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SUMMARY

Background
Collagenous and lymphocytic colitis are fairly common causes of chro-
nic non-bloody diarrhoea, especially in elderly female.

Aim
To present a systematic review of microscopic colitis.

Methods
A PubMed search using the MeSH terms microscopic colitis, collagenous
colitis, lymphocytic colitis and chronic diarrhoea was performed.

Results
Annual incidence of each disorder is 4–6/100 000 inhabitants. The aeti-
ology is unknown. Clinical characteristics are well described and there
is an association with autoimmune diseases. Budesonide is the best-
documented short-term treatment of collagenous colitis. In meta-analy-
sis pooled odds ratio for clinical response after 6–8 weeks of treatment
was 12.3 (95% CI: 5.5–27.5) in comparison with placebo. The evidence
for bismuth subsalicylate is weaker and the effectiveness of other alter-
natives such as loperamide, cholestyramine, aminosalicylates, probiotics,
or Boswellia serrata extract is unknown. Although unproven, in unre-
sponsive severe disease azathioprine or methotrexate may be tried. No
controlled trials have been carried out in lymphocytic colitis. The long-
term prognosis of microscopic colitis is good, serious complications are
rare and there is no increased mortality.

Conclusions
Clinical and epidemiological aspects of microscopic colitis are well des-
cribed. Budesonide is the best-documented short-term therapy in colla-
genous colitis, but the optimal long-term strategy needs further study.
Controlled treatment data of lymphocytic colitis are awaited for.

Aliment Pharmacol Ther 23, 1525–1534

Alimentary Pharmacology & Therapeutics

ª 2006 The Authors 1525

Journal compilation ª 2006 Blackwell Publishing Ltd

doi:10.1111/j.1365-2036.2006.02913.x



INTRODUCTION

Chronic diarrhoea is a common reason for referral

to a gastroenterologist. The prevalence of chronic

diarrhoea in a western population varies depending

on definitions and population differences and is

reported in 4–5% of the general population and in

7–14% of an elderly population.1 Microscopic colitis

(MC), previously regarded rare, now has emerged as

a common cause of chronic diarrhoea. The condition

is characterized clinically by chronic non-

bloody diarrhoea, a macroscopically normal or

near-normal colonic mucosa, where microscopic

examination of mucosal biopsies reveals diagnostic

histopathological changes. Microscopic colitis mainly

includes the two diseases collagenous colitis (CC)

and lymphocytic colitis (LC). CC was first described

in 1976 by Lindström2 and LC in 1989 by Lazenby

et al.3

This review will focus on epidemiology, clinical fea-

tures and treatment of MC.

METHODS

Publications for this review were identified by

searching PubMed using the following MeSH terms:

microscopic colitis, collagenous colitis, lymphocytic

colitis and chronic diarrhoea. Additional reports were

found searching the reference list of pertinent

articles. Other publications known by us were also

reviewed and relevant abstracts presented at

international gastroenterological conferences were

included.

EPIDEMIOLOGY

Previously considered rare, MC now has evolved as a

fairly common cause of chronic diarrhoea in the west-

ern world. The incidence of CC and LC each is close to

the incidence of Crohn’s disease and combined rates

approach the incidence of ulcerative colitis.4 The diag-

nosis is made in 10–20% of cases investigated for

chronic non-bloody diarrhoea.

Most cases have been reported from Europe and

North America but there are a few case reports from

Africa,5 Asia,6 South America7 and Australia.8–11 At

present, epidemiological data have been presented

from seven different regions (Table 1).4, 12–18 The fig-

ures from UK and France are lower than reported fig-

ures from the other European or North American

regions. An epidemiological study in Sweden of

the period 1993–1998 showed an annual incidence of

4.9/105 in CC and of 4.4/105 in LC.4 Similarly, a sur-

vey of all cases detected in Iceland between 1995 and

1999 revealed an annual incidence of 5.2/100 000 in

CC and of 4.0/100 000 in LC.12 Even higher figures

in LC were reported from Olmsted County, US.16 Both

in the Swedish and in the Olmsted studies rising inci-

dence rates were found during the study periods. Whe-

ther this is an artefact, reflecting an increased

awareness and improved diagnosis of the condition, or

in fact represents a true rise of the incidence is at pre-

sent unknown.

