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ABSTRACT
AIM: To assess the fecal calprotectin (FCP) values in different 
degrees of colonic diverticular disease (DD) and to assess 
histologically the presence (or absence) of inflammation in the 
colonic mucosa in these patients.
METHODS: This study enrolled 45 patients with different types 
of DD who had all undergone total colonoscopy. The control group 
consisted of 15 healthy controls and 17 patients with irritable bowel 
syndrome (IBS). FCP was analyzed in stool samples by means of 
“Calpo Test” based on ELISA.
RESULTS: The mean value of FCP in the healthy controls was 
37.9 mg/kg. The mean value in IBS patients was 33.8 mg/kg and 
did not differ significantly (р=0.4630) from that of the healthy 
controls. In the patients with asymptomatic DD the mean value 
of FCP was 48.7 mg/kg and there was no significant difference 
from those in the healthy controls (р=0.2326) and the IBS patients 
(р=0.0922). The mean value of FCP in symptomatic DD patients 
was 115.3 mg/kg, which is significantly higher than those in all other 
subgroups – healthy controls (р<0.0001), IBS patients (р<0.0001), 
and asymptomatic DD (р<0.001). In patients with diverticulitis 
FCP values were significantly higher (mean value of 433.2 mg/kg), 
the differences were statistically significant as compared to healthy 

controls (p<0.0001), IBS patients (р<0.0001), subgroups with 
asymptomatic DD (р<0.01) and symptomatic DD (р<0.01).
CONCLUSIONS: FCP is a non-invasive, easy to investigate and 
reliable biomarker for assessing the intestinal inflammation in 
patients with DD of the colon and for distinguishing these patients 
from patients with functional gastrointestinal disorders.
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INTRODUCTION
Colonic diverticular disease is a routine finding in older patients. 
During the last years its prevalence has risen in the western 
countries[1-3]; in particular, it is within 12 to 49%[4,5]. Asymptomatic 
diverticulosis is most often discovered incidentally in patients with 
other indications (e.g. colonoscopy in screening for colo-rectal 
carcinoma) or in investigations conducted in patients in order to find 
the reason for an anaemic syndrome[6]. In other cases, patients have 
symptoms varying from nonspecific abdominal symptoms, clinically 
indistinguishable from irritable bowel syndrome – IBS (symptomatic 
uncomplicated diverticular disease) to severe symptoms of 
diverticulitis or other complications of diverticulosis (perforation, 
stricture, bleeding)[7].
    For many years diverticular disease (DD) was considered as a 
“bacteria-associated disease” – bacterial overgrowth associated 
with obstruction of the diverticular neck by feces. They abrase 
diverticular mucosa, causing low-grade inflammation and blockage 
of drainage. The obstruction can lead to an increase of normal 
bacterial flora, restriction of venous outflow with local ischaemia 
and alteration of immune mechanisms[8]. However, some studies 
show that mesalazine and probiotics are effective in the treatment 
of DD[9-11]. It seems that these results are related to a surprising 
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affected by acute uncomplicated diverticulitis (symptomatic DD with 
signs of diverticular inflammation but without complication). These 
patients had abdominal pain with signs of inflammation (increased 
ESR, serum CRP and/or white cell count). Complications were 
excluded by computed tomography scan[26-28]. They had undergone 
partial sigmoidoscopy, in which inflammated diverticula were 
visualized: then the study was terminated because of the possible risk 
of complications. When treatment was carried out and control of the 
condition was achieved, all the patients underwent total colonoscopy 
for exclusion of any additional pathological process.
    Patients affected by neoplastic diseases of the colon or IBD were 
excluded. Moreover, patients taking non-steroid anti-inflammatory 
drugs (NSAIDs) for less than a month before the study were also 
excluded.
    The control group consisted of two subgroups: 17 subjects affected 
by IBS and matched by sex and age. All of them had undergone 
total colonoscopy for long-lasting abdominal pain. They covered the 
Rome III criteria[29] with absence of any “alarm” features. In addition, 
all these patients underwent routine hematological and biochemical 
tests as well as stool examination for microorganisms and parasites. 
Furthermore, thyroid function tests, anti-transglutaminase IgA 
examination (for suspected celiac disease) and a lactulose hydrogen 
breath test were performed. In these patients, colonoscopy did not 
show any abnormalities, including diverticula – a normal endoscopic 
image of the colon was acquired.
    15 healthy controls matched by sex and age who underwent total 
colonoscopy for colon caner screening. Each of them had neither 
history of any gastrointestinal disorder nor complaints at the time of 
the examination.
    Also, in these subgroups, patients taking NSAIDs for less than a 
month before the study were excluded.

