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Treatment with drugs active against Mycobacterium avium
subspecies paratuberculosis can heal Crohn’s disease:
more evidence for a neglected Public Health tragedy

J. Hermon-Taylor

| See related article on page 22-8 and 29-39 |

Contemporary research using appropriate laboratory
culture and polymerase chain reaction (PCR) and oth-
er procedures is confirming unequivocaly that the
chronic enteric pathogen Mycobacterium avium sub-
species paratuberculosis (MAP) is present in the
chronically inflamed intestinal tissues of the over-
whelming mgjority of people suffering from Crohn’s
disease (CD), and that MAP is rarely found in people
with normal uninflamed intestine 3. The publication
on pages 22-8 and 29-39 of the present issue of the Di-
gest Liver Dis of two carefully researched open clini-
cal studies of anti-MAP treatment in CD by Shafran et
a. 4 from the University of Centra Florida, and
Borody et a. ® from the Centre for Digestive Diseases
in Sydney, brings welcome news for people struggling
with this miserable condition, and their families.
Shafran et al. 4 used rifabutin and clarithromycin, and
Borody et al.5, triple therapy using these drugsin com-
bination with clofazimine. The selection of these
agents to treat CD recognises the long known resis-
tance of clinical infections caused by Mycobacterium
avium complex (MAC) organisms particularly MAP,
to standard drugs used in the treatment of tuberculosis
7. 1t recognises that the phenotype of MAP in CD is
one which does not have a classical mycobacterial ZN-
positive mycolic acid-rich cell wall, and, therefore,
that drugs like isoniazid, ethambutol and pyrazinamide
are unlikely to be of much use?. It further recognises
that the replication rate of MAP in CD is likely to be
extremely slow, afeature which would also reduce the
susceptibility of these intracellular pathogens to drugs
like ciprofloxacin . Finaly, it recognises the greater
susceptibility of MAC and MAP both in vitro and in
vivo, to drugs such as rifabutin and clarithromycin 214
which are chemical modifications of natural strepto-
myces antibiotics. In their inhibition of RNA poly-
merisation and of microbial protein synthesis at the
level of the ribosome, rifabutin and clarithromycin are
likely to act in synergy and may also be potentiated by
clofazimine®s. All three agents have the additional ad-
vantage of concentrating in macrophages where MAP
in CD islikely to reside?.

The present reports bring up to four, the number of
independent open clinical studies of the treatment of
CD with combinations of drugs with enhanced activ-
ity against MAP, including rifabutin and clar-
ithromycin 1718, All four studies essentially say the
same thing. This is that somewhere between two
thirds and three quarters of people with active CD
who can tolerate the antibiotics long term, will go in-
to remission with healing of the intestine when treat-
ed with these agents. The minority proportion of peo-
ple with CD who do not respond may be infected with
MAP which is already drug-resistant. Geographical
variation in response rates may be influenced by
strain differences in MAP%2! gnd the ambient use of
clarithromycin for other infections. A not uncommon
finding has been that a proportion of people who re-
spond, subsequently relapse on treatment. Other re-
sponders who have been successfully treated over
two or more years may relapse after treatment has
stopped. These outcomes are consistent with the
known course of other clinical MAC infectionsin im-
munocompetent people and the tendency for MAC
organisms to develop drug resistance 2224, It is also
consistent with the ability of mycobacteriain vivo to
enter a state of dormancy in which they may be ex-
tremely difficult to eradicate 2. The disease has
healed but latent infection persists. Borody et a. ®
have found, as | have done, that patients with CD
who relapse after healing completely on prolonged
treatment, may respond again (but not always) to the
same drugs, a finding which emphasises the distinc-
tion between drug resistance and dormancy. Despite
the risk of relapse, long-term follow-up of CD pa-
tients treated with anti-MAP drugs both in London
and in the present studies shows that there remains a
core group of about 30-35% of people whose in-
flamed intestine heals and stays healed. Endoscopy
and histology may show resolution of previous florid
CD, returning to a norma mucosa without micro-
scopical evidence of inflammatory infiltrate. White
bands of submucosal scarring on endoscopy may in-
dicate the irreversible damage inflicted by previous
long-term severe inflammatory disease. A proportion
of people with severe end-stage Crohn’s colitis resis-
tant to conventional treatment, who have responded
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to drug combinations including rifabutin and clar-
ithromycin, have been rescued from otherwise in-
evitable panproctocolectomy and are living normal,
apparently disease-free, lives.

