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Abstract:

Amebic infection caused by the parasite (Entamoeba histolytica)
remains a public health concern, particularly in settings where food
and water contamination may facilitate transmission. Early
detection, improved hygiene and sanitation, and safe food and water
are important preventive measures. Confirmatory testing for species
identification is also recommended because E. histolytica may be
microscopically similar to non-pathogenic species. This study
aimed to describe the proportion of laboratory samples recorded as
positive for Entamoeba, examine the distribution of positive records
by month and sex, and explore decision-tree classification. A
retrospective analysis included 264 stool examination records from
patients attending the biological laboratory at Al-Zawiya Hospital,
Libya, from January 2020 to August 2021. The dataset comprised
104 records from 2020 and 160 from 2021. Recorded variables
included year, month, sex, age, parasite test result, fecal mucus, and
stool color. Of the 264 records, 90 (34.09%) were labelled positive
and 174 (65.91%) negatives. The largest monthly count was
recorded in July (18 cases). Of the 90 positive records, 53 were male
(38.69%) and 37 were female (29.13%). The decision-tree analysis
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was exploratory. The reported accuracy was 65.9%, precision for
the positive class was 50.0%, sensitivity was 12.2%, and the F1-
score was 19.6%. The low sensitivity indicates that the model
missed most positive records and should not be used for clinical
diagnosis or screening.

Keywords: E. histolytica; retrospective analysis; data mining; decision
tree.
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1. Introduction

Intestinal protozoal infections remain an important public-health
concern, particularly in communities where access to safe drinking
water, adequate sanitation, and hygienic food handling is limited.
Entamoeba histolytica is the protozoan responsible for amoebiasis,
an infection that may remain asymptomatic or cause intestinal
disease, including amoebic colitis and dysentery; in a smaller
proportion of cases, it may spread beyond the intestine and cause
extraintestinal complications such as amoebic liver abscess. The
clinical and public-health importance of amoebiasis, together with
its uneven distribution across populations, has been discussed in
major clinical and epidemiological reviews [1,2,3].

Transmission occurs mainly through ingestion of mature cysts in
food, water, or on hands contaminated with faecal material.
However, the burden measured in a laboratory-based study depends
not only on local transmission, but also on the population tested,
referral patterns, symptoms, sampling strategy, and diagnostic
method. An important diagnostic limitation is that cysts and
trophozoites of E. histolytica may be morphologically
indistinguishable from those of E. dispar and E. moshkovskii.
Consequently, microscopy-only findings should be interpreted
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carefully and should not treated as species-confirmed E. histolytica
infection [3,4,5,6]. Antigen detection and species-specific
molecular assays, including PCR-based approaches, can improve
differentiation where these facilities are available [7]. In Libya,
published evidence has documented considerable variation in
reported Entamoeba histolytica/dispar positivity across locations,
populations, and study methods. A review of studies published from
2000 to 2015 reported a wide range of estimates and emphasized
that microscopy-based studies may have included non-pathogenic
Entamoeba species [8]. More recent work from western Libya also
provides a useful regional point of comparison, although differences
in sampling frame, time period, and diagnostic approach must be
considered before comparing percentages directly [9]. Local, clearly
documented data remain useful for describing laboratory caseloads
and identifying where improved diagnostic confirmation and
surveillance may be needed.

In addition to descriptive epidemiology, data-mining methods can
be used to explore patterns in routinely collected samples. Decision
trees are attractive because their rules can be interpreted more easily
than some complex predictive models; nevertheless, their
performance depends on data quality, transparent preprocessing,
proper separation of training and testing data, and validation
[10,11,12]. The present study therefore describes 264 laboratory
samples summarizes the recorded positive cases, and reviews the
reported decision-tree output. Its results are interpreted as findings
from the supplied laboratory dataset rather than as a population-
wide estimate or proof of causal risk factors.

2. literature review

Entamoeba histolytica is transmitted primarily through the faecal—
oral route by ingesting mature cysts in contaminated food or water
or through contact with contaminated hands. Clinical manifestations
range from asymptomatic intestinal carriage to invasive colitis and
extraintestinal disease. Previous reviews have highlighted the
association between amoebiasis and sanitation, food and water
hygiene, and socioeconomic conditions. However, reported
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infection rates vary considerably across geographical regions and
study populations [1,2,3,13,14]. These variations emphasize the
importance of local epidemiological surveillance. Nevertheless, the
proportion of positive cases among patients attending a laboratory
should not be considered representative of the general population
unless a suitable population-based sampling design is used.