Endoscopic procedures
In all patients total colonoscopy was performed the day after they 
had undergone standard bowel preparation, consisting of an oral 
polyethylene glycol solution (Fortrans, Beaufour Ipsen Industrie, 
France) taken in the afternoon before the examination. In control 
group subjects, three bioptic samples of colonic mucosa were 
collected. In DD patients, three biopsies were taken from the mucosa 
between diverticula.

Histological assessment
The bioptic samples were fixed in 10% neutral buffered formalin, 
embedded in a paraffin block and processed for sectioning. All tissue 
sections were sliced to obtain sections of 5 μm thickness then stained 
with haematoxylin and eosin for light microscopic examination. 
The tissue sections were visualized for the following: inflammatory 
lesions, mononuclear cell infiltration, neutrophil infiltration, 
eosinophil infiltration, plasmocyte infiltration, fibrin exudation, 
lymphangiectasis, tissue destruction and tissue reparation. The degree 
of inflammation was assessed according to the count and type of 
inflammatory cells on field, at ×40 magnification. An inflammatory 
process was accepted if there were more than 5 lymphocytes with 
predominantly basal localization. Neutrophilic infiltrate and the 
presence of monocytes/histiocytes were also evaluated on routine 
slides.

Fecal calprotectin assessment
In all patients, calprotectin was analyzed in stool samples by means 
of “Calpo Test” based on enzyme-linked immunosorbent assay 
(ELISA), made by Nova Tec Immunodiagnostica of Germany. 
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similarity between DD and inflammatory bowel disease (IBD). 
Moreover, a defective CD-2 pathway that induces apoptosis in 
the lymphocytes of lamina propria in patients with diverticulitis is 
established, leading to amplification of the local immune response 
in these patients, similar to that observed in patients with Crohn’s 
disease (CD) and ulcerative colitis (UC)[7,8]. In recent studies, Tursi 
et al[7,12] demonstrate histologically an inflammatory infiltrate in DD 
patients, associated with different degrees of the disease, higher than 
in the healthy controls.
    Nowadays, a “gold standard” for assessing the location, extension 
and severity of the intestinal inflammation is the endoscopy with 
biopsy[13]. However, endoscopic procedures are invasive, with a 
substantial risk of complications[14]. Unfortunately, the tests widely 
used in the clinical practice – erythrocyte sedimentation rate (ESR), 
leucocytes and platelets count in the peripheral blood, C-reactive 
protein (CRP), etc. – have low sensitivity and do not reflect adequately 
the intestinal inflammation[15,16]. In order to optimize the assessment 
of gut inflammation, some other tests and methods are used. The 
increase of intestinal permeability could be a surrogate marker of 
inflammation but this method has not been widely used in clinical 
practice[17]. One of the most precise ways to localize inflammation in 
the gut is Indium111-leukocyte scanning and the count of Indium111-
bounded leukocytes in the feces[18]. This method is unsuitable for 
outpatient practice because of the exposure to radiation, the four-day 
collection of the stool samples, and its high price. In the search for 
new, more accessible, informative and inexpensive tests for diagnosis 
and assessment of gut inflammation in the last years of the 20th 
century, more attention was paid to the bio-active markers[19]. These 
markers include calprotectin, lactoferrin, polymorphonuclear elastase, 
myeloperoxidase, etc[14,20-22]. Among these, the most widely applied in 
clinical practice is fecal calprotectin (FCP).
    Calprotectin is a calcium- and zinc-binding protein comprising up 
to 60% of the neutrophil cytosolic proteins. In small amounts, it is 
found in monocytes, some macrophage subtypes, tissue eosinophils 
of the ileum and shed epithelial cells, except for those in normal skin. 
It is released from the neutrophils during cell activation or cell death. 
Competing with various enzymes for the limited amount of zinc, 
calprotectin can suppress many zinc-dependent enzymes and thereby 
kill some microorganisms and other cells. Calprotectin is also a strong 
chemotactic factor for neutrophils. Calprotectin has been studied 
clinically in plasma and various body fluids, where it is presented at 
concentrations proportional to the level of inflammation[19,23-25].
    The assessment of FCP finds wide application in the examination 
of intestinal inflammation, which is normally examined by invasive 
methods. In case of inflammation of the bowel wall neutrophils 
migrate toward and through it and thereby calprotectin passes into 
the feces. It resists metabolic degradation by intestinal bacteria and is 
stable in stool for up to 7 days[24].
    We aimed to assess the role of fecal calprotectin as a non-invasive 
marker of intestinal inflammation in patients with colonic DD.