The typical CC patient is a middle-aged woman. The

peak incidence is around 65 years of age and the

female:male ratio is about 7:1 (Figure 1). However,

the disease can occur in all ages, and a few children

Table 1. Annual incidence per
105 inhabitants in population-
based epidemiological studies
of collagenous and lymphocy-
tic colitis

Region/study period
Collagenous
colitis

Lymphocytic
colitis

Örebro, Sweden/1984–198813 0.8
Örebro, Sweden/1989–199313 2.7
Örebro, Sweden/1993–19954 3.7 3.1
Örebro, Sweden/1996–19984 6.1 5.7
Franche-Comté, France/1987–199217 0.6
Terrassa, Spain/1993–199714 2.3 3.7
Iceland/1995–199912 5.2 4.0
Olmsted County, USA/1985–198916 0.3 0.5
Olmsted County, USA/1990–199316 1.6 1.0
Olmsted County, USA/1994–199716 3.9 6.4
Olmsted County, USA/1997–200116 6.2 12.9
Lothian, UK/1998–200318 0.8
Tayside, UK/1999–200415 1.1 0.6
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with CC have been reported.19, 20 In LC, the female

predominance is less pronounced with a female:male

ratio of 2.4:1. The peak incidence is similar to CC

around 60–65 years of age (Figure 1).

CLINICAL PRESENTATION

The clinical symptoms of CC and LC are similar and the

diseases cannot be differentiated on clinical grounds.

Both disorders cause chronic or recurrent non-bloody,

watery diarrhoea, often associated with nocturnal

diarrhoea, abdominal pain and weight loss, which may

be substantial.21–23 Although some patients may suffer

from severe diarrhoea, serious dehydration is rare.

Fatigue, nausea and faecal incontinence are other

associated symptoms and the disease may significantly

impair quality of life of the affected patient.24, 25

The onset of disease can be sudden mimicking infec-

tious diarrhoea.21, 22 The clinical course is most often

chronic relapsing and benign. Severe complications

are rare although there are a few reports of colonic

perforation in CC.26, 27 No increased risk of colorectal

cancer is reported in CC.28 Three cases with concomit-

ant lymphoproliferative disorders and CC have been

presented but further studies are required to assess if

there is an increased risk.29

Some patients may have mild symptoms that may

be misinterpreted as irritable bowel syndrome. Mor-

phological findings of LC have been reported even in

constipated or asymptomatic patients.30 The natural

history of the condition in these patients is unknown.

Patients with MC often have concomitant autoim-

mune diseases.21–23 The most common are thyroid dis-

orders, coeliac disease, diabetes mellitus, rheumatoid

arthritis and asthma/allergy. The occurrence of such

associations, reported in up to 40–50% of patients in

some reports, is variable depending on the study, and

differences between LC and CC with respect to associ-

ated conditions have been described.21–23, 31

DIAGNOSIS

Microscopic assessment of colonic mucosal biopsies is

currently the only means of verifying the diagnosis of

MC. Only non-specific minor laboratory abnormalities

are found. Stool tests reveal no pathological micro-

organisms. Barium enema and colonoscopy are usually

normal, although subtle non-specific changes such as

oedema, erythema or abnormal vascular pattern are

seen in up to 30% of the cases.21, 22 Colonic mucosal

tears are extraordinary endoscopic lesions reported

hitherto only in a few patients, which possibly may be

associated with an increased risk of colonic perforation

during colonoscopy.32, 33

HISTOPATHOLOGY

The diagnosis of the different subtypes of MC relies on

specific microscopic changes seen in colonic mucosal

biopsies.34 In CC the most characteristic feature is a

thickening of the subepithelial collagen layer (SCL)

beneath the basal membrane (Figure 2). The collagen
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Figure 1. Age- and sex-specific incidence of (a) collagen-
ous colitis and (b) lymphocytic colitis. Reprinted with
permission from Olesen et al.4
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layer is most prominent in proximal colon and may be

absent in biopsies from sigmoid colon and rectum

emphasizing the importance of obtaining biopsies

from the proximal colon when diagnosing CC.35 The

thickened SCL in CC is ‡10 lm on well-orientated sec-

tions in contrast to the normal basal membrane of

0–3 lm. The assessment of SCL must be carried out on

sections perpendicular to the mucosa avoiding tangen-

tial sections that may give a false impression of a

thickened collagen layer. In addition to the thickened

collagen layer, there is a chronic inflammation in the

lamina propria dominated by lymphocytes and plasma

cells. Flattening, vacuolization and detachment of the

surface epithelial cells are seen together with increased

frequency of apoptotic bodies. Intraepithelial lympho-

cyte (IEL) infiltration may be seen although not as

prominent as in LC. Generally, the histopathological

changes in CC are restricted to the large bowel, but a

thickened collagen layer has infrequently been repor-

ted in the stomach, duodenum or terminal ileum.

