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ABSTRACT
The role of Mycobacterium avium subspecies 
paratuberculosis (MAP) in the pathogenesis of 
Crohn’s disease (CD) has been strongly debated 
for many years. MAP is the known aetiological 
agent of Johne’s disease, a chronic enteritis 
affecting livestock. At present, due to the 
paucity of high-quality data, anti-MAP therapy 
(AMT) is not featured in international guidelines 
as a treatment for CD. Although the much-
quoted randomised trial of AMT did not show 
sustained benefits over placebo, questions have 
been raised regarding trial design, antibiotic 
dosing and the formulation used. There are 
several lines of evidence supporting the CD 
and MAP association with uncontrolled and 
controlled trials demonstrating effectiveness, 
including a retrospective review of cases treated 
at our own institution. Here, we provide an 
overview of the evidence supporting and 
refuting AMT in CD before focussing on updates 
of the current research in the field, including 
the ongoing trials with the novel RHB-104 
formulation and the MAP vaccine trial. While 
controversial, gastroenterologists are often 
asked about long-term combination antibiotic 
therapy for CD. There has been broadcast 
and social media coverage surrounding this, 
particularly with regard to current trials. 
Although patients should not be deterred from 
treatments of proven effectiveness, this review 
aims to help with commonly asked questions 
and highlights our own approach for the use of 
anti-MAP in specific circumstances.

INTRODUCTION
Crohn’s disease (CD) is a chronic, 
relapsing-remitting inflammatory condi-
tion of the gut, leading to progressive 
bowel damage and a poor quality of life. 
Although it can affect any part of the 

digestive tract, it has a predilection for the 
ileocolonic and perianal regions. Cardinal 
symptoms of CD include chronic diar-
rhoea and abdominal pain, which is often 
complicated by systemic features such 
as malaise and weight loss. CD has no 
gender predisposition and its usual age of 
onset lies between the second and fourth 
decades, with a smaller peak between the 

Key messages

►► The association of Mycobacterium avium 
subspecies paratuberculosis (MAP) with 
Crohn’s disease (CD) is a longstanding 
controversial issue due to paucity of 
conclusive data.

►► Patients with CD are more likely to have 
MAP present in intestinal tissues, but 
whether this has a role in pathogenesis or 
is merely an innocent bystander remains 
unknown.

►► Combination antibiotics targeting MAP 
have shown therapeutic benefit in a 
number of studies, but the 2007 Selby 
study showed disappointing results, 
although there have been several 
criticisms of the trial design.

►► A multicentre phase III randomised 
controlled trial (MAP US) showed 
superiority in response and remission over 
placebo after 26 weeks of continuous 
treatment when used as an add-on to 
conventional therapy.

►► The MAP vaccine phase Ib trial, which 
uses an adenovirus-vectored vaccine to 
induce an immune response against MAP, 
is expected to be open to recruitment later 
in 2020.

►► Anti-MAP therapy for a 2-year period can 
be considered for patients with refractory 
disease or in patients where immune 
suppression is not appropriate.
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ages of 50 and 60.1 The exact aetiology of CD remains 
unclear but it is thought to arise from a combination 
of genetic predisposition, altered gut microbiota and 
environmental factors leading to dysregulated immune 
responses.2 Indeed, the functional impacts of the genes 
associated with an increased CD risk are commonly 
those involved in bacteria-immune interactions. The 
suggestion that Mycobacterium avium subspecies 
paratuberculosis (MAP) is the causative agent of CD, 
and a potential cause for immune dysregulation, dates 
back more than a century. MAP is an atypical, non-
tuberculous, obligate intracellular pathogen, part of the 
Mycobacterium avium complex (MAC).3 In 1912, it 
was identified as the cause of Johne’s disease, a chronic 
granulomatous enteritis affecting domestic livestock.3 
The following year, Dalziel identified a similarity in 
the clinicopathological features of Johne’s disease and 
a stricturing and fistulising enteritis affecting humans, 
later identified as CD.4 Hypotheses surrounding the 
causal association present today stem from here.

There has been much discussion regarding the 
environmental presence of MAP and transmission to 
humans. MAP is excreted in the faeces and milk of 
infected ruminants and is resistant to standard pasteur-
isation and other thermal treatments due to its thick, 
waxy mycolic cell wall.5–7 This resistance facilitates 
environmental exposure to humans through a number 
of sources, particularly the consumption of meat and 
milk. The prolonged incubation period and asymptom-
atic, subclinical phase in ruminants also assist spread, 
as products continue to be farmed from infected live-
stock. However, this potential public health concern 
is difficult to acknowledge until the consequence of 
repeated MAP exposure in humans is clear.

MAP is a very slow growing organism and attempts 
to culture the organism are notoriously difficult, taking 
from several weeks to months. A seminal experiment 
took 18 months for a blood culture to grow MAP in 
a patient with CD.8 Furthermore, it is very difficult to 
microscopically visualise the organism in infected tissue 
samples. The lack of a cell wall in human infection and 
its atypical mycobacterial classification renders the 
Ziehl-Nielsen stain uninformative. Due to the genetic 
similarities between MAC members, unique markers 
for the detection of MAP are limited. Molecular-
based techniques, including nested PCR and in situ 
hybridisation, have targeted the Insertion Sequence 
900 (IS900), which is found specifically in the MAP 
genome.9–11 Ongoing research seeks to standardise 
methods to detect and isolate MAP and achieve consis-
tent and reproducible conclusions.12 The inconsistent 
methods used thus far, generating contradictory results 
in studies, have questioned the causal relationship and 
led to some of the controversy surrounding AMT.

