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Abstract

Background and Aims: The aim of this study was to examine the diagnostic value of fecal
calprotectin as a non-invasive inflammatory marker in intestinal parasitic infections and to evaluate
its association with the severity of associated mucosal inflammatory changes.

Methods: A total of 120 subjects were recruited and equally divided into two groups consisting of
60 patients with intestinal parasitic infection, particularly Entamoeba histolytica/dispar/moshkovskii
complex and Blastocystis hominis, and 60 non-infected subjects matched by age and gender as
controls. Fecal Occult Blood Test (FOBT) and General Stool Examination (GSE) tests were
conducted on all subjects. Alegria system analysis was carried out in order to determine the level of
fecal calprotectin.

Results: The statistics proved the significance of difference among the various groups studied
(p<0.05). In comparison to the normal individuals, the level of fecal calprotectin increased
significantly among those suffering from parasitic infection. The other markers associated with the
inflammation process, such as fecal pus cells and positive occult blood results, were found to be
highly correlated with the increase.

Conclusion: The study demonstrates that fecal calprotectin is a useful non-invasive inflammatory
marker of parasitic disease of the intestine. It provides supportive information when used together
with routine stool examination and fecal occult blood testing. However, microscopy-based
identification of amoebic infection should be reported as Entamoeba histolytica/dispar/moshkovskii
complex unless confirmed by PCR or species-specific antigen detection.
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Introduction

Amongst the global health issues is the issue of intestinal infections as well as digestive system
diseases. This is particularly common in developing countries where parasitic infections like
Entamoeba histolytica infections are prevalent. The symptoms of an infection by this parasite may
include invasive amebiasis causing ulceration of the colon up to asymptomatic carriage. There are
roughly half a billion people suffering from Entamoeba infections in the world according to data
from the World Health Organization (WHO). However, it is estimated that only 10% of the
population suffer from E. histolytica infections, with most of the symptomatic and invasive cases
resulting from non-pathogenic commensals. An estimated 40,000 to 100,000 people die yearly from
complications of amoebiasis [1-3]. The high pathogenicity of E. histolytica trophozoites allows them
to disrupt the protective mucous-epithelial lining of the gut, inducing mucus hypersecretion, host
cellular cytotoxicity, and robust tissue inflammation, which collectively lead to amoebic colitis [4].
Assessing host inflammatory biomarkers has become more popular in clinical settings as a solution
to these diagnostic difficulties. A well-known calcium-binding protein from the S100 family, fecal
calprotectin is mostly produced by neutrophils and, to a lesser extent, by monocytes and activated
macrophages [5]. In human neutrophils, it makes up about 60% of the cytosolic protein composition
and about 5% of the total protein [6]. In addition to its well-known antimicrobial and antifungal
qualities, acute infectious or inflammatory conditions can cause calprotectin plasma concentrations
to increase five to forty times [7]. Consequently, a substantial elevation of calprotectin in stool
specimens serves as a reliable, direct indicator of localized inflammatory processes occurring within
the large intestine. The current research gap lies in the scarcity of studies utilizing calprotectin to
assess the severity of the immune response against E. histolytica infection [8, 9]. According to this
study's hypothesis, calprotectin levels increase in direct proportion to the degree of microscopic
intestinal damage (as shown by pus cells and blood), giving doctors a precise clinical tool to identify
cases that need to be treated right away.

Materials and Methods
Study Population and Sample Collection

Both males and females in ages between 3 and 84 years old took part in the cross-sectional study.
After being subjected to a clinical examination by specialists, fecal samples were collected from
patients who were suspected of suffering from intestinal diseases. Samples were obtained from each
patient as per standard laboratory procedure for collecting samples, that is, in clean plastic boxes that
had proper labeling. Before conducting any analysis, permission was obtained from all patients
involved in the study.

