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EDITORDEN

2026 yilinin ik sayisini biri yurt disindan olmak Uzere 6 &zgUin arastirma makalesi ve 2
olgu sunumu ile cikarmaktayiz. Ozgin calismalar arasinda, Bolu ve DUzce illerimizdeki
kisilerde Microsporidium tUrlerinin bildirildigi bir calisma, Amebiasisli olgulardaki tam kan
parametrelerini inceleyen bir calisma, Kist Hidatik tanisinda dnemli ydntem olan seroloji ve
radyolojinin uyumlarini irdeleyen retrospektif bir analiz ile toplum saghg acgisindan énem
tasiyan ve Universite égrencilerinin parazit hastaliklarn hakkindaki bilgi dizeylerini dlcen bir
anket calismasi, ayrica tibbi sGlUklerle yapilan calismalarda énem tasiyan saglikl ve deforme
olmus sUlUklerdeki durumu histolojik dUzeyde inceleyen bir arastirma yer almaktadir. Yurt
disindan ise Cezayir'de ruminantlarda fascioliasis insidansi hakkinda bir calisma bu sayimiza
eklenmistir.

Olgu sunumlar olarak; nadir de olsa gérUlebilen bilateral Phthiriasis olgusu ile yogun bakimdaki
bir hastada rastlanan miyazis olgusuna yer verilmistir.

Dergimizin ESCI'ye basvurusu yeniden yapilmis olup sonucu beklenmektedir. Bu sGrece bUyUk
katkisi olan ve gdnderilen makalelere ézveri ile hakemlik yapan, her yil dérdincu sayinin
sonunda da listesi yayinlanan akademisyenlerimize de tesekkir etmek ve minnetlerimi
sunmak isterim. Ayrica, inceleme icin makale gdénderilen hocalarmizin incelemeyi “kabul”
veya “ret” eftiklerini bildiren mesaja en kisa zamanda cevap vermeleri de surecin hizlanmasi
agisindan oldukca énem tasidigini siz degerli hocalarmiza hatirlatmak isterim.

1 Nisan 2026 tarihinden itibaren dergimizde “kabul edilen makaleler” icin makale tipine goére
“makale isleme Ucreti” alinmasina Yonetim Kurulumuzun 19.02.2026 tarih ve 2026/1 savili
toplantisinda karar verildigini de buradan bildirmek isterim.

SCI/SCI-Expanded kapsaminda olan dergilerde yapacaginiz yayinlarda dergimizde yer
alan makalelere atif yapilmasinin, dergimizin bu endekse basvuru/kabul sGrecinde bUyUk
6nem tasidiginl yeniden belirtmek isterim. Bilim alanimizin en énemli unsurlarindan ve bizleri
gUclendiren araclarindan biri olan “TUrkiye Parazitoloji Dergisi”nin bu sayisinin da bilimsel
calismalariniza ve birikimlerinize yararl olmasini umuyorum.

Prof. Dr. Yusuf Ozbel
Bas Editor
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ABSTRACT

Objective: Theliterature about microsporidia clearly shows that the prevalence of microsporidia varies at different rates depending
on the sampling status and region in the studies. However, the majority of studies have been conducted in immunocompromised
individuals. It is vital to determine the prevalence of pathogens in society in order to protect immunocompromised individuals
from opportunistic pathogens. Consequently, the present study investigated stool samples from Diizce and Bolu provinces for
microsporidia, irrespective of disease group.

Methods: A study of 400 stool samples from Diizce and Bolu was performed. The samples were first stained with trichrome
and examined under a microscope at 100x magnification. DNA was then isolated, amplified with polymerase chain reaction
primers, and the samples were identified. The relationship between microsporidia presence and age, sex, and diarrheal status was
statistically investigated.

Results: Following microscopic examination, microsporidia spores were detected in 25 of the 400 (6.25%). Microsporidia spores
were detected in 6.6% (14/212) of the Diizce samples and 5.8% (11/188) of the Bolu samples. Consequently, molecular analysis
revealed the presence of microsporidia in 49 of the 400 (12.25%). The positivity rates were found to be 11.3% (24/212) for Diizce
and 13.3% (25/188) for Bolu. The spores detected in this study were identified as belonging to the species Enterocytozoon bieneusi.
A statistical analysis was conducted, revealing no significant association between the presence of the pathogen and diarrhea
complaints, gender, or age.

Conclusion: It is seen that the presence of microsporidia in our study is at a level similar to rates reported in immunocompetent
individuals around the world. Additionally, a correlation between the presence of microsporidia and complaints has been reported,
especially in immunocompromised individuals, but no relationship has been determined with complaintsin this study. Furthermore,
the present study demonstrated that neither age nor gender exhibited any correlation with the presence of microsporidia.
Keywords: Microsporidia, Enterocytozoon bieneusi, prevalence, diarrhea, molecular
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Amag: Literatiire bakildiginda, firsatgi patojen mikrosporidialarin yayginhiginin ¢alismalardaki 6rneklem durumuna ve bélgelere
gore farkli oranlarda raporlandig: gérilmektedir. Bununla birlikte ¢aligmalarin biytk bir ¢cogunlugu bagisiklig: yetersiz kisilerde
gerceklestirilmigtir. Bagisikhigi yetersiz kisilerin firsatq1 patojenlerden korunmas: i¢in toplumda o patojenin yaygmligimin
belirlenmesinin ¢ok énemli oldugunu diisiinmekteyiz. Bu sebeple, mevcut ¢alismada hastalik grubu gézetmeksizin Diizce ve Bolu
illerinden gaita numuneleri mikrosporidia agisindan aragtirilmigtr.
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Yéntemler: Bu calismada Diizce ve Bolu illerinde yasayan insanlardan toplam 400 gaita numunesi temin edilmigtir. Ornekler ilk olarak trikrom boyama ile
boyanarak mikroskopta 100x biiytitmede incelenmistir. Yine her 6rnekten DNA izolasyonu yapilmig ve sonrasinda tiirlere 6zgii primeler kullanilarak polimeraz
zincir reaksiyonu ile tir tespiti gerceklestirilmistir. Mikrosporidia varliginin yas, cinsiyet ve ishal durumu ile iligkisi istatistiksel olarak aragtirilmigtir.
Bulgular: Mikroskobik incelemeler sonucunda 400 6rnegin 25'inde (6,25) mikrosporidia sporlar saptanmustur. Illerin kendi icerisinde degerlendirilmesi
sonucunda Diizce 6rneklerinin %6,6'sinda (14/212) Bolu 6rneklerinin %5,8'inde (11/188) mikrosporidia sporlar1 gérilmiistir. Molekiiler analizin
sonucunda 400 érnekten 49 tanesinde (12,25) mikrosporidia saptanmigtir. Pozitiflik oranlarinin Diizce i¢in %11,3 (24/212) ve Bolu i¢in %13,3 (25/188)
oldugu gorillmiistiir. Tespit edilen sporlarin Enterocytozoon bieneusi tiiriine ait oldugu saptanmistir. Yapilan istatistiksel analiz sonucunda patojenin varhg:
ile ishal gikayeti, cinsiyet ve yagin arasinda anlamli bir iligki olmadig gorilmigtiir.

Sonug: Calismamizdaki mikrosporidia varligimin bagisiklig: yeterli kisilerde raporlanan oranlarla benzer dizeyde oldugu goérilmektedir. Bu durum,
mikrosporidia tiirlerine maruz kalmanin yaygin oldugunu ve saglikli bireylerde herhangi klinik belirti géstermeden enfeksiyonun toplumda siirekli devam
ettigini gostermistir. Literatiirde mikrosporidia varhg ile gastrointestinal sikayetlerin iligkili oldugunu bildiren ¢aligmalar varken tam tersi durumun da
varligi raporlanmistir. Ozellikle bagigiklik sistemi agisindan kronik bir rahatsizlig1 olmayan kisilerde mikrosporidia tiirleri kendini sinirlayan ve klinik belirti
gostermeyen enfeksiyonlar olugturmas: sebebiyle bazi ¢aligmalarda sikayetlerle mikrosporidia iligkisinin olmadiginin raporlanmas: normal bir durumdur.

Anahtar Kelimeler: Mikrosporidia, Enterocytozoon bieneusi, prevalans, ishal, molekiiler

INTRODUCTION

Microsporidia species are spore-forming unicellular eukaryotes
and are obligate intracellular pathogens. To date, more than
1500 species belonging to 200 genera have been identified within
phylum microsporidia which have broad spectrum of host. Of the
17 human pathogen microsporidia species, Enterocytozoon bieneusi
is most common agent in humans followed by Encephalitozoon
intestinalis. They are responsible for more than 90% of human
microsporidosis and are often associated with gastrointestinal
tract infections (1,2).

It is established that microsporidia species are responsible for
opportunisticinfections and severe clinical symptoms, particularly
in individuals with suppressed or insufficient immune systems,
such as organ transplant recipients and human immunodeficiency
virus (HIV) positive individuals. Consequently, majority of studies
have been conducted on immunocompromised individuals (3-6).

It is greatly important to ascertain the prevalence of the
pathogen in society and the environment in order to protect
immunocompromised individuals afflicted with diseases such
as HIV and cancer. We think that determining the frequency
of microsporidia species in the society and the environment
through studies conducted irrespective of disease group will help
the implementation of appropriate measure for protection of
immunodeficient people.

For this reason, stool samples were obtained from individuals
residing in Diizce and Bolu provinces, irrespective of their disease
status, and subjected to microscopic and molecular examination
to ascertain the prevalence of microsporidia species in the
aforementioned provinces.

METHODS

In this study 400 fecal samples were obtained from Diuzce
University (DU) Health Application and Research Facility (212
samples) and the Bolu Abant izzet Baysal University Training
and Research Hospital (188 samples) between April 2021 and
July 2021. The sample amounts obtained from the provinces
were calculated in proportion to their population. Samples
were collected irrespective of any disease group to determine
prevalence of microsporidia in society. However, stool samples
were obtained from subjects who were not immunocompromised
and did not receive either antibiotic or antiparasitic medication.
Samples were examined using both microscopic and molecular
methods. We commenced the research following the ethics

approval from the “DU Non-Invasive Health Research Ethics
Committee” (decision no: 2019/41 and date: 16.12.2019). Stool
samples were promptly conveyed to the parasitology laboratory,
where they were separated into two groups, within every fecal
sample, both for microscopic and molecular examinations.

Microscopic Examinations

Parted number of samples for microscopy are put to the formol-
ether sedimentation method and subsequently modified
trichrome staining (MTS) for determining parasites under
microscope at 100X magnification (2).

Molecular Methods

DNA extraction: Genomic DNA was extracted directly from
fecal specimens using “GeneAll Stool DNA Minikit” (GeneAll,
Seoul, South Korea) following the manufacturer’s instruction. All
reagents necessary for the extraction process were present within
the kit.

Polymerase chain reaction (PCR) amplification: C1 and C2
primers were selected for use in to amplifying a con-served region
of the small-subunit rRNA of four microsporidia species namely
Enterocytozoon bieneusi, Encephalitozoon intestinalis, E. cuniculi and
E. hellem (7). Subsequently, a second PCR reaction was conducted
using an alternative primer pair with positive specimens from the
first PCR application for the purpose of identifying the species
(Table 1). The ATB 2X PCR Master Mix brand mixture was used in
the PCR reaction and the final volume was calculated to be 50 pL.
The size of the bases was determined with the Thermo Scientific
GeneRuler 1 kb Plus DNA Ladder marker (Figure 1).

PCR reactions were run using the “BIO-RAD T100” thermal cycler
device. Following the denaturation of the DNA at 94 °C for a period
of 5 minutes, 35 cycles were conducted in following manner:
Denaturation at 94 °C for 1 minute, annealing 56 °C for 1 minute,
and elongation at 72 °C for 1 minute. Following the completion
of 35 cycles of process, PCR reactions were terminated at 72 °C
for a period of 5 minutes. The amplified products were subjected
to electrophoresis on an agarose gel and stained with ethidium
bromide. The stained gel was examined under ultraviolet light.

Statistical Analysis

Chi-square tests were employed to evaluate the correlation
between microsporidia positivity and factors such as age and
gender. A Kappa test was also applied to ascertain the sensitivity
and specificity of the methods. A p-value of less than 0.05 was
considered to indicate a statistically significant result.
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Table 1. Primer pairs sequences

Primers Base squences Species
C1(B) 5-CACCAGGTTGATTCTGCC-3' Enterocytozoon bieneusi, Encephalitozoon intestinalis, E.
C2 (R) 5'-GTGACGGGCGGTGTGTAC-3' cuniculi and E. hellem
EBIEF1 (F) 5'-GAAACTTGTCCACTCCTTACG-3'
Enterocytozoon bieneusi
EBIEF1 (R) 5'-CCATGCACCACTCCTGCCATT-3'
EIMCEF (F) 5'-GTCTATGGTGAATGCTGCAGTT-3'
Encephalitozoon intestinalis
EIMCR (R) 5'-ATTTCGATCCTCTAGCCTTCGT-3'

bp ng/0.5 pg %

7000 20
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4000 20
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1% agarose

0.5 pg/lane, 8 cm length gel,
1XTAE, 7 V/cm, 45 min

Figure 1. Image of PCR products of 1% agarose gel
electrophoresis (*signed strips belong another study)

PCR: Polymerase chain reaction
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Figure 2. MTS-stained microsporidia spores from different
individuals (100x magnification)
MTS: Modified trichrome staining

RESULTS

Microscopic Results

As a result of examination of the MTS-stained slides at 100X
magnification, microsporidia spores were observed in 25 out of
400 (6.25%) samples (Figure 2). Upon separation of the cities
where the patients come from, the positivity rate in Diizce
was determined to be 6.6% (14/212) while in Bolu it was 5.8%
(11/188).

Molecular Results

As a result of electrophoresis for PCR products, strips of parasite
DNA were observed in 49 out of 400 (12.25%) samples in total.
When the cities were evaluated separately, the prevalence in
Diizce was found to be 24/212 (11.3%) while in Bolu was 25/188
(13.3%). Following the PCR reactions conducted with species-
specific primers (E. bieneusi and E. intestinalis), the presence of
strips was observed exclusively in those, primers selected for
Enterocytozoon bieneusi.

Statistical Results

In this study, the relationship between the presence of
microsporidia and age, gender and diarrhea status was evaluated
based on PCR results because of its reliability. Although certain
differences were observed among the factors compared in terms
of presence of microsporidia, these differences were not found to
be statistically significant.

While 26 of 204 samples (12.7%) obtained from women were
found to be microsporidia positive, 23 of 196 samples (11.7%)
from men were found to be positive in total. In the separate
evaluation of the cities, positivity was observed in 15 of 118
women samples (12.7%) and 9 of 94 men samples (9.6%) in
Diizce. Furthermore, 11 of the 86 women samples (12.8%) and
14 of the 102 men samples (13.72%) were positive in Bolu. The
overall level of positivity is notably elevated among the sampled
female population. Nevertheless, while the positivity rate is
high in females within the Diizce province, it exhibits a higher
frequency among males residing in the Bolu province.

In one sample, microsporidia positive was found among 16
diarrheic individuals (6.3%) while 48 of 384 (12.5%) non-
diarrheal patients were positive. Microsporidia were identified in
one of 7 diarrheal samples (14.3%) and 24 of 181 non-diarrheal
samples (13.3%) in Bolu province. The presence of microsporidia
was not detected in any of the nine diarrheal samples from Diizce
province, yet 24 of 203 (11.8%) non-diarrheal samples were
positive. It is noteworthy that the prevalence of microsporidia
in individuals exhibiting diarrhea is lower in comparison to non-
diarrheal. Nevertheless, the limited number of diarrheal samples
collected precludes the ability to make precise comparisons.
When the results were evaluated in terms of age groups, it was
seen that 3 of 32 (9.4%) in the “1-14” age group, 5 of 50 (10%)
in the “15-24” age group, 27 of 214 (12.6%) in the “25-64" age
group and 14 of 104 (13.5%) in the “65 and over” age group. An
examination of these results demonstrates a clear increase in the
frequency of microsporidia as the age of the subjects increases
but the chi-square analysis revealed that there was no statistically
significant relationship between gender, diarrhea and age groups
with the presence of microsporidia in this study (Table 2).
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Table 2. Distribution of microsporidia according to gender, age and diarrhea

Considering the potential limitations of a single-method
approach, this study employed a dual-method design, assessing
the compatibility of these methods. As a result of analysis, the
sensitivity and specificity of MTS was calculated to be 51%
and 100%, respectively (Table 3). The Kappa test yielded a
compatibility score of 0.646 for the two methods employed in
this study. This result indicates that the compatibility between
the two methods is moderate.

DISCUSSION

The majority of research conducted on these microorganisms has
been carried out on immunocompromised people, as microsporidia
species are known to cause significant issues in those with these,
mentioned individuals. It is of great importance to determine
the prevalence of the pathogen in society and the environment
in order to ensure the protection of immunocompromised
individuals. It is our contention that an investigation of the
prevalence of microsporidia in society, conducted without regard
to disease group, will facilitate the implementation of appropriate
measures for the protection of individuals, especially those
with compromised immune systems from these pathogens.
Accordingly, samples provided and included in this research were
irrespective of any special circumstances.

As a result of microscopic and molecular examination, microsporidia
positivity rates were 6.25% and 12.25%, respectively in current
study. A review of other studies conducted in Tiirkiye reveals that
the positivity rates of microscopic examinations vary between
5 and 10%, while those of molecular methods range from 10 to
69%. Microsporodiosis rates are higher in immunocompromised
individuals, and the course of disease has also been reported to be
more serious. Moreover, the researchers provided an explanation
for the elevated positivity rates observed in molecular techniques,
citing the enhanced reliability of such techniques and the
characteristics of the patient cohort in question. A review of the
relevant studies reveals that microsporidia positivity in immune
sufficient people is close to our study (4,5,8-11). In contrast to

Groups Total Positive Percentage p-value
Women 204 26 12.7%
Gender 0.439
Men 196 23 11.7%
1-14 32 3 9.4%
15-24 50 5 10%
Age - 0.705
25-64 214 27 12.6%
65and over | 104 14 13.5%
Yes 16 1 6.25%
Diarrhea 0.885
No 384 48 12.5%
; ; the findings of previous studies conducted in our country, which
Table 3. Crosstab of molecular and microscopic results . i , L . . .
identified E. intestinalis as the primary infectious agent, our study
Groups Molecular observed E. bieneusi as the causative agent (4,5,10). This indicates
Positive | Negative | Total that the predominant microsporidia species may vary according to
n % |n % factors such as geographical location. An analysis of the prevalence
of microsporidiosis in the country demonstrates the presence of
Positive 25 |51 |0 0 6.3 h h in th lati . deed. in thei
Microscopic the pathogen in the population at a certain rate. Indeed, in their
Negative | 24 |49 |351 | 100 |93.7 meta-analysis of studies conducted within our country, Cetinkaya
Total 49 1100 | 351 | 100 | 100 and Caner (12) documented the mean frequency of microsporidia

as 13.4% in human subjects and 15.2% in other vertebrate hosts.
This review provides an adequate framework for the frequency
of microsporidia in our country and clearly demonstrates the
importance of increasing studies on this subject.