METHODS
Patients
In this prospective study 45 consecutive patients affected by DD 
with and without inflammatory signs, who had undergone total 
colonoscopy, were enrolled. The patients were stratified in three 
subgroups, as follows: 16 patients affected by asymptomatic 
diverticulosis who had undergone total colonoscopy for colon cancer 
screening; 15 patients affected by symptomatic uncomplicated 
DD (without signs of inflammation) who had undergone total 
colonoscopy for long-lasting or recurrent abdominal pain; 14 patients 



All tested persons provided 1-5 grams of stool samples prior to 
preparation for colonoscopy, respectively, before starting therapy 
when it was carried out. The samples were immediately put into a 
freezer at (-) 20℃. Before analyzing, the samples were defrosted 
at room temperature followed by extraction of 100 mg feces from 
each sample in a buffer solution. A defined volume of supernatant 
was diluted 50 times and introduced into veritable determination of 
calprotectin. The reading was automatic against a calibration curve. 
The final result was presented in milligrams per kilogram feces (mg/
kg).

Statistical methods
For data analysis the following statistical methods were used: 
descriptive statistics for tabular and graphical presentation of results; 
Kolmogorov-Smirnov test and Shapiro-Wilk test for normality of the 
distributions of the studied variables; nonparametric tests of Mann-
Whitney to verify the hypotheses of a difference in two independent 
samples; analysis of sensitivity and specificity of diagnostic 
methods; and ROC analysis. The obtained results were assessed as 
statistically reliable in threshold level of significance p<0.05.

Ethics approval
The study was approved by the Ethics Committee of University 
Hospital Queen Joanna in Sofia, Bulgaria. Written informed consent 
was obtained from all patients and control subjects.