Cryptitis or Paneth cell metaplasia may be seen and

does not rule out a diagnosis of MC.36

The diagnosis of LC relies on a characteristic increase

of the number of IELs, which exceeds 20 IEL/100 sur-

face epithelial cells compared with <5 IEL/100 surface

epithelial cells in normal colonic mucosa (Figure 3).

Surface epithelial cell lesions are seen as well as an infil-

tration with lymphocytes and plasma cells in the lamina

propria. The SCL is normal in LC in contrast to CC.

In addition to CC and LC, other rare subtypes of MC

have been described including MC with giant

cells,37, 38 paucicellular LC,39 cryptal LC,40 pseudo-

membranous CC,41 MC with granulomatous inflamma-

tion11 and MC not otherwise specified.34 The clinical

features of these conditions are similar to classical MC

but the histopathological appearance differs. Further

studies are required to address the relationship and

clinical significance of these ‘atypical’ MC.42

AETIOLOGY

The cause of the diseases is largely unknown and prob-

ably multifactorial. CC and LC are presently considered

to represent specific mucosal responses in predisposed

individuals to various noxious luminal agents.

Genetics

Data on genetic predisposition in MC are sparse. A

small number of familial cases with CC, LC or with

mixed diseases have been reported.43–46 Others found

that 12% of patients with LC reported a family history

of other bowel disorders such as inflammatory bowel

disease, coeliac disease or CC.22 Whether these associa-

tions are due to genetics, environmental factors or

chance cannot be assessed. Data on human leucocyte

antigen (HLA) associations are not conclusive.47

Luminal factor

The increased number of T lymphocytes in the epithe-

lium has suggested that MC may be caused by an

immunological response to a luminal agent in predis-

posed individuals. This theory is supported by the

observation that diversion of the faecal stream by an

Figure 2. Biopsy from colon showing typical findings of
collagenous colitis – increased subepithelial collagen
layer, inflammation of lamina propria and epithelial
lesions with intraepithelial lymphocytes.

Figure 3. Biopsy from colon showing typical findings of
lymphocytic colitis – epithelial lesions with intraepithelial
lymphocytes and inflammation in the lamina propria.
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ileostomy normalized or reduced the characteristic

histopathological changes in CC.48 After closure of the

ileostomy, recurrence of symptoms and histopatho-

logical changes occurred. The importance of a luminal

factor is further supported by the observation that an

elemental diet reduced diarrhoea in patients with MC.49

Infection

A sudden onset of MC in a subset of patients and effect

of various antibiotics support a possible infectious

cause. LC shares many features with ‘Brainerd diarrhea’,

which refers to outbreaks of acute watery diarrhoea

with long duration, first reported among 122 residents

of Brainerd, Minnesota.50 Colonic biopsies of these

patients show epithelial lymphocytosis similar to LC but

not crypt distortion or epithelial destruction.51 Investi-

gations of several outbreaks of ‘Brainerd diarrhea’ have

established an incubation period of 10–30 days and

median duration of illness of 16 months.52 Although an

infectious agent is thought to be the cause of ‘Brainerd

diarrhea’, no micro-organism has yet been identified.

Yersinia enterocolitica was found in three of six

patients with CC prior to diagnosis and another study

showed that antibodies to Yersinia species were more

common in CC patients than in healthy controls.53, 54

An association with MC and Campylobacter jejuni and

Clostridium difficile has also been reported.55, 56 A sea-

sonal pattern of onset of LC has been suggested, which

may further support an infectious origin.22, 57 How-

ever, in most cases of MC with a sudden onset, stool

cultures remain negative.

Drugs

There are several reports on drug-induced MC, some of

them anecdotal creating difficulties to assess causality.

To address this issue, Beaugerie and Pardi suggested a

scoring system, which was recently published in this

Journal.58 Applying strict criteria, 17 drugs were found

associated with a high or intermediate probability

of causality. A high likelihood of inducing MC

was associated with acarbose, aspirin, Cyclo3 Fort,

lanzoprazole, non-steroidal anti-inflammatory drugs

(NSAIDs), ranitidine, sertraline and ticlopidine. Carb-

amazepine, flutamide, lisinopril, modopar (levodopa

and benserazide), oxetorone, paroxetine, simvastatin,

tardyferon and vinburnine were associated with an

intermediate likelihood of inducing MC. Assessment of

concomitant drug use in patients with MC is important

to identify and consider withdrawal of drugs that might

cause or worsen the condition.

