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strategy.

Keywords:

who hospitalized with exacerbation between May 2016 and April 2017 were assessed based

Calprotectin

on IBD Data Bank Software in Gastrointestinal and Liver Diseases and Research Center

Inﬂammatory bowel disease

(GLDRC), Guilan province, Iran between. A questionnaire of demographic characteristics,

Methods: In this retrospective cross-sectional study, records of 56 ulcerative colitis patients

Ulcerative colitis

clinical ﬁndings and fecal calprotectin level was completed. Montreal classiﬁcation severity

Inﬂammation

of ulcerative colitis and Mayo disease activity index were scored. Data were analyzed for
descriptive and analytical analysis.
Results: Fecal calprotectin was signiﬁcantly different in terms of disease severity based on
both Mayo score (p = 0.007) and Montreal classiﬁcation (p = 0.001). In patients with mild symptoms, no increase in fecal calprotectin was observed, but in patients with moderate and
severe elevations in fecal calprotectin levels was signiﬁcant. Also, C-Reactive Protein surge
was related to disease severity (p = 0.02). Furthermore, regression comparison among highchance patients based on fecal calprotectin was signiﬁcantly related to higher Erythrocyte
Sedimentation Rate levels and smoking, p = 0.01 and p = 0.05, respectively.
Conclusion: It seems fecal calprotectin levels are related to the disease severity. Non-invasive
methods, such as fecal calprotectin assay, may seem to be an alternative to aggressive, costly
and time-consuming methods, such as colonoscopy and biopsy, to reduce the suffering of
patients and ultimately help improve the patients’ life quality.
© 2018 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de
Coloproctologia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Papel da calprotectina fecal no diagnóstico de colite ulcerativa e no
acompanhamento do tratamento
r e s u m o
Palavras-chave:

Objetivo: A colite ulcerativa geralmente afeta o reto, podendo acometer todo o cólon. Méto-

Calprotectina

dos não invasivos, como a dosagem de calprotectina fecal, podem ser uma abordagem

Doença inﬂamatória intestinal

conﬁável e barata para a avaliação da gravidade da doença ou da estratégia de mudança

Colite ulcerativa

de tratamento.

Inﬂamação

Métodos: Neste estudo transversal retrospectivo, os registros de 56 pacientes com colite
ulcerativa que foram hospitalizados devido a exacerbação entre maio de 2016 e abril de 2017
foram avaliados usando o software IBD Data Bank no Centro de Pesquisa e Doenças Gastrointestinais e Hepáticas (GLDRC), na província de Guilan, Irã. Foi aplicado um questionário
de características demográﬁcas, achados clínicos e nível de calprotectina fecal. Foram usados o escore de Mayo de atividade da doença e a classiﬁcação de Montreal da gravidade da
colite ulcerativa. Os dados foram analisados de forma descritiva e analítica.
Resultados: A calprotectina fecal apresentou diferença signiﬁcativa em termos de gravidade
da doença com base no escore de Mayo (p = 0,007) e na classiﬁcação de Montreal (p = 0,001).
Em pacientes com sintomas leves, nenhum aumento na calprotectina fecal foi observado.
Entretanto, em pacientes com sintomas moderados e severos, o aumento nos níveis de calprotectina fecal foi signiﬁcativo. Além disso, o aumento nos níveis de proteína C reativa foi
associado à gravidade da doença (p = 0,02). A análise da regressão entre pacientes considerados de alto risco com base na calprotectina fecal indicou uma associação signiﬁcativa
com níveis elevados da taxa de sedimentação de eritrócitos e tabagismo (p = 0,01 e p = 0,05,
respectivamente).
Conclusão: Os níveis de calprotectina fecal parecem estar relacionados com a gravidade
da doença. Métodos não invasivos, como o estudo de calprotectina fecal, podem ser uma
alternativa a métodos agressivos, caros e demorados, tais como colonoscopia e biópsia,
reduzindo o sofrimento e ajudando a melhorar a qualidade de vida dos pacientes.
© 2018 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de
Coloproctologia. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Inﬂammatory bowel disease (IBD) has two forms of ulcerative colitis (UC) and Crohn’s Disease (CD).1 Crohn’s disease is
an inﬂammatory disease, with the early signs of more subtle patterns because of variable and distributed anatomical
localization.2–4 In each age group, the classic symptoms of CD
include abdominal pain, diarrhea, anorexia and weight loss.5
About 80% of people experience the complex symptoms with
or without extra-intestinal manifestations. CD is a pancentric inﬂammatory disease which is segmental in comparison
with UC and commonly associated with the gastrointestinal tract.6–8 In UC, inﬂammation is classically limited to the
large intestine with typical and continuous essence begins
with rectum.9 CD and UC are mainly diseases of young age,
with a maximum incidence of 15–30 years of age.10 Epidemiological studies have been declared different prevalence and
incidence of IBD, based on the geographical location of life and
racial or ethnic background.11,12 The rate of CD has risen in
almost all Western countries over the past three decades.13,14
The IBD incident rate in Iran shows similar trend to Asian
countries and lower than western countries.15 Besides, in one
study in Guilan, among the 756 patients with IBD, 87.1% had
UC. The mean age of the patients was about 40–45 years old,

