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Abstract

The term inflammatory bowel disease (IBD) typically refers to a group of inflammatory gastrointestinal conditions, primarily Crohn’s disease and ulcerative
colitis. Colonoscopy remains the gold standard for diagnosing and managing IBD by evaluating mucosal healing. However, instead of relying solely on invasive
endoscopy to confirm mucosal healing, biomarkers are frequently used to indicate inflammation in patients with IBD. In recent decades, fecal calprotectin
and fecal lactoferrin have received considerable attention for the diagnosis and non-invasive management of IBD. Numerous studies have investigated fecal
biomarkers for predicting the endoscopic and histologic activity of IBD, as well as the likelihood of disease recurrence. In this paper, we reviewed original
articles and literature reviews on inflammatory markers in adults, published primarily between 2019 and 2024, along with select older studies. Although fecal
calprotectin is the most commonly used fecal biomarker in clinical practice, several other potential fecal biomarkers have been described in the literature. After
a brief introduction to these biomarkers, we aim to answer the question of which is the most sensitive biomarker of mucosal healing and whether alternatives
to fecal calprotectin could be utilized.
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD), the two main subtypes of inflammatory bowel disease (IBD), are chronic, relapsing conditions
affecting the gastrointestinal (GI) tract. The latest statistics show that IBD has the highest prevalence rate in Europe, particularly in Northern Eu-
rope, and its incidence has been increasing in industrialized countries.'?

In the standard care of IBD, monitoring disease activity and the burden of inflammation plays a critical role in preventing disease-related compli-
cations. Disease monitoring includes assessing symptoms, evaluating biological serum markers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR), and utilizing endoscopic and imaging techniques.® Along with serum markers of inflammation, fecal markers are also
being used. Because serum markers are non-specific and imaging techniques are both expensive and involve radiation exposure, the importance
of fecal markers is increasingly recognized. Given the close connection to the gut and the ease of collecting stool samples, using fecal markers
to detect inflammation is a practical approach. Many fecal markers have been identified, but fecal calprotectin (FC) and fecal lactoferrin (FL) are
the most widely used indicators of inflammation. In patients with IBD, gastrointestinal endoscopy remains the standard invasive procedure for
evaluating the histopathologic severity of inflammation. Although endoscopy is the gold standard, it places a financial burden on the healthcare
system. Therefore, accurate, non-invasive tests are ideal for evaluating inflammation. While many markers remain under investigation, several have
been well described. This review article emphasizes biomarkers that are widely used, along with potential markers applicable in clinical practice.*

METHODS
This article is a structured narrative review aiming to summarize the diagnostic and monitoring roles of fecal biomarkers in IBD, with a focus on
their correlation with endoscopic and histologic disease activity. While elements of systematic methodology were applied—including a targeted

search strategy, predefined inclusion criteria, and tabulated synthesis—the review does not fully meet the criteria for a systematic review as outlined
in the PRISMA 2020 guidelines.

Relevant literature was identified through electronic searches of PubMed, Scopus, and Web of Science, limited to English-language studies pub-
lished between January 2010 and April 2024. Search terms included combinations of “fecal biomarker,” “calprotectin,” “lactoferrin,” “S100A12,”
“myeloperoxidase,” “neopterin,” “lipocalin-2,” “CHI3L1,” “volatile organic compounds,” and “inflammatory bowel disease.” Original research
studies and reviews reporting diagnostic utility, cut-off values, or performance metrics of fecal biomarkers in adult IBD populations were included.
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MAIN POINTS

* Fecal calprotectin and lactoferrin are the most validated non-
invasive biomarkers for diagnosing and monitoring inflammatory
bowel disease, with high sensitivity and specificity for intestinal
inflammation.

* Emerging fecal biomarkers such as S100A 12, fecal myeloperoxidase,
lipocalin-2, neopterin, and volatile organic compounds show
promising potential in assessing disease activity, predicting relapse,
and differentiating IBD from non-inflammatory conditions.

» Fecal biomarkers correlate strongly with endoscopic and histologic
findings, offering reliable alternatives to invasive procedures for
tracking mucosal healing and treatment response.