The prevalence of human microsporidiosis in European countries
is reported to vary between 1-25% (6,13,14). It is noteworthy
that the positivity rate is higher in HIV+ patients and organ
transplant recipients. The reported positivity rates are suggestive
of the prevalence and ubiquity of microsporidia species, which are
able to persist in the community without any clinical symptoms
in healthy individuals. A survey of European literature reveals the
presence of studies that identify E. bieneusi as the predominant
species, a finding consistent with the results of the present study.
However, other studies report a higher prevalence of E. intestinalis
(6,13). The prevalence of microsporidiosis in Asian countries is
approximately 10% (15-17). It can be posited that the reasons
for the low prevalence in some studies are the investigation of a
single pathogen species and utilization of PCR analysis exclusively
in samples that have been microscopically identified as positive
(18). The use of single species-specific primer in molecular-based
methods precludes the detection of other microsporidia species.
Nevertheless, if PCR were performed solely on microscopically
positive samples, the resulting prevalence figures would be lower
than the actual rates. In the present study, we used species-
specific primers and performed PCR on each sample, even if
microscopically negative, to try to eliminate these problems.
Following a comprehensive meta-analysis of 84 studies
investigating the presence of microsporidia in China, Qiu et al.
(19) reported that the positivity rate in living creatures (mammals
such as humans, cattle, dogs etc.) was 20%, and the rate in water
samples was 64.5%. The authors concluded that microsporidia
are present at a considerable level in Asian countries (19). Most
of the microsporidia prevalence studies conducted on the Africa
continent have been conducted in Central African countries and
the prevalence appears to vary between 3-67.5%. Furthermore,
observed increase in prevalence during rainy seasons is also one
of the issues that should be taken into consideration, because the
importance of socio-economic status in terms of microsporidiosis
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is more effective in African countries (20-23). A consideration of
the available literature reveals a decline in microsporidia rates
particularly in individuals with HIV positivity. There is a consensus
among researchers that the use of highly effective antiretroviral
therapy is one of the most significant factors contributing to
this condition (6,21). From a global perspective, as Wang et al.
(20) have noted, microsporidia have the potential to induce
health complications not only in individuals with compromised
immune systems (e.g., the elderly, children, and HIV patients)
but also in those residing in various regions worldwide. Indeed,
an analysis of the results of the present study, as well as those
previously conducted in the country, reveals that the frequency
of microsporidia in immunocompetent individuals is significant.
In one sample, microsporidia positive was found among 16
diarrheic individuals (6.3%) while 48 of 384 (12.5%) non-diarrheal
patients were positive. The results of the statistical analysis
conducted in the present study indicate that there is no statistically
significant difference in the prevalence of microsporidia between
individuals with or without diarrhea. The observed phenomenon
can be attributed to the limited number of individuals affected by
diarrhea. While there are studies showing that diarrhea, indigestion
and fatigue are associated with the presence of microsporidia,
some studies have reported that there is no relationship between
the presence of the pathogen and these complaints (11,24,25).
The defining characteristics of microsporidia as an opportunistic
pathogen is the ability of the parasite to cause infection and
manifest clinical symptoms in individuals with compromised
immune systems. Consequently, results of some studies focusing on
specific patient groups demonstrate that incidence of complaints is
risen in the presence of microsporidia species.

The present study revealed that prevalence of microsporidia in
women was 12.7% (26/204) while in men it was 11.7% (23/196).
It was observed that the rate of microsporidia was higher in
women in the Diizce province (12.7%) and in men (13.72%) in the
Bolu province. However, these differences were not statistically
significant. As evidenced by studies made worldwide, there is no
significant correlation between gender and presence of pathogen.
However, it has been observed that in some regions, the rates
are higher than one gender or the other, depending on the
environmental and working conditions (18,22,25).

It is established that the prevalence of microsporidia differs with
age intervals. Especially in childhood and old age, the rate of
infection rises because of the lack of personal hygiene and weak
immune status (26,27). Despite the absence of a statistically
significant difference between age groups in our study, a higher
prevalence of microsporidia positivity was observed in individuals
aged 65 and above (13.5%).

In many studies, including our own, there have been
discrepancies between the rates of microsporidiosis reported
by microscopic and molecular methods. This is due to the fact
that microsporidia are very small and are frequently overlooked
in microscopic examinations when experienced personnel are
not available. Furthermore, although fluorescent dyes such as
Uvitex 2B and Calcofluor, which bind to the chitin structure
in the cell, are employed, it is imperative to exercise caution to
avoid misidentifying fungal spores with microsporidia (2,28).
The results of our study demonstrated that the positivity of
microsporidia was 6.25% by microscopy and 12.25% by PCR. The
Kappa analysis yielded a moderate compatibility score (0.646)
between both methods. The specificity of MTS was calculated as

100%. The presented results show that the MTS method effectively
reduces the occurrence of false positive outcomes. However, it
should be noted that this method exhibits moderate sensitivity,
necessitating greater care during microscopic examinations to
prevent false-negative results.

It is obvious that the positivity rates reported by microscopy are
lower than those in molecular methods. While this is linked to
the enhanced sensitivity and reliability of molecular methods,
it is crucial to proceed with utmost caution in procedures such
as DNA isolation and primer selection. Even if the processes are
carried out correctly, incorrect results may be obtained from PCR
analysis. Indeed, as reported by Ghoyounchi et al. (18) reported
the microsporidia spores observed under a microscope could not
be detected by PCR. This may be attributed to the inappropriate
or thin staining in the microscopic examination or the existence
of inhibitor materials in the feces during DNA isolation.
Consequently, it is important to consider the limitations of the
methods when designing the study and, if feasible, employ at least
two methods to ensure accurate and reliable results.

Study Limitations

In the field of epidemiological studies, the power analysis is of
critical importance for the accurate estimation of the prevalence
of a pathogen or disease. In the present study, the sample size was
set at 400, due to the high costs of molecular methods, and no
power analysis was performed. This is considered a limitation of
the present study.

CONCLUSION

We believe that our findings contribute to our knowledge about
the prevalence of microsporidia in our country. However, it is
our contention that a greater understanding can be gained by
determining the prevalence of microsporidia in animals and the
environmental samples in addition to human specimens. Thus,
we posit that valuable insights can be gleaned regarding the
phylogenetics of microsporidia species and their transmission
routes through ITS genotyping. It is clear that further research
on microsporidia is required in our country, where studies on this
subject are scarce.
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ABSTRACT

Objective: Entamoeba histolytica is a major parasitic cause of acute gastroenteritis. In this study, hematological inflammatory
indices were assessed in adhesin-positive amoebiasis cases.

Methods: Adhesin test results and hemogram parameters were evaluated simultaneously in cases who were referred to Necmettin
Erbakan University Faculty of Medicine, Medical Parasitology laboratory with suspicion of amoebiasis and whose Entamoeba
histolytica specific adhesin enzyme-linked immunosorbent assay test was found to be positive between January 2022 and December
2023. In this study, the indices were calculated using haemogram parameters. Age- and sex-matched groups were formed, consisting
of cases with adhesin test-positive acute gastroenteritis (APAG) and those with adhesin test-negative acute gastroenteritis (ANAG).
In addition to common statistical analyses, the diagnostic performance of various hematologic inflammatory parameters in
predicting adhesin positivity was evaluated by receiver operating characteristic analysis.

Results: The results of 340 cases were analyzed, including 136 cases under the age of 18. Blood lymphocyte and monocyte levels
were significantly lower in the APAG group compared to the ANAG group (p=0.004 and p=0.048, respectively), while no significant
differences were observed in the remaining haemogram parameters. There was also no statistically significant difference in
C-reactive protein levels between the groups (p=0.061). Among the calculated indices, only the platelet-to-lymphocyte ratio (PLR)
showed a significant difference between groups (p=0.017). In the gender-based subgroup analysis of the APAG group, red blood
cell levels were found to be lower in female cases (p=0.026), while no significant differences were observed in the calculated indices.
Conclusion: This study evaluated the predictive performance of various hematologic inflammatory parameters in determining
adhesin test positivity. Although the PLR showed a statistically significant difference between groups, the positive and negative
predictive values of all evaluated parameters remained moderate. These findings suggest that the diagnostic utility of these
biomarkers is limited.

Keywords: Amoebiasis, adhesin test, SIRI, PLR, NLR

0z

Amag: Entamoeba histolytica, akut gastroenteritlerin 6nde gelen paraziter etkenlerinden biridir. Bu ¢aligmada, adezin pozitif
amoebiasis olgularinda hematolojik enflamatuvar indeksler degerlendirilmigtir.

Yéntemler: Ocak 2022-Aralik 2023 tarihleri arasinda Necmettin Erbakan Universitesi Tip Fakiiltesi, Tibbi Parazitoloji
laboratuvarina amibiyazis siiphesi ile génderilen ve Entamoeba histolytica spesifik adezin enzim bagl immiinosorbent analiz testi
pozitif bulunan hastalarda adezin test sonuglar1 ve hemogram parametreleri eg zamanl olarak degerlendirilmistir. Bu ¢calismada,
indeksler hemogram parametreleri kullanilarak hesaplanmigtir. Adezin testi pozitif akut gastroenterit (APAG) ve adezin testi negatif
akut gastroenterit (ANAG) hastalarindan olusan, yag ve cinsiyet agisindan eglestirilmis gruplar olugturulmusgtur. Genel istatistiksel
analizlere ek olarak, cesitli hematolojik enflamatuvar parametrelerin adezin pozitifligini éngérmedeki tamsal performans: ahc
isletim karakteristigi analizi ile degerlendirilmistir.

Bulgular: Calismada 136’s1 18 yag alt1 olmak iizere 340 hastanin sonucu incelenmistir. APAG grupta kan lenfosit ve monosit
diizeyleri ANAG gruba gére anlamh olarak (p=0,004, p=0,048, sirasiyla) dusitk bulunurken, kalan hemogram parametrelerinde
farkliliga rastlanmamugstir. C-reaktif protein diizeyinde de istatistiksel olarak fark tespit edilmemistir (p=0,061). Platelet lenfosit
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orani (PLR) indeksinde iki grup arasindaki fark anlamh bulunurken (p=0,017) diger indekslerde gruplar arasinda anlamh farklilik saptanmamistir. APAG
grubunun cinsiyete dayah alt grup analizinde, kirmizi kan hiicresi seviyeleri kadin hastalarda daha diigiik bulunurken (p=0,026), hesaplanan diger indekslerde

anlaml bir farklilik gézlenmemistir.

Sonug: Bu ¢alismada, ¢esitli hematolojik enflamatuvar parametrelerin adezin pozitifligini 6ngérme performanslar1 degerlendirilmistir. Her ne kadar PLR
indeksinde gruplar aras: fark saptansa da genel olarak tium parametrelerde pozitif ve negatif prediktif degerler orta diizeyde kalmaktadir. Bu sebeple, sz
konusu biyobelirteglerin tansal performansinin kisith oldugu sonucuna varilmgtir.

Anahtar Kelimeler: Amibiyazis, adezin test, SIRI, PLR, NLR

INTRODUCTION

Amebiasis is a communicable enteric parasitic infection caused
by Entamoeba histolytica (E. histolytica) (1). It is predicted that
approximately 50 million individuals worldwide, particularly in
developing countries, are affected by E. histolytica, with almost
100,000 of these resulting in death (1,2). The primary route of
transmission of E. histolytica is the ingestion of food or water
contaminated with amebic cysts (1). In developed countries, where
water- and food-borne transmission is rare, sexually transmitted
infections among men who have sex with men have also been
reported (3). Most E. histolytica infections are asymptomatic;
however, individuals on immunosuppressive therapy, pregnant
women, and infants are at higher risk of developing invasive
disease, which may include dysentery or extra-intestinal
manifestations such as amebic liver abscesses (1,3).
Asymptomatic patients typically show normal colonoscopic
findings and no history of bloody stools. Diagnostic microscopy,
including observation of erythrocyte-engulfed trophozoites, may
not always detect infection (4). Direct microscopy is often used
as the initial diagnostic step due to its low cost, practicality, and
accessibility. However, differentiation of pathogenic E. histolytica
from the non-pathogenic E. dispar is essential, as reliance on
microscopy alone can result in diagnostic errors (4,5). Modern
serological tests offer high sensitivity and specificity, allow
differentiation from non-pathogenic species, and can process
large numbers of samples rapidly, making them especially useful
during outbreaks (6).

Prompt diagnosis and treatment of E. histolytica are essential
to prevent complications and reduce mortality (7,8). Although
serological and molecular methods with higher sensitivity and
specificity are available, traditional fecal microscopy remains
the most commonly used diagnostic approach worldwide (9).
However, this method cannot reliably distinguish E. histolytica
from other non-pathogenic Entamoeba species, leading to false-
positive results and missed asymptomatic cases. Therefore,
practical and cost-effective supplementary diagnostic parameters
are needed (6-9).

Hemogram-derived indices, including mean platelet volume
(MPV), neutrophil-to-lymphocyte ratio (NLR), lymphocyte-
to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR),
systemic index (SII), and systemic
inflammation response index (SIRI), have emerged as accessible
and cost-effective markers of systemic inflammation (10-12).
These parameters have been increasingly studied in various
infectious and inflammatory conditions due to their ability to
reflect the balance between different immune cell populations
and platelet activity. Evidence on the utility of these indices in
parasitic infections is limited (13-15), though they could help
assess inflammation and severity in amoebiasis.

immune-inflammation

In E. histolytica infection, neutrophils constitute the first line of
defense, contributing to parasite clearance through phagocytosis,

degranulation, and the formation of neutrophil extracellular traps
(16). However, trophozoites can interact with 3, integrins on the
neutrophil surface, triggering a phosphatidylinositol 3-kinase
dependent pathway that leads to excessive reactive oxygen species
generation and subsequent neutrophil apoptosis. This mechanism
allows the parasite to effectively counteract neutrophil-mediated
killing,
Monocytes also play a central role in the early innate immune
response against E. histolytica, contributing to phagocytosis,
cytokine-mediated inflammation, and the recruitment of other
immune cells, while the parasite employs monocyte locomotion
inhibitory factor and additional mechanisms to suppress
monocyte activity and facilitate tissue colonization (17).

facilitating tissue invasion and immune evasion.

Despite the established role of neutrophils in amoebiasis (16,17),
no studies have directly evaluated NLR or related indices as
diagnostic or prognostic markers. Since excessive neutrophil
activation contributes to tissue injury and inflammation,
composite markers such as SII (plateletxneutrophil/lymphocyte)
and SIRI (neutrophilxmonocyte/lymphocyte) (11-14) may serve
as practical tools to estimate inflammatory burden and disease
severity in amoebiasis, especially in resource-limited settings.

In this planned study, the properties of haemogram-derived
indices asinflammatory markers in adult and paediatric cases with
adhesin test positive E. histolytica infection will be investigated.

METHODS

Population of Study and The Ethical Approval

This study was conducted with the approval of Necmettin
Erbakan University Drug and Non-Medical Device Research
Ethics Committee (decision no: 2025/5656, date: 21.03.2025).
In this study, the adhesin test results and hemogram parameters
[e.g., neutrophils (10%/pL), lymphocytes (10°/pL), monocytes
(10%/pL), platelets (10°/uL)] of the cases who were referred to
the Medical Parasitology Laboratory of Necmettin Erbakan
University Medical Faculty for testing between January 2022
and December 2023 with suspicion of amoebiasis were examined
simultaneously.

Between these dates, cases with acute gastroenteritis were
assigned to the adhesin test-positive acute gastroenteritis (APAG)
or adhesin test-negative acute gastroenteritis (ANAG) group
according to fecal adhesin antigen results. Cases with positive
adhesin test results were evaluated with age- and sex-matched
controls and compared with blood parameters. Fecal samples
from (range 0-86 years) 204 adult and 136 paediatric cases were
included in the study. The study design was retrospective, and
the necessary information was obtained from the hospital record
system.

E. histolytica was detected in fresh stool samples using the
commercial immunoassay Entamoeba CELISA Path (Cellabs Pty
Ltd., Australia), which has high sensitivity and specificity. Stool
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samples were analyzed strictly according to the manufacturer’s
instructions without any modifications. The kit’s performance
has been previously validated, showing sensitivities ranging
from 93% to 100% and specificities from 93% to 100% across
studies involving 44 to 757 fecal specimens, with comparisons
made against culture or Zymodeme methods. Results were
interpreted following the recommended cut-offs, and all assays
were performed under standardized laboratory conditions. This
test provides rapid detection of the adhesin of E. histolytica in
fecal samples. In spectrophotometric measurement, samples with
optical density,  >0.150 are considered “positive.” An automated
analyzer was used to detect hemogram parameters.

The indices were calculated using the following formulas (11-14):
NLR: Neutrophil count/lymphocyte count

LMR: Lymphocyte count/monocyte count
Monocyte-to-lymphocyte ratio (MLR): Monocyte count/lymphocyte
count

PLR: Platelet count/lymphocyte count

SIRI: Neutrophil countxmonocyte count/lymphocyte count

SII: Platelet countxneutrophil count)/lymphocyte count
MPVPCR: Mean platelet volume/platelet count ratio

Statistical Analysis

Tests were selected based on the normality of the numerical data
(assessed by the Shapiro-Wilk test) and whether the data were
paired. For numerical data, t-tests were used to compare two
independent groups if the data were normally distributed, and
ANOVA was used to compare more than two groups. In paired
data, repeated measures ANOVA was used. When data were not
normally distributed, the Wilcoxon rank test for two groups or
the Kruskal-Wallis test for more groups was used. For categorical
data, chi-square tests were used if the number of cell counts was
sufficient, and Fisher’s exact test was implemented for small
sample sizes. In all tests, p<0.05 is statistically significant was
considered statistically significant.

In this study, the diagnostic performances of various
haematological inflammatory parameters in predicting adhesin
positivity were evaluated by receiver operating characteristic
(ROQ) analysis. In ROC analysis, the diagnostic discriminative
power of a parameter is expressed by the “area under the curve
(AUC)” value. An AUC value close to 0.5 indicates that the
question test is indistinguishable from random guessing in terms
of discriminative power, while an AUC value close to 1.0 indicates
high discriminative power.

RESULTS

The study included 340 participants, 169 women (49.71%) and
171 men (50.29%). The mean age of those included in the study
was 29.83+24.83 years (range 0-86; median 26), 136 were <18
years, and 204 were 218 years. No significant difference was
found in terms of age and gender differences for amoebiasis
cases (p>0.999). A total of 340 cases were included in the study
and equally divided into two groups according to the adhesin
test results: adhesin-negative (ANAG, n=170) and adhesin-
positive (APAG, n=170). The comparison of hematological and
inflammatory parameters between the groups is presented
in Table 1. Although the C-reactive protein (CRP) level was
slightly higher in the APAG group compared to the ANAG

group, the difference was not statistically significant (p=0.061).
Lymphocyte counts (x10%/pL) were significantly higher in the
adhesin-negative group compared to the adhesin-positive group
(p=0.004). Monocyte counts (x10%/puL) were also significantly
higher in the adhesin-negative group (0.79+0.54) than in the
adhesin-positive group (0.69+0.39) (p=0.048). No statistically
significant differences were observed between the groups for
other hematological parameters, including white blood cell
(WBC), neutrophil, red blood cell (RBC), hematocrit, mean
corpuscular volume (MCV), red cell distribution width (RDW),
platelet, MPV, hemoglobin (Hb), and platelet distribution width
values (p>0.05 for all).

