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I Introduction

The past two decades have brought major changes 
in the treatment of inflammatory bowel disease 
(IBD). For example, complications that were once 
treated almost exclusively by surgery are increas-
ingly becoming accessible by endoscopic proce-
dures, while the emergence of biologics has revo-
lutionized pharmacological care. Guidelines from 
national (German Society for Gastroenterology, 
Digestive and Metabolic Diseases, DGVS) and in-
ternational (European Crohn’s and Colitis Organi-
sation, ECCO) societies provide evidence-based 
diagnostic and treatment recommendations allow-
ing optimal implementation. Nonetheless, it must 
be emphasized that there is no such thing as the 
hypothetical “ideal guideline patient”, and hence 
each treatment option must be tailored to each 
individual patient.

Just as there is no “ideal guideline patient”, there is 
also no “one laboratory parameter” that adequate-
ly reflects all phases of a condition from diagnosis 
to recurrence (fig. 1).
Several new serological and fecal biomarkers have 
become established in recent years. Measurement 
of ASCA and pANCA in serum and calprotectin in 
stool have been integral lab-based components 
of IBD diagnosis for years. New methods to meas-
ure the concentration of biologics and their cor-
responding anti-drug antibodies (ADA) in blood are 
now providing the first opportunity to optimize 
these new drugs to the pharmacokinetics of each 
individual patient and provide hints about the 
possible need to shorten dosage intervals, increase 
dosage, or switch to a new antibody.  
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Figure 1:
Clinical course of inflammatory bowel disease and potential diagnostic value of laboratory parameters
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In contrast, the fecal neutrophil markers calpro-
tectin and lactoferrin allow timely detection of a 
flare following remission induced by medication 
or surgery. These markers also allow for non-in-
vasive monitoring of treatment response in the 
form of mucosal healing.
A complete arsenal of tests for autoantibodies also 
helps predict disease forms with mounting com-
plications and allows treatment escalation at ear-
lier time points.
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II  Diagnosis and differential diagnosis of  
inflammatory bowel disease (IBD)

1 Differential diagnosis:  
IBD vs. infectious gastroenteritis

Patients with a primary symptom of persistent 
bloody, mucous diarrhea may have either IBD or 
a gastrointestinal infection, the latter of which 
thus represents the most important differential 
diagnosis both for initial onset and clinical relapse 
of IBD.
It is often not possible to reliably distinguish the 
endoscopic pathologies caused by infectious colitis 
from those caused by ulcerative colitis or Crohn’s 
disease. For example, edema, mucosal reddening, 
increased susceptibility to injury, aphthoid lesions, 
and ulcers may be observed in patients with in-
fectious colitis. These infections typically initially 
present with diffuse mucosal changes. After 2–3 
weeks, this transitions into a discontinuous spread 
with discrete erosions and ulcers. In rare cases, in-
fectious colitis may also be chronic and persist for 
months (e.g. Entamoeba, Yersinia).
Laboratory tests to diagnose microbial etiologies of 
infectious gastroenteritis require that sensitive and 
specific techniques be available at short notice. 
The range of available tests must also account for 

the fact that the spectrum of diarrheal pathogens 
is continuously expanding in the age of global 
tourism (table 1). Consequently, there is an in-
creasing demand for complex and costly labora-
tory work with special culture media and special 
incubation conditions, special time-consuming 
staining procedures, and expensive immunologi-
cal and molecular genetic techniques for the 
identification of toxins, antigens and molecular 
virulence factors 1.
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Pathogen Culture Toxin Antigen ELISA PCR Microscopy Specific stain

Clostridioides difficile Stool Stool – Culturea – –

Other bacteriab Stool – Stoolc – – –

EPEC/EaggEC* Stool – – Culture – –

EHEC** Stool Stool – Culture – –

Cryptosporidia – – Stool – – Stool

Cyclospora – – – – – Stool

Giardia – – Stoold – Stool –

Entamoeba – – Stoold – Stool –

Microsporidia – – – Stool – Stool

Isospora belli – – – – Stool Stool

Blastocystis hominis – – – – Stool –

Strongyloides – – – – Stoole –

Helminth eggs – – – – Stool –

Rotaviruses – – Stool – – –

Adenoviruses – – Stool – – –

Noroviruses – – Stool Stool – –

Cytomegaloviruses – – – Biopsy – –

a cultured bacteria
b Salmonella, Shigella, Campylobacter, Yersinia, Vibrio, Aeromonas
c Campylobacter jejuni/coli
d fresh stool needed to detect cysts
e fresh stool needed to detect larva
* EPEC/EaggEC = Enteropathogenic/enteroaggregative Escherichia coli; ** EHEC = Enterohemorrhagic E. coli

Table 1: 
Microbiological testing methods for bacterial, parasitic, and viral pathogens of the GI tract (from Kist1)
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Stool samples are most suitable material for mi-
crobiological testing of patients with acute and 
chronic diarrhea (table 2). Unfixed colonic biop-
sies are needed to detect cytomegalovirus (CMV) 
infection. Fresh small bowel biopsies can be use-
ful for testing for microsporidia by histology or 
molecular biology, while small bowel or bile duct 
biopsies may be helpful for Cryptosporidium spp. 
in addition to stool testing.
For bacteriological examination on suspicion of 
shigellosis or campylobacteriosis or for the detec-
tion of Clostridioides difficile toxin, stool samples 
should be tested promptly, and at the latest, within 
24 hours of collection.
Examination for parasites requires fresh stool sam-
ples (< 1 hour) in order to microscopically detect 
vegetative forms of Entamoeba histolytica and 
Giardia lamblia. Likewise, infestation with Stron
gyloides stercoralis can only be diagnosed via mi-
croscopic detection of living larval stadia in fresh 
stool, since helminth eggs are not present in stool.  
In stool samples that are parasitologically examined 
more than 1 hour after collection, only cysts and 
spores of the relevant protozoa, as well as micro-
sporidia and helminth eggs remain detectable. 

These samples are also still suitable for ELISA-
based detection of protozoan antigens (Entamoeba, 
Giar dia, Cryptosporidium).
A single stool sample is usually sufficient for micro-
bial testing and toxin detection. In order to rule 
out parasitic infections with adequate certainty, 
three suitable stool samples must be analyzed, 
preferably from three consecutive days1. The utility 
of “dysbiosis tests” remains unconfirmed and 
hence they are not recommended. The conven-
tional methods used for the detection of indi-
vidual pathogens and the appropriate test ma-
terials are summarized in table 11.
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Test for Test material Transport conditions

Vibrio cholerae Stool (in peptone water) By courier and register with lab

Other enteric pathogens and/or  
their toxins

Stool (in Cary-Blair medium  
if needed)

Do not transport longer than 24 hours, 
shorter better

Parasites (cysts) and  
Strongyloides larvae

Stool Do not transport longer than 1 hour, 
shorter better

Parasites (cysts and spores) Stool (in SAF fixative if needed) Do not transport longer than 24 hours 
before test

Microsporidia spp. Plus small intestinal biopsy  
for histology and NAATa

Fixed and unfixed

Cryptosporidia spp. Plus small intestinal biopsy  
and bile duct biopsya

Fixed for histology

Viral antigens Stool Do not transport longer than 24 hours, 
shorter better

Cytomegaloviruses Colonic biopsy For PCR in water or alcohol

NAAT = Nucleic acid amplification test
a in addition to stool samples

Table 2: 
Test materials and transport conditions (from Kist1)
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2 Differential diagnosis:  
IBD vs. food intolerance

Non-toxic and non-immune-mediated food intol-
erances that have functional and structural causes 
(fig. 2) are much more prevalent (15–20%) than 
immune-mediated allergies (2–5%) or toxic pathol-
ogies. For this reason, non-immune-mediated food 
intolerance such as carbohydrate malabsorption, 
neurodermatitis, or exocrine pancreatic insufficien-
cy should first be ruled out as a differential diag-
nosis whenever the trigger of the symptoms is not 
known. This approach is also appropriate in light 
of the frequent association of carbohydrate mal-
absorption, histamine intolerance, or infections with 
atopic disorders or food allergies.
Stepwise diagnosis of a food intolerance begins 
with the patient’s dietary history, a food diary, skin 
tests (e.g. prick test) for food extracts, environmen-
tal antigens, molds, spices, etc., and measurement 
of total immunoglobulin (Ig)E and the suspected 
allergen-specific IgE antibodies in serum, in order 
to find indications of an IgE-specific hypersen-
sitivity.

If the normal differential diagnoses have been ruled 
out in this situation and routine diagnostic para-
meters (history, skin test, antigen-specific IgE) do 
not provide any specific indication, a local (sero-
negative) allergy or a non-IgE-mediated allergy 
must be kept in mind. The diagnostic repertoire is 
much smaller for type II–IV hypersensitivity reac-
tions which are not IgE-mediated than for type I 
hypersensitivity reactions, which can be detected 
systemically. Potential markers of a delayed type 
II–IV food intolerance include a prick test read out 
after 24–48 hours, measurement of C3 and C4 
complement factors (consumption), measurement 
of immune complexes (IgG, IgA, IgM, and IgE), 
and cytokine analysis2.
Although the German Society for Allergology and 
Clinical Immunology calls for structured oral chal-
lenge tests, these are not performed in clinical 
practice due to their complexity. For this reason, 
urine levels of methylhistamine should be meas-
ured (normal < 6.5 µg methylhistamine/mmol 
creatinine x m² body surface area) as a screening 
measure. If the condition cannot be identified by 
routine IgE and/or non-IgE-based tests in patients 
with elevated methylhistamine excretion, internal 
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Fig. 2:
Differential diagnosis of food intolerance3
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differential diagnoses should be examined, and tar-
geted allergy diagnosis should be performed by 
endoscopy.
Endoscopy-guided segmental lavage is the most 
effective method for detecting intestinal IgE anti-
bodies and other mediators of allergies (e.g. eosin-
ophil cationic protein, ECP). This method is carried 
out with 50–100 ml of saline and can generally be 
performed across the entire GI tract, but is particu-
larly effective in the terminal ileum, cecum, and rec-
tosigmoid junction (detailed description in Raithel2).

3 Differential diagnosis:  
IBD vs. celiac disease

Celiac disease is a permanent gluten-sensitive en-
teropathy. Gluten is an adhesive protein in wheat 
and related grains (spelt, barley, rye, etc.). Advanced 
stages of the disease are characterized by villous 
atrophy and crypt hypertrophy in the small intes-
tinal mucosa, both of which are, however, not 
sufficiently specific for a diagnosis. The disease is 
most often clinically silent (reviewed in German 
by Stein4). There have been many reports of an 

association between celiac disease and IBD, es-
pecially ulcerative colitis. Celiac patients are at a 
10-fold greater risk of developing IBD. Hence, ce-
liac disease is an important differential diagnosis 
during the initial diagnosis of IBD, particularly in 
patients with elevated transaminases of unclear 
origin, but also with abdominal symptoms of un-
known cause5-7.
The value of antibody testing in the diagnosis of 
celiac disease has increased in recent years with 
the introduction of anti-endomysial antibodies 
(table 3). Testing for specific anti-endomysial IgA 
antibodies is of great importance for diagnosing 
celiac disease in adults. However, anti-tissue trans-
glutaminase antibodies (anti-tTG) levels are of equal 
diagnostic value, as their sensitivity and specificity 
has been reported to be 95–99% in adults. In 
both cases, it must be kept in mind that approxi-
mately 2–5% of all celiac patients have an IgA 
deficiency, which leads to negative results in IgA 
tests. Given that individuals with IgA deficiency 
have a 10-fold higher risk of developing celiac 
disease than the general population, the possibil-
ity of IgA deficiency must always be excluded. 
Antibody levels can also be determined for IgG 
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Sensitivity (%) Specificity (%) Positive
predictive value (%)

Negative
predictive value (%)

IgA AGA 85 (57–100) 90 (47–94) 18 99

IgG AGA 85 (42–100) 80 (50–94) 31 99

EMA 95 (86–100) 99 (97–100) 83 99

IgA anti-tTGa 98 (78–100) 98 (90–100) 72 99

IgG anti-tTGb 70 (45–95) 95 (94–100) 42 99

IgA anti-DGP 88 (74–100) 95 (90–99) 44 99

IgG anti-DGP 80 (63–95) 98 (90–99) 68 99

IgA/IgG anti-DGP 97 (75–99) 95 (87–100) 51 99

AGA = Anti-gliadin antibodies; DGP = Deamidated gliadin peptide; EMA = Anti-endomysial antibodies; tTG = Tissue transglutaminase
a Only anti-human tTG-based assays; older tests based on guinea pig antibodies have a much lower sensitivity and specificity. 
b The sensitivity is significantly higher among the IgA-deficient population (approx. 90–95%) but lower in the total population of celiac patients.

Table 3: 
Antibodies for the differential diagnosis of celiac disease (adapted from Stein4, Leffler and Schuppan8)
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class antibodies for the two antigens described 
above, even though the sensitivity is lower in both 
cases. The same antibodies can also be measured 
to diagnose dermatitis herpetiformis.
Anti-gliadin antibodies (AGA) targeting all types 
of gliadin (α, β, γ, ω) can also be detected in the 
serum of celiac patients. However, determination 
of these antibodies in adults is now obsolete due 
to their limited diagnostic value4.
In contrast, recently developed assays based on 
deamidated gliadin peptide (DGP) exhibit charac-
teristics equivalent to those of the tTG-IgA assay.

4 Markers for differential diagnosis of  
ulcerative colitis and Crohn’s disease

Even after all clinical, endoscopy, and histological 
findings have been evaluated, differentiation be-
tween Crohn’s disease and ulcerative colitis none-
theless proves difficult in about 10% of patients 
(→ indeterminate colitis), particularly in the initial 
stages of the diseases. In many cases, the correct 
diagnosis can be made with the help of (auto-)
antibodies.

Antibodies targeting goblet cells (anti-intestinal 
goblet cell autoantibodies, GAB) were identified in 
ulcerative colitis patients as early as 19599. A pro-
tein of about 40 kDa in size was identified in in-
flamed colonic mucosa as a target antigen. This 
antigen was later determined to be human tropo-
myosin (isoform 5) and has since also been de-
tected in the skin, joints, and bile duct epithelia10. 
The diagnostic sensitivity and specificity of GAB 
depend greatly on the method of detection used. 
Specificities of up to 100% have been reported 
with optimal test conditions, although the sensitiv-
ity of these tests is only about 15–46% (table 4).

Anti-neutrophil cytoplasmic antibodies 
(ANCA)
Anti-neutrophil cytoplasmic antibodies (ANCA) are 
found in many autoimmune disorders. pANCA, 
which targets myeloperoxidase, is often found in 
patients with idiopathic glomerulonephritis. These 
antibodies must be differentiated from atypical 
pANCA (fig. 3), which react with lysosomal en-
zymes in the cytoplasm of neutrophils and mono-
cytes and were first described in ulcerative colitis 
patients by Saxon et al.11 in 1990. The molecular 
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Prevalences

Serological 
markers

Epitopes Iso-
types

CD UC Healthy Sensi-
tivity*

Speci-
ficity*

ASCA Carbohydrate epitope (Man-α-1,3 
Man-α-1,2) found in phospho-
peptidomannans in the cell wall  
of Saccharomyces cerevisiae, also 
expressed by Candida albicans

IgG/IgA 50–70% 5–15% 0–5% 50–70% 80–85%

pANCA As-yet unidentified lysosomal en-
zymes in neutrophils and monocytes

6–20% 50–70% 0–2,5% 65–70% 80–85%

Anti-OmpC Escherichia coli outer membrane 
porin C

IgG/IgA 20–55% 10% 5% 20–55% 88.5%

Anti-I2 Pseudomonas fluorescens  
associated bacterial sequence

IgA 54% 10% 4% 42% 76%

Anti-CBir Flagellin CBir  
(Clostridium subphylum)

IgG 50% 15% 8%

ALCA Carbohydrate laminaribioside  
(Glc-β-1,3 Glc)

IgG 17.7–27% 4–7% 2% 18% 93%

ACCA Carbohydrate chitobioside  
(GlcNAc-α-1,4 GlcNAc)

IgA 20.7–25% 5–15% 12–15% 21% 85%

AMCA Anti-mannobioside  
(Man-α-1,3 Man)

IgG 28% 18% 8% 28% 82%

GAB Intestinal goblet cells  
(tropomyosin isoform 5)

IgG ND ND ND 46% 98%

PAB Exocrine pancreas IgG 27–41% 0–8% 0–5% 30% 100%

* at differentiating between Crohn’s disease (CD) versus ulcerative colitis (UC); ND = Not determined

Table 4: 
Antibodies used for differential diagnosis between Crohn’s disease and ulcerative colitis
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Fig. 3: 
Immunofluorescence images of (a) antibodies against intestinal goblet cells (GAB), (b) anti-Saccharomyces cerevisiae antibodies 
(ASCA), (c) perinuclear anti-neutrophil cytoplasmic antibodies (pANCA), (d) antibodies against the exocrine pancreas (PAB),  
(e) antibodies against glycoprotein 2 (GP2), and (f) antibodies against CUB and zona pellucida-like domain-containing protein 1 
(CUZD1). Used with kind permission of Prof. Dr. Stöcker and Dr. Teegen, Klinisch-immunlogisches Labor, Lübeck, Germany.

a

d

b

e

c

f
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target antigen for these antibodies has yet to be 
definitively identified12. In addition to cathepsin G 
and elastase, DNA-bound lactoferrin has also been 
proposed as a marker13.
pANCA can be detected in 67–88% of ulcerative 
colitis patients but in less than 7% of Crohn’s pa-
tients and up to 50% of patients with primary 
sclerosing cholangitis (PSC)14. The sensitivity and 
specificity of pANCA depend greatly on the de-
tection method and the quality of the neutrophils 
used. For example, the specificity for ulcerative co-
litis can be increased from 72% to 92% if the 
neutrophils are incubated with DNAse before de-
tection by IFA (indirect immunofluorescence assay). 
The typical perinuclear staining pattern is absent 
in positive cases15. 
Cytoplasmic ANCA (cANCA) specific for protein-
ase 3 (PR3) is an autoantibody marker for granu-
lomatosis with polyangiitis (GPA, previously known 
as Wegener’s granulomatosis). PR3 is a serine pro-
teinase localized to neutrophil granules that acti-
vates interleukin (IL)-1β. Anti-PR3 can also be de-
tected in 15–40% of patients with ulcerative colitis 
but in no more than 10% of patients with Crohn’s 
disease16.

Anti-Saccharomyces cerevisiae antibodies 
(ASCA)
Anti-Saccharomyces cerevisiae (brewer’s yeast) anti-
bodies (ASCA) which have primarily been reported 
in Crohn’s disease, are antibodies that target the 
oligomannosidic epitopes in the cell membrane of 
this yeast species17. Specific antibodies from both 
IgA and IgG classes can be identified by ELISA. 
A specificity of 92–97% (sensitivity 40–72%) has 
been reported variously in the literature (reviewed 
in Bossuyt18).
Since pANCA is rarely found in Crohn’s disease and 
ASCA is rarely found in ulcerative colitis, combin-
ing these two tests can increase their specificity 
for sub-classifying IBD even further18: The combina-
tion ASCA+/pANCA- is highly specific for Crohn’s 
(92–97%) and, vice versa, ASCA-/pANCA+ is high-
ly specific for ulcerative colitis (88–98%). Con-
versely, the moderate sensitivities of 38–64% and 
44–58%, respectively, are a drawback of this meth-
od19-25. A study in children with indeterminate co-
litis reported that this combination allowed 80% 
of Crohn’s cases and 63.6% of ulcerative colitis 
cases to be successfully diagnosed. Neither ASCA 
nor pANCA antibodies were detected in 48.5% of 
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children, a finding that was confirmed through 
additional follow-up and which suggests that 
this pattern may represent a stand-alone clinical/
serological entity26,27.
In contrast, Ruemmele et al.15 reported a high rate 
of discrimination in another pediatric study. In this 
study, children with indeterminate colitis were pri-
marily pANCA-positive and ASCA-negative, which 
supports the notion that clinically indeterminate 
colitis in children is in fact a variant of ulcerative 
colitis.
On the other hand, a European study on a large 
population of adults with indeterminate colitis 
detected neither ASCA nor pANCA in 85% of 
subjects. The authors, Joossens et al.26, speculated 
that this phenotype of IBD might represent a clin-
ical/serological subgroup that was previously un-
defined.
There is still no consensus about whether detec-
tion of pANCA in ulcerative colitis patients is as-
sociated with more severe outcomes of left-sided 
colitis or treatment-refractory forms of the disease28. 
It is, however, clear that chronic pouchitis is signifi-
cantly more common in patients with pANCA titers 
> 100 U/ml29,30, with reports of an even greater 

risk of pouchitis in patients who are also anti-CBir1-
positive31.

Anti-exocrine pancreas antibodies in 
Crohn’s disease
Antibodies targeting exocrine pancreatic tissue (pan-
creatic antibody, PAB) were first reported in IBD 
patients in 1984. They were detected in 29–39% 
of Crohn’s patients but only in 0–4% of ulcera-
tive colitis patients32-34. The major antigens recog-
nized by PAB were identified as glycoprotein 2 (GP2) 
as well as CUB and zona pellucida-like domain-
containing protein 1 (CUZD1)35. 
Antibodies against GP2 are promising serum mark-
ers for distinguishing between ulcerative colitis 
and Crohn’s disease. GP2 is a membrane receptor 
that can be detected in several types of cells in-
cluding the M cells of intestinal Peyer’s patches. It 
interacts with FimH-positive bacteria and mediates 
bacteria-specific immune reactions of the intestinal 
mucosa36. Because M cells are more numerous in 
the small intestine than in the colon, the rate of 
anti-GP2-positive patients is much higher in Crohn’s 
than in ulcerative colitis37. Crohn’s colitis patients 
also have significantly lower titers of anti-GP2 than 
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patients whose disease is restricted to the ileum38,39. 
Moreover, high levels of anti-GP2 were associated 
with early onset of disease, L3 localization, and 
longer disease duration40,41. In contrast to GP2, 
the biological function of CUZD1 remains mostly 
unknown. It has been postulated to be involved 
in regulating the homeostasis between immune 
response and immune tolerance42. Anti-CUZD1 is 
particularly common among Crohn’s patients with 
ileocecal disease, perianal lesions, and stricturing 
disease43.

Anti-microbial antibodies
In recent years, numerous other antibodies such 
as the anti-outer membrane porin C (OmpC) of 
Escherichia coli, anti-Pseudomonas-associated se-
quence I2 (anti-I2) and the antibacterial flagellin 
CBir1 (anti-CBir1), as well as antibodies target-
ing specific carbohydrate chains of bacterial mem-
branes (anti-glycan antibodies), have been detect-
ed in IBD patients, especially those with Crohn’s 
disease. These include anti-mannobioside carbo-
hydrate antibodies (AMCA), anti-laminaribioside 
carbohydrate antibodies (ALCA), anti-chitobioside 
carbohydrate antibodies (ACCA), anti-laminarin 

carbohydrate antibodies (anti-L) and anti-chitin 
carbohydrate antibodies (anti-C)44-53. The identifi-
cation of these and other antibodies supports the 
hypothesis that IBD leads to a dysfunction of the 
non-specific (local) immune system with a loss of 
immunological tolerance to a fraction of the com-
mensal microbiota. Remarkably, up to 44% of 
ASCA-negative Crohn’s patients have detectable 
anti-glycan antibodies52.
Antibody titers do not correlate with either dis-
ease activity or response to treatment. Even though 
the serum concentrations of some antibodies in-
crease slightly over years of prolonged disease, 
they are generally observed to be stable across the 
duration of the disorder48,54. However, a significant 
increase in complications or requirement for sur-
gery is associated with titer levels and the num-
ber or levels of cumulative serum titers46,48-51,53.
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III Markers of disease activity

Suitable methods for non-invasive evaluation of 
inflammation in IBD patients include both well-
known imaging modalities (ultrasound, MR/CT en-
terography) and the measurement of serum levels 
of acute phase proteins and stool levels of neu-
trophil markers.