Patients with a known history of inflammatory bowel disease, celiac disease, gastrointestinal
malignancy, chronic gastrointestinal inflammatory disorders, recent gastrointestinal surgery, or
regular use of non-steroidal anti-inflammatory drugs/aspirin were excluded from the study to
minimize non-parasitic causes of elevated fecal calprotectin.

Direct Microscopic Examination
Within 20 to 30 minutes after collection, all fecal samples were immediately evaluated
microscopically for confirmation of trophozoites, cysts, red blood cells, and pus cells. Microscopic

examination was used for preliminary parasitological detection rather than definitive species-level
identification [10, 11].
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Direct Wet Mount: For detection of active trophozoites, RBCs, and pus cells, a small quantity of
the fecal specimen was mixed well with a drop of normal saline (0.9% NaCl) on a sterile glass slide.

Iodine Wet Mount: In order to visualize cyst morphology and nuclear structures, an additional
smear was prepared simultaneously using Lugol's iodine reagent. Both low power (10X) and high
power (40X) dry objectives were utilized to examine the slides.

Amoebic forms detected by light microscopy were reported as Entamoeba
histolytica/dispar/moshkovskii complex because light microscopy cannot reliably distinguish
pathogenic E. histolytica from morphologically similar species such as E. dispar and E. moshkovskii.
Definitive species-level identification requires PCR or species-specific antigen detection.

Statistical Analysis

SPSS software version 26.0 was used for data management and statistical calculations. The
Kolmogorov-Smirnov test was used to determine whether the data distribution was normal. Because
fecal calprotectin values showed non-normal distribution, continuous variables were primarily
expressed as median and interquartile range (IQR), while mean + standard deviation was presented
only for descriptive comparison when appropriate. The non-parametric Mann-Whitney U test was
used to assess differences between the two main groups. The distribution of categorical variables,
such as parasitic stages and FOB positivity, was examined using the Chi-Square test. The strength
and direction of the relationship between quantitative calprotectin values and microscopic cellular
infiltration were assessed using Spearman's rank correlation coefficient. A statistically significant P-
value was one that was less than 0.05, and a highly significant P-value was one that was less than
0.001.

Results

There were 120 participants in the entire study cohort. The infected patient group included 34 males
(56.6%) and 26 females (43.3%), with ages ranging from 3 to 84 years. The demographic
characteristics of the patient and control groups, including age and gender distribution, are
summarized in Table 1 and illustrated in Figure 1.

A statistically significant difference (P<0.001) in fecal calprotectin levels was found between the
patient and control groups. Because fecal calprotectin values were non-normally distributed, the
interpretation of group differences was based mainly on median and IQR values. In the patient group,
significant increases were noted, with critical fecal calprotectin concentrations exceeding 500 pg/g
in 56.6% (n=34) of the patients, and several cases exceeded the upper detection threshold (>1000
pg/g). Moderate elevations (50-500 pg/g) were noted in 31.6% of the cases. Only 11.6% showed
normal or borderline levels (<50 pg/g). In the control group, fecal calprotectin levels were below the
clinical cut-off margin (<50 pg/g) in the majority of subjects. These findings are summarized in
Table 2, while the distribution of fecal calprotectin levels between the infected patient group and the
healthy control group is shown in Figure 2.

Amoebic forms microscopically compatible with Entamoeba histolytica/dispar/moshkovskii
complex were detected in 93.3% (n=56) of the infected cases, either as cysts alone or concurrently
as cysts and trophozoites. Because PCR or species-specific antigen detection was not performed,
these cases were not reported as confirmed E. histolytica infection. In the remaining 6.6% (n=4) of
the cases, Blastocystis hominis cyst and trophozoite forms were found.
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There were no protozoan parasites, cysts, or trophozoites in the healthy control group. All patients
in the parasitic infection group showed fecal inflammatory cells. The presence of amoebic
trophozoite forms was associated with increased pus cells and red blood cells. In contrast, 100% of
the subjects in the healthy control group showed no macroscopic blood and no parasites, indicating
baseline physiological findings.