Several other issues are illuminated by the present
valuable contributions from Sydney and Florida. Most
patients with CD responding to anti-MAP drug combi-
nations become independent of the need for steroids
and conventional immunosuppression. Continuing
prednisolone for a few weeks after starting anti-MAP
treatment may help mitigate the Jarisch-Herxheimer-
type exacerbation of symptoms described by Shafran
et a.*in some of their patients. Similar responses have
been noted shortly after starting treatment for active
tuberculosis and leprosy. Drug-related side-effects
were not seen in the twelve patients with active CD in
Sydney where treatment was introduced in an incre-
mental stepwise dosage and included clofazimine. The
release of ilea strictures following anti-MAP treat-
ment described by Borody et al. > with a return to ap-
parently normal intestine, is consistent with my own
experience and is reminiscent of that seen following
the successful drug treatment of someileal stricturesin
intestinal tuberculosis #. In some other MAP-infected
CD patients, complete healing of the gut may result in
a dense fibrotic scar requiring limited surgical resec-
tion for obstruction %. The one patient in the report of
Borody et al.® with a previous defunctioning ileostomy
for a severe pancolitis judged to be CD, responded to
anti-MAP treatment with cessation of diarrhoea such
that the ileostomy was able to be reversed. On subse-
quent relapse the condition was re-classified as ulcera-
tive colitis (UC) for which colectomy and ileo-anal
anastomosis were required. People with underlying
UC who have an inherited or acquired susceptibility to
MAP, may develop a MAP superinfection in the UC-
ulcerated colon and demonstrate clinico-pathological
features characteristic of both diseases. Symptomatic
and endoscopic improvement follows treatment of the
MAP superinfection, but cessation of treatment and
ramp-down of steroids allows the underlying UC to
come through. The co-existence of UC and MAP in-
fection is a likely explanation for a proportion of the
well-known clinical sub-group of inflammatory bowel
disease (IBD) patients whose colitis is indeterminate.
Superinfection with MAP in a colon damaged by an-
other condition such as diverticulitis, may explain the
Crohn’s-like reaction occasionally also seen in a seg-
ment previously damaged by other disease?®.

The principal property of MAP present in the inflamed
gut of people with CD, which distinguishes it sharply
from al other candidate organisms in respect of disease
causation, is the ability of MAP to cause chronic in-
flammation of the intestine in such a broad range of an-
imals including primates?®. Just as with tuberculosis*
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and leprosy, there are differences in the clinico-
pathological features of MAP disease between ani-
mals, as well as between animals and humans, but the
closest match in animals, so far, for CD in humans, is
the paucimicrobial form of Johne’'s disease in sheep
1 Until recent years, it was this specific chronic en-
teric pathogenicity of MAP in many diverse species,
which provided the best basis for concluding that
MAP, in CD, is causative. The availability of afirst
generation of drugs active against MAP, and the re-
sults of anti-MAP treatment in CD from Australiaand
the United States together with the other work in this
field Y728, provide us with an important additional in-
sight into the relationship between MAP and Crohn’s
disease. If MAP in the inflamed gut tissuesin Crohn’s
is not causing the disease and is merely a bystander
organism, it would be necessary to accept that despite
its broad enteric pathogenicity it is somehow harm-
less to humans. The responses of a majority propor-
tion of CD patients to effective drug combinations,
including rifabutin and clarithromycin, suggest that
this is very unlikely to be the case. Furthermore,
streptomyces antibiotics like rifampicin and ery-
thromycin will kill many ordinary gut bacteria, but
they are not active against MAP infections, and do
not heal CD. The closely related chemically modified
antibiotics rifabutin and clarithromycin will also kill
many ordinary gut bacteria, but they are much more
active against MAP, and can heal CD. Taken together
these reflections indicate that when CD patients get
better and their inflamed intestine heal s on treatment
with drug combinations including rifabutin and clar-
ithromycin, it is because these agents are killing the
underlying causative organisms.