Despite studies investigating the link between MAP 
and CD over the past century, evidence remains circum-
stantial and the link unproven. Given the genetic and 
phenotypic heterogeneity of CD, it remains plausible 

that MAP is relevant in a subset of patients, and 
therefore, consideration of AMT by both doctors 
and patients remain commonplace. In this article, we 
provide a brief overview of the evidence supporting 
and contesting the use of AMT in CD, followed by 
an update of the current trials. We highlight our own 
approach for the use of AMT in a subpopulation of 
patients with CD for whom this treatment may be 
beneficial such as those with refractory disease, where 
conventional treatment has failed, or where immuno-
modulation is contraindicated or best avoided.

EVIDENCE SUPPORTING ANTI-MAP THERAPY
Together with its clinical and pathological similarities 
to Johne’s disease, the causal association is supported 
by the higher prevalence of MAP in serum, breast milk 
and intestinal tissue of patients with CD compared 
with healthy controls.13–17 This has been replicated in a 
blinded study in independent laboratories and summa-
rised in two systematic reviews and meta-analyses.18 19 
Its relatively low pathogenic expression may help, in 
part, explain its presence in healthy individuals. It is 
difficult to prove that the presence of MAP preceded 
gut damage. These findings either highlight an aetio-
logical role of MAP in a subset of genetically predis-
posed patients with CD or merely highlight selective 
colonisation of MAP in CD with little role in disease.

There are numerous randomised controlled trials 
(RCTs) evaluating the therapeutic benefit of long-term 
antibiotic therapies in CD. These have used differing 
antibiotic combinations, treatment durations and 
endpoints, and many of these have used antibiotics that 
target MAP. Khan et al showed that the strongest signal 
by antibiotic type appeared to be with clofazimine (RR 
0.70; 95% CI 0.53 to 0.94) and rifamycin (RR 0.78; 
95% CI 0.67 to 0.91), both commonly used in AMT 
regimens.20 Feller et al demonstrated that long-term 
treatment with nitroimidazoles showed benefit across 
three RCTs, with a combined OR of 3.54 (95% CI 
1.94 to 6.47), and similarly, the combined OR from 
four RCTs of clofazimine was 2.86 (95% CI 1.67 to 
4.88).18 For reasons discussed later in this article, stan-
dard anti-tuberculosis (TB) therapy was found to be 
ineffective. These meta-analyses looking at trials of 
antibiotics in active CD highlight a statistically signifi-
cant effect above placebo for antibiotics active against 
MAP . However, with primary endpoints of clinical 
remission and relapse, concurrent unintended treat-
ment of other diagnoses, for example, irritable bowel 
syndrome or bacterial overgrowth, which are more 
frequent in patients with inflammatory bowel disease 
(IBD), is an important confounder to note.

To address this, a number of studies have shown 
a therapeutic benefit of AMT in CD with objec-
tive measures of response. In a study of 52 patients 
with severe CD, Gui et al demonstrated a significant 
improvement in Harvey Bradshaw Index, inflam-
matory markers (C-reactive protein (CRP) and 
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erythrocyte sedimentation rate (ESR) and a reduction 
in corticosteroid use after a mean treatment period of 
2 years with rifabutin and macrolide antibiotics.21 In 
a retrospective analysis of 39 patients with severe CD 
treated with AMT, Borody et al demonstrated endo-
scopic ulcer healing in 56% of patients.22 Indeed, a 
retrospective analysis of 41 patients with follow-up 
data treated at our own institution over a 7-year 
period (of a total of 62 patients treated) highlighted a 
symptomatic benefit in 46% of patients. Importantly, 
63% of these patients had improved biochemical 
markers, radiological or endoscopic indices.23 Most 
of these patients had an aggressive disease phenotype 
and had failed conventional therapy at a time where 
drugs such vedolizumab and ustekinumab were not 
available. In our cohort, response was not associated 
with disease phenotype, prior therapy or use of clofaz-
imine but patients who responded had a longer dura-
tion of therapy (median 24 months compared with 14 
months; p=0.04) than patients who did not respond.23 
AMT was well tolerated with only five patients (12%) 
discontinuing therapy due to adverse effects, including 
cases of a rash, uveitis and arthralgia, secondary to 
rifabutin. While this study may be limited by flaws 
inherent to retrospective work in a heterogeneous 
group of patients with CD, there is a signal of clinical 
response in a reasonable proportion.

Further and more robust evidence of benefit stems 
from the preliminary results of the Food and Drug 
Administration (FDA)’s first, phase III multicentre 
RCT looking at a novel AMT formulation as an 
add-on therapy in CD. Although the specific find-
ings will be described later, there were significant 
improvements in symptoms and biochemical markers 
of disease activity.24 25 In a subset of patients who 
underwent endoscopy, a greater proportion of patients 
randomised to receive the drug had improved SED-CD 
50 scores. Together with the above, these findings also 
lend further support to the MAP-CD theory.

EVIDENCE AGAINST THE USE OF ANTI-MAP 
THERAPY
There are several lines of reason that contradict the 
MAP-CD hypothesis, including epidemiological 
evidence. Conditions that promote spread of infection, 
such as overcrowding and poor sanitation, appear to 
be protective against CD with a higher incidence in 
developed countries than in developing countries and 
in urban areas than in rural areas.1 Immunosuppres-
sive regimens induce and maintain remission in CD 
rather than worsen outcomes, pointing away from an 
infectious aetiology. Also, despite significant expo-
sure to MAP through domestic livestock, there is no 
greater increase in CD in dairy farmers and veterinar-
ians compared with those living in urban areas.26–29 
However, proponents of the MAP-CD theory argue 
that this may be due to a degree of protective immunity 
via similar mechanisms to the hygiene hypothesis.30

