
of clinical conditions ranging from indigestion to 
inflammatory bowel diseases (IBDs) and carcinomas. 
Endoscopy is the usual method employed to diagnose 
these condition. Another noninvasive way to assess 
and diagnose GI conditions are fecal biomarkers. Fecal 
biomarkers provide information regarding a specific 
disease process and are perhaps more acceptable to 
clinicians and patients alike because of their non-invasi-
vity compared to endoscopy. Aim of this review was to 
evaluate the current status of the fecal biomarkers in 
clinical and research for in GI diseases. Multiple types of 
fecal biomarkers are discussed in this review including; 
markers to assess IBD, which are released as a results 
of an inflammatory insults to intestinal epithelia such as 
antimicrobial peptides (lactoferrin) or inflammation related 
proteins (calprotectin). While markers related to function 
of digestion are primarily related to partially digested food 
or mucosal proteins such as abnormal amount of fecal fat 
α1-antitrypsin, elastase and secretary IgA. The upcoming 
fecal biomarker like M2 pyruvate kinase and neutrophil 
gelatinase associated lipocalin are discussed as well. 
Apart from above mention, the fecal biomarkers under 
exploration for possible clinical use in future are also 
discussed. These include cathelicidins, osteoprotegerin, 
β-glucuronidase, Eosinophil proteins, etc .
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Core tip: There is a general inclination of clinicians as 
well as pathologists’ to consider fecal biomarkers due 
to its non-invasivity. There are multiple types of fecal 
biomarkers in clinical use and under exploration for 
potential clinical use in future. It includes biomarkers for 
evaluating inflammatory bowel disease (e.g. , calprotectin, 
lactoferrin), for evaluating colorectal cancer, malabsor-
ption and eosinophilic protein for allergic gastrointestinal 
diseases. In this review we have analyzed the current 
status in terms of their practical utilization of fecal 
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Abstract
Gastrointestinal (GI) diseases comprise a large spectrum 
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biomarkers with established indications and those which 
are under various stages of investigation.
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INTRODUCTION
A biomarker is an endogenous or exogenous substance 
measured in blood, plasma or urine whose levels corre
late with disease occurrence or severity. Biomarkers 
are used to distinct a pathological condition from a 
physiological state and also monitoring treatment and 
disease progression. There is a general inclination 
of clinicians as well as pathologists’ to consider fecal 
biomarkers due to its noninvasive nature with likely 
acceptability to the patient. Fecal biomarkers can be 
subdivided into following types based on their clinical 
application. 

Markers of inflammatory bowel disease
These include inflammation related proteins, released 
during an inflammatory process in the gastrointestinal 
(GI) tract (e.g., calprotectin) or antimicrobial peptides 
(e.g., lactoferrin).

Biomarker of colorectal cancer
These are found in undifferentiated tissues and cells 
with increased expression in rapid turnover of such 
cells, e.g., M2pyruvate kinase. 

Biomarkers for evaluation of malabsorption
Multiple markers are identified; most are undigested 
food particles like fecal fat globules, enzymes like α1
antitrypsin and elastase for malabsorption assessment.

Biomarker for GI allergic diseases
Eosinophil related proteins are either released by or 
related to eosinophils and have application in assessing 
allergic and parasitic infestation of GI tract. 

Biomarkers of gut health
This is an interesting group of biomarkers which with 
point toward the overall health of the gut mucosa. 
These biomarkers assess the integrity of gut barrier 
proteins and microbial fermentation products which 
are produced while fermentation of dietary particles by 
bacteria produces various chemicals, few of which such 
as short chain fatty acids, are used as biomarkers. 

Different types of fecal biomarkers for GI diseases in 
clinical use and under investigations are shown in Tables 
1 and 2. Although evidence for the newer markers 
is growing, currently only few fecal biomarkers have 

achieved a place in routine clinical practice notably 
calprotectin is on top of that list. Out of the multiple 
fecal biomarkers with emerging roles in clinical use for 
GI diseases, only some are extensively studied for their 
clinical and diagnostic utilities. In this review we aim to 
provide an overview of current status of fecal biomarkers 
for GI diseases with established value in clinical and 
potential for future use. 