RESULTS
The patients with DD, the healthy controls and the IBS patients did 
not differ for age distribution (Table 1).
Results of FCP examination
The mean value of FCP in the healthy controls was 37.9 mg/kg 
(8.3-68.0) with standard deviation (SD) of 16.4 and median of 34.5 
(Table 2). The value quoted as normal for fecal calprotectin was <50 
mg/kg of stool (the baseline value of the manufacturer). In the present 
study, we accepted an increased value above 1.96×SD+mean value 
(37.9), e.g. values above 70 mg/kg. All healthy controls were below 
this value.
    The mean value in IBS patients was 33.8 mg/kg which did not 
differ significantly (р=0.4630) from that of the healthy controls (Table 
2, figure 1).
    In the patients with asymptomatic DD the mean value of FCP 
was 48.7 mg/kg (Table 2) and there was no significant difference 
from the mean values in the healthy controls (р=0.2326) and the IBS 
patients (р=0.0922) (Figure 1).
    The mean value of FCP in symptomatic DD patients was 115.3 
mg/kg (Table 2) which was significantly higher than the mean values 
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in all other subgroups – healthy controls (р<0.0001), IBS patients 
(р<0.0001) and asymptomatic DD (р<0.001) (Figure 1).
    In patients with diverticulitis FCP values were significantly 
higher (mean value of 433.2 mg/kg) (Table 2). The differences were 
statistically significant as compared to healthy controls (p<0.0001) 
and IBS patients (р<0.0001) as well as for the subgroups with 
asymptomatic DD (р<0.01) and symptomatic DD (р<0.01) (Figure 1).
Histological findings
Healthy controls and IBS patients had colonic mucosa with normal 
histology (normal colonic mucosa). In patients with asymptomatic 
DD, the histological examination of the bioptic samples showed 
colonic mucosa with normal histological structure and lack of 
lymphocyte infiltration. In symptomatic DD subgroup lymphocyte 
infiltration was detected (more than 5 lymphocytes on field) as well 
as single monocytes/hystiocytes. Scattered neutrophils were found 
in 2 patients from this subgroup. All patients with acute diverticulitis 
had marked inflammatory infiltration in the colonic mucosa – more 
than 5 lymphocytes on field, presence of monocytes/histiocytes and 
scattered neutrophils.
    At value of 71.15 mg/kg FCP showed sensitivity of 93%, 
specificity of 94%, area under the ROC curve - 0.983, negative 
predicting value - 93.75% and positive predictive value of 93.33% 
for differentiating the cases of DD without inflammation from those 
of DD with mild inflammation (Figure 2).
    Regarding the differentiation of cases of DD with mild 
inflammation from those of acute diverticulitis, ROC analysis 
of FCP values showed that at value of 262 mg/kg sensitivity and 
specificity were both optimal-100%. Because of the fact that optimal 
values for sensitivity and specificity were reached at this cut-off 
level, we did not represent this result graphically. 
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Table 1 Demographic characteristics of the studied population. 

M/F
Median age
p value

HC
8/7
61.2+/-11
//

IBS
6/11
57.6+/-12
n.s

Asymptomatic 
DD
9/7
64.1+/-13
n.s.

Symptomatic 
DD
8/7
62.5+/-12
n.s.

Diverticulitis

7/7
60.8+/-11
n.s.
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Figure 1 FCP in healthy controls, IBS patients and different degrees of 
diverticular disease (DD). 

Table 2 FCP values in healthy controls – HC, IBS patients and DD patients.
Group
HC
IBS
Asympt. Diverticulosis
Sympt. DD
Acute Diverticulitis

N
15
17
16
15
14

Mean
37.9
33.8
48.7
115.3
433.2

SD
16.4
17.8
22.4
39.5
153.1

Median
34.5
31.1
42.0
105.9
399.0

Min
8.3
5.0
12.7
69.8
311.4

Max
68.0
62.4
71.7
212.4
691.0
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                                          1 - specificity 
Area	 SE	 p	 95% CI
0.983	 0.017	 <0.00001	  0.95     1.017

Figure 2 ROC analysis of the results for sensitivity and specificity of FCP, 
distinguishing the cases of diverticular disease without inflammation from 
those of diverticular disease with mild inflammation.