The distribution of fecal calprotectin according to microscopic parasitic stage is presented in Table
3. The relationship between fecal calprotectin concentration and microscopic grading of stool pus
cells is illustrated in Figure 3.

Table 1. Patient and control demography

Parameter Control Group (n=60) | Patient Group (n=60) | P-value | Significance
Age (Years) (Mean + SD) | 41.2+23.4 31.8£21.6 >0.05 Non-Significant (NS)
Gender (Male / Female) 31M/29F 33M/27F >0.05 Non-Significant (NS)
Parasite Presence 0% (0/60) 100% (60/60) <0.001 | Highly Significant (HS)
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Figure 1. A comprehensive multi-parametric scatter plot illustrating the distribution of the study population.

Table 2. Fecal calprotectin in both patient and control group

Group Minimum | Maximum | Median | Mean = SD | P-value
Control Group (n=60) | 0.0 94.0 12.5 21.4+24.8 <0.001
Patient Group (n=60) | 0.1 1000.0 735.6 548.9+421.2 | (Highly Significant)
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Figure 2. Comparative box-and-whisker plot displaying the median, interquartile range (IQR), and full variance of fecal
calprotectin levels between the infected patient’s group and the healthy control group

Table 3. Association in fecal calprotectin with Parasitic infection

Parasitic ~ Stage | Number of | Percentage . - .

Mapped Cases (n) %) Fecal Calprotectin Clinical Interpretation
Median/IQR should | Possible non-invasive carriage / low

0,

Cyst Stage Only | 24 40.0% be reported inflammatory activity

Cyst + . Trophozoite-associated amoebic

Trophozoite 36 60.0% Median/IQR should infection with marked inflammatory
be reported

Forms response

Total Patients 60 100% -- --

Mean Fecal Calprotectin (ng/g)

Correlation Between Fecal Calprotectin and Severity of Fecal Pus Cells

1000

800

600

0

400
200
Few + 44

+++ ++++

Microscopic Pus Cells Grading

Figure 3. Correlation bar chart demonstrating the progressive, linear relationship between the mean concentration of
fecal calprotectin (pg/g) and the microscopic grading of stool pus cells
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Discussion

In summary, the most important finding of the present study was that fecal calprotectin levels were
significantly elevated in subjects with intestinal protozoan infections compared with the control
group. These changes were assessed using the fully automated Alegria® method, suggesting that FC
may be utilized as a useful non-invasive inflammatory marker for localized mucosal inflammation
associated with parasitic infection. However, FC should be interpreted as an indicator of intestinal
inflammation rather than as a parasite-specific diagnostic test.

It should be noted that the invasive pathogenic mechanism traditionally attributed to Entamoeba
histolytica may explain part of the inflammatory response observed in amoebic infection. In
particular, trophozoite-associated virulence mechanisms, including amoebic lectins, pore-forming
peptides known as amoebapores, and cysteine proteases, can induce cytotoxic effects on colonic
epithelial cells and contribute to mucosal injury. This structural damage may promote neutrophilic
infiltration and activation of the innate immune response. Since calprotectin represents a major
cytosolic protein of neutrophils, increased neutrophil migration into the intestinal mucosa can
explain the elevation of fecal calprotectin levels [12]. Nevertheless, because species-level
confirmation was not performed, the amoebic cases in this study should be interpreted as Entamoeba
histolytica/dispar/moshkovskii complex rather than confirmed E. histolytica infection.

The present data support this inflammatory mechanism, as patients with higher microscopic pus cell
grades generally showed markedly elevated FC levels, including values above 500 pg/g and, in some
cases, above 1000 pg/g. In contrast, healthy control subjects showed no detectable parasites and
generally low fecal calprotectin levels, suggesting the absence of marked intestinal inflammatory
activity. However, these findings should not be interpreted as absolute proof of parasite-induced
tissue damage, because fecal calprotectin is a non-specific inflammatory marker and may be
influenced by other gastrointestinal inflammatory conditions or medication-related factors.