* External factors such as infections, medications (e.g., NSAIDs), and
age can affect biomarker levels, emphasizing the need for careful
interpretation and consistent assay methods.

* Combined use of multiple fecal biomarkers, along with advanced
diagnostic tools (e.g., multi-omics and Al-based models), may
enhance clinical decision-making and support precision medicine
approaches in IBD management.

Study selection and data extraction were performed manually by the au-
thors. Due to the heterogeneity of study designs and outcome measures,
no formal meta-analysis or quality assessment (e.g., risk of bias scor-
ing) was conducted. However, a descriptive summary of key findings—
including a comparative overview of biomarker characteristics—was
presented in tabular form to assist clinical interpretation. The article
selection process is illustrated in Supplementary Figure 1.

Biomarkers
Fecal Calprotectin and Lactoferrin

Calprotectin is a cytosolic calcium- and zinc-binding protein complex
belonging to the S100 protein family.’ It was previously referred to as
L1 protein and was first identified by M.K. Fagerhol in 1980 as a high-
ly immunogenic protein in granulocytes and monocytes, serving as a
marker of granulocytic protein turnover. Although neutrophils are the
primary source of calprotectin, it is also expressed by monocytes, eo-
sinophils, macrophages, and epithelial cells. The calprotectin complex
mainly comprises the SI00A8 (calgranulin A) and S100A9 (calgranu-
lin B) protein monomers. Calprotectin exhibits antimicrobial properties
by inhibiting zinc-dependent metalloproteinases, thereby causing local

Supplementary Figure 1. The article selection process.

zinc deficiency and promoting antimicrobial activity.® It is also well-es-
tablished that the S100AS8, S100A9, and S100A12 proteins modulate
the innate immune system by acting as damage-associated molecular
patterns (DAMPs) and signaling through the TLR4-MD2 pathway.
Calprotectin can be detected in plasma, urine, saliva, tissue, ascitic
fluid, and feces.” Stool samples from healthy individuals have shown
that fecal calprotectin levels are approximately six times higher than
plasma levels, with concentrations proportional to neutrophil migration
through the intestinal mucosa.® Calprotectin is widely used in clinical
practice due to its high sensitivity for detecting intestinal inflammation,
making it useful for screening, monitoring, and predicting IBD relaps-
es. Lactoferrin, on the other hand, is more specific to active neutro-
philic inflammation, correlates more strongly with severe disease, and
is less influenced by other gastrointestinal disorders. Both biomarkers
are complementary in IBD management, with lactoferrin being more
effective for confirming inflammation and calprotectin better suited for
broader screening and monitoring (Table 1).

Plasma calprotectin levels can be elevated in a variety of diseases in-
volving infection and inflammation. Elevated levels have been noted
in alcohol-related liver disease, colorectal cancer, cystic fibrosis, ma-
lignant lung disease, and rheumatoid arthritis. Fecal calprotectin levels
are elevated in inflammatory bowel disease, NSAID-induced enterop-
athy, colorectal cancer, and pancreatic insufficiency.” The laboratory
measurement of fecal calprotectin begins with collecting a small stool

Table 1. Comparison of Fecal Calprotectin and Fecal Lactoferrin as Biomarkers in Inflammatory Bowel Disease

Feature Fecal Calprotectin Fecal Lactoferrin
Source Released from activated neutrophils, Released exclusively from neutrophils
monocytes, and macrophages
Function Calcium- and zinc-binding protein with antimicrobial properties Iron-binding glycoprotein with antimicrobial
and immunomodulatory functions
Clinical Utility Used for IBD diagnosis, monitoring disease activity, Used for IBD diagnosis, differentiating IBD

and predicting relapse
Sensitivity & Specificity
conditions (e.g., infections, NSAID use)
Stability
temperature for several days
Use in Differentiation
infections and other GI disorders
Role in Disease Monitoring

Limitations

Highly sensitive but may be elevated in non-IBD

More stable in stool samples (can remain stable at room)
Helps distinguish IBD from IBS but may be elevated in
Useful for predicting relapse and assessing treatment response