1 Acute phase proteins

Acute phase proteins (APPs) are defined as pro-
teins whose serum concentration increases (posi-
tive APPs) or decreases (negative APPs) by more 
than 25% during inflammatory disease. Their syn-
thesis occurs primarily in the hepatocytes, but also 
extrahepatically to differing degrees in different 
species. They may engage up to 20% of the pro-
tein synthetic capacity of the liver during an in-
tense inflammatory reaction (sepsis)55. The syn-
thesis and secretion of APPs are not regulated by 
the direct effects of toxic agents on hepatocytes 
but instead indirectly mediated by cytokines, which 
in turn are produced by activated immune cells at 
the site of injury (fig. 4). Depending on the trigger, 
APPs are sub-classified as type 1 APPs (primarily 

IL-1β and TNFα) and type 2 APPs (primarily IL-6). 
They are also classified by the magnitude and re-
sponse time for upregulation into major (10- to 
1,000-fold), moderate (2- to 10-fold) and minor 
(< 2-fold) (table 5).
Each APP has a different and unique function, in-
cluding inhibiting proteinases, regulating the coag-
ulation and fibrinolysis systems, modulating im-
mune functions, binding radical oxygen species, 
and more (table 5).

C-reactive protein (CRP)
C-reactive protein (CRP) is a classic example of 
an APP. It is a 105 kDa annular pentameric pro-
tein comprised of five identical subunits. The term  
“C-reactive” refers to its ability to bind the C-poly-
saccharide of Streptococcus pneumoniae in a cal-
cium-dependent manner, as was first described in 
1930 by Tillet and Francis Jr.56.
One of its key functions is related to the high af-
finity between CRP and the phosphocholine-rich 
membrane structures of infectious pathogens, 
which leads to aggregation with consecutive op-
sonization of the foreign agents by activation of 
the complement system57,58.
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Acute phase proteins
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Fig. 4: 
Acute phase reaction in humans
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Acute phase  
proteins

Normal con-
cen trations

(mg/l)

Response 
time (h)

Increase
(fold normal)

Function during inflammation

Inhibiting 
proteases

Clotting/  
fibrinolysis

Opso ni-
zation

Immune 
modulation

CRP
Procalcitonin 
Serum amyloid A 
α1-Antichymotrypsin

< 5
< 0.0005

< 0.01
0.3–0.6

6–10
2–4
6–10
10

10- to  
1,000-fold

x

x
x

x

α1-Acid glycoprotein 
α1-Antitrypsin
Fibrinogen
Ferritin
Haptoglobin
Hepcidin

500–1,400
1,900–3,500
2,000–4,500

20–200
700–3,800

24–48
24–48
24–48

24–48

2- to 10-fold
x

x

x
x

x

Ceruloplasmin
C1 inhibitor
α2-Antiplasmin
Complement C3
Complement C4

150–600
0.15–0.35
0.04–0.08
500–1,200
200–500

48–72

48–72
48–72

1- to 2-fold
x

x

x

Albumin
Pre-albumin
Transferrin
α1-Lipoproteins

35–53*
250
2.9*

Decrease
Decrease
Decrease
Decrease

* adults up to age 65, g/l

Table 5: 
Acute phase proteins in humans
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CRP is measured in serum using nephelometric or 
turbidimetric immunoassays following addition of 
highly specific antibodies. The limit of quantitation 
is 3–5 mg/l. Latex-enhanced assays have a limit of 
quantitation of 0.1–0.3 mg/l (called highly sensi-
tive [hs]-CRP).
The diagnostic value of CRP testing in IBD patients 
lies in its sensitivity and its comparatively short re-
sponse time (6–10 h) and half-life (18 h), which 
permits therapeutic monitoring. A satisfactory 
correlation between CRP levels and (mucosal) in-
flammation exists only in Crohn’s disease, not in 
ulcerative colitis. This is assumed to be due both 
to the fact that the inflammation in ulcerative co-
litis is restricted to the mucosa and the fact that 
rectal inflammation is drained via the vena cava, 
leading to lower systemic concentrations of IL-6. 
The potential importance of polymorphisms in 
the CRP gene is still the subject of debate59,60.
Because the hepatic synthesis and clearance of CRP 
varies greatly from person to person, its levels are 
not reliably predictive of disease activity or spread.
The low specificity of the test is another drawback, 
since it is not possible to distinguish between 
Crohn’s disease and ulcerative colitis or infectious 

colitis. There is also no added diagnostic value to 
the determination of hs-CRP at values of < 5 mg/l.

Procalcitonin (PCT)
Procalcitonin (PCT) is a 13 kDa precursor of the 
hormone calcitonin that is normally only produced 
by the C cells of the thyroid. Unlike calcitonin, it is 
not released into the bloodstream. However, during 
bacterial, fungal, and protozoan infections, the cal-
citonin gene is expressed and PCT is produced by 
organs other than the thyroid (liver, kidneys, fatty 
tissue, and muscles) and released into the blood. 
Endotoxin-producing, gram-negative bacteria are 
thought to be the most potent stimuli of PCT re-
lease, with interleukins such as tumor necrosis factor 
(TNF)α and IL-6 being much weaker stimuli. PCT 
levels also increase during infections by gram-posi-
tive bacteria and by fungi – but not by viruses – 
as well as in autoimmune and allergic disorders. 
In contrast to CRP, PCT can be detected in serum 
as early as after 2–4 hours, and reaches a plateau 
after 6–8 (12) hours. Its half-life is approx. 24 hours 
but may be prolonged by 30–40% in patients with 
end stage kidney disease.
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PCT is measured quantitatively in plasma (EDTA, 
citrate, heparin plasma) or serum using a chemilu-
minescent immunoassay or semi-quantitatively us-
ing a solid-phase immunoassay61.
The normal level for children and adults is  
< 0.5 µg/l. Systemic inflammation of bacterial or-
igin can lead to levels above 1,000 µg/l depend-
ing on the severity of inflammation, with a strong 
correlation between PCT levels, inflammation se-
verity, and mortality62.
The diagnostic value of PCT measurement lies in its 
high specificity for inflammation caused by bacte-
rial infection63. It is currently considered to be the 
only marker of sepsis suitable for modern clinical 
requirements in critical care owing to its high spec-
ificity and sensitivity for early and differentiated 
diagnosis64. Only two small studies are presently 
available on the benefit of PCT in the differential 
diagnosis between inflammatory bowel disease 
and bacterial enterocolitis. Both of these studies 
confirm the high specificity of PCT in the differ-
ential diagnosis between infectious gastroenteritis 
and IBD but also demonstrate that CRP is vastly 
superior for longitudinal monitoring of inflamma-
tory activity65,66. Interestingly, recent studies have 

reported a quite good correlation between PCT, 
CRP, and endoscopic/radiographic markers of IBD 
activity as well as response to intravenous steroid 
therapy for severe acute ulcerative colitis67,68. 

α1-Acid glycoprotein (orosomucoid)
α1-Acid glycoprotein (orosomucoid) is an approx. 
42 kDa protein with a high degree of glycosylation 
(45%) which represents the major component of the 
seromucoid fraction. Due to its much longer re-
sponse time (24–48 h) and even longer half-life 
(120–144 h)69 than CRP, orosomucoid currently plays 
no role in the monitoring of inflammation in IBD 
patients60 despite claims by earlier publications70,71.

Lipopolysaccharide-binding protein
Lipopolysaccharide-binding protein (LBP) is a  
58 kDa, type 1 acute phase protein that mediates 
endotoxin-induced activation of mononuclear cells 
via the CD14 receptor. It is primarily synthesized 
by the liver but also by intestinal and pulmonary 
epithelia. At 36 hours, its induction time is much 
longer than those of PCT and CRP. Like CRP, LBP 
levels are elevated during inflammation of both 
infectious and non-infectious origin. However, due 
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to the very small number of publications on this 
serological marker, it has not been possible to 
date to justify an indication for its routine use in 
IBD. Indeed, the first larger prospective study in 
IBD patients found no diagnostic benefit of LBP 
over hs-CRP72.

Hepcidin
Hepcidin is a 25-amino-acid-long antimicrobial 
peptide first described by Nemeth et al.73 in 2003 
as a type 2 APP. Measurement of hepcidin is pri-
marily suitable for the differential diagnosis of iron 
deficiency anemia in patients with inflammatory 
bowel disease owing to its role as the negative 
“master regulator” of iron absorption74.

α1-Antitrypsin
Although serum and stool levels of the approx. 
60 kDa acute phase protein α1-antitrypsin corre-
late well with endoscopic and clinical disease ac-
tivity indices in IBD patients, they have been 
demonstrated to be inferior to fecal leukocyte 
markers (calprotectin, lactoferrin) at evaluating in-
flammation. A further drawback is the need to 
collect a 24-hour sample for the more sensitive 

measurement of α1-antitrypsin clearance. However, 
it remains valuable as a laboratory marker for pri-
mary and follow-up diagnosis of enteric protein 
loss in patients with protein-losing enteropathy75.

Erythrocyte sedimentation rate  
(ESR, Westergren method)
Although an elevated ESR correlates quite well 
with inflammation activity in Crohn’s colitis, the 
correlation is inadequate for Crohn’s terminal ilei-
tis or for ulcerative colitis76. The main disadvan-
tages of this marker are a delayed response time 
versus CRP and a half-life of several days60.

2 Platelets

Reactive thrombocytosis with platelet counts  
> 600,000/µl is often detected during an acute 
flare of ulcerative colitis, less often in Crohn’s coli-
tis, and rarely in patients with Crohn’s terminal  
ileitis77. While the European Crohn’s study found 
no direct correlation to the Crohn’s Disease Ac-
tivity Index (CDAI), this study did not evaluate pa-
tients with colonic involvement separately78. 
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There is no consensus on the role of elevated 
thrombopoietin levels79,80. Shen et al.81 postulate 
that thrombocytosis is a reflection of a globally 
elevated (plasma and cellular) homeostasis result-
ing from inflammation. Studies by the Gasché 
group also point to a potential link with iron defi-
ciency anemia secondary to inflammation, which 
might lead to thrombocytosis via stimulation of 
megakaryopoiesis82. On the other hand, it is also 
conceivable that this same stimulation of mega-
karyopoiesis is a consequence of erythropoietin 
(EPO) resistance secondary to inflammation, result-
ing in elevated EPO levels. It remains unclear wheth-
er and to what extent measurement of the mean 
platelet volume may represent a superior diagnos-
tic alternative83.

3 Leukocyte markers

Detection of indium-labeled granulocytes  
in stool
The excretion of 111In-labeled leukocytes by scin-
tigraphy gained major prominence in the early 
1980s84. This method allows the topographic site 

of leukocyte extravasation through the intestinal 
wall into the lumen to be precisely determined. 
Quantitative measurement of fecal excretion of 
111In correlates well with inflammation parameters 
such as orosomucoid, α1-antitrypsin, CRP, ESR, leu-
kocyte counts, platelets, albumin, iron, α1- and 
α2-globulin, but not with CDAI.
The method requires that stool be collected over 
4 days85. The absence of a link to CDAI may also re-
flect the lack of a link between the CDAI and endo-
scopic findings as reported by Modigliani et al.86. 
Excretion of 111In appears to reflect colonic inflam-
mation better than small intestinal inflammation87.

Leukocyte proteins
The detection of calprotectin and lactoferrin – deg-
radation-resistant leukocyte proteins – in stool in 
the early 1990s and the resulting development 
of much more sensitive and specific immunoas-
says88,89 led to a boom in this sector of laboratory 
diagnostic tests over the following years. Other 
diagnostic candidate markers followed: myelo-
peroxidase, lysozyme, eosinophil cationic protein 
(ECP), eosinophil protein X (ECX) and human neu-
trophil lipocalin (table 6).
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Fecal marker Origin
Correla-

tion with 
IBD

Correlation 
with disease  

activity  
(Crohn’s  
disease)

Correlation 
with disease  

activity  
(ulcerative  

colitis)

Stability at RT 
(half-life)

111In-labeled  
leukocytes

Leukocytes/ 
granulocytes

Yes Yes Yes 2.8 days

Calprotectin Neutrophil cytoplasm Yes Yes Yes 7 days

Lactoferrin Neutrophil  
(secondary) granules

Yes Yes Yes 4 days

Lysozyme Leukocytes/ 
macrophages

ND ND ND 1 day

PMN elastase Neutrophil  
azurophilic granules

Yes Yes Yes 1 day

Neutrophil lipocalin Neutrophil  
(secondary) granules

ND NS NS 7 days

Myeloperoxidase Neutrophil  
(primary) granules

ND NS NS 7 days

Eosinophil cationic 
protein

Eosinophil granules ND NS NS 3 days

Eosinophil protein X Eosinophil granules ND ND ND 7 days

α1-Antitrypsin Serum macrophages, 
intestinal epithelia

NS Moderate Moderate 7 days

ND = Not determined; NS = Not significant

Table 6: 
Correlation of fecal inflammation markers in IBD (adapted from Sutherland et al.75)



30

Calprotectin (36 kDa) and lactoferrin (76 kDa) are 
proteins that comprise up to 60% of the total 
protein content of neutrophils. These proteins have 
chemotactic and antimicrobial properties and are 
primarily expressed by granulocytes but also at 
lower levels by macrophages, monocytes, and in-
testinal epithelial cells. The diagnostic value of these 
markers in primary and follow-up diagnosis was 
first described in studies by Tibble et al.90,91 and has 
since been confirmed by numerous other studies 
and is now considered proven75,92. Calprotectin 
appears to be a better validated diagnostic mark-
er than lactoferrin, at least in adults, with the re-
sult that lactoferrin testing no longer plays a no-
table role in routine clinical practice (table 7). 
One drawback of this marker is its low specificity, 
as any disorder associated with inflammation-relat-
ed (infectious or non-infectious) mucosal pathology 
leads to elevated levels of fecal calprotectin98,99. 
On the other hand, the negative predictive value 
of these markers, particularly calprotectin, for ex-
cluding a somatic disorder of the lower gastro-
intestinal tract is unmatched at > 95% and has 
proven very helpful in distinguishing IBD from ir-

ritable bowel syndrome (IBS) and individuals with-
out bowel disorders100,101.
One of the greatest challenges in diagnosing IBD  
is the non-invasive assessment of inflammatory 
activity. The studies published on this topic in re-
cent years demonstrate that fecal calprotectin is 
superior to other non-invasive biomarkers for pre-
dicting intestinal activity, particularly colonic in-
volvement. A meta-analysis published in 2018 
calculated a pooled sensitivity of 85% and speci-
ficity of 75%. A subgroup analysis in this study 
also showed slightly better diagnostic accuracy for 
ulcerative colitis versus Crohn’s disease. The opti-
mal cut-offs were reported to be concentrations 
of < 50 µg/g for the best sensitivity (91%) and  
> 100 µg/g for the best specificity (78%)102. 
In summary, the published data demonstrate that 
measurement of fecal calprotectin is currently the 
gold standard for non-invasive diagnosis of in-
flammatory bowel disease103 (fig. 5). The recent 
development of (semi-quantitative) rapid tests with 
easy handling also allow self-monitoring or moni-
toring in outpatient settings by patients them-
selves or other medical staff without the need for 
expensive equipment97,104-106.
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Sensitivity (%) Specificity (%) Accuracy (%) PPV (%)

Patients (n) Lact Cal Lact Cal Lact Cal Lact Cal

D’Incà et al. 
(2007)93

144 80 78 85 83 87 86 81 80

Schröder et al. 
(2007)94

88 82 93 100 100 NE NE 100 100

Langhorst et al. 
(2008)95

139 86.7 81.7 77.2 83.5 80.7 82.1 NE NE

Sipponen et al. 
(2008)96

77 (CD) 71 81 83 79 NE NE 89 94

Otten et al. 
(2008)97

114 78.3 95.7 90.1 88.8 NE NE 66.7 65.7

Total 562 78.8
(71–87)

85.9
(79–93)

83.5
(67–100)

85.1
(74–100)

77.4
(77–87)

80
(82–86)

86.4
(66.7–100)

87.9
(65.7–100)

Lact = Lactoferrin; Cal = Calprotectin; NE = Not evaluated; PPV = Positive predictive value

Table 7:  
Sensitivity and specificity of lactoferrin and calprotectin in stool in IBD from direct comparative studies
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In contrast, PMN elastase, lysozyme, neutrophils, 
lipocalin, and myeloperoxidase are of secondary 
diagnostic importance due to their lack of stabil-
ity and/or much lower degree of correlation with 
inflammation. This also applies to ECP and ECX, 
although these are certainly more important as 
screening markers for food allergies (table 6).

New kids on the block

Osteoprotegerin
Osteoprotegerin (OPG) is a soluble receptor secret-
ed by osteoblasts that can bind RANKL (receptor 
activator of NF-κB ligand), a protein which is also 
secreted by osteoblasts. This interaction inhibits 
the differentiation of monocytic osteoclast pre-
cursor cells to mature osteoclasts that is induced 
by RANKL. Hence, synthesis of OPG allows osteo-
blasts to counteract differentiation to osteoclasts 
and the associated bone turnover (reviewed in 
German by Jakob et al.108).
In addition to this central role of OPG in bone 
metabolism, there is also mounting evidence that it 
plays a role in IBD, during which OPG is expressed 

primarily by colonic dendritic and epithelial cells 
in response to inflammatory stimuli109,110. Its func-
tion remains mostly unknown at present. OPG may 
promote perpetuation of inflammation by binding 
to TRAIL (TNF receptor apoptosis-induced ligand), 
which is associated with a decrease in apoptosis by 
dendritic cells and T cells110,111.
According to preliminary findings in pediatric co-
horts, fecal excretion of OPG is only significantly 
elevated in ulcerative colitis and Crohn’s colitis but 
not in Crohn’s disease with small intestinal involve-
ment, in contrast to the neutrophil markers de-
scribed above112-114.

S100A12 (calgranulin C) 
Like calprotectin (S100A8/A9), S100A12 be-
longs to the family of S100 proteins whose name 
is derived from their 100% solubility in ammoni-
um sulfate107,115. In contrast to all of the inflamma-
tion markers described above, S100A12 (also known 
as calgranulin C) is reportedly only released by ac-
tivated (intestinal) neutrophils. Like calprotectin, it 
has chemotactic and antimicrobial properties116. 
The first study comparing S100A12 versus calpro-
tectin observed a better ability of the former to 
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Fig. 5: 
Meta-analysis of the diagnostic value of calprotectin in IBD (source: 103 (https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2904879/); licensed under CC BY-NC 2.0 (https://creativecommons.org/licenses/by-nc/2.0/); Falk Foundation e.V.  
has no rights to this figure.

 Sensitivity  Specificity
 (true-positive)  (false-positive)

 IBD patients Adults Non-IBD patients

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

 15/16 Limburg 2000 23/94

 31/31 Tibble 2000 19/189

 42/45 Schroder 2007 0/31

 30/36 Schoepfer 2007 0/20

 22/23 Otten 2008 12/91

 53/64 Schoepfer 2008 0/30

  Kinder und Heranwachsende

 9/13 Bunn 2001 1/9

 20/20 Fagerberg 2005 2/16

 25/27 Canani 2006 2/18

 28/31 Kolho 2006 10/26

 31/31 Sidler 2008 11/30

 39/44 Ashorn 2009 1/11

 54/60 Perminow 2009 14/35



34

discriminate between IBD and IBS and/or viral 
and bacterial intestinal infections than the latter. 
However, this finding could not be confirmed to a 
similar extent in subsequent studies117-120. It re-
mains unknown whether S100A12 will provide a 
crucial improvement over calprotectin in the non-
invasive monitoring of IBD disease activity.

Pyruvate kinase M2 (PKM2)
A reduced ability to fulfill cellular energy needs by 
glycolysis is considered to be a specific property of 
tumor cells that has been attributed to increasing 
expression of a form of dimeric pyruvate kinase 
(PKM2) during the process of malignant transfor-
mation. Hence, detection of PKM2 was initially 
thought to represent a novel, highly specific bio-
marker for nascent malignancies in the intestinal 
tract. However, preliminary studies by our group121 
and other groups122-124 have suggested that this 
test may be positive in up to 100% of IBD pa-
tients depending on inflammation activity. None-
theless, the clinical value of this marker versus cal-
protectin has not been conclusively determined 
(table 8).
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Study Cut-off Controls Patients Pouchitis Crohn’s 
disease

Ulcerative 
colitis

Sensitivity
(CD/UC)

Specificity
(CD/UC)

Walkowiak et al. 
2005124

70 27 25 – –

Czub et al. 
2007122

4 U/g 45 107 – 32 75 94.4

Chung-Faye et al. 
2007125

3.7 U/g 43 (IBS) 81 – 50 31 73 74

Shastri et al. 
2008121

4 U/g 276 – 182 92 87.7/83.3 62.9/71.9

Jeffery et al. 
2009126

4 U/g 91 10 – 9 1 67 88

Johnson et al. 
2009123

4 U/g 94 46 – Pouch 80 71

Turner et al. 
2010119

101 101

Table 8: 
Sensitivity and specificity of pyruvate kinase M2 (PKM2) in the stool of IBD patients
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IV  Markers for predicting complications and recurrence

Multiple prospective case-control studies as well as 
independent cross-sectional studies have repeatedly 
demonstrated not only the high potential of anti-
bodies in differential diagnostics (see above), but 
also their value as tools to predict complications 
(fistulas, strictures, resections, etc.)44,46,48-51,53,127,128. 
For example, an association has been observed be-
tween anti-I2 and fibrosing Crohn’s disease, be-
tween anti-OmpC and penetrating Crohn’s disease, 
and between anti-CBir1 and both phenotypes45,129. 
Moreover, numerous studies have reported a close 
link between ASCA titers and complications of 
Crohn’s terminal ileitis44-46,51,127.
According to a meta-analysis published in 2014, the 
best evidence by far points to an association be-
tween anti-OmpC positivity and complications and/ 
or surgery130. 
Antibodies detected after surgery have also been 
postulated to have a potential diagnostic value. 
For example, preliminary data suggest that there 
may be a correlation between pre-operative 
ASCA status and the risk of early recurrence after 
surgery131,132. 
Determination of fecal neutrophil markers has re-
peatedly been shown to be superior to CRP at 

predicting recurrence. A meta-analysis reported a 
pooled sensitivity of 78% and specificity of 73% 
for calprotectin133. 
The best predictive values for ulcerative colitis and 
Crohn’s colitis are consistently found over a period 
of 3 months (table 9). Calprotectin also appears to 
be a better biomarker than lactoferrin in this situ-
ation. Calprotectin concentrations > 150–250 µg/g 
are usually proposed as a risk factor for a disease 
flare134-137. 
Several promising studies have recently been pub-
lished on the predictive value of fecal calprotectin 
during treatment monitoring. For example, one 
study reported that a calprotectin cut-off concen-
tration of 139 µg/g could predict the risk of clini-
cally active disease one year after induction 
therapy with TNFα antagonists with a sensitivity 
of 72% and a specificity of 80%138.  
More than 80% of patients with Crohn’s disease 
require surgery within 10 years of their diagnosis. 
Many patients also develop endoscopic recurrence 
within 1 year after surgery, before clinical symptoms 
become apparent. Multiple studies have repeat-
edly observed a link between elevated levels of cal-
protectin after ileocecal resection and a risk of post-
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Author Marker Patients
CD/UC (n)

Cut-off
(µg/ml)

Sensitivity
CD/UC (%)

Specificity
CD/UC (%)

PPV*
CD/UC (%)

NPV*
CD/UC (%)

Costa et al. 2005141 Cal 38/41 150 87/89 43/82 50/81 83/90

D’Inca et al. 2008142 Cal 65/97 130 65/70 62/70 44/60 80/79

Walkiewicz et al. 
2008143

Cal 76/21
(children)

400 65/70 62/70 44/60 80/79

Gisbert et al. 2009144 Cal
Lact

89/74 150
qualitative

28/31
77/46

93/91
68/61

30**
25

92**
90

Ho et al. 2009145 Cal 0/90 431/
1,923***

96
24

21
97

Garcia-Sanchez et al. 
2010146

Cal 66/69 CD: 200
UC: 120

80
81

65
63

46
49

88
88

Kallel et al. 2010147 Cal 53/0
(colon)

340 80 91

* PPV = Positive predictive value; NPV = Negative predictive value
** Total population
*** Colectomy rate

Table 9:  
Sensitivity, specificity, and positive and negative predictive values of calprotectin (Cal) and lactoferrin (Lact) for predicting  
recurrence of IBD
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operative disease recurrence. In the POCER study, 
calprotectin concentrations of > 100 µg/g were 
indicative of endoscopic recurrence with a sensi-
tivity of 89% and a negative predictive value of 
91%139. 
Accordingly, international recommendations pro-
pose a calprotectin test 3 months after surgery and 
immediate clarification by endoscopy in the event 
of elevated levels140.
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V Extraintestinal manifestations and complications

Up to 50% of IBD patients experience extraintes-
tinal manifestations (EIM), which are thus a major 
contributor to the morbidity and mortality of the 
disease. While some EIM occur primarily during 
flares (e.g. erythema nodosum), others exhibit no 
relationship to the underlying disease (e.g. type 2 
arthritis). While there is currently no clear consen-
sus of the definition of EIM for IBD, they should 
still be distinguished from complications that are 
not specific to the disease, adverse effects of IBD 
drugs, and autoimmune disorders associated with 
IBD. 