Bile acids

Bile acid malabsorption can coexist with MC, leading

to worsening of symptoms. Concurrent bile acid mal-

absorption was found in 27–44% of patients with CC

and in 9–60% of patients with LC.59–61 These observa-

tions are the rationale for recommendations on bile

acid-binding treatment in MC. The treatment is especi-

ally effective in patients with concomitant bile acid

malabsorption, but improvement has also been shown

in patients without bile acid malabsorption.

Autoimmunity

The association with other autoimmune diseases such as

thyroid disease, coeliac disease, diabetes mellitus or arth-

ritis has suggested an autoimmune process. However,

no specific autoantibody or marker has been identified.

Nitric oxide

Colonic nitric oxide (NO) production is greatly

increased in active MC caused by an upregulation of

inducible nitric oxide synthase (iNOS) in the colonic

epithelium.62–65 The levels of NO correlated with clin-

ical and histological disease activity.63 NO has been

suggested to be involved in the pathophysiology of

diarrhoea in CC, as infusion in the colon of NG-mono-

methyl-L-arginine, an inhibitor of NOS, reduced colonic

net secretion by 70% and the addition of L-arginine, a

precursor in NO synthesis, increased colonic net secre-

tion by 50%.64 A major transcriptional inducer of iNOS

gene expression is the transcription factor nuclear fac-

tor jB (NFjB). In active CC colonic mucosal NFjB was

found activated in epithelial cells but not in lamina

propria macrophages in contrast to ulcerative colitis.66

Secretory or osmotic diarrhoea

The precise mechanism of diarrhoea in MC is not fully

clarified. In CC, diarrhoea has been regarded as secre-

tory caused by reduced net absorption of Na+ and

Cl) ions due to epithelial cell lesions, and the thickened

collagenous layer as a co-factor causing a diffusion barrier,

and by an additional active chloride secretion.67 Fasting on

the other hand, seems to reduce diarrhoea, which would

indicate an osmotic component in some patients as well.68
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RELATIONSHIP BETWEEN COLLAGENOUS
COLITIS – LYMPHOCYTIC COLITIS –
ULCERATIVE COLITIS – CROHN’S DISEASE?

As CC and LC have similar clinical expression and

similar histopathological features except for the SCL in

CC, it has been discussed whether LC and CC are the

same disease in different stages of development or

rather two different but related conditions. Conversion

of LC to CC or the opposite has been reported. How-

ever, conversion is seen infrequently and this fact

together with the observed difference in sex ratio

makes it more likely to consider CC and LC as two

separate but related entities.

An interchange between ulcerative colitis or Crohn’s

disease and MC has been reported in a few patients.9, 69

Whether this merely is a chance association of two

fairly common disorders occurring in the same individ-

ual or due to common genetic predisposition or shared

immunological pathways remains unknown thus far.

TREATMENT

Recommendations on treatment of MC were earlier

based mainly on retrospective and uncontrolled data.

As no variable could predict the response to medical

therapy, the strategy generally was a ‘step-up’ treat-

ment according to clinical response and outcome.

Seven randomized placebo-controlled trials have now

been published in CC on budesonide,70–72 bismuth sub-

salicylate,73 prednisolone,74 Boswellia serrata extract75

and probiotics.76 Controlled data on the treatment of LC

are still absent.

A careful assessment of concomitant drug use and

dietary factors such as excess caffeine, alcohol

and dairy products that might worsen the condition

is important. Similarly, concomitant bile acid

malabsorption or coeliac disease should be considered.

In the patient with mild symptoms, loperamide or

cholestyramine can be recommended as the first step

of treatment, the latter preferably in the patient with

proven bile acid malabsorption.

Budesonide

Budesonide is currently the best-documented treatment

in CC and significantly improves the patient’s clinical

symptoms70–72 and quality of life.24 A total of 93

patients with CC were enrolled in three short-term trials

of budesonide 9 mg daily for 6–8 weeks. The efficacy of

budesonide was superior to placebo in all trials (Table 2).