Due to a paucity of conclusive data and the contro-
versy surrounding AMT, the most up-to-date UK, US 
and European clinical guidelines do not support anti-
mycobacterial treatment regimens in the management 
of CD.31–33 As well as evidence of therapeutic benefit of 
AMT in the aforementioned text, a number of studies 
looking at the effect of AMT in CD have yielded disap-
pointing results. Four placebo-controlled trials did not 
show evidence of benefit of AMT.34–38 This included 
a study by Swift et al, which looked at 138 patients 
with active CD randomised to receive rifampicin, 
isoniazid and ethambutol or placebo. Overall, there 
was no evidence of consistent benefit or disadvantage 
from AMT up to a 5-year period.37 38 However, it is 
worth bearing in mind that these studies used older 
anti-TB drugs ineffective against MAC with some using 
less than three drugs in combination, thus promoting 
antibiotic resistance. A meta-analysis by Borgaonkar in 
2000 suggested a role for AMT in maintaining remis-
sion but no definite conclusions could be drawn from 
the small number of heterogeneous clinical trials, some 
of which also required corticosteroids alongside AMT 
to show benefit.39

The study published by Selby et al in 2007 was 
concluded to be unsupportive of the AMT-CD theory. 
In this double-blinded, placebo-controlled trial, 213 
patients with active CD were randomised to a 2-year 
course of daily clarithromycin (750 mg), rifabutin 
(450 mg) and clofazimine (50 mg) or placebo, in addi-
tion to a 16-week tapering course of prednisolone.40 
The primary endpoint was relapse at 12, 24 and 36 
months. While there was a significant benefit favouring 
the antibiotic arm at week 16, there was little evidence 
of prolonged benefit beyond this above placebo.40

While the majority of the gastroenterologists 
community are satisfied that the Selby study has effec-
tively disproven the role of AMT in CD, this trial 
has also been criticised for two main reasons. First, 
the antibiotic dosing used was suboptimal for MAP 
clearance, with clofazimine administered in a double 
encapsulated form that the authors identified may 
have hindered bioavailability.41–43 Second, in a letter to 
the Lancet, Behr et al performed a reanalysis with an 
intention-to-treat analysis, which showed a significant 
difference favouring the AMT arm at not only week 
16 but also after 12 and 24 months (p=0.003 and 
p=0.005, respectively).44 Box 1 highlights a summary 
of the arguments supporting and refuting the use of 
AMT in CD.

UPDATE OF CLINICAL TRIALS
Redhill Biopharma’s RHB-104 phase III RCT of anti-MAP in 
CD
RedHill Biopharma conducted the first FDA-approved 
global multicentre phase III RCT studying AMT in CD 
using a novel oral formulation of combination antibi-
otic therapy. The MAP US study is a double-blinded, 
placebo-controlled trial of 331 patients investigating 
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the safety and efficacy of add-on RHB-104 in moderate 
to severe CD.45 RHB-104 encapsulates clarithromycin 
(95 mg), clofazimine (10 mg) and rifabutin (45 mg) 
administered in a regimen of five capsules twice daily 
for 12 months, in addition to standard CD treatment. 
These doses are higher than those used in the Selby 
study.40

The proportion of patients in clinical remission 
(Crohn’s Disease Activity Index (CDAI) <150) at week 
16 and at week 24, the primary endpoint, was greater 
in the RHB-104 add-on arm compared with placebo; 
week 16 (42.2% vs 29.1%, p=0.015), week 26 (37% 
vs 23%, p=0.007).25 The primary endpoint was met 
in an intention-to-treat population.46 In the antibi-
otic arm, there was a statistically significant drop in 
biochemical markers of disease activity (CRP or faecal 
calprotectin) at week 16 (25.9% vs 9.7%, p=0.0002) 
and week 24 (21.1% vs 9.1%, p=0.0003). There 
was an endoscopic response as evaluated by Simple 

Endoscopic Score for Crohn’s Disease (SES-CD) in the 
small group of patients that underwent colonoscopy.

Patients that did not enter clinical remission at week 
26 were eligible for enrolment in the open-label study 
with RHB-104 (MAP US2), which has completed 
recruitment.47 The primary outcome measure is 
remission (CDAI <150) at week 16. Importantly, key 
secondary outcomes include measurement of MAP 
from blood by PCR at baseline and at several time-
points during treatment. This was not available in the 
first MAP US study. Data describing outcomes from 
MAPUS2 and the longer term outcomes from MAP US 
are eagerly awaited.

Anti-MAP vaccine for CD
The difficulties with treating mycobacterial infection 
are multifold: their slow reproductive rate, the pres-
ence of cell wall deficient forms and their ability to 
evade host immune detection via a series of evolved 
mechanisms, such as intracellular residence. There-
fore, achieving eradication with anti-mycobacterial 
chemotherapy is difficult. It is not the mycobacterial 
presence that is problematic as only 3%–5% of the 2 
billion people worldwide with latent TB develop clin-
ical pathology, rather, it is the form or phenotype that 
triggers pathogenicity, with other contributing steps.48

Virally vectored vaccines are a promising tool for 
foreign antigen delivery to not only protect and initiate 
the primary immune response but also improve activa-
tion of adaptive T-cells to recognise and clear patho-
gens. This is made possible by replacing the traditional 
inert plasmid component with an inactivated non-
replicating virus. Viral vector vaccines are generally 
able to produce stronger immune responses than DNA 
vaccines. There are no viral vector vaccines currently 
licenced for human use due to difficulties in striking 
the correct balance between immunogenicity, effi-
cacy (anti-vector immunity vs ability to induce T-cell 
responses) and safety.49

A forthcoming phase Ib clinical trial at Guy’s and St 
Thomas’ Hospitals in London aims to assess the safety 
and immunogenicity of a MAP vaccine in patients 
with CD. A replication-deficient simian adenovirus-
vectored vaccine, expressing four MAP genes, was 
tested in a phase Ia trial in healthy human volunteers 
and found to be safe, well tolerated and immuno-
genic.50 51 Human adenovirus vectors are not only 
effective at carrying antigens to host cells to target 

Table 1  Guy’s and St. Thomas’ approach to anti-MAP therapy in Crohn’s disease

Drug Dose Frequency Commonly occurring side effects

Clarithromycin 500 mg BD Nausea, metallic taste, GI intolerance
Clofazimine 100–150 mg OD Skin discolouration, abdominal pain
Rifabutin 300 mg BD Discoloured secretions, uveitis, hepatitis, flu-like symptoms, leucopenia, rash

Rifabutin is commenced at 150 mg BD and gradually uptitrated to a total daily dose of 450–600 mg as tolerated and if weight is >50 kg.
BD, twice daily; GI, gastrointestinal; OD, once daily.