The diagnostic method is an important consideration when
interpreting studies reporting the occurrence of amoebiasis.
Although microscopy remains widely used in routine laboratories,
its sensitivity is limited, particularly when examination is based on
a single stool specimen. Furthermore, morphological examination
alone generally cannot reliably distinguish E. histolytica from the
morphologically similar species E. dispar and E. moshkovskii [3—
5,20]. Antigen-detection assays can support the differentiation of
pathogenic E. histolytica from non-pathogenic species, whereas
species-specific polymerase chain reaction (PCR) methods offer a
more definitive approach to species identification [3,6,7,15,16].
Therefore, when results are based exclusively on microscopy, the
findings should be described as microscopy-positive for
Entamoeba-like organisms rather than confirmed E. histolytica
infections.

Studies conducted in Libya provide important context for
interpreting the findings of the present investigation. A review of
studies published between 2000 and 2015 reported substantial
variation in estimates of E. histolytica/dispar occurrence among
populations with and without gastroenteritis [8]. The review also
highlighted the limitations of microscopy-based identification,
which may result in the misclassification of E. dispar or E.
moshkovskii as E. histolytica. In Bani Waleed, a study conducted
between January and June 2023 identified 55 positive samples
among 180 examined, corresponding to 30.56%, with the highest
number of positive cases recorded in June [18]. Another study
conducted in western Libya examined 600 stool samples collected
in 2024 from Al-Zawiya, Surman, and Sabratha and reported an
overall positivity rate of 29.2% [9]. Although these findings provide
relevant regional evidence, differences in study periods,
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populations, and sampling settings limit direct comparisons with the
present investigation. Accordingly, the reported percentages should
be interpreted as descriptive findings rather than evidence of
statistically significant differences between studies.

Decision-tree algorithms are widely used in classification because
they divide observations into groups according to predictor
variables and generate explicit decision rules that can be readily
interpreted. Foundational studies have established the principles of
tree-based classification [10,11], while applied data-mining
literature emphasizes the importance of defining the target variable,
ensuring reliable class labels, separating training and testing
datasets, and applying appropriate validation procedures [12,17].
Model performance should not be assessed using accuracy alone, as
this measure may provide an incomplete picture of classification
effectiveness. Instead, accuracy, precision, recall or sensitivity,
specificity, and the F1-score should be considered together. In the
present study, the decision-tree results require cautious
interpretation because the terminal-node counts do not reconcile
with the overall sample totals, and the accuracy displayed in the
figure differs from the value calculated from the confusion matrix.
These inconsistencies highlight the need to verify the model output
against the original dataset before drawing conclusions about its
predictive performance.

The existing literature highlights several issues relevant to the
present study, including variations in reported Entamoeba positivity
across Libyan settings, limitations of microscopy in establishing
species identity, and the need for reproducible analysis and
validation when applying predictive models to health data. Against
this background, the present investigation describes laboratory
records from Al-Zawiya Hospital covering the study period and
explores the potential application of a decision-tree classifier to
examine associations between recorded patient and stool-sample
characteristics and test outcomes. The findings are intended to
provide local descriptive evidence and an exploratory assessment of
data-mining methods rather than definitive estimates of population
prevalence or validated predictive performance. Further research
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would benefit from species-specific diagnostic confirmation, clearly
documented denominators for age, sex, and monthly distributions,
and reanalysis of the original patient-level data using a reproducible
analytical workflow.

3. Materials and Methods

Sample Collection: Samples were collected from patients attending
Al-Zawiya Hospital, Libya, during 2020 and 2021 to detect the
Entamoeba histolytica parasite, which causes amoebic dysentery,
and to determine the percentage of positive results among the tested
samples. Laboratory tests were performed on the samples, and the
results were recorded in a database that included the year, month,
sex, age, Entamoeba histolytica status, presence of mucus, and stool
color. The database included 264 samples, 104 from 2020 and 160
from 2021. The number of samples recorded varied from month to
month based on available data. During 2020, the samples were
distributed across the months of January, February, and March, and
then from May to December. No samples were recorded for April.
For 2021, data covered the period from January to August, with no
samples available for September to December. This distribution is
presented based on the available samples.

