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Introduction

Calprotectin is a 36-kDa calcium and zinc binding protein 
found in human neutrophils, monocytes, and macrophages 
(1,2). It is a heterodimer of two calcium binding proteins—
S100A8 and S100A9, and the name was derived from 
both its calcium binding properties (cal) and antimicrobial 
activity (protect) in vitro (3,4). Calprotectin was first 
isolated from human granulocytes in 1980 by Fagerhol 
et al. (2). Calprotectin constitutes between 30–60% of 
neutrophil cytosolic proteins (5). It is released from 
activated neutrophils during periods of active inflammation, 
as well as upon neutrophil damage or death (6,7). Although 
calprotectin may be isolated and measured in multiple 
body fluids including plasma, urine, cerebrospinal fluid, 
synovial fluid, and pleural fluid, it is primarily clinically 
useful to gastroenterologists through measurement 

of fecal concentrations as a direct marker of mucosal  
inflammation (8). Fecal calprotectin elevation can be seen 
in both multiple primary gastrointestinal as well as extra-
intestinal disease processes (9). Fecal calprotectin can be 
measured via enzyme-linked immunosorbent assay (ELISA) 
testing in stool samples to detect intestinal inflammation 
of any etiology (10). It has a reported stability at room 
temperature in stool samples for up to one week, although 
at seven days there has been a noted significant variance in 
intra-sample concentrations (11). Analysis of a single stool 
sample is adequate for measurement of fecal calprotectin as 
good correlation has been seen between one time sampling 
values and those obtained from 24 hours collections (12).  
The presence of an elevated fecal calprotectin level, 
although sensitive for mucosal inflammation, is nonspecific 
and there are a number of infectious, inflammatory, and 
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neoplastic processes that may lead to an elevation in the 
fecal calprotectin concentration. Past studies established 
normal values in healthy persons of 2 mg/L of fecal 
calprotectin, with a recommended cut-off test of 10 mg/L.  
A fecal calprotectin cutoff value of 10 mg/L was shown 
to be 89% sensitive and 79% in identifying organic 
intestinal disease (13). Utilizing newer assays, current 
recommendations for an upper limit of normal have 
increased to 50 µg/g, with even better diagnostic precision 
for active inflammatory bowel disease (IBD) seen at levels 
of greater than 100 µg/g (9,14). Unfortunately, there are 
differences in assay calibration between manufacturers 
leading to variations in inter-assay agreement, which can 
affect the specificity of identifying active disease if the 
same cut-offs are used regardless of the specific assay (15). 
Patients and providers would both benefit from better co-
calibration of fecal calprotectin assays. 

Fecal calprotectin and IBD diagnosis

Most often in today’s clinical practice, fecal calprotectin is 
used in the initial investigation and subsequent monitoring 
during therapy of patients with IBD. One benefit for 
patients of using fecal calprotectin to assess disease activity 
is that it is a noninvasive marker, not requiring phlebotomy, 
exposure to radiation (such as with cross sectional imaging), 
or the risks inherent with endoscopy (including exposure 
to sedation and the risks of bleeding, perforation, etc.), to 
provide objective data regarding the presence or activity of 
luminal inflammation. A large 2010 meta-analysis found 

measurement of fecal calprotectin had a sensitivity of 93% 
and specificity of 96% for detecting inflammation in adult 
patients, which could be used to help stratify which patients 
would benefit from more urgent endoscopic evaluation 
of their gastrointestinal symptoms (16). A strategy of 
initial screening with fecal calprotectin and referral 
for colonoscopy versus colonoscopy avoidance using 
predefined cut-off levels has been shown to be effective 
both in reducing health care costs and number of invasive 
procedures (17). Fecal calprotectin plays an important 
role both in helping gastroenterologists differentiate IBD 
from functional or visceral hypersensitivity disorders such 
as irritable bowel syndrome (IBS), and subsequently in 
assessing the degree of inflammation in patients with IBD 
to help tailor or optimize medical management. Neither 
the American College of Gastroenterology (ACG) nor the 
European Crohn’s and Colitis Organisation recommend 
sole reliance on fecal calprotectin when making a diagnosis 
of IBD, although it is recommended as “an excellent way to 
confirm intestinal inflammation” by the ACG (10,18).