Box 1  Summary of arguments supporting and 
refuting the use of AMT in CD

Arguments for;
►► CD shares clinical, pathological and immunological57 
similarities to Johne’s disease, a chronic granulomatous 
enteritis affecting livestock, known to be caused by MAP

►► MAP is detected more frequently in blood, breast milk 
and tissue of patients with CD than healthy controls17–19

►► Numerous case series, uncontrolled and controlled 
studies of accurate AMT use, demonstrate therapeutic 
benefit in CD18 20–23

►► A phase III randomised controlled trial (MAP US) showed 
superiority in response and remission over placebo when 
used as add-on therapy24

Arguments against;
►► A number of studies have yielded disappointing results 
including the 2007 Selby study, which is the only RCT 
published to date,40 however limitations to the study 
have been identified

►► Immunosuppression does not increase spread of MAP or 
increase clinical symptoms

►► Detection of MAP is not exclusive to CD patients and is 
found in healthy controls

►► At-risk populations to MAP for example, farmers, vets do 
not show a higher rate of CD incidence

AMT, anti-MAP therapy; CD, Crohn’s disease; MAP, Mycobacterium avium 
subspecies paratuberculosis; RCT, randomised controlled trial.

U
niv of W

isconsin. P
rotected by copyright.

 on S
eptem

ber 4, 2020 at S
erials U

nit H
lth S

ciences Library
http://fg.bm

j.com
/

F
rontline G

astroenterol: first published as 10.1136/flgastro-2020-101471 on 28 July 2020. D
ow

nloaded from
 

http://fg.bmj.com/


Honap S, et al. Frontline Gastroenterology 2020;0:1–7. doi:10.1136/flgastro-2020-101471 ﻿5

Colorectal

intracellular pathogens, but have previously been 
found to induce a robust immune response and to have 
an excellent safety profile.49 Recruitment to the phase 
Ib aspect of the trial is expected as soon as research 
activities resume following the COVID-19 pandemic. 
Whether this results in a clinical response in patients 
with CD by eliciting cellular immune responses to 
MAP is of great interest.

ANTI-MAP THERAPY FOR CD: THE GUY’S AND ST 
THOMAS’ APPROACH
Despite advances in therapy over the past two decades, 
CD remains a chronic, progressive and debilitating 
illness. Failure on available licenced therapy remains 
commonplace and sometimes use of immunosuppres-
sive regimens in those with concurrent malignancy, or 
treated malignancy with high risk of recurrence, is not 
appropriate. Although patients and clinicians should 
not be deterred from using CD treatments of proven 
effectiveness, AMT remains a viable option in those 
with refractory disease or in those where immuno-
suppression is best avoided. Unfortunately, the off-
label use of these medications means that patients are 
required to self-fund treatment.

MAP is difficult to treat with standard anti-TB 
regimens and controlled trials have not shown any 
meaningful short-term or long-term improvement in 
CD.37 38 The lack of a cell wall in human MAP infec-
tion means that antibiotics working by disrupting the 
cell wall are unlikely to be effective. The combination 
of treatment against several strains of the Mycobacte-
rium avium complex was first described in 1996 in a 
twice daily to treat patients with AIDS.52 In this study, 
clarithromycin and clofazimine, with good transmem-
brane penetration, were most effective for intracel-
lular MAC organisms.52 Numerous studies have since 
demonstrated activity against atypical mycobacteria 
strains.

Various antibiotic regimens have been used to erad-
icate MAP but the combination of a macrolide, rifab-
utin and clofazimine has been the most effective in a 
number of studies.21 53 54 Also, using this combination, 
the intention-to-treat analysis of the 2007 Selby trial 
demonstrated superiority over placebo at 4, 12 and 
24 months.40 44 Unlike clarithromycin, which is widely 
prescribed, clofazimine and rifabutin are reserved for 
atypical mycobacterial infections. Clofazimine is an 
orphan drug and may be difficult to obtain. Combi-
nation therapy minimises microbial resistance and also 
increases effectiveness as the synergism helps disrupt 
more of the organism’s cellular processes.55

The Guy’s and St Thomas’ approach has been to use 
a prolonged three-drug antibiotic regimen (table  1). 
Patients are assessed clinically following 3 months 
of treatment, and if there is evidence of objective 
improvement in disease activity, treatment is continued 
for a total of 2 years. It is worth noting that other IBD 
centres in the world commonly use four antibiotics, 

incorporating a nitroimidazole such as metronidazole 
or tinidazole, to enhance effectiveness and reduce 
resistance. As discussed, preliminary data from the 
MAP US trial highlight the superiority of RHB-104 
was more pronounced in patients receiving concom-
itant anti-tumour necrosis factor or immunosuppres-
sants, which may change the way AMT is used in the 
future.

Although AMT is usually well tolerated, patients 
should be monitored for leucopenia and abnormal 
liver function tests. Full blood count and liver func-
tion tests are recommended at weeks 2, 4, 8, 12 and 
3 monthly thereafter, akin to thiopurine monitoring.56 
There is good safety data on the long-term use of 
AMT in Mycobacterium tuberculosis complex, leprosy, 
MAC and HIV. While there can be common short-
term disadvantages such as nausea, intolerability and 
reversible discolouration of the skin, and significant 
problems such as renal failure and chronic hepatitis 
are uncommon.