1 Anemia

Anemia is the most common systemic complica-
tion of IBD, with a prevalence ranging in studies 
from 6 to 74%148,149. Anemia is most often asymp-
tomatic or presents with non-specific symptoms, 
such as fatigue and reduced stamina. In contrast, 
typical symptoms such as dizziness, tachycardia, 
or dyspnea are rare and occur only in the context 
of severe cases. IBD patients with anemia have a 
reduced quality of life and ability to work as well as 

higher rates of hospitalization and health care costs 
compared with IBD patients without anemia.

1.1 Causes of anemia in IBD patients

Anemia is defined in IBD patients according to 
the guidelines of the World Health Organization 
(WHO) (table 10) and is caused by multiple fac-
tors (table 11). The most common cause by far is 
thought to be iron deficiency due to blood loss 
caused by ulceration of the intestinal mucosa or 
decreased iron intake, in addition to anemia  
of chronic disease (ACD), first described by  
Cartwright in 1996. ACD is characterized by nor-
mal or reduced mean corpuscular volume (MCV), 
reduced serum iron levels, reduced total iron 
binding capacity (TIBC), normal to elevated levels 
of serum ferritin, and an elevated ratio of iron 
stores in the reticuloendothelial system (RES) to 
total iron in the body149. 
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Age and/or sex
Hemoglobin Hematocrit

(%)(g/dl) (mmol/l)

Children 6 months to 5 years 11.0 6.83 33

Children 5–11 years 11.5 7.14 34

Children 12–13 years 12.0 7.45 36

Women > 18 years 12.0 7.45 36

Pregnant women 11.0 6.83 33

Men > 18 years 13.0 8.07 39

Table 10: 
Cut-offs used to define anemia (WHO 1988)

Common Uncommon Rare

Iron deficiency
Anemia of chronic disease (ACD)

Vitamin B12/folic acid deficiency 
(drug-induced → sulfasalazine, 
thiopurines)

Hemolysis 
Myelodysplastic syndrome 
Chronic kidney disease
Aplasia (usually drug-induced)
Congenital hemoglobinopathies or 
erythropoietic disorders

Table 11: 
Etiology of anemia in IBD
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1.2 Diagnosis of anemia in IBD patients

1.2.1 Diagnosis of vitamin B12 deficiency

Vitamin B12 levels in serum exhibit only limited spec-
ificity and sensitivity for the diagnosis of vitamin B12 
deficiency. For example, many patients whose se-
rum levels are within the specified reference range 
already show symptoms of a vitamin B12 deficiency. 
Like iron (and most vitamin) deficiencies, a vita-
min B12 deficiency develops in stages with differ-
ent clinical and subclinical symptoms:
• Stage 1: negative vitamin B12 balance with in-

creasing depletion of vitamin B12 stores, usually 
asymptomatic. Decreased holo-transcobalamin 
(holoTC, reference range: 37–171 pmol/l), which 
is the metabolically active vitamin B12 fraction 
(stage 1a). Holo-haptocorrin also decreases over 
time (stage 1b).

• Stage 2: functional vitamin B12 deficiency. Cells 
are no longer able to compensate for vitamin B12-
dependent metabolism due to depleted stores. 
In addition to low levels of holoTC and holo-
haptocorrin, levels of the metabolic parameters 
homocysteine and methylmalonic acid (MMA) 

are increased, with MMA (reference range: 
73–271 nmol/l) being a more sensitive but less 
specific biomarker than homocysteine150.

• Stage 3: This is the stage of clinical manifesta-
tion of typical megaloblastic anemia with ele-
vated MCV and low hemoglobin levels as well 
as hypersegmented neutrophils.

Diagnostic procedures
If a vitamin B12 deficiency is suspected, holoTC lev-
els should be measured as a first step. A reduced 
serum concentration of < 37 pmol/l is considered 
to be the earliest marker of vitamin B12 deficiency 
and can be an indication of both metabolic vita-
min B12 deficiency and depleted stores secondary 
to a negative vitamin B12 balance. No clinical or 
hematological symptoms are observed yet at this 
stage. In contrast, low holoTC levels together with 
elevated MMA and homocysteine are indicative of 
a metabolically active vitamin B12 deficiency which 
may or may not be accompanied by clinical signs150 
(table 12; fig. 6). However, the once-common 
vitamin B12 absorption test (Schilling test) is now 
considered obsolete.
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1.2.2 Diagnosis of iron deficiency anemia

It usually makes little sense to refer to an “iron de-
ficiency”. Iron deficiency can be sub-classified into 
three stages based on severity (fig. 7): low iron 
stores, iron-restricted erythropoiesis (functional iron 
deficiency), and iron deficiency anemia. In stage 1, 

low iron stores do not result in any functional im-
pairment. However, as it transitions to stage 2 (iron-
deficient erythropoiesis), iron deficiency becomes 
a disorder since the body’s cells can no longer be 
adequately supplied with iron. In stage 3, the re-
duced iron supply to cells is so severe that hemo-
globin drops below the normal levels151.

Stage 1 Stage 2 Stage 3

Vitamin B12 level  
(156–762 pmol/l) 

156–300 pmol/l 156–300* pmol/l < 156 pmol/l

HoloTC level < 37 pmol/l < 37 pmol/l < 37 pmol/l

Holo-haptocorrin level Normal Low Low 

Methylmalonic acid 
(MMA)** 

< 271 nmol/l > 271 nmol/l > 271 nmol/l

Homocysteine level 
(HCyst)**

< 12 µmol/l > 12 µmol/l > 12 µmol/l

Vitamin B12 store Starts to deplete Depleted Depleted 

Symptoms Cognitive disorders? Functional vitamin B12  
deficiency 
→ neurological disorders 
→ cognitive disorders 

Clinical manifestations  
→ macrocytic anemia 
→  neutrophil hyper-

segmentation 

* Initial vitamin B12 levels > 300 pmol/l reliably rule out deficiency; ** MMA and HCyst are metabolic parameters

Table 12: 
Symptoms of deficiency based on vitamin B12 status (from Herrmann and Obeid150)
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Fig. 6: 
Role of vitamin B12 in the metabolism of homocysteine
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Fig. 7:  
Classification of the stages of iron deficiency and individual laboratory parameters (from Hastka et al.151)
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CHr Cellular hemoglobin content of reticulocytes
sTfR Soluble transferrin receptors
ZPP Zinc protoporphyrin
MCV Mean corpuscular volume
MCH Mean corpuscular hemoglobin
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Theoretically, iron status can be evaluated quite 
easily by monitoring all compartments of iron me-
tabolism in routine diagnosis:
• iron stores via serum ferritin,
• iron transport via transferrin saturation,
• iron utilization via erythropoiesis, e.g. the per-

centage of hypochromic RBCs or reticulocytes.
Serum iron levels are subject to a circadian rhythm 
and can also be low in patients with anemia of 
chronic disease (ACD). Therefore, the measure-
ment of serum iron as a sole marker is obsolete in 
the diagnosis of iron deficiency.

Reticulocytes
The term reticulocyte denotes the fraction of new-
ly produced red blood cells (RBCs) that still contain 
enough ribonucleic acid (RNA) to be detected by 
microscopy after staining with specific alkaline 
dyes. This parameter is provided by all major labo-
ratories (flow cytometry) with reasonable turn-
around time and expense.
In chronic anemia, the steady-state relative reticu-
locyte count is inversely correlated (non-linearly) 
with a decrease in RBC lifespan. Conversely, the ab-

solute reticulocyte count is a measure of effective 
RBC production by bone marrow.
The reticulocyte production index (RPI) describes 
the relative reticulocyte count (Retic, in %) correct-
ed by the degree of anemia (current hematocrit 
[Hct] to ideal Hct [0.45] and the reticulocyte life-
span in blood)152:

RPI = Retic (%) x Hct/reticulocyte 
lifespan x 0.45

The RPI thus reflects an increase or decrease in 
RBCs as a factor of the normal level.

Serum ferritin
Serum ferritin is a marker of iron stores in the re-
ticuloendothelial system. Measuring ferritin helps 
detect disorders in iron stores (reserve iron). Low 
concentrations are a sign of iron deficiency. The 
normal levels are 15–100 µg/l for women and 
30–200 µg/l for men, with a serum ferritin con-
centration of 100 µg/l representing about 1,000 mg 
of iron stores. Serum ferritin levels < 15 µg/l are 
considered to be a sign of absolute iron defi-
ciency. However, this no longer applies to patients 
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with active inflammatory bowel disease since fer-
ritin, like transferrin, is an acute phase protein. In 
these patients, ferritin levels < 100 µg/l are consid-
ered to be indicative of iron deficiency153 (table 13). 
Therefore, inflammation parameters should be 
continuously measured for differential diagnosis, 
as these are not dependent on iron metabolism 
(ESR, CRP)149,153. 

Transferrin/transferrin saturation
Measuring transferrin allows detection of iron trans-
port disorders. Iron deficiency is usually associated 
with decreased transferrin saturation. Transferrin 
saturation, reported in %, is the quotient of iron 
concentration (µmol/l) divided by transferrin con-
centration (mg/dl) in serum or plasma multiplied 
by 70.9 (fasting blood draw).
Transferrin saturation is a measure of iron bound 
to circulating transferrin, which is the plasma pro-
tein responsible for transporting iron from its stores 
to bone marrow. As such, measurement of trans-
ferrin saturation does not provide any insight into 
the status of iron stores, and even its value as a 
reflection of iron utilization in bone marrow is only 
an indirect estimation.

Parameter Reference range

BM iron stores*
BM sideroblasts
Hemoglobin
Women:
Men:
MCV
MCH
Hypochromic RBCs
Reticulocyte hemoglobin
Serum iron
Women:
Men:
Ferritin
Women:
Men:
Transferrin
Transferrin saturation
sTfR**
TfR index***
Women:
Men:
ZPP

2 
15–50%

12.3–15.3 g/dl 
14.0–17.5 g/dl 
80–96 fl 
28–33 pg 
< 2.5% 
> 26 pg 

6.6–26 μmol/l 
11–28 μmol/l 

15–150 μg/l 
30–400 μg/l 
200–400 mg/dl 
16–45% 
0.81–1.75 mg/dl 

0.9–3.7 
0.9–3.4 
< 40 μmol/mol heme

* Scale from 0–4
**  Reference levels are test-dependent, here Dade Behring,  

Marburg, Germany
*** Tinaquant sTfR assays from Roche Diagnostics, Mannheim, Germany

Table 13: 
Reference levels of individual iron parameters  
(from Hastka et al.151)
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Under physiological conditions, 16–45% of the 
transferrin molecules in plasma are saturated with 
iron (3–4 mol iron per mol transferrin). Values  
< 16% are thought to indicate a suboptimal sup-
ply of iron for erythropoiesis. Low levels of trans-
ferrin saturation (< 20%) have a relatively good 
sensitivity (90%) for detecting iron deficiency but 
a relatively low specificity at only 40–50%154. Be-
cause measurements of serum iron and serum 
transferrin may be subject to considerable circa-
dian fluctuations, these tests should always be 
performed at the same time of day and should be 
repeated several times. Transferrin levels are ele-
vated by oral contraceptives and decreased by in-
flammation (negative APP), meaning transferrin 
saturation may be low in patients with acute and 
chronic inflammation despite normal iron stores.

Soluble transferrin receptor
While every cell in the body expresses transferrin 
receptor (TfR), the majority (80%) of TfR is found 
in the bone marrow. TfR is considered to be an 
indicator of iron requirements. In any instance of 
functional iron deficiency, i.e., insufficiency in the 
supply of iron for erythropoiesis, the production 

of TfR on the membrane is upregulated. Since TfR 
is continuously secreted from the cell membrane 
and converted to soluble transferrin receptor (sTfR) 
in plasma, serum levels of sTfR correlate with the 
supply of iron available for erythropoiesis155,156. In 
addition to iron deficiency, elevated concentra-
tions of sTfR are also observed at any expansion 
of erythropoiesis, for example in cases of hemo-
lytic anemia, thalassemia, and polycythe mia. The 
sTfR concentration is reduced in aplastic anemia 
and other disorders with hypoproliferative anemia, 
such as renal anemia.
Unlike ferritin and transferrin, chronic inflamma-
tion and liver damage have no impact on TfR74,149. 

TfR-F index
The sensitivity and specificity of sTfR as a marker 
of iron-restricted erythropoiesis can be enhanced 
by measuring sTfR and ferritin in parallel and by 
determining the TfR-F index74. The TfR-F index 
represents the quotient of sTfR (mg/l) divided by 
log serum ferritin (µg/l). Calculating this ratio yields 
a parameter that is dependent on iron stores, the 
supply of iron available for erythropoiesis, and 
erythropoietic activity. The TfR-F index is higher 
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in individuals with low iron stores. The inconsistent 
reference values (normal values are assay-depen-
dent) and the relatively high cost of the tests are 
hindrances to the diagnostic use of the TfR-F index.

Hypochromic RBCs/ 
reticulocyte hemoglobin
Measurement of the cellular hemoglobin content 
of reticulocytes (CHr) and the percentage of hypo-
chromic RBCs (%HYPO) has a high predictive 
value for the time-dependent differential diagnos-
tics of iron deficiency anemia. Since reticulocytes 
take 3–5 days to mature in bone marrow and 1 day 
in peripheral blood, a drop in CHr represents an 
indication of acute iron deficiency. In contrast, a 
drop in %HYPO based on the 120-day lifespan of 
RBCs indicates a more chronic deficiency in iron 
supply. CHr and %HYPO are thus comparable to 
measuring blood glucose and HbA1c levels in dia-
betic patients74,149. 
Some blood testing devices are readily able to 
measure the hemoglobin content of each individual 
RBC and calculate the percentage of hypochromic 
RBCs and can also determine the volume and 
hemoglobin content (CHr) of individual reticulo-

cytes. The percentage of hypochromic RBCs (hemo-
globin content < 28 pg) is < 2.5% in individuals 
with no iron deficiency or stage 1 iron deficien-
cy. Values > 10% are considered proof of iron- 
restricted erythropoiesis. %HYPO increases prior 
to microcytic changes in blood tests. CHr values 
< 26 pg are considered proof of iron-restricted 
erythropoiesis74,149. 

Zinc protoporphyrin (ZPP)
A lack of iron available for erythropoiesis results 
in a compensatory incorporation of zinc into the 
protoporphyrin complex (fig. 8) and thus to in-
creasing formation of zinc protoporphyrin (ZPP). 
Owing to its greater fluorescence, this complex can 
be easily measured in whole blood by high per-
formance liquid chromatography (HPLC)-coupled 
fluorescence detection157. Individuals with low iron 
stores have normal ZPP levels as long as there is 
an adequate supply of iron for erythropoiesis. The 
ZPP concentration increases continuously from 
the start of iron-restricted erythropoiesis. Values 
< 40 µmol/mol heme are considered normal, values 
40–80 µmol/mol heme indicate latent iron deficien-
cy (normal hemoglobin), values > 80 µmol/mol 
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Fig. 8: 
Formation of zinc protoporphyrin (ZPP)
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heme indicate manifest iron deficiency; in severe 
cases, values up to 1,000 µmol/mol heme may be 
observed74,149,151. ZPP measurement thus allows iron-
restricted erythropoiesis to not only be detected 
but also quantified.

Conclusion
The choice of which parameter to use depends 
on the clinical question and the availability of lab-
oratory tests. Serum ferritin should be used in 
clinical practice as a first-line parameter for iron 
metabolism. The correlation between serum ferri-
tin and iron stores makes it the most sensitive test 
for iron metabolism, which, in contrast to other 
laboratory parameters, can also detect low iron 
stores (stage 1). Nonetheless, when interpreting 
ferritin values, it must always be kept in mind that 
ferritin may be false-normal or elevated in patients 
with inflammation, cancer, or liver disease and in 
pregnant women, which may mask existing iron 
deficiency. A diagnostic panel comprising ferritin, 
transferrin saturation, hemoglobin, and CRP allows 
sufficiently reliable interpretation of iron deficien-
cy as the cause of anemia in most cases (fig. 9). 
If there is any doubt, sTfR, ZPP, %HYPO, and 

CHr should also be measured, whenever available  
(table 14). While in contrast to ferritin, these pa-
rameters can only detect iron deficiency after the 
onset of iron-restricted ery thropoiesis, their pre-
dictive value is not impacted in patients with in-
flammation and/or cancer. In other words, ZPP 
detects not only genuine iron deficiency, but also 
disorders of iron metabolism in patients with chron-
ic inflammation, cancer, myelodysplastic syndrome 
(MDS), or lead intoxication and can thus be used 
as an inexpensive screening parameter for iron 
metabolism. However, few data are currently avail-
able on ZPP in IBD patients158.

2 Joint disorders

Musculoskeletal disorders are the most common 
organ system EIM of IBD; up to 40% of patients 
experience non-specific arthralgia160. These are dis-
tinct from peripheral and axial arthropathies (spon-
dyloarthropathies), the latter of which in particular 
can develop concurrently with IBD but also be-
forehand or even many years after diagnosis161. 
Peripheral arthropathies are more common in ul-
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CRP or ESR ↑

Coombs test

Acute bleeding

Thrombocytopenia

Ferritin
> 100 ng/ml

Autoimmune hemolysis
Warm/cold Ab hemolytic 

anemia

Fragmented RBCs 
in peripheral blood smear

Ferritin
30–100 ng/ml

Creatinine 
clearance ↓

Bone marrow 
aspiration

Ferritin
< 30 ng/ml

CRP
normal

TfS < 20%

Hemolysis? (unconjugated bili ↑, LDH ↑, haptoglobin ↓)

CRP or ESR normal
B12, holoTC, folic acid ↓

WBCs/platelets ↓

B12/folic acid defi ciency

MCV ↓ or normal MCV ↑

IDA

ACD IDA Thalassemia Renal anemia Aplastic anemia, MDS, 
drugs (AZA, MTX ...)

Hemoglobinopathies
Splenic sequestration

PNH

Macroangiopathy
(prosthetic heart valve, severe 

thrombocytopenia, severe 
atherosclerosis)

TIP-HUS, other 
microangiopathies 

(HIV, cancer)

IDA/ACD

Hyporegenerative anemia
Reticulocytes < 5% and/or RPI < 2.5

Hyperregenerative anemia
Reticulocytes > 5% and/or RPI < 2.5

no

no

no

no

no

no

no

no

yes

yes

yes

yes

yes

Fig. 9: 
Algorithm for the diagnosis and treatment of iron deficiency anemia in IBD159

ACD = Anemia of chronic disease; AZA = Azathioprine; CRP = C-reactive protein; holoTC = Holo-transcobalamin; IDA = Iron-deficiency anemia;  
MCV = Mean corpuscular volume; MDS = Myelodysplastic syndrome; MTX = Methotrexate; PNH = Paroxysmal nocturnal hemoglobinuria;  
RPI = Reticulocyte production index; TfS = Transferrin saturation
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Laboratory parameter Normal IDA ACD IDA/ACD

BM iron** 2–3 0–1 2 1–2

Hemoglobin ♀ ≥ 12 (g/dl)  
♂ ≥ 13 (g/dl)

↓ ↓ ↓

Serum iron 40–165 µg/l ↓ or normal ↓ ↓

Mean corpuscular volume 80–96 fl ↓ ↓ or normal ↓ or normal

Serum ferritin 16–350 µg/l ↓ ↑ ↑ or normal

Transferrin ↑ ↑ ↓ or normal ↓

Transferrin saturation 20–50% ↓ ↓ ↓

sTfR* 0.8–2.2 mg/l ↑ normal or ↓ ↑ or normal

TfR-F index* > 2 > 2 < 1 > 2

CHr ≥ 29 pg ↓ ↓ normal or ↓ ↓

%Hypo 1–5% > 5% < 5%

ZPP* ≤ 40 (µmol/mol heme) > 80 > 40 > 40

C-reactive protein < 5 mg/l normal ↑ ↑ ↑

Hepcidin* ≤ 4 nmol/l ↓ ↓ ↑ ↑ normal or ↓

*  Values fluctuate depending on assay; CHr = Cellular hemoglobin content of reticulocytes; %Hypo = Percentage of hypochromic RBCs;  
sTfR = Soluble transferrin receptor; sTfR-F = sTfR/log serum ferritin; ZPP = Zinc protoporphyrin

**  Iron content of bone marrow (Prussian blue staining of bone marrow) based on 6-point scale: 0 = none, 1 = reduced, 2–3 = normal, 4 = greatly elevated,  
5 = massively elevated

Table 14: 
Laboratory values in patients with iron deficiency anemia (IDA), anemia of chronic disease (ACD), and both (typically IBD patients) 
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cerative colitis than in Crohn’s disease (5–10% vs.  
10–20%)160. Although comparatively rare, axial 
skeleton involvement can manifest as sacroiliitis or 
ankylosing spondylitis.
Joint involvement can be diagnosed anamnesti-
cally, by clinical examination, and in cases with axial 
involvement, by radiographic examination, accord-
ing to rheumatological criteria. Cardinal labora-
tory parameters do not exist for either Crohn’s 
disease or ulcerative colitis162.

HLA-B27
The HLA (human leukocyte antigen) system is an-
other term for the human major histocompatibility 
complex (MHC) and comprises a group of genes 
that play crucial roles in the etiology of countless 
immune disorders. The HLA system is located on 
the short arm of chromosome 6 and is divided 
into three regions (classes I–III)163.
An association between HLA-B27 (belonging to 
MHC class I) and ankylosing spondylitis (AS) has 
been reported in up to 90% of patients with this 
gene164,165. In contrast, while HLA-B27 has been 
identified in 25–78% of IBD patients, only 7–15% 
of HLA-B27-positive patients actually suffer from 

isolated sacroiliitis165,166. Furthermore, there appears 
to be no association between HLA-B27 and iso-
lated sacroiliitis in Crohn’s disease164,167. Conversely, 
AS patients who are HLA-B27-negative have a 
much higher risk of developing IBD164. 