METHODOLOGY
A search of databases PubMed, MEDLINE and Google 
Scholars was performed using the search terms “fecal 
biomarkers” and “gastrointestinal disease biomarkers”. 
We selected articles written in English, published since 
1990 in peerreviewed journals, excluding reviews. The 
articles were then reviewed by two pathologists and one 
gastroenterologist keeping in view the ideology behind 
this review and relevant articles selected. This review 
is divided in two parts, in part one we have aimed 
to include diagnostic accuracies for the established 
markers in clinical use and in second part the clinical 
applications of fecal biomarkers under investigation for 
GI diseases are discussed.

Markers of inflammatory bowel disease
Calprotectin (S100A8/S100A9) and S100 A12 
proteins: The S100 proteins are a family of calcium
binding proteins specifically linked to innate immune 
functions by their expression in phagocytes, monocytes, 
macrophages and granulocytes. The calprotectin is a 
heterodimer of S100A8 and S100A9. These proteins are 
released by cells of innate immunity and GI epithelial 
cells in condition of inflammation. They limit the growth 
of bacteria and fungi by sequestering manganese and 
zinc.

Calprotectin is a marker to diagnose or monitor 
inflammatory bowel disease (IBD), presently considered 
a gold standard and also included in clinical practice 
guidelines. It is reported to perform better than S100
A12 in diagnosing IBD and its levels correlate with the 
severity of IBD. Calprotectin is observed to perform better 
in predicting ulcerative colitis then Chron’s disease[1,2]. 
Metaanalysis have reported that calprotectin perform 
better in adults (sensitivity 93% and specificity 96%) 
than children (sensitivity 92% and specificity 76%)[3]. 
In contrast there are conflicting studies regarding 
diagnostic utility of the S100A12 as an inflammatory 
marker and it have moderate performance compared to 
other inflammatory markers[46].

Calprotectin is resistant to bacterial degradation 
in the gut and is stable in stool for up to one week at 
room temperature and is readily measured using immu
nochemical techniques. Limitations and diagnostic 
accuracies are conversed in Table 1.

Lactoferrin: Lactoferrin, an iron binding glycoprotein 
secreted in body fluids and produced by neutrophils, 
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mononuclear phagocytes and epithelial cells, Figure 1. It 
limits the growth of bacteria by limited availability of iron 
and causes direct damage to bacterial cell membrane 
leading to its bactericidal activity. This glycoprotein is 
stable in feces as it is resistant to proteolysis and can 
be measured by immunochemical methods. These 
glycoproteins are released in excess amounts by neutro
phils and phagocytic cells after inflammation, making it a 
unique marker of inflammation[7]. Commercial assay for 
fecal lactoferrin measurement are now available based 
on immunochemical methods. 

This is considered a good marker for evaluating 
IBD subjects, while evaluation as marker to distinguish 
between IBD and irritable bowel syndrome (IBS) there 
remains question marks, due to differences in results 
reported by different studies[811]. 

Cathelicidins: These are small cationic antimicrobial 
peptides like defensins and are produced by neutrophils 
and epithelial cells of GI tract, released upon stimulation 
of these cells during infection. These peptides exhibit 
antimicrobial activity against GI pathogens, gram
negative and positive bacteria by disrupting microbial 
membrane integrity, Table 2. These peptides play a vital 
role in maintaining the balance between the GI luminal 
bacteria and antibacterial peptides, which is crucial for 
a healthy GI tract. Studies have reported this balance 
is disturbed in various disease states. However the 
role of these peptides as the cause or consequence of 
disease state is still unknown. They could participate 
in the development of different disorders ranging from 
inflammation to cancer. 

Schauber et al[12] reported that colonic expression 
of cathelicidin is increased in ulcerative colitis but not 

Crohn’s disease. A study looking at cathelicidin role in 
Escherichia coli O157:H7 infection in mice and subse
quent renal damage found that its deficiency was 
associated with severe infection and renal damage[13]. 
Another study by Sarker et al[14] reported that antimicro
bial peptides cathelicidins expressions were decreased 
in rectal and colonic epithelia in shigellosis infection in 
rabbits along with decreased expression in epithelia 
of lung and trachea, a sign of systemic infection. They 
also observed the treatment with phenylbutyrate 
counteracted the decreased expression of cathelicidins 
in such patients offering a potential antimicrobial activity 
against shigella infection[14]. 