Laboratory Examination: Stool samples collected from patients
underwent laboratory testing, and the results were recorded in the
database to determine the presence or absence of Entamoeba
histolytica, along with certain morphological characteristics of the
sample. This was done in two ways:

First: Gross Examination Gross examination involves observing
the morphological characteristics of the stool sample, such as color,
consistency, and the presence of mucus or blood, if present. These
characteristics are recorded in the laboratory data to be used in
describing the samples and comparing their properties with the
results of microscopic examination. In the current database, stool
color and the presence of mucus are recorded as variables associated
with each sample. This data can be used to analyze the descriptive
relationship between phenotypic characteristics and Entomobacillus
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histolytica  detection results, without considering these
characteristics alone as conclusive evidence of infection.

Second: Stool Microscopic Examination

Stool microscopic examination is used to detect observable parasitic
stages in the sample, including cysts and feeding stages, according
to the laboratory's preparation and examination methods.
Entomobacillus histolytica test results were recorded in the database
under the Entomobacillus histolytica status variable. For data
organization and statistical analysis, the value NO was considered a
negative result, while other values recorded in the Entomobacillus
histolytica column were considered positive results according to the
data definition adopted in the study. Accordingly, the results were
classified into two categories: negative and positive.

Statistical and Computational Analysis: The recorded data were
used for descriptive analysis, including calculating frequencies and
percentages of positive and negative outcomes, and distributing the
records by year, month, sex, and age group. The results can be
presented using tables and graphs to illustrate the temporal and
demographic distribution of the recorded cases.

Data mining techniques were also employed, applying a decision
tree algorithm. The Entomobacillus histolytica condition was used
as the target variable, and age, sex, month, presence of mucus, and
stool color could be used as explanatory variables. The software
used, the data segmentation method, and the model performance
evaluation procedures should then be documented. The results
should be interpreted as exploratory taxonomic patterns and not as
evidence of causal relationships.

5. Results and discussion

Overall samples prevalence of the 264 samples, 90 were labelled
positive and 174 negative. This is a proportion among the examined
samples, not necessarily a population prevalence estimate, because
the dataset consists of patients attending medical laboratories. As
shown in Figure 1, approximately one-third of the samples
examined were classified as positive. The samples positivity
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proportion was 34.09% (90/264), while 65.91% were labelled
negative as in tablel.

Table 1. Overall distribution of samples Entamoeba histolytica

results.
Result Number of records Percentage (%)
Positive 90 34.09%
Negative 174 65.91%
Total 264 100.00%

B Positive

34.09% (90)

I Negative
(174)

65.91%

Prevalence = 34.09%

Figure 1. Figure 1, Overall distribution of positive and negative records
(n=264).

Monthly distribution of positive records. The number of positive
records varied across the calendar months: January 12, February 3,
March 16, April 6, May 7, June 12, July 18, August 9, September 4,
October 1, November 0, and December 2. July had the largest
number of positive records (18), followed by March (16), whereas
October had the smallest non-zero count (1) and November had no
positive records. These are counts, not monthly positivity rates.
Because the number of records tested differed by month and the
dataset covers January 2020—August 2021 with incomplete calendar
coverage in each year, the counts alone cannot establish seasonality
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or a higher monthly risk of infection. The monthly percentages in
Table 2 are more informative for describing the proportion positive
among records tested in each month, but they should still be
interpreted cautiously because some monthly denominators are very
small.

Table 2. Monthly distribution of samples results.

Month rejs;(:)t:(;s Positive Negative P(;izl)ve
January 33 12 21 36.36%
February 23 3 20 13.04%
March 39 16 23 41.03%
April 16 6 10 37.50%
May 25 7 18 28.00%
June 39 12 27 30.77%
July 39 18 21 46.15%
August 32 9 23 28.12%
September 6 4 2 66.67%
October 4 1 3 25.00%
November 1 0 1 0.00%
December 7 2 5 28.57%

Number of Positive Cases by Month

Number of Positive Cases

Figure 2. Monthly distribution of positive samples.

Sex distribution of the 90 records labelled positive, 53 were male
and 37 were female. The table reports within-sex positivity
proportions of 38.69% (53/137) for males and 29.13% (37/127) for
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females. These figures describe the records in this hospital dataset
and do not, by themselves, establish that sex is associated with
positivity. No inferential comparison is reported here, and possible
differences in who attended the laboratory, the reasons for testing,
or other characteristics were not assessed. The results therefore
support a descriptive statement about this sample only, not a
conclusion that males in the wider community have a higher risk.

Table 3. Distribution of recorded results by sex.