When the indexes in both groups are examined, PLR was found
to be significantly higher in the APAG group compared to those
with the ANAG group [Wilcoxon test (W)=12212, p=0.017].
Nevertheless, there was no statistically significant difference in
the LMR, MLR, MPVPCR, NLR, SII, and SIRI indexes obtained
from haemogram between APAG and ANAG groups (Table 2).

In the adhesin-negative group, there were 84 females (49.7%)
and 86 males (50.3%), while in the adhesin-positive group, there
were 85 females (50.3%) and 85 males (49.7%). Considering the
values of haemogram parameters among the amoebiasis cases,
only the RBC value was found to be significantly higher in male
sex than in female sex (W=2897, p=0.026). Similarly, there was
no significant difference in CRP values between male and female
cases with amoebiasis (p=0.849). There was no difference in the
values of haemogram derivative indexes; NLR (p=0.747), PLR
(p=0.855), MLR (p=0.286), LMR (p=0.176), MPVPCR (p=0.421),
SII (p=0.756), and SIRI (p=0.807) between male and female
amoebiasis cases.

Of 170 cases with positive adhesin test, 102 were 218 years
of age and 68 were <18 years of age. Significant differences
were observed between adult and paediatric amoebiasis cases
in neutrophil (p=0.029), lymphocyte (p=0.013), eosinophil
(p=0.031), MCV (<0.001), and MPV (p=0.04) values. Lymphocytes
were higher in patients under 18, while the other parameters were
higher in adults. Significant age-related differences were found
in all haemogram-derived indices. NLR (W=2253, p=0.000),
PLR (W=2841, p=0.046), MLR (W=2355.5, p=0.000), MPVPCR
(W=2630, p=0.008), SII (W=2447, p=0.001), and SIRI (W=2276,
p=0.000) were significantly higher in adults, while LMR was
higher in patients under 18 years (W=4376.5, p=0.001).
According to the findings of the analysis, PLR showed a
statistically significant difference with AUC=0.576 (p=0.016).
The 95% confidence interval of PLR is between 0.515-0.637,
and although it has statistical significance, the low AUC value
indicates that it is not a clinically powerful marker. When the
AUC values of other indexes were examined, AUC=0.551 for NLR
(p=0.103), AUC=0.530 for MLR (p=0.338), AUC=0.470 for LMR
(p=0.338), AUC=0.518 for MPVPCR (p=0.565), AUC=0.529 for
SII (p=0.354), and AUC=0.513 for SIRI (p=0.689). In all of these
parameters, AUC values did not show statistical significance and
were found to be very close to 0.5 (Table 3 and Figure 1).
Additionally, this study evaluated the predictive performance of
various haematological inflammatory parameters for adhesin
positivity by ROC analysis. The most appropriate cut-off points
for each parameter were determined by ROC analysis according to
Youden index and diagnostic accuracy measures were calculated.
In the results obtained with ROC analysis, SII has the highest
sensitivity with 50.6%, and LMR has the highest specificity with
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Table 1. Comparison of haemogram values according to adhesin test results

Overall ANAG APAG

(n=340) (n=170) (n=170) P
CRP 0.061
Mean 28.59+50.33 26.57+50.53 30.61+50.19
WBC 0.425
Mean 8.79+4.2 9.04+4.25 8.54+4.16
Neutrophils (10%/uL) 0.706
Mean 5.45+3.43 5.55+3.55 5.36+3.32
Neutrophils (%) 0.166
Mean 59.24+17.46 58.14+16.57 60.35+18.28
Lymphocytes (10°/uL) 0.004
Mean 2.4+1.74 2.58+1.73 2.23+1.73
Lymphocytes (%) 0.034
Mean 29.25+15.78 30.83+15.33 27.67+16.11
Monocytes (10°/ulL) 0.048
Mean 0.74+0.47 0.79+0.54 0.69+0.39
Monocytes (%) 0.312
Mean 9.28+7.94 9.88+9.65 8.68+5.7
Eosinophils (10%/uL) 0.514
Mean 0.18+0.4 0.16+0.17 0.21+0.53
Eosinophils (%) 0.722
Mean 2.09+3.22 1.92+2.15 2.26+4.01
Hb (g/dL) 0.325
Mean 12.35+2.33 12.47+2.33 12.22+2.33
RBC (10°/uL) 0.106
Mean 4.51+0.84 4.57+0.8 4.44+0.87
HCT (%) 0.067
Mean 37.96+8.14 38.79+9.04 37.13+7.06
MCV (fL) 0.911
Mean 84.31+8.94 84.09+8.85 84.54+9.05
RDW (%) 0.414
Mean 16.04+21.82 14.96+2.81 17.11+30.74
PLT (10%/uL) 0.164
Mean 306.82+133.76 320.17+141.45 293.55+124.65
MPV (10°/uL) 0.087
Mean 10.08+1.33 10.21+1.06 9.96+1.56
PDW (fL) 0.150
Mean 11.53+2.46 11.67+2.19 11.39+2.71
ANAG: Adhesin test-negative acute gastroenteritis, APAG: Adhesin test-positive acute gastroenteritis, CRP: C-reactive protein, WBC: White blood cell, Hb: Hemoglobin,
RBC: Red blood cell, HCT: Haemotocrit, MCV: Mean corpuscular volume, RDW: Red cell distribution width, PLT: Platelet, MPV: Mean platelet volume, PDW: Platelet
distribution width

95.3% among the other indexes. Positive and negative predictive
values were calculated at rates close to each other for all indexes
(Table 4).

DISCUSSION

E. histolytica is an important cause of morbidity and mortality,
especially in developing tropical regions with poor sanitation

(18). There is currently no effective vaccine for prevention. The
diagnosis of intestinal amoebiasis is based on clinical symptoms
and laboratory diagnosis. Traditional methods, immunological
tests, and molecular modalities are used in diagnosis. Microscopic
evaluation is the primary used method throughout the world
because it is relatively cheap, easy, and accessible. Another
commonly used method is the identification of E. histolytica
specific antigens by enzyme-linked immunosorbent assay (ELISA)
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Table 2. The comparison of haemogram-derived inflammatory indices according to adhesin test result

Overall ANAG APAG

(n=340) (n=170) (n=170) P
NLR 0.091
Mean 8.2+73.75 11.21+103.9 5.19+£9.91
PLR 0.017
Mean 211.59+415.96 156.45+101.86 266.41+574.16
MLR 0.394
Mean 0.51+1.08 0.39+0.32 0.64+1.48
LMR 0.338
Mean 3.78+2.82 3.85+£2.98 3.71+2.65
MPVPCR 0.578
Mean 0.04+0.04 0.04+0.05 0.04+0.03
SII 0.323
Mean 2611.33+26836.57 3807.11+37810.59 1415.56+3485.33
SIRI 0.764
Mean 5.06+34.55 6.13+47.78 3.99+10.49
ANAG: Adhesin test-negative acute gastroenteritis, APAG: Adhesin test-positive acute gastroenteritis, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, MPVPCR: Mean platelet volume/platelet count ratio, SII: Systemic
immune-inflammation index, SIRI: Systemic inflammation response index

Table 3. Area under the curve values calculated for haemogram-derived indices

Asymptotic 95%
Test result variable(s) Area Standard error P confidence interval
Lower bound Upper bound
NLR 0.551 0.031 0.103 0.490 0.613
PLR 0.576 0.031 0.016 0.515 0.637
MLR 0.530 0.032 0.338 0.468 0.592
LMR 0.470 0.032 0.338 0.408 0.532
MPVPCR 0.518 0.032 0.565 0.456 0.580
SII 0.529 0.031 0.354 0.468 0.591
SIRI 0.513 0.032 0.689 0.451 0.574
NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, MPVPCR: Mean
platelet volume/platelet count ratio, SII: Systemic immune-inflammation index, SIRI: Systemic inflammation response index

tests. The advantage of these tests is that they are largely capable
of distinguishing between E. histolytica and non-pathogenic E.
dispar. In addition, the sensitivity of ELISA tests is 80-94% and
specificity ranges from 94-100%, which means that perform
better than microscopic and culture methods (19-20). Although
the sensitivity of molecular and serological diagnostic methods
for the determination of intestinal amoebiasis is quite high,
microscopic examination is widely used especially in developing
countries. Haemogram parameters may be useful in diagnosing
symptomatic cases of amoebiasis wherever access to advanced
laboratory facilities is limited (19).

Platelet size has been shown to represent platelet function. It
appears to be a beneficial predictive and prognostic biomarker in
cardiovascular disorders, rheumatological diseases and cancers.
Evidence from the literature demonstrates that MPV can reveal
valuable data on the outcome and prognosis of various pathological
disorders, for instance cardiovascular illnesses, respiratory
disorders, rheumatological diseases and malignancies (21). In

preliminary studies, MPV was evaluated as a positive acute phase
reactant, whereas in some studies it was reported as a negative
acute phase reactant. Turhan et al. (22) detected much higher MPV
levels in the inactive hepatitis B group compared to the controls.
In one former investigation, it was observed that while platelet
count decreased in the first three days of infection, MPV value
increased significantly in patients with sepsis caused by Gram-
positive bacteria (23). On the contrary, Mete et al. (24) reported
that MPV value was significantly lower in children with rotavirus
gastroenteritis compared to the control group. In another study,
increased platelet counts and lower MPV levels were determined
in patients with amoebiasis compared to the control group (25).
In a current study conducted in Turkiye, with adult amoebiasis
cases, MPV level was detected to be lower than the control, but the
difference found statistically insignificant (26). In our study, similar
to the previous study, mean MPV levels were found decreased in
the APAG group compared to the ANAG group, but this difference
was not statistically significant (p=0.087). This result suggests
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that low MPV level may be associated with increased platelet
activation in cases with amoebiasis, but it is not possible to reach
a definite conclusion due to the small sample size in order to reach
statistically significant results. Similar to the data of Tatliparmak
et al. (26), no significant difference was found between APAGs and
ANAG group in terms of CRP value and WBC count in our study.
Furthermore, in our study, blood monocyte, and lymphocyte levels
among haemogram parameters were found to be statistically lower
in the APAG group. These findings could suggest that host innate
and adaptive immune system cells play important roles together
in the elimination of E. histoloytica trophozoites. Macrophages,
well known as the tissue form of monocyte cells in the blood,
are actively involved in host defense in intestinal amoebiasis.
Macrophages activated with interferon-gamma released by
lymphocytes, show amoebicidal activity with the nitric oxide that
they produce (27). It is thought that macrophages are localized in
the intestinal tissue and therefore blood monocyte levels are low
in our cases with intestinal amoebiasis.

ROC Curve
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Figure 1. Predictive values of some complete blood count
parameters and hemogram-derived markers for amoebiasis

ROC: Receiver operating characteristic, NLR: Neutrophil-to-
lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR:
Monocyte-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte
ratio, MPVPCR: Mean platelet volume/platelet count ratio,
SII: Systemic immune-inflammation index, SIRI: Systemic
inflammation response index

The difference in RBC values between male and female patients
is most likely due to physiological and hormonal factors rather
than amoebiasis. Males generally have higher erythrocyte and
Hb levels because androgens stimulate erythropoiesis, while
menstrual blood loss plays only a minor role (28,29). Therefore,
the sex-based variation in RBC values observed in this study is
considered a normal physiological finding rather than a disease-
related alteration.

In accordance with the recent literature findings, the levels of
indices such as SII, SIRI, PLR and NLR, which are calculated from
hemogram parameters, has shown an elevated level in bacterial
infections (12,23,30). In one recent study, NLR was reported
as a potential biomarker for disease severity and mortality
in COVID-19 patients (31). In a former study including viral,
bacterial and parasitic gastroenteritis cases, the lowest NLR
value was found in the viral group, while the difference in level
of the NLR between the groups was not significant (32). A recent
study in children with rotavirus gastroenteritis reported that
higher values of NLR and PLR were related to hospitalization
severe clinical course and enhanced inflammation (33). Studies
in parasitic infections have demonstrated the clinical relevance
of hemogram-derived indices. In children with malaria, NLR and
MLR were significantly higher in complicated cases compared
to uncomplicated (p=0.023) and healthy groups (p<0.001), and
both indices correlated positively with parasite density (r=0.623,
p=0.022) (13).

Similarly, another study (34) showed that malaria patients had
higher systemic inflammatory biomarkers (NLR, MLR, PLR) than
healthy individuals, with NLR exhibiting excellent diagnostic
accuracy (AUC=0.937; sensitivity 86.7%, specificity 92.0%),
highlighting its potential as a simple and cost-effective marker of
inflammation and disease severity in parasitic infections.
Additionally, platelet parameters such as platelet count and
plateletcrit (PCT) were significantly altered, with platelet count and
PCT together serving as highly sensitive and specific markers for
malaria diagnosis (99.0% and 95.0%, respectively), underscoring the
utility of hemogram and platelet indices as cost-effective indicators of
disease severity inendemicareas (35). In patients with schistosomiasis
mansoni, splenomegaly was found to be directly associated with
hematological alterations, including thrombocytopenia, leukopenia,
and anemia, indicating the diagnostic and prognostic value of blood
indices in parasitic diseases (36).

Ithasbeenreported that cases with hepatic alveolar echinococcosis
with low preoperative NLR and PLR values have a superior 5-year
survival in compared to cases with high values. In these cases, the
lower SII values have been associated with a better prognosis (37).

Table 4. Sensitivity, specificity, PPV and NPV values of diagnostic parameters according to ROC analysis results

Parametre Cut-off Sensitivite Spesifite PPV NPV
NLR 5.019 0.247 0.876 0.667 0.538
PLR 164.796 0.471 0.716 0.625 0.573
MLR 0.506 0.259 0.824 0.595 0.526
LMR 7.581 0.089 0.953 0.652 0.513
MPVPCR 0.034 0.5 0.559 0.531 0.528
SII 696.576 0.506 0.582 0.548 0.541
SIRI 2.002 0.371 0.682 0.538 0.52
PPV: Positive predictive value, NPV: Negative predictive value, ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, MPVPCR: Mean platelet volume/platelet count ratio, SII: Systemic
immune-inflammation index, SIRI: Systemic inflammation response index
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In previous research, NLR, MLR, PLR, and SII rates were observed
to be positively correlated with malaria parasitaemia (38). In a
retrospective study investigating Enterobius vermicularis-associated
appendicitis in comparison to acute appendicitis, no statistically
significant differences were identified in commonly used
inflammatory markers, including CRP, WBC, RDW, lymphocyte,
and neutrophil counts, NLR, monocyte and eosinophil counts,
platelet, and PLR (p>0.05). However, the SII was found to be
significantly lower in pediatric patients with Enterobius-associated
appendicitis. Histopathological examination further revealed that
most of these patients exhibited no evidence of inflammation in
their biopsy specimens (39). Hematological indices such as NLR
and PLR, previously shown to correlate with disease severity in
malaria, also hold potential as accessible markers in amebiasis.
In malaria, elevated NLR and MLR were associated with higher
parasite densities and complicated cases, demonstrating their
utility in early risk stratification and monitoring therapeutic
response (13).

Similarly, in amebiasis, these ratios may reflect systemic
inflammation and immune-mediated alterations, providing
adjunctive information beyond conventional diagnostic methods.
However, their clinical applicabilityislimited. Despite PLR reaching
statistical significance in our study (AUC=0.576, p=0.016), the
overall low AUC values of PLR and other hematological indices
(NLR, MLR, LMR, MPV/PC, SII, SIRI) highlight their limited
clinical relevance, indicating that these parameters may assist
in evaluating E. histolytica infections but are insufficient as
independent diagnostic tools. Factors such as variable cut-off
values, demographic differences, comorbid conditions, nutritional
status and methodological inconsistencies further restrict their
standalone use (40). Therefore, while NLR and PLR can serve
as supportive markers, they should complement, rather than
replace, standard diagnostic approaches, and further research is
needed to validate their routine application in parasitic infections
like amebiasis.

To our knowledge, there are no previous studies directly
comparing age-related differences in immune or inflammatory
responses in amoebiasis. However, the observed differences in
haemogram-derived indices between paediatric and adult cases
in our study may reflect the maturation and functional shifts of
the immune system that occur with age. Higher NLR, PLR, MLR,
SII, and SIRI values in adults suggest a more pronounced innate
and proinflammatory response, whereas higher LMR values in
younger patients may indicate a relatively stronger adaptive
lymphocyte-mediated activity. These findings may therefore
represent age-dependent variations in the host’s immune
response to E. histolytica infection.

Numerous studies are available for the prognostic use of
indices derived from haemogram parameters in a wide range
of conditions, including bacterial infections, sepsis, cancer, and
autoimmune diseases (11,12,23,30,31). Nevertheless, there are
limited number of analyses investigating these parameters in
parasitic infections (13-15). To the best of our knowledge, this is
the first study evaluating the biomarker potential of NLR, PLR,
MLR, LMR SII, SIRI indices in the differentiation of cases with
amoebiasis from healthy controls. In the present study, PLR was
observed to be significantly elevated in the APAG group, aligning
with the findings of Idemudia et al. (38), who demonstrated a
positive correlation between PLR and malaria parasitemia. The
lack of significant differences in parameters such as NLR, SII,

SIRI, MLR, and LMR may be attributed to the fact that intestinal
amebiasis typically presents as a localized disease, without
inducing a marked systemic inflammatory response.

Study Limitations

The study’s insights should be interpreted within the context
of several inherent limitations, including its retrospective
design, limited sample size, and the insufficient data regarding
extraintestinal involvement in amoebiasis cases. Furthermore,
the lack of standardized cut-off values for inflammatory indices,
the single-center nature of the study, and the absence of testing
for other viral or bacterial gastroenteritis pathogens may have
influenced the results. A further limitation is that observed
differences in RBC, neutrophil, lymphocyte, eosinophil, MCV, and
MPV across sex and age groups likely reflect normal physiological
variation rather than amoebiasis-related changes. Changes in
NLR, PLR, SIRI and SII are not specific to E. histolytica infection
and may be influenced by other conditions. Therefore, relying
solely on these biomarkers could lead to misclassification of
patients, especially in cases with other enteric infections or
inflammatory diseases.

Nevertheless, the key strength of this study is that, to the best
of our knowledge, it is the first to investigate contemporary
hemogram-derived indices, such as the SIRI and the SII, in the
context of diagnosing a pathogen as prevalent as E. histolytica.
This study can contribute a valuable foundation for future
research in the field.

CONCLUSION

In conclusion, while only monocyte, lymphocyte, and PLR levels
were found to be statistically significant among the hematological
inflammatory parameters evaluated in the study, these
biomarkers alone do not demonstrate sufficient sensitivity and
specificity in predicting adhesin positivity. Therefore, to increase
the prediction accuracy, comprehensive studies are needed in
larger patient groups, where clinical findings are standardized
and other causes of gastroenteritis are excluded.
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ABSTRACT

Objective: Many studies have been conducted to determine the distribution map of cystic echinococcosis (CE) in our country.
However, there is no data from Usak province in the literature. One of the aims of our study is to present the first hospital data on
CE disease from Usak province. Clinical findings, radiologic, and serologic methods are used in the diagnosis. Many studies have
been conducted on the role of these identification methods in the diagnosis of CE. Another aim of our study was to evaluate the
contribution of indirect hemagglutination (IHA) method and radiologic imaging results to the diagnosis of CE.

