathogens in 
CD. The diagnostic difficulties frequently encountered in 
clinical practice emphasize the need for comprehensive 
pathogen investigation to detect, where possible, the un- 
derlying infective cause of CD in the individual patient 
and move therapy away from treating inflammation 
alone to treating the causative agents as well as the en- 
suing inflammatory response.  

2. VARIABLE PRESENTATIONS 

The “Crohn’s Disease” label has led to much confusion in 
the gastroenterology field. It has provided experts with a 
preconceived notion of a unitary disease etiology, in spite 
of the fact that the name merely represents a descriptive 
state of the disease. This misinterpretation is perhaps best 
illustrated by Prantera [8] who surmised that the notion 
of a single pathogen etiology has been disproven given 
“the variable disease locations and severity” of the dis- 
ease. Theoretically a single pathogen etiology for CD is 
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possible, since it is well demonstrated that the same mi- 
crobe can evoke markedly heterogenous disease mani- 
festations. Mycobacterium tuberculosis [9] and Helico- 
bacter pylori [10] are good examples of this phenome- 
non. However, with the abundant and compelling data 
demonstrating that various pathogens capable of causing 
a CD “syndrome”, and the associated diagnostic confu- 
sion, we counter that “Crohn’s Disease” is merely the 
clinical manifestation of any number of infective entities, 
some discernable and some currently indiscernible, 
which converge to result in a phenotypic expression of 
the CD Syndrome.  

3. THE CROHN’S DISEASE SYNDROME  
(CDS) 

To address the concept of Crohn’s Disease as an “um- 
brella-like” term or Syndrome rather than a single spe- 
cific disease, it is instructive to look to an analogous in- 
flammatory condition, caused not by one, but several 
pathogens, which produce an overlapping clinical and 
histological picture. The characteristic inflammatory pre- 
sentation of pneumonia occurs as a result of infection 
with various bacteria, viruses, and, less often, fungi. 
Streptococcus pneumoniae is a common pathogen re- 
sponsible for community-acquired bacterial pneumonia 
however other bacterial pathogens including Hemophilus 
influenzae, Klebsiella organisms, and Staphylococcus 
aureus cause a subset of pneumonia cases. These etio- 
logic agents shift in hospital-acquired settings and are 
most commonly attributed to gram-negative bacilli such 
as E. coli, Proteus species, Klebsiella-Enterobacter, 
Pseudomonas, and Serratia. Mycoplasma pneumonia, 
Chlamydia pneumoniae, Legionella pneumophila, and 
Mycobacterium avium have also been reported as atypi- 
cal pneumonias [11]. 

As in pneumonia, several pathogens can produce a 
syndrome clinically, colonoscopically and histologically 
indistinguishable from CD which, when treated correctly, 
can result in complete recovery. In some instances there 
is a clear, discernable pathogen whilst in others a patho- 
gen has been much more difficult to identify. However 
due to the “single etiology” preconception, all pathogens 
causing a CD Syndr of CD rather than carefully consid- 
ered as causal agents. Clinical experience to date, backed 
by the emerging discoveries of these pathogens in nu- 
merous CD cases suggests that, as in pneumonia, a single 
pathogen etiology of CD does not exist. Here, we present 
an overview of the infectious pathogens in the CD Syn- 
drome and propose that they are not “mimickers” of the 
disease but actual causes of CD in subsets of patients. 
Furthermore, additional research is required to identify 
more of the infectious causes of the CD Syndrome. 

4. INFECTIOUS ETIOLOGIES OF  
CROHN’s DISEASE SYNDROME  

4.1. Mycobacterium avium ss paratuberculosis  
(MAP) 

Although still controversial, there is a great deal of evi- 
dence implicating a causative role for Mycobacterium 
avium paratuberculosis in a subset of cases of Crohn’s 
Disease [6,12]. Hostetter’s work with Balb/C mice may 
provide insights into how MAP infection can cause the 
emergence of the Crohn’s Disease Syndrome in humans. 
He infected immunologically normal Balb/C mice with 
M. paratuberculosis and then administered controlled 
dosages of Dextran sodium sulfate in the drinking water 
and compared the resulting intestinal inflammation with 
controls only infected with MAP or only given DSS. 
MAP infection alone and DSS in the concentrations ad- 
ministered resulted in no or minimal inflammation. The 
two variables together produced extensive inflammation. 
His work helps unite the bodies of work implicating the 
enteric microbiota, genetic predisposition, dysfunctional 
autophagy and innate immune deficiency in the etiopa- 
thogenesis of CDS [13]. 