Can be elevated in non-IBD conditions, requiring careful interpretation

from functional disorders, and monitoring activity

More specific for active neutrophilic inflammation

and severe IBD

Less stable, requiring proper storage for

accurate measurement

More specific to IBD and correlates strongly with
endoscopic disease activity

Strongly correlates with histologic inflammation

and mucosal healing

More expensive and less commonly used than calprotectin
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Table 2. Diseases and Conditions That Increase Calprotectin Levels Infectious

Infectious * Viral gastroenteritis

* Giardia lamblia

* Helicobacter pylori gastritis

« Intestinal helminth infection

* Gastric carcinoma

* Colonic and gastric polyps

» Colorectal cancer

* Intestinal lymphoma

* Nonsteroidal anti-inflammatory drugs
(NSAIDs) — related mucosal injury
* Proton pump inhibitors

* Enteropathies (Autoimmune
enteropathy, protein-losing
enteropathy, gluten- sensitive enteropathy)
» Liver cirrhosis

* Cystic fibrosis

« Diverticulitis

* Colitis (Microscopic colitis,
eosinophilic colitis)

* Peptic ulcer

* Gastroesophageal reflux disease

« Juvenile polyp

Neoplasms

Drugs

Other Inflammatory Conditions

Food Allergies
Additional Factors * Young age < 5 years
* Blood loss (over 300 mL/day)

* Pancreatic insufficiency

sample. The ideal amount required is 50-100 mg. For optimal mea-
surement, the sample should be the first morning sample and should
not be too solid or too liquid. Samples can be stored for up to 72 hours
at room temperature and should not exceed one week at 4°C—8°C.1°
The first step involves extracting proteins from the stool using an ex-
traction device. The extraction protocol may vary depending on stool
texture. After extraction, the homogenized sample is analyzed using
enzyme immunoassay techniques. All assays are based on the use of
anti-calprotectin antibodies derived from the rabbit immunoglobulin
G fraction. Main detection methods include chemiluminescent, fluo-
rescent, or immuno-turbidimetric assays. Among quantitative methods,
enzyme-linked immunosorbent assay (ELISA), chemiluminescence
immunoassay (CLIA), fluoro-enzyme immunoassay (FEIA), and par-
ticle-enhanced turbidimetric immunoassay (PETIA) are commonly
used. ELISA is the most frequently used method. Some point-of-care
tests (IBDoc, Bithlmann, QuantOn) and rapid tests have been devel-
oped, although further validation is required. Due to the variability in
measurement methods, reference values also differ. These methods are
not interchangeable; therefore, during routine follow-up, the same test
method should be used to avoid confusion.

The reference range of fecal calprotectin concentration varies by age.
Fecal calprotectin levels measured using the standard ELISA method
are typically <50 pg/g in healthy individuals aged 10 to 59 years."
Reference values tend to be higher in infants and the elderly. A cut-
off of <112 ng/g is suggested for healthy individuals over age 60, and
<166 pg/g for children under 10 years. Fecal calprotectin levels can be
elevated by various conditions.'? Infections, neoplasms, young age (<5
years), inflammatory diseases, and certain drugs can elevate serum lev-
els (Table 2). Considering Table 1, it is advisable to discontinue nonste-
roidal anti-inflammatory drugs (NSAIDs) and proton pump inhibitors
(PPIs) prior to collecting a fecal sample. In clinical practice, fecal cal-
protectin levels can help differentiate between IBD and irritable bowel
syndrome (IBS). Although not entirely definitive, patients with levels
<40 pg/g tend to have a lower probability of IBD. A recent cohort study
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showed that FC levels <100 pg/g have a high negative predictive val-
ue. In symptomatic patients, a lower cutoff (<100 pg/g) suggests that
inflammation is unlikely, while a higher cutoff (>250 pg/g) indicates
that inflammation is highly likely. In patients with IBD, fecal calprotec-
tin levels can be used to evaluate endoscopic and histological activity
and to predict relapse and remission. Several studies have attempted to
determine cutoff values of FC for predicting endoscopic and histologic
remission in IBD. A commonly cited threshold is <150-200 pg/g for
endoscopic remission and <100 pg/g for histologic remission. An FC
level of <100 ng/g predicted histologic remission in UC with a sensi-
tivity of 78% and specificity of 85%. In Crohn’s disease, a value below
150-250 pg/g has been associated with mucosal healing based on en-
doscopic scores. However, variability in cutoff values across studies
reflects differences in assay methods and disease phenotypes. Despite
this variability, FC remains the most robust surrogate marker for as-
sessing inflammatory burden and treatment response in IBD. FC has
similar sensitivity in Crohn’s disease and ulcerative colitis but is more
specific for UC. FC levels correlate with endoscopic disease activity.
Patients with FC levels greater than 300 pg/g have been associated with
clinical relapse. Measuring FC levels can predict relapse 3—4 months
in advance. Although fecal calprotectin is the most extensively studied
marker, its role in IBD still requires further investigation.'®