Fecal calprotectin and IBD management

Fecal calprotectin is not only effective in differentiating 
IBD from IBS, but also in differentiating active IBD 
from inactive IBD (19). This kind of objective symptom 
evaluation is often useful because even patients with 
a known diagnosis of IBD may have gastrointestinal 
complaints due to other coexistent processes that may not 
represent inadequate control or a true flare of their disease 
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Figure 1 Possible algorithm for evaluation of symptom exacerbation in IBD patients. IBD, inflammatory bowel disease.
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(Figure 1). An elevated fecal calprotectin value may be even 
more accurate than an elevated C-reactive protein (CRP) 
level for predicting active, endoscopically visual mucosal 
inflammation (19). Fecal calprotectin is also an inherently 
gut-specific test compared to the CRP, which can be 
elevated due to any etiology of systemic inflammation. In 
patients with known IBD, fecal calprotectin levels correlate 
with mucosal healing (14,20). There may be a role going 
forward for monitoring fecal calprotectin in asymptomatic 
patients, as there is evidence that persistent elevations 
portend a future relapse, whereas normal levels suggest 
sustained remission (21). Clinical use of fecal calprotectin 
measurements will likely continue to increase as objective 
markers of inflammation, especially those that correlate with 
the degree of mucosal and/or histologic disease activity, are 
becoming a more desired treatment endpoint over patient 
reported symptom assessments in IBD medication and 
outcomes research. 

Fecal calprotectin and ulcerative colitis (UC)

Fecal calprotectin levels have been shown to correlate 
well with clinical disease activity indices, endoscopic 
indices, and other biomarkers, and normalization of 
levels are highly predictive of complete mucosal healing 
in UC patients (22). One study demonstrated that a fecal  
calprotectin level ≤60 µg/g could predict deep remission 
from an endoscopic, histological, and Patient Reported 
Outcome (PRO2 score) standpoint with >85% sensitivity 
and specificity in UC patients (23). Fecal calprotectin can 
also be utilized in patients in remission to predict future 
episodes of relapse, with one study showing values of 
≥170 µg/g being >75% sensitive and specific for relapse in 
the next year (24). Other data has shown an even higher 
sensitivity (90%) for predicting relapse in CD and UC 
patients at fecal calprotectin values ≥50 mg/L (25).

Fecal calprotectin and Crohn’s disease (CD)

Past evidence, including a large meta-analysis, raised the 
concern that fecal calprotectin may be more accurate 
in screening and assessment for inf lammation in 
ulcerative colitis patients versus patients with CD (14). 
However, fecal calprotectin has also shown to be highly 
sensitive in predicting active small bowel inflammation 
on capsule endoscopy in patients with CD and normal  
colonoscopy (26). This finding demonstrates another 

beneficial use of fecal calprotectin—the ability to 
assess for the presence of small bowel inflammation in 
patients in a noninvasive manner in a location that would 
not be visualized on histopathology obtained during 
ileocolonoscopy, the gold standard in IBD diagnosis 
and surveillance for disease activity. An elevated fecal 
calprotectin also seems to correlate well with computed 
tomography enterography (CTE) findings of active 
inflammation in small bowel CD (27).

Fecal calprotectin and the postoperative IBD 
patient

Fecal  calprotectin is  also useful  in postoperative 
management of IBD patients. In UC patients who have 
undergone proctocolectomy, one study demonstrated 
significantly higher fecal calprotectin levels in patients with 
active endoscopic and histologic findings of pouchitis (28). 
A small, postoperative prospective study demonstrated a 
normalization of fecal calprotectin values in CD patients 
two months following ileocecectomy, and good correlation 
between subsequent levels >100 g/g and clinically active 
disease (29). Fecal calprotectin has also been shown 
to significantly correlate with the Rutgeerts score, an 
endoscopic scoring system used to monitor for postoperative 
recurrence of CD, and its measurement may be able to 
decrease colonoscopy usage in patients with normal fecal 
calprotectin values (30). Measurement of fecal calprotectin 
in IBD patients with significantly altered gastrointestinal 
anatomy due to a history of small bowel or colonic resections 
can be especially useful, as there may be many other 
potential etiologies for abdominal discomfort or loose stools 
(such as bile acid malabsorption, visceral hypersensitivity, 
bacterial overgrowth, postoperative stricturing, etc.) in 
these patients that are not due to recurrent or uncontrolled 
IBD that would require alternative management and could 
obviate the need for endoscopy.

