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Objectives: In pediatric Crohn’s disease (PCD), the benefit of microscopy in disease activity assessment and 

prediction of clinical outcome is, due to the focality and transmurality of the inflammation, disputable. 

We investigated whether histopathological scoring system predicts complications in pediatric CD and 

correlates with endoscopical and clinical scores. 

Methods: We performed a retrospective study on 63 patients. Endoscopy in the time of diagnosis was 

evaluated using the Simple Endoscopic Score (SES) and histopathology with the Global Histology Activ- 

ity Score, both in its original version (GHAS) and its modification (modGHAS). Pediatric Crohn’s Disease 

Activity Index (PCDAI) was also calculated. The patients were grouped according to the presence or 

absence of defined complications (intraabdominal abscess or fistula, perianal fistulating disease or stric - 

ture impenetrable for endoscope or with prestenotic dilatation) during one year of follow-up, or the 

necessity to initiate anti-TNF treatment for persisting or relapsing active disease in the same time period. 

Associations were tested with Cox regression analysis. 

Results: SES was higher in patients with complications. However, in case of GHAS, modGHAS and PCDAI 

we did not find any significant association with complicated course of disease. SES above 16 points    

was revealed as an independent risk factor for complications development in PCD, in contrary to GHAS, 

modGHAS and PCDAI. We demonstrated only a weak correlation between GHAS, modGHAS and SES and 

no correlation between the histopathological scoring systems and PCDAI. 

Conclusions: In conclusion, the histopathological scoring system cannot be recommended as a reliable 

predictor of development of complications in children with CD. 

© 2017 Elsevier GmbH. All rights reserved. 

 
 

 

1. Introduction 

 
According to the recommendations of the European Crohn’s 

and Colitis Organisation [1], the European Society of Pathology [1] 

and the Porto criteria (as defined by the working group of pedi- 

atric inflammatory bowel diseases experts from ESPGHAN) [2], the 

endoscopic assessment of the intestine with multiple segmental 

biopsies represents an obligatory procedure in the diagnosis of 

adult and pediatric inflammatory bowel diseases (IBD) [1–5]. It is 

also considered to be the most reliable method for the assessment 

of the luminal inflammation activity along with the extension of 
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bowel involvement, and plays a crucial role in consecutive man- 

agement and surveillance of patients with IBD [3]. 

On the other hand, the benefit of histopathological analysis in 

the assessment of the inflammation activity in IBD and for the pre- 

diction of prognosis remains disputable [1]. Especially in the case 

of Crohn’s disease (CD) with its discontinual and transmural char- 

acter of inflammation, there is often poor correlation between the 

microscopic and endoscopic findings [6–8]. Thus, histopathological 

scoring systems, validated or established for pediatric patients, are 

lacking. 

The purpose of the present study was to examine whether 

microscopical assessment of the intensity of inflammation in pedi- 

atric patients with CD has a predictive value for the complications 

development and whether the histopathological scoring system 

correlates with endoscopical and clinical scores in children. 
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Table 1 

Simple Endoscopic Score (SES). 
 

Endoscopical Changes Score  

 0 1 2 3  

Size of ulcers (cm) 

Ulcerated surface 

Affected surface 

Presence of narrowings 

None 

None 

Unaffected segment 

None 

Aphthous ulcers (diameter 0.1–0.5) 

<10% 

<50% 

Single, can be passed 

Large ulcers (diameter 0.5–2) 10–

30% 

50–75% 

Multiple, can be passed 

Very large ulcers (diameter >2) 

>30% 

>75% 

Cannot be passed 

 

Final score is a sum of all variables for the 5 bowel segments. Values are given to each variable for all the examined bowel segments. 

 

Table 2 

Global Histology Activity Score (GHAS). 

Histopathological Changes Grading 
 

Epithelial damage 0 = normal; 1 = focal; 2 = extensive 

Architectural changes 0 = normal; 1 = moderate; 2 = severe 

Mononuclear cells in lamina propria 0 = normal; 1 = moderate increase; 2 = severe increase 

Neutrophils in lamina propria 0 = normal; 1 = moderate increase; 2 = severe increase 

Neutrophils in epithelium 1 = surface epithelium; 2 = cryptitis; 3 = crypt abscess 

Erosion or ulceration 0 = no; 1 = yes 

Granuloma 0 = no; 1 = yes 

Number of segmental biopsy specimens affected 1 = <1/3; 2 = 1/3–2/3; 3 = >2/3 

Each variable is scored independently. The total score is the sum of all individual scores. 

 

2. Material and methods 

 
2.1. Subjects 

 
All pediatric patients diagnosed with CD at their first endo- 

scopic assessment at our centre between the years 2009 and 2015 

were included in this retrospective study. The senior pediatric 

gastroenterologists reevaluated patients’ clinical data and endo- 

scopical findings. Archive histopathological slides were assessed 

by specialized pathologists. The endoscopic findings were objecti- 

fied using the Simple Endoscopic Score (SES) (Table 1), which was 

chosen for its simplicity and good correlation with clinical scor- 

ing systems [9]. In addition, the Pediatric Crohn’s Disease Activity 

Index (PCDAI), a validated and one of the most commonly used clin- 

ical scoring systems for pediatric CD with good correlation with 

other clinical scores, was calculated retrospectively [10–14]. The 

microscopical intensity of the inflammation was assessed using 

the Global Histology Activity Score (GHAS), both in its original ver- 

sion [15] (Table 2) and in its modification (modGHAS) [16], which 

does not include the evaluation of the number of involved bowel 

segments. The medical records of each patient were reviewed in 

detail. 

The patients were grouped according to the presence or absence 

of defined complications during one year of follow up period from 

the point of diagnosis, or the necessity to initiate anti-TNF treat- 

ment for persisting or relapsing active disease in the same time 

period. The time to complication was also recorded. The defined 

complications included stricture impenetrable with endoscope or 

with prestenotic dilatation, intra-abdominal fistula or abscess and 

fistulating perianal involvement. Initiating of anti-TNF treatment 

wasn’t regarded as a complication in it’s own record, but was impli- 

cated in the outcomes as an indication of severe clinical course 

of the disease. Patients who presented with any of the complica- 

tions at the time of diagnosis, as well as the patients with previous 

diagnosis of Inflammatory Bowel Disease Unclassified (IBD-U) or 

patients who had previously underwent treatment for IBD and 

thus could have modified histopathological features of the disease 

were excluded from the study. Patients with anti-TNF treatment at 

the time of diagnosis as a part of top down therapy also were not 

included. Out of 105 patients who entered the study, 63 fulfilled the 

inclusion criteria. The details of the inclusion process are shown in 

 

a flowchart (Fig. 1). Clinical characteristics of the patients are given 

in Table 3. 

 
2.2. Statistical analysis 

 
We used statistical software R-project (R Core Team, version 

3.2.3) for data analysis [17]. The differences between the subgroups 

of patients in the GHAS, modGHAS, SES and PCDAI scores were 

tested by Mann-Whitney test. After that, ROC curves were used 

to find the most significant cut-off value for each scoring system, 

which classified our patients into high-risk and low-risk groups 

for complications development (using the software package “sur- 

vivalROC“) [18]. Based on the optimal area under the curve, the 

cut-off value of 15 points was established for SES, 35 points for 

PCDAI and 9 points for GHAS and modGHAS. Then, a Kaplan-Meier 

survival curve was constructed and analyzed (using the software 

package “rms“) [19]. To test, whether the histopathological score 

is an independent predictor for the defined complications, univari- 

ate and multivariate Cox proportional hazards regression analyses 

were used (using the software package “survival“) [20]. The mod- 

GHAS (as a cathegorical value), PCDAI (as a numerical value), SES 

(as a cathegorical value), presence of epitheloid granulomas, male 

gender, upper GI involvement and age at diagnosis were used as the 

predictors in the final constructed model. The period of time to the 

complication development was used as the outcome. Probability 

(P) values of <0.05 were considered significant. A 95% confidence 

interval was used. 

 
3. Results 

 
The defined complications developed in 19 of the 63 patients 

(30.2%) who fulfilled the inclusion criteria (Fig. 1). We did not 

find any statistically significant difference in the GHAS (Fig. 2A), 

modGHAS (Fig. 2B) and PCDAI (Fig. 2C) scores in the subgroups of 

children with and without complications. On the other hand, we 

showed a significant difference in case of SES (Fig. 2D). 

By use of the ROC curve and the survival analysis, the patients 

with SES score 16 points and more developed complications 

significantly more frequently (Fig. 3A); however, no significant dif- 

ferences were observed in patients grouped by the established cut 

offs of histopathological scoring systems and PCDAI (Fig. 3B–D). 

SES score higher than 15 points also turned out to be an indepen- 
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Fig. 1. Flowchart of Included and Excluded Patients. 

IBD-U = Inflammatory Bowel Disease Unclassified. 

CD = Crohn’s Disease. 

TNF = Tumor Necrosis Factor. 

*anti-TNF treatment in terms of top-down strategy. 

 
Table 3 

Demographic and clinical characteristics of patients. 
 

 All patients (n = 63) With complications 

(n = 19) 

Without complications 

(n = 44) 

Sex (M/F) 36/27 8/11 28/16 

Age at diagnosis, year, 

median (range) 

12 (11–15) 12 (11–14) 12.5 (11–15) 

Localization (%) 

L1 (term. ileum) 

 
12 (19.05%) 

 
2 (10.53%) 

 
10 (22.73%) 

L2 (colon) 13 (20.6%) 1 (5.26%) 12 (27.27%) 

L3 (ileocolon) 38 (60.32%) 16 (84.21%) 22 (50%) 

Upper GI (%) 41 (65.08%) 13 (68.42%) 28 (63.64%) 

SES, median (range) 17 (12.5–23.5) 22 (16.5–28) 15 (12–22) 

GHAS, median (range) 10 (11–12) 11 (10.5–12.5) 11 (10–12) 

modGHAS, median 9 (7–9) 9 (8–10) 9 (7–9) 

(range) 

PCDAI, median (range) 

35 (26–43) 38 (28–40) 34 (25–45) 

GI = Gastrointestinal Involvement; SES = Simple Endoscopic Score;  PCDAI = Pediatric  Crohn’s  Disease  Activity  Index;  GHAS = Global  Histology  Activity  Score;  mod-  

GHAS = Modified Global Histology Activity Score; M/F = Male/Female. 

dent risk factor for complications development according to Cox 

regression analysis (Table 4). 

We demonstrated only a weak correlation between histopatho- 

logical and endoscopical scoring systems (r = 0.48, p = 0.0001 for 

GHAS and r = 0.45, p = 0.0002 for modGHAS) and no correlation 

between the histopathological scoring systems and PCDAI (r = 0.15, 

p = 0.24 for both GHAS and modGHAS). 

4. Discussion 

 
The effort to objectify the intensity and activity of the inflam- 

mation in IBD dates back to the sixties of the past century when 

Truelove & Richards presented their histopathological scoring sys- 

tem for UC, which was also the first histopathological scoring 

system for IBD [6]. Later, a number of other scoring systems were 
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Fig. 2. A: Box graphs comparing Global Histology Activity Scores of patients with and without complications. B: Box graphs comparing Modified Global Histology Activity 

Scores of patients with and without complications. C: Box graphs comparing Pediatric Crohn’s Disease Activity Indexes of patients with and without complications. D: Box 

graphs comparing Simple Endoscopic Scores of patients with and without complications. 

 

Table 4 

Multivariate analysis of clinical, endoscopical and microscopical factors byl Cox 

proportional hazards modeling. 
 

 

Risk Ratio (CI) P 

SES 3.20 (1.04–4.91) 0.04 

modGHAS 1.14 (0.46–2.84) 0.78 

PCDAI 0.99 (0.96–1.03) 0.70 

Age at diagnosis 0.95 (0.85–1.05) 0.29 

Male gender 0.86 (0.43–1.74) 0.68 

Granulomas in biopsy 1.04 (0.53–2.02) 0.91 

Upper GI involvement 0.84 (0.43–1.64) 0.62 
 

 

SES = Simple Endoscopic Score; modGHAS = Modified Global Histology Activity 

Score; PCDAI = Pediatric Crohn’s Disease Activity Index. 

Bold value highlights a statisticaly signifinant result.  

 
 

introduced, predominantly for UC, some of which are validated and 

remain widely used in the clinical practice [6,21,22]. As previously 

mentioned, scoring systems for CD are not validated and limited  

in the number. A classification system from 1998, established by 

D’Haens et al. called the Global Histological Activity Score in sub- 

sequent studies, has been the most widely used one [15,23–25]. 

However, these scoring systems show only a weak correlation with 

endoscopy in patients with UC, CD and IBD-U [23,26–28] and none 

of them was established for pediatric population. 

Histopathological assessment should provide valid information 

about current state of the disease intensity and its activity. But it 

may also serve as a helpful tool for the consecutive management 

of patients and as a predictor of their clinical course. In the case of 

UC, some studies showed a better prediction of microscopy for a 

clinical relapse compared to endoscopical findings [21,29,30]. On 

the other hand, the prognostic value of microscopy in CD remains 

unclear. The study of Baars et al. [31] failed to demonstrate any 

association between the intensity of mucosal inflammation seen 

on microscopy and clinical relapse, development of a stricture or 

the need of surgery. 

The significance of microscopical evaluation of inflammation 

intensity and activity for prediction of disease outcome in pediatric 

IBD has not been studied until now. According to the recent stud- 

ies [28,32], incorporation of microscopy into the Paris classification 

(which classifies pediatric IBD according to clinical characteristics 

and endoscopical findings) [33] significantly changed the assess- 

ment of the extent of inflammation in children with UC, CD, as 

well as IBD-U. However, these studies did not clarify whether this 

increase in disease extent actually does reflect the real clinical pre- 

sentation of the disease and whether it provides any predictive 

value in terms of future clinical course. 