Recent technological advances, and the advent of PCR 
has allowed for more accurate identification of MAP via 
DNA amplification, identifying MAP DNA in up to 92% 
of CD tissues versus only 26% in healthy controls [5]. 
Another study of resected bowel tissues from 300 CD 
patients identified MAP DNA in 52% of CD patients, 2% 
of UC patients and 5% of controls [14], further support- 
ing a similar study that identified MAP DNA in 6/7 (86%) 
resected tissue, and 4/20 (20%) biopsy specimens from 
CD patients, versus 2/36 (5.6%) control biopsy speci- 
mens [15]. These studies underline the high degree of 
MAP-positive results in CD, with higher detection rates 
obtained from processing of larger tissue specimens. 
However, an unexplained fierce resistance to the causal 
role of MAP in CD remains, completely at odds with the 
uncritical readiness to accept the current “aberrant reac- 
tion to normal colonic flora” theory [16]. Various argu- 
ments have been proffered by experts to defend precon- 
ceived ideas [16,17], with some critics claiming MAP to 
be a “mere bystander organism” that lodges innocuously 
in the intestinal mucosa of patients. This statement not 
only fails to explain the gross differences between MAP 
detection rates in CDS and controls [5,14] but also the 
clear pathogenicity of MAP [18].  

Despite this resistance, a number of studies have been 
carried out reporting the success of anti-MAP therapy in 
CDS. A landmark study by Selby et al. (2007) using tri- 
ple anti-MAP therapy in “Crohn’s Disease” reported sig- 
nificant remission rates of 66% at 16 weeks despite 
suboptimal dosing (underdosed by >30% - >50%), fail- 
ure to report ITT data and incomplete capsule dissolution 
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resulting in partial bioavailability of one drug [19,20]. 
Gui et al. (1997) reported on anti-MAP treatment in 52 
patients with a combination of Rifabutin, Clarithromycin 
or Azithromycin for 6 - 35 months, documenting remis- 
sion in 43 out of 52 (83%) patients [21]. A trial by Sha- 
fran et al. (2002) treating 29 CD patients with Rifabutin 
and Clarithromycin reported that after three months of 
treatment, 8 of the 29 patients (28%) were in clinical 
remission, 9 of the 29 patients (31%) experienced 
marked improvement, 8 of the 29 patients (28%) experi- 
enced minor improvement, and 4 of the 29 patients (14%) 
ceased medication due to intolerance [22]. Similarly, in a 
study by Borody et al. (2002) 67% patients achieved 
marked improvement with 50% colonoscopic and histo- 
logical normality [23].  

Despite clear evidence for the efficacy of properly 
chosen anti-MAP therapy in CDS trials, [24] some ex- 
perts continue to request “well-designed anti-mycobac- 
terial trials” to settle the causality dispute [25]. It should 
be noted that anti-MAP treatment at best currently only 
suppresses, but cannot yet cure this atypical Mycobacte- 
rium. To better understand anti-MAP therapy in CDS it is 
applicable to look to the treatment of Johne’s Disease in 
cattle—where there is no question as to MAP etiology. 
The results of which conclude that anti-MAP therapy 
“requires daily medication for long periods, and only 
effects remission and palliation of the disease instead of 
a definitive cure” [26]. MAP is a unique pathogen that 
needs to be viewed quite differently from the typical 
bacterial infections physicians are accustomed to. Noto- 
riously difficult to treat, current therapy consists of mul- 
tidrug regimes which can at best only suppress infection 
and halt disease progression. A cure is not achievable 
with antibiotics alone at this point. Like Johne’s Disease, 
anti-MAP therapy in CDS requires prolonged optimal 
dosing. Research and an innovative approach are needed 
to eradicate the dormant intracellular forms of MAP.  