In a Cochrane meta-analysis, pooled odds ratio was 12.3

(95% CI: 5.5–27.5) for clinical response with budesonide

compared with placebo, and number needed-to-treat

was two patients.77 Most responders had a decrease in

the number of loose stools after 2–4 weeks of therapy.

Histological improvement was significant with budeso-

nide in all three trials. A significant decrease of the lam-

ina propria inflammation was seen, whereas a reduction

in the thickness of the collagen layer was found only in

one study. Of further interest is that in addition to anti-

inflammatory effects, corticosteroids may also amelior-

ate bile acid absorption.78

After cessation of successful short-term budesonide

therapy, the relapse risk is high and occurs in 61–80%

of treated patients.70–72 The median time to clinical

relapse was only 2 (range: 1–104) weeks after cessa-

tion of treatment, and age <60 years was a significant

risk factor for relapse.79 Although unproven, tapering

doses of budesonide to 3–6 mg/day may be used as

maintenance therapy and has been reported effective

in clinical practice.80 The corticosteroid adverse effects

of budesonide are less compared with prednisolone but

must be considered during long-term treatment. Rand-

omized placebo-controlled trials of budesonide as

maintenance therapy are, however, currently in pro-

gress to address the long-term efficacy and safety.

Bismuth subsalicylate

The evidence for bismuth subsalicylate treatment in

MC is weaker. A small trial (published in abstract form

only) studied oral bismuth subsalicylate (nine 262 mg

tablets daily in three divided doses) vs. placebo for

8 weeks in 14 patients with MC, of which nine had

CC.73 All patients on bismuth therapy improved clinic-

ally, and six of seven also displayed histological

regression, whereas the improvement in the placebo

group was marginal. Bismuth subsalicylate is not

available in a number of countries for concerns

regarding drug toxicity.

Prednisolone

Twelve patients with MC were enrolled in a trial com-

paring prednisolone 50 mg daily and placebo for

2 weeks.74 A clinical response was seen in five of nine

patients on active treatment compared with none on

placebo. The small number of patients and the short

study period limits the study.
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Boswellia serrata extract

Thirty-one patients with CC were for 6 weeks enrolled

in a placebo-controlled, randomized trial of B. serrata

extract, which has anti-inflammatory properties. Clin-

ical remission was achieved in 58% of the B. serrata

extract group compared with 31% in the placebo

group.75 Further studies are required to confirm these

results.

Probiotics

A small, open-labelled study with the probiotic

Escherichia coli Nissle 1917 in CC showed some prom-

ising results.81 However, in another small, placebo-

controlled trial using Lactobacillus acidophilus and

Bifidobacterium animalis subsp. lactis for 12 weeks no

significant difference was found in comparison with

placebo; a clinical response was seen in six of 21

patients randomized to probiotics compared with one

of eight placebo-treated.76

Sulfasalazine, 5-ASA, antibiotics

Sulfasalazine (sulphasalazine) and mesalazine have

been extensively used in MC but never strictly evalu-

ated in randomized-controlled trials. Retrospective

assessment of sulfasalazine and mesalazine has reported

effect in 21–50% of the patients with CC or LC.21–23

Antibiotics such as metronidazole and erythromycin

have been used but not in a controlled fashion.21

Immunosuppressive therapy

In patients with steroid-resistant disease immunosup-

pressive therapy may be considered although it must

be pointed out that there are no supportive controlled

data.82, 83 An open study with azathioprine gave par-

tial or complete remission in eight of nine patients

with MC.82 Low-dose methotrexate was effective in 10

of 11 patients with prednisolone refractory CC. The

required median dose of methotrexate was 7.5 mg/

week. The clinical response to the therapy was rapid

and was seen within 3 weeks of treatment.84

Surgery

If medical therapy fails and alternative diagnoses are

ruled out, surgical therapy may be considered for

patients with severe MC. Split ileostomy was con-

ducted successfully in nine women with CC, whereas

others have reported a successful outcome both in

CC and LC after total or subtotal colectomy.48, 85–88

The proportion of patients that needs surgical ther-

apy today is small considering the progress of med-

ical therapy.