and patients with coronal disease were younger than patients
with UC.16 Today, the most sensitive and speciﬁc diagnostic
method is colonoscopy and biopsy of intestinal inﬂammatory
diseases. However, this diagnostic method is aggressive, timeconsuming and costly as well as unpleasant among many
patients. Patients mostly are reluctant to repeat colonoscopy
for evaluation, therefore, researchers’ inclination is considered towards less invasive diagnostic methods.17 It is also
important for disease and patients’ follow up. Inﬂammation
of the intestine in patients with CD or UC is associated with
activation of acute phase proteins and migration of leukocytes to the intestine.18 Erythrocyte Sedimentation (ESR) and
the level of CRP-Reactive Protein (CRP) are considered as two
general markers of inﬂammation biomarkers19 which have
not enough sensitivity and not the necessary qualities. Over
the past several decades, several leukocyte products released
in the stool have been identiﬁed as inﬂammatory bowel
markers.20 Among the proteins derived from neutrophil, calprotectin and lactoferrin have been introduced as the best
parameters.21,22 Calprotectin is a heterodimeric protein that
has the ability to bind to calcium and zinc.23,24 This protein
exists in neutrophil cytosol and in monocyte membranes.25
Following the activation of neutrophils or binding of monocytes to endothelial, calprotectin is released and its level
in the serum or body ﬂuids is an important indicator of
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inﬂammation.26 Calprotectin has both a bacteriostatic effect
and a cytokine-like effect on the local environment.27 The
physiological roles of this protein are not well-known and
extensive research in this area is underway in the world’s
labs.17,28,29 Studies have shown that increased levels of Fecal
Calprotectin (FCP) in IBD can be explained through raising
the leukocytes regeneration and increasing the neutrophil
migration to the intestinal lumen.30 Therefore, we decided to
compare the FCP level in UC patients with different disease
severity, so that FCP may be considered as a suitable marker
for patients’ following up.

Table 1 – Clinical and laboratory symptoms according to
the Mayo Table.
Mayo table features
Tachycardia
Fever
Hemoglobin
ESR
Bowel frequency

Methods
Occult blood

Study design and patients
In this retrospective cross-sectional study the records of UC
hospitalized patients with exacerbation between May 2016
and April 2017 were collected from IBD database in the Gastrointestinal and Research Center (GLDRC), Razi Hospital,
Guilan province. The inclusion criterion was all UC patients
who were diagnosed based on clinical, colonoscopy and
histopathological standards by gastroenterologist and liver
diseases specialists. Patients with the following features were
excluded: (i) documents which were not based on clinical,
endoscopic or histological evidence; (ii) Presence of infectious
enterocolitis (positive stool samples for Salmonella, Shigella,
Campylobacter and other bacteria); (iii) simultaneous malignancy, particularly gastrointestinal malignancies; (iv) patients
with urinary or fecal incontinence, risk of contamination of
the stool sample; (v) patients without stool samples; (vi) pregnant patients; (vii) history of extensive intestinal resection
(ileosigmoidostomy and ilorectostomy); (viii) patients taking
regular aspirin or non-steroidal anti-inﬂammatory drugs over
2 weeks. Also, as patients were asked to complete a written consent form in order to use their registered information
in future studies, the records of patients who did not consent were excluded. Finally, 56 patients were included out
of 66 UC patients. This study was approved by the ethical
committee of Guilan University of Medical Sciences (GUMS).
The demographic characteristics of the patients included age,
sex, UC duration, smoking, and location of intestinal involvement, medication history, ongoing treatments, colonoscopy
report, and FCP based on registered records in the IBD Data
Bank Software. In order to have a uniform report of FCP,
just the samples which were experimented by Razi Hospital
laboratory using ELISA Kit CalproLab (Lysaker, Norway) were
assessed. FCP values were expressed in mg/kg of wet stool.
Based on this kit, values of less than 50 g/g were considered
normal.