Antibodies against cyclic citrullinated  
peptides (anti-CCP)
Citrullinated proteins and cyclic citrullinated pep-
tides contain arginine residues that have been 
deiminated to citrulline (a process called citrullina-
tion) by a peptide-arginine deiminase (PAD). Approx. 
75% of patients with rheumatoid arthritis are posi-
tive for anti-CCP (96% of rheumatoid factor-posi-
tive patients) versus 0.5% of the healthy popula-
tion. The prevalence of these antibodies in other 
inflammatory disorders has been reported to range 
between 2% (polymyalgia rheumatica) and 8% 
(psoriatic arthritis)168. Highly specific anti-CCP assays 
have increasingly become established as important 
tools for differential diagnosis in recent years169. 
Two prospective studies reported that detection 
of CCP antibodies is not specific for joint involve-
ment in IBD170,171.
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Glycoprotein 39 (HC gp39)
Punzi et al. were the first group to report an asso-
ciation between arthritis and serum levels of the 
joint glycoprotein HC (human cartilage) gp39172. 
Since then, no further studies have been published 
on this topic.

3 Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic fi-
brosing, sclerosing cholangitis of the intrahepatic 
and/or extrahepatic bile ducts with an incidence 
of 0.9–1.3/100,000 in Northern Europe (< 0.1 in 

Antibodies Prevalence (%) Number of publications

Anti-BEC 63 1

pANCA 26–94 19

AMA 0–9 10

Anti-LKM 0 7

Anti-SLA/LP 0 4

Anti-cardiolipin 4–63 3

ANA 8–77 13

SMA 0–83 10

ASCA 44 1

RF 15 1

AECA 35 1

Anti-BEC = Antibodies against biliary epithelial cells (measured by flow cytometry); pANCA = Perinuclear anti-neutrophil cytoplasmic antibodies;  
AMA = Anti-mitochondrial antibodies; Anti-LKM = Liver-kidney microsomal antibodies; Anti-SLA/LP = Antibodies against soluble liver antigen/liver pancreas; 
ANA = Anti-nuclear antibodies; SMA = Smooth muscle antibodies; ASCA = Anti-Saccharomyces cerevisiae antibodies; RF = Rheumatoid factor;  
AECA = Anti-endothelial cell antibodies

Table 15: 
Autoantibodies in primary sclerosing cholangitis (adapted from Hov et al.177)
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Southern Europe and Asia) and a prevalence of 
8–14/100,000 in Northern Europe (1.1–1.4 in 
Southern Europe and Asia). It afflicts men about 
twice as frequently as women. The prevalence of 
PSC is 2–7% among IBD patients, while conversely 
70–80% of PSC patients also have IBD (approx. 
85% ulcerative colitis and 1–14% Crohn’s colitis), 
although this prevalence is only about 20% in 
Asia173,174. PSC can be detected by laboratory tests 
in its early stages through elevated cholestasis para-
meters (alkaline phosphatase [AP], gamma-gluta-
myltransferase [GGT]), while transaminase levels 
rarely reach concentrations of > 300 U/l. Analo-
gous with the undulating course of IBD, PSC-spe-
cific laboratory parameters also fluctuate over time. 
While several different antibodies (table 15) may 
be detected, there is no single laboratory para-
meter that is conclusive evidence of PSC in the 
way that, for example, anti-mitochondrial anti-
bodies (AMA) demonstrate primary biliary chol-
angitis (PBC). Although up to 80% of patients are 
positive for perinuclear anti-neutrophil cytoplas-
mic antibodies (pANCA), they are neither specific 
(they can also be detected in over 40% of patients 
with autoimmune hepatitis [AIH] or ulcerative 

colitis) nor do titers correlate with any prognosis. 
Hypergammaglobulinemia is observed in about 
30% of PSC patients, which should raise suspicion 
of an overlap with AIH, which afflicts up to 10% 
of PSC patients175,176.

4 Acute pancreatitis

Serum levels of the typical pancreatic enzymes 
amylase and lipase elevated more than three-fold 
over normal, together with the typical clinical symp-
toms, represent confirmation of acute pancreatitis. 
Acute pancreatitis can develop in IBD patients not 
only in response to classical triggers, such as gall-
stones or alcohol abuse, but also as a conse-
quence of adverse reactions to drugs such as me-
salazine products or purine analogues, as well as 
in the form of autoimmune pancreatitis (AIP) – 
especially type 2 AIP – in the context of a system-
ic immune reaction. Patients with ulcerative colitis 
are at a higher risk of developing AIP than are 
Crohn’s patients. Because type 2 AIP is not accom-
panied by elevated IgG4 levels, measurement of 
this IgG subfraction is not useful in diagnosing 
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IBD-associated AIP. In this situation, elevated se-
rum levels of IgG4 are much more suggestive of 
inflammatory or neoplastic entities178. 
Amylase and lipase levels rise asymptomatically in 
8–21% of patients without any detectable link to 
disease activity or medications. Proposed causes 
of these elevations include a latent extraintestinal 
pancreatic involvement in IBD (PAB = pancreatic 
antibodies!) or extrapancreatic release of amylase 
and lipase in the gastrointestinal tract179.

5 Disorders of bone metabolism

Osteoporosis is a systemic skeletal disorder which 
is characterized by low bone mass and abnormal 
bone architecture, and is associated with higher 
bone fragility and an elevated risk of fractures. The 
prevalence of osteoporosis among IBD patients 
varies between 7% and 18%, while 34–67% of 
all patients have osteopenia. Patients with ulcera-
tive colitis are at a 1.4-fold increased risk of spinal 
or hip fractures compared with the general popu-
lation. Elevated bone turnover is considered to be 
an independent risk factor for osteoporotic frac-

tures as well as a predictive factor for response to 
antiresorptive agents. Several sensitive and spe-
cific markers of bone formation (e.g. bone-specific 
AP, osteocalcin) and bone resorption (e.g. pyri-
dinium crosslinks, telopeptides) have recently been 
identified and can assist in evaluating osteoblast/
osteoclast activity (table 16). However, insufficient 
data are available to determine the value of these 
markers, especially for predicting the course of 
IBD180,181, and there are also no validated genetic 
markers.
With the exceptions of alkaline phosphate (AP), 
calcium, phosphate, and 25-hydroxyvitamin D 
levels – all of which can be measured easily and 
rapidly in normal laboratory tests – laboratory pa-
rameters currently play only a minor role in the 
diagnosis and monitoring of bone turnover disor-
ders in patients with IBD.
The current standard method for detecting osteo-
porosis is bone densitometry (DEXA) of the lumbar 
spine. Other diagnostic procedures are currently not 
recommended due to high levels of radiation and 
low availability (quantitative computed tomogra-
phy [CT]) or due to a lack of standardization (osteo-
sonography)162.
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Bone formation Bone resorption

– Bone-specific isoform of alkaline phosphatase (BAP) 
– Osteocalcin (OC) 
– Type I procollagen propeptide (PICP, PINP)

– Pyridinium crosslinks
– Pyridinoline (PYD)
– Deoxypyridinoline (DPD)
– Crosslinked type I collagen telopeptides
– C-terminal (CTX) – N-terminal (NTX)
– CTX generated by MMP*
– Tartrate-resistant acid phosphatase (TRAP)
– OC fragments (mid-regional) in urine

*MMP = Matrix metalloproteinases

Table 16: 
Biochemical markers of bone turnover
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VI  Monitoring of complications and sequelae

1 Opportunistic infections

Infections (bacterial, viral, or parasitic) are not 
only important as differential diagnoses during 
the initial diagnosis of IBD, but increasingly rele-
vant as opportunistic infections in an age of in-
tensive immune therapies and as a potential trig-
ger for flares and/or cause of therapy-refractory 
disease activity. Accordingly, the odds ratio for 
opportunistic infections is 2.9 in patients taking 
steroids, azathioprine, methotrexate, or TNFα anti-
bodies alone, but increases to 14.5 (!) once two 
or more of these medicines are combined182. 
Table 17 summarizes the spectrum of opportunis-
tic infections in IBD and their risk factors, with 
CMV and Clostridioides diffi cile colitis playing the 
most important roles183,184.

CMV colitis
Human cytomegalovirus (CMV) is an opportunistic 
pathogen which is nearly ubiquitous. The seroprev-
alence for CMV is about 70% in the general pop-
ulation and even higher under poor socioeconomic 
conditions or with advanced age. Because IBD pa-
tients have the same seroprevalence as the gen-

eral population, general screening regardless of 
clinical situation is not recommended. Multiple 
studies have demonstrated higher rates of CMV 
in patients taking systemic steroids185-187. The data 
for other immunosuppressants are contradictory and/
or insufficient. However, diagnostic tests for CMV 
should also be performed for patients taking these 
drugs if they show inadequate improvement in 
ulcerative colitis activity and/or signs of systemic 
CMV infection (especially fever and leukopenia).
CMV can be diagnosed using whole blood, serum, 
or tissue. Methods that directly detect CMV in in-
flamed mucosa have gained prominence in recent 
years (CMV tissue PCR, CMV immunohistochem-
istry), while serological methods (serum CMV IgM) 
or detection in whole blood (CMV-PCR, pp65) have 
been studied less. Samples intended for direct 
detection by immunohistochemistry or molecular 
biology should be collected from ulcerated tissue 
whenever possible – ideally from basal tissue or 
the margin of the ulcer188-190.
Detection of CMV alone does not indicate a need 
for treatment. As with all CMV end-organ diseases, 
CMV colitis must always be diagnosed from a com-
bination of clinical factors (immunosuppressant 
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Predisposing factors for  
opportunistic infections in IBD Viral infections Bacterial infections Parasitic and fungal  

infections

IBD type (ulcerative colitis  
> Crohn’s colitis > small  
intestinal Crohn’s), extent of  
disease (pancolitis > left-sided  
colitis), duration of disease

Malnutrition

Immunosuppressants

Leukopenia under immuno-
suppressants

Comorbidities

Cytomegalovirus

Varicella zoster virus

Herpes simplex virus

Epstein-Barr virus

Human papillomavirus

Clostridioides difficile

Escherichia coli

Salmonella spp.

Streptococcus pneumoniae

Staphylococcus spp.

Mycobacterium tuberculosis

Legionella pneumophila

Listeria monocytogenes

Mycobacterium avium spp. 
or xenopi

Nocardia

Candida spp.

Pneumocystis jirovecii 
(carinii)

Aspergillus spp.

Histoplasmosis

Cryptococcus spp.

Isospora belli

Coccidioides immitis

Leishmania donovani

Blastomycosis

Table 17: 
Opportunistic infections in immunosuppressed IBD patients (adapted from Viget et al.183 and Irving and Gibson184)
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therapy, “refractory” colitis) and detection of the 
virus by histology or immunohistochemistry.

Clostridioides difficile colitis
Clostridioides difficile (C. difficile) is a gram-positive, 
spore-forming, rod-shaped, anaerobic bacteria that 
was first described in the intestinal microbiota of 
healthy newborns in 1935. Pseudomembranous 
colitis triggered by C. difficile toxins was first de-
scribed in 1978 by Bartlett et al.191. Today, C. dif
ficile is the most important cause of nosocomial 
diarrhea. IBD patients are at a much greater risk of 
acquiring a C. difficile infection, with an odds ratio 
of 2.9 (Crohn’s disease: 2.1; ulcerative colitis: 4)192. 
Moreover, C. difficile is known to be by far the most 
common cause of opportunistic infections in IBD 
patients, with an incidence that has doubled to 
tripled in the past 5–7 years according to recent 
studies183,193.
Sensitive diagnostic tests should be used to detect 
C. difficile as early as possible194. A soft/liquid stool 
sample is usually sufficient for this purpose, whereas 
solid, formed stools cannot be used for diagnostic 
testing. Rectal swabs may also be used in exception-
al circumstances, for example patients with ileus.

A multi-step algorithm195 that combines a sensitive 
screening test with a confirmatory test for toxi-
genic infection is recommended for diagnosis 
(table 18). Rapid antigen tests and genome detec-
tion using nucleic acid amplification tests (NAAT) 
have gained a key role in routine diagnosis due to 
their short turn-around time (TAT: 15 min to 2 h). 
Toxigenic culture, i.e., anaerobic cultivation on spe-
cial media combined with toxin detection in the cell 
culture supernatant, is the diagnostic gold stand-
ard and prerequisite for special tests like antibiot-
ic resistance testing or ribotyping. However, this 
method is less suitable for diagnosing acute cases 
due to its long turn-around time (TAT > 72 h)196. 
For immunosuppressed patients, lower toxin levels 
appear to be sufficient to trigger pseudomembra-
nous colitis. Because this can lead to a potential 
diagnostic gap, repeated toxin detection by stool 
testing or C. difficile culture with subsequent tox-
in detection are recommended for patients in this 
situation197. Alternatively, sigmoidoscopy may also 
provide further insights in these cases, especially 
for treatment-refractory patients with negative 
stool cultures198. Negative findings still do not rule 
out the possibility of infection in these cases, es-
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Test method Indication

Glutamate dehydrogenase (GDH)-EIA 
(TAT < 2 h)

Initial screening test with high sensitivity and high negative predictive value; 
GDH-positive samples always require confirmation of toxigenic infection.

Toxin A- and toxin B-EIA 
(TAT < 2 h)

Confirmatory test for toxigenic infection after GDH-positive samples  
(two-step algorithm); good correlation with severe infections but only  
limited sensitivity; NAAT is recommended if toxin detection is negative 
(three-step algorithm).

Cell culture cytotoxicity test,  
cytotoxin neutralization assay (CTNA) 
(TAT < 24 h)

Reference test for detecting toxins in stool; however, CTNA is rarely used 
for routine diagnosis due to longer TAT and greater difficulties with  
standardization and automation.

NAAT for toxin genes 
(TAT < 4 h)

Confirmatory test for toxigenic infection; NAAT (e.g. PCR) is not recom-
mended as a screening test since it also frequently detects asymptomatic 
carriers of C. difficile who do not need to be treated or isolated.

Anaerobic toxigenic culture 
(TAT > 3 days)

The diagnostic gold standard for a confirmatory test of toxigenic infection; 
limited relevance for early diagnosis of C. difficile infection due to long TAT; 
the culture is a requirement for ribotyping and antibiotic resistance testing 
in critically ill patients and during outbreaks.

TAT = Turn-around time; EIA = Enzyme immunoassay; NAAT = Nucleic acid amplification test (e.g. polymerase chain reaction [PCR])

Table 18:
Diagnostic methods used to detect Clostridioides difficile-associated diarrhea and their importance196
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pecially considering that the typical endoscopic 
presentation with pseudomembrane formation is 
often not observed199.

2 Small bowel dysfunction: steatorrhea

Fat absorption disorders that result in steatorrhea 
and consequent deficiencies in fat-soluble vitamins 
(A, D, E, K) primarily afflict Crohn’s patients as  
sequelae of bile acid deficiency. Bile acid defi-
ciency arises either as a result of pathogenic 
bacterial colonization (e.g. strictures) of the small 
intestine (bile acid cleavage by bacteria results in 
levels dropping below the critical micelle concen-
tration of 1.5–2.0 mM = qualitative bile acid defi-
ciency) or due to reduced reabsorption in patients 
with ileal dysfunction or resection (quantitative bile 
acid deficiency). Ileal resections of a mean of 50 cm 
or more result in fatty stools; steatorrhea can fre-
quently be detected in patients with a distal ileum 
resection > 90 cm. Today, steatorrhea is rarely de-
tected by quantitative measurement of the fat con-
tent in stool using the traditional fecal fat analy-
sis method of van de Kamer200. Semi-quantitative 

determination of β-carotene in serum has now 
become established in clinical practice instead. 
β-carotene represents an indirect parameter for 
detecting steatorrhea. This method uses spectro-
photometry and is simple, reliable, cost-effective, 
and provides rapid results. It also does not pre-
sent the practical hurdles of stool collection and 
preparation, causes of resistance against the van 
de Kamer method. Therefore, semi-quantitative 
measurement can be used as a clinically practical 
alternative to fecal fat analysis when quantitative 
determination of the extent of steatorrhea is not 
required.
The diagnostic use of this method is based on the 
behavior of β-carotene with regard to partition-
ing and absorption. Fat malabsorption disorders 
increase the solubility potential of β-carotene and 
other fat-soluble substances (e.g. vitamins), result-
ing in decreased uptake of β-carotene from food. 
Because humans can only store minute levels of 
β-carotene, its serum concentration begins to drop 
after 1 to 4 weeks of malabsorption.
The decrease in the serum concentration of β-caro-
tene allows steatorrhea to be rapidly detected by 
simple means, but provides no insight into the 



63

etiology of fat malabsorption or the quantitative 
extent of steatorrhea.
Steatorrhea can almost definitively be ruled out 
at β-carotene concentrations of > 100 µg/100 ml, 
while levels < 47 µg/100 ml indicate increased ex-
cretion of fat in stool201. Values < 100 µg/100 ml 
should raise suspicion (diagnostic sensitivity 88%) 
of steatorrhea (fecal fat analysis or fecal fat moni-
toring is indicated).

Protein-losing enteropathy
Measuring fecal protein excretion is not generally 
suitable for directly diagnosing protein-losing en-
teropathy, since the proteins secreted into the lu-
men of the gut are reabsorbed as amino acids and 
thus escape detection.
In 1959, Gordon introduced the first inert marker 
molecule for the detection of protein-losing en-
teropathy using 131I-polyvinylpyrrolidine (131I-PVP) 
(Gordon test)202. In the following years, several 
modifications to this molecule were reported using 
various radioactively-labeled macromolecules such 
as the 99mTc-albumin test. However, none of these 
nuclear medicine techniques plays a role in con-
temporary clinical practice. 

α1-Antitrypsin
The use of the protease inhibitor α1-antitrypsin as 
an endogenous marker for detecting protein-losing 
enteropathy was first described in 1977 by Crossley 
and Elliott203. α1-Antitrypsin is a large acute phase 
protein with a molecular weight of 50,000 (albu-
min: 67,000) that is primarily synthesized in the liver 
and comprises about 4% of total serum protein 
(serum concentration 2–5 g/l). Its half-life is about 
4 days. Its polypeptide component comprises 85% 
of its mass, with sialic acid comprising 3–4% and 
carbohydrates 12%. At least 24 alleles are currently 
known which exhibit co-dominant behavior. Type M  
is the most prevalent at 80%. Due to its anti-
proteolytic activity (it is the most potent known 
inhibitor of serine proteases such as trypsin, chymo-
trypsin, elastase, and proteinases of the coagula-
tion system), only a small fraction is degraded in 
the intestine and nearly all of it is excreted un-
modified in stool.
Fecal α1-antitrypsin clearance (ATC) is calculated 
using the following equation:

α1-ATC (ml/day) = V (ml/day) x 
F (mg/100 ml)/S (mg/100 ml)
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where V = mean stool volume over 3 days,  
F = mean fecal concentration of α1-antitrypsin 
over 3 days, and S = mean serum concentration 
of α1-antitrypsin over 3 days.
Healthy individuals have an intestinal ATC of  
< 35 ml/day; values of > 400 ml/day can be detect-
ed in patients with severe protein-losing entero-
pathy201.

3 Hyperoxaluria/nephrolithiasis

Oxalate nephropathy may develop in Crohn’s pa-
tients with marked ileal involvement or post-ileal 
resection as a consequence of a secondary hyper-
oxaluria. In this condition, free fatty acids and de-
conjugated bile acids form complexes with calcium, 
thereby increasing the proportion of free, easily 
diffusible oxalate, while calcium oxalate is very 
poorly absorbed. Deconjugated bile acids also lead 
to increased uptake of oxalate in the colon through 
increased paracellular permeability.
Hyperoxaluria is detected by direct measurement 
of the concentration of oxalate in 24-hour urine 
using enzymatic, colorimetric, or chromatographic 

(HPLC; gas chromatography [GC]) methods. De-
pending on the method used, the reference 
ranges for oxalate excretion in 24-hour urine are  
42–71 mmol/24 h (colorimetric) or 7–44 mmol/ 
24 h (enzymatic). Levels > 45 mmol/24 h are sug-
gestive of elevated absorption of oxalate201.

4 Determination of the functional integrity 
of the small intestine

D-xylose test
The D-xylose test examines the functional integrity 
of the small intestine, thereby allowing a (semi-)
quantitative inference about its absorptive surface. 
Orally administered D-xylose (pentose) is absorbed 
actively but very slowly by the upper small intes-
tine. About 50% of the D-xylose is absorbed by 
the small intestine, with one half being metabo-
lized and the other half excreted with the urine.
Diseases which impair the absorptive surface of the 
small intestine excrete less D-xylose into the urine 
and lead to low post-absorption serum concen-
trations of D-xylose. The classical indication for 
the D-xylose test is celiac disease. However, the 
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D-xylose test is relevant in many other settings, 
since other disorders of the small intestine (e.g. 
partial small bowel resection, drug toxicity, small 
intestinal bacterial overgrowth due to blind loop 
syndrome, small bowel diverticula, or motility disor-
ders) lead to reduced absorption of D-xylose201,204.
After emptying his or her bladder, the fasting pa-
tient drinks 25 g D-xylose in 600 ml water or weak 
tea. The entire 5-hour urine sample must be saved 
after the start of the test. Venous blood is collected 
after 0, 15, 30, 60, 90, and 120 minutes. D-xylose 
is measured in serum and urine by spectrophoto-
metry201,205.
Measurements of D-xylose excretion in urine are 
not only subject to collection errors, but also in-
fluenced by patient age (decreased kidney func-
tion), inadequate hydration, acetylsalicylic acid, 
and hyperthyroidism. The normal level of D-xy-
lose excretion is > 4 g/5 h (26.6 mmol/5 h), i.e., 
16% of the 25 g dose administered, and in-
creased D-xylose serum concentration is defined 
as > 10 mg/dl (after 15 min) or > 20 mg/dl (af-
ter 30 min) or > 30 mg/dl (after 60 min).
Pathological results of a D-xylose test indicate a 
reduction in the absorptive surface area of the 

small intestine. A false-negative test can be caused 
by malabsorption resulting from disorders of the 
distal small intestine (e.g. ileal Crohn’s disease) or 
by maldigestion resulting from exocrine pancreatic 
insufficiency, cholestasis, or bile acid deficiency. 
Liver disorders with ascites, kidney failure, and small 
intestinal bacterial overgrowth may lead to a false-
positive test result. 

Citrulline test
Citrulline is an amino acid that is produced from 
glutamine only in enterocytes and is not subject 
to hepatic clearance (fig. 10). The serum concen-
tration of citrulline thus correlates with the mass of 
active enterocytes in the small intestine but not 
with the extent of intestinal inflammation, and var-
ies depending on the underlying disorder206-208. 
Citrulline concentration is measured by HPLC-UV 
(cut-off 23 µmol/l) and takes relatively less time and 
is more cost-effective than the classical xylose test.
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5 Diagnosis of suspected small intestinal 
bacterial overgrowth

Prerequisites for bacterial overgrowth of the small 
intestine, defined as colonization of the jejunum 
with > 105 mixed bacteria (usually containing an-
aerobic bacteria) per milliliter aspirate, is an ana-
tomical abnormality (blind loop, diverticulum) or 
disorder of the migrating motor complex (MMC), 
as occurs in scleroderma, chronic intestinal pseudo-
obstruction, or diabetic enteropathy. Moreover, the 
secretory and cellular immune functions of the 
small intestine are assumed to play a role in pre-
venting overgrowth (reviewed in German by Stein 
and Schneider209).
Small intestinal bacterial overgrowth (SIBO) dispro-
portionately afflicts patients with Crohn’s disease 
(about 25%) versus those with ulcerative colitis28 – 
especially Crohn’s patients who have undergone 
ileocecal resection (35–65%). Small intestinal stric-
tures and enteroenteric fistulas are additional caus-
es. SIBO may mimic an acute flare (weight loss, 
increase in stool frequency, flatulence) and thus 
represents an important differential diagnosis upon 
recurrence of Crohn’s disease210,211.