Table 2. Data from randomized, placebo-controlled studies of budesonide in collagenous colitis

Author
Number
of cases

Dosage of
budesonide
and
duration of
trial

Clinical response
in budesonide vs.
placebo treated cases

Histopathological
response in budesonide
vs. placebo-treated cases Side-effects

Baert et al.70 28 9 mg/day
for

8 weeks

8/14 vs. 3/14 (P ¼ 0.05) Reduction of lamina propria
inflammation in 9/13 vs.
4/12 (P < 0.001). No
difference in collagen
layer

Mild. No difference
between treatment
groups

Miehlke et al.71 45* 9 mg/day
for

6 weeks

Remission: 20/23 vs. 3/22
(P < 0.001)

Improvement in 14/23 vs.
1/22 (P < 0.001). No
difference in collagen
layer

Mild. 38% vs. 12%,
P ¼ 0.052

Bonderup et al.72 20 9 mg/day
for

8 weeks

10/10 vs. 2/10 (P < 0.001) Reduction of overall
inflammation (P < 0.01)
and of collagen layer in
sigmoid colon (P < 0.02)

None

* Per-protocol analysis, 51 patients were randomized but six were withdrawn early due to lack of efficacy or adverse events.
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PROGNOSIS

The long-term prognosis of MC is generally good. In

a follow-up study, 63% of the patients with CC had

lasting remission after 3.5 years, and in another

cohort study all 25 patients were improved

47 months after diagnosis and only 29% of them

required ongoing medication.89, 90 A benign course

was reported in 27 cases with LC with resolution of

diarrhoea and normalization of histology in over

80% of the patients within 38 months.91 Others

reported that 63% of the patients with LC had a sin-

gle attack of disease with a median duration from

onset of symptoms to remission of 6 months.22 Med-

ical therapy, however, may fail and surgical therapy

has been recommended in these single patients.

However, the number of patients requiring surgery

in the future will likely diminish considering that

the understanding of the diseases and the medical

therapy is advancing.

CONCLUSION

Collagenous colitis and LC are common causes of chro-

nic diarrhoea especially in elderly women and have a

significant impact on the patient’s quality of life. The

diagnosis depends on the awareness of the condition by

the clinician, the endoscopist and the pathologist.

Although the colonic mucosa is normal endoscopically,

mucosal biopsies must be obtained preferably from the

proximal colon. Medical therapy is generally successful.

Budesonide is the best-documented short-term treat-

ment in CC. It is the drug of choice in the patient not

responding to antidiarrhoeal drugs, cholestyramine,

aminosalicylates or bismuth subsalicylate and may be

the first-line treatment in the patient with severe symp-

toms. The evidence for bismuth subsalicylate is weaker

and the effectiveness of the other therapeutic alterna-

tives is unknown. Consequently, further studies are

necessary to define the best long-term management of

CC. In clinical experience a lower dose of budesonide,

3–6 mg/day, may well control the patient’s symptoms

long-term. Although unproven, azathioprine or methot-

rexate can alternatively be tried in the patient with

steroid-refractory or steroid-dependent disease. No con-

trolled treatment data are available in LC, but a strategy

similar to CC can be proposed, until evidence-based

recommendations can be made.
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Örebro County Research Committee, Örebro University
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Familial occurrence of microscopic coli-

tis: a report on five families. Scand J

Gastroenterol 2001; 36: 959–62.

47 Pardi DS. Microscopic colitis: an update.

Inflamm Bowel Dis 2004; 10: 860–70.

48 Järnerot G, Tysk C, Bohr J, Eriksson S.

Collagenous colitis and fecal stream diver-

sion.Gastroenterology 1995; 109: 449–55.

49 Jensen L, Munck LK. Elementary diet

reduces diarrhoea associated with micro-

scopic colitis. Scand J Gastroenterol

2005; 40: 1495–6.

50 Osterholm MT, MacDonald KL, White

KE, et al. An outbreak of a newly recog-

nized chronic diarrhea syndrome associ-

ated with raw milk consumption. JAMA

1986; 256: 484–90.

51 Bryant DA, Mintz ED, Puhr ND, Griffin

PM, Petras RE. Colonic epithelial

lymphocytosis associated with an epi-

demic of chronic diarrhea. Am J Surg

Pathol 1996; 20: 1102–9.

52 Mintz E. A riddle wrapped in a mystery

inside an enigma: Brainerd diarrhoea

turns 20. Lancet 2003; 362: 2037–8.

53 Makinen M, Niemela S, Lehtola J,

Karttunen TJ. Collagenous colitis and

Yersinia enterocolitica infection. Dig Dis

Sci 1998; 43: 1341–6.

54 Bohr J, Nordfelth R, Järnerot G, Tysk C.

Yersinia species in collagenous colitis: a

serologic study. Scand J Gastroenterol

2002; 37: 711–4.