Osteoprotegerin: Osteoprotegerin is member of the 
tumor necrosis factor receptor superfamily. It binds 
to the receptor activator of nuclear factor kappa B 
ligand (RANKL), which in turn has proinflammatory 
properties, Table 2. A study by Nahidi et al[15] examining 
the role of osteoprotegerin in pathogenesis of IBD 
reported that it induced gut barrier deformities; 
increased permeability and decreased integrity of cell 
membrane along with loss of tight junctions; indicating 
that osteoprotegerin has proinflammatory effect and 
may contribute in pathogenesis of IBD[15]. However the 
complete understanding of its function in IBDs needs 
further evaluation.

Beta-glucuronidase: Betaglucuronidases enzymes 
secreted by lysosomes of colonocytes and certain 
bacteria, e.g., E. coli, belong to glycosidase family of 
enzymes. This enzyme catalyzes the complex dietary 
carbohydrates, like glycosaminoglycansheparan 
sulfate. They also deconjugate variety of drugs, toxins, 
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  S# Name Indication Limitations Sensitivity Specificity

  Biomarkers of IBD
     1 Calprotectin Distinguishing functional from organic 

bowel disease and predicting relapse in 
IBD

Disease nonspecific
Affected by age, comorbidities, 

NSAIDs use
Day to day variations 

Miss low level inflammatory activity

70%-100% 70%-100%

     2 S100 proteins Inflammatory marker for IBD 60%-67% 70%-90% 

     3 Lactoferrin Markers of inflammation, 
Distinguish between IBS and IBD

Nonspecific marker of inflammation
Raised in breastfeeding infants

Cannot predict low level 
inflammation 

67%-87% 90%-100%

  Biomarker of cell turnover
     4 M2-PK Screening of gastrointestinal tract cancers Also raised in inflammation 67%-93% 88%-92%

  Biomarkers of digestion and malabsorption
     5 Elastase-1 (e1) Pancreatic insufficiency Low specificity, also affected by other 

intestinal disorders
100% 96%

     6 Fecal fat Liver damage, hypolipidemic drugs, 
impaired gallbladder function, Celiac 

disease, Small bowel bacterial overgrowth 

Cannot predict severity of disease
Cannot be performed in diarrhea 

Not accurate or specific test 

70%-94% 80%-99%

     7 Α1-antitrypsin Protein-Losing Enteropathy, Whipple 
lipodystrophy, gastric carcinoma, 

intestinal lymphangiectasia

Nonspecific marker. Levels affected 
by inflammation

60%-78% 80%-85%

Table 1  Fecal biomarkers for gastrointestinal diseases in clinical use with established diagnostic accuracies

IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; NSAID: Nonsteroidal anti-inflammatory drug.
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associated lipocalin (NGAL) released into the gut lumen 
then binds with bacterial peptide and neutralizes it, 
stopping bacterial protein synthesis[18].

NGAL is another important inflammation related fecal 
marker under investigation for potential clinical utility. 
Serum and urinary NGAL are considered established 
markers for acute kidney injury and few studies have 
shown its levels are elevated in IBD but the levels don't 
correlate with disease severity[19]. Recently multiple 
studies have shown that fecal NGAL levels are raised 
in subjects with IBD and its levels are significantly 
associated with disease activity and severity[2022].

Fecal biomarker of colorectal cancer
Pyruvate kinase: M2pyruvate kinase is a dimer of 
pyruvate kinase; an enzyme involved in glycolysis 
pathway and plays an important role in tumor metabo
lism. It has increased expression in undifferentiated 
tissues and cells with in rapid turnover cells. 

Its main role is in predicting GI cancers, both 
bleeding and nonbleeding types. Studies have reported 

hormones and also bilirubin in gut and are considered 
culprit of breast milk related jaundice in neonates, Table 
2. 

A study by Mroczynska et al[16], done on IBD and 
healthy children, reported that betaglucuronidase 
activity was decreased by two times in children with 
IBD compared to healthy group. While in another 
study Manoj et al[17] reported that reduction in activity 
of intestinal as well as decreased levels of fecal beta
glucuronidase by using dietary fibers isolated from 
coconut or black gram may potentially play a role in 
preventing the formation of colon tumors induced by 
the carcinogen 1,2dimethylhydrazine. These debatable 
findings warrant that further researchs is needed 
to completely understand chemical basis of beta
glucuronidase function.