4.2. Mycobacterium tuberculosis (TB) 

The long-recognised similarities between intestinal tu- 
berculosis and CDS have led to this pathogen’s label as 
“one of the great mimics of Crohn’s disease” [27], lend- 
ing further credence to the central role of mycobacteria 
in CDS. Both diseases are chronic, granulomatous and 
heterogenous in nature, with the differential diagnosis 
between the two diseases described as “one of the most 
difficult and challenging issues for the gastroenterologist, 
radiologist and pathologist” [28]. Like CDS, tuberculosis 
can affect any part of the gastrointestinal tract. One study 
reported that 8.5% of patients display upper gastrointes- 
tinal tract involvement, 33.8% of patients have small 
bowel involvement, 22.3% of patients exhibit large 
bowel involvement, and the remaining 44.6% of patients 

have extra-intestinal involvement [29]. Diagnosis of in- 
testinal tuberculosis typically relies on the demonstration 
of caseating granulomas [30]. However, numerous stud- 
ies report that only 19% - 25% of patients display 
caseating granulomas [31,32]. Further studies suggest the 
need for detection of acid fast bacilli and report identifi- 
cation in 35% to 60% of patients [33] and recent studies 
yield conflicting results, at times with no tubercle bacilli 
detected from cultured biopsy specimens [34]. Given that 
CDS is largely a disease of exclusion, the incredibly 
close resemblance between Mycobacterium tuberculosis 
and CDS not only confirms that mycobacteria are capa- 
ble of causing the CD syndrome but also warn of the 
dangers of ignoring our clinical judgment to place our 
faith in pathology results alone.  

Numerous case reports exist in the literature outlining 
the ability of Mycobacterium tuberculosis to present with 
a “Crohn’s Disease” appearance, with their shared clini-
cal, colonoscopic and histological features often leading 
to misdiagnoses and mismanagement. Several cases have 
been summarised in Table 1.  

4.3. Yersinia spp 
Yersinia preferentially invades mucosal M cells in the 
gastrointestinal tract overlying Peyer’s patches to cause 
inflammation of the ileum, right colon and appendix, 
indistinguishable from “CD” [35]. As in Yersinia infec- 
tion, the terminal ileum in CDS is chiefly affected, with 
Lockhart-Mummery and Morson establishing in 1960 
that ulceration of terminal ileal lymphoid follicles and 
Peyer’s patches are the earliest microscopic changes of 
“CD” [36]. The association between Yersinia and CDS is 
well-recognized, with both possessing remarkably simi- 
lar histological and colonoscopic features, as well as a 
strong affinity for the ileocecal region [37]. Numerous 
case reports also describe the development of “CD” fol- 
lowing Yersinia infection (Table 2) [38-40]. Despite this, 
only one detailed study aimed at examining the presence 
of Yersinia DNA in CDS tissue has been reported [35]. 
The study by Lamps et al. (2003) evaluated resected 
specimens from 52 CDS patients with confirmed “CD” 
for the presence of pathogenic Yersinia DNA. A total of 
17 of the 54 resections (31%) contained Yersinia DNA 
within lesional tissues in “CD” versus none of the 120 
controls (0%). Mesenteric lymph nodes were also posi- 
tive for Yersinia DNA in eight of these cases. In addition, 
pathogenic (invasive) Yersinia DNA was detected in the 
appendices of two patients who later went on to develop 
“Crohn’s Disease”. Serological studies have also re-
vealed significantly higher titres of IgG antibodies to 
Yersinia enterocolitica (Y. enterocolitica) types 3 and 9 in 
a series of 60 patients with “CD” and 20 with ulcerative 
olitis compared with controls [41]. c 
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Table 1. Case reports of M. tuberculosis mimicking “CD”. 

Presenting 
Symptoms 

Findings 
Initial Diagnosis 

and Rx 
Secondary Findings 

Final Diagnosis, Treatment and 
Outcome 

References 

 Severe RIF 
pain 

 Diarrhea 
 Vomiting 

Colonoscopy: 
 Inflammation, friability, 

and exudate formation. 
 Large cecal ulcerations. 
 Stenosed ileo-cecal valve. 
Histology: 
 Cryptitis + crypt 

abscesses. 
 One non-caseating  

granuloma. 
 Negative PCR and 

Ziehl-Neelson stain for M. 
tuberculosis. 