In our study, we did not find any value of the used histopatho- 

logical scoring system for prediction of complication development, 

neither in the original version nor in its modification. The mod- 

GHAS was used on the basis of the premise, that the intensity of 

the inflammation in the most affected bowel segment has a higher 

impact on the development of complications than the overall extent 

of the disease. The results of our study also showed a weak corre- 
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Fig. 3. A: A Kaplan-Meier curves of complication free survival for pediatric patients with Simple Endoscopic Score lower or equal to 15 versus patients with score 16 and 

higher. B: A Kaplan-Meier curves of complication free survival for pediatric patients with Global Histology Activity Score lower or equal to 9 versus patients with score 10 

and higher. C: A Kaplan-Meier curves of complication free survival for pediatric patients with Modified Global Histology Activity Score lower or equal to 9 versus patients 

with score 10 and higher. D: A Kaplan-Meier curves of complication free survival for pediatric patients with Pediatric Crohn’s Disease Activity Index lower or equal to 35 

versus patients with score 36 and higher. 

 

lation between the histopathological scores and the endoscopical 

findings and no correlation between the histopathology and PCDAI. 

We believe that this is due to the focality of the inflammation both 

on the microscopic and macroscopic levels with a possible sampling 

error of bioptical specimens, which makes its valid evaluation based 

on small bioptical samples difficult. Also, due to the transmural 

spreading of the inflammation, the histopathological finding in the 

mucosa may fail to correlate with the involvement of deeper parts 

of the bowel. Thus, the endoscopy, providing a better view of the 

entire mucosal surface of the bowel, has a better predictive value for 

further development of the disease, and, as supported by our data, 

also gives more valid information about the actual intensity of the 

involvement. We demonstrated, that the severity of the endoscopic 

findings predicted the development of complications as patients 

with the Simple Endoscopic Score >16 had a more than three times 

higher risk of complications, irrespective of microscopical picture. 

There is a possible limitation of the study in its restrospective 

nature. A few missing archive microscopical slides required new 

sections from archive paraffin blocks, that may lead to a partial 

cutting off the material. Moreover, the retrospective assessment 

of PCDAI from the electronical documentation could have a lim- 

ited value. A magnetic resonance imagiing, as a part of the complex 

assessment of pediatric CD, could be another predictor of compli- 

cated course of the disease, but further studies are required for this 

subject-matter. 

5. Conclusions 

 
In conclusion, the histopathological scoring system cannot be 

recommended as a reliable predictor of development of complica- 

tions in pediatric patients with CD. 
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Abstract 

Background Diagnosis of pediatric inflammatory bowel diseases (IBD) remains challenging. We aimed at the value of 

immunohistochemical assessment of CD30+ lymphocytes in the intestinal mucosa in differential diagnosis between pediatric 

Crohn’s disease (CD) and ulcerative colitis (UC) and its utility as a predictor of future differentiation in patients with IBD 

unclassified (IBDU). 

Methods Seventy-four treatment naive pediatric patients with IBD (33 CD, 30 UC and 11 IBDU) were enrolled into the 

study. Biopsy samples from six different regions (terminal ileum, cecum, ascending colon, transverse colon, descending 

colon and rectum) were immunohistochemically stained with anti-CD30 antibody, and the number of positive cells per one 

high power field was quantified. 

Results Significant differences between CD and UC were found when compared total counts of CD30+ cells in median 

numbers, mean values and maximal numbers and also for separate counts in terminal ileum, transverse colon, descending 

colon and rectum. The most profound difference between CD and UC was shown for total median values of CD30+ cells and 

for the values in rectal localization. The difference was independent on the intensity of inflammation. A cutoff value of 2.5 

CD30+ cells with sensitivity 83% and specificity 90% was found for the rectum. There was no difference between patients 

with CD and IBDU, but a marked difference between UC and IBDU patients was revealed. 

Conclusion Histopathological assessment of biopsy with rectal CD30+ count is reliable and simple method that could help 

in differential diagnosis among IBD subtypes in children with IBD. 

Keywords Inflammatory bowel disease · Immunohistochemistry · CD30 

 

Introduction 

Until recently, the diagnosis of inflammatory bowel disease 

(IBD) was based on proof of the chronic inflammation of the 

gastrointestinal tract with typical distribution and exclusion 

of other causes of inflammation, mainly on clinical grounds 

[1]. This approach, apparently straightforward and simple, 

 
has become complicated and establishing diagnosis of IBD 

turned into a multidisciplinary process heavily supported 

by laboratory, radiological, endoscopic and histopathologi- 

cal data [2, 3]. Atypical presentations of IBD have been 

stressed, and various other diseases manifesting with IBD- 

like morphology were highlighted [4–6]. Moreover, none of 

the established criteria is 100% specific for IBD, let alone for 

   Crohn’s disease (CD) or ulcerative colitis (UC) [7, 8]. Situa- 
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tion in pediatric population is even more challenging, given 

the fact that pediatric onset IBD often presents with nonspe- 

cific clinical features, it lacks characteristic morphological 

signs of chronicity and harbors many atypical phenotypes in 

all three main forms of IBD (CD, UC and IBD unclassified) 

[1, 9–13]. Porto criteria from 2005 [14] and their revised 

version from 2014 [1] established diagnostic criteria, inte- 

grating the up to date evidence from all diagnostic fields. 

However, there is up to 30% of pediatric IBD that remain 
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further unclassified, in contrast with adult population, where 

the proportion of such cases remains only 10–15% [15]. This 

has led to increased demand for new invasive and noninva- 

sive markers that would increase the certainty of the correct 

diagnosis, since the exact subclassification of pediatric IBD 

has crucial therapeutic consequences. According the actual 

recommendations, children with newly diagnosed CD should 

be treated primarily with exclusive enteral nutrition [16], 

while treatment of UC should be initiated by corticosteroids 

or 5-aminosalicylic acid according to severity of the disease 

[12]. 

IBD is immune-mediated disease that involves a complex 

interplay of host genetics, disrupted mucosal integrity and 

environmental influences [17]. Some T helper lymphocyte 

subsets in IBD express antigen CD30 at their cytoplasmic 

membranes. According to a recent study [18], patients with 

UC show higher amount of CD30+ cells in gut mucosa than 

those with CD. The aim of our study was to find out, whether 

the immunohistochemical assessment of CD30 in the intes- 

tinal mucosa could facilitate differential diagnosis between 

pediatric CD and UC an if it could serve as an early predictor 

of future reclassification into CD and UC in patients with 

IBD unclassified (IBDU). 

 
Materials and Methods 

Between November 2012 and January 2017, all 171 newly 

diagnosed pediatric patients with IBD were retrospectively 

screened in our referral center for eligibility to enter this 

study. First 30 consecutive treatment naïve patients primarily 

diagnosed as CD and UC and all patients with the primary 

diagnosis of IBDU were reevaluated by pediatric gastroen- 

terologists, and the diagnosis at the time of the first endo- 

scopic assessment was confirmed or modified following the 

actual revised Porto criteria for the diagnosis of pediatric 

IBD. Patients that had already been initiated on IBD treat- 

ment, as well as those patients with missing data for the revi- 

sion of the diagnosis, were excluded from the study. After 

this revision, 29 patients with CD, 31 with UC and 14 with 

IBDU entered the study. During the minimum of 18-month 

follow-up, one patient from UC group developed perianal 

fistulizing disease and was reclassified to CD. Among 14 

patients with IBDU, three cases were reclassified to CD 

due to the manifestation of the CD traits (all three patients 

manifested perianal disease). In the end, 33 children with 

CD, 30 with UC and 11 with IBDU (Fig. 1) were included 

in the study. Clinical characteristics of the patients are given 

in Table 1. 

Archive histopathological slides stained with hematoxylin 

and eosin were reviewed by a pathologist blinded to clini- 

cal data. To evaluate microscopical findings, six bowel seg- 

ments from each case of CD, UC and IBDU were analyzed 

(terminal ileum, cecum, ascending colon, transverse colon, 

descending colon and rectum). Intensity and activity of the 

inflammation was objectified using a histopathological scor- 

ing system. Given the diversity in scoring systems that are 

only partially validated and none of them is designed for 

pediatric population [19], as well as the absence of any scor- 

ing system for patients with IBDU, more universal modifica- 

tion of the established systems was used in our study. This 

modified system evaluates the intensity of chronic and active 

inflammation and the presence of mucosal defects (Table 2). 

A similar version of this system has been already used in 

our previous study [20]. Additional assessed morphological 

variables included the intensity of the eosinophilic inflam- 

mation (graded as none, mild and severe), the presence of 

the basal plasmocytosis, recently described basal plasmocy- 

tosis associated with eosinophilia [21] and the presence of 

lymphatic follicles. Given the fact that CD30+ cells show 

predilection to lymphoid tissue, as declared in previous stud- 

ies [18], the assessment of the follicles was fundamental. 

Especially in terminal ileum, where physiological presence 

of the lymphoid tissue (Peyer’s patches) can falsely overes- 

timate number of CD30+ cells. 

Then, immunohistochemical staining of CD30 antigen 

was performed on all archive biopsy samples from patients 

with CD, UC and IBDU. 1-μm tissue sections were depar- 

affinized, and the anti-CD30 primary antibody (Cell Marque, 

at a dilution of 1:50) was used. Detection was performed by 

the PolyDet Dab chromogen (Dako REAL) with phosphate- 

buffered saline solution. CD30 expression was assessed by 

counting the highest number of positive cells per one hpf 

(400×) in the most affected region of each bowel segment. 

Ethical Considerations 
 

Legal representatives of the patients signed an informed 

consent form for inclusion into the study. The study was 

approved by the Ethics Committee of Motol University 

Hospital. 

Statistical Analysis 
 

We used statistical software R-project (R Core Team, version 

3.4.1) for data analysis. Differences among the subgroups of 

the patients with CD and UC in the median values, maximal 

numbers and mean values of CD30+ cells calculated from 

all bowel segments, as well as numbers of positive cells in 

separate bowel segments, were tested by Welch two sample 

t test. For constructing model of the discrimination between 

CD and UC, the definitive diagnosis of CD or UC was used. 

Then, the definitive diagnosis including reclassification of 

IBDU to CD served as a template to test differences between 

CD and IBDU, as well as UC and IBDU. After that, the 

receiver operating characteristics (ROC) curves were used to 
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Fig. 1 Flowchart of included 

and excluded patients. CD 

Crohn’s disease, UC ulcerative 

colitis, IBDU inflammatory 

bowel disease unclassified 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

find the most significant cutoff values for the discrimination 

between CD and UC (using the software package “pROC”). 

To compare individual ROC curves, DeLong’s test was used. 

To test, whether the difference in numbers of CD30+ cells 

in terminal ileum is independent on the presence of lym- 

phatic follicles, a generalized linear regression model was 

constructed. The same model was applied to find out, if the 

difference in numbers of CD30+ cells in rectum is depend- 

ent on the intensity of histological and endoscopic inflam- 

mation. Probability (p) values of < 0.05 were considered 

significant. A 95% confidence interval was used. 

 
Results 

Statistically significant differences among patients with CD 

and UC in median values, maximal numbers and mean val- 

ues of CD30+ cells were found (Fig. 2a, b). Also, there was 

a difference between CD and UC in each bowel segment 

except for cecum and ascending colon. The most significant 

results were shown for the median values (p < 0.001), see 

Fig. 3a, and for the values in rectal localization (p < 0.001). 

The box plots of CD30 counts in all bowel segments are 

given in Fig. 3b–g. Based on the analysis of area under 

curve, a cutoff value of 4.25 positive cells per 1 HPF was 

established for median values, with sensitivity 93% and 

specificity 83%, Fig. 4a. For the values in rectum, the opti- 

mal cutoff (2.5 positive cells per 1 HPF) with sensitivity 83% 

and specificity 90% was found (Fig. 4b). Using Delong’s 

test, the total median values turned out to be more reliable 

discriminating factor between CD and UC than the values 

in the most affected bowel segment, but there was no differ- 

ence between the median values and the values in rectum. 

Among the patients with CD, 16 of them had microscopical 

inflammation in rectum, and 13 of them endoscopical signs 

of rectal involvement. According to the regression analysis, 

the association between the number of CD30+ cells and 

diagnosis was independent on the intensity of endoscopic 

or microscopic inflammation (p < 0.0001). The basal plas- 

mocytosis was found in 15 cases of UC, five cases of IBDU, 
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Table 1 Demographic and clinical characteristics of patients 

CD UC IBDU 

Number of patients   33 30 31 

Sex, male (%) 20 (0.61) 14 (0.47) 7 (0.64) 

Age at diagnosis, 

years, median 

13.1 (11.5–16.2) 11.8 (6.7–15.5) 9.7 (3–12.6) 

(IQR)   

L1 (%) 10 (0.3) 

L2 (%) 3 (0.09) 

L3 (%) 19 (0.58) 

L4 (%) 21 (0.64) 

B1 (%) 29 (0.88) 

B2 (%) 3 (0.09) 

B3 (%) 1 (0.03) 

p (%) 8 (0.24) 

G1 (%) 4 (0.12) 

E1 (%)  4 (0.13) 

E2 (%)  2 (0.07) 

E3 (%)  2 (0.07) 

E4 (%)  22 (0.73) 

S0 (%)  28 (0.99) 

S1 (%)  2 (0.07) 

L = Localization of the disease (L1—ileal, L2—colonic, L3—ile- 

ocolonic); B = Behavior (B1—non-stricturing, non-penetrating, B2—

stricturing, B3—penetrating, p—perianal); G1 = Growth delay; E = 

Extension (E1—proctitis, E2—left side colitis, E3—extensive, E4—

pancolitis); S = Severity (S0—never had acute severe colitis, S1—at 

least one acute severe colitis) 

 
 

Table 2 Modified histopathological scoring system 

Grade Histopathological change 

0 No inflammation 

1 Mononuclear cells only 

2 Neutrophils in lamina propria 

3 Neutrophils in epithelium (superficial 

epithelium, cryptitis, crypt pseudoab- 

scess) 

4 Mucosal defect (erosion or ulceration) Fig. 2 Photomicrograph showing CD30+ cells by immunohistochem- 

istry (×400). Membrane staining of CD30+ lymphocytes in Crohn’s 

disease (a) and ulcerative colitis (b) in rectal samples 
 

but only in one case of CD. Also the presence of any eosino- 

philia (both mild and severe) in rectum was significantly 

more frequented in patients with UC than CD (p < 0.0001). 