Neutrophil gelatinase associated lipocalin: These 
proteins are released by neutrophils in response to 
some bacterial peptides (formylpeptides), which initiate 
bacterial protein synthesis. The neutrophil gelatinase 

  S# Name Source Function Indication Limitations

  Biomarkers of inflammatory bowel disease 
     1 Cathelicidins Secreted by Neutrophils, keratinocytes 

and epithelial cells of gastrointestinal 
tract, respiratory tract, urogenital tract 

Antibacterial activity, modulate 
inflammation by altering cytokine 

response, chemoattraction of 
inflammatory cells in diseased tissues

Marker of 
inflammation (IBD) 

and Shigellosis

Antimicrobial peptides 
so also increased in GI 

infections 

     2 Osteoprotegerin Member of the TNF receptor 
superfamily

Binds to RANKL and blocks its 
interaction with RANK

Marker of 
inflammation (IBD) 

Plays a role in bone 
metabolism so levels are 

increased in bone diseases
     3 Beta-

glucuronidase
Produced by colonocytes

Also produced by anaerobic gut 
bacteria (particularly E. coli)

Enzyme that breaks down complex 
carbohydrates

Deconjugate glucuronide molecules 
from a variety of toxins, carcinogens, 

hormones, and drugs

Marker of 
inflammation (IBD)

False results in cases of GI 
bacterial infection 

     4 Neutrophil 
Gelatinase 
Associated 
lipocalin

Member of the lipocalin family, 
secreted by neutrophils

Immunomodulation. Attaches to and 
neutralizes bacterial formylpepetides

Marker of 
inflammation (IBD)

Also increased in 
GI infections like 

enterocolitis

  Eosinophil related proteins
     5 Eosinophil 

Protein X
When lamina propria is damaged, 

eosinophils migrate into the gut lumen 
Released by eosinophil; contribute 

to ongoing inflammation and tissue 
destruction

Marker of Eosinophil activity, Allergic 
and Parasitic influences

IgE-mediated food 
allergy 

Intestinal parasitic 
infection

IBD

Also increased in GI 
inflammation

  Biomarker of cell turnover
     6 Defensins Expressed by neutrophils, epithelial 

and mucosal lining cell in small and 
large intestine

Antimicrobial peptide Markers of colorectal 
cancer

Also raised in 
inflammation

  Biomarkers of gut health
     7 Fecal secretory 

IgA
Secreted from mucosal surfaces Gut epithelial barrier; Defense 

against the entry of enteric toxins and 
pathogenic organisms

Development of immune tolerance of 
normal commensal gut organisms

Evaluate 
immunological 

response to intestinal 
pathogens

Colorectal cancer

Cannot be used in subjects 
with immunoglobulin 

deficiency

     8 SCFAs Products of fermentation by colonic 
microbial flora; common ones are 
propionate, acetate, and butyrate

Provides 60%-70% of colonocytes 
energy requirements

Lower colonic pH 

Marker of 
inflammation (IBD)

 < 5% of SCFA produced 
is excreted in stool 

Also levels altered by diet 
and rate of transit

Table 2  Fecal biomarkers under investigation for evaluating gastrointestinal diseases

SCFAs: Short-chain fatty acids; TNF: Tumor necrosis factor; IBD: Inflammatory bowel disease; GI: Gastrointestinal; RANK: Receptor activator of nuclear 
factor kappa B ligand.
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colorectal cancer. While another study by Melle et al[30], 
reported that α-defensins are expressed more in colonic 
epithelium of patients with colorectal cancer than in 
normal epithelium, establishing defensins potential role 
as a tumor markers[30]. So there remains a question 
mark regarding utility of this biomarker for evaluating 
colorectal cancer.

Biomarkers for evaluation of malabsorption
Elastase-1(e1) and PMN elastase: Serum elastase 
is a protease present in pancreatic secretion reaches 
the colon without being metabolized and is not affected 
by intestinal transit times or pancreatic enzyme 
replacement therapy, Figure 1. Elastase hydrolyzes 
denatured hemoglobin, casein, fibrin and albumin. It is 
a known biomarker for assessing exocrine pancreatic 
insufficiency, been in use for more than 3 decades. 
While its deficiency is associated with development of 
pulmonary emphysema and excess release results in 
hemorrhage due to vascular injury of acute pancreatic 
necrosis. Serum Elastase e1 levels are used for the 
diagnosis of acute or chronic pancreatitis, pancreatic 
insufficiency with good diagnostic accuracy[31], Table 1.