Diagnosis 
 CD 
Treatment: 
 Prednisone 

20mg daily. 
 Azathioprine 

50 mg daily. 

Five months later: 
 RIF pain. 
 Appendiceal mass 

requiring surgery. 
 Appendiceal biopsy 

revealed foreign body 
giant cell epithelioid 
caseating granulomas, 
consistent with  
tuberculosis. 

 Intestinal tuberculosis. Rx 
initiated before lost-to-follow 
up. 

 Returned 2 months later with 
GI symptoms and RIF abscess 
opening to anterior abdominal 
wall as a fistula. 

 Anti-tuberculosis treatment 
resumed. 

 Repeat colonoscopy revealed 
severe sigmoidal narrowing 
with large inflammatory mass 
seen 45cm from anal verge, 
consistent with CD despite 
known tuberculosis. PCR for 
M tuberculosis was negative. 

 IV antibiotics-patient died. 

Akbar H. BMJ 
Case Reports 

2009; December 
[28]. 

 Abdominal 
distention 

 Low grade 
fever 

Colonoscopy: 
 Severe inflammation, 

multiple large deep 
ulcerations. 

 Necrosis. 
 Inflammatory polyp  

formation involving  
ascending colon and 
caecum. 

 Normal terminal ileum. 

Diagnosis 
 CD 

Histology: 
 Acute and chronic 

inflammatory cell  
infiltration. 

 Cryptitis + crypt 
abscesses. 

 Multiple caseating 
granulomas with 
Langerhan’s giant 
cells. 

 Diagnosis-tuberculosis

Intestinal tuberculosis. 
Quadruple anti-tuberculosis  
therapy: 
 Isoniazid 300 mg daily. 
 Rifampicin 600 mg daily. 
 Ethambutol 1.2 grams daily. 
 Pyrazinamide 1.5 grams daily. 
 Complete resolution of  

symptoms at six months. 

Akbar H. BMJ 
Case Reports 

2009; December 
[28]. 

 Epigastric 
discomfort 

 Rectal 
bleeding 

 Anorexia 
 Weight 

loss 
 Fever 

Colonoscopy: 
 Multiple ulcerations in 

cecum, ascending colon, 
and sigmoid colon. 

 Skip lesions 
Histology: 
 Increased plasma cell 

infiltrate. 
 Cryptitis + crypt  

abscesses. 
 Submucosal epithelioid 

granulomas with  
occasional giant cells. 

 Absent caseation. 
 Acid-fast bacilli not  

detected. 

Diagnosis 
 CD 
Treatment: 
 Mesalazine 

3g/day. 
 Metronidazole 

300mg tds. 

 Persistent fever, repeat 
colonoscopy 
performed. 

 Biopsies collected, 
with findings  
consistent with initial 
colonoscopic and  
histological findings.

 Suspected intestinal  
tuberculosis. 

Empirically begun on: 
 Isoniazid 300 mg daily. 
 Rifampicin 450 mg daily. 
 Pyrazinamide 1.5 g daily. 
 Ethambutol 600 mg/daily. 
 Rapid response: completely 

afebrile by day 3. 
 Eight weeks later cultures 

from colonic biopsies yielded 
M. tuberculosis. 

 Follow-up colonoscopy  
revealed complete healing of  
all colonic ulcerations. Patient 
asymptomatic. 

Lau CF, Wong 
AMC, Yee KS 

et al. Hong Kong 
Medical Journal 

1998; 4(1): 
63-66 [34]. 

 
4.4. Entamoeba histolytica (E. histolytica) 

Parasitic invasion of the GI mucosa by E. histolytica is 
made possible with the aid of cytolitic enzymes, resulting 
in transmural ulceration and inflammation. Diagnosis of 
amebiasis is established via cysts or trophozoites in fae- 
ces [42], however, as with other CDS pathogens, E. his- 
tolytica infection is also difficult to diagnose, as stool 
specimens, bowel biopsies, and serological studies are 
often negative, even in the presence of invasive amebic 
colitis [43]. Joos et al. (1999) reported on two patients  

who, following the development of chronic diarrhea, 
were diagnosed on colonoscopic examination with “CD”. 
Both were treated with immunosuppressive drugs for 
their “CD” which resulted in the development of amoe-
bic liver abscesses, leading to the correct diagnosis and 
cure of amebic dysentery in both cases [44].  