Methods: In our study, IHA results of 320 patient serum sent to our laboratory with suspected CE were obtained through
the hospital information management system. Demographic data such as age, gender and imaging reports such as computed
tomography, magnetic resonance imaging and ultrasonography were accessed from the hospital information system. Statistical
analysis of the data obtained was evaluated using SPSS 25 package program.

Results: Hospital data from Usak province were presented for the first time and the prevalence was calculated as 19.37%. Unlike
previous studies, IHA positivity was statistically higher (p<0.001) in the 21-40 age range compared to other age groups in our
study. In the diagnosis of CE, the IHA test was found to be inadequate in early [World Health Organization (WHO) type 1] and late
stage (WHO type 4-5) cases, while this correlation was better in active lesions.

Conclusion: We think that it would be useful to recommend titer follow-up instead of reporting patients with IHA results of 1/80
and 1/160 as negative and that the use of serologic methods as a supportive tool for radiologic imaging methods in the diagnosis
of CE will contribute to accurate diagnosis and treatment follow-up.
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Amag: Kistik ekinokokkoz (KE) hastahiginin tilkemizdeki dagilim haritasimin tespit edilmesi i¢in pek ¢ok caligma yapilmistir.
Ancak literatiirde Usak iline ait bir veri bulunmamaktadir. Calismamizin amaglarindan birisi KE hastaligina dair Usak ilinden ilk
hastane verilerini sunmaktir. Tanida klinik bulgulardan, radyolojik, ve serolojik yontemlerden faydalanmilmaktadir. Bu tanimlama
yontemlerinin KE tamsindaki yerine dair pek ¢ok ¢alisma yapilmigtir. Calismamizin bir diger amaca ise KE tamisinda kullamilan
indirekt hemagliitinasyon yéntemi (IHA) ile radyolojik gériintiileme sonuglarmin tantya katkisin degerlendirmektir.
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Yontemler: Calismamizda KE siiphesi ile laboratuvarimiza gonderilen 320 hasta serumunun [HA sonuglar hastane bilgi yénetim sistemi tizerinden
alinmigtir. Hastalarin yas, cinsiyet gibi demografik verilerine ve bilgisayarli tomografi, manyetik rezonans gérintilleme, ultrasonografi gibi gériintileme
raporlarina hastane bilgi yonetim sisteminden ulagilmigtir. Elde edilen verilen istatistiksel analizi SPSS 25 paket programi kullanilarak degerlendirilmistir.

Bulgular: Usak ilinden ilk kez hastane verileri sunulmus olup prevalans1 %19,37 olarak hesaplanmistir. Onceki caligmalardan farkli olarak 21-40 yas
arahginda THA pozitifliginin calismamizdaki diger yas gruplarina gére istatistiksel olarak daha fazla oldugu (p<0,001) gérilmustir. KE tanisinda THA
testinin erken [Diinya Saglik Orgiiti (WHO) tip 1] ve ge¢ evre (WHO tip 4-5) olgularda yetersiz oldugu, aktif lezyonlarda ise bu korelasyonun daha iyi oldugu

tespit edilmigtir.

Sonug: THA sonucu 1/80 ve 1/160 sonuclanan hastalar1 negatif raporlamak yerine titre takibinin énerilmesinin faydali olacagini ve KE tanisinda serolojik
yontemlerin radyolojik gértntiileme yontemlerini destekleyici olarak kullanilmasinin dogru tani ve tedavi takibine katki saglayacagini diigiinmekteyiz.

Anahtar Kelimeler: Ekinokokkoz, indirekt hemagliitinasyon, ultrasonografi

INTRODUCTION

Echinococcosis is classified by the World Health Organization
(WHO) as one of the 17 neglected tropical diseases. It is a
zoonotic infection resulting from the larval stages of cestode
species belonging to the genus Echinococcus (1). The life cycle of
Echinococcus species involves two mammalian hosts: a carnivorous
definitive host (typically a dog) and a herbivorous intermediate
host (often a sheep) (2,3). Humans can act as accidental
intermediate hosts by ingesting eggs present in dog feces through
inadequately washed fruits and vegetables, or by contaminating
their hands through contact with contaminated soil or dogs (3,4).
In such cases, depending on the species, one of three clinical
forms may arise: the cystic form from Echinococcus granulosus
(E. granulosu) sensu lato, the alveolar form from Echinococcus
multilocularis, and the polycystic form from Echinococcus vogeli (2).
The most common form of echinococcosis is the cystic form,
which can be found worldwide except in a few islands. In endemic
regions, its incidence can reach as high as 200 cases per 100,000
individuals (5). In mitochondrial DNA sequencing studies, ten
genotypes of E. granulosus have been identified, with genotype
G1 being the most common cause of cystic echinococcosis (CE) in
humans and the most widespread type globally (6). The dominant
G1 genotype is frequently observed in regions where sheep
farming is prevalent, particularly in countries such as western
China, Kazakhstan, Kenya, Tunisia, Morocco, and Argentina (5,6).
Recent epidemiological studies have reported that our country
is highly endemic for E. granulosus sensu lato (5). In a study
conducted under the HERACLES project, which investigated the
prevalence of CE in Bulgaria, Romania, and Tiirkiye, abdominal
ultrasound (US) screenings were performed on 8,618 volunteers
from our country, with 53 individuals (0.59%) found to be positive
for abdominal CE (7). Although CE has been a notifiable disease
in our country since 2005, the reported case numbers have been
significantly lower than expected. Consequently, a revision was
made in 2015, and as a result of compiling epidemiological studies
conducted between 2009 and 2019, the incidence rate of the
disease increased to 8.70 per 100,000 individuals (8).

CE often presents asymptomatically or with non-specific
symptoms, leading to most diagnoses being made incidentally
during imaging studies. The liver is the most commonly affected
organ, making right upper quadrant pain and hepatomegaly the
most frequent symptoms (9). The primary diagnostic method for
CE is US, which is used for screening in endemic regions, staging,
interventional treatments, and follow-up (4,9). Serological
methods are frequently used to support the diagnosis. Among
these methods, the indirect hemagglutination (IHA) test is often
preferred due to its ease of application, low cost, and simplicity in
evaluation (4).

In our study, the results of the IHA test for patient sera sent to the
Medical Microbiology Laboratory of Usak Training and Research
Hospital with suspected CE were evaluated retrospectively. The
demographic data of the patients, such as age and gender, along
with reports from US, computed tomography (CT), and magnetic
resonance imaging (MRI), were analyzed to investigate the
effectiveness of the IHA test in diagnosis and to compile the first
hospital data on CE cases observed in Usak province.

METHODS

Data Collection

The results of the IHA test for patient sera sent to our laboratory
with suspected CE between September 2021 and August 2023
were evaluated retrospectively. For duplicate cases, only the first
sample was included in the study. Demographic data such as age
and gender, as well as reports from US, CT, and MRI, were obtained
using the hospital information management system (HIMS).

IHA Test

Anti-E. granulosus antibodies were investigated using a commercial
IHA test kit (ELITech Microbio, France) in patient serum samples.
The test was conducted using U-bottom microplates with serum
dilutions of 1/80, 1/160, 1/320, and 1/640. The absence of
sediment or the presence of irregular sediment resembling lace
in the antigen-coated red blood cell suspension was considered
positive, while a point-like sediment at the center of the wells
was deemed negative. In accordance with the manufacturer’s
recommendations, titers of 1:320 and above were reported as
positive. A titer of 1:160 was considered suspicious, and it was
recommended that samples be repeated 2-3 weeks later. Titers of
1/80 and below were interpreted as negative.

Radiological Evaluation

The most recent US, CT, and MRI examinations of the patients
conducted prior to the IHA test requests were reviewed through
the HIMS. The US reports were evaluated, while the CT and
MRI examinations were assessed through the hospital’s picture
archiving and communication system using multiplanar analysis
in axial, coronal, and sagittal planes. The imaging findings were
evaluated retrospectively by the same radiologist. Patients with
findings suggestive of CE in the liver were radiologically classified
according to the WHO Informal Working Group on Echinococcosis
classification (10). According to this classification: type 1 includes
unilocular anechoic cysts, cysts containing echogenicities within
the hydatid material, or cysts exhibiting a double contour on the
wall; type 2 comprises complex cysts with multiple septa that
display a rosette or honeycomb appearance; type 3 encompasses
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cysts with membrane disintegration (lily pad appearance) and
lesions containing daughter vesicles within a solid matrix; type
4 refers to solid, heterogeneous lesions that are hypoechoic or
hyperechoic, resembling a wool ball; and type 5 includes solid
lesions characterized by wall calcifications, all evaluated as
indicative of hydatid cyst lesions.

Statistical Analysis

Statistical analyses of the data obtained in this study were
conducted using SPSS version 25 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were employed to determine the percentage
distributions of the data, and frequency tables were generated
accordingly. The chi-square test was used to evaluate the
statistical significance of the associations between two variables.
A significance level of p<0.05 was established for all analyses.

Ethical Authorisation

Our study was approved by the decision of Usak University
Faculty of Medicine Non-Interventional Clinical Research Ethics
Committee (decision no: 320-320-19, date: 15.02.2024), and the
Helsinki Declaration criteria were taken into consideration.

RESULTS

Among the 320 patients tested for suspected CE, 174 (54%) were
female and 146 (46%) were male. [HA test was positive in 62
patients, resulting in a seroprevalence rate of 62/320 (19.37%).
The seroprevalence rate among female patients was 38/174
(21.84%), while it was 24/146 (16.44%) among male patients.

When analyzed by age distribution, the highest seroprevalence
was observed in the age group of 21-40 years (26/320, 8.13%).
This age group also exhibited the highest prevalence when
assessed separately by gender. The distribution of patients tested
with the IHA test by age and gender is shown in Table 1.

When the radiological imaging studies of the patients for whom
IHA test was requested were evaluated, the imaging studies of 30
patients, most of whom had negative IHA results, could not be
reached. Upon reviewing the available radiological imaging, the
rate of finding suggestive of CE in cases with negative IHA results
was 55/258 (21.3%), whereas this rate was 56/62 (90.3%) in cases
with positive [HA results. According to radiological imaging data
in this patient population, seropositivity was 111/320 (34.6%).
The detailed evaluation of radiological imaging reports according
to the IHA results of the patients in whom IHA test was performed
is shown in Table 2.

When the organ distribution in the images was analysed; cystic
lesion in the liver was observed in 154 patients alone and in 28
patients with an additional organ. The images of 106/182 (58.2%)
of these patients were evaluated in suggestive of CE. IHA was
positive in 54/106 (51%) of these patients with a titre of 1/320
and above. While the rate of evaluation of radiological imaging
of patients with 0-1/40 dilutions in suggestive of CE was quite
low, this rate was higher at dilutions of 1/80 and above. The organ
localisations in which cystic lesions were seen on radiological
imaging according to the results of the IHA test are shown in
detail in Table 3. The WHO classification of the lesions in the liver
in which CE was considered was made according to the scoring
and shown in Table 4.

Table 1. Distribution of samples tested by indirect haemagglutination by age and gender; n (%)

Age group Gender | 0-1/40 1/80 1/160 Al q 1/320 1/640 Al - T
negatives positives
. 15 2 1 18 2 1 3 21
(8.62) (114) | (057) | (10.34) (1.14) 0.57) 1.72) (12.07)
020 " 20 1 0 21 1 2 3 24
(13.69) 068 | () (14.38) (0.68) (1.36) (2.05) (16.44)
T 35 3 1 39 3 3 6 45
(10.93) 093 | (031) | (1218) (0.93) 0.93) (1.87) (14.06)
. 16 4 2 22 4 12 16 38
(9.19) 229 | (114 | (12.64) (2.29) ©®.9) ©.2) (21.84)
16 2 3 21 2 8 10 31
21-40 M (10.95) (136) | (205 | (1438) (1.36) (5.48) (6.85) (21.23)
T 32 6 5 43 6 20 26 69
(10) (1.87) | (156) | (13.43) (1.87) (6.25) 8.13) (21.56)
; 45 6 5 56 4 9 13 69
(25.86) 344 | 287) | (3218) (2.29) (5.17) (7.47) (39.66)
33 0 3 36 0 6 6 42
41-60 M (22.6) ) 205) | (24.65) ©) (4.11) 411) (28.77)
T 78 6 8 92 4 15 19 111
(24.37) 1.87) | (@25) (28.75) (1.25) (4.69) (5.94) (34.69)
. 33 2 3 38 0 6 6 44
(18.96) 114 | 172) | (21.83) ©) (3.45) (3.45) (25.29)
37 1 2 40 1 4 5 45
61-80 M (25.34) ©068) | (136) | (27.4) (0.68) 2.73) (3.42) (30.82)
T 70 3 5 78 1 10 1 89
(21.87) 093 | (156) | (24.37) (0.31) (3.13) (3.44) (27.81)
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Table 1. Continued

Age group Gender | 0-1/40 1/80 1/160 Al q 1/320 1/640 All - T
negatives positives
. 2 0 0 2 0 0 0 2
(1.14) 0) ) 1.14) (0) ) 0) (1.19)
3 0 1 4 0 0 0 4
>80 M (2.05) ©) 068 | (@74) ©) ©) ©) (2.79)
T 5 0 1 6 0 0 0 6
(1.56) 0) (0.31) (1.87) (0) ) (0) (1.88)
0 111 14 11 136 10 28 38 174
(63.79) (8.04) (6.32) (78.16) (5.74) (16.1) (21.84) (100)
Al M 109 4 9 122 4 20 24 146
ages (74.65) (2.73) (6.16) (83.56) (2.73) (13.7) (16.44) (100)
T 220 18 20 258 14 48 62 320
(68.75) (5.62) (6.25) | (80.65) (4.37) (15) (19.37) (100)
F: Female, M: Male, T: Total

Table 2. Evalution of radiological imaging results of samples tested by indirect haemagglutination; n (%)

les with i

IHA results :::lliltl:l:;ivcvail: o f::l'ilzll:;iv:;;h Presence of a cyst (+) Finding suggestive | Total number of

ity e of CE (+) samples (n)
0-1/40 24 (10.9) 196 (89.1) 143 (65) 29 (13.1) 220 (100)
1/80 3(16.7) 15 (83.3) 13(72.2) 13(72.2) 18 (100)
1/160 2 (10) 18 (90) 14 (70) 13 (65) 20 (100)
All negatives 29 (11.2) 229 (88.8) 170 (65.9) 55 (21.3) 258 (100)
1/320 1(7.1) 13(92.9) 13 (92.9) 13(92.9) 14 (100)
1/640 0 (0) 48 (100) 46 (95.8) 43 (89.5) 48 (100)
All positives 1(1.6) 61 (98.4) 59 (95.2) 56 (90.3) 62 (100)
Total 30 (9.4) 290 (90.6) 229 (71.6) 111 (34.6) 320 (100)

THA: Indirect hemagglutination, CE: Cystic echinococcosis

Table 3. Distribution of organs with cystic lesions in the radiological imaging of IHA-tested specimens with cystic lesions/suggestive

of CE

Organ localisation of the lesion 0-1/40 1/80 1/160 1/320 1/640 Total
Liver 84/26 12/12 11/11 11/11 36/36 154/96
Lung 1/0 0 0 0 2/1 3/1
Spleen 7/0 0 0 0 1/1 8/1
Kidney 27/0 0 1/0 0 2/0 30/0
Surrenal gland 1/0 0 0 0 1/0
Mediastinum 2/1 0 0 0 2/1
Over 1/0 0 0 0 1/0
Retroperitoneum 2/1 0 0 0 2/1
Liver and lung 1/1 0 0 1/1 2/2 4/4
Liver and retroperitoneum 0 0 0 0 1/1 1/1
Liver and kidney 13/0 0 1/1 0 0 14/1
Liver and spleen 1/0 0 1/1 0 0 2/0
Liver and paracolic area 0 1/1 0 0 0 1/1
Liver and adrenal gland 1/0 0 0 0 0 1/0
Liver and pancreas 1/0 0 0 0 0 1/0
Liver, spleen, intraabdominal 0 0 0 1/1 1/1 2/2
Liver, lung, kidney 1/0 0 0 0 0 1/0
Liver, kidney, subcutaneous fat tissue 0 0 0 0 1/1 1/1
Total 143/29 13/13 14/13 13/13 46/43 229/111

THA: Indirect hemagglutination, CE: Cystic echinococcosis
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Table 4. WHO classifications of lesions with cysts in the liver on radiological imaging and IHA results

CE (-) WHO 1 WHO 2 WHO 3 WHO 4 WHO 5 Total

n % n % n % n % n % n % n %
0-1/40 75 100 3 14.3 5 15.2 0 0 11 61.1 8 36.4 102 56.1
1/80 0 0 4 19 3 9 2 154 1 5.6 3 13.6 13 7.1
1/160 0 0 3 14.3 5 15.2 3 23.1 0 0 2 9.1 13 7.1
All negatives 75 100 10 47.6 13 394 5 38.5 12 66.7 13 59.1 128 70.3
1/320 0 0 2 9.5 3 9 1 7.7 3 16.7 4 18.2 13 7.1
1/640 0 0 9 42.9 17 51.6 7 53.8 3 16.7 5 22.7 41 22.6
All positives 0 0 11 52.4 20 60.6 8 61.5 6 33.3 9 40.9 54 29.7
Total 75 100 21 100 33 100 13 100 18 100 22 100 182 100
IHA: Indirect hemagglutination, CE: Cystic echinococcosis, WHO: World Health Organization

DISCUSSION

CE is widely distributed disease, with endemic areas on every
continent. It is particularly common in Mediterranean countries,
specific regions of Russia, Western China, Central Asia, Australia,
South America, and many temperate climate zones (6). Although
the mortality rate from CE is relatively low (0.2 per 100,000
individuals), the disease contributes substantially to morbidity
and results in significant workforce productivity losses. Despite
its preventable nature, CE remains underreported and often
overlooked. For this reason, the WHO has classified it as a
neglected tropical disease, with a goal of control or eradication by
2030. Nevertheless, with an estimated 2-3 million cases occurring
annually worldwide, achieving this goal remains a considerable
challenge (3).

Ultrasonography is the primary diagnostic method for CE,
also serving an essential role in disease staging, interventional
treatments, and follow-up. Serological methods are frequently
used to support the diagnosis, with the IHA being a preferred
option due to its ease of use, low cost, and straightforward
evaluation process (4,9). In cases suspected of CE, the [HA test is
commonly applied in our country as an auxiliary diagnostic tool.
Studies conducted on patients with a preliminary diagnosis of CE
reporta seropositivity rate of 10-20% (4,11-14). For example, inan
8-year study from Adiyaman covering January 2013 to December
2020, 244 out of 1,607 patients (15.18%) tested positive for CE
using the IHA method (11). Similarly, 9.5% of patients tested at
Erzurum Regional Training and Research Hospital between 2009
and 2013 were IHA positive for CE (12). Another study in Bolu,
conducted between 2013 and 2018, found a 10.6% seropositivity
rate among 644 patients whose serum samples were sent for CE
testing (13). In Balikesir, a retrospective study of IHA data from
2011 to 2013 reported a seropositivity rate of 19.8% (14). Our
study yielded comparable seropositivity rates, with 62 of 320
patients (19.37%) testing positive at a titer of 1/320 or above by
IHA during the two-year period from September 2021 to August
2023.