Neopterin

Neopterin is a clinical marker of inflammation derived from the metab-
olism of guanosine triphosphate (GTP). It is released by macrophages
and monocytes. During an immune response, increased levels of inter-
feron-gamma upregulate the cytosolic cyclohydrolase enzyme, which
catalyzes the first step in the conversion of GTP to neopterin. Neopterin
was first detected in 1966 in the urine of military personnel in Japan.
Neopterin can be measured in serum and urine samples. Its levels may
increase in viral diseases, rheumatoid arthritis, lupus erythematosus,
Sjogren’s disease, intracellular infections, autoimmune conditions, and
acute cellular rejection (Table 3). Serum and plasma neopterin levels
are typically measured using radioimmunoassay (RIA) and ELISA. In
a study involving a small number of patients with ulcerative colitis,
urine neopterin levels were evaluated. The study found that neopter-
in levels were highest during active ulcerative colitis."* Another study
reported that neopterin levels were significantly increased in both clin-
ically active and inactive Crohn’s disease, although the marker could
not distinguish between the two states. However, fecal neopterin levels
were elevated in ulcerative colitis and could differentiate active dis-
ease from inactive disease. One study suggested an optimal cutoff of
200 pmol/g as the upper limit for fecal neopterin concentration. Fecal
neopterin levels above 200 pmol/g showed a sensitivity of 74% and
specificity of 73% in predicting endoscopic activity in patients with
Crohn’s disease and ulcerative colitis. Compared to fecal calprotectin,
fecal neopterin is more cost-effective but requires further validation.
Both tests are non-specific and demonstrated similar accuracy in pre-
dicting endoscopic activity."

Fecal Metalloprotease’

Matrix metalloproteinases (MMPs) are a family of zinc-dependent,
highly homologous enzymes. The MMP family includes gelatinases,
collagenases, stromelysins, matrilysins, and membrane-type MMPs.

Gelatinase B, later known as MMP-9, is mainly released from neutro-
phil granules.'s

MMPs play important roles in angiogenesis, wound healing, extracel-
lular matrix (ECM) degradation, and apoptosis. MMPs can be detected
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Table 3. Comparative Overview of Fecal Biomarkers for Diagnosis, Monitoring, and Differential Diagnosis in Inflammatory Bowel Disease

Biomarker Cellular Clinical Use IBD vs Non-IBD Correlation with Sensitivity / Predictive Advantages Limitations
Source in IBD Differentiation Endoscopic Specificity Cut-off Values
Activity
Calprotectin  Neutrophils, Diagnosis, monitoring, Moderate-to-high Strong 80-93% / <100 pg/g; Widely used, Affected by
monocytes relapse prediction (esp. vs IBS) 80-90% (histologic) highly sensitive, NSAIDs, infections;
<150-250 pg/g non-invasive inter-assay
(endoscopic) variability
Lactoferrin ~ Neutrophils Detecting active High specificity Strong 70-90% / >7.25 pg/g Strong mucosal Less stable,
inflammation 85-95% (some studies) correlation more expensive
MPO Neutrophils Activity tracking, Moderate Strong 80-90% / >2,000 ng/mL Reflects Specificity lower
relapse risk 60—70% (active disease) oxidative stress than FC
Neopterin Monocytes, Active disease Low Moderate 74% / 73% >200 pmol/g Cost-effective Poor active/
macrophages assessment (endoscopic activity) inactive distinction
MMP-9 Neutrophils ~ UC activity marker Useful for Strong 85% /100% >0.245 ng/mL High specificity Limited CD data
UCvsCD (active UC) for UC
Lipocalin-2  Neutrophils Activity marker Moderate Moderate- Not >183 ng/mg Reflects No consensus
to-strong standardized (active IBD) neutrophil burden on cutoff
S100A12 Neutrophils  Activity, IBD vs IBS High Strong 85-90%/ >55 ng/g May outperform  Not routinely
85-90% (varies) FC in specificity available
CHI3L1 Neutrophils, Monitoring, predicting Moderate Moderate Not defined >15 ng/mL Correlates with  Standardization
macrophages, complications (aggressive CD) stricturing lacking
epithelial cells behavior
VOCs Gut microbiota  Diagnosis, relapse High (distinct Present 80-90% / Pattern-based Reflects gut Method
and mucosal prediction UC/CD profiles) 80-90%  (not a single cutoft) dysbiosis standardization
metabolism needed