Efﬁcacy assessments
We used two known disease activity instrument for UC, Montreal classiﬁcation severity of ulcerative colitis in order to
evaluate qualitative disease activity and Mayo disease activity index,31 which is scored on a scale from 0 to 12 and
includes stool frequency, rectal bleeding, a physician’s global
assessment, and a sigmoidoscopic evaluation32 based on

n (%)
No
Yes
No
Yes
Normal
Abnormal
>0
<30
<4
4–6
>6
Mild
Moderate
Severe

50 (89.3)
6 (10.7)
50 (89.3)
6 (10.7)
16 (28.6)
40 (71.4)
31 (55.4)
25 (44.6)
28 (50)
19 (33.9)
9 (16.1)
37 (66.1)
17 (30.4)
2 (3.6)

Up-to-date Software. Also, we arranged the following intervals conventionally in this study as Mild: stool frequency < 4,
mild rectal bleeding, no ﬁver and tachycardia, mild anemia,
ESR < 30 mm/h, colonoscopy ﬁndings such as erythema and
decrease in vascularity; Moderate: stool frequency 4–5, moderate rectal bleeding, fever < 37.5, tachycardia < 75, moderate
anemia, colonoscopy ﬁndings such as loss of vascularity and
Severe: stool frequency > 6, severe rectal bleeding, fever > 37.5,
tachycardia > 75, moderate anemia, colonoscopy ﬁndings such
as incontinence bleeding.

Statistical analyses
All data were entered into SPSS-21 software and analyzed
for descriptive and analytical analysis. To describe the data,
mean, standard deviation, percentage of frequency of tables
and charts were used. Also, for analytical statistics, t-test and
two ways ANOVA were used.

Results
In this study substantially most of the UC patients (85.7%)
were between 20 and 60 years old with the mean age of
35.6 ± 13.2. Almost half of them had one year disease duration
while slightly above one out of 10 (10.7%) had ten year disease duration. Surprisingly, near three of 4 (69.6) patients were
non-smoker. Also, 73.2% had positive CRP in their laboratory
reports. The distribution of clinical and laboratory symptoms
according to the Mayo scale is stated in Table 1. Furthermore,
the distribution of colonoscopy ﬁndings in subjects based on
the Mayo scale in depicted in Table 2. Approximately three
quarters (67.9%) were in severe and moderate phases based
on Montreal classiﬁcation. However, quantities estimations
in terms of mayo classiﬁcation presented a higher percent
(85.7%) of severe and moderate phases. Positive FCP was
shown in 66.1% of patients. Although there was a signiﬁcant
difference between CRP and the quality of disease in patients
(p = 0.02), this difference was not signiﬁcant between CRP and
Mayo score. In terms of both quality and quantity of disease
FCP showed a signiﬁcant difference p = 0.001 and p = 0.007,
respectively. The comparison of regression of high-chance
individuals and demographic characteristics according to FCP
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Table 2 – Colonoscopy ﬁndings according to Mayo Table.
Symptoms in Mayo Table
Mild

Moderate

Sever

A

n (%)

25

4 (7.1)
14 (25)
0 (0)
2 (3.6)
6 (10.7)
3 (5.4)
9 (16.1)
15 (26.8)

Erythema
Vascularity reduction
Delicate granulation
Obvious erythema
Rough granulation
Loss of vascularity
Incontinent bleeding
Ulcer

23(82.1%)

20
15

14(77.8%)
10(100%)

Negative
Posetive

10
4(22.2%)

5

5(17.9%)
0(0%)

0
Mild

Moderate

Severe

B
Table 3 – Regression comparison of high-chance patients
and demographic characteristics according to FCP.
Characteristics
Age