CONCLUSIONS
At present, the lack of conclusive evidence supporting 
an aetiological role of MAP in CD has left the IBD 
community divided. Whether MAP causes CD, has 
a role in the pathogenesis or is merely an innocent 
bystander in CD remains unclear. Ongoing research 
aims to improve diagnostic detection methods to 
achieve consistent results. The ideal trial would use 
these methods to determine the effect of AMT in MAP 
positive CD patients and to see if MAP eradication 
leads to a meaningful clinical outcome. Harnessing our 
adaptive immune system to target MAP is the rationale 
behind the MAP vaccine trial, which is due to begin 
recruitment at Guy’s and St Thomas’ in mid to late 
2020.

Therapies currently licenced for CD target aspects 
of the immune response to downgrade and suppress 
inflammation. AMT, which allows preservation of 
systemic immune responses, has demonstrated effec-
tiveness in a number of studies to provide another 
option for treatment refractory patients. Outcomes 
from the ongoing MAP US phase III trial looking at a 
novel AMT formulation are awaited.

Patients with CD should be treated with conven-
tional therapies as per international guidelines. 
However, there are a subset of patients that may 
benefit from AMT when standard therapy is contra-
indicated or there is a lack of efficacy. The ongoing 
trials of an AMT ‘add-on’ therapy and MAP vaccine 
offer exciting potential additions to the CD treatment 
armamentarium.

Contributors  SH, EJ, GA, BA-H, JHT: manuscript planning, 
writing, editing and submission. JS: manuscript editing, 
responsible for overall content.

Funding  The authors have not declared a specific grant for this 
research from any funding agency in the public, commercial or 
not-for-profit sectors.

U
niv of W

isconsin. P
rotected by copyright.

 on S
eptem

ber 4, 2020 at S
erials U

nit H
lth S

ciences Library
http://fg.bm

j.com
/

F
rontline G

astroenterol: first published as 10.1136/flgastro-2020-101471 on 28 July 2020. D
ow

nloaded from
 

http://fg.bmj.com/


Honap S, et al. Frontline Gastroenterology 2020;0:1–7. doi:10.1136/flgastro-2020-1014716

Colorectal

Competing interests  SH has received lecture fees from Pfizer, 
Janssen and Takeda, and meeting support fees from Pfizer, 
Janssen, Vifor Pharma, Dr Falk Pharma and Ferring. EJ 
received lecture fees from Ferring and ad board fees from Dr 
Falk Pharma. JH-T is a stockholder for HAV Vaccines and has 
a patent diagnostic test issued and a patent MAP antibodies 
pending.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally 
peer reviewed.

ORCID iDs
Sailish Honap http://​orcid.​org/​0000-​0001-​6657-​2763
Gaurav Agrawal http://​orcid.​org/​0000-​0003-​1438-​3615

REFERENCES
	 1	 Molodecky NA, Soon IS, Rabi DM, et al. Increasing incidence 

and prevalence of the inflammatory bowel diseases with time, 
based on systematic review. Gastroenterology 2012;142:46–54. 
quiz e30.

	 2	 Torres J, Mehandru S, Colombel J-F, et al. Crohn's disease. 
Lancet 2017;389:1741–55.

	 3	 Twort F, Ingram G, Ingram Y. A method for isolating 
and cultivating Mycobacterium enteritidis chronicae 
pseudotuberculosae bovis Johne and some experiments on the 
preparation of a diagnostic vaccine for pseudotuberculosae 
enteritis of Bovines. Proc Royal Soc Lond 1912;10:517–43.

	 4	 Dalziel T. Chronic interstitial enteritis. BMJ 1913;2:1068–70.
	 5	 Grant IR, Ball HJ, Rowe MT. Incidence of Mycobacterium 

paratuberculosis in bulk raw and commercially pasteurized 
cows' milk from Approved dairy processing establishments in 
the United Kingdom. Appl Environ Microbiol 2002;68:2428–
35.

	 6	 Millar D, Ford J, Sanderson J, et al. Is900 PCR to detect 
Mycobacterium paratuberculosis in retail supplies of whole 
pasteurized cows' milk in England and Wales. Appl Environ 
Microbiol 1996;62:3446–52.

	 7	 Patel A, Shah N. Mycobacterium avium subsp paratuberculosis-
-incidences in milk and milk products, their isolation, 
enumeration, characterization, and role in human health. J 
Microbiol Immunol Infect 2011;44:473–9.

	 8	 Chiodini RJ, Van Kruiningen HJ, Merkal RS, et al. 
Characteristics of an unclassified Mycobacterium species 
isolated from patients with Crohn's disease. J Clin Microbiol 
1984;20:966–71.

	 9	 Green EP, Tizard ML, Moss MT, et al. Sequence and 
characteristics of IS900, an insertion element identified 
in a human Crohn's disease isolate of Mycobacterium 
paratuberculosis. Nucleic Acids Res 1989;17:9063–73.

	10	 Sechi LA, Scanu AM, Molicotti P, et al. Detection and 
isolation of Mycobacterium avium subspecies paratuberculosis 
from intestinal mucosal biopsies of patients with and 
without Crohn's disease in Sardinia. Am J Gastroenterol 
2005;100:1529–36.

	11	 Naser SA, Sagramsingh SR, Naser AS, et al. Mycobacterium 
avium subspecies paratuberculosis causes Crohn's disease 
in some inflammatory bowel disease patients. World J 
Gastroenterol 2014;20:7403–15.

	12	 Kuenstner JT, Naser S, Chamberlin W, et al. The Consensus 
from the Mycobacterium avium ssp. paratuberculosis (MAP) 
Conference 2017. Front Public Health 2017;5:208.

	13	 Yoshimura HH, Graham DY, Estes MK, et al. Investigation of 
association of mycobacteria with inflammatory bowel disease 
by nucleic acid hybridization. J Clin Microbiol 1987;25:45–51.