Direct, quantitative diagnosis of SIBO is performed 
by stepwise or direct jejunal aspiration and ade-
quate microbial diagnostic testing, which is time-
consuming and presents considerable technical 
challenges. Consequently, this method is restrict-
ed to only a few research institutions and is not 
performed routinely.
Indirect tests are based on detection of bacterial 
metabolic products in exhaled air212. The glucose H2 
and the lactulose H2 breath tests are used. How-
ever, the value of these tests is limited and can-
not unconditionally justify their intended role as 
confirmatory detection methods or screening tests.

Glucose H2 breath test
The glucose H2 breath test is the preferred method 
in routine clinical practice due to its acceptable 
accuracy, simple procedure, and low substrate costs. 
Glucose is normally completely absorbed by the 
small intestine and does not lead to H2 produc-
tion. However, bacterial overgrowth of the upper 
small intestine leads to premature bacterial fer-
mentation of glucose to hydrogen. End-expiratory 
H2 concentrations are measured before the start 
of the test and at 30, 60, 90, 120, 150, and 180 
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minutes after oral administration of 80 g glucose 
dissolved in 400 ml water.
An increase in the end-expiratory H2 concentration 
of > 20 ppm following glucose administration in-
dicates that the sugar has been metabolized by 
bacteria. Because glucose malabsorption only occurs 
after gastric resection (Billroth II) or small bowel re-
section, a premature increase in H2 concentration 
in exhaled air demonstrates bacterial overgrowth of 
the upper small intestine. The sensitivity (65–93%) 
and specificity (approx. 90%) of the bacterial over-
growth test are satisfactory209.

Lactulose H2 breath test
The rapid formation, absorption, and exhalation of 
H2 from lactulose can be used both to measure the 
orocecal transit time and to detect bacterial over-
growth in the proximal small intestine201.
Lactulose, which is not absorbed by the digestive 
tract, is administered orally and the H2 concentra-
tion in exhaled air is measured sequentially at brief 
intervals (5 min). An increase in the H2 concentra-
tion after 150–180 minutes correlates with the ar-
rival of the test solution in the cecum (validated for 
10 g lactulose in 150 ml water). An increase after 

60–90 minutes indicates bacterial overgrowth of 
the proximal small intestine209

Fig. 10: 
Synthesis and metabolism of citrulline  
(adapted from Crenn et al.206)
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VII Therapeutic drug monitoring

Purine analogues
Neither azathioprine (AZA) nor its metabolite 
6-mercaptopurine (6-MP) have immunomodula-
tory effects per se. Both drugs are initially metab-
olized via multiple competitive pathways to their 
pharmaceutically-active metabolite 6-thioguanine 
nucleotide (6-TGN), by xanthine oxidase (XO) to 
the inactive 6-thiouric acid (6-TU), and by thiopu-
rine S-methyltransferase (TPMT) to 6-methylmer-
captopurine (6-MMP), which is thought to be the 
main driver of hepatic adverse effects (elevated 
transaminase levels) (fig. 11). With half-lives of 1.7 
and 1.2 hours, respectively, AZA and 6-MP are 
unsuitable for therapeutic monitoring, in contrast 
to the metabolites, which are stored intracellularly 
and degrade much more slowly. 
Levels of the active metabolite 6-TGN are depen-
dent on the relative, i.e., competitive, activities of 
all of the enzymes. For example, inhibition of XO 
by allopurinol or a genetic TPMT deficiency can 
lead to a toxic accumulation of 6-TGN, resulting 
in leukopenia or even pancytopenia.
The correlation between treatment response and 
6-TGN levels > 235 pmol/8 x 108 RBCs, which has 
been demonstrated in numerous studies together 

with the observation that adverse effects begin to 
increase at serum levels > 450 pmol/8 x 108 RBCs, 
has led to proposals to use 6-TGN concentration 
as a predictor of clinical response to AZA therapy. 
However, the studies conducted on this hypo-
thesis led to disappointing results213, and conse-
quently determination of 6-TGN levels is not gen-
erally recommended.
Studies on 6-TGN serum levels (> 235 pmol/8 x 108 
RBCs) and simple blood count parameters have 
demonstrated that the predictive value of an 
MCV:leukocyte ratio of ≥ 12 or an increase in 
mean corpuscular volume (MCV; ∆ > 10) is equiv-
alent to drug level measurement in terms of sensi-
tivity for responders or non-responders. An increase 
in eosinophil count is a sign of a treatment-related 
drift toward Th2214,215.
However, measurement of 6-TGN and 6-MMP 
levels (usually by HPLC) has been shown to be help-
ful in patients without adequate clinical response 
after 3 (2–4) months of body weight-adjusted 
AZA therapy216,217, as this allows non-compliance 
(6-TGN and 6-MMP levels low or undetectable), 
underdosage (6-TGN levels normal or high), and 
6-MMP “shunters” (who preferentially metabolize 
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Fig. 11:
Metabolism of azathioprine (AZA) and 6-mercaptopurine (6-MP) (from: Stein J, Farrag K, eds. Diagnostik und Therapie
kontrolle bei chronischentzündlichen Darmerkrankungen. UNI-MED Science, 2nd revised ed. Bremen, London, Boston:  
UNI-MED Verlag AG; 2019)

6-MMP = 6-Methylmercaptopurine; 6-TGN = 6-Thioguanine (active metabolite); 6-TIMP = 6-Thioinosine 5´-monophosphate; 6-TU = 6-Thiouric acid; HPRT=  
Hypoxanthine phosphoribosyltransferase; IMPDH = Inosine-5′-monophosphate dehydrogenase; TPMT = Thiopurine S-methyltransferase; XO = Xanthine oxidase
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AZA to 6-MMP) to be identified and clinical re-
sponse to be improved by appropriate measures 
(fig. 12; table 19).
It must be kept in mind that the 6-TGN concen-
tration will decrease by 10–15% per day when the 
sample is shipped at room temperature218 since 
6-TGN is unstable in whole blood (→ maintain 
the cold chain when shipping!).
It remains unclear whether measurement of thio-
guanine triphosphate might represent a superior 
alternative for drug monitoring219,220, as there are 
presently no cost-effective assays available for this 
para meter.
Normal thiopurine doses cause severe myelosup-
pression in patients with homozygous TPMT defi-
ciency, which afflicts approx. 0.3% of all Cauca-
sians. However, due to the rarity of this deficiency 
and the fact that two-thirds of patients with se-
vere purine analogue-associated neutropenia have 
normal TPMT activity221, routine screening of 
TPMT activity before treatment with purine ana-
logues has not become established in practice 
(fig. 13). Should TPMT activity nonetheless be meas-
ured and found deficient, AZA or 6-MP treatment 
should not be initiated. On the other hand, if in-

termediate TPMT activity (2.8–9.9 nmol/ml RBC x h) 
is detected – which is typically caused by a hetero-
zygous mutation in TPMT – it is recommended to 
start with 30–50% of the standard dose and in-
crease the dose weekly if well tolerated (→ blood 
count) until the target dose is achieved. Most 
centers recommend or practice incremental dose 
increases in all patients regardless of TPMT status. 
Because changes in the blood count may occur 
many months later, regular blood testing must re-
main an integral component of thiopurine therapy 
(table 20).

Methotrexate
Measurement of methotrexate (MTX) or its pri-
mary metabolite 7-hydroxy-MTX has been shown 
to provide little value in monitoring drug effec-
tiveness and/or toxicity due to the fact that these 
compounds have very short half-lives of 5–8 hours. 
While a link has been proposed to the 129C mu-
tation in methylenetetrahydrofolate reductase 
(MTHFR), the data are contradictory and inconsist-
ent, and hence pharmacogenetic testing is also not 
currently recommended (reviewed by Bruns and 
Stallmach224) (fig. 14).
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Fig. 12:
Therapeutic and toxic ranges of 6-thioguanine (6-TGN) and 6-methylmercaptopurine (6-MMP)  
(source: 218 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5690305/); licensed under CC BY-NC-ND 4.0  
(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.de), Falk Foundation e.V. has no rights to this figure.
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Fig. 13:
Monitoring of azathioprine (AZA) and 6-mercaptopurine (6-MP) metabolites (adapted from Vande Casteele et al.223)
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6-TGN level 6-MMP level Interpretation Strategy

Very low or absent Very low or absent Non-compliance Talk with patient about  
compliance

Low Low Underdosage Dose escalation

Therapeutic range Normal or high (< 5,700) Thiopurine-refractory Consider alternative  
therapies

Low High Treatment-resistant/ 
“6-MMP shunters”

Different therapy or switch 
to allopurinol (100 mg)  
and reduce thiopurine dose 
to 25%

High High Overdosage Dose reduction

6-TGN (6-thioguanine): low < 250 pmol/8 x 108 RBC; high > 450 pmol/8 x 108 RBC;  
6-MMP (6-methylmercaptopurine): high > 5700 pmol/8 x 108 RBC (adapted from Leong et al.222)

Table 19: 
Tailored optimization of treatment for non-responders based on 6-TGN and 6-MMP levels
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Week 1 Week 2 Week 4 Week 8 Week 12 Every 3 months

Blood count x x x x x x

Bilirubin x x x x x

Alkaline phosphatase x x x x x

Transaminases x x x x x

Lipase x x x x x

Urinalysis x

Creatinine x x

Table 20: 
Recommended laboratory tests in patients receiving azathioprine/6-mercaptopurine therapy
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MTX

MTX

5,10-CH2-THF

THF

Dihydrofolate

Folic acid

Folic acid

Folylpolyglutamate
synthase

MTX polyglutamate

5,10-CH-THF

THF

10-CHO-THF

Dihydrofolate
reductase

AICAR 
transformylase

AICAR

FAICAR

IMP

Inosin

Hypoxanthin

RFC1

Polyamines

Methionine SAM

Adenosine

SAH

Cystathionine

Cysteine

Methionine
synthase

5-CH3-THF

Methylene tetra-
hydrofolate reductase

Homocysteine

R

R-CH3

Extracellular
Intracellular

AICAR = 5-Aminoimidazole-4-carboxamide ribonucleotide; FAICAR = 5-Formamidoimidazole-4-carboxamide ribonucleotide; IMP = Inositol monophosphate; PCFT = Proton-coupled folate transporter; R = Residue; 
RFC 1 = Reduced folate carrier 1; SAH = S-Adenosyl homocysteine; SAM = S-Adenosyl methionine; THF = Tetrahydrofolate

PCFT

Fig. 14: 
Metabolism of methotrexate (MTX) (adapted from Bruns and Stallmach224)
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Calcineurin inhibitors
The calcineurin inhibitors cyclosporine (CsA) and 
tacrolimus (Tac) are lipophilic inhibitors whose bio-
availability varies greatly within and between indi-
viduals and depends on the absorption, metabo-
lism (cytochrome P450-3A, CYP3A) and biliary 
secretion of these molecules. There are also ethnic 
variations in CYP3A4 metabolism. For example, 
elevated CYP3A4 activity as a result of the 
CYP3A4*1B polymorphism is found in fewer than 
4% of Caucasians but 46–66% of people of Af-
rican origin. Similarly, patients with wild-type  
CYP3A5*1 require much higher doses of Tac. The 
frequently observed increase in Tac levels follow-
ing discontinuation of steroids can be attributed 
to prior steroid-dependent induction of CYP3A 
and MDR1224.
Decades of experience from transplantation med-
icine have demonstrated that measurement of 
trough levels is adequate for both calcineurin in-
hibitors to ensure sufficient monitoring of effec-
tiveness and adverse effects.
Table 21 shows the therapeutic ranges for both cal-
cineurin inhibitors. As in the postoperative phase 
after organ transplantation, the goal for IBD pa-

tients is to achieve trough levels within the upper 
half of the therapeutic range at the start of treat-
ment; however, evidence-based data on this ap-
proach are not available. Toxicity is very likely at con-
centrations of > 400 ng/ml for CsA and > 20 µg/ml 
for Tac. Because cross-reactions by the correspond-
ing metabolites of CsA and Tac are observed when 
drug concentrations are measured by immunoas-
says, more specific analytical methods like HPLC or 
liquid chromatography-mass spectrometry (LC-MS) 
should be used instead. Although 2-hour measure-
ment (C2 monitoring) of CsA has been proposed 
as an alternative to trough levels in transplantation 
medicine, no data are available on this approach 
in IBD patients225.
In addition to CYP3A4 and CYP3A5, the mem-
brane-bound P-glycoprotein (ABCB1; P-gp) plays 
a key role in the pharmacokinetics of calcineurin 
inhibitors226,227. P-gp is a transport protein of the 
adenosine triphosphate (ATP)-binding group (ABC) 
that translocates substrates from the cell against 
their concentration gradient. P-gp was initially dis-
covered in studies on the development of resist-
ance to chemotherapy by cancer cells, but is also 
responsible for eliminating numerous xenobiotics, 
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thereby protecting the body from the ingress of 
foreign substances (e.g. in the intestinal tract). It 
is expressed in many types of cells (brain, liver, 
gut) and is typically associated with CYP3A since 
most P-gp substrates are also metabolized by  
CYP3A4. In a retrospective analysis of 89 steroid-
refractory ulcerative colitis patients treated with 
Tac, Herrlinger et al.228 first showed that single-
nucleotide polymorphisms (SNPs) in the P-gp gene 
(ABCB1 1236C>T) are significantly associated with 
response to Tac. In contrast, no association was 
found between treatment effects and Tac trough 

levels (> 10 ng/ml vs. < 10 ng/ml), confirming the 
results of an earlier study229.

Anti-TNFα antibodies
About one-third of all patients treated with anti-
tumor necrosis factor (TNF)α antibodies in clini-
cal trials did not exhibit primary response (termed 
primary non-responders). The following parame-
ters have been shown to be important clinical 
predictors of primary non-response: short disease 
duration, predominantly inflammatory disease, co-
lonic involvement, non-smoker status, and moder-

Drug Sample material* Therapeutic trough level** C2 level***

At start Maintenance phase

6-Thioguanine Heparin/ 
EDTA whole blood

250–450 pmol/ 
8 x 108 RBC

–

Cyclosporine EDTA whole blood 150–225 µg/l 100–150 µg/l 1,000/800/600 µg/l

Tacrolimus EDTA whole blood 10–15 mg/l 5–10 mg/l –

*     Can be sent by mail at ambient temperature
**   12 hours after second dose
***  Preliminary cyclosporine reference values in blood 2 hours after administration of last dose in post-transplantation adults 0–6, 6–12, > 12 months  

post-transplantation

Table 21: 
Pharmacokinetic data on immunosuppressants for IBD (adapted from Oellerich225)
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ate to severe disease activity (reviewed by Yanai 
and Hanauer230). 
A retrospective analysis of the ACT1 and ACT2 
studies also demonstrated an inverse correlation be-
tween response and serum albumin concentration:  
Albumin levels < 3 g/dl correlated with a signifi-
cantly worse initial response to treatment231. 
In contrast, some of the patients treated with 
anti-TNFα antibodies achieved primary response 
but experienced a decrease in effectiveness as their 
treatment continued (secondary non-responders). 
The primary cause of this phenomenon was ini-
tially thought to be the emergence of anti-drug 
antibodies (ADA)232, as these were observed in 
36–61% of patients with episodic doses of inflixi-
mab233. However, the hypothesis that ADA are the 
sole reason for failure of anti-TNFα therapy is in-
creasingly being called into question. For example, 
several studies have found trough levels of inflixi-
mab to be low or undetectable even in the ab-
sence of ADA234-236, suggesting other factors may 
be affecting the pharmacokinetics of this drug. 
Although there is theoretically always a link be-
tween ADA and (secondary) non-response, studies 
from multiple groups have reported that measur-

ing anti-TNFα levels is a significantly better pre-
dictor of non-response230,234,237.
For example, high trough levels were found more 
frequently in patients with clinical and endo-
scopic remission. According to a recent con-
sensus recommendation, infliximab trough levels 
of 3–8 µg/ml at week 14 or adalimumab trough 
levels of 5–12 µg/ml at week 4 are associated 
with a high probability of clinical remission. Trough 
levels of > 32 μg/ml for certolizumab pegol and  
> 2.5 μg/ml for golimumab were proposed, both 
at week 6238. 
Nonetheless, the specific method used (fig. 15) 
must always be kept in mind when interpreting 
the cut-offs for therapeutic antibody levels and 
ADA levels239-241. For example, enzyme-linked im-
munosorbent assays (ELISA) – which are the most 
frequently used and typically the easiest to per-
form – often have major limitations compared to 
the more complex RIA- or EMSA-based methods 
of detection (reviewed by Yanai and Hanauer230, 
Steenholdt et al.241, Bendtzen et al.242).
The phenotypical course of the disease must also 
be incorporated into any interpretation of drug 
concentrations. For example, higher infliximab 
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Fig. 15: 
Methods used to detect HACAs (human anti-chimeric antibodies) (from Wang et al.247)
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false-negative rate

High High Low Low

Detection of IgG4-HACAs No No Yes Yes

Detection of Ig isotypes No No No Yes

Tolerance to TNFα in  
the sample

Low Low High High
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trough levels (> 10 µg/ml) appear to be necessary 
to heal perianal fistulas in Crohn’s patients243.
In patients with detectable ADA and concurrently 
low trough levels, continuation of treatment only 
results in successful outcomes in 17% of patients. 
In contrast, treatment response was observed in 
approx. 92% of patients who were switched to a 
second anti-TNFα antibody. 
Moreover, a study by Yanai et al. with nearly 
250 IBD patients reported that drug monitoring 
led to therapeutic consequences in > 70% of 
patients244. 
On the other hand, monitoring should initially be 
repeated after 2 months in patients with ADA and 
adequate therapeutic drug levels, since ADA may 
be transient and become undetectable again in 
about two-thirds of patients245,246. 
Figures 16a + b summarize the current recom-
mendations for therapeutic drug monitoring of 
anti-TNFα antibody treatment of IBD.

Vedolizumab and ustekinumab
Although clinical experience with vedolizumab and 
ustekinumab is still less extensive than with anti-
TNFα antibodies, the first non-interventional stud-

ies suggest that drug monitoring may be useful 
for both antibodies in order to optimize treatment. 
The first meta-analysis for vedolizumab was pub-
lished in 2019 based on data from over 500 IBD 
patients. This analysis revealed that patients with 
ulcerative colitis who achieved endoscopic and 
clinical remission had significantly higher vedoli-
zumab trough levels during maintenance therapy. 
Trough levels > 20 µg/ml at week 6 and > 12 µg/ml 
during maintenance therapy were associated with 
improved outcomes in the analysis. ADA against 
vedolizumab were observed in 1.7–3% of patients 
on maintenance therapy248.
The cut-offs reported to be associated with a 
high probability of treatment response in Crohn’s 
disease were peak concentrations of > 105 µg/ml 
within 2 weeks after induction for ustekinu-
mab249 and trough levels of 2 µg/ml at week 8 and 
4.5 µg/ml at week 26250,251. The corresponding 
data are not yet available for ulcerative colitis.
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Fig. 16a:
Drug monitoring of anti-TNFα therapy using trough levels and ADA measurement: primary non-response
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Fig. 16b:
Drug monitoring of anti-TNFα therapy using trough levels and ADA measurement: secondary non-response
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VIII Genetics

Epidemiological studies have consistently demon-
strated familial clustering among IBD patients. In 
various publications, the prevalence of IBD in first-
degree relatives has been reported at 0.35–4.5% 
for patients with Crohn’s disease and 0.3–2.7% 
for patients with ulcerative colitis.252. 
These prevalence rates point to the likely existence 
of genetic susceptibility factors. Indeed, a 2011 
meta-analysis of six twin studies reported Crohn’s 
disease concordance rates of 30.3% for monozy-
gotic and 3.6% for dizygotic twins253.
In 2001, three different groups independently 
identified mutations in the NOD2/CARD15 gene 
among Crohn’s patients using classical genetic 
linkage analyses254-256. In 2004, DLG5 was identi-
fied as a second gene linked to the disease257. 
Two years later, AGR2 was the first susceptibility 
gene to be linked specifically to ulcerative colitis258. 
Since then, over 240 genetic risk loci have been 
identified for IBD using genome-wide association 
studies, next-generation sequencing, and other 
methods. About 30 of these loci are linked to 
both ulcerative colitis and Crohn’s disease259 (fig. 17). 
Of these, the Th17 cytokine IL-23 and other com-
ponents of this signal transduction pathway (IL-23R, 

IL-12B, STAT3, JAK2, TYK2) represent typical sus-
ceptibility genes for Crohn’s disease and ulcerative 
colitis, suggesting a key role for maintenance of 
immune homeostasis in the GI tract260. 
Single-nucleotide polymorphisms (SNPs) in the auto-
phagy gene ATG16L1261 and in the NOD2/CARD15 
gene are primarily linked with classical Crohn’s 
terminal ileitis. In contrast, IL-10 and IL-17REL are 
thought to be susceptibility genes for ulcerative 
colitis262. Mutations in the genes encoding for epi-
thelial barrier proteins (ECM1, CDH1, HNF4A, 
LAMB1, GNA12) also appear to be primarily asso-
ciated with ulcerative colitis260. 
Nonetheless, studies on the genotype-phenotype 
associations for these genes have been unsuccess-
ful to date, save for a few exceptions. For example, 
mutations in the NOD2/CARD15 gene are associ-
ated with terminal ileal involvement in Crohn’s dis-
ease and more than two mutations are associ-
ated with a much higher risk of complications263. 
Meanwhile, mutations in HLA DRB1*0103 are as-
sociated with extensive spread, and usually with 
severe cases, of ulcerative colitis264. 
It remains unclear whether genetic testing will al-
low prediction of treatment response in IBD – as 
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Fig. 17: 
Susceptibility loci for Crohn’s disease (CD) and ulcerative colitis (UC) (from Lees et al.260)
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is the case for hepatitis C (genotype 1), for which 
a polymorphism in the IL28B gene correlates with 
durable viral clearance265.
A genome-wide association study on IBD sub-
phenotypes published in 2016 that incorporated 
data from 16,902 ulcerative colitis and 12,597 
Crohn’s disease patients from 16 countries around 
the world found no significant links with disease 
outcome or complications. However, a strong cor-
relation was observed between early age of initial 
onset and three loci (3p21 [MST1], NOD2, and HLA). 

Moreover, there was high concordance between 
NOD2 and ileal involvement (but not colonic in-
volvement or high severity/complications, as had 
been previously assumed). The most important 
clinical insight from this study was the fact that it 
was no longer possible to sub-classify IBD in a bi-
nary fashion between Crohn’s disease and ulcera-
tive colitis, but rather that the disease represents 
a continuous spectrum with ulcerative colitis and 
ileal Crohn’s disease at opposite poles266.  
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IX Markers of potential malignant transformation

The risk of cancer is only slightly elevated in IBD pa-
tients. When malignant transformations do occur, 
they are most common in the gut itself or in the 
hepatobiliary system, although they can also arise 
in other organ systems such as the lymphatic sys-
tem (lymphoma). Nonetheless, cancer does con-
tribute to the mortality associated with IBD.
Is it possible to detect malignant transformation by 
laboratory tests?
Since conventional tumor markers such as CEA 
are often elevated in a non-specific manner due to 
the mucosal inflammation in IBD, they cannot be 
used to detect dysplastic lesions in the mucosa.
Hence, assessing this risk will continue to require 
monitoring by chromoendoscopy and biopsy in 
order to rule out low-grade or high-grade dyspla-
sia by conventional histology.
Nonetheless, more modern techniques allow spe-
cific biomarkers such as the p14ARF gene267 to be 
detected by molecular biology in bioptic or surgi-
cal specimens. This raises hopes that dysplastic 
changes may be recognized relatively early even 
in areas of the mucosa that appear endoscopically 
unremarkable.