We have also reported two patients who presented to 
our Centre with a classic CDS colonoscopic appearance 
as a result of E. histolytica infection [45]. The first pa- 
tient presented with a one year history of abdominal pain, 
fatigue and bloody diarrhoea ith colonoscopy revealing  w   
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Table 2. Case reports of Yersinia mimicking “CD”. 

Presenting 
Symptoms 

Findings 
Initial Diagnosis and 

Treatment 
Secondary  
Findings 

Final Diagnosis, Treatment 
and Outcome 

References

 Vomiting 
 Diarrhea 
 Abdominal 

pain 
 Fever (41˚C) 
 Apthous  

ulcers 
 Erythematous  

exanthema 
 Anaemia 

 Negative stool cultures. 
Colonoscopy: 
 Yellow oval apthae from 

rectum to caecum. 
Histology: 
 Severe active colitis. 
 Cryptitis + crypt  

abscesses. 
 Chronic, mild crypt  

distortion with abnormal 
budding of crypts. 

Enteroclysis: 
 A nodular terminal ileum. 

 IV metronidazole for 
suspected C. Difficile.

 C. difficile assays  
negative. 

 Enteroclysis revealed 
nodular terminal ileum 
leading to diagnosis of 
CD. 

Treatment: 
 IV prednisone  

initiated with  
improvement. 

 On the ninth day, 
initial stool  
cultures grew 
Yersinia  
enterocolitica. 

 Y. enterocolitica  
infection. 

 14 day course of 
trimethoprim and  
sulfamethoxazole. 

 Symptom resolution 
within 48 hours. 

 Patient remained  
asymptomatic at 8 month 
follow-up, with negative 
stool cultures. 

McMorrow 
Tuohy AM, 

O’Gorman M 
et al.  

Pediatrics 
1999; 104: 
e36 [38]. 

 Rectal  
bleeding 

 Perianal  
fissure 

 Malaise 
 Abdominal 

pain 
 Anorexia 
 Mucus in stool 

 Negative stool cultures. 
Histology: 
 Ulceration in squamous 

epithelium. 
 Active chronic  

inflammation with 
granulomata containing 
giant cells in the lamina 
propria. 

 Areas of focal necrosis. 
Small bowel contrast enema: 
 Radiological features of 

coarse, irregular a 
symmetrical mucosal 
thickening in terminal  
ileum with associated 
spasm. 

Large bowel contrast enema: 
 Mucosal irregularity in 

the rectum. 
 Haustral thickening in  

the descending colon. 

Diagnosis 
 CD. 
Treatment: 
 Responded to oral  

sulphasalazine and oral 
prednisolone. 

 Elevated serum 
titres to Y.  
Enterocolitica,  
consistent with Y. 
enterocolitica  
infection in the  
preceding 3 - 4 mths.

 Four and eight 
weeks later, Y.  
enterocolitica  
titres had fallen to 
1/40 and 1/20  
respectively  
however  
colonoscopic and 
histological  
features persisted. 

 Not treated for Yersinia. 
Serology became  
available once patient 
was already responding 
to CD medications. 

 Authors concluded 
patient developed 
Crohn’s Disease  
simultaneously with 
Yersinia infection. 

MacFarlane 
PI. Journal of 

Pediatric 
Gastroen-
terology 

and Nutrition 
1986;5: 
671-672 

[39]. 

3 wk history of: 
 Colicky  

abdominal 
pain 

 Diarrhoea 
 Anorexia 
 Weight loss 
 Fever 
 Right ileac 

fossa pain 

 Acute appendicitis  
diagnosed. Surgical  
removal of appendix. 

 Inflammation of terminal 
ileum, caecum and  
palpable mesenteric 
nodes noted during  
surgery. 

 10 day post-operative 
sigmoidoscopy revealed 
severe mucosal  
inflammation. 

 Blood and stool cultures 
repeatedly negative for 
pathogens. 

Diagnosis 
 CD 
Treatment: 
 Patient treated with IV 

prednisone,  
metronidazole and  
fluids with rapid  
improvement. 