	14	 Naser SA, Schwartz D, Shafran I. Isolation of Mycobacterium 
avium subsp paratuberculosis from breast milk of Crohn's 
disease patients. Am J Gastroenterol 2000;95:1094–5.

	15	 Autschbach F, Eisold S, Hinz U, et al. High prevalence of 
Mycobacterium avium subspecies paratuberculosis IS900 

DNA in gut tissues from individuals with Crohn's disease. Gut 
2005;54:944–9.

	16	 Zarei-Kordshouli F, Geramizadeh B, Khodakaram-
Tafti A. Prevalence of Mycobacterium avium subspecies 
paratuberculosis is 900 DNA in biopsy tissues from patients 
with Crohn's disease: histopathological and molecular 
comparison with Johne's disease in Fars Province of Iran. BMC 
Infect Dis 2019;19:23.

	17	 Naser SA, Collins MT, Crawford JT, et al. Culture of 
Mycobacterium avium subspecies paratuberculosis (MAP) 
from the Blood of Patients with Crohn's disease: A Follow-Up 
Blind Multi Center Investigation. Open Inflamm J 2009;2:22–
3.

	18	 Feller M, Huwiler K, Stephan R, et al. Mycobacterium avium 
subspecies paratuberculosis and Crohn's disease: a systematic 
review and meta-analysis. Lancet Infect Dis 2007;7:607–13.

	19	 Abubakar I, Myhill D, Aliyu SH, et al. Detection of 
Mycobacterium avium subspecies paratuberculosis from 
patients with Crohn's disease using nucleic acid-based 
techniques: a systematic review and meta-analysis. Inflamm 
Bowel Dis 2008;14:401–10.

	20	 Khan KJ, Ullman TA, Ford AC, et al. Antibiotic therapy in 
inflammatory bowel disease: a systematic review and meta-
analysis. Am J Gastroenterol 2011;106:661–73.

	21	 Gui GP, Thomas PR, Tizard ML, et al. Two-year-outcomes 
analysis of Crohn's disease treated with rifabutin and macrolide 
antibiotics. J Antimicrob Chemother 1997;39:393–400.

	22	 Borody TJ, Bilkey S, Wettstein AR, et al. Anti-Mycobacterial 
therapy in Crohn's disease heals mucosa with longitudinal 
scars. Dig Liver Dis 2007;39:438–44.

	23	 Honap S, Johnston E, Al-Hakim B, et al. Su1933 – Anti-
Mycobacterium Paratuberculous Therapy in Crohn’s 
Disease: Outcomes from Tertiary IBD Referral Centres. 
Gastroenterology 2019;156:S-666.

	24	 Graham DY, Hardi R, Welton T. A Phase III Randomized, 
Double Blind, Placebo-controlled, Multicenter, Parallel 
Group Study to Assess the Efficacy and Safety of Fixed-
dose Combination RHB-104 in Subjects with Moderately 
to Severely Active Crohn’s Disease. United European 
Gastroenterology 2018;6.

	25	 Graham DY, Naser SA, Offman E, et al. RHB-104, a fixed-
dose, oral antibiotic combination against Mycobacterium 
avium paratuberculosis (MAP) infection, is effective 
in moderately to severely active Crohnʼs disease. Am J 
Gastroenterol 2019;114:S376–7.

	26	 Radon K, Windstetter D, Poluda AL, et al. Contact with farm 
animals in early life and juvenile inflammatory bowel disease: a 
case-control study. Pediatrics 2007;120:354–61.

	27	 Cucino C, Sonnenberg A. Occupational mortality from 
inflammatory bowel disease in the United States 1991-1996. 
Am J Gastroenterol 2001;96:1101–5.

	28	 Jones PH, Farver TB, Beaman B, et al. Crohn's disease in 
people exposed to clinical cases of bovine paratuberculosis. 
Epidemiol Infect 2006;134:49–56.

	29	 Qual DA, Kaneene JB, Varty TJ, et al. Lack of association 
between the occurrence of Crohn's disease and occupational 
exposure to dairy and beef cattle herds infected with 
Mycobacterium avium subspecies paratuberculosis. J Dairy Sci 
2010;93:2371–6.

	30	 McNees AL, Markesich D, Zayyani NR, et al. Mycobacterium 
paratuberculosis as a cause of Crohn's disease. Expert Rev 
Gastroenterol Hepatol 2015;9:1523–34.

	31	 BSG consensus guidelines on the management of inflammatory 
bowel disease in adults [Internet]. Available: https://www.​bsg.​
org.​uk/​resource/​bsg-​consensus-​guidelines-​ibd-​in-​adults.​html 
[Accessed 15 Sep 2019].

	32	 Lichtenstein GR, Loftus EV, Isaacs KL, et al. Acg clinical 
guideline: management of Crohn's disease in adults. Am J 
Gastroenterol 2018;113:481–517.

U
niv of W

isconsin. P
rotected by copyright.