Smoking
ESR
CRP
Bowel frequency

Occult blood

a

<20
20–40
40–60
>60
No
Yes
>30
<30
Negative
Positive
<4
4–6
>6
Mild
Moderate
Severe

Exp (95% CI)
Ref
0.001 (0.4–1.7)
0.001 (0.3–1.5)
0.001 (0.6–1.9)
Ref
0.1 (0.02–1.1)
Ref
6.7 (1.4–30.1)
Ref
1.2 (0.2–5.8)
Ref
0.1 (0.4–2.9)
0.3 (0.6–2.3)
Ref
0.001 (0.5–2.8)
0.001 (0.3–2.6)

p-Value

23(65.7%)

25
20
15

0.9
0.7
0.8

12(34.4%)

12(92.3%)

Negative
Posetive

10
6(75%)

5
a

0.05

2(25%)

1(7.7%)

0
Mild

Moderate

Severe

0.01a
0.8

Fig. 1 – Distribution of calprotectin based on (A) quantitative
intensity for evaluation of ulcerative colitis activity (Mayo
score) and (B) qualitative criteria (Montreal Score).

0.09
0.3
0.8
0.9

P < 0.05 signiﬁcance level.

is shown in Table 3. Fig. 1 represents the distribution of FCP
based on both quantitative intensity for evaluation of UC activity and qualitative criteria.

Discussion
IBD is currently the common cause of gastrointestinal tract
involvements. Although death is not commonly related to
death, it still causes disability and mortality, especially in
adults, which has the potential for growth, education and
employment, subsequently leads to a lot of social and economic burden. Colonoscopy and biopsy are the only current
approaches to IBD. These patients have abdominal pain and
chronic or recurrent diarrhea after undergoing colonoscopy
and histopathological sampling. However, electing patients
for colonoscopy just based on clinical symptoms is not reliable as well as most suspected IBD patients would have
negative colonoscopy ﬁndings.33 Since this is an aggressive,
time-consuming and costly method that is uncomfortable in
many patients, an easy, non-invasive and inexpensive method
should be ﬁrst considered for the evaluation of patients.30
The use of markers such as calprotectin in the diagnosis
and differentiation of the disease can be helpful as the level
of Fecal Calprotectin (FCP) represents neutrophils migration
to the intestinal lumen in conditions of acute inﬂammation. In fact, calprotectin is released after the activation of
neutrophils or the binding of monocytes to the endothelial,

and its level in the serum or body ﬂuids is an important indicator of inﬂammation.29 Increased concentrations of
calprotectin can be measured in plasma, cerebrospinal ﬂuid,
synovial ﬂuid, urine or stool in inﬂammatory or malignant
conditions.30 Calprotectin is a peptide with unique properties and is known as the biomarker and the main actor of
pathophysiological processes in IBD such as Ulcerative Colitis (UC) and Crohn’s Disease (CD).22 Calprotectin stimulates
inﬂammatory response by increasing the production of certain
inﬂammatory chemokines and increasing the expression of
sticky molecules.34 It has been shown that serum calprotectin
in the active phase of CD was much more than its inactive
phase. In addition, its serum concentrations were directly
related to the concentration of radioactive protein c and the
disease activity index.35 In this study, FCP level among most
patients was strikingly high. Erbayrak and colleagues also
reported a signiﬁcant surge.30 In Kawashima and colleagues
study the association between FCP level and clinical severity
in UC patients witnessed that its importance is a potential
inﬂammation marker.36 In Alike Molodecky et al. study,37 the
severity levels of UC patients was not linked to demographic
variables such as age, sex, UC duration and smoking. Smoking was associated with a 95% decrease in the incidence of
ulcerative colitis. As smoking is not a risk factor for ulcerative
colitis38 ; it does not mean that smoking would be recommended but it reﬂects that smoking cessation program should
be supervised by physicians to prevent the probable ﬂare ups
in accordance with an abrupt crackdown. It is deduced that
smoking does not affect the both qualitative and quantitative
disease severity39 which also was not seen in this study. On
the other hand, ESR soared in patients by 99%, this factor as
one of the most important determinants of inﬂammation in
the acute state of ulcerative colitis. In the study of Erbayrak
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et al., the ESR rate in IBD patients was higher than that of
IBS patients as control group.30 ZareMehrjardi and colleagues
study showed higher ESR levels depict an increased inﬂammation in acute conditions.40 In the present study, patients
with a moderate disease activity had a 5 fold increase in
the level of calprotectin as well as a 100% increase among
patients with severe activity. However, in one study there was
no abnormal calprotectin among three difference groups in
terms of disease activity and there was no obvious relationship between the severity of inﬂammation and the measured
calprotectin41 despite the fact that, the association of FCP with
tissue inﬂammation is well documented in comparison with
colonoscopy biopsy.33 It has also been shown that calprotectin
levels between IBD and non-organic diseases provide a reliable differentiation in symptomatic patients. Also, increased
levels of FCP in patients with clinical improvement indicate an
increased risk of relapse in the next 12 months.42 It has been
concluded that of FCP concentration has an acceptable diagnostic accuracy for differentiating the organic disease from
functional intestinal diseases and has a strong association
with the rate of IBD activity.33 In Wang et al. study, calprotectin was suggested as a non-invasive diagnostic method
for IBD.34 Furthermore, Casta and colleagues reported calprotectin as a strong predictor of UC than CD, suggesting this test
as a non-invasive tool for monitoring and optimal treatment.35
Meanwhile, it would predict the clinical recurrence of disease
activity in patients with CD and UC43 as well as a valuable tool for IBD suspected patients to determine the need
for colonoscopy.44 In this study we were not able to include
all eligible patients due to some limitations such as lack of
access to some patients records, inadequate bowel preparation for colonoscopy, failure to perform colonoscopy due to
lack of patients’ affordability or its aggressive essence. Also, as
patients were undergone colonoscopy by different gastroenterologist specialists, the accuracy of subsequent colonoscopy
would be increased by one expert gastroenterologist.