in various body fluids and tissues. The main measurement methods for
MMP-9 are zymography and ELISA. Elevated levels of matrix metallo-
proteinase 9 have been found in colonic biopsies, urine, and blood plas-
ma of patients with UC. MMP-9 levels show a significant correlation
with UC disease activity. Another study conducted in patients with UC
demonstrated that MMP activity was significantly higher in inflamed
mucosa compared to non-inflamed mucosa. Fecal MMP-9 shows a
stronger association with UC than with Crohn’s disease. High levels
of MMP-9 can help differentiate between UC and Crohn’s disease. Fe-
cal MMP-9 levels have been correlated with clinical, endoscopic, and
histologic activity in UC. In patients with ulcerative colitis, a cutoff
level of 0.245 ng/mL yielded a sensitivity of 85% and a specificity of
100%.'¢ Current studies are limited in demonstrating the role of MMP-9
in Crohn’s disease, and further research is needed. Since MMP-9 in-
dicates active inflammation, it may be useful for monitoring disease
activity.!’

Fecal Lipocalin-2

Lipocalin-2 is a siderophore-binding protein belonging to the lipocalin
family and is also known as siderocalin or neutrophil gelatinase-associ-
ated lipocalin (NGAL). The primary source of lipocalin-2 is neutrophil
granules. It is released during oxidative stress and inflammation and
functions by preventing bacteria from acquiring iron from the host, as
it blocks siderophores. There is no universally accepted standard cut-
off level; however, in healthy controls, the median value was found to
be 183 ng/mg. The cutoff level varies depending on the disease type
(UC or CD), disease remission status, and clinical activity. The primary
method for measuring lipocalin-2 is the ELISA.'®

Fecal Myeloperoxidase

Myeloperoxidase (MPO) is a heme enzyme stored in the azurophilic
granules of neutrophils and monocytes. It plays a critical role in the
innate immune response by generating reactive oxygen species (ROS)
during the oxidative burst. However, dysregulated MPO activity can
induce oxidative stress, contributing to tissue damage and amplifying
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inflammatory processes. In the clinical course of IBD, MPO levels in
fecal samples correlate closely with the extent of neutrophil infiltra-
tion into the intestinal mucosa, offering an objective measure of disease
activity. Elevated MPO levels indicate ongoing inflammation, as neu-
trophils are major contributors to the tissue damage observed in IBD.
Fecal MPO has been recognized as a reliable marker for evaluating
disease activity in both UC and CD.'®

MPO levels increase significantly during active UC, reflecting neutro-
phil-driven inflammation in the colonic mucosa. These levels decrease
with treatment or remission, making MPO a dependable marker for
monitoring disease severity and treatment response. In Crohn’s disease,
MPO levels correlate with the degree of transmural inflammation—par-
ticularly in ileocolonic disease—providing valuable insight into disease
severity.!” Subclinical inflammation is often present even during peri-
ods of remission and may precede relapse. Measuring fecal MPO levels
during remission can help identify patients at higher risk of flare-ups,
allowing for early therapeutic interventions.”” MPO is highly respon-
sive to treatment; a decrease in fecal MPO is a strong indicator of clin-
ical improvement and endoscopic remission. This makes it a powerful
tool for evaluating the efficacy of various therapies, including cortico-
steroids, biologics, and dietary interventions. Compared to other bio-
markers, MPO offers complementary information by reflecting oxida-
tive stress and neutrophil enzymatic activity—features not captured by
calprotectin. While both MPO and lactoferrin are neutrophil-derived,
MPO specifically highlights the oxidative component of inflammation,
which may be of greater clinical significance in certain IBD cases.!®*