Another type of elastase enzymes, the polymor
phonuclear elastase (PMNelastase) is secreted by 
neutrophils in response to inflammation[32]. A study 
assessed the performance of calprotectin, lactoferrin 
and PMNelastase in assessing IBD severity and 
differentiating between IBS and IBD, found that all 
these markers were able to differentiate active IBD 

it to be a marker in predicting colorectal cancers with 
good diagnostic accuracy, sensitivity and specificity of 
93% and 97% respectively, Table 1[23]. Currently it is 
being used for monitoring colorectal cancer subjects 
after treatment. Along with it, levels of M2Pk are also 
elevated in breast, lung, ovarian, and thyroid cancers[24]. 
One of its important limitations is that its levels are also 
increased in inflammation, so it should be used with 
caution in inflammatory conditions[25].

Defensins: Defensins are small cationic antimicrobial 
peptides, classified into alpha and beta defensins 
on basis of their disulfide bond and sizes. These are 
expressed by neutrophils, epithelial and mucosal lining 
cell in small and large intestine, Figure 1. They play an 
important role in innate immunity; antimicrobial activity 
against bacteria, fungi and some enveloped viruses 
and the expression is induced by the pro-inflammatory 
cytokines and also through microorganisms. 

As the name implies they were considered as 
markers of infectious and inflammatory GI diseases. 
However there is now accumulating evidence suggesting 
defensins as an evolving marker for evaluating colorectal 
cancers but there are controversial findings[2628]. Studies 
have also reported it to be an important marker for 
colorectal cancer. A study by Layton et al[29] presented 
at American Association of Cancer Research 104th 
Annual Meeting in 2013 reported that β-defensins 
1 was expressed in colon tissue samples of normal 
subjects while this expression was lost in subjects with 

Gut lumen

Markers of
inflammation

Markers of
malabsorption

Epithelial cells

Phagocyte

Neutrophil

Fat globules

A1 antitrypsin

Defensins

PMS elastase

Lactoferrin

S100A12

Calprotectin

Figure 1  Overview of the potential source and clinical utility of various fecal biomarkers in clinical use.
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is multiple eosinophil proteins including major basic 
protein, eosinophil cationic protein, eosinophil derived 
neurotoxin and eosinophil peroxidase associated with 
eosinophilic activity during inflammation[39,40]. This 
biomarker is however nonspecific and requires further 
studies to understand its role in eosinophil related 
disease pathology.

Biomarkers of gut health
Short-chain fatty acids: These are fatty acids with 16 
carbon atoms, common ones are propionate, acetate, 
and butyrate produced as a results of metabolism 
of polysaccharides, oligosaccharides, peptides and 
glycoproteins by bacterial fermentation, absorbed by 
portal circulation and are an important energy source for 
colonic cells[41,42]. They lower the gut pH by regulating 
fluid and electrolyte uptake via activation of apical Na+/
H+ exchange receptor[43]. These Shortchain fatty acids 
(SCFAs) are considered markers of colonic health and 
are known to have anti-inflammatory properties, Table 
2. A study by Ohigashi et al[44], comparing colorectal 
carcinoma, adenoma and nonadenomatous subjects 
reported that compared to rest, subjects with carcinoma 
had decreased SCFA levels and altered microbial 
environment and pH. 

Fecal secretory IgA: ImmunoglobulinA (IgA) are 
secreted by mucous membranes and as the name 
implies are antibodies important for mucosal immunity. 
These antibodies only form 15% for all immunoglobulins 
and in dimeric form called secretory IgA. This immu
noglobin forms a defense against enteric toxins 
and pathogenic organisms. Secretory IgA is mainly 
secreted in mucosal secretions like tears, saliva, sweat, 
genitourinary tract, GI tract, prostate and respiratory 
epithelium. 

Fecal secretory IgA is a part of mucosal barrier 
against infections and is also know to inhibit inflam
mation playing a protective role; therefore it is con
sidered as a marker of gut health[45]. This biomarker 
is used to assess intestinal infections, coeliac disease 
and food allergies (Table 2)[46,47]. Few studies have also 
evaluated its clinical utility as an alternate marker of 
IBD but its use for these diseases is limited due to non
specific nature of this molecule.

DISCUSSION
The currently used diagnostic tools for identifying GI 
diseases are endoscopic procedures. Endoscopies are 
costly, invasive, time consuming, and also require 
patient preparation. Most of the time endoscopic 
procedure also required sedation especially in pediatrics 
patients. Interpretation of an endoscopic report is also 
subjective and opinions of two experts can differ at 
time. Generally speaking noninvasive approaches like 
serological test, urinary, fecal or salivary biomarkers are 
logically more acceptable to patients. Fecal biomarkers 
are now increasingly being used and the development of 

from inactive IBD as well as from IBS with diagnostic 
accuracies for lactoferrin, calprotectin and PMNelastase 
of 80%, 80% and 74%[33].