Many studies have found that the seropositivity rate in the IHA is
higher in women compared to men (11-13). An exception to this
trend was observed in a study conducted in {zmir, which analyzed
two years of data and reported a higher seropositivity rate in men
(4). However, considering that the study period coincided with
the coronavirus disease-2019 (COVID-19) pandemic, a new study
incorporating data from a broader timeframe found that between

2017 and 2020, seropositivity rates in female patients were
indeed higher than in male patients. Additionally, a statistically
significant decrease in IHA positivity rates during the pandemic
was reported (15). In our study, the seropositivity rate was higher
in female patients (21.84%) compared to male patients (16.44%).
However, no significant difference was observed between the
sexes regarding IHA test positivity (r=1.482, p=0.223).

In the study conducted by Topluoglu (16) which presented the
case data of CE reported to the Ministry of Health, the incidence
rate exceeded 1.60 per 100,000 in 19 provinces. The top three
provinces in this ranking were Van, Agri, and Igdir. A regional
analysis of the reported data showed that eight provinces were
located in the Eastern Anatolia Region and six in the Central
Anatolia Region. Reviews of studies calculating CE frequency based
on [HA test results indicated that the findings were independent
of geographical regions. For example, Yilmaz et al. (12) identified
a seropositivity rate of 9.5% (191/2009) in Erzurum, while Baga
et al. (4) reported a rate of 14.12% (75/531) in Izmir. These
differences could have arisen from reporting issues concerning
CE cases and the lack of sufficient data from other provinces. In
the Aegean Region, where our study took place, other research
showed seropositivity rates of 13.39% (28/209) in Aydin and
10.1% (49/483) in Manisa (17,18). In our study, we detected the
first CE seroprevalence data specific to Ugak province, with a rate
of 19.37% (62/320), which was higher than those reported in
previous regional studies. This higher rate may have come from
more common animal husbandry practices in Usak compared to
the two cities that reported data.

Tevfik et al. (19) reported the highest seropositivity rate (24.01%)
in the 21-30 age group, a finding corroborated by Aldemir et al.
(20) who identified a similar rate of 23.07% in the same age range.
Ulusan Bagar’s (15) study also indicated that the most common
age range for diagnosis, both before and after the COVID-19
pandemic, was 20-39 years. In our study as well, the highest IHA
test positivity rate was found in the 21-40 age group (41.9%).
This age group showed a statistically higher IHA positivity rate
compared to other age groups (r=20.462, p<0.001).

Among the 320 samples included in the study, 9.4% lacked any
recorded radiological imaging in the hospital information system
(HIS). Of the 258 samples that tested negative by the IHA test,
170 (65.9%) showed cysts in radiological images. However, only
55 of these (21.3%) were assessed as indicative of CE. This rate
was found to be 13.1% at dilutions of 1/40 or lower, 72.2% at a
1/80 dilution, and 65% at a 1/160 dilution. These findings suggest
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that serological testing can support radiological examinations
within the diagnostic algorithm.

In the study, radiological imaging data were unavailable in the
HIS for one of the 62 patients who tested positive for IHA at
titers of 1/320 or higher. Among patients with a seropositivity
of 1/320, all available radiological examinations revealed findings
consistent with CE. For the 48 patients with 1/640 seropositivity,
two patients had a history of surgery for CE, explaining the
absence of cysts in their imaging results. Three additional
patients with 1/640 titers and visible cysts on imaging had also
undergone surgery for CE, yet their current imaging suggested
lesions inconsistent with CE. These cystic lesions were instead
classified as Bosniak category 1 cysts in the kidneys.

In the analysis of negative IHA cases, only 13.1% of samples with
0-1/40 titers showed radiological findings indicative of CE, while
samples with 1/80 and 1/160 titers had findings at rates of 72.2%
and 60%, respectively. Baga et al. (4) also noted CE indicators in
60.7% and 73.3% of cases at titers of 1/80 and 1/160, respectively.
According to IHA test guidelines, a 1/80 result is considered
negative, and patients with 1/160 results are advised to retest in
2-3 weeks. However, our findings show that a notable proportion
of patients with 1/80 titers exhibited radiological indicators.
Thus, rather than categorizing 1/80 titers as negative, we suggest
that reporting these titers-similar to 1/160 results-along with
a recommendation for repeat testing in several weeks, would
improve the diagnostic and treatment process.

A detailed evaluation of the radiological images of the patients
included in the study showed that 154 cases had cysts isolated
to the liver, while 28 cases exhibited cysts in the liver along with
one or more other organs or tissues. Among the 154 cases with
liver-only cysts, 96 (62.3%) were evaluated as indicative of CE.
The remaining 58 liver cysts were attributed to other causes, such
as simple cysts, biliary hamartomas, polycystic kidney disease-
related cysts, and metastases.

For the 28 cases with cysts in both the liver and additional
organs or tissues, 10 cases (37%) were considered consistent with
CE. Isolated kidney cysts were observed in 30 cases, and in 16
cases, kidney cysts were accompanied by cysts in one or more
other organs or tissues. Nearly all kidney cysts were consistent
with simple parenchymal cysts, commonly seen in middle-aged
and elderly individuals. Among three cases with cysts isolated to
the lungs, one case (33.3%) showed findings consistent with CE.
In five cases with cysts in the lungs along with other organs or
tissues, four cases (80%) were deemed suggestive of CE.

Our study aligns with the literature (4,11,13,21,22), identifying
the liver as the most frequently involved organ in CE cases,
observed in 96 out of 111 cases (86.5%), followed by combined
liver and lung involvement, observed in 4 out of 111 cases (3.6%).
In our study, patients with CE findings in the liver were
evaluated, and it was observed that those with a titer of 1/640
were primarily classified under WHO type 2 (53.8%), indicative
of viable cysts. Conversely, patients with CE findings in the
liver who were seronegative (titer 0-1/40) were predominantly
categorized under the inactive cyst groups, WHO type 4 (61.1%)
and type 5 (36.4%) (Table 4). Previous studies have reported
high false-negative rates for early and late-stage cysts (4,23,24).
Consistent with the literature, our study found that most CE
patients with negative IHA results were classified under WHO
types 1, 4, and 5.

Study Limitations

Our study has some limitations. As a retrospective, single-center
study, US data were evaluated based on recorded reports, detailing
the localization of CE lesions but not their dimensions.

CONCLUSION

In conclusion, this study provides the first hospital-based data
on CE from Usak province, with a calculated seropositivity rate of
19.37%. Consistent with the literature, no significant difference
was found in CE prevalence between genders. Unlike previous
studies, however, we observed a statistically higher IHA positivity
among those aged 21-40 compared to other age groups in our
study (p<0.001). The findings also indicate that the IHA test is
less effective in diagnosing early (WHO type 1) and late-stage
(WHO types 4-5) cases, but shows better correlation with active
lesions. Given that CE was confirmed in 111 out of 229 patients
with radiologically detected cystic lesions, we believe serological
methods should complement radiological imaging to support
accurate diagnosis and treatment.
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ABSTRACT

Objective: Fasciolosis is considered an important parasitic disease, and also a primary source of morbidity and mortality in
ruminants with significant economic losses and public health. The objective of the present study was to determine the prevalence
and the economic losses due to fasciolosis in ruminants from different local slaughterhouses in Bejaia province during 7-years.
Methods: Data were obtained from different municipal slaughterhouses, supervised by the Provincial Veterinary Inspection of
Bejaia, from January 2017 to December 2023. A veterinary inspected routine animal carcasses at each stage of the slaughtering
process in the slaughtering units on a regular and systematic basis.

Results: The overall prevalence of fasciolosis detected by post-mortem examination in cattle, sheep, and goats slaughtered during
the study period was 1.58%, 0.04% and 0.02%, respectively. The desired absolute precision (d) of cattle, sheep and goats is 0.011%,
0.63% and 0.51%, respectively. In cattle, fasciolosis was significantly high in January, February, and March; and gradually decreased
from April to September, then increased in October, November and December. On the other hand, the monthly cumulative
prevalence rates of sheep and goats fasciolosis cases recorded was constant throughout the year. The high recorded prevalence
was in autumn and winter was 1.92% and 1.78% in cattle, respectively (p<0.05). An overall direct economic loss of 5,904,031€ was
incurred during the period in this study from a totality of 12,321.2 kg of liver condemned. The indirect economic loss is due to
carcass weight reduction as a result of fasciolosis infection was 44,746,454€.

Conclusion: Our study revealed that the prevalence of cattle fasciolosis was generally high compared to sheep and goats in
the abattoir of Bejaia province associated with significant financial losses for butchers in the study area. Furthermore, livestock
farmers should be made aware of the importance of this parasitose in order to reduce economic losses.

Keywords: Fasciolosis, economic loss, Algeria
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0z

Amag: Fasciolozis, énemli bir paraziter hastahik olarak kabul edilmektedir. Gevis getiren hayvanlarda morbidite ve mortalitenin birincil kaynag: olarak
énemli derecede ekonomik kayiplara ve halk sagligina yol agmaktadir. Bu ¢caligmanin amaci, Bejaia sehrindeki farkh yerel mezbahalardan gelen gevis getiren
hayvanlarda 7 yil boyunca fasciolozis prevalansini ve ekonomik kayiplar1 belirlemektir.

Yéntemler: Veriler, Ocak 2017'den Aralik 2023’ kadar Bejaia i1 Veterinerlik Denetim Kurumu'nun denetimindeki farkli belediye mezbahalarindan elde
edilmigtir. Bir veteriner, mezbaha birimlerinde kesim siirecinin her agamasinda rutin olarak ve sistematik bir gsekilde hayvan karkaslarini denetlemigtir.
Bulgular: Calisma siiresince kesilen sigir, koyun ve kegilerde postmortem muayene ile tespit edilen fasciolozis prevalans sirasiyla %1,58, %0,04 ve %0,02
idi. Sigir, koyun ve kegiler icin istenen mutlak kesinlik (d) sirasiyla %0,011, %0,63 ve %0,51'di. Sigirlarda fasciolozis, Ocak, Subat ve Mart aylarinda énemli
ol¢iide yiiksekti; Nisan'dan Eyliil'e kadar kademeli olarak azald1, ardindan Ekim, Kasim ve Aralik aylarinda artt1. Ote yandan, kaydedilen koyun ve kegilerdeki
fasciolozis olgularinin aylik kumiilatif prevalans oranlar1 yil boyunca sabit kaldi. Yiiksek prevalans sonbahar ve ki aylarinda sirasiyla sigirlarda %1,92
ve %1,78 olarak kaydedildi (p<0,05). Bu caligmada, toplam 12.321,2 kg karacigerin imha edilmesi nedeniyle, séz konusu dénemde €5.904.031 tutarinda
dogrudan ekonomik kayip meydana gelmigtir. Fasciolozis enfeksiyonu sonucu karkas agirligindaki azalma nedeniyle meydana gelen dolayh ekonomik kayip
ise €44.746.454 olmustur.

Sonug: Calismamiz, Bejaia ilindeki mezbahada sigirlarda fasciolozis prevalansinin koyun ve kegilere kiyasla genel olarak yiiksek oldugunu ve bu durumun
cahisma alanindaki kasaplar i¢in énemli mali kayiplara yol a¢tigimi ortaya koymustur. Ayrica, ekonomik kayiplari azaltmak i¢in hayvancalikla ugrasan

ciftcilerin bu parazitozun 6neminin farkinda olmalar1 gerekmektedir.
Anahtar Kelimeler: Fasciolozis, ekonomik kayip, Cezayir

INTRODUCTION

Algeria is known for its diverse livestock population. According
to the National Statistics Office, the local livestock is estimated
at thirty-eight million of heads, including cattle, sheep, goats,
camels, and equines. In addition, an average of five million tons
of red meat is recorded per year. However, animal diseases of
parasitic origin have a significant impact on animal productivity as
well as human health. Furthermore, the Algerian authorities have
adopted a policy aimed at increasing animal production through
surveillance and animal health control in order to safeguard the
animal herd and ensure food security.

Fasciolosis is considered an important parasitic disease, and also
a primary source of morbidity and mortality in ruminants, with
significant economic losses and public health consequences (1,2).
It is brought on by two genuses of Fasciola: F. gantica, which is
restricted to Africa and Asia, and F. hepatica, which is found all over
the world (3). The route of fasciolosis transmission is ingestion
of metacercaria-infested plants or water contaminated with
floating metacercariae in animals and humans (4). Fasciolosis is
defined by chronic, acute, or subacute inflammation of the liver
and bile ducts, as well as submandibular oedema, anemia, general
intoxication, or even death of the animal (5). Significant economic
losses are huge caused by fasciolosis such as decreased weight
gain, poor carcass quality, decreased milk yield, high treatment
and control costs, mortality, and as well as the condemnation of
infested livers at abattoirs (6-9).

It is reported that fasciolosis affects about 700 million
herbivorous domestic animals worldwide and causes three billion
US$ or more is the annual loss in farm animals as a sequence of
productivity losses (10,11). In Algeria, numerous studies have
been conducted on post-mortem fasciolosis disease in ruminants
(12-15); however, there is very little investigation regarding the
economic impact of fasciolosis in animals slaughtered (16). There
is a need to continually evaluate the fasciolosis incidence and to
estimate the economic losses of the liver condemnations caused
by fasciolosis parasites in order to management of this pathology.
Thus, the objective of the present study was to determine the
prevalence and the economiclosses due to fasciolosis in ruminants
from different local slaughterhouses in Bejaia province from 2017
to 2023.

METHODS

Study Area

The investigation was conducted in the Province of Bejaia
(36°43’N, 5°04’E), which is located in Northern Algeria and has a
land area of 326,826 square kilometer (km?) (Figure 1). The study
area is composed mainly of several species of trees and natural or
cultivated herbs, with the climate in the Mediterranean Region.
Meteorological data presented in the present study were obtained
from the website https://fr.tutiempo.net/climat/ws-604020.html
(Table 1) (17).

Slaughterhouse Postmortem Inspection Procedure

Data were obtained from different municipal slaughterhouses,
supervised by the Provincial Veterinary Inspection of Bejaia,
from January 2017 to December 2023. A veterinary inspector
inspected animal carcasses at each stage of the slaughtering
process in the slaughtering units on a regular and systematic
basis. The routine slaughterhouse inspection as previously
described by Bensid (18). The diagnosis of fasciolosis was done
by visual examination and palpation of the liver’s entire surface.
Two incisions (long and shallow; short and deep) on the visceral
surface of the liver (right, left, and the base of the caudate lobes)
to inspect the bile ducts for cholangitis lesions related to the
presence of flukes (Figure 2).

ALGERIA

Bejaia province

Figure 1. Map of Bejaia province, Algeria
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Sample Size Determination losses due to liver condemnation caused by ruminant fasciolosis

The sample size of the study was determined using the formula were assessed by considering the overall prevalence of the

given by Thrusfield and Christley (19) with an expected
prevalence of 0.6%, since there was no study conducted in the
area, a confidence level of 95% and a required absolute precision
of 5%.

N=1.96%x P*(1 - P)/d?

Where N = required sample size. P = observed prevalence, d =
desired absolute precision at 5%.

disease in the abattoir and the retail market price of an average
liver. Indirect economic losses were assessed by estimating

Prevalence Determination

The overall fasciolosis prevalence of the three animal species
(cattle, sheep, and goats) was calculated from the collected data
over the period from 2017 to 2023. The number of slaughtered
animals infected with Fasciola was reported monthly and annually.
The annual fasciolosis prevalence (%) rate was calculated as the
number of animals with Fasciola parasite divided by the number of
animals examined postmortem. The seasonal prevalence (%) was
also determined by calculating the total number of animals with
the Fasciola infection, recorded during all four seasons (spring,
summer, autumn, and winter), divided by the total number of
animals slaughtered, and examined for each season.

Economic Losses Estimation

The following elements were used to estimate economic losses:

average weight of liver, monthly fasciolosis prevalence, and Figure 2. Dorsal side of diseased liver with fluke lesions (A);
monthly liver price per kg. The economic analysis was conducted ventral side of diseased liver with flukes in the bile ducts (B);
by taking the average cost of the monthly selling price of liver liver fluke specimen collected in slaughterhouse from infected

in the area study. Financial losses were calculated in Algerian ruminants of Bejaia province (Algeria) (C)
Dinar (DZD) and then converted into Euro (€). The exchange rate

Yellow circle: Liver with fluke lesions, Red circle: Flukes in the bile
considered was different depending on the year. Direct economic

ducts

Table 1. Data of temperature, relative humidity and precipitation of different seasons (2017-2023) in Bejaia province, Algeria

Years 2017 2018 2019 2020 2021 2022 2023 All
Winter

T° min (T °C) 8.27 6.5 7.4 9.1 8.03 7.67 9 8.00
T° max (T °C) 17.17 14.8 15.97 18.73 17.7 16.33 18.67 17.05
Rainfall (mm) 54.13 78 125.33 81 130.3 111.33 91.87 95.99
Humidity (%) 76.17 76.03 77.30 72.40 67.30 72.13 67.10 72.63
Spring

T° min (T °C) 111 11.87 13.23 12.63 11.67 11 12 11.93
T° max (T °C) 19.8 20.63 22.5 21.13 21.33 21 21 21.06
Rainfall (mm) 106.4 74.33 67.67 69.33 79.3 52.6 31.23 68.69
Humidity (%) 74.47 77.23 79.73 75.87 74.00 72.60 70.20 74.87
Summer

T° min (T °C) 19.9 19.93 19.83 20.53 20.67 20.67 19.33 20.12
T° max (T °C) 29 29.1 29.23 28.87 28.67 30.33 28.67 29.12
Rainfall (mm) 6.4 4.67 6.67 15 27.57 22.93 4.2 12.49
Humidity (%) 73.53 75.97 74.30 70.20 70.00 70.67 68.77 71.92
Autumn

T° min (T °C) 15.83 15.47 16.4 15.43 16 15.33 15.67 15.73
T° max (T °C) 25.53 24.87 26.8 23.73 24 25.33 24.33 24.94
Rainfall (mm) 129.13 112 119.67 112 41.7 29.77 29.4 81.95
Humidity (%) 72.87 73.23 72.60 70.30 70.63 62.47 64.03 69.45
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the reduction in carcass yield of animals. Economic losses were
calculated using the procedure described by Ogurinade and
Ogunrinade (20), explained below:

Direct economic losses due to liver condemnation
LC=CSR*LCo*P

Where: LC = losses due to liver condemnation; CSR = average
number of animals slaughtered at abattoir during the study
period; LCo = average cost of one liver in Bejaia province, Algeria;
P = prevalence of the fasciolosis at the study abattoir.