 on S
eptem

ber 4, 2020 at S
erials U

nit H
lth S

ciences Library
http://fg.bm

j.com
/

F
rontline G

astroenterol: first published as 10.1136/flgastro-2020-101471 on 28 July 2020. D
ow

nloaded from
 

http://orcid.org/0000-0001-6657-2763
http://orcid.org/0000-0003-1438-3615
http://dx.doi.org/10.1053/j.gastro.2011.10.001
http://dx.doi.org/10.1016/S0140-6736(16)31711-1
http://dx.doi.org/10.1128/AEM.68.5.2428-2435.2002
http://dx.doi.org/10.1128/AEM.62.9.3446-3452.1996
http://dx.doi.org/10.1128/AEM.62.9.3446-3452.1996
http://dx.doi.org/10.1016/j.jmii.2011.04.009
http://dx.doi.org/10.1016/j.jmii.2011.04.009
http://dx.doi.org/10.1128/JCM.20.5.966-971.1984
http://dx.doi.org/10.1093/nar/17.22.9063
http://dx.doi.org/10.1111/j.1572-0241.2005.41415.x
http://dx.doi.org/10.3748/wjg.v20.i23.7403
http://dx.doi.org/10.3748/wjg.v20.i23.7403
http://dx.doi.org/10.3389/fpubh.2017.00208
http://dx.doi.org/10.1128/JCM.25.1.45-51.1987
http://dx.doi.org/10.1111/j.1572-0241.2000.01954.x
http://dx.doi.org/10.1136/gut.2004.045526
http://dx.doi.org/10.1186/s12879-018-3619-2
http://dx.doi.org/10.1186/s12879-018-3619-2
http://dx.doi.org/10.2174/1875041900902010022
http://dx.doi.org/10.1016/S1473-3099(07)70211-6
http://dx.doi.org/10.1002/ibd.20276
http://dx.doi.org/10.1002/ibd.20276
http://dx.doi.org/10.1038/ajg.2011.72
http://dx.doi.org/10.1093/jac/39.3.393
http://dx.doi.org/10.1016/j.dld.2007.01.008
http://dx.doi.org/10.1016/S0016-5085(19)38570-1
http://dx.doi.org/10.14309/01.ajg.0000592108.53051.68
http://dx.doi.org/10.14309/01.ajg.0000592108.53051.68
http://dx.doi.org/10.1542/peds.2006-3624
http://dx.doi.org/10.1111/j.1572-0241.2001.03747.x
http://dx.doi.org/10.1017/S0950268805004681
http://dx.doi.org/10.3168/jds.2009-2344
http://dx.doi.org/10.1586/17474124.2015.1093931
http://dx.doi.org/10.1586/17474124.2015.1093931
https://www.bsg.org.uk/resource/bsg-consensus-guidelines-ibd-in-adults.html
https://www.bsg.org.uk/resource/bsg-consensus-guidelines-ibd-in-adults.html
http://dx.doi.org/10.1038/ajg.2018.27
http://dx.doi.org/10.1038/ajg.2018.27
http://fg.bmj.com/


Honap S, et al. Frontline Gastroenterology 2020;0:1–7. doi:10.1136/flgastro-2020-101471 ﻿7

Colorectal

	33	 Gomollón F, Dignass A, Annese V, et al. 3Rd European 
evidence-based consensus on the diagnosis and management 
of Crohn's disease 2016: Part 1: diagnosis and medical 
management. J Crohns Colitis 2017;11:3–25.

	34	 Basilisco G, Campanini C. Controlled trial of rifabutin in 
Crohn’s disease. Curr ther Res 1989;46:242–50.

	35	 Rutgeerts P, Geboes K, Vantrappen G, et al. Rifabutin and 
ethambutol do not help recurrent Crohn's disease in the 
neoterminal ileum. J Clin Gastroenterol 1992;15:24–8.

	36	 Shaffer JL, Hughes S, Linaker BD, et al. Controlled trial 
of rifampicin and ethambutol in Crohn's disease. Gut 
1984;25:203–5.

	37	 Swift GL, Srivastava ED, Stone R, et al. Controlled trial of 
anti-tuberculous chemotherapy for two years in Crohn's 
disease. Gut 1994;35:363–8.

	38	 Thomas GA, Swift GL, Green JT, et al. Controlled trial of 
antituberculous chemotherapy in Crohn's disease: a five year 
follow up study. Gut 1998;42:497–500.

	39	 Borgaonkar MR, MacIntosh DG, Fardy JM. A meta-analysis 
of antimycobacterial therapy for Crohn's disease. Am J 
Gastroenterol 2000;95:725–9.

	40	 Selby W, Pavli P, Crotty B, et al. Two-Year combination antibiotic 
therapy with clarithromycin, rifabutin, and clofazimine for 
Crohn's disease. Gastroenterology 2007;132:2313–9.

	41	 Dunne M, Fessel J, Kumar P, et al. A randomized, double-
blind trial comparing azithromycin and clarithromycin in the 
treatment of disseminated Mycobacterium avium infection in 
patients with human immunodeficiency virus. Clin Infect Dis 
2000;31:1245–52.

	42	 Shafran SD, Singer J, Zarowny DP, et al. A comparison of two 
regimens for the treatment of Mycobacterium avium complex 
bacteremia in AIDS: rifabutin, ethambutol, and clarithromycin 
versus rifampin, ethambutol, clofazimine, and ciprofloxacin. 
Canadian HIV trials network protocol 010 Study Group. N 
Engl J Med 1996;335:377–84.

	43	 Gitlin L, Biesecker J. Australian Crohn's antibiotic study opens 
new horizons. Gastroenterology 2007;133:1743–4. author 
reply 1745-1746.

	44	 Behr MA, Hanley J. Antimycobacterial therapy for Crohn's 
disease: a reanalysis. Lancet Infect Dis 2008;8:344.

	45	​ ClinicalTrials.​gov. Efficacy and Safety of Anti-MAP Therapy 
in Adult Crohn’s Disease - Full Text View. Available: https://​
clinicaltrials.​gov/​ct2/​show/​NCT01951326 [Accessed 13 May 
2020].

	46	 News | RedHill. RedHill Announces Positive Top-Line 
Results from Phase III Study of RHB-104 in Crohn’s Disease, 

2018. Available: https://www.​redhillbio.​com/​RedHill/​
Templates/​showpage.​asp?​DBID=​1&​LNGID=​1&​TMID=​
178&​FID=​1384&​PID=​0&​IID=​8178 [Accessed 14 May 
2020].