Qualitative analysis of the mucin composition of 
goblet cells may also gain importance in the de-
tection of malignant transformations. In this situa-
tion, the content of molecules called sulfomucins 
and the percentage of O-acetylated sialomucin is 
altered in cells adjacent to dysplasias268. To date, 
qualitative measurement of these molecules has 
been accomplished by immunohistochemistry on 
paraffin sections of biopsies. No laboratory test is 
currently available.



87

X References

1. Kist M. Mikrobiologische Diagnostik. In: Caspary W, 
Kist M, Stein J, editors. Infektiologie des Gastro-
intestinaltraktes. Berlin, Heidelberg, New York: 
Springer Verlag; 2006. p. 65–75.

2. Raithel M. Unverträglichkeiten, Intoleranzen und 
Allergien. In: Stein J, Raithel M, Kist M, editors. 
Erkrankungen durch Nahrungs- und Genussmittel. 
Wissenschaftliche Verlagsgesellschaft Stuttgart;  
2011; S. 8–12.

3. Farrag K, Raithel M, Stein J. Nahrungsmittelallergien – 
welche Teste sollte der Gastroenterologe durchführen. 
Verdauungskrankheiten. 2019;37(Mai/Juni):101–8.

4. Stein J. Einheimische Sprue (Zöliakie): Klinik, Diagnostik 
und Therapie. Internist (Berl). 2006;47(9):929–37.

5. Leeds JS, Horoldt BS, Sidhu R, Hopper AD, Robinson K, 
Toulson B, et al. Is there an association between coeliac 
disease and inflammatory bowel diseases? A study  
of relative prevalence in comparison with population 
controls. Scand J Gastroenterol. 2007;42(10):1214–20.

6. Schedel J, Rockmann F, Bongartz T, Woenckhaus M, 
Schölmerich J, Kullmann F. Association of Crohn’s 
disease and latent celiac disease: a case report and 
review of the literature. Int J Colorectal Dis. 
2005;20(4):376–80.

7. Yang A, Chen Y, Scherl E, Neugut AI, Bhagat G,  
Green PHR. Inflammatory bowel disease in patients with 
celiac disease. Inflamm Bowel Dis. 2005;11(6):528–32.

8. Leffler DA, Schuppan D. Update on serologic testing in 
celiac disease. Am J Gastroenterol. 2010;105(12):2520–4.

9. Broberger O, Perlmann P. Autoantibodies in human 
ulcerative colitis. J Exp Med. 1959;110(5):657–74.

10. Mirza ZK, Sastri B, Lin JJC, Amenta PS, Das KM. 
Autoimmunity against human tropomyosin isoforms  
in ulcerative colitis: Localization of specific human 
tropomyosin isoforms in the intestine and 
extraintestinal organs. Inflamm Bowel Dis. 
2006;12(11):1036–43.

11. Saxon A, Shanahan F, Landers C, Ganz T, Targan S.  
A distinct subset of antineutrophil cytoplasmic 
antibodies is associated with inflammatory bowel 
disease. J Allergy Clin Immunol. 1990;86(2):202–10.

12. Klein R, Eisenburg J, Weber P, Seibold F, Berg PA. 
Significance and specificity of antibodies to neutrophils 
detected by western blotting for the serological 
diagnosis of primary sclerosing cholangitis. Hepatology. 
1991;14(6):1147–52.



88

13. Teegen B, Niemann S, Probst C, Schlumberger W, 
Stöcker W, Komorowski L. DNA-bound lactoferrin  
is the major target for antineutrophil perinuclear 
cytoplasmic antibodies in ulcerative colitis.  
Ann N Y Acad Sci. 2009;1173(1):161–5.

14. Seibold F, Weber P, Klein R, Berg PA, Wiedmann KH. 
Clinical significance of antibodies against neutrophils in 
patients with inflammatory bowel disease and primary 
sclerosing cholangitis. Gut. 1992;33(5):657–62.

15. Ruemmele FM, Targan SR, Levy G, Dubinsky M,  
Braun J, Seidman EG. Diagnostic accuracy of 
serological assays in pediatric inflammatory bowel 
disease. Gastroenterology. 1998;115(4):822–9.

16. Schulte-Pelkum J, Radice A, Norman GL, López Hoyos M, 
Lakos G, Buchner C, et al. Novel clinical and diagnostic 
aspects of antineutrophil cytoplasmic antibodies.  
J Immunol Res. 2014;2014:185416. 

17. Sendid B, Quinton JF, Charrier G, Goulet O, Cortot A, 
Grandbastien B, et al. Anti-Saccharomyces cerevisiae 
mannan antibodies in familial Crohn’s disease.  
Am J Gastroenterol. 1998;93(8):1306–10.

18. Bossuyt X. Serologic markers in inflammatory bowel 
disease. Clin Chem. 2006;52(2):171–81.

19. Quinton JF, Sendid B, Reumaux D, Duthilleul P, Cortot A, 
Grandbastien B, et al. Anti-Saccharomyces cerevisiae 
mannan antibodies combined with antineutrophil 
cytoplasmic autoantibodies in inflammatory bowel 
disease: prevalence and diagnostic role. Gut. 
1998;42(6):788–91.

20. Koutroubakis IE, Petinaki E, Mouzas IA, Vlachonikolis IG, 
Anagnostopoulou E, Castanas E, et al. Anti-Saccharo-
myces cerevisiae mannan antibodies and antineutrophil 
cytoplasmic autoantibodies in Greek patients with 
inflammatory bowel disease. Am J Gastroenterol. 
2001;96(2):449–54.

21. Peeters M, Joossens S, Vermeire S, Vlietinck R, Bossuyt X, 
Rutgeerts P. Diagnostic value of anti-Saccharomyces 
cerevisiae and antineutrophil cytoplasmic autoanti bodies 
in inflammatory bowel disease. Am J Gastroenterol. 
2001;96(3):730–4.

22. Sandborn WJ, Loftus EV Jr, Colombel JF, Fleming KA, 
Seibold F, Homburger HA, et al. Evaluation of serologic 
disease markers in a population-based cohort of 
patients with ulcerative colitis and Crohn’s disease. 
Inflamm Bowel Dis. 2001;7(3):192–201.

23. Khan K, Schwarzenberg SJ, Sharp H, Greenwood D, 
Weisdorf-Schindele S. Role of serology and routine 
laboratory tests in childhood inflammatory bowel 
disease. Inflamm Bowel Dis. 2002;8(5):325–9.



89

24. Linskens RK, Mallant-Hent RC, Groothuismink ZMA, 
Bakker-Jonges LE, van de Merwe JP, Hooijkaas H, et al. 
Evaluation of serological markers to differentiate 
between ulcerative colitis and Crohn’s disease: pANCA, 
ASCA and agglutinating antibodies to anaerobic 
coccoid rods. Eur J Gastroenterol Hepatol. 
2002;14(9):1013–8.

25. Hartman C, Eliakim R, Shamir R. Perinuclear antineutro-
phil cytoplasmic autoantibodies and anti-Saccharo myces 
cerevisiae antibodies: serologic markers in inflammatory 
bowel disease. Isr Med Assoc J. 2004;6(4):221–6.

26. Joossens S, Reinisch W, Vermeire S, Sendid B, Poulain D, 
Peeters M, et al. The value of serologic markers in 
indeterminate colitis: a prospective follow-up study. 
Gastroenterology. 2002;122(5):1242–7.

27. Mokrowiecka A, Gasiorowska A, Malecka-Panas E. 
pANCA and ASCA in the diagnosis of different 
subtypes of inflammatory bowel disease. 
Hepatogastroenterology. 2007;54(77):1443–8.

28. Navaneethan U, Shen B. Laboratory tests for patients 
with ileal pouch-anal anastomosis: clinical utility in 
predicting, diagnosing, and monitoring pouch disorders. 
Am J Gastroenterol. 2009;104(10):2606–15.

29. Fleshner PR, Vasiliauskas EA, Kam LY, Fleshner NE, 
Gaiennie J, Abreu-Martin MT, et al. High level peri-
nuclear antineutrophil cytoplasmic antibody (pANCA) 
in ulcerative colitis patients before colectomy predicts 
the development of chronic pouchitis after ileal  
pouch-anal anastomosis. Gut. 2001;49(5):671–7.

30. Fleshner P, Ippoliti A, Dubinsky M, Vasiliauskas E, Mei L, 
Papadakis KA, et al. Both preoperative perinuclear 
antineutrophil cytoplasmic antibody and anti-CBir1 
expression in ulcerative colitis patients influence pou-
chitis development after ileal pouch-anal anastomosis. 
Clin Gastroenterol Hepatol. 2008;6(5):561–8.

31. Hui T, Landers C, Vasiliauskas E, Abreu M, Dubinsky M, 
Papadakis KA, et al. Serologic responses in indeter mi-
nate colitis patients before ileal pouch-anal anastomosis 
may determine those at risk for continuous pouch 
inflammation. Dis Colon Rectum. 2005;48(6):1254–62.

32. Seibold F, Mörk H, Tanza S, Müller A, Holzhüter C, 
Weber P, et al. Pancreatic autoantibodies in Crohn’s 
disease: a family study. Gut. 1997;40(4):481–4.

33. Klebl FH, Bataille F, Huy C, Hofstädter F, Schölmerich J, 
Rogler G. Association of antibodies to exocrine 
pancreas with subtypes of Crohn’s disease. Eur J 
Gastroenterol Hepatol. 2005;17(1):73–7.



90

34. Desplat-Jego S, Johanet C, Escande A, Goetz J, Fabien N, 
Olsson N, et al. Update on Anti-Saccharomyces cere vi-
siae antibodies, anti-nuclear associated anti-neutrophil 
antibodies and antibodies to exocrine pancreas detected 
by indirect immunofluorescence as biomarkers  
in chronic inflammatory bowel diseases: results of  
a multicenter study. World J Gastroenterol. 
2007;13(16):2312–8.

35. Komorowski L, Teegen B, Probst C, Aulinger-Stocker K, 
Sina C, Fellermann K, et al. Autoantibodies against 
exocrine pancreas in Crohn’s disease are directed 
against two antigens: the glycoproteins CUZD1 and 
GP2. J Crohns Colitis. 2013;7(10):780–90.

36. Ohno H, Hase K. Glycoprotein 2 (GP2): grabbing  
the FimH bacteria into M cells for mucosal immunity. 
Gut Microbes. 2010;1(6):407–10.

37. Werner L, Paclik D, Fritz C, Reinhold D, Roggenbuck D, 
Sturm A. Identification of pancreatic glycoprotein 2  
as an endogenous immunomodulator of innate and 
adaptive immune responses. J Immunol. 
2012;189(6):2774–83.

38. Pavlidis P, Romanidou O, Roggenbuck D, Mytilinaiou MG, 
Al-Sulttan F, Liaskos C, et al. Ileal inflammation may 
trigger the development of GP2-specific pancreatic 
autoantibodies in patients with Crohn’s disease.  
Clin Dev Immunol. 2012;2012:640835.

39. Bogdanos DP, Roggenbuck D, Reinhold D, Wex T, 
Pavlidis P, von Arnim U, et al. Pancreatic-specific auto-
antibodies to glycoprotein 2 mirror disease location 
and behaviour in younger patients with Crohn’s 
disease. BMC Gastroenterol. 2012;12:102.

40. Pavlidis P, Shums Z, Koutsoumpas AL, Milo J, Papp M, 
Umemura T, et al. Diagnostic and clinical significance 
of Crohn’s disease-specific anti-MZGP2 pancreatic 
antibodies by a novel ELISA. Clin Chim Acta. 
2015;441:176–81.

41. Somma V, Ababneh H, Ababneh A, Gatti S,  
Romagnoli V, Bendia E, et al. The novel Crohn’s disease 
marker anti-GP2 antibody is associated with ileocolonic 
location of disease. Gastroenterol Res Pract. 
2013;2013:683824.

42. Roggenbuck D, Reinhold D, Werner L, Schierack P, 
Bogdanos DP, Conrad K. Glycoprotein 2 antibodies  
in Crohn’s disease. Adv Clin Chem. 2013;60:187–208.

43. Michaels MA, Jendrek ST, Korf T, Nitzsche T, Teegen B, 
Komorowski L, et al. Pancreatic autoantibodies against 
CUZD1 and GP2 are associated with distinct clinical 
phenotypes of Crohn’s disease. Inflamm Bowel Dis. 
2015;21(12):2864–72.

44. Targan SR. The utility of ANCA and ASCA in 
inflammatory bowel disease. Inflamm Bowel Dis. 
1999;5(1):61–3.



91

45. Mow WS, Vasiliauskas EA, Lin YC, Fleshner PR, 
Papadakis KA, Taylor KD, et al. Association of antibody 
responses to microbial antigens and complications  
of small bowel Crohn’s disease. Gastroenterology. 
2004;126(2):414–24.

46. Dotan I, Fishman S, Dgani Y, Schwartz M, Karban A, 
Lerner A, et al. Antibodies against laminaribioside and 
chitobioside are novel serologic markers in Crohn’s 
disease. Gastroenterology. 2006;131(2):366–78.

47. Abreu MT. Serologies in Crohn’s disease: can we change 
the gray zone to black and white? Gastroenterology. 
2006;131(2):664–7.

48. Ferrante M, Henckaerts L, Joossens M, Pierik M, 
Joossens S, Dotan N, et al. New serological markers  
in inflammatory bowel disease are associated with 
complicated disease behaviour. Gut. 
2007;56(10):1394–403.

49. Devlin SM, Dubinsky MC. Determination of serologic 
and genetic markers aid in the determination of  
the clinical course and severity of patients with IBD. 
Inflamm Bowel Dis. 2008;14(1):125–8.

50. Simondi D, Mengozzi G, Betteto S, Bonardi R, 
Ghignone RP, Fagoonee S, et al. Antiglycan antibodies 
as serological markers in the differential diagnosis  
of inflammatory bowel disease. Inflamm Bowel Dis. 
2008;14(5):645–51.

51. Papp M, Altorjay I, Dotan N, Palatka K, Foldi I, Tumpek J, 
et al. New serological markers for inflammatory bowel 
disease are associated with earlier age at onset, 
complicated disease behavior, risk for surgery, and 
NOD2/CARD15 genotype in a Hungarian IBD cohort. 
Am J Gastroenterol. 2008;103(3):665–81.

52. Seow CH, Stempak JM, Xu W, Lan H, Griffiths AM, 
Greenberg GR, et al. Novel anti-glycan antibodies 
related to inflammatory bowel disease diagnosis and 
phenotype. Am J Gastroenterol. 2009;104(6):1426–34.

53. Rieder F, Schleder S, Wolf A, Dirmeier A, Strauch U, 
Obermeier F, et al. Serum anti-glycan antibodies 
predict complicated Crohn’s disease behavior: a cohort 
study. Inflamm Bowel Dis. 2010;16(8):1367–75.

54. Schröder O, Naumann M, Stein J. Anti-Saccharomyces 
cerevisiae antibodies and response to infliximab in 
refractory Crohn’s disease. Aliment Pharmacol Ther. 
2004;20(7):823–4.

55. Gabay C, Kushner I. Acute-phase proteins and other 
systemic responses to inflammation. N Engl J Med. 
1999;340(6):448–54.

56. Tillett WS, Francis T. Serological reactions in pneumonia 
with a non-protein somatic fraction of pneumococcus. 
J Exp Med. 1930;52(4):561–71.

57. Ballou SP, Kushner I. C-reactive protein and the acute 
phase response. Adv Intern Med. 1992;37:313–36.



92

58. Young B, Gleeson M, Cripps AW. C-reactive protein:  
a critical review. Pathology. 1991;23(2):118–24.

59. Henriksen M, Jahnsen J, Lygren I, Stray N, Sauar J,  
Vatn MH, et al. C-reactive protein: a predictive factor 
and marker of inflammation in inflammatory bowel 
disease. Results from a prospective population-based 
study. Gut. 2008;57(11):1518–23.

60. Vermeire S, Van Assche G, Rutgeerts P. Laboratory 
markers in IBD: useful, magic, or unnecessary toys? 
Gut. 2006;55(3):426–31.

61. Meisner M, Thomas L. Pocalcitonin (PCT). In: Thomas L, 
Hrsg. Labor und Diagnose. Frankfurt am Main:  
TH Books Verlagsgesellschaft mbH; 2007. p. 1023–8.

62. Kopterides P, Siempos II, Tsangaris I, Tsantes A, 
Armaganidis A. Procalcitonin-guided algorithms  
of antibiotic therapy in the intensive care unit:  
a systematic review and meta-analysis of randomized 
controlled trials. Crit Care Med. 2010;38(11):2229–41.

63. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. 
Serum procalcitonin and C-reactive protein levels as 
markers of bacterial infection: a systematic review and 
meta-analysis. Clin Infect Dis. 2004;39(2):206–17.

64. Brunkhorst FM. Sepsismarker – was ist sinnvoll?  
Dtsch Med Wochenschr. 2008;133(48):2512–5.

65. Herrlinger KR, Dittmann R, Weitz G, Wehkamp J, 
Ludwig D, Schwab M, et al. Serum procalcitonin 
differentiates inflammatory bowel disease and self-
limited colitis. Inflamm Bowel Dis. 2004;10(3):229–33.

66. Thia KT, Chan ES, Ling KL, Ng WY, Jacob E, Ooi CJ. 
Role of procalcitonin in infectious gastroenteritis  
and inflammatory bowel disease. Dig Dis Sci. 
2008;53(11):2960–8.

67. Oussalah A, Laurent V, Bruot O, Gueant JL, Regent D, 
Bigard MA, et al. Additional benefit of procalcitonin to 
C-reactive protein to assess disease activity and severity 
in Crohn’s disease. Aliment Pharmacol Ther. 
2010;32(9):1135–44.

68. Wu HM, Wei J, Li J, Wang K, Ye L, Qi Y, et al. Serum 
procalcitonin as a potential early predictor of short-term 
outcomes in acute severe ulcerative colitis. Dig Dis Sci. 
2019;64(11):3263–73.

69. Ayoya MA, Spiekermann-Brouwer GM, Stoltzfus RJ, 
Nemeth E, Habicht JP, Ganz T, et al. α1-Acid glycoprotein, 
hepcidin, C-reactive protein, and serum ferritin are 
correlated in anemic schoolchildren with Schistosoma 
haematobium. Am J Clin Nutr. 2010;91(6):1784–90.

70. Andre C, Descos L, Landais P, Fermanian J. Assessment 
of appropriate laboratory measurements to supplement 
the Crohn’s disease activity index. Gut. 
1981;22(7):571–4.



93

71. Jensen KB, Jarnum S, Koudahl G, Kristensen M.  
Serum orosomucoid in ulcerative colitis: its relation to 
clinical activity, protein loss, and turnover of albumin 
and IgG. Scand J Gastroenterol. 1976;11(2):177–83.

72. Lakatos PL, Kiss LS, Palatka K, Altorjay I, Antal-Szalmas P, 
Palyu E, et al. Serum lipopolysaccharide-binding protein 
and soluble CD14 are markers of disease activity in 
patients with Crohn’s disease. Inflamm Bowel Dis. 
2011;17(3):767–77.

73. Nemeth E, Valore EV, Territo M, Schiller G,  
Lichtenstein A, Ganz T. Hepcidin, a putative mediator 
of anemia of inflammation, is a type II acute-phase 
protein. Blood. 2003;101(7):2461–3.

74. Stein J, Hartmann F, Dignass AU. Diagnosis and 
management of iron deficiency anemia in patients  
with IBD. Nat Rev Gastroenterol Hepatol. 
2010;7(11):599–610.

75. Sutherland AD, Gearry RB, Frizelle FA. Review of fecal 
biomarkers in inflammatory bowel disease.  
Dis Colon Rectum. 2008;51(8):1283–91.

76. Nielsen OH, Vainer B, Madsen SM, Seidelin JB, 
Heegaard NHH. Established and emerging biological 
activity markers of inflammatory bowel disease.  
Am J Gastroenterol. 2000;95(2):359–67.

77. Collins CE, Rampton DS. Review article: platelets in 
inflammatory bowel disease – pathogenetic role and 
therapeutic implications. Aliment Pharmacol Ther. 
1997;11(2):237–47.

78. Goebell H, Wienbeck M, Schomerus H, Malchow H. 
Evaluation of the Crohn’s Disease Activity Index (CDAI) 
and the Dutch Index for severity and activity of Crohn’s 
disease. An analysis of the data from the European 
Cooperative Crohn’s Disease Study. Med Klin (Munich). 
1990;85(10):573–6.

79. Heits F, Stahl M, Ludwig D, Stange EF, Jelkmann W. 
Elevated serum thrombopoietin and interleukin-6 
concentrations in thrombocytosis associated with 
inflammatory bowel disease. J Interferon Cytokine Res. 
1999;19(7):757–60.

80. Kapsoritakis AN, Potamianos SP, Sfiridaki AI, 
Koukourakis MI, Koutroubakis IE, Roussomoustakaki MI, 
et al. Elevated thrombopoietin serum levels  
in patients with inflammatory bowel disease.  
Am J Gastroenterol. 2000;95(12):3478–81.

81. Shen J, Ran ZH, Zhang Y, Cai Q, Yin HM, Zhou XT, et al. 
Biomarkers of altered coagulation and fibrinolysis  
as measures of disease activity in active inflammatory 
bowel disease: a gender-stratified, cohort analysis. 
Thromb Res. 2009;123(4):604–11.



94

82. Kulnigg-Dabsch S, Schmid W, Howaldt S, Stein J, 
Mickisch O, Waldhör T, et al. Iron deficiency generates 
secondary thrombocytosis and platelet activation  
in IBD: the randomized, controlled thromboVIT trial. 
Inflamm Bowel Dis. 2013;19(8):1609–16.

83. Kapsoritakis AN, Koukourakis MI, Sfiridaki A, 
Potamianos SP, Kosmadaki MG, Koutroubakis IE, et al. 
Mean platelet volume: a useful marker of inflammatory 
bowel disease activity. Am J Gastroenterol. 
2001;96(3):776–81.

84. Saverymuttu SH, Lavender JP, Hodgson HJ, Chadwick VS. 
Assessment of disease activity in inflammatory bowel 
disease: a new approach using 111In granulocyte scanning. 
Br Med J (Clin Res Ed). 1983;287(6407):1751–3.

85. Fischbach W, Becker W. Clinical relevance of activity 
parameters in Crohn’s disease estimated by the faecal 
excretion of 111In-labeled granulocytes. Digestion. 
1991;50(3–4):149–52.

86. Modigliani R, Mary JY, Simon JF, Cortot A, Soule JC, 
Gendre JP, et al. Clinical, biological, and endoscopic 
picture of attacks of Crohn’s disease. Evolution on 
prednisolone. Groupe d’Etude Therapeutique des 
Affections Inflammatoires Digestives. 
Gastroenterology. 1990;98(4):811–8.

87. Crama-Bohbouth G, Pena AS, Biemond I, Verspaget HW, 
Blok D, Arndt JW, et al. Are activity indices helpful  
in assessing active intestinal inflammation in Crohn’s 
disease? Gut. 1989;30(9):1236–40.