A lymphatic tissue in terminal ileum was not the confound- 

ing factor, since the significant difference between CD30+ 

cells in the ileum was independent on the presence of lym- 

phatic follicles. 

Based on the given results, a diagnostic model using 

calculated cutoff in rectal biopsy was constructed and 

applied on patients with IBDU. Using the final diagnosis 

 
 

for the median values and the values in rectal localization, 

there was no difference in CD30+ cells between patients 

with CD and IBDU (p = 0.08), but there was a marked 

difference between the UC and the IBDU (p = 0.007), see 

Fig. 5. Three patients with IBDU developed CD traits, and 

two of them had low numbers of CD30+ cells (below the 

established cutoff). Among the patients without CD traits, 

there were cases with both low and high numbers (Fig. 5). 
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Fig. 3 a Box graphs comparing medians values of CD30+ cells, cal- 

culated from all bowel segments, in Crohn’s disease and ulcerative 

colitis. b Box graphs comparing numbers of CD30+ cells in termi- 

nal ileum in patients with Crohn’s disease and ulcerative colitis. c 

Box graphs comparing numbers of CD30+ cells in cecum in patients 

with Crohn’s disease and ulcerative colitis. d Box graphs comparing 

numbers of CD30+ cells in ascending colon in patients with Crohn’s 

disease and ulcerative colitis. e Box graphs comparing numbers of 

CD30+ cells in transverse colon in patients with Crohn’s disease and 

ulcerative colitis. f Box graphs comparing numbers of CD30+ cells  

in descending colon in patients with Crohn’s disease and ulcerative 

colitis. g Box graphs comparing rectal numbers of CD30+ cells in 

patients with Crohn’s disease and ulcerative colitis 

 

Discussion 

The pathophysiological mechanisms of IBD are not fully 

understood, but are characterized by the immunological 

imbalance of the intestinal mucosa, associated with cells of 

the both innate and adaptive immune system. The major role 

in triggering the repetitive intestinal inflammatory damage 

in IBD is T cell subpopulations, mainly T helper 1 (Th1), 

Th17 and regulatory T cells. Th1 lymphocytes are stimu- 

lated by certain cytokines, especially interleukin (IL) 12 and 
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Fig. 4 a Receiver operating characteristics curve to determine the 

CD30 cutoff for ulcerative colitis diagnosis in median. b Receiver 

operating characteristics curve to determine the CD30 cutoff for 

ulcerative colitis diagnosis in rectal localization 

 
18, inducing production of interferon gamma (IFN-ƴ). This 

pathway is more prominent in CD, but increased levels of 

IFN-ƴ can be demonstrated also in patients with UC. Th2 

lymphocytes play a role in immunopathogenesis of both 

diseases as well, with oversecretion of IL5, IL10 and IL13. 

In both CD and UC, there is also a strong influence of Th- 

17-related cytokines [22]. 

The role of CD30 antigen in IBD pathogenesis still 

remains unexplained. It represents a protein with uncertain 

Fig. 5 Box graphs comparing numbers of CD30+ cells in rectum for 

Crohn’s disease, ulcerative colitis and inflammatory bowel disease 

unclassified, also with highlighted changes in diagnoses after the 

revision, according the revised Porto criteria 

 
 

function, member of tumor necrosis family, firstly described 

in association with certain malignances as Hodgkin’s lym- 

phoma, anaplastic large cell lymphoma or embryonal car- 

cinoma. It was also discovered in normal human tissues, 

especially some portions of resting and activated T lym- 

phocytes [23]. To the best of our knowledge, only one study 

[18] has examined the diagnostic utility of CD30 detection 

in colonic biopsies so far. The authors assessed counts of 

CD30+ cells in the most inflamed segment of bowel mucosa 

in adult patients with IBD and demonstrated a significant 

difference between CD and UC. Our goal was to ascertain, 

whether we can find a significant difference in numbers of 

CD30+ cells also in pediatric IBD population and if this 

difference is independent on localization and the intensity 

as well as the activity of inflammation. Our study dem- 

onstrated a significant difference between CD and UC in 

median values, mean values and maximal values calculated 

from all bowel segments. A difference in values from all 

separate bowel segments was observed as well, but for the 

values obtained in cecum and ascending colon they were 

not statistically significant. The most significant difference 

was found for the median values of CD30+ cell counts and 

the values obtained in rectal localization. Given the fact 

that counting of median values would require staining of 

all bioptic samples for CD30, it seems more practical and 

economically efficient to assess the CD30+ cell counts in 

rectum only. Both these variables were proved to be better 
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discriminating factors than the counts from the most affected 

bowel segment, as declared in the previously study [18]. 

The limiting factor of this method could be the fact, that 

less than half of the CD patients had either macroscopic or 

microscopic rectal involvement. However, the difference of 

rectal CD30+ cell counts was independent on the intensity 

and the activity of the inflammation (both histological and 

endoscopic); hence, this method is applicable also for the 

patients with mild rectal involvement only. Neither rectal 

sparing in UC nor absence of the rectal inflammation in CD 

should affect the clinical utility of such testing. Interestingly, 

both patients with UC and rectal sparing had high numbers 

of CD30+ cells (mean 13.5). Our results are supported by 

findings of Giacomelli et al. [24], who illustrated elevated 

levels of serum soluble CD30 antigen in patients with UC. 

Serum level of CD30 could therefore serve as a simple non- 

invasive marker of the disease activity and monitoring of the 

treatment response. Sun et al. [25] even propose a possible 

therapeutic usefulness of soluble CD30 in case murine IBD 

models. 

Our study demonstrated that other morphological vari- 

ables can also be independently supportive for the UC diag- 

nosis. The eosinophilia in the rectum was associated with 

UC. Also the basal plasmocytosis was present in more cases 

of UC in contrast with CD. These microscopical signs along 

with rectal localization and the assessment of CD30+ cells 

may represent reliable and simple methods for the diagnosis 

of UC. 

Eventual benefit of CD30+ cells evaluation is even more 

important for the patients with IBDU. This subtype of IBD 

was traditionally regarded as a temporary “immature” form 

of IBD with the expectation of further differentiation. Even 

the Porto criteria for IBDU are based rather on the practical 

clinical experience and do not encompass eventual biologi- 

cal markers or genetic background. However, a recent study 

by Cleyen et al. [26] indicates that IBDU may represent 

an independent subtype of IBD with its own characteris- 

tic genetic profile. Keeping with this finding, we consider 

IBDU to be a definite diagnosis in our study, without further 

shift to CD or UC during the follow-up. We did not find any 

difference between IBDU and CD, but a marked difference 

between IBDU and UC was shown. Therefore, CD30+ cell 

counts should be regarded more likely as a supportive bio- 

marker of UC rather than discriminating factor between CD 

and UC. These findings diverge from current therapeutic 

recommendations, where the treatment of IBDU and UC 

is actually the same [12]. But the difference in CD30+ cell 

counts may indicate that the biology of those diseases is 

different and that IBDU stands closer to CD. 

On the other hand, if IBDU truly represents an undifferen- 

tiated form of IBD with the capacity for further maturation, 

CD30+ cell counts could be beneficial even in this case. 

Children with IBDU, that manifest CD traits later, should be 

reclassified to CD. However, current state of the art in IBD 

diagnostics does not have a capacity to select IBDU patients 

that are progressing to UC and re-diagnose them. In other 

words, children with IBDU will not be able to be changed to 

UC in the future. Given the fact that our IBDU group con- 

tained patients with both high and low numbers of CD30+ 

cells, their assessment could serve as a marker of possible 

maturation to UC. Patients with diagnosis of IBDU and high 

numbers of rectal CD30+ cells that are refractory to current 

treatment could profit from the switch to the UC therapy. 

And, as stated above, the serum CD30 could prove useful 

too, as the progressive elevation of serum levels of CD30 

could represent a sign of the progression to UC. However, 

this hypothesis is based on the limited number of the patients 

in our IBDU group. Further studies, preferably multicenter, 

with greater numbers of IBDU patients and their prospective 

observation are required to confirm such premise. 

 
Conclusion 

In conclusion, routine histopathological assessment of 

biopsy samples with rectal CD30+ cell count represents   

a supportive biomarker that could improve the differential 

diagnosis among subtypes of IBD in treatment naïve chil- 

dren with IBD. 
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Abstract 

Background 

Fecal calprotectin (F-CPT) represents one of the most widely used biomarkers for 

intestinal inflammation. However, the levels may be false negative or false positive in some 

situations. 

 
 

Aims 
 

To evaluate the usefulness of immunohistochemical (IHC) detection of tissue calprotectin 

(T-CPT) in bowel mucosa in children with ulcerative colitis (UC). We focused at correlation of 

T-CPT with levels of F-CPT and endoscopic and microscopic disease activity at the time of 

diagnosis and tested whether T-CPT could serve as predictor of complicated course of the 

disease. 

 
 

Methods 
 

Forty-nine children with newly diagnosed UC between 6/2010-1/2018 entered the study. 

Endoscopic activity was objectified using the Ulcerative Colitis Endoscopic Index of Severity 

(UCEIS), clinical activity by Pediatric Ulcerative Colitis Activity Index (PUCAI) and microscopic 

activity by Geboes and Nancy score. The IHC staining for CPT antigen was performed on 

bioptic samples from 6 bowel segments and the number of CPT+ cells were counted per 

1HPF. During the minimal follow-up of 12 months we searched for presence of 

complications. As outcome for Cox regression model we used composite endpoints: A) Acute 

Severe Colitis, colectomy, anti-TNF treatment; B) systemic corticotherapy; C) systemic 5- 

aminosalicylic acid therapy. 
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Results 
 

Neither levels of T-CPT nor values of UCEIS, Geboes or Nancy score predicted the given 

complications. We found F-CPT levels (HR 2.42 and 2.52) and PUCAI>40 points (HR 2.98) as 

predictors of time to endpoints B and C. Good correlation was found between T-CPT levels 

and Geboes score (k=0.65) and Nancy score (k=0.62) and modest with F-CPT (k=0.44), UCEIS 

(k=0.38) and PUCAI (k=0.42). 

 
 

Conclusions 
 

T-CPT correlated well with microscopic scores. F-CPT and PUCAI appear to be better 

predictors of unfavorable outcome in patients with UC. 

 
 

Keywords 
 

Calprotectin; immunohistochemistry; ulcerative colitis; outcome 
 
 
 

Introduction 
 

Ulcerative colitis (UC) is a chronic systemic inflammatory disorder with predominant 

involvement of the gastrointestinal tract [1]. Periodic monitoring evaluating the disease 

intensity and activity is essential for optimizing the treatment strategy. Even though the 

disease activity may be assessed by clinical scores, namely Pediatric Ulcerative Colitis Activity 

Index (PUCAI) [2], the endoscopy is still considered the gold standard for the assessment of 

the intestinal inflammation and mucosal healing, especially at the time of diagnosis [3,4]. 

However, this procedure is invasive, time-consuming and burdening, especially for pediatric 

population, where the general anesthesia is usually required. Therefore, reliable non- 
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invasive markers for monitoring a disease activity are required. Fecal calprotectin (F-CPT) 

represents one of the most widely used biomarkers for intestinal inflammation with high 

sensitivity for both adult and pediatric population [5,6]. However, the F-CPT cannot be used 

to localize the focus of the disease activity and its levels may be false negative or false 

positive in some situations [7-9]. 

In our work, we focused at the immunohistochemical assessment of the tissue CPT (T- 

CPT) in the bowel mucosa of the children with UC. The aim of this work was: 1) to evaluate, 

whether the immunohistochemical assessment of the T-CPT may serve as an independent 

predictor of the complicated course of the disease, 2) to establish, whether the numbers of 

CPT positive cells in the bowel mucosa correlate with the levels of F-CPT at the time of 

diagnosis, and 3) to correlate the CPT+ cell counts with the microscopic, endoscopic and 

clinical activity of the disease. 

 
 

Materials and Methods 
 

All children (n=130) with newly diagnosed UC in period between June 2010 and January 

2018 were screened for eligibility to enter this retrospective cohort study. Patients were 

retrospectively re-evaluated by expert pediatric gastroenterologists and the diagnosis at the 

time of the first endoscopy was confirmed or modified according to revised Porto criteria for 

the diagnosis of pediatric inflammatory bowel diseases (IBD) [10]. Patients that had already 

been initiated on UC treatment at the time of biopsy as well as those with missing clinical 

data, endoscopic documentation or archive bioptic material for the revision of the diagnosis 

were excluded from the study. After the revision, 49 children with UC entered the study. 

Eight patients had to be subsequently excluded from the statistical analysis due to 

insufficient clinical data at the end of the time period of follow-up (Fig. 1). Clinical 
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characteristics of the patients at the end of the minimal follow-up are given in the Table 1. 