	47	​ ClinicalTrials.​gov. Open Label Efficacy and Safety of Anti-
MAP (Mycobacterium Avium Ssp. Paratuberculosis) Therapy 
in Adult Crohn’s Disease - Full Text View. Available: https://​
clinicaltrials.​gov/​ct2/​show/​NCT03009396 [Accessed 29 Sep 
2019].

	48	 Cohen A, Mathiasen VD, Schön T, et al. The global prevalence 
of latent tuberculosis: a systematic review and meta-analysis. 
Eur Respir J 2019;54:1900655.

	49	 Draper SJ, Heeney JL. Viruses as vaccine vectors for infectious 
diseases and cancer. Nat Rev Microbiol 2010;8:62–73.

	50	 Folegatti PM, Bellamy D, Roberts R, et al. Safety and 
immunogenicity of a novel recombinant simian adenovirus 
ChAdOx2 as a vectored vaccine. Vaccines 2019;7:40.

	51	​ ClinicalTrials.​gov. A Study to Determine the Safety and 
Immunogenicity of a Candidate MAP Vaccines ChAdOx2 
HAV and MVA in Healthy Adult Volunteers - Full Text View. 
Available: https://​clinicaltrials.​gov/​ct2/​show/​NCT03027193 
[Accessed 25 Jul 2019].

	52	 Yajko DM, Sanders CA, Madej JJ, et al. In vitro activities 
of rifabutin, azithromycin, ciprofloxacin, clarithromycin, 
clofazimine, ethambutol, and amikacin in combinations of 
two, three, and four drugs against Mycobacterium avium. 
Antimicrob Agents Chemother 1996;40:743–9.

	53	 Shafran I, Kugler L, El-Zaatari FAK, et al. Open clinical trial 
of rifabutin and clarithromycin therapy in Crohn's disease. Dig 
Liver Dis 2002;34:22–8.

	54	 Borody TJ, Leis S, Warren EF, et al. Treatment of severe 
Crohn's disease using antimycobacterial triple therapy--
approaching a cure? Dig Liver Dis 2002;34:29–38.

	55	 Savarino E, Bertani L, Ceccarelli L, et al. Antimicrobial 
treatment with the fixed-dose antibiotic combination RHB-
104 for Mycobacterium avium subspecies paratuberculosis in 
Crohn's disease: pharmacological and clinical implications. 
Expert Opin Biol Ther 2019;19:79–88.

	56	 Warner B, Johnston E, Arenas-Hernandez M, et al. A practical 
guide to thiopurine prescribing and monitoring in IBD. 
Frontline Gastroenterol 2018;9:10–15.

	57	 Lee JS, Shin SJ, Collins MT, et al. Mycobacterium avium subsp. 
paratuberculosis fibronectin attachment protein activates 
dendritic cells and induces a Th1 polarization. Infect Immun 
2009;77:2979–88.

U
niv of W

isconsin. P
rotected by copyright.

 on S
eptem

ber 4, 2020 at S
erials U

nit H
lth S

ciences Library
http://fg.bm

j.com
/

F
rontline G

astroenterol: first published as 10.1136/flgastro-2020-101471 on 28 July 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1093/ecco-jcc/jjw168
http://dx.doi.org/10.1097/00004836-199207000-00007
http://dx.doi.org/10.1136/gut.25.2.203
http://dx.doi.org/10.1136/gut.35.3.363
http://dx.doi.org/10.1136/gut.42.4.497
http://dx.doi.org/10.1111/j.1572-0241.2000.01842.x
http://dx.doi.org/10.1111/j.1572-0241.2000.01842.x
http://dx.doi.org/10.1053/j.gastro.2007.03.031
http://dx.doi.org/10.1086/317468
http://dx.doi.org/10.1056/NEJM199608083350602
http://dx.doi.org/10.1056/NEJM199608083350602
http://dx.doi.org/10.1053/j.gastro.2007.09.014
http://dx.doi.org/10.1016/S1473-3099(08)70104-X
https://clinicaltrials.gov/ct2/show/NCT01951326
https://clinicaltrials.gov/ct2/show/NCT01951326
https://www.redhillbio.com/RedHill/Templates/showpage.asp?DBID=1&LNGID=1&TMID=178&FID=1384&PID=0&IID=8178
https://www.redhillbio.com/RedHill/Templates/showpage.asp?DBID=1&LNGID=1&TMID=178&FID=1384&PID=0&IID=8178
https://www.redhillbio.com/RedHill/Templates/showpage.asp?DBID=1&LNGID=1&TMID=178&FID=1384&PID=0&IID=8178
https://clinicaltrials.gov/ct2/show/NCT03009396
https://clinicaltrials.gov/ct2/show/NCT03009396
http://dx.doi.org/10.1183/13993003.00655-2019
http://dx.doi.org/10.1038/nrmicro2240
http://dx.doi.org/10.3390/vaccines7020040
https://clinicaltrials.gov/ct2/show/NCT03027193
http://dx.doi.org/10.1128/AAC.40.3.743
http://dx.doi.org/10.1016/S1590-8658(02)80055-X
http://dx.doi.org/10.1016/S1590-8658(02)80055-X
http://dx.doi.org/10.1016/S1590-8658(02)80056-1
http://dx.doi.org/10.1080/14712598.2019.1561852
http://dx.doi.org/10.1136/flgastro-2016-100738
http://dx.doi.org/10.1128/IAI.01411-08
http://fg.bmj.com/

	Anti-­﻿Mycobacterium paratuberculosis﻿ (MAP) therapy for Crohn’s disease: an overview and update
	Abstract
	Introduction﻿﻿
	Evidence supporting anti-MAP therapy
	Evidence against the use of anti-MAP therapy
	Update of clinical trials
	Redhill Biopharma’s RHB-104 phase III RCT of anti-MAP in CD
	Anti-MAP vaccine for CD

	Anti-MAP therapy for CD: the Guy’s and St Thomas’ approach
	Conclusions
	References