Conclusion
Measurement of FCP can be a non-invasive technique along
with colonoscopy to IBD detection and follow-up. In summary,
colonoscopy and biopsy are currently used to evaluate the disease’s activity, but calprotectin assessment is also thought
to be well correlated with disease activity. It does not lead
to removal of colonoscopy from the diagnosis process and
disease follow-up, however raising this marker points to the
severity of the disease, and we require taking diagnostic measures quickly to ﬁnd the cause of the escalation.

Funding
This study was supported by Gastrointestinal and Liver Diseases Research Center (GLDRC), Guilan University of Medical
Sciences, Rasht, Iran.

Conﬂicts of interest
The authors declare no conﬂicts of interest.

119

references

1. Burisch J, Munkholm P. The epidemiology of inﬂammatory
bowel disease. Scand J Gastroenterol. 2015;50:942–51.
2. Gardenbroek T, Tanis P, Buskens C, Bemelman W. Surgery for
Crohn’s disease: new developments. Dig Surg. 2012;29:
275–80.
3. Podolsky DK. The current future understanding of
inﬂammatory bowel disease. Best Pract Res Clin
Gastroenterol. 2002;16:933–43.
4. Ogorek CP, Fisher RS. Differentiation between Crohn’s disease
and ulcerative colitis. Med Clin North Am. 1994;78:1249–58.
5. Wilkins T, Jarvis K, Patel J. Diagnosis and management of
Crohn’s disease. Am Fam Physician. 2011;84:1365–75.
6. Festen EA, Goyette P, Green T, Boucher G, Beauchamp C,
Trynka G, et al. A meta-analysis of genome-wide association
scans identiﬁes IL18RAP, PTPN2, TAGAP, and PUS10 as shared
risk loci for Crohn’s disease and celiac disease. PLoS Genet.
2011;7:e1001283.
7. Hyams J, Walters TD, Crandall W, Kugathasan S, Grifﬁths A,
Blank M, et al. Safety and efﬁcacy of maintenance inﬂiximab
therapy for moderate-to-severe Crohn’s disease in children:
REACH open-label extension. Curr Med Res Opin.
2011;27:651–62.
8. Person B, Khaikin M. Restorative operations for Crohn’s
disease. Clin Colon Rectal Surg. 2007;20:314.
9. Tontini GE, Vecchi M, Pastorelli L, Neurath MF, Neumann H.
Differential diagnosis in inﬂammatory bowel disease colitis:
state of the art and future perspectives. World J
Gastroenterol. 2015;21:21.
10. Loftus EV, Silverstein MD, Sandborn WJ, Tremaine WJ,
Harmsen WS, Zinsmeister AR. Crohn’s disease in Olmsted
County, Minnesota, 1940–1993: incidence, prevalence, and
survival. Gastroenterology. 1998;114:1161–8.
11. Betteridge JD, Armbruster SP, Maydonovitch C, Veerappan GR.
Inﬂammatory bowel disease prevalence by age, gender, race,
and geographic location in the US military health care
population. Inﬂamm Bowel Dis. 2013;19:1421–7.
12. Misra R, Faiz O, Munkholm P, Burisch J, Arebi N. Epidemiology
of inﬂammatory bowel disease in racial and ethnic migrant
groups. World J Gastroenterol. 2018;24:424.