The endoscopic findings at the time of the diagnosis were objectified using the Ulcerative 

Colitis Endoscopic Index of Severity (UCEIS) [11]. This score was chosen for its good 

reproducibility among the endoscopists and its good correlation with clinical, laboratory and 

histopathological markers of activity in UC [12,13]. The clinical severity of the disease at the 

time of the diagnosis was assessed by the PUCAI. 

The archive histopathological slides from the bioptic samples obtained at the time of 

diagnosis stained with hematoxylin and eosin were reviewed by senior pediatric 

gastrointestinal pathologist blinded to clinical data. To evaluate microscopic findings, six 

bowel segments from each patient were analyzed (terminal ileum, cecum, ascending colon, 

transverse colon, descending colon and rectum). The samples were taken from the most 

affected areas of each segment. Intensity and activity of the inflammation was objectified 

using the Geboes and Nancy score, two widely used validated histopathological scoring 

systems for UC with good correlation with endoscopic findings and suitable interobserver 

reliability [12,14,15]. 

After that, the immunohistochemical staining of CPT antigen was performed on all archive 

biopsy samples. One micrometer thin tissue sections were deparaffinized and the anti-CPT 

primary antibody (Invitrogen, at a dilution of 1:1000) was used. Detection was performed by 

the PolyDet Dab chromogen (Dako REAL) with phosphate-buffered saline solution. CPT 

expression was assessed by counting the highest number of positive cells per one high 

power field (400x magnification) in the most affected region of each microscopic slide. The 

positive cells were counted separately for lamina propria and the epithelium (Fig. 2, 3 and 4). 

During the minimum 12 months of prospective follow-up, we searched for the presence 

of following composite endpoints, presented as 3 separate substudies based on their 
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severity: A) development of the Acute Severe Colitis (ASC) defined as the PUCAI > 65, 

necessity of colectomy or initiation of the Infliximab (IFX) treatment; B) first initiation of 

systemic corticosteroid (CS) therapy; C) first initiation of systemic 5-aminosalicylic acid 

(5ASA) treatment. The time to endpoint was chosen as outcome. Patients manifesting with 

ASC at the time of the diagnosis were not included in the study, since the ileocolonoscopy is 

not recommended in the setting of ASC [16,17] and these patients therefore did not fulfill 

the inclusion criteria. 

 
 

Ethical Considerations 
 

Legal representatives of the patients signed an informed consent form for inclusion into 

the study. The study was approved by the Ethics Committee of Motol University Hospital on 

28.03.2018. 

 
 

Statistical analysis 
 

Statistical software R-project (R Core Team, version 3.4.4) was used for data analysis. For 

all scoring systems included in the study, the mean values, medians and maximal values 

from all bowel segments were calculated and used in the subsequent analysis. The CPT+ cell 

counts were assessed separately for lamina propria and epithelium and in total sum for the 

whole mucosa as well. To test, whether the levels of T-CPT and F-CPT and values of UCEIS, 

PUCAI and both histopathological scores at the time of diagnosis are independent predictors 

of the complicated course of the disease, a univariate Cox proportional hazards regression 

analysis (using the software package "survival") was used. Since the PUCAI > 40 (moderate 

disease activity) appeared to be one of the predictors (see Results section), a receiver 

operating curves (ROC) were constructed (using the software package "pROC") to find the 
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cut-off values for both T-CPT and F-CPT, that would be able to select patients on this level of 

disease activity. Individual ROC curves were compared using the DeLong's test. To verify the 

correlation between F-CPT and T-CPT levels and values of the histopathological, endoscopic 

and clinical scores, the Pearson's product-moment correlation was performed. Probability 

(p) values of < 0.05 were considered significant. A 95% confidence interval was used. 
 
 
 

Results 
 

T-CPT as a predictor of the complicated course of the disease 
 

Neither levels of the T-CPT, nor the values of UCEIS, Geboes or Nancy score predicted any 

complication during minimum 12 months of follow-up since diagnosis. However, the levels 

of the F-CPT in logarithmic scale and moderate disease activity (defined as PUCAI > 40) were 

independently associated with the B and C endpoints (initiation of the systemic CS and/or 

5ASA therapy) (Table 2). Based on the analysis of the area under curve, no suitable cut-offs 

for T-CPT or F-CPT levels that could be linked to moderate disease activity at the time of 

diagnosis was found (AUC=0.691 for F-CPT and 0.678 for T-CPT). DeLong's test showed no 

significant difference between those curves. 

 
 

Association of T-CPT and F-CPT with microscopic, endoscopic and clinical activity scores 
 

A good level of correlation was found between the median values of T-CPT and Geboes 

score (k=0.65, p<0.001) and median values of T-CPT and Nancy score (k=0.62, p<0.001). 

There was a weak correlation between T-CPT and UCEIS (k=0.38, p=0.02), PUCAI (k=0.42, 

p=0.01) and F-CPT (k=0.44, p=0.01). 
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We found a weak correlation between F-CPT and Geboes score (k=0.39, p=0.025), Nancy 

score (k=0.38, p=0.03) and UCEIS (k=0.36, p=0.039). There was no significant association 

between F-CPT and PUCAI (k=0.36, p=0.06). 

 
 

Discussion 
 

To the best of our knowledge, this is the first study exploring the contribution of the 

immunohistochemical assessment of T-CPT in children with IBD. CPT is a member of the 

S100 family and contributes to approximately 60% of the protein content in the cytosol of 

neutrophils [6]. Any active inflammatory process in the bowel mucosa results in leakage of 

CPT into the lumen and subsequently in the stool, where it can be detected and may serve 

as a non-invasive marker of the presence of active inflammation in the gut [18]. It appears to 

be a reliable marker for distinguishing inflammatory bowel disease from irritable bowel 

syndrome, which may share some common clinical symptoms as abdominal pain, bloating or 

diarrhea [6]. However, F-CPT yields some significant limitations. It represents a general 

marker of the active inflammation and is not disease specific, has no informative value in 

regards to the exact localization of the inflammation in the gut and may be false positive or 

false negative in some instances. Up to one quarter of healthy adult individuals show 

abnormal levels of the F-CPT according to some studies (probably due to presence of 

sporadic large bowel adenomas) [8]. On the other hand, levels of F-CPT can be decreased or 

even normalized iatrogenicaly by a bowel preparation procedure before colonoscopy [9]. 

Finally, there are published cases of patients with IBS and high levels of F-CPT, probably due 

to the inflammatory reaction to bowel dysbiosis [7]. There seems to be an intrapersonal day- 

to-day variability in F-CPT levels for both healthy persons and patients with IBD as well 

[19,20]. Moreover, the physiological levels of F-CPT are higher in children with the 
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maximum in the neonatal age and then declines till the adulthood [21]. A metanalysis from 

Degraeuwe et al. [22] reported a 17% rate of false negative results in children with IBD when 

using the standard cut-off 50ug/g. 

Therefore, we aimed at the immunohistochemical assessment of the T-CPT in the bowel 

mucosa. We speculated that the direct visualization of the CPT+ inflammatory cells could 

more accurately reflect the actual level of the mucosal disease activity. Of course, the 

microscopic activity of the inflammation can be adequately assessed on the basis of the 

presence of neutrophils in the standard hematoxylin and eosin staining. However, in 

pediatric IBD, there is a lack of data about the predictive value of microscopy for 

complications development and its correlation with endoscopic or clinical scores of the 

activity. A study of Ashton et al. [23] demonstrated more extensive disease on the 

microscopic level compared to the endoscopic appearance in pediatric IBD. However, the 

study did not clarify, whether this increase in disease extent actually does reflect the real 

clinical presentation of the disease and whether it provides any predictive value in terms of 

future clinical course. The T-CPT staining may be beneficial especially for patients with no 

microscopic signs of inflammation activity in routine haematoxylin and eosin stain. In this 

setting, the direct visualization of CPT+ cells may assess the presence of subtle signs of the 

active inflammation more precisely. Therefore, we investigated, whether the T-CPT could 

improve the exactness of the histopathological assessment of the inflammation activity and 

better predict the complicated course of the disease. To this day, there are almost no studies 

regarding this topic. Only two studies engaged in IBD included the T-CPT in their data 

analysis and both of them were performed on the cohorts of adult patients. Guirgis et al. 

[24] found a good correlation of the low T-CPT with clinical, endoscopic and microscopic 

remission in adult patients with UC. On the other hand, elevated T-CPT (median value > 5 
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cells/HPF) was associated with adverse clinical outcome. A work from Fukunaga et al. [3] 

focused at the correlation of the F-CPT with the serum CPT and fecal hemoglobin. The 

immunohistochemical assessment of the T-CPT was a secondary outcome only and the 

authors showed that the patients with IBD have higher counts of the CPT+ cells in the bowel 

mucosa compared to healthy individuals. No study ever examined the T-CPT as a possible 

prognostic marker or correlated it with other means of the assessment of the disease 

activity in children with IBD. In our work, we demonstrated a good correlation between T- 

CPT and both Geboes and Nancy histopathological scores. The T-CPT thus probably truly 

reflects the actual microscopic activity of the inflammation. However, we failed to link the 

levels of the T-CPT and the values of the Geboes and Nancy histopathological scoring 

systems with the development of the complications. 

Regarding the F-CPT and its correlation with the endoscopic findings, the vast majority of 

the information stem from adult cohorts and the data for pediatric population are sparse. In 

the study of Fagerberg et al. [E], F-CPT correlated significantly with the endoscopic findings 

in the cohort of 39 pediatric patients with IBD. Ricciuto A et al. [25] showed that levels of F- 

CPT were associated with UCEIS values in children with IBD and primary sclerosing 

cholangitis. Our work confirms a significant, but only a weak correlation between F-CPT and 

UCEIS. For the clinical scores of the disease activity there is a considerable deal of children in 

clinical remission (defined as PUCAI < 10) with elevated F-CPT [26]. Our findings are in 

keeping with these observations, since we failed to prove any correlation between F-CPT and 

PUCAI. In contrast to previous findings [27], our work showed only a weak correlation of F- 

CPT with microscopic activity of the disease, neither in Geboes nor Nancy score. 

The fundamental question is the ability of the F-CPT to predict the clinical outcome. 
 

According to several studies [28,29], level of the F-CPT adequately reflects the actual disease 
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activity with respect to sustained remission or relapse rate. However, there is a lack of data 

about the F-CPT at the time of diagnosis and its predictive value for the development of 

subsequent complications. In our study, the levels of the F-CPT at the first endoscopy 

predicted the necessity of the initiation of the systemic CS and 5ASA therapy. Besides, the 

moderate clinical disease activity (PUCAI > 40) was the predictor of those complications as 

well. These findings are in contrast to previous studies, where PUCAI values at the time of 

diagnosis were not associated with the necessity of immunomodulatory therapy or 5ASA 

treatment during 1 year of follow-up [30,31]. 

There are several possible limitations of the study. Only three patients with previous local 

5ASA therapy were subsequently initiated with the systemic 5ASA treatment. Therefore, the 

association of the outcome C with the moderate disease activity and F-CPT levels, although 

significant, needs to be confirmed by subsequent studies. Another limitation may be the 

retrospective design of the study. The immunohistochemical staining of anti-CPT required 

new sections from archive paraffin blocks, which may lead to partial cutting of the material. 

Moreover, the retrospective assessment of the PUCAI from the electronic documentation 

could have a limited value. Finally, a large amount of the patients was not enrolled in the 

study due to strict inclusion criteria. However, since the included sub-cohort shared similar 

baseline characteristics with the excluded patients, the non-intentional selection bias is 

unlikely. 

 
 

Conclusions 
 

This is the first study aiming at the immunohistochemical assessment of the T-CPT in 

pediatric population generally. Despite its good correlation with the histopathological 

indexes of the disease activity, T-CPT failed to predict the complicated course of the disease. 
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Therefore, the usefulness of the histopathological assessment of the inflammation activity in 

the prediction of the complications in children with UC, whether in conventional staining or 

in specialized methods, remains uncertain. On the other hand, F-CPT levels at the time of 

diagnosis together with moderate disease activity based on the PCUAI score appeared to be 

independent predictors of the initiation of systemic CS and 5ASA therapy. 
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Figure legends 
 
 
 

1. Flowchart of included and excluded patients. 

 

 
2. Photomicrographs showing calprotectin (CPT) positive cells by immunohistochemistry 

(×400): 

A. Bioptic sample of colonic mucosa devoid of any inflammation. No CPT+ cells are present. 
 

B. Bioptic sample of colonic mucosa with mild chronic inflammation. Scarce CPT+ cells in the 

lamina propria. 
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C. Bioptic sample of colonic mucosa with marked chronic inflammation. Numerous CPT+ cells 

in the lamina propria and the epithelium. 
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3. Heat map reflecting the distribution of the Geboes histopathological score values and 

numbers of the CPT+ cells in all bowel segments. 

 
 
 

 
4. Heat map reflecting the distribution of the Nancy histopathological score values and 

numbers of the CPT+ cells in all bowel segments. 