Although MPO is most commonly elevated in IBD, increased levels
may also be observed in other inflammatory and infectious conditions.
In gastrointestinal disorders, MPO levels rise in infectious colitis due to
neutrophil activation in bacterial, viral, or parasitic infections. In isch-
emic colitis, hypoxia and reperfusion injury cause pronounced neutro-
phil infiltration and MPO release. In diverticulitis, acute inflammation
of the diverticula is associated with elevated MPO levels. Additionally,



systemic inflammatory diseases such as rheumatoid arthritis and sys-
temic lupus erythematosus (SLE); cardiovascular and metabolic dis-
orders; and pulmonary diseases such as chronic obstructive pulmonary
disease (COPD) and acute respiratory distress syndrome (ARDS) also
demonstrate increased MPO levels.'¢!

Fecal MPO shows high sensitivity (80-90%), particularly in active dis-
ease states. However, its specificity (60—70%) may be reduced by other
conditions involving neutrophil activation. Fecal myeloperoxidase is a
promising, non-invasive biomarker for assessing disease activity, pre-
dicting relapses, and evaluating treatment efficacy in IBD. Despite its
limitations—such as reduced specificity—MPO’s stability and respon-
siveness to inflammation make it a valuable tool in clinical practice
when used alongside other biomarkers and clinical evaluations.'¢?

Fecal Volatile Organic Compounds

Fecal volatile organic compounds (VOCs) are carbon-based mole-
cules produced through the metabolic activity of gut microbiota, di-
etary interactions, and the intestinal mucosa. They include a wide
range of chemical groups—such as alcohols, aldehydes, ketones, es-
ters, and sulfur compounds—which can be analyzed using advanced
techniques. VOCs reflect the metabolic and biochemical environment
of the GI tract. Changes in VOC patterns are associated with various
conditions, including IBD, colorectal cancer (CRC), and irritable bow-
el syndrome.?! Specific VOC profiles have been identified in both UC
and CD. In UC patients, VOC patterns are characterized by elevated
sulfur-containing compounds such as hydrogen sulfide and dimethyl
sulfide—both associated with intestinal dysbiosis and epithelial dam-
age—which correlate with inflammatory markers like fecal calprotec-
tin. This highlights their potential as non-invasive diagnostic tools.?
In CD, elevated aldehydes (e.g., hexanal), alcohols (e.g., propan-1-ol),
and phenol derivatives—products of microbial fermentation and muco-
sal metabolism—are linked to complications such as fistulas and stric-
tures, which are unique to the disease. Although fecal VOC profiles
may overlap, sulfur compounds dominate in UC, while aldehydes and
phenols are more prominent in CD.?*

Fecal VOC analysis is a promising tool for monitoring IBD activity
and predicting outcomes. In active disease, inflammatory VOCs such
as ammonia and methylamines increase, while beneficial short-chain
fatty acids (SCFAs), such as butyrate, decrease—correlating with en-
doscopic severity. During remission, VOC patterns tend to normalize,
with higher SCFA levels and reduced inflammatory markers. Addition-
ally, certain VOCs, including branched-chain fatty acids and phenols,
may serve as early indicators of relapse, often preceding clinical symp-
toms.>? Fecal VOCs offer notable advantages over traditional bio-
markers. While fecal calprotectin (88—93% sensitivity, 85-90% spec-
ificity) and CRP (80-85% sensitivity) are widely used, VOCs provide
unique insights into gut-specific microbial and metabolic processes.
The sensitivity and specificity of fecal VOCs can vary depending on
the study and the specific compounds analyzed, generally ranging from
80% to 90%. VOC analysis also presents a non-invasive alternative to
endoscopy. However, challenges remain, including method standard-
ization, controlling for dietary and medication influences, and the need
for large-scale validation studies.”’