Fecal calprotectin and infectious diarrhea

As fecal calprotectin is a nonspecific marker of intestinal 
inflammation, it is also elevated in patients with infectious 
diarrhea. Fecal calprotectin has been demonstrated to be 
highly sensitive in assessing for infectious enterocolitis (9). 
Higher values are more suggestive of bacterial, rather than 
viral enteritis (9,31). Fecal calprotectin is also elevated in 
patients with Clostridium difficile infection (CDI), with some 
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data demonstrating the degree of fecal calprotectin elevation 
correlating with disease severity, which is an important 
factor in determining treatment recommendations (32,33). 
Fecal calprotectin levels also may be higher in CDI patients 
infected with the hypervirulent ribotype 027 strain (33).

Fecal calprotectin and colorectal cancer

Given an ongoing interest in identifying noninvasive 
markers for population based colorectal cancer screening, 
research has been conducted to evaluate the role of fecal 
calprotectin in the diagnosis and subsequent monitoring 
of patients with colorectal cancer. Past studies have shown 
higher levels of calprotectin present in the stool of patients 
with colorectal cancer, however most of these studies have 
looked at levels retrospectively in patients with known 
diagnoses of colorectal cancer, and the low specificity of 
fecal calprotectin for cancer screening specifically make 
it unlikely to be used for widespread screening purposes 
going forward (11). Prospective data has also demonstrated 
that the fecal immunochemical test (FIT) detects a higher 
proportion of colorectal cancers and high risk adenomas 
compared with fecal calprotectin among outpatients 
undergoing screening for intestinal pathology by their 
primary care providers (34).

Fecal calprotectin and celiac disease

There has been conflicting data regarding whether elevated 
levels of fecal calprotectin are found in patients with 
unmanaged celiac disease. There has been some evidence 
demonstrating an elevated fecal calprotectin in patients 
with untreated celiac disease, with normalization once a 
patient was adherent to a gluten free diet (35). One study 
of 50 patients with recently diagnosed celiac disease found 
no correlation between a fecal calprotectin level of 75 µg/g  
or greater with patient symptoms, tissue transglutaminase 
levels, or histologic severity (36). The general consensus is 
that there is currently no role for fecal calprotectin in the 
diagnosis or management of patients with celiac disease.

Fecal calprotectin and other conditions

Abnormal levels of fecal calprotectin can also be found 
in several other gastrointestinal conditions, although 
its specificity for any particular disease process will be 
limited in this setting. In patients with microscopic colitis, 

for example, patients may have a mildly elevated fecal 
calprotectin level compared to control patients, but the 
absolute level in one study was still relatively low, with a 
median of 48 g/g (37). Up to 38% of patients with active 
histologic microscopic colitis may have normal levels of 
fecal calprotectin, as well, further limiting its sensitivity (38).

Fecal calprotectin can also be elevated in patients taking 
NSAIDs, likely due to NSAID induced enteropathy (39). 

Fecal calprotectin elevation is not commonly seen with 
upper gastrointestinal tract lesions such as Barrett’s 
esophagus or gastric ulceration, and although some patients 
may have elevated levels compared to controls, levels in this 
population are likely to be lower than the common cutoff 
value of 100 g/g (40,41). Levels of fecal calprotectin also 
appear to be elevated in patients with cirrhosis compared 
to matched control patients, demonstrating intestinal 
inflammation that may play a role in suspected gut lumen 
bacterial translocation leading to infectious complications 
in these patients (42). Fecal calprotectin elevation can also 
be seen in patients with acute diverticulitis, and continued 
elevations after clinical resolution can be predictive of 
recurrence (43,44).

Conclusions

Calprotectin is a protein released from neutrophils and 
other inflammatory cells during an inflammatory response. 
Use of fecal measurement of calprotectin to assess intestinal 
inflammation, whether in screening for gastrointestinal 
mucosal inflammation or monitoring disease activity in 
patients with known IBD, is a valuable tool for clinicians. 
In patients presenting to primary care providers and 
gastroenterologists with nonspecific gastrointestinal 
symptoms, the presence of an elevated fecal calprotectin can 
help stratify patients towards earlier endoscopic evaluation, 
while levels below 50 g/g could stratify patients towards 
more conservative management. As a significant number 
of patients present to their general practitioners with 
undifferentiated gastrointestinal complaints, primary care 
providers may find utilizing fecal calprotectin to be useful 
in evaluating for active intestinal inflammation. Its use will 
likely become more prevalent in the future as alternatives to 
endoscopy and repeated imaging tests become increasingly 
important to both patients and providers. As the paradigm 
of treatment for IBD continues to shift from clinical/
patient symptom driven endpoints towards therapy with 
a goal of obtaining mucosal and histologic healing, it is 
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important to have objective markers of inflammation, such 
as fecal calprotectin, to help guide clinicians in management 
decisions.
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