 



21 

 

 

Table 1: Demographic and clinical characteristics of the patients with UC at the end of the minimal 
 

follow-up  

Number of the patients 41 

Sex, male, n (%) 23 (56.10) 

Age at diagnosis, years, median (IQR) 12 (7-15) 

Acute Severe colitis, n (%) 2 (4.88) 

Anti-TNF, n (%) 11 (26.83) 

Colectomy, n (%) 0 (0) 

Systemic CS, n (%) 12 (29.27) 

Systemic 5ASA, n (%) 3 (7.32) 
 

UC = ulcerative colitis; IQR = interquartile range; anti-TNF = anti-tumor necrosis factor therapy; CS = 

corticotherapy; 5ASA = 5-aminosalicylic acid treatment 
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Table 2: Univariate Cox proportional hazards regression analysis of PUCAI > 40 and T-CPT as the 

predictors of complicated course of the disease 

 Risk Ratio (CI) P 

PUCAI > 40 Endpoint A 2.237 (0.539-9.291) 0.268 

 Endpoint B 2.98 (1.011-8.787) 0.048 

 Endpoint C 2.98 (1.011-8.787) 0.048 
 

 

 

 Risk Ratio (CI) P 

log(T-CPT) Endpoint A 2.447 (0.873-6.859) 0.089 

 Endpoint B 2.422 (1.042-5.631) 0.04 

 Endpoint C 2.517 (1.115-5.681) 0.026 
 

T-CPT = tissue calprotectin; CI = confidence interval; PUCAI = Pediatric Ulcerative Colitis Activity Index 

Bold value highlights a statistically significant result. 
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Histopatologické hodnocení intenzity a aktivity 
zánětu u zánětlivých střevních onemocnění: 
Důležitý doplněk endoskopie nebo marná snaha? 
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SOUHRN 
Prohlubováníznalostína polizánětlivých střevních onemocněnís sebou nesezměnu terapeutických cílů. Zatímcodříve bylosnahou gastroenterologů zmírnění 
pacientových symptomů, dnes je diskutována zejména otázka slizničního hojení a dosažení endoskopické, případně i mikroskopické remise. Do popředí se 
tak dostává nutnost objektivního posouzení mikroskopické intenzity a aktivity zánětu, k čemuž mohou sloužit histopatologické skórovací indexy. Jejich reálný 
přínos je však dosud nejasný. 
Cílem tohoto přehledového článku je podat informaci o dostupných histopatologických skórovacích indexech pro ulcerózní kolitidu (UC) a Crohnovu chorobu 
(CD) a zamyslet se nad jejich přínosem a limitacemi. Systematickou literární rešerší v databázích OVID SP MEDLINE, OVID EMBASE a The Cochrane library bylo 
nalezeno 19 skórovacích indexů pro UC a 4 pro CD. Naprostá většina z nich však není validována a jejich přínos stran predikce klinického průběhu onemocnění 
je sporný. Endoskopie tak stále zůstává zlatým standardem hodnocení intenzity a aktivity zánětlivého střevního onemocnění. 

 

Klíčová slova: Zánětlivé střevní onemocnění – Crohnova choroba – ulcerózní kolitida – histopatologie – skórovací index 
 

 
Histopathological assessment of the intensity and activity of the inflammation in inflammatory 
bowel diseases: An important addition to the endoscopy, or a pointless effort? 

SUMMARY 
Expanding amount of knowledge about inflammatory bowel diseases has changed current therapeutic goals. In the past times, the main effort of the gastro- 
enterologists was to alleviate patients’ symptoms. But nowadays, one of the hot topics is a mucosal healing and achieving the endoscopic, eventually even 
microscopic remission. Therefore, the objective assessment of the microscopic intensity and activity of the inflammation starts to assume its importance and 
histopathological scoring systems can represent an useful tool. However, their actual contribution is ill-defined. 
Theaim of this reviewistoinform about availablehistopathological scoring systems for ulcerativecolitis(UC) and Crohn’s disease (CD) and discuss theirbenefits 
and limitations. A systematic literature search in databases OVID SP MEDLINE, OVID EMBASE a The Cochrane library found 19 scoring indexes for UC and 4 for 
CD were found. The vast majority of them are not validated and their benefit for prediction of the clinical outcome is controversial. Endoscopy still represents 
a gold standard in the assessment of the extent of the bowel inflammation. 

 

Keywords: Inflammatory bowel disease – Crohn’s disease – ulcerative colitis – histopathology – scoring index 
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Když v roce 1932 Burill Bernard  Crohn  publikoval článek    
s názvem „Regional ileitis: A pathologic and clinical entity“ (1), 
nepřímo tak definoval novou skupinu onemocnění, známou 
jako zánětlivá střevní onemocnění (IBD). Crohnova choroba 
(CD) a ulcerózní kolitida (UC) se tak na následujících téměř sto 
let staly jedním z hlavních témat gastroenterologů a gastroin- 
testinálních patologů. V průběhu doby se však pohled na da- 
nou problematiku zásadně změnil, a to s ohledem na definice, 
klasifikace, diagnostiku i léčbu. IBD již dávno nejsou „pouhými 
záněty střev“, v dnešní době je chápeme jako chronická sys- 
témová zánětlivá onemocnění s predilekcí k trávicímu trak- 
tu, jejichž etiologie je neznámá a patogeneze přinejmenším 
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nejasná (2-4). Nové práce na poli IBD jsou publikovány téměř 
na denním pořádku a prohlubující se znalosti o této skupině 
chorob s sebou přinášejí i zásadní změny ve strategii léčby 
včetně vytyčení nových terapeutických cílů. Zatímco dříve 
bylo hlavní snahou gastroenterologů zmírnění pacientových 
symptomů, v dnešní době je diskutováno zejména tzv. sliznič- 
ní hojení (5-11), neboli dosažení endoskopické remise, kterou 
definuje absence endoskopicky viditelných známek zánětu 
(2,5). Negativní endoskopický nález však zdaleka nemusí zna- 
menat negativní nález mikroskopický (12-14). Dle dostupných 
studií až 37 % pacientů s CD v klinické a endoskopické remisi 
vykazuje mikroskopické zámky přetrvávajícího zánětu (15,16) 
a u pacientů s UC údaje kolísají od 16 % až po 100 % pacientů 
(17). Do popředí tak vstupuje otázka objektivizace mikrosko- 
pické intenzity a aktivity zánětu pomocí histopatologických 
skórovacích indexů. 

Účelem tohoto přehledového článku je poskytnout informaci 
o dostupných histopatologických skórovacích indexech pro CD 
a UC a zamyslet se nad aktuálním stavem mikroskopického hod- 
nocení aktivity zánětu IBD s jeho benefity i limitacemi. 

mailto:Ondrej.Fabian2@fnmotol.cz
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METODIKA 
 

Byl proveden bibliografický průzkum od data prvních uveřej- 
něných publikací až do 10. 10. 2018 v následujících databázích: 
OVID SP MEDLINE, OVID EMBASE a The Cochrane library. Pou- 
žitá klíčová slova zahrnovala „inflammatory bowel disease“; „in- 
flammatory bowel diseases“;„ulcerativecolitis“;„colitis“;„crohn“; 
„crohn’s“; „mucosal healing“; „histologic healing“; „histologic 
remission“; „histopathological remission“; „microscopic remis- 
sion“; „scoring  system“; „scoring  index“; „histological scoring“; 
„histopathological scoring“;„pathologicalscoring“;„activity as- 
sessment“. Vpřípadě, ženěkterýzdřívějších dostupnýchpřehle- 
dových článků citoval publikaci, která touto metodikou nebyla 
nalezena, byla tato publikace přidána ručně. 

 
 

VÝSLEDKY 
 

Celkově bylo nalezeno 2842 publikací. Z průzkumu byly vy- 
loučeny studie v jiném než anglickém a českém jazyce, kazui- 
stická sdělení, abstrakta a studie na zvířatech. Dále byly vyřa- 

zeny práce, v nichž autoři ke svému výzkumu využívali skóro- 
vací indexy původně etablované jinými autory, nebo indexy 
určená pro jiná onemocnění. Po uplatnění vyřazovacích kritérií 
bylo nalezeno 19 skórovacích indexů pro UC a 4 pro CD (tab. 1) 
(13,16,18-38). 

 

Histopatologické skórovací indexy pro ulcerózní kolitidu 
Již v 60. letech minuléhostoletí Truelove& Richardsprezento- 

vali jejich histopatologický skórovací systém pro UC (18), který 
je zároveň prvním doloženým histopatologickým skórovacím 
indexem pro IBD obecně. Jedním z nejpoužívanějších indexů 
se pak stalo Geboesovo skóre z roku 2000 (29). Hodnotí 7 mor- 
fologických znaků, mezi které patří 1) porucha architektoniky 
sliznice, 2) přítomnost neutrofilů v lamina propria, 3) eosinofily 
v lamina propria, 4) přítomnost neutrofilů v povrchovém epite- 
lu, 5) kryptitida, 6) destrukce krypt a 7) slizniční defekty (eroze 
aulcerace). Každá zdílčíchproměnných jedálesubklasifikována 
na základě svojí tíže. Ačkoliv se takové skóre na první pohled 
může zdát příliš komplikované a v rutinní praxi obtížně použitel- 
né (např. dělení rozsahu kryptitidy do 5 %, do 50 % a nad 50 % 
krypt ve vzorku), vykazuje překvapivě vysokouinterpersonální 

 

Tabulka 1. Histopatologické skórovací systémy pro IBD. 
 

IBD Autor, rok Charakteristika 

UC Truelove & Richards, 1956 (18) Třístupňová škála: 1) bez zánětu; 2) mírný až střední zánět; 3) intenzivní zánět. 

 Matts et al., 1961 (19) Pětistupňová škála: 1) bez zánětu; 2) - 4) různá míra zánětlivé celulizace; 5) eroze, 
ulcerace nebo nekrózy sliznice. 

 Watts et al., 1966 (20) Čtyřstupňová škála: 0) bez zánětu, až po 3) intenzivní zánět. 

 Korelitz et al., 1976 (16) Kromě standardních mikroskopických znaků přidávají i rozpočet zánětlivých buněk.  

 Powell-Tuck et al., 1982 (21) Třístupňová škála: 1) bez zánětu; 2) mírný zánět; 3) střední až intenzivní zánět. 

 Keren et al., 1984 (22) Aktivní vs. inaktivní zánět. 

 Friedman et al., 1986 (23) Čtyřstupňová škála: 0) bez zánětu; 1) zánět v LP; 2) destrukce krypt; 3) ulcerace. 

 Gomes et al., 1986 (24) Pětistupňová škála: 0) bez zánětu, až po 4) intenzivní zánět s ulceracemi. 

 Saverymuttu et al., 1986 (25) Hodnotí 4 mikroskopické znaky: 1) poškození enterocytů; 2) abnormality krypt; 
3) zánět v LP; 4) akutní zánět v LP. Každá proměnná hodnocena stupni 1-3. 

 Floren et al., 1987 (26) Šestistupňová škála: 0) bez zánětu, až po 5) intenzivní zánět a ulcerace. 

 Riley et al., 1991 (13) Hodnotí 6 mikroskopických znaků, každý klasifikován na čtyřstupňové škále intenzity. 

 Hanauer et al., 1993 (27) Čtyřstupňová škála: 0) bez zánětu, až po 3) high-grade aktivní IBD (na základě 
kombinace mikroskopických a endoskopických znaků). 

 Sandborn et al., 1993 (28) Čtyřstupňová škála: 0) inaktivní chronická kolitida, až po 3) výrazně aktivní chronická 
kolitida. 

 Geboes et al., 2000 (29) 7 mikroskopických znaků s různými podstupni. Celkový rozsah skóre je od 0 po 5.4.  

 Rutter et al., 2004 (30) Pětistupňová škála: 0) bez zánětu, až po 4) intenzivní aktivní zánět. 

 Baars et al., 2012 (31) Čtyřstupňová škála: 0) absence aktivity zánětu, až po 4) závažná aktivita zánětu 

(početné pseudoabscesy). 

 Nancy Index (Marchal-Bressenot et al.), 2015 (36) Pětistupňová škála: 0) mírný neaktivní zánět nebo bez zánětu; 1) střední nebo 
intenzivní neaktivní zánět; 2) mírný aktivní zánět; 3) střední nebo intenzivní aktivní 
zánět; 4) závažné aktivní onemocnění (ulcerace). 

 Robarts’ s Histopathological Index (Mosli et al.), 2015 (37) Čtyřstupňová škála: 1) chronický zánět; 2) neutrofily v LP; 3) neutrofily v epitelu; 
4) eroze/ulcerace. 

 Simplified Geboes Score (Jauregui-Amezaga et al.), 2016 (38) 7 mikroskopických znaků s různými podstupni. Celkový rozsah skóre je od 0 po 4.4.  

CD D’Haens et al., 1998 (32) 
Později nazýván CGHAS a IGHAS 

Hodnotí 8 mikroskopických znaků na 16 stupňové škále. 

 Nicholls et al., 1994 (33) 
Etablován pro kontrolní biopsie u pacientů na léčbě 

Čtyřstupňová škála: 1) horší; 2) beze změny; 3) zlepšení; 4) vymizení zánětu 

 Breese et al., 1995 (34) 5 mikroskopických znaků hodnocení na 4 stupňové škále. 

 Baars et al., 2012 (35) Pětistupňová škála: 0) neaktivní onemocnění, až po 4) intenzivní zánět (početné 

pseudoabscesy). 

IBD = zánětlivá střevní onemocnění; UC = ulcerózní kolitida; CD = Crohnova choroba; LP = lamina propria; CGHAS = Colonic Global Histologic Activity Score; IGHAS = 

Ileal Global Histologic Activity Score. 
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shodu (kappa 0.70) (29). V roce 2017 bylo publikováno modifi- 
kované a zjednodušené Geboesovo skóre (38), do kterého byla 
nově zakomponována přítomnost bazální plazmocytózy. 