S100A12

S100A12, also known as calgranulin C, is a calcium-binding protein
primarily secreted by activated neutrophils. It acts as a pro-inflamma-
tory mediator by activating signaling pathways, such as NF-kB, and
promoting the release of pro-inflammatory cytokines.
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S100A12 plays a key role in IBD by amplifying and sustaining the in-
flammatory response, particularly through neutrophil activation. Ele-
vated levels of SIO0A12 in serum, feces, and intestinal mucosa have
been shown to correlate with disease activity and severity in IBD pa-
tients. %

Fecal S100A12 levels help differentiate active IBD from IBS and other
functional GI disorders, demonstrating high sensitivity and specificity.
It also correlates with disease activity, as higher levels are associated
with endoscopic and histologic evidence of inflammation.?® Despite its
promising utility, further research is needed to standardize its clinical
use and enhance diagnostic accuracy. S100A12 remains a valuable bio-
marker in IBD management, offering insights into disease progression
and treatment response.>!

Fecal Chitinase 3-like 1

Chitinase 3-like 1 (CHI3L1), also known as YKL-40, is a member
of the chitinase family but lacks enzymatic activity against chitin. It
plays roles in tissue remodeling, immune regulation, and inflammation.
CHI3L1 is produced by various cell types, including macrophages,
neutrophils, and epithelial cells. Elevated levels of CHI3L1 have been
associated with IBD, rheumatoid arthritis, and asthma.3?

Fecal CHI3L1 is a promising biomarker for IBD, with elevated levels
observed during active disease. It has several potential clinical applica-
tions.*® Fecal CHI3L1 can assist in diagnosing IBD by distinguishing
it from other gastrointestinal disorders, such as IBS and CRC, partic-
ularly in symptomatic patients.>* CHI3L1 levels correlate with disease
severity and endoscopic findings, making it useful for monitoring flare-
ups and remission. High levels of CHI3L1 are associated with a more
aggressive disease course and an increased risk of complications, in-
cluding strictures, fistulas, and hospitalization in Crohn’s disease.

CHI3L1 is not only elevated in IBD but has also been associated with
schistosomiasis, malignancies, and asthma. The clinical role of fecal
CHI3L1 in IBD is still evolving. Challenges include the need for stan-
dardized assays, comparative studies with biomarkers such as CRP and
calprotectin, and long-term research into its prognostic value and ther-
apeutic potential.>?

Comparative Summary of Fecal Biomarkers in IBD

A comprehensive evaluation of fecal biomarkers highlights their vary-
ing performance across diagnostic and monitoring settings in IBD.
While calprotectin and lactoferrin are the most well-established in clin-
ical practice, emerging biomarkers—such as fecal MPO, VOCs, and
S100A12—may offer additional diagnostic insight, particularly when
used in combination. Table 3 summarizes the key attributes of each
biomarker, including their cellular sources, correlation with endoscopic
activity, and reported sensitivity and specificity.

CONCLUSION

Fecal biomarkers play a crucial role in the diagnosis, monitoring, and
management of IBD by offering a non-invasive, cost-effective, and
clinically valuable tool for assessing intestinal inflammation. Among
these biomarkers, calprotectin and lactoferrin have demonstrated high
sensitivity and specificity in distinguishing IBD from functional gas-
trointestinal disorders and in predicting disease activity and relapse.
While traditional biomarkers are well-established in clinical practice,
emerging fecal biomarkers—including S100 proteins, cytokines, fecal
chitinase 3-like 1, volatile organic compounds, microbial-derived me-
tabolites, and genetic markers—offer promising insights into disease
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pathophysiology, prediction of treatment response, and the advance-
ment of personalized medicine. However, further standardization, val-
idation, and comparative studies are necessary to integrate these novel
biomarkers into routine clinical workflows. Moving forward, the inte-
gration of fecal biomarkers with advanced diagnostic tools—such as
multi-omics approaches and artificial intelligence-driven models—may
enhance disease stratification, improve treatment outcomes, and opti-
mize patient care in IBD. Continued research and large-scale, prospec-
tive studies are essential to fully realize the potential of fecal biomark-
ers in guiding precision medicine strategies for IBD management.
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