88. Guerrant RL, Araujo V, Soares E, Kotloff K, Lima AA, 
Cooper WH, et al. Measurement of fecal lactoferrin  
as a marker of fecal leukocytes. J Clin Microbiol. 
1992;30(5):1238–42.

89. Roseth AG, Fagerhol MK, Aadland E, Schjonsby H. 
Assessment of the neutrophil dominating protein 
calprotectin in feces. A methodologic study.  
Scand J Gastroenterol. 1992;27(9):793–8.

90. Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, 
Bjarnason I. Surrogate markers of intestinal 
inflammation are predictive of relapse in patients  
with inflammatory bowel disease. Gastroenterology. 
2000;119(1):15–22.

91. Tibble JA, Sigthorsson G, Foster R, Forgacs I, Bjarnason I. 
Use of surrogate markers of inflammation and Rome 
criteria to distinguish organic from nonorganic intestinal 
disease. Gastroenterology. 2002;123(2):450–60.

92. Manolakis AC, Kapsoritakis AN, Tiaka EK, Potamianos SP. 
Calprotectin, calgranulin C, and other members of  
the S100 protein family in inflammatory bowel disease. 
Dig Dis Sci. 2011;165:261–7.



95

93. D’Incà R, Dal Pont E, Di Leo V, Ferronato A, Fries W, 
Vettorato MG, et al. Calprotectin and lactoferrin in  
the assessment of intestinal inflammation and organic 
disease. Int J Colorectal Dis. 2007;22(4):429–37.

94. Schröder O, Naumann M, Shastri Y, Povse N, Stein J. 
Prospective evaluation of faecal neutrophil-derived 
proteins in identifying intestinal inflammation: 
combination of parameters does not improve 
diagnostic accuracy of calprotectin. Aliment Pharmacol 
Ther. 2007;26(7):1035–42.

95. Langhorst J, Elsenbruch S, Koelzer J, Rueffer A, 
Michalsen A, Dobos GJ. Noninvasive markers in the 
assessment of intestinal inflammation in inflammatory 
bowel diseases: performance of fecal lactoferrin, 
calprotectin, and PMN-elastase, CRP, and clinical 
indices. Am J Gastroenterol. 2008;103(1):162–9.

96. Sipponen T, Kärkkäinen P, Savilahti E, Kolho KL, 
Nuutinen H, Turunen U, et al. Correlation of faecal 
calprotectin and lactoferrin with an endoscopic  
score for Crohn’s disease and histologic findings. 
Aliment Pharmacol Ther. 2008;28(10):1221–9.

97. Otten CM, Kok L, Witteman BJ, Baumgarten R, 
Kampman E, Moons KG, et al. Diagnostic performance 
of rapid tests for detection of fecal calprotectin and 
lactoferrin and their ability to discriminate inflammatory 
from irritable bowel syndrome. Clin Chem Lab Med. 
2008;46(9):1275–80.

98. von Roon AC, Karamountzos L, Purkayastha S, Reese GE, 
Darzi AW, Teare JP, et al. Diagnostic precision of fecal 
calprotectin for inflammatory bowel disease and 
colorectal malignancy. Am J Gastroenterol. 
2007;102(4):803–13.

99. Gisbert JP, McNicholl AG. Questions and answers on 
the role of faecal calprotectin as a biological marker  
in inflammatory bowel disease. Dig Liver Dis. 
2009;41(1):56–66.

100. Schoepfer AM, Trummler M, Seeholzer P,  
Seibold-Schmid B, Seibold F. Discriminating IBD from 
IBS: comparison of the test performance of fecal 
markers, blood leukocytes, CRP, and IBD antibodies. 
Inflamm Bowel Dis. 2008;14(1):32–9.

101. Sprakes MB, Hamlin PJ, Ford AC. Utility of fecal 
calprotectin in differentiating active inflammatory 
bowel disease from coexistent irritable bowel 
syndrome. Am J Gastroenterol. 2011;106(1):166–7.

102. Rokkas T, Portincasa P, Koutroubakis IE. Fecal 
calprotectin in assessing inflammatory bowel disease 
endoscopic activity: a diagnostic accuracy meta-analysis. 
J Gastrointestin Liver Dis. 2018;27(3):299–306.

103. van Rheenen PF, van de Vijver E, Fidler V. Faecal 
calprotectin for screening of patients with suspected 
inflammatory bowel disease: diagnostic meta-analysis. 
BMJ. 2010;341:c3369.



96

104. Shastri Y, Povse N, Schröder O, Stein J. Comparison  
of a novel fecal marker – fecal tumor pyruvate kinase 
type M2 (M2-PK) with fecal calprotectin in patients 
with inflammatory bowel disease: a prospective study. 
Clin Lab. 2008;54(9–10):389–90.

105. Damms A, Bischoff SC. Validation and clinical 
significance of a new calprotectin rapid test for the 
diagnosis of gastrointestinal diseases. Int J Colorectal 
Dis. 2008;23(10):985–92.

106. Elkjaer M, Burisch J, Voxen H, Hansen V,  
Deibjerg Kristensen B, Slott Jensen JK, et al.  
A new rapid home test for faecal calprotectin in 
ulcerative colitis. Aliment Pharmacol Ther. 
2010;31(2):323–30.

107. Foell D, Wittkowski H, Roth J. Monitoring disease 
activity by stool analyses: from occult blood to 
molecular markers of intestinal inflammation and 
damage. Gut. 2009;58(6):859–68.

108. Jakob F, Seefried L, Ebert R. Pathophysiologie des 
Knochenstoffwechsels. Internist (Berl). 
2008;49(10):1159–64.

109. Franchimont N, Reenaers C, Lambert C, Belaiche J, 
Bours V, Malaise M, et al. Increased expression of 
receptor activator of NF-kappa B ligand (RANKL),  
its receptor RANK and its decoy receptor osteo-
protegerin in the colon of Crohn’s disease patients. 
Clin Exp Immunol. 2004;138(3):491–8.

110. Vidal K, Serrant P, Schlosser B, van den Broek P,  
Lorget F, Donnet-Hughes A. Osteoprotegerin production 
by human intestinal epithelial cells: a potential regulator 
of mucosal immune responses. Am J Physiol Gastrointest 
Liver Physiol. 2004;287(4):G836–44.

111. Ashcroft AJ, Carding SR. RANK ligand and osteo-
protegerin: emerging roles in mucosal inflammation. 
Gut. 2005;54(9):1345–6.

112. Nahidi L, Leach ST, Sidler MA, Levin A, Lemberg DA, 
Day AS. Osteoprotegerin in pediatric Crohn’s disease 
and the effects of exclusive enteral nutrition.  
Inflamm Bowel Dis. 2011;17(2):516–23.

113. Skinner A, Lerer T, Wyzga N. Fecal osteprotegrin:  
a marker for pediatric ulcerative colitis at diagnosis –  
a pilot study. Gastroenterology. 2008;134:A-205.

114. Sylvester FA, Turner D, Draghi A, Uuosoe K, McLernon R, 
Koproske K, et al. Fecal osteoprotegerin may guide  
the introduction of second-line therapy in hospitalized 
children with ulcerative colitis. Inflamm Bowel Dis. 
2011;17(8):1726–30.

115. Foell D, Kucharzik T, Kraft M, Vogl T, Sorg C, 
Domschke W, et al. Neutrophil derived human 
S100A12 (EN-RAGE) is strongly expressed during 
chronic active inflammatory bowel disease.  
Gut. 2003;52(6):847–53.



97

116. Foell D, Wittkowski H, Ren Z, Turton J, Pang G, 
Daebritz J, et al. Phagocyte-specific S100 proteins are 
released from affected mucosa and promote immune 
responses during inflammatory bowel disease.  
J Pathol. 2008;216(2):183–92.

117. Berger C, Loitsch SM, Hartmann F, Stein J. Comparative 
evaluation of fecal calprotectin and S100A12 as non-
invasive markers in predicting microbiological diagnosis 
for acute bacterial diarrhea: prospective multicenter 
study. Gastroenterology. 2010;138(Suppl 1):S-88.

118. Sidler MA, Leach ST, Day AS. Fecal S100A12 and fecal 
calprotectin as noninvasive markers for inflammatory 
bowel disease in children. Inflamm Bowel Dis. 
2008;14(3):359–66.

119. Turner D, Leach ST, Mack D, Uusoue K, McLernon R, 
Hyams J, et al. Faecal calprotectin, lactoferrin, 
M2-pyruvate kinase and S100A12 in severe ulcerative 
colitis: a prospective multicentre comparison of 
predicting outcomes and monitoring response. Gut. 
2010;59(9):1207–12.

120. Whitehead SJ, Ford C, Gama RM, Ali A, McKaig B, 
Waldron JL, et al. Effect of faecal calprotectin assay 
variability on the management of inflammatory  
bowel disease and potential role of faecal S100A12.  
J Clin Pathol. 2017;70(12):1049–56.

121. Shastri Y, Stein J. Fecal tumor M2 pyruvate kinase is  
not a specific biomarker for colorectal cancer screening. 
World J Gastroenterol. 2007;13(19):2768–9.

122. Czub E, Herzig KH, Szaflarska-Popawska A, Kiehne K, 
Socha P, Wos H, et al. Fecal pyruvate kinase: a potential 
new marker for intestinal inflammation in children with 
inflammatory bowel disease. Scand J Gastroenterol. 
2007;42(10):1147–50.

123. Johnson MW, Maestranzi S, Duffy AM, Dewar DH, 
Ciclitira PJ, Sherwood RA, et al. Faecal M2-pyruvate 
kinase: a novel, noninvasive marker of ileal pouch 
inflammation. Eur J Gastroenterol Hepatol. 
2009;21(5):544–50.

124. Walkowiak J, Banasiewicz T, Krokowicz P,  
Hansdorfer-Korzon R, Drews M, Herzig KH.  
Fecal pyruvate kinase (M2-PK): a new predictor  
for inflammation and severity of pouchitis.  
Scand J Gastroenterol. 2005;40(12):1493–4.

125. Chung-Faye G, Hayee B, Maestranzi S, Donaldson N, 
Forgacs I, Sherwood R. Fecal M2-pyruvate kinase  
(M2-PK): a novel marker of intestinal inflammation. 
Inflamm Bowel Dis. 2007;13(11):1374–8. 

126. Jeffery J, Lewis SJ, Ayling RM. Fecal dimeric M2-pyruvate 
kinase (tumor M2-PK) in the differential diagnosis of 
functional and organic bowel disorders. Inflamm Bowel 
Dis. 2009;15(11):1630–4.



98

127. Rieder F, Schleder S, Wolf A, Dirmeier A, Strauch U, 
Obermeier F, et al. Association of the novel serologic 
anti-glycan antibodies anti-laminarin and anti-chitin 
with complicated Crohn’s disease behavior. Inflamm 
Bowel Dis. 2010;16(2):263–74.

128. Elkadri AA, Stempak JM, Walters TD, Lal S, Griffiths AM, 
Steinhart AH, et al. Serum antibodies associated with 
complex inflammatory bowel disease. Inflamm Bowel 
Dis. 2013;19(7):1499–505.

129. Targan SR, Landers CJ, Yang HY, Lodes MJ, Cong YZ, 
Papadakis KA, et al. Antibodies to Cbir1 flagellin define 
a unique response that is associated independently 
with complicated Crohn’s disease. Gastroenterology. 
2005;128(7):2020–8.

130. Xiong Y, Wang GZ, Zhou JQ, Xia BQ, Wang XY,  
Jiang B. Serum antibodies to microbial antigens  
for Crohn’s disease progression: a meta-analysis.  
Eur J Gastroenterol Hepatol. 2014;26(7):733–42

131. Desir B, Amre DK, Lu SE, Ohman-Strickland P,  
Dubinsky M, Fisher R, et al. Utility of serum antibodies 
in determining clinical course in pediatric Crohn’s 
disease. Clin Gastroenterol Hepatol. 2004;2(2):139–46.

132. Hamilton AL, Kamm MA, De Cruz P, Wright EK, 
Selvaraj F, Princen F, et al. Serologic antibodies in 
relation to outcome in postoperative Crohn’s disease.  
J Gastroenterol Hepatol. 2017;32(6):1195–203.

133. Mao R, Xiao YL, Gao X, Chen BL, He Y, Yang L, et al. 
Fecal calprotectin in predicting relapse of inflammatory 
bowel diseases: a meta-analysis of prospective studies. 
Inflamm Bowel Dis. 2012;18(10):1894–9.

134. Louis E, Mary JY, Vernier-Massouille G, Grimaud JC, 
Bouhnik Y, Laharie D, et al. Maintenance of remission 
among patients with Crohn’s disease on antimetabolite 
therapy after infliximab therapy is stopped. 
Gastroenterology. 2012;142(1):63–70.

135. Molander P, Färkkilä M, Salminen K, Kemppainen H, 
Blomster T, Koskela R, et al. Outcome after discon-
tinuation of TNFα-blocking therapy in patients with 
inflammatory bowel disease in deep remission. 
Inflamm Bowel Dis. 2014;20(6):1021–8.

136. Molander P, Färkkilä M, Ristimäki A, Salminen K, 
Kemppainen H, Blomster T, et al. Does fecal calprotectin 
predict short-term relapse after stopping TNFα-blocking 
agents in inflammatory bowel disease patients in deep 
remission? J Crohns Colitis. 2015;9(1):33–40.

137. Diederen K, Hoekman DR, Leek A, Wolters VM, 
Hummel TZ, de Meij TG, et al. Raised faecal calprotectin 
is associated with subsequent symptomatic relapse,  
in children and adolescents with inflammatory bowel 
disease in clinical remission. Aliment Pharmacol Ther. 
2017;45(7):951–60.



99

138. Molander P, af Björkesten CG, Mustonen H, Haapamäki J, 
Vauhkonen M, Kolho KL, et al. Fecal calprotectin 
concentration predicts outcome in inflammatory bowel 
disease after induction therapy with TNFα blocking 
agents. Inflamm Bowel Dis. 2012;18(11):2011–7.

139. Wright EK, Kamm MA, De Cruz P, Hamilton AL,  
Ritchie KJ, Krejany EO, et al. Measurement of fecal 
calprotectin improves monitoring and detection  
of recurrence of Crohn’s disease after surgery. 
Gastroenterology. 2015;148(5):938–47.

140. Reenaers C, Bossuyt P, Hindryckx P, Vanpoucke H, 
Cremer A, Baert F. Expert opinion for use of faecal 
calprotectin in diagnosis and monitoring of 
inflammatory bowel disease in daily clinical practice. 
United European Gastroenterol J. 2018;6(8):1117–25.

141. Costa F, Mumolo MG, Ceccarelli L, Bellini M,  
Romano MR, Sterpi C, et al. Calprotectin is a stronger 
predictive marker of relapse in ulcerative colitis than  
in Crohn’s disease. Gut. 2005;54(3):364–8.

142. D’Inca R, Dal Pont E, Di Leo V, Benazzato L, Martinato M, 
Lamboglia F, et al. Can calprotectin predict relapse risk 
in inflammatory bowel disease? Am J Gastroenterol. 
2008;103(8):2007–14.

143. Walkiewicz D, Werlin SL, Fish D, Scanlon M, Hanaway P, 
Kugathasan S. Fecal calprotectin is useful in predicting 
disease relapse in pediatric inflammatory bowel 
disease. Inflamm Bowel Dis. 2008;14(5):669–73.

144. Gisbert JP, Bermejo F, Perez-Calle JL, Taxonera C, Vera I, 
McNicholl AG, et al. Fecal calprotectin and lactoferrin 
for the prediction of inflammatory bowel disease 
relapse. Inflamm Bowel Dis. 2009;15(8):1190–8.

145. Ho GT, Lee HM, Brydon G, Ting T, Hare N, Drummond H, 
et al. Fecal calprotectin predicts the clinical course  
of acute severe ulcerative colitis. Am J Gastroenterol. 
2009;104(3):673–8.

146. Garcia-Sanchez V, Iglesias-Flores E, Gonzalez R, Gisbert JP, 
Gallardo-Valverde JM, Gonzalez-Galilea A, et al.  
Does fecal calprotectin predict relapse in patients with 
Crohn’s disease and ulcerative colitis? J Crohns Colitis. 
2010;4(2):144–52.

147. Kallel L, Ayadi I, Matri S, Fekih M, Mahmoud NB,  
Feki M, et al. Fecal calprotectin is a predictive marker 
of relapse in Crohn’s disease involving the colon:  
a prospective study. Eur J Gastroenterol Hepatol. 
2010;22(3):340–5.

148. Kulnigg S, Gasche C. Systematic review: managing 
anaemia in Crohn’s disease. Aliment Pharmacol Ther. 
2006;24(11–12):1507–23.

149. Martin J, Radeke HH, Dignass A, Stein J. Current 
evaluation and management of anemia in patients with 
inflammatory bowel disease. Expert Rev Gastroenterol 
Hepatol. 2017;11(1):19–32.



100

150. Herrmann W, Obeid R. Causes and early diagnosis  
of vitamin B12 deficiency. Dtsch Ärztebl Int. 
2008;105(40):680–5.

151. Hastka J, Heimpel H, Metzgeroth G. Eisenmangel  
und Eisenmangelanämie. Deutsche Gesellschaft  
für Hämatologie und Onkologie; 2011.

152. Heimpel H, Diem H, Nebe T. Die Bestimmung der 
Retikulozytenzahl: Eine alte Methode gewinnt neue 
Bedeutung. Med Klin (Munich). 2010;105(8):538–43.

153. Gasché C, Berstad A, Befrits R, Beglinger C, Dignass A, 
Erichsen K, et al. Guidelines on the diagnosis and 
management of iron deficiency and anemia in 
inflammatory bowel diseases. Inflamm Bowel Dis. 
2007;13(12):1545–53.

154. Guagnozzi D, Severi C, Ialongo P, Viscido A, Patrizi F, 
Testino G, et al. Ferritin as a simple indicator of iron 
deficiency in anemic IBD patients. Inflamm Bowel Dis. 
2006;12(2):150–1.

155. Beguin Y. Soluble transferrin receptor for the evaluation 
of erythropoiesis and iron status. Clin Chim Acta. 
2003;329(1–2):9–22.

156. Thomas C, Thomas L. Anemia of chronic disease: 
pathophysiology and laboratory diagnosis.  
Lab Hematol. 2005;11(1):14–23.

157. Labbé RF, Vreman HJ, Stevenson DK. Zinc proto-
porphyrin: a metabolite with a mission. Clin Chem. 
1999;45(12):2060–72.

158. Akkermans MD, Vreugdenhil M, Hendriks DM,  
van den Berg A, Schweizer JJ, van Goudoever JB, et al. 
Iron deficiency in inflammatory bowel disease: the use 
of zincprotoporphyrin and red blood cell distribution 
width. J Pediatr Gastroenterol Nutr. 2017;64(6):949–54.

159. Stein J, Aksan A, Farrag K, Dignass A, Radeke HH. 
Management of inflammatory bowel disease-related 
anemia and iron deficiency with specific reference  
to the role of intravenous iron in current practice. 
Expert Opin Pharmacother. 2017;18(16):1721–37.

160. Vavricka SR, Schoepfer A, Scharl M, Lakatos PL, 
Navarini A, Rogler G. Extraintestinal manifestations  
of inflammatory bowel disease. Inflamm Bowel Dis. 
2015;21(8):1982–92.

161. Bourikas LA, Papadakis KA. Musculoskeletal 
manifestations of inflammatory bowel disease. 
Inflamm. Bowel. Dis. 2009;15(12):1915–24.

162. Harbord M, Annese V, Vavricka SR, Allez M, 
Barreiro-de Acosta M, Boberg KM, et al. The First 
European Evidence-based Consensus on Extra-
intestinal Manifestations in Inflammatory Bowel 
Disease. J Crohns Colitis. 2016;10(3):239–54.



101

163. Seidel C, Seifried E. Immungenetik. In: Thomas L,  
Hrsg. Labor und Diagnose. 7. Auflage. Frankfurt: 
TH-Books Verlagsgesellschaft mbH; 2008. p. 1193–214.

164. Rodriguez-Reyna TS, Martinez-Reyes C,  
Yamamoto-Furusho JK. Rheumatic manifestations of 
inflammatory bowel disease. World J Gastroenterol. 
2009;15(44):5517–24.

165. Brakenhoff LKPM, van der Heijde DM, Hommes DW, 
Huizinga TWJ, Fidder HH. The joint-gut axis in 
inflammatory bowel diseases. J Crohns Colitis. 
2010;4(3):257–68.

166. Palm O, Moum B, Ongre A, Gran JT. Prevalence of 
ankylosing spondylitis and other spondyloarthropathies 
among patients with inflammatory bowel disease:  
a population study (the IBSEN study). J Rheumatol. 
2002;29(3):511–5.

167. Steer S, Jones H, Hibbert J, Kondeatis E, Vaughan R, 
Sanderson J, et al. Low back pain, sacroiliitis, and  
the relationship with HLA-B27 in Crohn’s disease.  
J Rheumatol. 2003;30(3):518–22.

168. Scott DL, Kowalczyk A. Clinical trials: Tight control in 
early RA pays off in the long run. Nat Rev Rheumatol. 
2010;6(11):623–4.

169. Kamoun M. Diagnostic performance and predictive 
value of anti-citrullinated peptide antibodies for 
diagnosis of rheumatoid arthritis: toward more accurate 
detection? Clin Chem. 2005;51(1):12–3.

170. Koutroubakis IE, Karmiris K, Bourikas L, Kouroumalis EA, 
Drygiannakis I, Drygiannakis D. Antibodies against 
cyclic citrullinated peptide (CCP) in inflammatory bowel 
disease patients with or without arthritic manifestations. 
Inflamm Bowel Dis. 2007;13(4):504–5.

171. Papamichael K, Tsirogianni A, Papasteriades C, 
Mantzaris GJ. Low prevalence of antibodies to cyclic 
citrullinated peptide in patients with inflammatory 
bowel disease regardless of the presence of arthritis. 
Eur J Gastroenterol Hepatol. 2010;22(6):705–9.

172. Punzi L, Podswiadek M, D’Inca R, Zaninotto M, 
Bernardi D, Plebani M, et al. Serum human cartilage 
glycoprotein 39 as a marker of arthritis associated  
with inflammatory bowel disease. Ann Rheum Dis. 
2003;62(12):1224–6.

173. Chapman R, Cullen S. Etiopathogenesis of primary 
sclerosing cholangitis. World J Gastroenterol. 
2008;14(21):3350–9.

174. Mendes F, Lindor KD. Primary sclerosing cholangitis: 
overview and update. Nat Rev Gastroenterol Hepatol. 
2010;7(11):611–9.



102

175. Boberg KM, Fausa O, Haaland T, Holter E, Mellbye OJ, 
Spurkland A, et al. Features of autoimmune hepatitis  
in primary sclerosing cholangitis: an evaluation of  
114 primary sclerosing cholangitis patients according  
to a scoring system for the diagnosis of autoimmune 
hepatitis. Hepatology. 1996;23(6):1369–76.

176. Trivedi PJ, Chapman RW. PSC, AIH and overlap 
syndrome in inflammatory bowel disease. Clin Res 
Hepatol Gastroenterol 2012;36(5):420–36.

177. Hov JR, Boberg KM, Karlsen TH. Autoantibodies in 
primary sclerosing cholangitis. World J Gastroenterol. 
2008;14(24):3781–91.

178. Tsen A, Alishahi Y, Rosenkranz L. Autoimmune 
pancrea titis and inflammatory bowel disease:  
an updated review. J Clin Gastroenterol. 
2017;51(3):208–14.