Jak již bylo zmíněno v úvodu, značná část pacientů s UC v en- 
doskopické remisi nečekaně vykazuje mikroskopické známky 
přetrvávajícího zánětu. Jelikož je UC charakterizována kontinu- 
álnímarovnoměrněrozloženýmzánětem, dala by sepředpoklá- 
dat vysoká míra shody mezi mikroskopickým a endoskopickým 
nálezem, a tudíž i histopatologickými a endoskopickými skóro- 
vacími indexy. Bohužel, studiena toto téma vykazují přinejmen- 
ším rozporuplné výsledky (21,24,39-41). Lemmens B et al. (40) 
se pokusili o korelaci Mayo Endoscopic Score (42) s dvěma prav- 
děpodobně nejčastěji používanými histopatologickými indexy 
pro UC - Riley Score (13) a již výše komentované Geboesovo 
skóre (29). Zjištění, že pod Mayo 1, čili mírnou endoskopickou 
aktivitou, se skrývaly všechny histologické stupně aktivity záně- 
tu, hovoří za vše. Na základě dostupných studií lze shrnout, že 
nejlepší korelace endoskopie a mikroskopie bývá u intenzivních 
floridních zánětů aunormálních nálezů, zatímco minimálnísho- 
da panuje u mírného neaktivního zánětu (40). 

Poněkud optimističtější výsledky u pacientů s UC přináší vý- 
zkum na téma histopatologie jako prognostického faktoru. Již 
od začátku panoval názor, že kombinace endoskopie a mikro- 
skopie bude mít lepší výpovědní hodnotu stran klinického prů- 
běhu onemocnění než endoskopie samotná (43), což bylo v prů- 
běhudalšíchletdoloženouřadoudalšíchstudií(13,30,31,43-50). 
Například ve studii Riley et al. (13) mikroskopická intenzita zá- 
nětu predikovala u endoskopicky negativních pacientů klinický 
relaps v průběhu následujících 12 měsíců akonkrétně Geboeso- 
vo skóre se taktéž ukazuje být prediktorem klinického relapsu 
u pacientů s UC v klinické a endoskopické remisi (44,49). 

V nedávné době byly etablovány dva nové histopatologic- 
ké indexy pro UC - Nancy Index (36) a Robarts‘ Histopatholo- 

 
 

 
Obr. 1. Nancy Indexpro histopatologické hodnocení intenzity a aktivity 

zánětu u ulcerózníkolitidy. 

Tabulka 2. Global Histology Activity Score (GHAS). Používá se separátně 
pro terminální ileum a tlusté střevo. 

 

Histopatologická změna Grading 

Poškození epitelu 0 = žádné; 1 = fokální; 2 = extenzivní 

Porucha architektoniky 0 = žádná; 1 = mírná; 2 = závažná 

Lymfoplazmocytární zánět v LP 0 = žádný; 1 = mírný; 2 = intenzivní 

Neutrofily v LP 0 = žádné; 1 = mírně; 2 = intenzivně 

Neutrofily v epitelu 1 = povrchový epitel; 2 = kryptitida; 
3 = kryptový pseudoabsces 

Eroze nebo ulcerace 0 = ne; 1 = ano 

Granulom 0 = ne; 1 = ano 

Počet postižených segmentů 

střeva 

1 = <1/3; 2 = 1/3 – 2/3; 3 = >2/3 

Každá proměnná je hodnocena nezávisle 

Výsledné skóre je součet všech individuálních proměnných (max. = 16)  

LP = lamina propria 

 

gy Index (37). První jmenovaný používá pětistupňovou škálu 
hodnocení na základě přítomnosti ulcerací a intenzity aktivního 
a chronického zánětu (obr. 1). Robarts‘ Histopathology Index 
pak využívá čtyřstupňový grading (1 - chronický zánět, 2 - pří- 
tomnost neutrofilů v lamina propria, 3 - neutrofily v epitelu a 4 
- přítomnost slizničních defektů). Jde o první skutečně valido- 
vaná skóre pro UC, která navíc vykazují shodu s endoskopickým 
nálezem. Ve studii od Irani NR et al. (51) byla prokázána dobrá 
korelace obou indexů s Ulcerative Colitis Endoscopic Index of 
Severity (52) i mezi oběma histopatologickými indexy navzá- 
jem. Stran jejich případného prediktivního významu zatím chybí 
dostatek dostupných informací. 

 

Histopatologické skórovací indexy pro Crohnovu chorobu 
Vzhledem k diskontinuálnímu charakteru zánětu jemikrosko- 

pické hodnocení intenzity a aktivity zánětu u Crohnovy choroby 
náročnější a dostupné skórovací indexy jsou limitované počtem 
i významem. Jediný plošněji používaný index pochází od D‘Ha- 
ense et al. z roku 1998, který se v praxi ujal pod názvem Global 
Histologic Activity Score (GHAS) aječastoužívanýseparátněpro 
terminální ileum a tlusté střevo (jako tzv. Colonic a Ileal GHAS) 
(32,53,54). Tentoindexhodnotí 1) poškozeníepitelu, 2) poruchu 
architektoniky sliznice, 3) chronický zánět v lamina propria, 4) 
neutrofilyv laminapropria, 5) neutrofilyv epitelu, 6) přítomnost 
slizničních defektů a 7) přítomnost epiteloidních  granulomů,  
k čemuž následně přičítá počet postižených segmentů střeva 
(tab. 2). Nenívšak validovaný ajedoložená jeho špatná korelace 
s endoskopickými indexy (24,54). 

Prognostický význam histopatologie je v případě CD sporný. 
V jediné nalezenéstudiinatototéma Baars et al. (31) nebylapro- 
kázána asociace histopatologického nálezu s klinickým relap- 
sem onemocnění, rozvojem striktury či nutností chirurgického 
zákroku. 

 

Histopatologické skórovací indexy pro pediatrická IBD 
Histopatologický skórovací index primárně etablovaný pro 

dětská IBD nebyl doposud vytvořen (55) a mikroskopické hod- 
nocení intenzity a aktivity zánětu tak u dětí s IBD zůstává čistě 
subjektivní. Nejasný je i přínos histopatologie stran predikce kli- 
nického průběhu onemocnění. Podle recentních studií (56,57) 
zakomponování mikroskopie do Pařížské klasifikace (58) (která 
dětská IBD fenotypicky klasifikuje na základě klinických charak- 
teristik a endoskopického nálezu) výrazně zvýšilo hodnocený 
rozsah zánětlivého postižení u dětí s CD, UC i neklasifikovanou 
IBD (IBDU). Z daných studií však nevyplývá, nakolik toto odráží 
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klinickou prezentaci choroby a zda mikroskopie přinesla reál- 
nou přidanou hodnotu stran predikce následného klinického 
průběhu. 

Tuto otázku se naše supina pokusila zodpovědět v roce 2017 
ve studii s názvem „Low predictive value of histopathological 
scoring system for complications development in children with 
Crohn‘s disease.“ (59). Provedli jsme retrospektivní analýzu 63 
dětí s nově diagnostikovanou CD. Zpětně byly zhodnoceny 
vstupní etážové biopsie před zahájením terapie a histopatolo- 
gická intenzita a aktivita zánětu byla objektivizována za použití 
výše zmíněného Global Histology Activity Score (32). Následně 
byla hledána asociace s endoskopickou aktivitou zánětu stano- 
venou pomocí široce užívaného endoskopického indexu Simple 
Endoscopic Score for Crohn’s Disease (SES-CD) (60), a dále s Pe- 
diatric Crohn‘s Disease Activity Index (PCDAI), kterýpředstavuje 
jedno z nejpoužívanějších klinických skóre aktivity pediatrické 
CD (61). Zároveň jsme zjišťovali, zda lze na základě histopatolo- 
gie predikovat rozvoj komplikací v průběhu následujícího roku. 
Bohužel, mikroskopická aktivita zánětu, stanovená za pomocí 
GHAS, se neukázala být prediktorem komplikovaného průběhu 
onemocnění (na rozdíl od SES-CD) a nekorelovala s aktivitou zá- 
nětu, stanovenou za pomocí SES a PCDAI. 

 

DISKUZE 
 

Vsoučasnédobějeznámoněkolikdesítekskórovacíchindexů, 
z nichž jen minimum je validovaných, vykazují slabou korelaci 
s endoskopickým nálezem a jejich význam stran predikce klinic- 
kého průběhu onemocnění je limitovaný (17,62,63). V mnoha 
případech šlo o jednoduchá skóre o několika proměnných, kte- 
ré byly sestaveny skupinami autorů pro potřeby jejich vlastních 
studií a nebyly určeny primárně pro běžnou rutinní bioptickou 
praxi. Již samotný fakt, že jsme v pravidelných intervalech kon- 
frontováni se stále novými indexy, nepřímo naznačuje, že dopo- 
sud stále selháváme ve snaze nalézt jeden ideální, který by výše 
zmíněné náležitosti splňoval. I z těchto důvodů zatím dosažení 
histologické remise není považováno za primární terapeutický 
cíl (5,64,65). Příčiny je možné nalézat v průběhu celého multi- 
disciplinárního diagnostického procesu, od vlastních biologic- 
kých charakteristik onemocnění přes techniku endoskopického 
vyšetření, bioptický odběr vzorků, zpracování materiálu až po 
samotné histopatologické hodnocení a jeho interpretaci: 

 

Kolísání rozsahu zánětu 
Vlastní biologická povaha CD se svým kolísavým charakterem 

zánětu na makroskopické i mikroskopické úrovni značně limitu- 
je množství dostupných histologických indexů i jejich využitel- 
nost v praxi. Endoskopické vyšetření, které dokáže přehlédnout 
celý povrch střevní sliznice, má v takto ložiskově změněném 
terénu lepší vypovídající hodnotu než bioptické vzorky milime- 
trových rozměrů. V případě léčené IBD je však situace ještě slo- 
žitější. Všeobecně známý fakt, že dlouhodobě léčená UC může 
taktéž vykazovat diskontinuální charakter zánětu (66,67), tak 
značně limituje přínos mikroskopie i v tomto případě. 

 

Postižení tenkéhostřeva ahorního gastrointestinálního traktu 
CD i UC jsou systémová zánětlivá onemocnění se schopnos- 

tí postihnout jakoukoliv oblast trávicí trubice (2-4). Na celkové 
závažnosti onemocnění se tak může podílet i postižení horního 
gastrointestinálního traktu, jehož hodnocení zatím není sou- 
částí žádného dostupného indexu, endoskopického ani mikro- 
skopického. U dospělých pacientů, na rozdíl od pediatrické IBD, 
není horní endoskopie ani součástí oficiálních doporučení pro 
diagnostiku IBD (3,68). 

Endoskopické vyšetření dokáže postihnout pouze proximální 
(duodenum a někdy proximální část jejuna) a distální (terminál- 
ní ileum) úsek tenkého střeva, avšak právě přítomnost zánětu 
v tenkém střevě může být pro další klinický průběh choroby 
určující. Proto byly v posledních letech etablovány indexy ak- 
tivity zánětu tenkého střeva pro kapslovou endoskopii. Mezi 
nejpoužívanější patří Lewis Score (69) a Capsule Endoscopy 
Crohn‘s Disease Activity Index (70), které doporučují i European 
Crohn‘s and Colitis Organisation a European Society of Gastro- 
intestinal Endoscopy. 

 

Nemožnost posouzení transmurality zánětu 
Crohnova choroba, a v některých případech i ulcerózní ko- 

litida, mohou vykazovat zánětlivé postižení hlubších struktur 
střevní stěny. Histopatologické i endoskopické vyšetření však 
podává informaci pouze o luminální aktivitě zánětu. Transmu- 
ralita zánětu je jedním z definujících prvků  CD a spolupodílí 
se na celkovém klinickém stavu pacienta a rozvoji případných 
komplikací. Například záchyt myenterické plexitidy v resekč- 
ních okrajích predikuje časný relaps onemocnění po ileocékální 
resekci (71). Z tohoto důvodu se v posledních letech objevuje 
snahaovytvořenívalidníhoindexu transmurálníaktivityzánětu. 
Jedním z nich je tzv. Lémann Index (72), který však představuje 
klinické skóre, nikoliv histopatologické, a hodnotí kumulativní 
postiženístřevnístěnyna základěpřítomnostistriktur, penetru- 
jícího postižení (přítomnost píštělí a abdominálních abscesů), 
předchozích chirurgických výkonů a  perianálního   postižení. 
V některých případech je dokonce bioptický odběr natolik po- 
vrchový, že nezachytí ani bazální partie lamina propria mucosae 
a znemožní tak posouzení například bazální plazmocytózy, kte- 
rá je součástí některých skórovacích indexů, jako je kupříkladu 
již zmíněné modifikované Geboesovo skóre (38). 

 

Počet odebraných vzorků 
Na základě oficiálních doporučení European Society of Patho- 

logy a European Crohn‘s and Colitis Organisation (2-4) by měl 
bioptický odběrv dobědiagnózy zahrnovat minimálnědva vzor- 
kyzpřinejmenším pětietážístřeva, mezikterýmibynemělo chy- 
bětterminálníileumarektum. Doposud všakneexistuje oficiální 
stanovisko stran minimálního počtu vzorků v rámci kontrolních 
endoskopií (4). Vběžné gastroenterologické praxi mnohdy stále 
přetrvává tendence nebioptovat endoskopicky negativní úseky 
střeva, a naopak provádět bohatý samplingv intenzivně zánětli- 
vých změněných úsecích, čímž dochází k falešnému podhodno- 
cení, respektive nadhodnocení mikroskopické intenzity a aktivity 
zánětu v závislosti na endoskopickém obrazu. Tato diskrepance 
se může negativně odrazit i na výpovědní hodnotě některých 
samotných skórovacích indexů jako například GHAS (32), který 
do hodnocení započítává ipočet postižených segmentů střeva. 