The degree of intestinal inflammatory activity was also reflected by the overlap between increased
FC levels and positive FOBT findings or microscopic erythrocyte shedding. In invasive amoebic
disease, deep mucosal injury and flask-shaped ulceration have been described as possible
pathological mechanisms that may damage capillary beds and contribute to intestinal bleeding [13,
14]. In the present study, the association between elevated FC and blood-related stool findings
suggests increased mucosal inflammatory activity, but it cannot independently confirm tissue
invasion or determine the exact Entamoeba species.

An additional observation was the presence of some infected individuals with normal or near-normal
FC levels. This may be related to the microscopic detection of cyst-stage forms without trophozoites
and with low pus cell counts. Such cases may represent possible non-invasive carriage or low
inflammatory activity, in which parasites are present mainly in the luminal stage without clear
evidence of mucosal invasion or strong neutrophilic response [15, 16]. Therefore, FC may help
differentiate inflammatory from minimally inflammatory presentations when interpreted alongside
microscopy, FOBT, and clinical symptoms, but it should not be used alone to classify infection as
invasive or non-invasive.

Calprotectin levels ranged from 74.3 pg/g to 414.2 pg/g in patients with Blastocystis hominis
infection. These findings should be interpreted with caution because only four Blastocystis hominis
cases were detected in the infected cohort. Although moderate FC elevations were observed in these
cases, the small sample size is statistically insufficient to draw definitive conclusions regarding the
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inflammatory potential, pathogenicity, or virulence of Blastocystis hominis in this study. Larger
studies with subtype identification are needed to clarify the relationship between Blastocystis
infection and fecal calprotectin elevation.

A major diagnostic limitation of the present study is that amoebic identification was based on light
microscopy. Although microscopy can detect cysts and trophozoites, it cannot reliably distinguish
pathogenic E. histolytica from morphologically similar species such as E. dispar and E.
moshkovskii[17, 18]. Therefore, all microscopy-based amoebic findings should be reported as
Entamoeba histolytica/dispar/moshkovskii complex unless confirmed by PCR or species-specific
antigen detection. This limitation should be considered when interpreting the proportion of amoebic
infection reported in the present study.

Another important consideration is that fecal calprotectin may be elevated in several non-parasitic
gastrointestinal conditions, including inflammatory bowel disease, celiac disease, colorectal
malignancy, and drug-related intestinal inflammation associated with regular NSAID or aspirin use.
Therefore, careful exclusion of these conditions is necessary to reduce confounding and to strengthen
the interpretation that elevated FC levels are related to parasitic-associated intestinal inflammation.

Overall, the integration of fecal calprotectin measurement with routine stool microscopy and FOBT
may improve the assessment of intestinal inflammatory activity in patients with parasitic infections.
However, FC should be considered a supportive inflammatory marker rather than a definitive
diagnostic tool for parasite species identification or tissue invasion. Future studies should include
PCR or antigen-based confirmation of Entamoeba species and longitudinal follow-up before and
after antiparasitic treatment to determine whether FC decreases after parasite clearance.

Conclusion

Fecal calprotectin may represent a useful non-invasive marker for assessing intestinal mucosal
inflammation in patients with parasitic infection. Its use alongside routine stool examination and
FOBT may improve the evaluation of inflammatory activity. However, species-level diagnosis of
amoebic infection requires molecular or species-specific antigen confirmation. Future longitudinal
studies are recommended to measure fecal calprotectin levels before and after antiparasitic treatment
to determine whether fecal calprotectin can be used as a marker for therapeutic monitoring and
mucosal recovery assessment.

Limitation

Fecal calprotectin is a general inflammatory marker, but it accurately captures the degree of intestinal
mucosal inflammation during parasitic infection. Molecular testing or species-specific antigen
assays are still needed for definitive species-level identification (e.g., differentiating Entamoeba
histolytica from non-pathogenic species).
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