Total Positive
Sex Positive Negative within  sex
samples °
(%)
Male 137 53 84 38.69%
Female 127 37 920 29.13%
Total 264 920 174 34.09%
. 60 53
%]
5 50
2 40
£ 30
S
(=
5 20
=
E 10
Z
(0]
Male Female
Gender

Figure 3. Gender distribution among positive records (n = 90).

Table 4 and figure 4 presents the distribution of stool examination
samples according to age group and the number and percentage of
(Entamoeba histolytica) positive cases. The highest positivity
proportion was observed among patients aged 6—14 years, with 28
positive cases out of 50 sample (56.00%) and the lowest positivity
proportion was observed among patients aged 45 years and older,
with 17 positive cases out of 67 sample (25.37%)
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Table 4. Distribution of recorded results by age group.

Total Positive
Age group Positive Negative within

records

group (%)

<1 year 50 14 36 28.00%
1-5 years 49 13 36 26.53%
6-14 years 50 28 22 56.00%
15-44 years 48 23 25 47.9%
>45 years 67 17 50 25.37%

Positive Cases by Age Group

35 4

307 56.00%

N
[

47.90%

25.37%
L 28.00%
26.53%
| I
0

<1 year 1-5 years 6-14 years 15-44 years =45 years
Age Group (years)

= n
w =1

Number of Positive Cases
—
(=]

Figure 4. Percentage of positive samples within each specified age
group.

Decision-tree analysis. A decision tree was explored to examine
whether recorded demographic and stool-sample variables could
classify the recorded laboratory outcome. The analysis is
exploratory: branches represent patterns in this dataset and must not
be interpreted as causal relationships. The recorded outcome was
defined as negative when the parasite field contained “NO” and
positive for other values, following the coding rule described in the
Methods. The model also depends on the completeness and
accuracy of age, month, sex, mucus, and stool-colour entries.
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In the decision tree model Figure 5, the root node was restricted by
age, and the subdivision from the dataset was selected as follows:
age < 5.5 versus age > 5.5 on the recorded numerical scale. Separate
surface decision trees were then constructed within each age branch
using mucus condition, stool color, month, and sex. The numbers
displayed within each node represent the records that reached that
node and their positive/negative distribution.

Decision Tree for Infection Classification

———
Age (recorded units) = 5.57
Sam i 264

..............
.......

Figure 5. Decision-tree model with age as the root split.

Model performance. The reported metrics were accuracy 65.9%,
precision 50.0%, sensitivity (recall) 12.2%, and F1-score 19.6%.
The confusion matrix shown in Figure 6 contains 11 true positives,
79 false negatives, 11 false positives, and 163 true negatives. These
counts yield an accuracy of 65.9%, precision of 50.0%, sensitivity
of 12.2%, and an F1-score of approximately 19.6%. Thus, the model
correctly classified many negative records but missed most records
labelled positive. Accuracy alone would consequently give an
incomplete impression of performance. Given the low sensitivity
and large number of false negatives, this model should not be used
for clinical diagnosis or screening. Its role in this study is limited to
exploratory analysis, and any future predictive use would require
verified labels, transparent preprocessing, and robust validation.
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Table 5: performance metrics for the decision tree model

Metric

Accuracy

Precision (Positive
class)

Recall/ Sensitivity
(Positive class)

F1-score (Positive
class)

Result

65.9%

50.0%

12.2%

19.6%

Formula
(TP + TN) /
(TP + TN +
FP + FN)

TP / (TP +
FP)

TP / (TP +
FN)

2TP / 2TP +
FP + FN)

Interpretation
Proportion of all test
records classified
correctly.
Proportion of
predicted  positive
cases that are truly
positive.

Proportion of true
positive cases

identified by the
model.

Harmonic mean of
precision and
sensitivity.

Confusion Matrix (5-fold Cross-validation)

Actual Positive -

Actual Negative

11

11

AN E
pos!
cxed
predt

axN e
promicxed M

160

140

120

100

- 80

- 60

F 40

- 20

Figure 6: Confusion matrix from stratified five-fold cross-validation.
Rows are actual classes and columns are predicted classes.