Indirect economic losses due to ruminant fasciolosis
CW=CSR*CL*MC*P*(n) kg

Where: CW =losses due to carcass weight reduction; CSR = average
number of animals slaughtered at abattoirs during the study
period; MC = average price for 1 kg of meat in Bejaia province,
Algeria; P = prevalence of fasciolosis in the study abattoir; (n)
kg = average carcass weight of animal; CL = carcass weight loss
(10%) in individual animal due to fasciolosis (21). The adopted
carcass weight loss in (kg) was estimated from fresh, normal and
health looking, randomly selected from 20 dressed carcasses
already passed for human consumption. These were weighed and
the average weights of carcasses taken as the estimate weight of
a particular carcass. Data on average animal carcass weight and
the cost of one kilogram of meat were supplied by Department
of Agricultural Statistics, Ministry of Agriculture and Rural
Development, Algeria (22).

RESULTS

Table 2 shows meat inspection data of the number of slaughtered
animals (cattle, sheep, and goats) and of fasciolosis detection
duringa 7-year period (January 2017 to December 2023). A total of
131,961 cattle, 91,658 sheep, and 131,565 goats were slaughtered
and inspected during the study period in Bejaia province (i.e.,
37.2,25.8 and 37%, respectively). The rate of slaughtered animals
affected by fasciolosis (cattle, sheep, and goats) in the various
municipal slaughterhouses in the Bejaia province was 0.6% (i.e.,
2146 cases), with a desired absolute precision of 0.32%. The overall
prevalence of fasciolosis detected by post-mortem examination in
cattle, sheep and goats slaughtered during the study period was
1.58% [95% confidence interval (CI), 1.45-1.82%], 0.04% (95%
CI, 0.01-0.08%) and 0.02% (95% CI, 0.006-0.05%), respectively.
The distribution of infection by Fasciola sp. in slaughtered cattle
shows a significant difference when compared to sheep or goats
(p£0.05). The desired absolute precision (d) of cattle, sheep and
goats is 0.011%, 0.63%, and 0.51%, respectively.

A result of annual trends and monthly prevalence of infected
animals by fasciolosis during the recording period (2017-2023) is
illustrated in Figures 3 and 4, respectively. In cattle, the maximum
rate of fasciolosis was 2.39% in the year 2020 and a minimum of
1.09% in the year 2018, as substantiated by analysis of variance
followed by Tukey’s test (p<0.05). The overall annual prevalence
rate of the disease showed significant fluctuation (p<0.05) in

Statistical Analysis > —+—Cattle  —@—Sheep Goats
All the data were entered, stored, and calculated in Microsoft - 2,5 ¢
Excel 2007. The retrospective data were analyzed using Statview E
(Version 4.55) and the Statistical Package for the Social Sciences ,.: 2,0 b b,c b,c
(SPSS) version 21.0 (SPSS Inc., Chicago, IL, USA). The data were %
also presented using descriptive statistics in the form of a table. ‘g 15 a b
Means were compared using One-Way Analysis of Variance to .7: A
compare differences across multiple groups (years, months and 21,0 1
seasons) and Tukey’s HSD post-hoc test was applied to identify g
specific pairwise differences. The independent samples t-test X 05
was applied for the purpose of comparison in pairs of groups.
Y e S ————

Moreover, logistic regression models were additionally performed
with infection status as the dependent variable, and species (cattle,
sheep, and goats), season (winter, spring, summer, and autumn),
year, and meteorological parameters (mean temperature, rainfall,
and relative humidity) as independent predictors. In this analysis,
ap-valueless than 0.05 at the 95% confidence level was considered
statistically significant.

2017 2018 2019 2020 2021 2022 2023

Years

Figure 3. Annually variations in proportions of infected
animals for fasciolosis in slaughterhouse during the year

2017-2023 in Bejaia province

o b < Different letters on the same curve indicate a statistically
significant difference (Tukey’s test, p<0.05)

Table 2. Slaughter statistics fasciolosis rates of infected animal between 2017 and 2023 in Bejaia province

Species slaughtered Cattle Sheep Goats Animal total
Number slaughtered 131.961 91.658 131.565 355.184
Mean * SD 1571+192 1091+286 1566+173 1409+217
min-max 646-3685 361-2882 502-2434 361-3685
Percentage slaughtered (%) 37.2 25.8 37 100

Number with fasciolosis infestation 2079 38 29 2146

Global prevalence (%), 1.58* 0.04° 0.02° 0.

95% confidence interval 1.45-1.82 0.01-0.08 0.006-0.05 0.66%-0.89

=b: Values with different superscripts in the same raw are significantly different (p<0.05), SD: Standard deviation
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levels over the seven-year period of the study. The maximum
annual prevalence of fasciolosis cases for sheep and goats was
0.09% and 0.08% in the years 2022 and 2017, respectively. In
cattle, fasciolosis was significantly high in January, February, and
March and gradually decreased from April to September, then
increased in October, November and December. On the other
hand, the monthly cumulative prevalence rates of sheep and goats
fasciolosis cases recorded were constant throughout the year. The
prevalence of fasciolosis was evaluated during four seasons and
the results are shown in Table 3. The high recorded prevalence was
in winter and autumn, at 1.92% and 1.78% in cattle, respectively
(p<£0.05). Statistical analysis of data on the seasonal prevalence
of fasciolosis of small ruminants (sheep and goats) did not show
a significant difference (Tukey’s test). Logistic regression further
corroborated these findings, indicating that the odds of infection
were significantly higher in autumn and winter compared to
summer, and that cattle were far more likely to be infected than
sheep or goats. These analyses provide further support for the
hypothesis that there is a clear temporal and seasonal pattern in
fasciolosis prevalence, with autumn and winter representing the
highest risk periods.

Multivariate logistic regression analyses were used to determine
the strength of the association between the occurrence of E.
hepatica and its risk factors (Table 4). Cattle exhibited the
highest infection risk and served as the reference group. The
odds of infection were significantly lower in sheep [odds ratio
(OR)=0.03, CI 95%: <0.01-0.05, p<0.001] and goats (OR=0.02, CI
95%: <0.01-0.04, p<0.001) when compared to cattle. Concerning
the seasonality, autumn showed a significantly increased risk
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Figure 4. Monthly variations in proportions of infected
animals for fasciolosis in slaughterhouse during the year
2017-2023 in Bejaia province.

@bc: Values with different superscripts in the same species between
months are significantly different (p<0.05)

of infection (OR=1.45, CI 95%: 1.25-1.68, p<0.001), followed
by winter (OR=1.32, CI 95%: 1.15-1.52, p<0.001). Spring was
not significantly associated with infection risk (OR=1.01, NS).
Using 2020 as the reference, infection odds were lower in 2017
(OR=0.56), 2018 (OR=0.45), and 2019 (OR=0.70), indicating
a rising trend towards the 2020 peak. The post-peak period
(2021, 2022, and 2023) exhibited a significantly decline in risk
with ORs of 0.78, 0.76, and 0.53, respectively. Increased rainfall
was associated with higher infection odds (OR=1.08 per 10
mm, p=0.01), while higher temperatures reduced infection risk
(OR=0.91 per 1 °C, p=0.03). Relative humidity showed a non-
significant trend.

Table 5 showed the annual variation of confiscated livers
(kilograms) due to Fasciola infection (2017-2023) and its financial
loss in slaughtered ruminants in Bejaia province abattoirs. The
direct economic loss due to condemnation of liver as the result of
fasciolosis was done for study animals and a 7-year slaughter rate.
More livers were condemned in cattle (12,254 kg) than in sheep
(45 kg) and goats (23 kg) during the period of this study. An overall
direct economic loss of 5,904.031€ was incurred during the period
in this study from a totality of 12,321.2 kg of liver condemned.
The indirect economic loss is due to carcass weight reduction as
a result of fasciolosis infection was 44,746,454€. Therefore, total
annual economic loss due to fasciolosis is the summation of the
losses from organ condemnation (direct loss) and carcass weight
reduction (indirect loss), with a total of 50,650,484€.

Table 3. Prevalence of ruminant fasciolosis on the basis of

different seasons in slaughterhouse during the year 2017-
2023 of Bejaia province

N .
. e Number of infected
Species | Season | slaughtered . .
. animals by Fasciola (%)
animals

Winter 29371 549 (1.929)

Sprin 37787 524 (1.47%)
Cattle pring

Summer | 34259 461 (1.46")

Autumn | 30544 545 (1.78°)

Winter 18843 4(0.03)

Spring 31264 17 (0.06)
Sheep

Summer | 22901 3(0.01)

Autumn | 18650 14 (0.09)

Winter 33060 5(0.02)

Spring 35360 12 (0.03)
Goats

Summer | 27677 9(0.02)

Autumn | 35468 5(0.01)
»b: Values with different superscripts in the same species between seasons
are significantly different (p<0.05), Seasons: Winter (January-March), spring
(April-June), summer (July-September), autumn (October-December)
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Table 4. Multivariate logistic regression analysis of Fasciola spp. infection with the associated risk factors among ruminants in Bejaia

province

Variable f;:s;: :::;i/i:t:_::;ec ted) 0dds ratio CI (95%) p-value Interpretation
Species

Cattle 2079/129882 1.00 (Ref.) Most affected species
Sheep 38/91620 0.03 <0.01-0.05 <0.001 Very low risk

Goats 29/131536 0.02 <0.01-0.04 <0.001 Very low risk

Season

Summer 1.00 (Ref.) - - Lowest risk season
Autumn 1.45 1.25-1.68 <0.001 Significantly increased risk
Winter 1.32 1.15-1.52 <0.001 Moderately increased risk
Spring 1.01 NS NS No significant difference
Year (vs. 2020)

2017 0.56 0.48-0.65 <0.001 Lower risk vs. 2020
2018 0.45 0.38-0.54 <0.001 Very low risk

2019 0.70 0.60-0.82 <0.001 Moderate risk

2020 1.00 (Ref.) - - Reference (peak)

2021 0.78 0.68-0.89 <0.001 Decline after peak

2022 0.76 0.66-0.87 <0.001 Stable post-peak

2023 0.53 0.45-0.63 <0.001 Marked decrease
Metrological variables

Temperature (+ 1 °C) 0.91 - 0.03 Risk decreases with heat
Rainfall (+10 mm) 1.08 - 0.01 Risk increases with rainfall
Relative humidity Slight trend NS >0.05 Non-significant effect

NS: Non significatif (p>0.05), OR: Odds ratio, CI: Confidence interval, Ref.: Reference method

Table 5. Annual variation of confiscated livers (kilogram) due to Fasciola infection (2017-2023) and its corresponding direct and

indirect economic loss (Euro) in slaughterhouses of Bejaia province

Species Season e e ) Direct econ.omic losses due to liver Indirect econo.mic l.osses due to
condemnation (Euro) ruminant fasciolosis (Euro)
2017 2052 738,485 6,400,416
2018 1367 490,630 4,086,720
2019 1473 562.860 5,035,296
Cattle 2020 1903 721,600 6,974,592
2021 1816 518,408 6,728,640
2022 2386 646,020 8,492,544
2023 1256 621,006 5,396,328
2017 4 170,101 148,156
2018 4 162,110 140,944
2019 1 37,974 35,303
Sheep 2020 8 255,887 244,083
2021 10.5 165,982 269,920
2022 9.5 539,125 584,492
2023 7 179,971 175,473
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Table 5. Continued

. . . Direct economic losses due to liver | Indirect economic losses due to
Species Season Liver condemnation (kg) . . . .
condemnation (Euro) ruminant fasciolosis (Euro)

2017 12 34,725 16,716

2018 3.2 9,424 4,435

2019 1.6 4,920 2,512
Goats 2020 2.4 6,831 3,721

2021 3 4,710 3,553

2022 2 3,262 2,610

2023 0 0 0
All 12321.2 5,904,031 44,746,454
Direct economic losses due to liver condemnation: LC = CSR * LCo * P
Where: LC = losses due to liver condemnation; CSR = average number of animals slaughtered at abattoir during the study period; LCo = average cost of one liver in Bejaia
province, Algeria; P = prevalence of the fasciolosis at the study abattoir.
Indirect economic losses due to ruminant fasciolosis: CW = CSR * CL * MC * P * (n) kg
Where: CW = losses due to carcass weight reduction; CSR = average number of animals slaughtered at abattoirs during the study period; MC = average price for 1 kg of
meat in Bejaia province, Algeria; P = prevalence of fasciolosis in the study abattoir; (n) kg = average carcass weight of animal; CL = carcass weight loss (10%) in individual
animal due to fasciolosis

DISCUSSION

Fasciolosis is the most common helminthes infection that
affects ruminants with economic losses in livestock productivity
considerable. Moreover, World Health Organization reported
that 2.4 million people are infected with fasciolosis and a huge
risk of infection to humans (23). Sanitary surveillance by
veterinary inspectors plays an important role in the parasitic
infection control of livestock. The slaughterhouse is considered a
crucial epidemiological point for the data collecting of fasciolosis
infection and their tracking in ruminants. The authors are
convinced that it is very necessary to continue the epidemiological
investigations on fasciolosis infection in slaughterhouses in
Bejaia province (Algeria) (12). Moreover, to the best of our
knowledge, the economic loss data regarding fasciolosis in
slaughterhouses have not been reported. In Algeria, veterinary
health authorities have implemented awareness campaigns to
control the spread of parasitose in ruminants (e.g., fasciolosis),
such as regular deworming of livestock, in order to reduce the risk
of human infection. However, the results obtained in the study
indicate that fasciolosis is still widespread in livestock farms, and
is an economically important disease in the study area (Bejaia
province, Algeria).

The present study revealed that the rate of cattle and goats
slaughtering was higher than for sheep (37.2%, 37%, and 25.8%,
respectively). It should be noted that the demand for red meat
in the province of Bejaia is mainly focused on beef, particularly
in mountainous regions; whereas the consumption of mutton is
primary for the religious festival of Eid Al-Adha. Based on detailed
post-mortem inspection, the overall prevalence of fasciolosis in
cattle, sheep and goats recorded in the current study (1.58%,
0.04%, and 0.02%, respectively) is widely different compared
to several investigations. The fasciolosis prevalence of bovine
slaughtered in the present study is slightly lower compared to
the previous report (12), which reported respective prevalence of
2.83%, 0.13%, and 0.12% in abattoirs of Bejaia province during
the period 2009-2016. It could be due to increased anthelmintic
use, changes in climate (rainfall and humidity rates), or improved
farmer awareness in the Bejaia province. The rate of fasciolosis
calculated in our study was very low to those cattle (8%), sheep

(0.54%) and goats (0.26%) recorded previously in the Jijel area
(24). In this study, the difference of fasciolosis rate observed
in slaughtered cattle, sheep and goats might be attributed to
grazing area (humid and marshy area). In order to lower the
rate of exposure to fluke metacercariae, it is also recommended
to avoid from grazing livestock on marsh forage. In addition,
the selective behavior of goats during grazing may limit their
consumption of infested plants by Fasciola sp., i.e., goats browse
the leaves and branches of bushes, shrubs, and trees (25). Also,
this bovine fasciolosis rate at slaughter is similar compared to
investigation in Saharan Region of Ouargla (1.7%) (16). The low
rate observed in our study can be explained that the local farmers
used anthelmintics routinely for prophylaxis of animal fasciolosis
rather than for treatment. Likewise, when compared with the
data recorded in different areas of Algeria, the prevalence of cattle
fasciolosis recorded in this study was lower than 6.9% and 5.9%
prevalence reported in Northern Algeria by Mezali et al. (26)
and Chougar et al. (27), respectively. On the other hand, higher
prevalence rates of bovine fasciolosis in slaughterhouse have
been documented by Ouchene-Khelifi et al. (16) in El-Tarf and
Meguini et al. (15) in Souk Ahras (26.7% and 12.3%, respectively).
The disparities in prevalence in the different regions of Algeria
could be influenced mainly by the climatological factors such as
temperature, rainfall and humidity. In worldwide, the prevalence
of Fasciola sp. infection in cattle is high compared to investigation
in semi-arid region of Egypt (11.1%) (28) and (30.9%) (29),
Ghana (10.27%) (30), Mexico (24.9%) (31), Ireland (23.68%)
(32), Pakistan (42.8%) (33) and Malaysia (36.9%) (34). In another
survey, the prevalence of Fasciola sp. in Slaughtered ruminants at
Muyinga Slaughterhouse (Burundi) was 13.04% (95% CI: 5.10%-
20.99%) in cattle, 3.16% (95% CI: 0.67%-5.64%) in goats and 0%
in sheep (35). However, the rate of organ condemnation due to
fasciolosis was 2.028% in the cattle slaughterhouse in Bavaria,
southeast Germany (36). The variation in prevalence in different
countries might be due to use of anthelminthic drugs properly,
awareness among the farmers, proper control measures (37).
Fasciolosis infection seems to be spreading throughout in animal
farms of the world; this could be explained by climate factors
favorable developing the intermediate host, such as temperature
and humidity, as well as access to pasture, the livestock production
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system, and length of the grazing season (26,31). In addition, the
variation in previous investigations might be attributed to age
and immune status of animals (38).

Fasciolosis infection in slaughtered cattle showed annual
fluctuations throughout the study period, with a detection high
rate of 2.39%. The reason for this significant increase in the
prevalence of fasciolosis in cattle could be due to the economic
crisis, i.e., coronavirus period, which has affected the world,
especially the agricultural sector. Consequently, appropriate
prophylactic or therapeutic control measures, such as the use
of anthelmintic drugs, are neglected. The overall monthly
prevalence rate of the fasciolosis in cattle showed instability in
levels over the seven years period of the study. However, rates of
fasciolosis infection decreased significantly from April to August.
This could be due to the to better management and husbandry
practices against this parasitose, which corresponds to the
grazing period (39).

In this retrospective survey, ruminant fasciolosis persisted
throughout the year; these findings were in concordance with other
previous reports by Chaouadi et al. (40). The rate of fasciolosis
infection observed in slaughtered cattle showed significant
autumn and winter slightly high prevalence. The seasonal
prevalence of Fasciola sp. infection was significantly different
(p<0.001) in the high throughput abattoirs of South Africa, i.e.,
12.8%, 10.8%, 6.5%, and 7.8% during summer, autumn, winter
and spring, respectively (41). This could be attributed to a variety
of climatic conditions in this study region. It is noted that autumn
and winter temperatures (17-24 °C), relative humidity (69-72%),
and rainfall (81-95 mm) recorded during 7-year are sufficient for
the development of Fasciola sp. larval stages and the growth of
snails. However, because fluke metacercariae may persist longer
in previously flooded places and on vegetation, dry pastures are
not entirely safe (42,43). Moreover, it has been shown that rainfall
and temperatures above 10 °C affect the hatching of Fasciola sp.
eggs and the growth of snails (44). For this reason, it would be
more judicious deworming livestock twice a year, especially
before and after autumn season, as a method of controlling liver
flukes (45). These findings were in concordance with previous
report of Al-Jibouri et al. (46), who found that the prevalence
of fasciolosis in cattle was associated with lower temperature
and higher relative humidity. Indeed, Utrera-Quintana et al.
(31) indicated that season was significantly associated with an
increased risk of parasitic infection. Furthermore, Ahmed et al.
(47) found that long rainy seasons in Ethiopia have a significant
role in Fasciola sp. infection because of predisposing factors for
snails to complete their life cycles, therefore facilitating the
survival of parasites. In addition, Kuerpick et al. (48) has been
reported seasonal prevalence, which the prevalence of fasciolosis
is related heavy rainfall, and invasion of sheep in endemic fluke
areas during seasonal grazing.