55 Erim T, Alazmi WM, O’Loughlin CJ,

Barkin JS. Collagenous colitis associated

with Clostridium difficile: a cause

effect? Dig Dis Sci 2003; 48: 1374–5.

56 Perk G, Ackerman Z, Cohen P, Eliakim

R. Lymphocytic colitis: a clue to an

infectious trigger. Scand J Gastroenterol

1999; 34: 110–2.

57 LaSala PR, Chodosh AB, Vecchio JA,

Schned LM, Blaszyk H. Seasonal pattern

of onset in lymphocytic colitis. J Clin

Gastroenterol 2005; 39: 891–3.

58 Beaugerie L, Pardi DS. Review article:

Drug-induced microscopic colitis – pro-

posal for a scoring system and review

of the literature. Aliment Pharmacol

Ther 2005; 22: 277–84.

SYSTEMATIC REVIEW: MICROSCOPIC COL IT IS 1533

ª 2006 The Authors, Aliment Pharmacol Ther 23, 1525–1534

Journal compilation ª 2006 Blackwell Publishing Ltd



59 Fernandez-Banares F, Esteve M, Salas

A, et al. Bile acid malabsorption in

microscopic colitis and in previously

unexplained functional chronic diar-

rhea. Dig Dis Sci 2001; 46: 2231–8.

60 Ung KA, Gillberg R, Kilander A, Abra-

hamsson H. Role of bile acids and bile

acid binding agents in patients with col-

lagenous colitis. Gut 2000; 46: 170–5.

61 Ung KA, Kilander A, Willen R, Abra-

hamsson H. Role of bile acids in lymph-

ocytic colitis. Hepatogastroenterology

2002; 49: 432–7.

62 Lundberg JON, Herulf M, Olesen M,

et al. Increased nitric oxide production

in collagenous and lymphocytic colitis.

Eur J Clin Invest 1997; 27: 869–71.

63 Olesen M, Middelveld R, Bohr J, et al.

Luminal nitric oxide and epithelial

expression of inducible and endothelial

nitric oxide synthase in collagenous and

lymphocytic colitis. Scand J Gastroen-

terol 2003; 38: 66–72.

64 Perner A, Andresen L, Normark M, et al.

Expression of nitric oxide synthases and

effects of L-arginine and L-NMMA on

nitric oxide production and fluid trans-

port in collagenous colitis. Gut 2001;

49: 387–94.

65 Perner A, Nordgaard I, Matzen P, Rask-

Madsen J. Colonic production of nitric

oxide gas in ulcerative colitis, collagen-

ous colitis and uninflamed bowel. Scand

J Gastroenterol 2002; 37: 183–8.

66 Andresen L, Jorgensen VL, Perner A,

Hansen A, Eugen-Olsen J, Rask-Madsen

J. Activation of nuclear factor kappaB

in colonic mucosa from patients with

collagenous and ulcerative colitis. Gut

2005; 54: 503–9.

67 Burgel N, Bojarski C, Mankertz J, Zeitz

M, Fromm M, Schulzke JD. Mechanisms

of diarrhea in collagenous colitis. Gas-

troenterology 2002; 123: 433–43.

68 Bohr J, Järnerot G, Tysk C, Jones I, Eri-

ksson S. Effect of fasting on diarrhoea

in collagenous colitis. Digestion 2002;

65: 30–4.

69 Aqel B, Bishop M, Krishna M, Cangemi

J. Collagenous colitis evolving into

ulcerative colitis: a case report and

review of the literature. Dig Dis Sci

2003; 48: 2323–7.

70 Baert F, Schmit A, D’Haens G, et al.

Budesonide in collagenous colitis: a

double-blind placebo-controlled trial

with histologic follow-up. Gastroenter-

ology 2002; 122: 20–5.

71 Miehlke S, Heymer P, Bethke B, et al.

Budesonide treatment for collagenous

colitis: a randomized, double-blind, pla-

cebo-controlled, multicenter trial. Gas-

troenterology 2002; 123: 978–84.

72 Bonderup OK, Hansen JB, Birket-Smith

L, Vestergaard V, Teglbjaerg PS, Fall-

ingborg J. Budesonide treatment of col-

lagenous colitis: a randomised, double

blind, placebo controlled trial with

morphometric analysis. Gut 2003; 52:

248–51.