Fecal fat: Excess fat in the stool (steatorrhea) is often 
the first sign of fat malabsorption. This can be due to 
a number of factors, including chronic pancreatitis with 
or without stone obstruction, cystic fibrosis, neoplasia, 
Whipple disease, regional enteritis, tuberculous enteritis, 
celiac disease, or the atrophy of malnutrition, Table 1. 

The fecal fat assessment is done by microscopy after 
sudan stain and is largely considered non-specific as it 
is affected by diet, discrepancies in sample collection, 
qualitative reporting and assay variation leading to 
lower diagnostic accuracy. To overcome these hurdles 
a new quantitative fecal fat microscopic method was 
introduced by Fine et al[34] in 2000, reported to have 
improve diagnostic accuracy; sensitivity of 94% and a 
specificity of 95% compared to the traditional method 
sensitivity and specificity of 76% and 99%, respectively. 
In this method they microscopically counted the fat 
globules of different diameter ranges (05 µm, 610 µm, 
1120 µm, 2140 µm, 4180 µm, and > 80 µm) in five 
high-power fields and the average number of each size 
range fat globules present were multiplied by the size
range midpoint. All products were then added to get a 
single fecal fat droplet total size number product. They 
reported that results obtained by this method correlates 
well with chemically measured fecal fat output and has 
a high diagnostic accuracy.

Αlpha-1-antitrypsin: Alpha1antitrypsin a protease 
inhibitor is produced by the liver, macrophages, and 
intestinal epithelium and is resistant to degradation by 
digestive enzymes. Therefore offers utility for use as a 
biomarker in assessing the proteins loss distal to the 
pylorus. Protein loss is associated in certain GI conditions 
such as gastroenteritis and sprue. Alpha1antitrypsin 
can readily be measured by using commercially available 
assays, Table 1.

Fecal alpha1antitrypsin clearance has been a 
marker of clinical disease severity in IBDs for many 
years[35]. Although α1-antitrypsin deficiency is more 
often associated with lung and liver pathologies, α1-
antitrypsin deficient patients with concomitant IBD 
have been shown to develop more aggressive disease 
and rapid progression requiring surgery[36]. In a study 
by Becker et al[37] it was found that individual fecal α1-
antitrypsin can predict prognosis in IBD patients.

Biomarker for GI allergic diseases
Eosinophil protein X: When lamina propria is da
maged, eosinophils migrate into the gut lumen and 
multiple eosinophil granules related proteins are 
released, Table 2. These proteins contribute towards 
ongoing inflammation and tissue destruction associated 
with eosinophil related diseases like allergic diseases 
esophagitis, colitis, celiac disease, intestinal parasitic 
infections and IgEmediated food allergy[38]. There 
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sensitive and specific immunochemical techniques have 
led to its increased utility. 

Newer biomarkers with established diagnostic 
utilities in clinical use include lactoferrin, defensins and 
S100 proteins especially calprotectin. Calprotectin and 
lactoferrin are now also included in clinical practice 
guidelines in the management of IBD. However the 
clinical application of these biomarkers is well established 
for IBD but validation studies are still needed to 
understand their role in other GI pathologies. Also the 
reference cut offs used by each study is different, so 
there is need to standardize the assays and reference 
cutoffs of the established markers to clearly distinct 
diseased from nondiseased states. With more research 
to increase our understanding regarding roles of these 
biomarkers in GI health and disease, there is the 
potential for few more markers such as cathelicidins to 
be incorporated into clinical practice in near future. 

Currently, apart from the fecal markers of inflam
mation there is not enough literature regarding fecal 
biomarkers clinical utility in other GI diseases or health. 
For example eosinophilic proteins have the potential 
to be used as disease markers for allergic states and 
parasitic infestations; very common in developing 
country. But these markers require more studies to bet
ter understand their roles in diseased states. Another 
advantage of these markers will be that they will provide 
more insight into the cause of disease. Furthermore as 
we are in an era of preventive medicine markers which 
can pick early changes in gut health are required so 
the patients screened out before developing a diseased 
state. In conclusion development of fecal biomarker and 
establishment of their clinical and diagnostic utilities is a 
developing field with a lot of promise, but we still need 
more research to validate these findings. 
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