 One month later, 
admission titres  
revealed  
significantly  
elevated levels for Y. 
pseudotuberculosis.

 Revised diagnosis of Y. 
enterocolitica made. 

 Repeat barium studies 
normal and patient  
remained asymptomatic. 

 One year later, patient 
presented with GI  
symptoms and a  
posterior anal fissure. 
Ileo-cecal inflammation 
and multiple small ulcers 
on colonoscopy.  
Histology showed  
apthous ulcers, crypt 
abscesses and transmural 
inflammation with  
multinucleate giant cells. 
Normal Yersinia titres. 

 Authors concluded 
patient developed CD 
following Yersinia  
infection. 

Treacher DF 
and Jewell 

DP.  
Postgraduate 

Medical 
Journal 1985; 
61: 173-174

[40]. 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



J. Campbell et al. / Open Journal of Internal Medicine 2 (2012) 107-115 112 

 
inflammation with erosions, micro-ulcers and contact 
bleeding distally; and large ulcers, haustration destruc- 
tion and scarring in the ascending colon. Histopathology 
showed moderate crypt distortion with focal cryptitis and 
oval foamy structures containing red blood cells, which 
were strongly positive for amebiasis on PAS stain. The 
patient was treated with an antibiotic combination and 
experienced a complete resolution of symptoms, with 
subsequent colonoscopy and histology revealing a nor- 
mal mucosa. The second patient presented with a three 
month history of ten diarrhoeal stools daily, weight loss, 
abdominal pain, faecal urgency and mucus. Three years 
prior the patient had been treated for amebiasis, with 
follow-up stool results repeatedly negative for E. Histo- 
lytica. The illness “relapsed” with rectal inflammation, 
pseudopolyps, and large ulcerations appearing in the 
ascending colon and caecum. Stool culture was negative 
for parasites, however PAS stain revealed trophozoites of 
Entamoeba histolytica and the patient was successfully 
treated with anti-parasite treatment with amelioration of 
inflammation and symptoms.  

The endoscopic similarities viewed with our colono- 
scopy case report findings of an indistinguishable disease 
process to “Crohn’s Disease” are similar to those re-
ported elsewhere in the literature [46,47] and so form 
part of the CD Syndrome. 

4.5. Adherent-Invasive Escherichia coli (AIEC) 
A pathovar of Escherichia coli capable of invading and 
replicating within cultured intestinal epithelial cells and 
macrophages, inducing the secretion of large amounts of 
tumor necrosis factor, a key cytokine in IBD inflamma- 
tion has also been isolated from “CD” lesions [48]. One 
study aimed at assessing the prevalence of E. coli strains 
in the ileal mucosa of “CD” patients isolated AIEC from 
13 of 20 specimens (65%) of chronic “CD” ileal lesions 
and 19 (100%) “CD” patients with early ileal lesions 
who had endoscopic recurrence [49]. E. coli was pre-
dominant in 8 (40%) of the 20 samples from chronic ileal 
lesions and in 11 (57.8%) of the 19 samples from early 
ileal lesions. In contrast, AIEC was predominant in only 
1 (9.1%) of 11 samples from healthy ileal mucosa of 
patients without recurrence of CD, and in 2 (15.3%) of 
13 samples from controls [50]. A follow-up study exam-
ining the ileal specimens of 63 “CD” patients and 16 
controls for E. coli found AIEC in 21.7% of “CD’ ileal 
specimens vs. 6.2% of controls. In neoterminal ileal 
specimens, AIEC strains were found in 36.4% of “CD” 
early lesions vs. 22.2% in the healthy mucosa of “CD” 
patients. AIEC were also found in the colonic specimens 
of 3.7% of CD patients, 0% of UC patients, and 1.9% of 
controls, with the study concluding that AIEC strains are 
associated specifically with the ileal mucosa in “CD” 

[51]. Martin et al. (2004) also reported that mu-
cosa-associated and in- tramucosal E. coli were cultured 
more commonly in “CD” (43% and 29% respectively) 
than in non-inflamed controls (17% and 9% respectively) 
with the authors concluding that the studies support a 
central role for mucosal adherent E. coli in the patho-
genesis of “Crohn’s Disease” [52]. Additionally the AIEC 
strains isolated from “CD” patients have been found to 
adhere to buccal cells with one study reporting that be-
tween 53% - 62% of patients with “CD” have adherent E. 
coli strains in their stool versus 5% - 6% of controls [53]. 
Furthermore, these strains are able to survive and repli-
cate extensively within murine macrophages with a re-
cent study reporting that the number of intracellular ad-
herent invasive E. coli bacteria increases up to 74-fold by 
48hr post-infection [54]. 