73 Fine KD, Ogunji F, Lee E, Lafon G, Tanzi

M. Randomized, double blind, placebo-

controlled trial of bismuth subsalicylate

for microscopic colitis. Gastroenterology

1999; 116: A880.

74 Munck LK, Kjeldsen J, Philipsen E,

Fischer Hansen B. Incomplete remission

with short-term prednisolone treatment

in collagenous colitis: a randomized

study. Scand J Gastroenterol 2003; 38:

606–10.

75 Madisch A, Miehlke S, Eichele E, Bethke

B, Mrwa J, Kuhlisch E. Boswellia serrata
extract for the treatment of collagenous

colitis. Gut 2005; 54 (Suppl. VII): A16.

76 Wildt S, Munck LK, Vinther-Jensen L,

et al. Treatment of collagenous colitis

with Lactobacillus acidophilus and Bifi-
dobacterium animalis subsp lactis. A

randomised double-blind placebo-con-

trolled trial. Gut 2005; 54 (Suppl. VII):

A16.

77 Chande N, McDonald J, Macdonald J.

Interventions for treating collagenous

colitis. Cochrane Database Syst Rev

2005; CD003575.

78 Jung D, Fantin AC, Scheurer U, Fried M,

Kullak-Ublick GA. Human ileal bile acid

transporter gene ASBT (SLC10A2) is

transactivated by the glucocorticoid

receptor. Gut 2004; 53: 78–84.

79 Miehlke S, Madisch A, Voss C, et al.

Long-term follow-up of collagenous

colitis after induction of clinical remis-

sion with budesonide. Aliment Pharma-

col Ther 2005; 22: 1115–9.

80 Bohr J, Olesen M, Tysk C, Järnerot G.

Budesonide and bismuth in microscopic

colitis. Gut 1999; 45: A202.

81 Tromm A, Niewerth U, Khoury M, et al.

The probiotic E. coli strain Nissle 1917

for the treatment of collagenous colitis:

first results of an open-label trial.

Z Gastroenterol 2004; 42: 365–9.

82 Pardi DS, Loftus EV Jr, Tremaine WJ,

Sandborn WJ. Treatment of refractory

microscopic colitis with azathioprine

and 6-mercaptopurine. Gastroenterology

2001; 120: 1483–4.

83 Vennamaneni SR, Bonner GF. Use of

azathioprine or 6-mercaptopurine for

treatment of steroid-dependent lympho-

cytic and collagenous colitis. Am J

Gastroenterol 2001; 96: 2798–9.

84 Hillman LC, Ashton C, Chiragakis L,

Kaye G, Clarke AC. Collagenous colitis

remission with methotrexate. Gastroen-

terology 2001; 120: A278.

85 Riaz AA, Pitt J, Stirling RW, Madaan S,

Dawson PM. Restorative proctocolecto-

my for collagenous colitis. J R Soc Med

2000; 93: 261.

86 Varghese L, Galandiuk S, Tremaine WJ,

Burgart LJ. Lymphocytic colitis treated

with proctocolectomy and ileal

J-pouch-anal anastomosis: report of a

case. Dis Colon Rectum 2002; 45: 123–

6.

87 Williams RA, Gelfand DV. Total procto-

colectomy and ileal pouch anal anasto-

mosis to successfully treat a patient

with collagenous colitis. Am J Gastroen-

terol 2000; 95: 2147.

88 Yusuf TE, Soemijarsih M, Arpaia A,

Goldberg SL, Sottile VM. Chronic micro-

scopic enterocolitis with severe hypo-

kalemia responding to subtotal

colectomy. J Clin Gastroenterol 1999;

29: 284–8.

89 Goff JS, Barnett JL, Pelke T, Appelman

HD. Collagenous colitis: histopathology

and clinical course. Am J Gastroenterol

1997; 92: 57–60.

90 Bonner GF, Petras RE, Cheong DM, Gre-

wal ID, Breno S, Ruderman WB. Short-

and long-term follow-up of treatment

for lymphocytic and collagenous colitis.

Inflamm Bowel Dis 2000; 6: 85–91.

91 Mullhaupt B, Guller U, Anabitarte M,

Guller R, Fried M. Lymphocytic colitis:

clinical presentation and long term

course. Gut 1998; 43: 629–33.

1534 N. NYHL IN et al.

ª 2006 The Authors, Aliment Pharmacol Ther 23, 1525–1534

Journal compilation ª 2006 Blackwell Publishing Ltd