HC: healthy controls; IBS: irritable bowel syndrome; DD: diverticular 
disease.
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DISCUSSION
Recently, one of the ways to assess the inflammatory process was 
widely discussed – the analysis of neutrophil infiltration in the 
intestinal mucosa and neutrophils’ transmigration into the lumen[30]. 
Up until now in world literature, the assessment of FCP has been 
mainly launched as a method for determining the disease activity in 
IBD patients[14,30,31]. Many authors claim that FCP levels are more 
closely related to histological evaluation than to endoscopic image, 
suggesting that this biomarker is more sensitive than endoscopy in 
the evaluation of ІBD activity[14,20]. Several studies have demonstrated 
that the high degrees of inflammation are related to elevated FCP 
values, indicating significant correlation between FCP and the 
severity of inflammation[14]. It is considered that FCP reflects better 
the disease activity in UC than in CD[30,32].
    There are only a few reports in the medical literature about the 
examination of FCP in colonic DD. Although some studies have 
found a mild increase of FCP values in diverticulosis[33], compared to 
healthy controls, there is no sufficient information about the specific 
correlation between FCP values and the clinical degree of colonic 
DD[34]. Recently, several studies showing the relationship between 
FCP values, clinical severity of DD and histological findings have 
been published[7,35].
    In our study, patients with asymptomatic diverticulosis have FCP 
values similar to those in healthy controls. Histology of colonic 
mucosa in these patients is normal and there is no inflammatory 
infiltrate in bioptic samples taken from areas adjacent to the 
diverticular orifice. These results show that there is no intestinal 
inflammation in asymptomatic DD and because of that these patients 
have normal values of FCP and absence of abdominal symptoms. 
Similar results are reported by Pezzilli et al[33]. In symptomatic DD 
subgroup, FCP values were significantly higher than those of the 
control group and those of the asymptomatic DD subgroup. In line 
with these results is the histological finding – all patients in this 
subgroup have inflammatory infiltrate in the bioptic samples taken 
from colonic mucosa adjacent to the diverticula – over 5 lymphocytes 
on field, presence of monocytes/histiocytes, and scattered neutrophils 
in some patients. These data show convincingly that there is a low-
grade intestinal inflammation in some of the DD patients (in absence 
of any endoscopic findings), which correlates to their complaints. In 
patients with diverticulitis FCP, values are significantly higher and 
the differences are statistically significant as compared to the control 
group, asymptomatic DD subgroup and symptomatic DD subgroup. 
It is well known that diverticulitis is a marked inflammation in the 
diverticular bags and the lining around them, which correlates to 
relevant endoscopic findings and is a prerequisite for the occurrence 
of many complications[6]. Because of the fact that neutrophils are the 
main carriers of FCP, their presence in the inflammatory infiltrate in 
patients with acute diverticulitis precisely determines the high values 
of FCP in them. In some of our patients these values are comparable 
with the values of FCP in patients with ІBD[14,30,31,36,37].
    Our study is one of the few in the world that is focused on this 
problem. We have not found in the available literature a study, similar 
to this one, in which FCP has been investigated by the ELISA method 
(in the published studies up to date on this topic FCP has been 
investigated by a semi-quantitative rapid test). Our results confirm 
the relationship between intestinal inflammation and the presence 
of symptoms in patients with DD. The histological examination 
demonstrates that the inflammatory infiltrate is associated with the 
clinical severity of the disease[7,35]. However, this method is invasive 
and difficult to perform in clinical practice for distinguishing 
different levels of DD, particularly diverticulitis, where relative or 

even absolute contraindications for lower endoscopy are present. 
FCP correlates with these parameters and is easy to implement. The 
practical benefit of this study is the possibility of FCP values to direct 
us to the presence of inflammation and even to determine its grade, 
if we previously know that the patient has colonic diverticulosis and 
occurrence of abdominal symptoms, which would be helpful also in 
determining the therapeutic strategy. In our opinion, the possibility 
that elevated FCP levels can help in distinguishing the diagnosis of 
symptomatic DD from that of ІBS is of great importance, because 
they both can have similar symptoms. The results of our study 
confirm this possibility. The opportunity to use FCP assessment as a 
useful tool in determining the therapeutic approach and monitoring 
of the therapy in patients with DD and intestinal inflammation seems 
also to be quite promising[7].
    In conclusion, FCP is a non-invasive, easy to investigate and 
reliable biomarker for assessing the intestinal inflammation in patients 
with diverticular disease of the colon and also for distinguishing 
these patients from patients with functional gastrointestinal disorders.
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