Contemporary medicine demands a positive outcome
in one, or more than one, randomised controlled clin-
ical trial (RCT) before regulatory authorities and pro-
fessional guidelines will accept a new treatment as
able to confer proven benefit. These are expensive
and lengthy undertakings and carry their own ethical
penalties. Thanks to the initiative of a group of Aus-
tralian Gastroenterol ogists co-ordinated by Warwick
Selby and supported by the dedication of Chris
Bilkey and colleagues at Pharmacia, an RCT of triple
therapy with rifabutin, clarithromycin and clofaz-
imine in CD versus placebo, was initiated in Septem-
ber 1999 based on multiple centres throughout Aus-
tralia. This RCT completed patient accrual in Sep-
tember 2001 and is expected to report in 2003. It isa
critically important trial and | predict that it will con-
firm the indications of the four pathfinding open clin-
ical studies, that anti-MAP treatment can heal CD. In
the meantime, the findings of these open clinica
studies are sufficiently reproducible to justify an ac-
ceptance by Gastroenterologists of treatment with
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these drug combinations on compassionate grounds,

for people with colonic CD facing proctocol ectomy
and permanent abdominal stoma, with alot to gain
and nothing to lose.

By the end of 2003, about 50,000 more people in the
United States, and at least 50,000 more peoplein West-

ern Europe, will have developed chronic inflammation
of the intestine of the CD type, most of it caused by
MAP. In due course, informed public opinion will

judge Gastroenterology harshly if a culture of neglect
on this issue, and an inadequate understanding and

misinterpretation of available scientific information, in
the field, occasionally exemplified in contemporary
writing *2, continues to prevail. We should have avail-

able the total genome sequences of a bovine, an ovine
and a human CD strain of MAP. Comparative ge-

nomics and proteomics between these MAP strains and
closely related Mycobacterium avium subspecies avi -
um of lesser pathogenicity for animals and humans to-

gether with the use of bioinformatics, could rapidly de-

velop ashort list of promising targets for a next gener-

ation of pharmaceuticals effective in the treatment of

CD. New treatments should include DNA vaccines
containing multiple MAP epitopes able to generate
populations of antigen-specific CD8+ T-cells to assist
in immune-mediated microbial clearance. Experience
with leprosy would suggest that therapeutic vaccines
would complement rather than compete with drug
treatments *2. Given the prevalence of MAP infection
in domestic livestock in many continents together with
wildlife reservoirs* %, the existence of hot-spots of

CD in areas like Manitoba®® and North East Scotland,

and the emerging ability to identify individuals sus-

ceptible to CD genetically 3-%°, we will also need pre-

ventative MAP veccines effective for animals and hu-

mans, before we can expect progress towards a global

resolution of this complex overal problem, to be
achieved.

List of abbreviations

CD: Crohn’s disease; IBD: inflammatory bowel disease; MAC: My -
cobacterium avium complex; MAP: Mycobacterium avium sub-
species paratuberculosis ; PCR: polymerase chain reaction; RCT:
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From
Department of Surgery, St. George's Hospital Medical School,
London, UK.

Address for correspondence

Prof. J. Hermon-Taylor, Department of Surgery, St. George’s
Hospital Medical School, London SW 17 ORE, UK.

Fax: +44-208-7253594.

E-mail: jhermon@sghms.ac.uk

References

1 Schwartz D, Shafran |, Romero C, Piromalli, Biggerstaff J, Nas-
er N, et a. Use of short-term culture for identification of My-
cobacterium avium subsp. paratuberculosis in tissue from
Crohn’s disease patients. Clin Microbiol Infect 2000;6:303-7.

2 Hermon-Taylor J. Crohn’ s disease caused by Mycobacterium avi-
um subspecies paratuberculosis: a public health tragedy whose
resolution is long overdue. J Med Microbiol 2002;51:3-6.

8 Sechi LA, MuraM, TandaF, UssiaA, Solinas A, Fadda G? et al.
Identification of Mycobacterium avium subsp. paratuberculosis
in biopsy specimens from patients with Crohn’ s disease identified
by in vitro hybridization. J Clin Microbiol 2001;39:4514-7.

4 Shafran |, Kugler L, El-Zaatari FAK, Naser SA, Sandoval J.
Open clinica trial of rifabutin and clarithromycin therapy in
Crohn’s disease. Digest Liver Dis 2002;34:22-8.