Numerous authors reported that fasciolosis infection is an
important disease from an economic point of view, as it causes
huge financial losses to butchers and farmers. In this study,
the total economic loss caused by ruminant fasciolosis in
slaughterhouses of Bejaia province was calculated based on liver
seizure for abnormalities caused by Fasciola sp. All fasciolosis-
related liver defects were considered unfit for human consumption
at the slaughterhouse and were condemned. Our study revealed
abattoir direct and indirect economic losses of 5.9 and 44.7

million € during the study period because of liver condemnation
due to Fasciola sp. infection, respectively. This huge economic
loss might be attributed to the fact that a 7-year survey and three
animal species were considered in this study. In our study, it has
also been estimated that annual economic losses due to fasciolosis
in slaughterhouses of Bejaia province during a 7-years period
are more than €50 million. This magnitude of economic losses
indicates that ruminant fasciolosis poses an important and serious
risk to the livestock sector in Algeria, especially in Bejaia province.
Likewise, the losses as a result of liver condemnation valued in the
Uganda abattoir are estimated at 92 US$ millions annually (49).
Similar observations have been reported by Odeniran et al. (50),
who revealed that a total of US$ 77,940,024 /year was estimated as
overall economic losses to small ruminant fasciolosis. In another
study, the average cost of liver condemnation has been reported
as US$ 0.2 million annually in Saudi Arabia (51). Also, Swai and
Ulicky (52) reported that economic loss due to liver condemnation
was approximately 1,780 US$ during 13 months in Tanzania. The
variations in the amount of financial losses could be attributed
to the difference in the length of carrying out the study, the rates
of rejection of organs, and the number of animals slaughtered.
Furthermore, our findings and previous studies suggest that
fasciolosis in ruminants has a significant economic impact on the
global agricultural sector. Therefore, in order to minimize these
economic losses, it is essential to redouble efforts by improving
control strategies to fight fasciolosis infection.

CONCLUSION

This is the first retrospective survey (2017-2023) on ruminant
fasciolosis and estimation of financial loss due to Fasciola sp.
infection in slaughterhouses in the Bejaia province. Our study
revealed that the prevalence of cattle fasciolosis was generally
high compared to sheep and goats in abattoir of Bejaia province
(Algeria) associated with significant financial losses for butchers
and livestock farmers in the study area. It is therefore necessary
to reproduce this type of study in other regions of Algeria in order
to generate data and calculate global economic losses because of
Fasciola spp. infection. The management practices of animals,
especially grazing habits and access to freshwater habitats could
decrease Fasciola infections. Thus, molluscicide control and
rotation of grazing areas are thebasic control strategies. Preventive
and therapeutic measures need to be further implemented in the
field, including grazing management, reducing the number of
intermediate hosts, as well as diagnosing and treating animals
with anthelmintics. Furthermore, livestock farmers should
be made aware of the importance of this parasitose in order to
reduce economic losses.
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ABSTRACT

Objective: A comprehensive understanding of parasitic diseases, which affect both human and animal health, is crucial for
university students in health sciences as they prepare for their future roles as healthcare professionals. This study aims to assess
the knowledge levels of university students in health sciences regarding parasitic diseases.

Methods: This descriptive study was conducted with 498 students from the faculty of health sciences and the vocational school
of health services at a state university in the Marmara Region. Data were collected using a questionnaire that included socio-
demographic information and questions assessing students’ knowledge of parasitic diseases. Statistical analyses were performed
using SPSS 26.0°®, with a significance level set at p<0.05.

Results: The participants had a mean age of 20.84+2.63 years, and 82.3% were female. A total of 80.9% of the students lived with
their parents, and 73.7% reported a moderate family income. Nearly half (44.2%) were first-year students, 30.1% were enrolled in
the department of physiotherapy and rehabilitation, and 68.1% resided in state dormitories. Most students (92.4%) recognized the
importance of hand hygiene in preventing parasitic diseases, and 71.3% acknowledged that the location of household toilets could
contribute to the occurrence of such diseases. However, 70.1% reported not receiving specific training or certification on hygiene.
Female students demonstrated the highest awareness of hand hygiene benefits in preventing parasitic infections, while nursing
students had the most extensive hygiene training (course/certificate) (p<0.05).

Conclusion: Our findings indicate that a significant proportion of students lack specialized courses or certifications on hygiene
practices and have limited knowledge of parasitic diseases. Therefore, integrating scientific meetings and training sessions on
parasitic diseases and preventive measures into the health sciences curriculum is essential.

Keywords: University students, health sciences, infection, parasitic diseases, hygiene

0z

Amag: Hem insan hem de hayvan saghgini etkileyen paraziter hastaliklarin kapsamh bir sekilde anlagilmasi, gelecekte saglik
profesyoneli olacak saglik bilimleri 6grencileri i¢in biiyiik 6nem tagimaktadir. Bu ¢aligma, saglik bilimleri 6grencilerinin paraziter
hastaliklar konusundaki bilgi diizeylerini degerlendirmeyi amaglamaktadur.

Yontemler: Bu tanimlayia calhigma, Marmara Bélgesinde bulunan bir devlet tiniversitesinin saghk bilimleri fakiiltesi ve saghk
hizmetleri meslek yiiksekokulundan 498 6grenci ile gerceklestirilmistir. Veriler, 6grencilerin sosyo-demografik bilgilerini ve
paraziter hastaliklarla ilgili bilgi diizeylerini degerlendiren bir anket kullanilarak toplanmustur. Istatistiksel analizler SPSS 26.0®
programu ile yapilmis olup, anlamlilik diizeyi p<0,05 olarak kabul edilmistir.

Bulgular: Katilimalarin yag ortalamas: 20,84+2,63 yil olup, %82,3't kadindir. Ogrencilerin %80,9'u ailesiyle yagamakta ve
%73,7si ailesinin gelir diizeyini orta seviyede olarak tamimlamaktadir. Katihmalarin neredeyse yarisi (%44,2) birinci siuf
égrencisi olup, %30,1’i Fizyoterapi ve Rehabilitasyon Béliimiinde 6grenim gormektedir ve %68,1’i devlet yurtlarinda kalmaktadar.
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Ogrencilerin biyiik bir cogunlugu (%92,4), el hijyeninin paraziter hastaliklara karsi korunmada énemli oldugunu belirtirken, %71,3’i evdeki tuvaletin
konumunun paraziter hastaliklarin olusumuna katkida bulunabilecegini kabul etmistir. Ancak, égrencilerin %70,1’1 hijyen konusunda 6zel bir egitim veya
sertifika almadigini bildirmistir. Kadin 6grenciler, el hijyeninin paraziter enfeksiyonlar: 6nlemedeki faydalari konusunda en yiiksek farkindaliga sahipken,
hemsgirelik béliimu 6grencileri hijyen konusunda en fazla egitimi (ders/sertifika) almigtir (p<0,05).

Sonug: Bulgularimiz, 6grencilerin énemli bir kisminin hijyen uygulamalari konusunda 6zel bir ders veya sertifika almadigini ve paraziter hastaliklar
konusunda siirh bilgiye sahip olduklarim géstermektedir. Bu nedenle, saglik bilimleri mufredatina paraziter hastaliklar ve korunma yéntemleri ile ilgili

bilimsel toplantilar ve egitim programlarinin entegre edilmesi gerekmektedir.

Anahtar Kelimeler: Universite dgrencileri, saglik bilimleri, enfeksiyon, paraziter hastaliklar, hijyen

INTRODUCTION

Evaluating the knowledge levels of university students regarding
parasitic diseases is of significant importance for increasing
their awareness and developing educational approaches on this
topic. Furthermore, it is crucial for students aspiring to become
healthcare professionals to have a comprehensive understanding
of parasitic diseases affecting both humans and animals, as this
is vital for public health. Parasitic infections remain a global
health issue, affecting millions of people worldwide, particularly
in developing and underdeveloped countries. Over 300 identified
helminth species and more than 70 protozoan species directly
impact humans. In tropical and subtropical regions, parasitic
diseases with zoonotic characteristics often transmitted from
animals to humans are common (1). Additionally, such diseases
are more prevalent in areas with inadequate infrastructure, low
socio-economic and educational levels, contaminated water and
food, poor adherence to hygiene practices, respiratory infections,
blood transfusions, and organ transplants (1-3).

The prevalence of these diseases varies depending on the region,
local conditions, and the implementation of public health
protective measures. Knowledge about these diseases and their
transmission pathways to humans and animals is critical for the
prevention and control of infections (2,3). The competence of
students who will be employed in the healthcare sector regarding
parasitic diseases is particularly important for raising societal
awareness and actively participating in the fight against these
diseases. Raising awareness about the prevention and reduction
of parasitic disease transmission can be achieved through health
education (4).

This study aims to assess the knowledge levels of university
students in the health field regarding parasitic diseases.

METHODS
Type of Study

This study was conducted as a descriptive research study.

Population and Sample

The population of this descriptive study consisted of students
enrolled in the faculty of health sciences (departments of nursing,
health management, and physiotherapy and rehabilitation) and
the vocational school of health services (programs of first and
emergency aid, medical laboratory techniques, physiotherapy,
health management, and health tourism
management) at a university. Since the study aimed to include the

institutions

entire population, no sampling method was applied. The research
was completed with 498 students who met the inclusion criteria
and voluntarily agreed to participate (n=498).

Inclusion Criteria

Students were eligible to participate if they met the following
criteria:

-Enrollment in the faculty of health sciences or the vocational
school of health services.

-Voluntary participation in the study.

-Proficiency in Turkish.

-Not currently employed in any healthcare field.

Data Collection Tools

Data were collected using a structured questionnaire designed
to assess students’ personal characteristics and knowledge
levels regarding parasitic diseases and their transmission routes.
Students’ responses were scored (1 point for each correct answer).
The questionnaire consisted of 30 questions evaluating various
aspects of parasitic diseases, including transmission routes, risk
factors, the effectiveness of vaccines in prevention, hand hygiene,
water disinfection, and the importance of balanced nutrition.

Implementation of Data Collection Tools

Data collection took place during the spring semester of the 2023-
2024 academic year. The questionnaire was administered online,
and the link was shared with student groups in their respective
classes. Participation was voluntary, and students completed the
self-reported questionnaire at their convenience.

Statistical Analysis

The research data were analyzed using the SPSS 26.0 software
package. Descriptive statistics, including frequencies, percentages,
arithmetic means, and standard deviations, were used for data
analysis. Students’ knowledge scores were categorized into
two clusters using K-Means Clustering Analysis, and cluster
characteristics were assessed through receiver operating
characteristic (ROC) analysis. Scores ranged from 0 to 30, with
a score of >24.5 considered indicative of sufficient knowledge of
parasitic diseases based on ROC analysis. The chi-square test was
used for the analysis of categorical data, and a p-value <0.05 was
considered statistically significant in all analyses.

Ethical Considerations

Ethical approval for the study was obtained from The Ethics
Committee of Sakarya University of Applied Sciences (E-26428519-
050.99-123583-43/06-2024) along with institutional permission
from the university where the research was conducted. Informed
consent was obtained from all students who participated in the
study.
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RESULTS

Most participants were female, and a large proportion were
enrolled in the physiotherapy and nursing departments (Table 1).
An examination of the sources from which students obtained
information about parasitic diseases revealed that 28.1%
reported health-related courses at school, 8.4% newspapers
and magazines, 10.0% television, 11.0% friend groups, 38.0%
the internet, 11.8% healthcare professionals, and 6.8% family
members.

As shown in Table 2, knowledge adequacy levels differed
significantly across certain characteristics. Nursing students
had the highest proportion of adequate knowledge compared
to other departments (p=0.001). Higher adequacy was
also observed among students who reported reading about
parasitic diseases (46.1% compared to 32.9%, p=0.002), had
taken health-related courses at school (48.6% compared to
33.8%, p=0.002), received hygiene training (55.0% compared
to 30.7%, p=0.001), and refrained from sharing personal
items (51.5% compared to 35.8%, p=0.010). No significant

Table 1. Distribution of students’ socio-demographic and descriptive characteristics

Characteristic Mean + SD
Age (mean * SD) 20.84+2.63

Number %
Gender
Female 410 82.3
Male 88 17.7
Department/program
Nursing 117 23.5
Physiotherapy and rehabilitation 150 30.1
Health management 71 14.3
First aid and emergency care 40 8.0
Health institutions management 25 5.0
Medical laboratory techniques 45 9.0
Health tourism management 32 6.4
Physiotherapy 18 3.6
Income status
Income less than expenses 14 2.8
Income equal to expenses 367 73.7
Income more than expenses 117 23.5
Family structure
Nuclear family 403 80.9
Extended family 95 19.1
Living arrangements
With family 104 20.9
In a state dormitory 339 68.1
In a student house 35 7.0
In a private dormitory 20 4.0
Number of household members
1-4 people 238 47.8
5-8 people 247 49.6
9-12 people 13 2.6
Mother’s education level
Iliterate 28 5.6
Primary school 217 43.6
Middle school 104 20.9
High school 98 19.7
Bachelor’s degree 28 5.6
Associate degree 16 3.2
Postgraduate degree 7 14
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Table 1. Continued

Characteristic Mean + SD

Father’s education level

iterate 5 1.0
Primary school 132 26.5
Middle school 108 21.7
High school 171 34.3
Bachelor’s degree 52 10.4
Associate degree 17 34
Postgraduate degree 13 2.6
Total 498 100
SD: Standard deviation

Table 2. Distribution of students’ knowledge levels on parasitic diseases based on various characteristics

Knowledge level

Characteristic Statistical analysis
Successful Unsuccessful Total
n % n % n %
Gender
Female 159 38.8 251 61.2 410 100 p=0.243
Male 30 341 58 65.9 88 100 X?=0.468
Department
Nursing 62 53.0 55 47.0 117 100
Physiotherapy and rehabilitation 52 34.7 98 65.3 150 100
Health management 22 31.0 49 69.0 71 100
First aid and emergency care 18 45.0 22 55.0 40 100 p=0.001
Health institutions management 3 12.0 22 88.0 25 100 X'=31.455
Medical laboratory techniques 22 48.9 23 51.1 45 100
Health tourism management 8 25.0 24 75.0 32 100
Physiotherapy 2 1.1 16 88.9 18 100
Living arrangements
With family 39 375 65 62.5 104 100 ;gf;fgg
In a state dormitory 134 39.5 205 60.5 339 100
In a student house 8 22.9 27 77.1 35 100
In a private dormitory 8 40.0 12 60.0 20 100
Reading information on parasitic diseases
Yes 88 46.1 103 53.9 191 100 p=0.002
No 101 32.9 206 67.1 307 100 X?=8.678
Health-related courses at school
Yes 68 48.6 72 51.4 140 100 p=0.002
No 121 33.8 237 66.2 358 100 X?=9.327
Receiving hygiene training (course/certificate)
Yes 82 55.0 67 45.0 149 100 p=0.001
No 107 30.7 242 69.3 349 100 X?=26.345
Sharing personal items
Yes 35 51.5 33 48.5 68 100 p=0.010
No 154 35.8 276 64.2 430 100 X?=6.112

Total 189 38.0 309 62.0 498 100
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associations were found with gender (p=0.243) or living
arrangements (p=0.285).

DISCUSSION

This study is significant in assessing the knowledge levels
of university students in the health field regarding parasitic
infections (e.g., their importance and transmission routes) and
in increasing their awareness of infection control measures while
implementing more innovative educational approaches.

Nursing students were found to have higher knowledge levels
about parasitic diseases compared to students from other
departments (p<0.05) (Table 2). This may be attributed to the
greater emphasis on Parasitology courses in their curriculum.
A previous study highlighted that specific teaching methods
could significantly enhance students’ understanding of parasitic
diseases (5). Another study in the literature reported that students
generally had insufficient knowledge of parasitic diseases, with
significant differences in knowledge levels between academic
programs, particularly in terms of prevention and treatment (6).
A study conducted in Morocco revealed that university students
had a moderate understanding of leishmaniasis vectors but
lacked adequate preventive practices (7). Raising awareness about
parasitic diseases and implementing innovative educational
programs are critical to addressing knowledge gaps and improving
students’ ability to recognize and prevent these diseases (6,8).

A study in Sio Paulo, Brazil, demonstrated that didactic
interventions, such as using booklets on soil-transmitted
helminths, significantly improved students’ knowledge,
attitudes, and practices regarding parasitic infections (9).
Furthermore, research on healthcare professionals’ knowledge
about mandatory disease diagnoses revealed that only a small
percentage had adequate knowledge (10). In the present study,
students who had previously read about parasitic diseases and
received hygiene education exhibited higher levels of knowledge
adequacy, as expected (p<0.05) (Table 2). In line with previous
research indicating that students who received formal education
on parasitic diseases within health-related courses demonstrated
significantly higher levels of knowledge and preventive practices
(6,11), our findings support the integration of parasitology
content into university curricula as an effective approach to
addressing knowledge gaps and promoting infection control
behaviors. Nevertheless, a study conducted in Xexéu-PE found
that, despite awareness of parasitic diseases, many students
lacked basic hygiene practices, such as washing hands before meals
(12). Several studies have consistently highlighted deficiencies in
students’ understanding of parasitic diseases, emphasizing the
need for enhanced scientific education interventions (6,13,14).
The Turkish Ministry of Health’s 2019-2023 strategic program
for infection prevention included the development of a “national
infection prevention and control curriculum”. This strategy
emphasized collaboration with local academic institutions
to develop and adapt curricula based on national needs and
resources. The program also called for the integration of infection
prevention and control education into continuous medical,
nursing, and allied health professional training, along with
periodic curriculum updates in collaboration with the Council
of Higher Education, the Medical Specialization Board, and the
Ministry of National Education (15).

This study also found that students who avoided sharing personal
items had higher knowledge adequacy regarding parasitic diseases
(p<0.05) (Table 2). While the direct relationship between sharing
personal items and knowledge of parasitic diseases has not
been widely explored in the literature, many studies collectively
emphasize students’ general knowledge and awareness of parasitic
diseases. This suggests that behaviors such as avoiding sharing
personal items may indirectly reflect a better understanding of
transmission routes and preventive measures (16). Students
who refrained from sharing personal items likely demonstrated
greater awareness of parasitic disease prevention due to their
understanding of these concepts.

Although students were generally aware of parasitic diseases, gaps
in knowledge regarding transmission and prevention remain,
along with certain misconceptions. Addressing these gaps and
ensuring the practical application of knowledge necessitate a
reformulation of teaching and learning processes (17).

CONCLUSION

Our study revealed that a significant number of students had not
read about parasitic diseases and had not received a dedicated
course or certification on hygiene. According to the findings,
students from the Medical Laboratory Techniques program
demonstrated greater knowledge about parasitic diseases.
Additionally, students who read about parasitic diseases, received
hygiene training, and avoided sharing personal items were found
to have a higher level of knowledge regarding parasitic diseases.
The results of this study underscore the importance of education
in enhancing students’ knowledge levels about parasitic diseases
and influencing their behaviors. While knowledge levels may
vary, consistent educational efforts can bridge the gap between
awareness and practical application, leading to improved health
outcomes. Integrating hygiene education with parasitic disease
awareness is crucial to promoting better health outcomes among
students. In this context, it is essential to comprehensively
integrate these topics into curricula across all levels of education
and to organize training sessions and seminars. Such initiatives
not only educate students but also highlight the need for
comprehensive educational strategies that motivate behavioral
changes.