13. Munkholm P, Langholz E, Nielsen OH, Kreiner S, Binder V.
Incidence and prevalence of Crohn’s disease in the county of
Copenhagen, 1962–87: a sixfold increase in incidence. Scand J
Gastroenterol. 1992;27:609–14.
14. Trallori G, Palli D, Saieva C, Bardazzi G, Bonanomi AG,
d’Albasio G, et al. A population-based study of inﬂammatory
bowel disease in Florence over 15 years (1978–92). Scand J
Gastroenterol. 1996;31:892–9.
15. Safarpour AR, Hosseini SV, Mehrabani D. Epidemiology of
inﬂammatory bowel diseases in Iran and Asia: a mini review.
Iran J Med Sci. 2013;38 Suppl:140.
16. Mansour-Ghanaei F, Haghkerdar M, Joukar F, Aminian K,
Youseﬁ Mashhour M, Shafaghi A, et al. Epidemiologic features
of inﬂammatory bowel disease in Guilan Province, North of
Iran, during 2002–2012. Middle East J Dig Dis. 2015;
7:69.
17. 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;26:1035–42.
˛
18. Trzeciak-Jedrzejczyk
A, Makosiej R, Kolejwa M, Głowacka E,
Czkwianianc E. The role of adhesion molecules in
inﬂammatory bowel disease in children. Assessment of the
possible risk of cardiovascular complications. Prz
Gastroenterol. 2017;12:181.

120

j coloproctol (rio j). 2 0 1 9;3 9(2):115–120

19. Walsham NE, Sherwood RA. Fecal calprotectin in
inﬂammatory bowel disease. Clin Exp Gastroenterol.
2016;9:21.
20. Lehmann FS, Burri E, Beglinger C. The role and utility of
faecal markers in inﬂammatory bowel disease. Therap Adv
Gastroenterol. 2015;8:23–36.
21. Schoepfer AM, Beglinger C, Straumann A, Trummler M,
Vavricka SR, Bruegger LE, et al. Fecal calprotectin correlates
more closely with the Simple Endoscopic Score for Crohn’s
disease (SES-CD) than CRP, blood leukocytes, and the CDAI.
Am J Gastroenterol. 2010;105:162.
22. Yui S, Nakatani Y, Mikami M. Calprotectin (S100A8/S100A9),
an inﬂammatory protein complex from neutrophils with a
broad apoptosis-inducing activity. Biol Pharm Bull.
2003;26:753–60.
23. Champaiboon C, Sappington KJ, Guenther BD, Ross KF,
Herzberg MC. Calprotectin S100A9 calcium-binding loops I
and II are essential for keratinocyte resistance to bacterial
invasion. J Biol Chem. 2009;284:7078–90.
24. Liu JZ, Jellbauer S, Poe AJ, Ton V, Pesciaroli M, Kehl-Fie TE,
et al. Zinc sequestration by the neutrophil protein
calprotectin enhances Salmonella growth in the inﬂamed gut.
Cell Host Microbe. 2012;11:227–39.
25. Urban CF, Ermert D, Schmid M, Abu-Abed U, Goosmann C,
Nacken W, et al. Neutrophil extracellular traps contain
calprotectin, a cytosolic protein complex involved in host
defense against Candida albicans. PLoS Pathog.
2009;5:e1000639.
26. Lamb C, Mansﬁeld J. Measurement of faecal calprotectin and
lactoferrin in inﬂammatory bowel disease. Frontline
Gastroenterol. 2011;2:13–8.
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