S Borody TJ, Leis S, Warren EF, Surace R. Treatment of severe
Crohn’s disease using antimycobacterial triple therapy — ap-
proaching a cure? Digest Liver Dis 2002;34:29-39.

8 Wolinsky E. Nontuberculous mycobacteria and associated dis-
eases. Am Rev Resp Dis 1979;119:107-59.

7 Korvick JA, Benson CA, editors. Mycobacterium avium — com-
plex infection. Lung biology in health and disease, vol. 87. New
York: Marcel Dekker; 1996.

8 Hermon-Taylor J, Bull TJ, Sumar N, Sheridan J, Cheng J, Stel-
lakis M. The causation of Crohn’s disease by Mycobacterium avi-
um subsp. paratuberculosis. Can J Gastroenterol 2000;14:521-39.

° Prantera C, Berto E, Scribano ML, Falasco G. Use of antibiotics
in the treatment of active Chron's disease: experience with
metronidazole and ciprofloxacin. Ital J Gastroenterol Hepatol
1998;30:602-6.

10 Chiodini RJ. Antimicrobial agents and Chron’s disease: do they
have a therapeutic role? Ita J Gastroenterol Hepatol
1998;30:593-8.

1 Hermon-Taylor J. The causation of Chron’ s disease and treatment
with antimicrobial drugs. Ital J Gastroenterol Hepatol
1998;30:607-10.

12 Chiodini RJ. Antimicrobia activity of rifabutin in combination
with two and three other antimicrobial agents against strains of
Mycobacterium paratuberculosis. J Antimicrob Chemother
1991;27:171-6.

3 Rastogi N, Goh KS, Labrousse V. Activity of clarithromycin
compared with those of other drugs against Mycobacterium
paratuberculosis and further enhancement of its extracellular and
intracellular activities by ethambutol. Antimicrob Agents
Chemother 1992;36:2843-6.

14 Ghebremichagl S, Svenson SB, Kallenius G, Hoffner SE. An-
timycobacterial synergism of clarithromycin and rifabutin. Scand
JlInfect Dis 1996;28:387-90.

15 Warek U, Falkinham JO. Action of clofazimine on the Mycobac-
terium avium complex. Res Microbiol 1996;147:43-8.

16 Hulten K, El-Zimaity HM, Karttunen TJ, Almashhrawi A,
Schwartz MR, Graham DY, et a. Detection of Mycobacterium
avium subspecies paratuberculosis in Crohn’s diseased tissues by
in situ hybridization. Am J Gastroenterol 2001;96:1529-35.

¥ Gui GPH, Thomas PRS, Tizard MLV Lake J, Sanderson JD, Her-
mon-Taylor J. Two-year-outcomes analysis of Crohn’s disease
treated with rifabutin and macrolide antibiotics. J Antimicrob
Chemother 1997;39:393-400.

18 Douglass A, Cann PA, Bramble MG. An open pilot study of an-
timicrobial therapy in patients with unresponsive Crohn’s dis-
ease. Gut 2000;46(Suppl 11):A11.

1 Bauerfeind R, Bernazzi S, Weiss R, Schleisser T,Willems H, Bal-
jer G. Molecular characterisation of Mycobacterium paratubercu-

"




Commentary

losis isolates from sheep, goats, and cattle by hybridization with
a DNA probe to insertion element 1S900. J Clin Microbiol
1996;34:1617-21.

20 Moreira AR, Paolicchi F, Morsella C, Zumarraga M, Cataldi A,
Faciana B, et a. Distribution of 1S900 restriction fragment length
polymorphism types among animal Mycobacterium avium subsp.
paratubercul osis isolates from Argentina and Europe. Vet Micro-
biol 1999;70:251-9.

2L Whittington RJ, Hope AF, Marshall DJ, Taragel CA, Marsh |.
Molecular epidemiology of Mycobacterium avium subsp. paratu-
berculosis: 1S900 restriction fragment length polymorphism and
1S1311 polymorphism analyses of isolates from animals and a
human in Australia. J Clin Microbiol 2000;38:3240-8.

2 Meier A, Heifets L, Wallace RF, Zhang Y, Brown BA, Sander P,
et a. Molecular mechanisms of clarithromycin resistance in My-
cobacterium avium: observation of multiple 23S rDNAmutations
in aclonal population. J Inf Dis 1996;174:354-60.