 

Histopatologické skóre u vstupních endoskopií 
Jedním z hlavních důvodů odběru biopsie v rámci kontrolních 

endoskopií je zjistit stav mikroskopické intenzity a aktivity záně- 
tu a tím získat informaci o účinnosti dosavadní terapie. Pro kli- 
nického lékaře a jeho následný rozhodovací proces je však stě- 
žejní i mikroskopická intenzita zánětu v době diagnózy. Nicmé- 
ně, patolog představuje pouze jednu z diagnostických modalit, 
definitivní diagnóza IBD je klinická diagnóza, kterou stanovuje 
příslušný klinický lékař až po kompletaci výsledků všech prove- 
dených vyšetření (2-4,68). Patolog tak ve fázi histopatologické- 
ho hodnocení vzorků ze vstupní etážové biopsie neví, jaká bude 
výsledná diagnóza. Zejména pokud nemá k dispozici validní kli- 
nické informace, může se jeho diagnóza omezit na „chronickou 
nespecifickou kolitidu“ (respektive enterokolitidu), přičemž pa- 
cient bude z klinického pohledu vykazovat přesvědčivé známky 
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CD s recidivujícími perianálnímiabscesy, sonografickýmztluště- 
ním kliček tenkého střeva, mezenteriální lymfadenopatií a pozi- 
tivitouprotilátekproti Saccharomyces cerevisiae. Naopak, nález 
floridní chronické terminální ileitidy a kolitidy s poruchou ar- 
chitektoniky sliznice a záchytem drobných rozvolněných epite- 
loidních granulomů může patologa bez validní klinické korelace 
mylně svést na scestí diagnózy CD, ačkoliv ve skutečnosti půjde 
o malé dítě se septickými stavy nejasné etiologie a následně ge- 
neticky potvrzenou diagnózou chronické granulomatózní cho- 
roby. Vzhledem k faktu, že se histopatologické skórovací indexy 
liší pro CD a UC, je jejich použití v době vstupní etážové biopsie 
možné až zpětně, po stanovení definitivní klinické diagnózy. 
Celkový problém podtrhuje i absence jakéhokoliv skórovacího 
indexu pro IBDU, přičemž tato diagnóza tvoří 10-15 % dospě- 
lých IBD a cca 5-7 % dětských IBD a mnohdy se stane diagnózou 
definitivní (73-76). 

 

Hodnocení slizničních defektů 
Pro většinu histopatologických indexů je přítomnost erozí 

a/nebo ulcerací známkou maximální intenzity zánětu a jsou 
hodnoceny nejvyššími stupni ve svých škálách. Příkladem je 
výše zmíněný Nancy Index (36), pro který jakákoliv přítomnost 
ulcerace automaticky znamená nejvyšší grade bez ohledu na 
charakter zánětu v okolní sliznici. Z hlediska endoskopie a po- 
tažmo i celkového klinického stavu pacienta je však zcela zásad- 
ní, jestli mikroskopicky popsaný defekt sliznice pochází z jedné 
drobné aftózní léze či se jedná o střevo s extenzivně ulcerova- 
ným povrchem ve většině svého rozsahu. Jiné indexy jako např. 
Geboesovo skóre (29) naopak rozlišují mezi erozemi a ulcerace- 
mi. Standardní endoskopický odběr vzorku ze slizničních defek- 
tů by však měl zastihnout okraj defektu s přechodem do zacho- 
valé sliznice. Co se tak v mikroskopu jeví jako mělká eroze, může 
být ve skutečnosti okrajový odběr z hlubšího defektu. 

ZÁVĚR 
 

Ačkoliv má histopatologie nezastupitelnou úlohu v diagnos- 
tice IBD, její přínos stran hodnocení intenzity a aktivity zánětu 
je stále omezený. Jak již bylo zmíněno, příčinou je samotná bio- 
logická povaha onemocnění, diskrepance s endoskopií i tech- 
nické aspekty odběru vzorků. Zůstává však otázkou, zda tyto 
nedostatky odrážejí skutečné limitace mikroskopie azda nejsou 
spíše vyvolány uměle. Z analýzy předchozích prací totiž vyplývá, 
že současná představa ideálního histopatologického skórovací- 
ho systému je validovaný index s dobrou interpersonální sho- 
dou, který koreluje s endoskopickým nálezem a zároveň slouží 
jako prediktor klinického průběhu onemocnění. Zjevná snaha 
o co nejlepší korelaci mikroskopie a endoskopie, což zároveň 
představuje i jeden z hlavních indikátorů validity, však popírá 
samotnou smysluplnost takového indexu, protože devalvuje 
mikroskopii nametodu, kterámůže býtmaximálně stejně dobrá 
jako endoskopie. Diskrepance mezi endoskopií a histopatologií 
je tak naopak žádoucí. Histopatologický index by neměl endo- 
skopický nález potvrzovat, nýbrž zpřesňovat a představovat 
tak přidanou hodnotu k celkové objektivizaci tíže zánětlivého 
onemocnění. Jedině tak může být případný skórovací index vy- 
užíván v rutinní bioptické praxi a nesloužit pouze jako nástroj 
objektivizace dat pro potřeby studií. Další výzkum by se tak měl 
zaměřit spíše napřínos histopatologie jakožto prediktoru klinic- 
kého průběhu onemocnění. 
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Abstract 

 

Background: Detection of possible predictive factors of endoscopic recurrence after ileocecal 

resection in Crohn´s disease could be very beneficial for individual adjustment of postoperative 

therapy. 

Aim: The aim of this study was to verify, whether immunohistochemical detection of 

calprotectin in resection margins is useful in diagnostics of endoscopic recurrence. 

Methods: In this study we included pediatric patients with Crohn’s disease who underwent 

ileocecal resection, regardless of pre-operative or post-operative therapy (N=48). We collected 

laboratory, clinical, surgical, endoscopic and histopathological data at the time of surgery and 

at 6 months after surgery. The immunohistochemical staining of calprotectin antigen was 

performed on all paraffin blocks from the resection margins. 

Results: Out of 48 patients 52 % had endoscopic recurrence in anastomosis (defined by 

Rutgeerts score) within 6 months after surgery. Number of cells positive on calprotectin in 

proximal resection margin was negatively associated with recurrence (p=0.008), as was the 

elevated level of total calprotectin (from both resection margins). There was no correlation of 

calprotectin in distal resection margin and endoscopic recurrence. Faecal calprotectin over 100 

ug/g (p=0.0005) and high CRP (p<0.001) at 6 months after ileocecal resection and presence of 

peritonitis (p=0.048) were associated with endoscopic recurrence. 

Conclusion: Approximately half of the patients develop endoscopic recurrence within 6 

months after ileocecal resection. Predictive value of tissue calprotectin is questionable, as it is 

negatively associated with endoscopic recurrence. There are other potentially useful predictors, 

such as CRP and fecal calprotectin at 6 months after resection and presence of peritonitis. 
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Introduction 

 

Almost 70 % of patients with Crohn’s disease (CD) undergo intestinal surgery in 10 years 

from diagnosis [1, 2]. Ileocecal resection (ICR) is the most performed procedure. Post- 

operative recurrence risk factors in adults are known from previously published studies – 

smoking, prior intestinal resection, penetrating disease, perianal disease and extensive 

resection [3, 4]. Studies performed in pediatric population focusing on endoscopic recurrence 

(ER) after ICR are few. Baldassano et al evaluated at first clinical recurrence and found 

potential risk factors – high Paediatric Crohn´s Disease Activity Index (PCDAI), colonic 

disease at the time of surgery and 6-mercaptopurine treatment preoperatively [5]. Colonic 

disease was also described as a risk factor by Pacilli et al [6]. Based on our previously 

published data, low serum level of albumin at the time of surgery is a potential predictor of 

ER at 6 months after ICR [7]. 

Fecal calprotectin (F-CPT) is usually used for disease course monitoring, also post- 

operatively. Previously performed studies have proven a good correlation between relapse and 

F-CPT concentration in adults [8] as well as in children [9]. Immunohistochemical detection 

of calprotectin (CPT) in tissues is not a standard method for monitoring or predicting disease 

behavior or its prognosis. Fukunaga et al presented higher levels of CPT-positive cells in 

colonic mucosa in patients with inflammatory bowel disease (IBD) than in control group [10]. 

Lower intramucosal CPT was detected in UC patients in remission when compared to active 

disease [11, 12]. High CPT concentration was also associated with acute inflammation in 

patients after appendectomy [13]. 

Histopathological features have been investigated as potential predictors of disease relapse 

in many previously published studies. Active disease and myenteric plexitis were found to be 

potential predictors [14-16], on the other hand chronic inflammation and granulomas in 

resection margin were not [17]. A meta-analysis from Simmillis et al focusing on granulomas 
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as a potential predictor shows higher recurrence rate in patients with histopathologically 

confirmed granulomas, however considering a heterogeneity of studies, it is not possible to 

use this finding as a main predictor [18]. Li et al found that higher count of S100-positive 

enteric glial cells is associated with endoscopic and clinical recurrence [19]. Study from 

Diederen et al presented microscopically positive resection margins (histopathological 

inflammation) as one of risk factors for surgical recurrence in a group of pediatric patients 

after ICR [20]. 

The primary aim of this study was to verify, whether immunohistochemical detection of 

CPT in resection margins is useful as a predictor of endoscopic recurrence after ICR. 

Secondarily, we aimed to identify number of patients with relapse at 6th month after ICR in 

colon or UGI and to reveal other potential predictors of ER, such as albumin, CRP or F-CPT. 

 

 

 
Materials and methods 

 

 

 

 
Patients 

 

In this study we included pediatric patients with CD, who underwent ICR, regardless of 

pre-operative or post-operative therapy. 

Inclusion criteria were: age of 0 – 18 years (at the time of surgery), diagnosis of CD 

(according to Porto criteria or revised Porto criteria)[21] , history of performed ICR with 

primary anastomosis (could be combined with other surgery – evacuation of abscess; jejunal, 

ileal or colonic resection; strictureplasty; fistulectomy; right hemicolectomy; surgical 

treatment of bowel perforation), endoscopy performed 6 month after ICR or earlier (in the 
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case of CD relapse), available bioptic tissue from surgery and endoscopic control, informed 

consent signed. 

Exclusion criteria were: change of therapy before endoscopy (substantial changes – e.g. 

initiation of biological therapy, switch between biologics), ileostomy, missing 

histopathological samples or substantial part of laboratory data, refusal of patient/parents to 

participate in this study. 

Between December 2008 and September 2018, 63 patients with CD underwent ICR 

performed by a team of pediatric surgeons, who closely cooperates with our department. Four 

patients were excluded, because they needed ileostomy and therefore had second surgery with 

anastomosis done later. Eleven patients had no endoscopy during the determined interval. 

Forty-eight patients fulfilled inclusion criteria and were included in the study. Patients´ 

characteristics are given in table 1. 

 

 

 
Data and samples 

 

 

 

 
Laboratory results/parameters were collected from hospital electronic records. Surgical 

(other procedure combined with ICR, length of resection) and clinical data (therapy, 

elective/urgent surgery, penetrating disease) before ICR were collected from hospital 

electronic records retrospectively. 

 

 

 
Histopathological evaluation was divided into two parts: 

 

The first part of the study was retrospective and all microscopic slides from proximal and 

distal resection margins were evaluated by senior gastrointestinal pathologist blinded to 
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clinical data. The assessed morphological variables included: 1) intensity of chronic 

inflammation; 2) intensity of active inflammation (established on the basis of neutrophilic 

infiltration in the lamina propria, presence of neutrophils in the epithelium and presence of 

erosions or ulcerations); 3) intensity of eosinophilic inflammation; 4) distortion of the 

mucosal architecture; 5) epithelioid granulomas; 6) basal plasmocytosis; 7) pyloric 

metaplasia; 8) fibrosis; 9) lymphocytic lymphangitis; 10) transmural lymphoid aggregates; 

11) submucosal plexitis; 12) myenteric plexitis; 13) myenteric plexus hyperplasia; 14) 

obliterative vasculopathy; 15) acute fibrinous-purulent peritonitis and 16) chronic adhesive 

peritonitis. The assessed variables were evaluated separately for proximal and distal resection 

margin. 

Then, the immunohistochemical staining of CPT antigen was performed on all paraffin 

blocks from the resection margins. Tissue sections (thickness 1 um) were deparaffinized, and 

the anti-CPT antibody (Invitrogen, at a dilution of 1:1000) was used. Detection was 

performed by the PolyDet Dab chromogen (Dako REAL) with phosphate-buffered saline 

solution. CPT expression was assessed by counting the highest number of positive cells per 

one high power field (400x) in the most affected region of each microscopic slide. The 

positive cells were counted separately for lamina propria and the epithelium. In areas with 

presence of erosions or ulcerations we counted CPT-positive cells from the tissue adjacent to 

the margin of the respective erosion/ulceration. 

In the second part of the study (retrospective evaluation of prospectively collected data), 

the bioptic samples taken during the endoscopic control in the 6th month after the ICR were 

evaluated. During the duration of the study, according to standard protocol all patients in our 

center undergo regular endoscopic evaluation 6 months after ICR (or earlier in case of flare). 

The histopathological slides from the six bowel segments (neoterminal ileum, colon close to 

the anastomosis, ascending colon, transverse colon, descending colon and rectum) were 
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examined. The intensity and activity of the inflammation were assessed using the modified 

Global Histology Activity Score. This scoring system evaluates the intensity of chronic and 

acute inflammation, presence of epithelial damage and mucosal defects, presence of 

epithelioid granulomas and distortion of the mucosal architecture. This scoring system was 

described in detail in our previous publication and has an advantage in the possibility to 

evaluate each bowel segment separately [22]. 

 

 

 
Endoscopic data, actual clinical and laboratory data were collected at the time of 

endoscopy, which was performed between 4th and 7th month after ICR (mean 6th month). 