Confusion-matrix interpretation. With rows representing actual
classes (positive, negative) and columns representing predicted
classes (positive, negative), the reported matrix is [[11, 79], [11,
163]]. Therefore, 11 positive records were correctly classified, 79
positive records were classified as negative, 11 negative records
were classified as positive, and 163 negative records were correctly
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classified. This interpretation is consistent with the reported
performance metrics. The manuscript should clearly state how these
predictions were generated (for example, cross-validation or a held-
out test set) and ensure that the same evaluation procedure is
described consistently in the Methods, figure caption, and Results

6. Comparing the results with previous studies

Comparison with previous Libyan findings. In the present hospital
dataset, 90 of 264 records were labelled positive (34.09%). The cited
Bani Waleed study reported 55 positive samples among 180
examined (30.56%), while the cited study from Al-Zawiya, Surman,
and Sabratha reported an overall positivity of 29.2% among 600
stool samples [9,18]. The numerical difference between the present
estimate and the Bani Waleed estimate is 3.53 percentage points; the
difference from the western Libya estimate is 4.89 percentage
points. These are descriptive differences only. The manuscript does
not report a statistical test comparing the studies, and the studies
differ in time period, location, patient selection, sample size, and
potentially diagnostic procedures. It is therefore not justified to state
that the differences are statistically significant or to infer a temporal
increase or decrease in infection. The present estimate should be
understood as the proportion of positive records among patients
tested at Al-Zawiya Hospital during the study period, not as a
population-wide prevalence estimate.

Monthly patterns in context. The largest monthly count in the
present dataset was recorded in July (18 positive records), followed
by March (16); the smallest non-zero count was in October (1),
while November had zero positive records. The Bani Waleed study
reported its highest count in June (15 cases) during its January—June
observation period [18]. The difference in peak month means that
the two datasets do not show an identical monthly pattern. However,
raw counts are influenced by the number of people tested in each
month, and the studies cover different periods and settings.
Consequently, these counts cannot establish a common seasonal
effect or explain why positive records occurred in particular months.
Monthly positivity proportions, comparable sampling, and
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appropriate statistical analysis would be needed for a stronger
comparison.

Diagnostic interpretation. The cautious interpretation adopted here
is consistent with reviews describing the limitations of microscopy
for distinguishing E. histolytica from morphologically similar
Entamoeba species, including E. dispar and E. moshkovskii [3-5,8].
Unless species-specific antigen testing or PCR was performed and
documented, the 34.09% result should be reported as the proportion
of samples recorded as positive by the laboratory method used,
rather than as a confirmed prevalence of E. histolytica. Differences
in diagnostic methods may contribute to variation between studies,
but the available data do not allow the contribution of diagnostic
method to be quantified. Overall, the local records are useful for
describing the hospital laboratory caseload; they do not establish
causal risk factors, community prevalence, or a seasonal
mechanism.

7. Conclusion

This retrospective study summarized 264 stool-examination
samples from patients attending Al-Zawiya Hospital, Libya, during
January 2020—August 2021. Ninety records (34.09%) were labelled
positive and 174 (65.91%) negative. The largest monthly positive
count was in July (18 records). The recorded data also showed
positive results among males and females, while the age-group table
indicated a high reported positivity proportion in children aged 6—
14 years.

The decision tree model achieved an overall accuracy of 65.9%. The
confusion matrix indicated that many positive cases were
incorrectly classified as negative, limiting the model's usefulness in
identifying positive cases. Therefore, the model should be
considered exploratory in its current form.

8. Recommendations

Based on the findings and limitations of this study, the following
recommendations are proposed:
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1. Confirm parasite identification: Where feasible, antigen-detection
assays or species-specific PCR should be used to distinguish
(Entamoeba  histolytica) from morphologically similar
Entamoeba species.

2. Improve laboratory data collection: Future studies should ensure
complete and consistent recording of demographic
characteristics, examination dates, laboratory findings, and
diagnostic results.

3. Expand epidemiological investigations: Larger studies involving
multiple healthcare facilities and longer observation periods are
recommended to provide a broader understanding of Entamoeba
positivity in western Libya.

4. Improve decision-tree performance: Future analyses should
evaluate alternative classification algorithms, appropriate class-
imbalance handling, and systematic parameter optimization to
improve the identification of positive cases.

5. Strengthen model validation: The dataset, preprocessing
procedures, classification rules, and confusion matrix should be
checked for consistency. Model performance should be assessed
using stratified cross-validation and, where feasible, an
independent test dataset.

6. Evaluate clinically relevant performance measures: Future studies
should report sensitivity, specificity, precision, Fl-score, and
confusion matrices alongside accuracy, with particular attention
to false-negative classifications.

7. Support preventive public-health measures: Continued health
education on hand hygiene, food safety, safe drinking water, and
adequate sanitation is recommended to help reduce the risk of
faecal—oral transmission.
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