% Jamal MA, Maeda S, Nakata N, Kai M, Fukuchi K, Kashi-
wabara Y. Molecular basis of clarithromycin-resistancein My-
cobacterium avium intracellulare complex. Tub Lung Dis
2000;80:1-4.

2 Dunne M, Fessel J, Kumar P, Dickenson G, Keiser P, Boulos M,
et al. A randomized, double-blind trial comparing azithromycin
and clarithromycin in the treatment of disseminated Mycobac-
terium avium infection in patients with human immunodeficien-
cy virus. Clin Infect Dis 2000;31:1245-52.

2 Wayne LG. Dormancy of Mycobacterium tuberculosis and laten-
cy of disease. Eur J Clin Microbiol Infect Dis 1994;13:908-14.

% Michele TM, Ko C, Bishai WR. Exposure to antibiotics induces
expression of the Mycobacterium tuberculosis sigF gene: impli-
cations for chemotherapy against mycobacterial persistors. An-
timicrob Agents Chemother 1999;43:218-25.

27 Anand BS, Nanda R, Sachdev GK. Response of tuberculous stric-
ture to antituberculous treatment. Gut 1988;29:62-9.

2 Hermon-Taylor J, Barnes N, Clarke C, Finlayson C. Mycobac-
terium paratuberculosis cervical lymphadenitis, followed five
years later by terminal ileitis similar to Crohn’s disease. Br Med
J 1998;316:449-53.

12

2 Gledhill A, Dixon MF. Crohn’ s-like reaction in diverticular dis-
ease. Gut 1998;42:392-5.

% Walsh GP, Tan EV, dela Cruz EC, Abalos RM, Villahermosa LG,
Young LJ, et a. The Philippine cynomolgus monkey (Macaca fa
sicularis) provides a new nonhuman primate model of tuberculo-
sis that resembles human disease. Nat Med 1996;2:430-6.

31 Clarke CJ. The pathology and pathogenesis of paratuberculosisin
ruminants and other species. J Comp Path 1997;116:217-61.

32 Quirkc P. Mycobacterium avium subspecies paratuberculosisis a
cause of Crohn’s disease. Gut 2001;49:755-60.

3 Majumder V, Saha R, Hajra SK, Biswas SK, Saha K. Efficacy of
single-dose ROM therapy plus low-dose convit vaccine as an ad-
juvant for treatment of paucibacillary leprosy patients with asin-
gle skin lesion. Int J Lepr Other Mycobact Dis 2000;68:283-90.

3 Mannings EJ, Collins MT. Mycobacterium avium subsp. paratu-
berculosis: pathogen, pathogenesis and diagnosis. Rev Sci Tech
2001;20:133-50.

% Daniels MJ, Ball N, Hutchings MR, Greig A. The grazing re-
sponse of cattle to pasture contaminated with rabbit faeces and
the implications for the transmission of paratuberculosis. Vet J
2001;161:306-13.

% Blanchard JF, Bernstein CN, Wajda A, Rawsthorne P. Small-area
variations and sociodemographic correlates for the incidence of
Crohn’s disease and ulcerative colitis. Am J Epidemiol
2001;154:328-35.

87 Hugot J-P, Chamaillard M, Zouali H, Lesage S, Cezard JP, Be-
laiche J, et al. Association of NOD2 leucine-rich repeat variants
with susceptibility to Crohn’s disease. Nature 2001;411:599-603.

% Ogura, Bonen DK, Inchara N, Nicola DL, Chen FF, Ramos R,
et al. A frameshift mutation in NOD2 associated with suscepti-
bility to Crohn’s disease. Nature 2001;411:603-6.

% Hampe J, Cuthbert A, Croucher PJP, Mirza MM, Mascheretti S,
Fisher S, et al. Association between insertion mutation in NOD2
gene and Crohn’s disease in German and British populations.
Lancet 2001;357:1925-8.

4 Rioux JD, Day MJ, Silverberg MS, Lindblad K, Steinhart H, Co-
hen Z, et a. Genetic variation in the 531 cytokine gene cluster con-
fers susceptibility to Crohn’ s disease. Nat Genet 2001;29:223-8.