Findings in anastomosis were described using Rutgeerts score [23], in upper gastrointestinal 

tract (UGI) and colon using modified simple endoscopic score (mSES) [24]. In UGI we 

assessed esophagus, gastric body, gastric antrum and duodenum and scored from 0 to 3 points 

for size of ulcers, ulcerated surface, affected surface and presence of narrowing. Colon was 

divided in 4 parts (right colon, transverse colon, left colon and rectum), scoring was the same 

as in UGI. ER was defined as Rutgeerts score equal or more than i2 and/or mSES in UGI or 

colon more than 3. 

 

 

 
Primary and secondary outcomes 

 

As a primary outcome we have chosen identification of predictive factors of disease 

relapse in anastomosis (Rutgeerts score equal or more than i2). As a main potential predictive 

factor we appointed a positivity of CPT in resection margins of resected bowel. Secondary 

outcomes were number of patients with relapse at 6th month after ICR in colon or UGI, 

evaluation of other predictors of disease recurrence, assessment of role of laboratory results 

and histopathological findings at the time of surgery and influence of the therapy. 
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Ethical considerations 

 

Legal representatives of the patients signed an informed consent form for inclusion into the 

study. The study was approved by the Ethics Committee of Motol University Hospital. 

 

 
 

Statistical analysis 

 

Statistical software R-project (R Core Team, version 3.6.0) was used for data analysis. 

Continuous variables were described as median and inter quartile range (IQR). Categorical 

variables were described as absolute frequencies and percentages. Values of F-CPT were 

analyzed on a logarithmic scale. Univariate association with categorical outcome was 

assessed using linear logistic regression model. For testing of association between two linear 

predictors, we used linear regression models. Adjusted models were constructed with multiple 

logistic regression. The selection of predictors for multiple logistic regression models were 

based on clinical decision only. Probability (p) values of <0.05 were considered significant. A 

95% confidence interval was used. Figures were constructed using R package “ggplot2”. 

 

 
 

Results 

 

 

 

 
Rate of endoscopic recurrence (ER) 

 

Out of 48 patients 52 % had ER in anastomosis within 6 months after ICR (12 patients had 

Rutgeerts score i2, 5 had i3 and 8 had i4). Among patients in remission based on Rutgeerts 

score (N=23), 1 had relapse in colon and 4 in UGI. 
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Tissue CPT in resection margins 

 

Number of cells positive on CPT in proximal resection margin was negatively associated 

with ER defined by Rutgeerts score (OR=0.969 95 % CI 0.936 – 0.996, p=0.008) – figure 1, 

as was the elevated level of total CPT (from both resection margins) (OR=0.993, 95 % CI 

0.972 - 0.9997, p=0.034). If we use model adjusted on patients treated with biological therapy 

after resection, this correlation is also confirmed (OR= 0.971, 95 % CI 0.938 – 0.997, 

p=0.008, OR=0.993, 95 % CI 0.973 – 0.999, p=0.021, respectively). There was no correlation 

of CPT in distal resection margin and ER. 

 

 

 
Laboratory results and clinical data at the time of surgery 

 

We did not find any association between age at the time of ICR or sex and primary 

outcome. Low serum concentration of albumin (OR=0.871, 95 % CI 0.736 – 1.009, p=0.066) 

and elevation of CRP (OR=1.02, 95 % CI 0.999 – 1.045, p=0.060) were found to be 

borderline associated with ER, in adjusted model on biological therapy after ICR, the results 

were significant for albumin (OR=0.851, 95 % CI 0.713 – 0.992, p=0.039), but not for CRP 

(OR=1.02, 95 % CI 0.999 – 1.045, p=0.075). F-CPT (samples from 58 % patients were 

available) was not significantly associated with ER (OR=1.0, 95 % CI 0.9996 – 1.0006, 

p=0.637) regardless of post-operative therapy. F-CPT cut-off value for remission was set at 

100 ug/g. 

 

 

 
Laboratory results at the time of endoscopic examination 
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Out of 48 patients 75 % submitted sample of stool for F-CPT evaluation at 6th month after 

ICR. Levels of log F-CPT were in association with ER (OR=2.19, 95 % CI 1.28 – 4.28, p = 

0.003) - figure 2a, in model adjusted for biological therapy even more significantly (OR=233, 

95 % CI 1.37 – 4.79, p = 0.002). F-CPT over 100 ug/g at 6 months was strongly positively 

associated with ER (OR=15, 95 % CI 3.1 – 96.6, p = 0.0005). Three patients had ER despite 

having F-CPT below 100 ug/g. 

The CRP at 6 months was tested in all patients. Elevated values of CRP were associated 

with ER (OR=2.21, 95 % CI 1.353 – 4.385, p<0.001 - figure 2b, resp. OR = 2.53, 95 % CI 

1.414 – 6.047 (after using adjusted model for biological therapy)). Albumin levels (examined 

in 94 % of patients) were not in association with ER in group of all patients, but if we again 

use adjusting for biologics, it was statistically significant (OR=0.759, 95 % CI 0.5797 – 

0.943, p=0.011). 

 

 

 
Histopathology 

 

Only a presence of the peritonitis (chronic or florid) was found to be associated with ER 

(OR=4.15, 95 % CI 1.015 – 21.599, p=0.048), also borderline in model adjusted for biological 

therapy (OR=4.08, 95 % CI 0.988 – 21.390, p=0.052). Other markers as plexitis (submucosal 

or myenteritic), active inflammation, intensity of inflammation or chronic inflammation were 

not in association with ER. 

 

 

 
Discussion 

 

Studies on rates of ER after ICR in children are scarce. Our previous study [7] , focused on 

patients treated postoperatively only with AZA, found ER in 38 % of them at 6 months. Other 
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pediatric study by Bobanga et al described ER in 87 %, but mean follow-up was longer than 6 

months, endoscopy was not performed in all patients and postoperative therapy differed 

between patients [25]. In a small study from Hukkinen et al ER was found in 51% of patients 

in long time follow-up (mean 38 months), 88 % of these patients had immunosupressive 

therapy [9]. More detailed data are available in adult population - in randomized controlled 

POCER study published by De Cruz et al, ER rate after 6 months was 45 % in high-risk 

patients treated with AZA and 21 % in patients treated with adalimumab (ADA) [3]. Kotze at 

al described early ER (within 1 year from the time of the surgery, defined as Rutgeerts score 

more than i2) in patients treated with biologics. In ADA group it was 24 % and in infliximab 

(IFX) group it was 27 %. [26]. In other study from Auzolle et al, ER from 6th to 12th month 

after ICR was found in 47 % of patients [27]. Thus, ER described in the present study (52 %) 

is comparable to previously published data both from pediatric and adult population. It is 

important to remind here, that each study uses slightly different definition of ER and 

moreover, Rutgeerts score is not validated for children, but there is no better scoring system 

available at the moment. Based on relapse rate we can assume, that it is necessary to observe 

these patients closely, repeat laboratory tests as CRP and F-CPT regularly and as 

recommended by European Society for Paediatric Gastroenterology, Hepatology and 

Nutrition (ESPGHAN) - endoscopy should be performed in 6 – 9 months after surgery [28]. 

Immunohistochemical detection of CPT in intestinal tissue is not commonly used method 

to evaluate intensity of inflammation or predict disease recurrence. There are no studies in 

patients after ICR, neither in adults nor children. Study by Fukunaga et al proved higher level 

of CPT-positive cells in colonic mucosa in IBD patients than in controls [10]. Also Liu et al 

found higher concentration of CPT in colonic mucosa in patients with active UC than in 

healthy patients or those with inactive UC [12]. Results of our study are not sufficient enough 

to recommend measurement of tissue CPT for prediction of ER after ICR. Contrary to our 
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expectations, we found negative association between tissue CPT at proximal resection margin 

and risk of ER. However, we would expect higher tissue CPT to be associated with higher 

risk - in analogy to higher Rutgeerts score, which is considered as an important predictive 

factor in adults. We do not have any pathophysiological explanation for our findings that can 

be due to relatively small sample size in our pilot study (with potential influence of few 

outlier high values in individual patients). Our IBD surgeons stick to standard resection 

procedure according to current guidelines and perform resection in substantial distance from 

macroscopically inflamed area. However, differences in microscopic inflammatory intensity 

in resection margins that are not macroscopically visible, cannot be excluded. Because model 

adjusted on biological therapy brought the same results, it seems, that postoperative treatment 

is not potential confounder of these findings and thus it is not likely that biological therapy 

used in more difficult cases (with higher tissue CPT) would lead to better post-surgical 

prophylaxis of ER. It is also questionable, if counting the highest number of tissue CPT 

positive cells in the most affected area is the optimal way of evaluation of the 

histopathological sample. However, there is no such study published evaluating different 

histological approaches of tissue CPT measurement and further research on bigger sample 

size is necessary to either prove or contradict our findings. 

F-CPT is commonly used marker for monitoring postoperative disease recurrence and 

behavior [29]. Pediatric study performed in CD patients after surgery by Hukkinen et al, 

found F-CPT levels of 139 ug/g as threshold for ER (beyond 6 months) [9]. In 2018 Tham et 

al published systematic review on using F-CPT as marker for ER after ICR. As the best 

threshold authors considered F-CPT values of 150 ug/g with 70 % (95% CI 59–81 %) 

sensitivity and 69 % (95% CI 61–77 %) specificity[30]. These findings were also confirmed 

in our study, there was an association between F-CPT at the time of endoscopy and ER, 

despite the fact we did not have samples from all patients. As recommended by ESPGHAN 
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guidelines, F-CPT could be successfully used for timing of endoscopy after ICR (threshold 

 

>100 ug/g) [28]. However, using this threshold in our study population, we would miss 3 

patients with ER. 

Also, CRP is a helpful marker of inflammatory activity, but it is not specific for IBD. 

Wright et al or De Cruz et al in POCER study found that CRP is not as accurate as F-CPT in 

monitoring adult patients after ICR [3, 29]. This is also supported by above-mentioned 

ESPGHAN guidelines [28]. In our study, CRP at the time of surgery is not associated 

(although borderline) with ER, but at 6 months after ICR the association is significant. CRP 

reflects systemic inflammation, which can persist after ICR, although F-CPT decreases (after 

resection of affected bowel). 

It is known that low albumin level as marker of poor nutritional status is risk factor for 

peri- and postoperative complications, e.g. in cardiac [31], orthopedic [32] and also in bowel 

surgery [33, 34]. In our previous study we also found that low albumin level is potential 

predictor of ER in selected patients treated with AZA without biologicals after ICR [7]. In the 

present study we have found only borderline association at the time of surgery (statistically 

significant after adjusting on biological therapy). Similar situation was found at the time of 

endoscopy. 

From histopathological features, only the presence of peritonitis (chronic or florid) was 

found to be associated with ER. To our knowledge, this is a newly described finding that 

could become a subject of future research focused on possible predictive histopathological 

factors. On the contrary, we did not confirm previously published data on plexitis [14-16] as 

a clinically useful predictor or disease recurrence. 

From models adjusted on biological therapy, our data suggest that we cannot reliably use 

histopathological or biochemical predictors as helpful markers for decision on the best 
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postoperative therapy for individual patient. At the moment, there is not enough data to 

change current clinical practice based on postoperative therapy stratified according to 

presence of residual disease. 

Possible weakness of our study is that the number of the patients was not high enough to 

show all possible relationships between evaluated predictors and outcomes. Moreover, the 

tissue from ICR was examined retrospectively and there are also some data missing due to 

partly retrospective design of the study. 

On the other hand, the strength of our study is that we describe a homogenous group of 

consecutive patients, postoperatively treated by standardized manner based on presence of 

residual disease. The patients underwent standardized prospective endoscopic evaluation. 

Moreover, this is the first study evaluating possible value of tissue CPT in pediatric patients 

after ICR. 

 

 

 
Conclusions 

 

Approximately half of the patients develop ER within 6 months after ICR. Tissue CPT 

does not seem to be a valuable predictor of ER, irrespective of postoperative treatment. 

However, there are other potentially useful predictors, such as high F-CPT and high CRP at 6 

months after ICR, low albumin (after adjustment to biological therapy) at the time of surgery 

as well as 6 months after ICR and presence of peritonitis. In accordance with ESPGHAN 

guidelines, such patients should be closely monitored and regularly evaluated endoscopically 

in order to tailor therapy in those who develop early ER. 
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Figure legends 

 

Figure 1. Association between log tissue CPT in proximal resection margin and ER at 6 months 

Legend: HPF = high power field, CPT = calprotectin, ER = endoscopic recurrence 

 

 

Figure 2a. Association between log F-CPT at 6 months and ER at 6 months 

Legend: F-CPT = faecal calprotectin, ER = endoscopic recurrence 

 

 

Figure 2b. Association between CRP at 6 months and ER at 6 months 

Legend: CRP = C-reactive protein, ER = endoscopic recurrence 
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Figure 2a 
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Figure 1 
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Table 1: Patients´ characteristics before surgery 
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Figure 2b 
 

 

 
 

Characteristics All 

Female 0.42 

Age at the time of ICR 16 (15-17) 

Ciprofloxacine at the time of ICR 0.29 

Metronidazole at the time of ICR 0.38 

Azathioprine at the time of ICR 0.81 

Infliximab at the time of ICR 0.38 

Adalimumab at the time of ICR 0.15 

Exclusive enteral nutrition at the time of 

ICR 

0.15 

Corticosteroids at the time of ICR 0.25 

Piperacillin/Tazobactam at the time of ICR 0.06 

Length of resection 22 (16.5-28.5) NA=1 

Penetrating disease 0.35 

Elective surgery 0.62 

 

 
 

ICR = ileocaecal resection; NA = not available 