A recent study which had previously used laser cap- 
ture microdissection and PCR to detect MAP DNA in 
granulomas of 6/15 patients with “CD”, examined archi- 
val tissue from 15 surgical cases of CD and 10 non- 
Crohn’s granulomatous bowel disease controls for E. coli 
DNA [55]. E. coli DNA was detected in microdissected 
granulomas in 12/15 (80%) Crohn’s disease patients and 
in 1/10 (10%) non-Crohn’s control granulomas (p < 
0.001). E. coli DNA was also detected in 8/15 (53%) 
Crohn’s full-thickness sections and in 4/10 (40%) control 
full-thickness sections.  

4.6. Campylobacter 
A recent study has also detected a high prevalence of 
Campylobacter concisus DNA and immunoglobulin G 
antibodies to C. concisus in children with newly diag- 
nosed “Crohn’s Disease”, further reinforcing the hy- 
pothesis of a persistent infection in “CD”. A study by 
Zhang et al. (2010) examining the fecal specimens col- 
lected from 54 children with “CD”, 27 non-inflammatory 
bowel disease patients and 33 healthy controls using a 
new PCR detected C. concisus DNA in 35/54 (65%) of 
“CD” samples, compared with 11/33 (33%) of healthy 
and 10/27 (37%) non-IBD controls [56]. The prevalence 
of all Campylobacter DNA using genus-specific primers 
in children with “CD” was 39/54 (72%), which was sig- 
nificantly higher than the 10/33 (30%) and 8/27 (30%) 
observed in healthy and non-IBD controls respectively. 
Additional studies have reported on an increased risk of 
developing “Crohn”s Disease’ following Campylobacter 
infection with one large study following 13,148 patients 
diagnosed with Campylobacter infection and 26,216 un- 
exposed patients for a 15 year period. A follow-up diag-
nosis of IBD was reported in 107 infected patients (1.2%) 
compared with 73 uninfected patients (0.5%) with the 
development of CDS highest during the first year post- 
infection [57].  
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4.7. Less Common Pathogens 
Apart from the common causes of CDS discussed, such 
as MAP, several less common bacterial, viral, fungal and 
parasitic candidate agents have also been reported to 
produce features of the CD Syndrome including Salmo- 
nella [58], Histoplasma capsulatum [59], Shigella [60], 
Cytomegalovirus [61], Schistosomiasis [62] and Strong- 
yloides stercoralis [63]. Despite the obvious distinctions 
in etiology, the infections discussed above all share the 
ability to reproduce the essential features of the CD Syn- 
drome. 

5. CONCLUSION  

The list of documented pathogens capable of causing 
“Crohn’s Disease” is extensive and one can no longer 
dismiss them as 'mere “mimickers” or “innocent by-
standers” in the disease. Given the sheer number of in-
fections capable of reproducing the hallmark clinical, 
colonoscopic and histological features of CD, it appears 
unlikely that a separate mechanism of an “aberrant reac-
tion” to our own normal colonic flora is at play. It is most 
likely that currently unidentifiable pathogens are respon- 
sible for the remaining subset of CDS cases. Now is the 
time for diagnostic methods to be refined and made 
available for clinicians to search for one or more of the 
causal pathogens in their patients with CD Syndrome in 
order to deliver rational treatment. As with the Helico- 
bacter saga which revealed the infective causality of 
ulcers, the dogmatic insistence that a single immune 
pathway holds the key to the pathogenesis of “Crohn’s 
Disease” presents a barrier to the future of CDS research 
and the development of effective therapies aimed at 
treating the etiologies of the CD Syndrome. We call for 
greater efforts to seek out and treat the remaining infec- 
tions of CDS. 
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