179. Bokemeyer B. Asymptomatic elevation of serum lipase 
and amylase in conjunction with Crohn’s disease and 
ulcerative colitis. Z Gastroenterol. 2002;40(1):5–10.

180. Faust D, Menge F, Armbruster FP, Lembcke B, Stein J. 
Increased serum bone sialoprotein concentrations  
in patients with Crohn’s disease. Z Gastroenterol. 
2003;41(3):243–7.

181. Gilman J, Shanahan F, Cashman KD. Altered levels of 
biochemical indices of bone turnover and bone-related 
vitamins in patients with Crohn’s disease and ulcerative 
colitis. Aliment Pharmacol Ther. 2006;23(7):1007–16.

182. Toruner M, Loftus EV Jr, Harmsen WS, Zinsmeister AR, 
Orenstein R, Sandborn WJ, et al. Risk factors for 
opportunistic infections in patients with inflammatory 
bowel disease. Gastroenterology. 2008;134(4):929–36.

183. Viget N, Vernier-Massouille G, Salmon-Ceron D, 
Yazdanpanah Y, Colombel JF. Opportunistic infections 
in patients with inflammatory bowel disease: 
prevention and diagnosis. Gut. 2008;57(4):549–58.

184. Irving PM, Gibson PR. Infections and IBD.  
Nat Clin Pract Gastroenterol Hepatol. 2008;5(1):18–27.

185. Cottone M, Pietrosi G, Martorana G, Casà A,  
Pecoraro G, Oliva L, et al. Prevalence of cytomegalo-
virus infection in severe refractory ulcerative and 
Crohn’s colitis. Am J Gastroenterol. 2001;96(3):773–5.

186. Kambham N, Vij R, Cartwright CA, Longacre T. 
Cytomegalovirus infection in steroid-refractory 
ulcerative colitis: a case-control study. Am J Surg 
Pathol. 2004;28(3):365–73.



103

187. Domènech E, Vega R, Ojanguren I, Hernández A, 
Garcia-Planella E, Bernal I, et al. Cytomegalovirus 
infection in ulcerative colitis: a prospective, comparative 
study on prevalence and diagnostic strategy.  
Inflamm Bowel Dis. 2008;14(10):1373–9.

188. Roblin X, Pillet S, Oussalah A, Berthelot P, Del Tedesco E, 
Phelip JM, et al. Cytomegalovirus load in inflamed 
intestinal tissue is predictive of resistance to immuno-
suppressive therapy in ulcerative colitis. Am J Gastro-
enterol. 2011;106(11):2001–8.

189. Zidar N, Ferkolj I, Tepeš K, Štabuc B, Kojc N, Uršič T, et al. 
Diagnosing cytomegalovirus in patients with inflam-
matory bowel disease – by immunohistochemistry or 
polymerase chain reaction? Virchows Arch. 
2015;466(5):533–9.

190. Thörn M, Rorsman F, Rönnblom A, Sangfelt P,  
Wanders A, Eriksson BM, et al. Active cytomegalovirus 
infection diagnosed by real-time PCR in patients with 
inflammatory bowel disease: a prospective, controlled 
observational study. Scand J Gastroenterol. 
2016;51(9):1075–80.

191. Bartlett JG, Chang TW, Gurwith M, Gorbach SL, 
Onderdonk AB. Antibiotic-associated pseudomem bra-
nous colitis due to toxin-producing clostridia.  
N Engl J Med. 1978;298(10):531–4.

192. Rahier JF, Magro F, Abreu C, Armuzzi A, Ben-Horin S, 
Chowers Y, et al. Second European evidence-based 
consensus on the prevention, diagnosis and manage-
ment of opportunistic infections in inflammatory bowel 
disease. J Crohns Colitis. 2014;8(6):443–68.

193. Musa S, Thomson S, Cowan M, Rahman T. Clostridium 
difficile infection and inflammatory bowel disease. 
Scand J Gastroenterol. 2010; 45(3):261–72.

194. Hagel S, Epple HJ, Feurle GE, Kern WV, Lynen Jansen P, 
Malfertheiner P, et al. S2k-Leitlinie Gastrointestinale 
Infektionen und Morbus Whipple. Z Gastroenterol. 
2015;53(5):418–59.

195. Stahlmann J, Schönberg M, Herrmann M, von Müller L. 
Detection of nosocomial Clostridium difficile infections 
with toxigenic strains despite negative toxin A and  
B testing on stool samples. Clin Microbiol Infect. 
2014;20(9):O590-2.

196. Lübbert C, John E, von Müller L. Clostridium difficile 
infection: guideline-based diagnosis and treatment. 
Dtsch Arztebl Int. 2014;111(43):723–31.

197. Erb S, Frei R, Strandén AM, Dangel M, Tschudin-Sutter S, 
Widmer AF. Low sensitivity of fecal toxin A/B enzyme 
immunoassay for diagnosis of Clostridium difficile 
infection in immunocompromised patients.  
Clin Microbiol Infect. 2015;21(11):998.e9–15.



104

198. von Müller L, Halfmann A, Herrmann M. Aktuelle 
Daten und Trends zur Antibiotikaresistenzentwicklung 
von Clostridium difficile. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz.  
2012;55(11–12):1410–7. 

199. Kucharzik T, Dignass AU, Atreya R, Bokemeyer B,  
Esters P, Herrlinger K, et al. Aktualisierte S3-Leitlinie 
Colitis ulcerosa der Deutschen Gesellschaft für 
Gastroenterologie, Verdauungs- und Stoffwechsel-
krankheiten (DGVS). Z Gastroenterol.  
2018;56(9):1087–169.

200. van de Kamer JH. Quantitative determination of the 
saturated and unsaturated higher fatty acids in fecal 
fat. Scand J Clin Lab Invest. 1953;5(1):30–6.

201. Farrag K, Stein J. Resorptionstests. In: Stein J, 
Wehrmann T, editors. Funktionsdiagnostik in der 
Gastroenterologie. 3. Auflage. Heidelberg, New York, 
Berlin: Springer-Verlag; 2019. p. 113–52.

202. Gordon RS Jr. Exudative enteropathy: abnormal 
permeability of the gastrointestinal tract demonstrable 
with labelled polyvinylpyrrolidone. Lancet. 
1959;1(7068):325–6.

203. Crossley JR, Elliott RB. Simple method for diagnosing 
protein-losing enteropathies. Br Med J. 
1977;1(6058):428–9.

204. Peled Y, Doron O, Laufer H, Bujanover Y, Gilat T. 
D-xylose absorption test. Urine or blood?  
Dig Dis Sci. 1991;36(2):188–92.

205. Lembcke B. Atemtests bei Darmerkrankungen und  
in der gastroenterologischen Funktionsdiagnostik. 
Praxis (Bern 1994). 1997;86(25–26):1060–7.

206. Crenn P, Messing B, Cynober L. Citrulline as a biomarker 
of intestinal failure due to enterocyte mass reduction. 
Clin Nutr. 2008;27(3):328–39.

207. Jianfeng G, Weiming Z, Ning L, Fangnan L, Li T, Nan L, 
et al. Serum citrulline is a simple quantitative marker 
for small intestinal enterocytes mass and absorption 
function in short bowel patients. J Surg Res. 
2005;127(2):177–82.

208. Papadia C, Kelly P, Caini S, Corazza GR, Shawa T, 
Franzè A, et al. Plasma citrulline as a quantitative 
biomarker of HIV-associated villous atrophy in  
a tropical enteropathy population. Clin Nutr. 
2010;29(6):795–800.

209. Stein JM, Schneider AR. Bakterielle Fehlbesiedlung  
des Dünndarms. Z Gastroenterol. 2007;45(7):620–8.

210. Bures J, Cyrany J, Kohoutova D, Förstl M, Rejchrt S, 
Kvetina J, et al. Small intestinal bacterial overgrowth 
syndrome. World J Gastroenterol. 2010;16(24):2978–90.



105

211. Klaus J, Spaniol U, Adler G, Mason RA, Reinshagen M, 
von Tirpitz CC. Small intestinal bacterial overgrowth 
mimicking acute flare as a pitfall in patients with 
Crohn’s disease. BMC Gastroenterol. 2009;9(1):61.

212. Rao SSC, Bhagatwala J. Small intestinal bacterial over-
growth: clinical features and therapeutic management. 
Clin Transl Gastroenterol. 2019;10(10):e00078.

213. Reinshagen M, Schütz E, Armstrong VW, Behrens C, 
von Tirpitz C, Stallmach A, et al. 6-thioguanine 
nucleotide-adapted azathioprine therapy does not  
lead to higher remission rates than standard therapy  
in chronic active Crohn disease: results from a 
randomized, controlled, open trial. Clin Chem. 
2007;53(7):1306–14.

214. Thomas CW Jr, Lowry PW, Franklin CL, Weaver AL, 
Myhre GM, Mays DC, et al. Erythrocyte mean corpu s-
cular volume as a surrogate marker for 6-thioguanine 
nucleotide concentration monitoring in patients with 
inflammatory bowel disease treated with azathioprine 
or 6-mercaptopurine. Inflamm Bowel Dis. 
2003;9(4):237–45.

215. Waljee AK, Joyce JC, Wang S, Saxena A, Hart M, Zhu J, 
et al. Algorithms outperform metabolite tests in 
predicting response of patients with inflammatory 
bowel disease to thiopurines. Clin Gastroenterol 
Hepatol. 2010;8(2):143–50.

216. Dubinsky MC, Yang HY, Hassard PV, Seidman EG,  
Kam LY, Abreu MT, et al. 6-MP metabolite profiles 
provide a biochemical explanation for 6-MP resistance 
in patients with inflammatory bowel disease. 
Gastroenterology. 2002;122(4):904–15.

217. Haines ML, Ajlouni Y, Irving PM, Sparrow MP, Rose R, 
Gearry RB, et al. Clinical usefulness of therapeutic  
drug monitoring of thiopurines in patients with 
inadequately controlled inflammatory bowel disease. 
Inflamm Bowel Dis. 2011;17(6):1301–7.

218. Simsek M, Meijer B, Mulder CJJ, van Bodegraven AA, 
de Boer NKH. Analytical pitfalls of therapeutic drug 
monitoring of thiopurines in patients with inflammatory 
bowel disease. Ther Drug Monit. 2017;39(6):584–8.

219. Neurath MF, Kiesslich R, Teichgraber U, Fischer C, 
Hofmann U, Eichelbaum M, et al. 6-thioguanosine 
diphosphate and triphosphate levels in red blood cells 
and response to azathioprine therapy in Crohn’s disease. 
Clin Gastroenterol Hepatol. 2005;3(10):1007–14.

220. Karner S, Shi S, Fischer C, Schaeffeler E, Neurath MF, 
Herrlinger KR, et al. Determination of 6-thioguanosine 
diphosphate and triphosphate and nucleoside 
diphosphate kinase activity in erythrocytes: novel 
targets for thiopurine therapy? Ther Drug Monit. 
2010;32(2):119–28.



106

221. Wong A, Bass D. Laboratory evaluation of 
inflammatory bowel disease. Curr Opin Pediatr. 
2008;20(5):566–70.

222. Leong RW, Gearry RB, Sparrow MP. Thiopurine 
hepatotoxicity in inflammatory bowel disease:  
the role for adding allopurinol. Expert Opin Drug Saf. 
2008;7(5):607–16.

223. Vande Casteele N, Herfarth H, Katz J, Falck-Ytter Y, 
Singh S. American Gastroenterological Association 
Institute Technical Review on the Role of Therapeutic 
Drug Monitoring in the Management of Inflammatory 
Bowel Diseases. Gastroenterology. 2017;153(3):835–57.

224. Bruns T, Stallmach A. Drug monitoring in inflammatory 
bowel disease: helpful or dispensable? Dig Dis. 
2009;27(3):394–403.

225. Oellerich M. Pharmaka (Drug Monitoring). In: Thomas L, 
Hrsg. Labor und Diagnose. Frankfurt: TH-Books 
Verlagsgesellschaft mbH; 2007. p. 1552–67.

226. Staatz CE, Goodman LK, Tett SE. Effect of CYP3A  
and ABCB1 single nucleotide polymorphisms on the 
pharmacokinetics and pharmacodynamics of 
calcineurin inhibitors: Part I. Clin Pharmacokinet. 
2010;49(3):141–75.

227. Staatz CE, Goodman LK, Tett SE. Effect of CYP3A  
and ABCB1 single nucleotide polymorphisms on the 
pharmacokinetics and pharmacodynamics of calcineurin 
inhibitors: Part II. Clin Pharmacokinet.  
2010;49(4):207–21.

228. Herrlinger KR, Koc H, Winter S, Teml A, Stange EF, 
Fellermann K, et al. ABCB1 single-nucleotide poly-
morphisms determine tacrolimus response in patients 
with ulcerative colitis. Clin Pharmacol Ther. 
2011;89(3):422–8.

229. Baumgart DC, Pintoffl JP, Sturm A, Wiedenmann B, 
Dignass AU. Tacrolimus is safe and effective in patients 
with severe steroid-refractory or steroid-dependent 
inflammatory bowel disease – a long-term follow-up. 
Am J Gastroenterol. 2006;101(5):1048–56.

230. Yanai H, Hanauer SB. Assessing response and loss  
of response to biological therapies in IBD. Am J 
Gastroenterol. 2011;106(4):685–98.

231. Fasanmade AA, Adedokun OJ, Olson A, Strauss R, 
Davis HM. Serum albumin concentration: a predictive 
factor of infliximab pharmacokinetics and clinical 
response in patients with ulcerative colitis. Int J Clin 
Pharmacol Ther. 2010;48(5):297–308.

232. Baert F, Noman M, Vermeire S, Van Assche G,  
D’Haens G, Carbonez A, et al. Influence of immuno-
genicity on the long-term efficacy of infliximab in 
Crohn’s disease. N Engl J Med. 2003;348(7):601–8.



107

233. Cassinotti A, Travis S. Why don‘t we just measure 
infliximab drug levels in IBD. Pract Gastroenterol. 
2010;34(10):11–20.

234. Maser EA, Villela R, Silverberg MG, Greenberg GR. 
Association of trough serum infliximab to clinical 
outcome after scheduled maintenance treatment  
for Crohn’s disease. Clin Gastroenterol Hepatol. 
2006;4(10):1248–54.

235. Reich K, Nestle FO, Papp K, Ortonne JP, Evans R,  
Guzzo C, et al. Infliximab induction and maintenance 
therapy for moderate-to-severe psoriasis: a phase III, 
multicentre, double-blind trial. Lancet. 
2005;366(9494):1367–74.

236. St Clair EW, Wagner CL, Fasanmade AA, Wang B, 
Schaible T, Kavanaugh A, et al. The relationship of 
serum infliximab concentrations to clinical improve-
ment in rheumatoid arthritis: results from ATTRACT,  
a multicenter, randomized, double-blind, placebo-
controlled trial. Arthritis Rheum. 2002;46(6):1451–9.

237. Yamada A, Sono K, Hosoe N, Takada N, Suzuki Y. 
Monitoring functional serum antitumor necrosis  
factor antibody level in Crohn’s disease patients who 
maintained and those who lost response to anti-TNF. 
Inflamm Bowel Dis. 2010;16(11):1898–904.

238. Papamichael K, Cheifetz AS, Melmed GY, Irving PM, 
Casteele NV, Kozuch PL, et al. Appropriate therapeutic 
drug monitoring of biologic agents for patients with 
inflammatory bowel diseases. Clin Gastroenterol 
Hepatol. 2019;17(9):1655–68. 

239. Bendtzen K, Steenholdt C, Ainsworth M,  
Østergaard Thomsen O, Brynskov J. Comment on 
’Predicting the response to infliximab from trough 
serum levels’. Gut. 2010;59(9):1298–9; author reply 
1299–300.

240. Rutgeerts P, Vermeire S, Van Assche G. Predicting  
the response to infliximab from trough serum levels.  
Gut. 2010;59(1):7–8.

241. Steenholdt C, Bendtzen K, Brynskov J,  
Østergaard Thomsen O, Ainsworth MA. Cut-off levels 
and diagnostic accuracy of infliximab trough levels  
and anti-infliximab antibodies in Crohn’s disease.  
Scand J Gastroenterol. 2011;46(3):310–8.

242. Bendtzen K, Ainsworth M, Steenholdt C,  
Østergaard Thomsen O, Brynskov J. Individual medicine 
in inflammatory bowel disease: monitoring bioavailability, 
pharmacokinetics and immunogenicity of anti-tumour 
necrosis factor-alpha antibodies. Scand J Gastroenterol. 
2009;44(7):774–81.



108

243. Yarur AJ, Kanagala V, Stein DJ, Czul F, Quintero MA, 
Agrawal D, et al. Higher infliximab trough levels are 
associated with perianal fistula healing in patients  
with Crohn’s disease. Aliment Pharmacol Ther.  
2017;45(7): 933–40.

244. Yanai H, Lichtenstein L, Assa A, Mazor Y, Weiss B, 
Levine A, et al. Levels of drug and antidrug antibodies 
are associated with outcome of interventions after  
loss of response to infliximab or adalimumab.  
Clin Gastroenterol Hepatol. 2015;13(3):522–30. 

245. Ungar B, Chowers Y, Yavzori M, Picard O, Fudim E, 
Har-Noy O, et al. The temporal evolution of antidrug 
antibodies in patients with inflammatory bowel disease 
treated with infliximab. Gut. 2014;63(8):1258–64.

246. Steenholdt C, Al-khalaf M, Brynskov J, Bendtzen K, 
Thomsen OØ, Ainsworth MA. Clinical implications of 
variations in anti-infliximab antibody levels in patients 
with inflammatory bowel disease. Inflamm Bowel Dis. 
2012;18(12):2209–17.

247. Wang SL, Ohrmund L, Sing S. Measurement of human 
anti-chimeric antibodies (Haca) and infliximab levels  
in patient serum using a novel homogeneous assay. 
Gastroenterology. 2010;138(5 Suppl 1):S-684–5,  
Poster Abstract W1256.

248. Singh S, Dulai PS, Vande Casteele N, Battat R, Fumery M, 
Boland BS, Sandborn WJ. Systematic review with  
meta-analysis: association between vedolizumab trough 
concentration and clinical outcomes in patients with 
inflammatory bowel diseases. Aliment Pharmacol Ther. 
2019;50(8):848–57.

249. Hanžel J, Zdovc J, Kurent T, Sever N, Javornik K, Tuta K, 
et al. Peak concentrations of ustekinumab after 
intravenous induction therapy identify patients with 
Crohn’s disease likely to achieve endoscopic and 
biochemical remission. Clin Gastroenterol Hepatol. 
2021;19(1):111–8.e10.

250. Battat R, Kopylov U, Bessissow T, Bitton A, Cohen A, 
Jain A, et al. Association between ustekinumab trough 
concentrations and clinical, biomarker, and endoscopic 
outcomes in patients with Crohn’s disease.  
Clin Gastroenterol Hepatol. 2017;15(9):1427–34.

251. Thomann AK, Schulte LA, Globig AM, Hoffmann P, 
Klag T, Itzel T, et al. Ustekinumab serum concentrations 
are associated with clinical outcomes in Crohn’s disease 
– a regional multi-center pilot study. Z Gastroenterol. 
2020;58(5):439–44. 

252. Santos MPC, Gomes C, Torres J. Familial and ethnic  
risk in inflammatory bowel disease. Ann Gastroenterol. 
2018;31(1):14–23.



109

253. Brant SR. Update on the heritability of inflammatory 
bowel disease: the importance of twin studies.  
Inflamm Bowel Dis. 2011;17(1):1–5.

254. Hampe J, Cuthbert A, Croucher PJ, 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(9272):1925–8.

255. Hugot JP, Chamaillard M, Zouali H, Lesage S, Cézard JP, 
Belaiche J, et al. Association of NOD2 leucine-rich 
repeat variants with susceptibility to Crohn’s disease. 
Nature. 2001;411(6837):599–603.

256. Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, 
Ramos R, et al. A frameshift mutation in NOD2 
associated with susceptibility to Crohn’s disease. 
Nature. 2001;411(6837):603–6.

257. Stoll M, Corneliussen B, Costello CM, Waetzig GH, 
Mellgard B, Koch WA, et al. Genetic variation in  
DLG5 is associated with inflammatory bowel disease. 
Nat Genet. 2004;36(5):476–80.

258. Zheng W, Rosenstiel P, Huse K, Sina C, Valentonyte R, 
Mah N, et al. Evaluation of AGR2 and AGR3 as 
candidate genes for inflammatory bowel disease. 
Genes Immun. 2006;7(1):11–8.

259. Guan Q. A comprehensive review and update on the 
pathogenesis of inflammatory bowel disease.  
J Immunol Res. 2019;2019:7247238.

260. Lees CW, Barrett JC, Parkes M, Satsangi J. New IBD 
genetics: common pathways with other diseases.  
Gut. 2011;60(12):1739–53.

261. Hampe J, Franke A, Rosenstiel P, Till A, Teuber M,  
Huse K, et al. A genome-wide association scan of 
nonsynonymous SNPs identifies a susceptibility variant 
for Crohn disease in ATG16L1. Nat Genet. 
2007;39(2):207–11.

262. Franke A, Balschun T, Karlsen TH, Sventoraityte J, 
Nikolaus S, Mayr G, et al. Sequence variants in IL10, 
ARPC2 and multiple other loci contribute to ulcerative 
colitis susceptibility. Nat Genet. 2008;40(11):1319–23.

263. Adler J, Rangwalla SC, Dwamena BA, Higgins PD.  
The prognostic power of the NOD2 genotype for 
complicated Crohn’s disease: a meta-analysis.  
Am J Gastroenterol. 2011;106(4):699–712.

264. Ahmad T, Armuzzi A, Neville M, Bunce M, Ling KL, 
Welsh KI, et al. The contribution of human leucocyte 
antigen complex genes to disease phenotype in 
ulcerative colitis. Tissue Antigens. 2003;62(6):527–35. 



110

265. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, 
Urban TJ, et al. Genetic variation in IL28B predicts 
hepatitis C treatment-induced viral clearance. Nature. 
2009;461(7262):399–401.

266. Cleynen I, Boucher G, Jostins L, Schumm LP, Zeissig S, 
Ahmad T, et al. Inherited determinants of Crohn’s 
disease and ulcerative colitis phenotypes: a genetic 
association study. Lancet. 2016;387(10014):156–67.

267. Sato F, Harpaz N, Shibata D, Xu Y, Yin J, Mori Y, et al. 
Hypermethylation of the p14(ARF) gene in ulcerative 
colitis-associated colorectal carcinogenesis. Cancer Res. 
2002;62(4):1148–51.

268. Allen DC, Connolly NS, Biggart JD. Mucin profiles  
in ulcerative colitis with dysplasia and carcinoma. 
Histopathology. 1988;13(4):413–24.







Publisher

© 2022 Falk Foundation e.V.
All rights reserved.

Diagnostics series on inflammatory bowel diseases for the  
physician with a special interest in gastroenterology

• Radiological Diagnostics (S41e) 
  M. Juchems – Constance (Germany)  

(61 pages)

• Endoscopic Diagnostics (S42e) 
  A. Tromm – Hattingen (Germany)  

(56 pages)

• Laboratory Diagnostics (S43e) 
  O. Schröder, J. Stein – Frankfurt (Germany)  

(110 pages)

• Sonographic Diagnostics (S44e) 
  G. von Boyen, M. Mauch, K. Seitz – Sigmaringen (Germany)  

(123 pages)

20th revised edition 2022



Inflammatory 
Bowel Diseases

Laboratory Diagnostics

O. Schröder, J. Stein
Sachsenhausen Hospital, Frankfurt (Germany)S

43
e 

20
-3

/2
02

2 
H

O
F