However, it is important to acknowledge that knowledge alone
does not necessarily lead to behavioral change. It is equally critical
to train more healthcare professionals with expertise in accurately
diagnosing and treating parasitic diseases, managing infection
control, and preventing further spread. Ensuring the widespread
employment of such experts in all regions will play a key role in
improving public health outcomes.
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Abnormalities in Hirudo verbana: A Morphological
and Histological Approach

Hirudo verbana'da Segmental Anormalliklerin Doku Diizeyindeki
Sonuglar1: Morfolojik ve Histolojik Bir Yaklasim
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ABSTRACT

Objective: This study aimed to investigate the histological and morphological differences between healthy and deformed
specimens of the medicinal leech Hirudo verbana, with particular focus on tissue integrity and cellular organization.

Methods: We conducted comparative histological analysis using haematoxylin and eosin staining on tissue sections obtained from
both healthy and deformed leeches. The evaluation included examination of epithelial layer integrity, muscle tissue organization,
secretory cell distribution, and pigment accumulation patterns.

Results: Healthy specimens demonstrated well-preserved epithelial layers with regularly arranged circular and longitudinal
muscle fibers. The secretory cells (T1, T2A, and T2B types) maintained normal distribution and activity, while melanin pigment
showed limited and organized deposition in connective tissues. In contrast, deformed leeches exhibited significant structural
abnormalities including disrupted epithelial layers, disorganized muscle architecture (particularly in circular muscles), and
reduced T2B secretory cell populations. Notable accumulation of mononuclear immune cells, accompanied by increased melanin
deposition, was observed in association with inflammatory foci. Morphological abnormalities included body segmentation defects,
tissue atrophy, functional impairment of suckers, and compromised mobility.

Conclusion: Our findings demonstrate that deformation in Hirudo verbana leads to substantial histological and morphological
alterations affecting epithelial integrity, muscular organization, secretory functions, and pigmentation patterns. These
changes may significantly impact the leeches’ biological functionality and therapeutic potential. Further investigation using
immunohistochemical techniques and molecular analyses are warranted to elucidate the underlying mechanisms of these
pathological changes.

Keywords: Hirudo verbana, histopathology, deformation, medicinal leech

0z

Amag: Bu ¢alismada, tibbi siilik tiirit Hirudo verbana’nin saglikli ve deforme olmus 6rnekleri arasindaki histolojik ve morfolojik
farkliliklarin, ézellikle doku biitiinlugii ve hiicresel organizasyon tzerindeki etkilerinin aragtirilmasi amaglanmigtir.

Yontemler: Hem saglikli hem de deforme olmus siilitklerden elde edilen doku kesitlerinde hematoksilin ve eozin boyama kullanarak
kargilagtirmal histolojik analiz gerceklestirdik. Degerlendirme, epitel tabaka buttunliginin, kas dokusu organizasyonunun, salgi
hicresi dagiliminin ve pigment birikim modellerinin incelenmesini iceriyordu.

Bulgular: Saglikh 6rnekler, diizenli olarak diizenlenmis dairesel ve uzunlamasina kas liflerine sahip iyi korunmus epitel katmanlar
gosterdi. Salg: hiicreleri (T1, T2A ve T2B tipleri) normal dagilim ve aktiviteyi korurken, melanin pigmenti bag dokularinda sinirh
ve organize birikme gésterdi. Buna kargilik, deforme olmus stiliikler, bozulmus epitel katmanlari, diizensiz kas mimarisi (6zellikle
dairesel kaslarda) ve azalmig T2B salg: hiicresi popiilasyonlar1 gibi énemli yapisal anormallikler gozlendi. Enflamatuvar odaklarla
iligkili olarak, melanin birikiminin artmasiyla birlikte mononiikleer bagisiklik hiicrelerinin belirgin birikimi gézlendi. Morfolojik
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anormallikler arasinda viicut segmentasyon kusurlari, doku atrofisi, vantuzlarin iglevsel bozuklugu ve hareket kabiliyetinin azalmasi yer ald.

Sonug: Bulgularimiz Hirudo verbana'daki deformasyonun epitel bitiinligini, kas organizasyonunu, salgilama iglevlerini ve pigmentasyon desenlerini
etkileyen 6nemli histolojik ve morfolojik degisikliklere yol actigini géstermektedir. Bu degisiklikler silitklerin biyolojik islevselligini ve terapétik potansiyelini
6nemli ol¢ude etkileyebilir. Bu patolojik degisikliklerin altinda yatan mekanizmalar agiklamak icin immiinohistokimyasal teknikler ve molekiiler analiz

kullanilarak daha fazla aragtirma yapilmasi gerekmektedir.

Anahtar Kelimeler: Hirudo verbana, histopatoloji, deformasyon, tibbi stilitk

INTRODUCTION

Freshwater leeches are segmented, hermaphroditic worms that
feed on blood. Their bodies are highly segmented, including brain
components, with each segment containing distinct organs such
as ganglia and testes. Two suckers are responsible for crawling
and attachment, while the anterior region contains three jaws
equipped with numerous teeth. Leeches typically bite warm areas
of the host and extract blood through rhythmic contractions.
They use sharp, saw-like teeth in their jaws to make incisions
in the host’s skin, facilitating blood extraction. Simultaneously,
they secrete saliva containing anticoagulants, such as hirudin,
to prevent clotting and ensure uninterrupted feeding (1-3).
Feeding usually lasts 15-40 minutes, during which a single
leech can consume 10-15 mL of blood. Digestion is facilitated
by symbiotic microorganisms such as Aeromonas hydrophila and
Pseudomonas hirudinia, along with various digestive enzymes (4-
6). Furthermore, it is important to consider the physiological
characteristics of leeches after feeding, particularly their ability to
store blood in their stomachs for long periods without spoilage, as
highlighted in the literature (6).

Two thousand years ago, in ancient Egypt, leeches were first used
for medical purposes. In recent years, leech therapy, known as
hirudotherapy, has regained popularity (7). In 1884, Haycraft
discovered a substance in leech saliva that prevents blood clotting,
which was later identified as hirudin, an effective anticoagulant
(8). During the 1980s, medical leech therapy became increasingly
important in plastic and reconstructive surgery, particularly in
reattachment of severed limbs and flap surgeries, as a supportive
method to enhance blood circulation. Recognizing its medical
significance, the United States Food and Drug Administration
approved the sale and use of leeches in plastic and microsurgery
in 2004 (9). Currently, bioactive substances obtained from
medicinal leeches have shown therapeutic potential in diverse
clinical settings, including antihypertensive effects, anticoagulant
activity, anti-inflammatory properties, and enhanced wound
healing following surgical interventions (10).

With the increasing use of leeches for medical purposes in
the treatment of various diseases, uncontrolled harvesting of
medicinal leeches from natural habitats has become a growing
concern. Several factors negatively impact leech populations,
including the decline of wetland habitats, the global reduction of
amphibian species (e.g., frogs), the abandonment of traditional
grazing practices in favor of stable-based livestock farming,
drainage of wetlands for agriculture, and various other agricultural
activities (11-13). As a result of these challenges, the decline in
leech populations and the rising demand for safe, sterile, and
traceable medicinal leeches have made it necessary to establish
open or closed-system leech breeding facilities for sustainable
production.

Morphological abnormalities in medical leeches may arise due
to physical trauma experienced during their growth and feeding
process after emerging from the cocoon or during their use for

therapeutic purposes, as well as the inability to fully replicate
their natural habitat. These abnormalities result in irreversible
segmentation damage, leading to the detachment of the distal
part of the body, which subsequently causes infection and
ultimately the death of the leech. This pathological condition
is highly undesirable for medical leeches, which are both labor-
intensive to cultivate and have significant economic value. In
this study, we aimed to histologically investigate the underlying
causes of these morphological deformities, which are a major
concern in the global medical leech farming industry, leading to
mortality and economic losses.

METHODS

Acquisition of Deformed Medicinal Leeches and
Experimental Groups

Medicinal leeches (Hirudo verbana) that developed morphological
and neurological deformities in their body segments due to
various factors during cultivation at the Kirgehir University
Leech Production and Research Unit were included in the study.
Seven doctor-sized and medium-sized leeches exhibiting body
constrictions were assigned to the “Group 2-deformed leeches”
group. All leeches had been fed last one month prior to the
experiment.

According to the Regulation on the Working Procedures and
Principles of Animal Experiments Ethics Committees, an Ethics
Committee Approval Certificate is required for vertebrate animals.
Since medicinal leeches are invertebrates, they are not included
in the definition of “experimental animals.” Therefore, no ethics
committee approval was required. Informed consent could not be
obtained because the study did not involve human participants,
patient-derived samples, or any direct or indirect intervention in
human subjects.

Group 1 “C” (Control): Morphologically normal doctor-sized
healthy leeches (DSHL) and medium-SHL (MSHL) (n=7).

Group 2 “Deformed Leeches”: Doctor-sized leeches with body
deformities (DSDL) and medium-sized leeches with body
deformities (MSDL) (n=7) (Figure 1).

Their larger size allows them to consume more blood
(approximately 10-15 mL), making them suitable for long-term
treatments.

Doctor-sized leeches (8-15 cm in length, 4-6 g in weight) and
medium-sized leeches (6-10 cm in length, 2-4 g in weight)
were used in this study. The DSDL are capable of consuming
approximately 10-15 mL of blood, whereas medium-sized leeches
can consume 5-10 mL. Both groups possess anticoagulant and
bioactive secretory functions, which are important for therapeutic
applications (14).

Anesthesia and Fixation of Medicinal Leeches

The anesthesia process was initiated by placing the medicinal
leeches in a 10% ethanol solution. The ethanol concentration
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was gradually increased until the leeches ceased movement and
response. Once relaxed in 70% alcohol, the leeches were fully
anesthetized within approximately 15-30 minutes. Following
anesthesia, the leeches were gently passed between the fingers to
remove excess mucus and blood residues (15). Finally, in order to
preserve tissue integrity and prepare the samples for subsequent
analyses, all leech specimens were fixed in 10% formalin for 1
hour and then anatomically divided into anterior, middle, and
posterior segments.

Histopathological Studies

Thebody parts of leeches from each experimental group were fixed
in 10% formalin for 72 hours. Following fixation, the samples
were washed under running tap water, passed through a graded
ethanol series (50%, 70%, 80%, 96%, and 100%), subsequently,
the tissue samples were embedded in paraffin blocks and labeled
accordingly. Serial sections of 5 pm thickness were taken from the
paraffin blocks of healthy leeches, matching the regional numbers
of the deformation areas identified in the deformed specimens.
The sections were incubated at 56 °C overnight, then deparaffinized
using xylene and rehydrated through a graded ethanol series
before being washed in water. To examine the general histological
structure, the sections were stained with hematoxylin and
eosin. After staining, they were dehydrated again through an
increasing ethanol series, cleared in xylene, and mounted with
Entellan before being covered with a coverslip. Finally, the
prepared slides were analyzed under a light microscope (Nikon
Eclipse Si, Tokyo, Japan). The histopathological evaluation was
primarily performed by the researcher. To ensure methodological
reliability, all slides were independently re-evaluated in a blinded
manner by a veterinary pathologist, with the results showing
consistent agreement between both evaluators.

Statistical Analysis

No statistical analysis was required in the study.

RESULTS

Comparative analysis between healthy and deformed leeches
across both size groups revealed pronounced morphological and
physiological abnormalities in the deformed specimens. Irregular
body segmentation, tissue loss in the distal region, atrophy, and
in some cases, body ruptures were detected (Figure 1). Certain
regions exhibited hardening, irregular muscle contractions, and
uncoordinated crawling movements, along with reduced reflex
responses. Due to movement restrictions, a decrease in body
flexibility and locomotor capacity was noted. Additionally, loss
of tissue pigmentation, weakening of the sucker function, and
mucus accumulation in the segmented areas were observed.
Furthermore, tissue damage, vascularization disorders, and
lesion formation were identified in the affected regions.

In the DSHL, histological examinations revealed that the
epithelial layer maintained regular outer contours with
preserved tissue integrity. Both the circular muscle (CM) and
longitudinal muscle (LM) layers exhibited organized structures,
while blood vessels (BVs) were clearly defined and structurally
intact. Evaluation of secretory cells indicated that T1, T2A,
and T2B cells responsible for active secretion were healthy and
equally distributed. Additionally, pigment (P) accumulation was
observed in an organized manner beneath the muscle layers. In
contrast, the DSDL exhibited epithelial layer irregularities, with
disrupted outer contours and epithelial folding due to connective
tissue proliferation. There was a loss of structural integrity and
disorganization in the CM and LM layers. BV appeared deformed,
with mononuclear cell accumulation detected. Regarding
secretory cells, a notable decrease in T2B cells was observed, and
in certain areas, melanin pigment deposits (melanin Ps) replaced
secretory cells. Furthermore, distinct inflammatory cell clusters
were detected beneath the epithelium, indicating infection sites
(Figure 2).

In the MSHL group, the epithelial layer was found to be intact and
well-structured. The CM and LM layers were well-organized, and

15 em

Figure 1. Macroscopic images of deformed leeches. (Left) Doctor-sized deformed leech, (right) medium-sized deformed leech. Scale

bar: Left=2 cm; right=1.5 cm
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the muscle structures maintained their integrity. BV exhibited
normal morphology. Secretory cells with active secretion
functions (T1, T2A, and T2B) were equally distributed and
appeared healthy. P accumulation followed a normal distribution.
In the MSDL group, the epithelial layer was disrupted and
irregular. The CM and LM layers showed disorganization and loss
of structural integrity. BV displayed morphological irregularities
and deformation. A notable reduction in T2B secretory cells was
observed, with some areas showing replacement of these cells
by P accumulation. Additionally, inflammatory cell clusters were
identified in the subepithelial tissue regions, indicating tissue
damage and immune response activation (Figure 3).

DISCUSSION

This study provides a comparison of the morphological and
histological characteristics of healthy and deformed leeches
belonging to the species Hirudo verbana. Through microscopic
evaluations, notable structural differences wereidentified between
the groups, particularly in the epithelial organization, muscular
architecture, vascular morphology, secretory cell distribution, and
P accumulation. The presence of inflammatory foci and marked
tissue disruption in deformed specimens further highlights
the pathological consequences of deformation. These findings
suggest that physical deformities significantly compromise the
biological integrity of medicinal leeches, potentially impairing
their physiological functions and therapeutic efficacy. Evaluating
these alterations is essential not only for understanding the

DSHL

mechanisms of deformation but also for improving cultivation
conditions and ensuring the quality and safety of leeches used in
medical applications.

Medicinal leeches are primarily hematophagous parasites that
feed on the blood of their hosts. In healthy leeches, botryoidal cells
are arranged in clusters, while in malformed leeches, botryoidal
tissue transforms from a clustered arrangement into a typical
hollow (tubular) structure. In excessively fed leeches, cracks can
occur on the intestinal surface, and tissue destruction in these
regions triggers an immunological response. These findings
provide a possible explanation for the development of post-
feeding morphological deformities and highlight the physiological
mechanisms that may underlie tissue damage in leech farming
systems (7). In this study, epithelial disruptions were markedly
more pronounced in the deformed leech groups, indicating a
loss of structural integrity in the outermost tissue barrier. This
impairment is particularly critical, as the epithelium plays a vital
role in protecting internal tissues from external insults, including
microbial pathogens. Hildebrandt and Lemke (16) emphasized
that epithelial damage in Hirudo medicinalis could compromise
the barrier function, predisposing the organism to infections and
triggering localized immune responses. Consistent with this, our
study observed the presence of inflammatory cell clusters and
infection foci beneath the damaged epithelial regions in deformed
leeches, supporting the notion of immune activation and tissue
defense mechanisms. A different study showed that exposure
to various concentrations of cadmium caused altered epithelial
cell boundaries, vacuolar degeneration in the epidermis, and
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Figure 2. Histological sections of doctor-sized healthy (DSHL) and deformed (DSDL) leeches stained with hematoxylin and eosin. Black
arrow: Cuticle, E: Epithelium, CM: Circular muscle, LM: Longitudinal muscle, BV: Blood vessel. Secretory cells with active secretion

function are identified as T1 (red arrow). T2A and T2B secretory cells are distributed throughout the subepithelial connective tissue.
P: Melanin pigment deposits in the submucosal layer. Infection sites characterized by inflammatory cell infiltration and increased
melanin pigment accumulation in the subepithelial region; Yellow stars: Infection sites characterized by inflammatory cell infiltration
and increased melanin pigment accumulation in the subepithelial region. Scale bar: 100 pm
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structural damage in the cuticle in a freshwater leech species (17).
In our study, the increased P accumulation observed beneath the
damaged epithelial regions was primarily associated with melanin-
like structures. Such pigmentation has previously been linked to
stress responses and innate immune activity in invertebrates,
where melanin synthesis plays a role in defense mechanisms,
particularly under inflammatory conditions (18), which are known
to be associated with oxidative stress-induced tissue damage in
leeches (17). Importantly, melanin deposition in invertebrates
has also been implicated in innate immune defense. It has been
demonstrated that phenoloxidase-mediated melanogenesis
plays a critical role in encapsulating and neutralizing pathogens,
suggesting a functional link between P accumulation and immune
activation. As proposed by Salzet (19), melanin and melanin-
like compounds may serve not only as by-products of immune
activation but also as active agents within antimicrobial defense
systems. In this context, the increased P accumulation observed in
deformed leeches may reflect a compensatory response aimed at
limiting tissue damage and microbial invasion through localized
immune activation. These findings reinforce the hypothesis that
morphological deformation in medicinal leeches affects not only
structural integrity but also elicits physiological stress responses
that could potentially compromise their therapeutic reliability.

In leeches, muscle fibers are separated from the inner digestive
tube by a layer of loose connective tissue (20). The tubular
body wall of the leech consists of three distinct muscle layers
of varying thickness: circular, longitudinal, and oblique muscle
fibers. These three layers, along with dorsoventral muscles, are

MSHL

primarily responsible for maintaining posture and facilitating
various movements such as swimming, crawling, and directional
orientation (21). In the literature, disorganization of the muscle
layers has been prominently observed in deformed leeches,
emphasizing the critical role of muscular architecture in
essential biological functions such as locomotion and feeding.
Perkins et al. (22) highlighted that structural impairments
in the musculature may significantly compromise the leech’s
physiological performance, including its ability to attach, move,
and feed efficiently. Consistent with these findings, this study
demonstrated that deformation-related disruptions in the circular
and LM layers were evident in the affected specimens, potentially
impairing their biological activity.

In this study, histological examination revealed a regular
distribution of T1, T2A, and T2B secretory cells in healthy leeches.
In contrast, a marked reduction in T2B cells was observed in the
deformed groups. According to the literature, T2B cells play an
important role in the secretion of biologically active molecules
in medicinal leech species such as Hirudo medicinalis (10,12,23).
Therefore, the decrease in T2B cells may be associated with
reduced biological functionality and diminished therapeutic
potential. On the other hand, a different study conducted on
Limnatis nilotica reported that exposure to cadmium resulted
in morphological changes in type 1 secretory cells and vacuolar
degeneration in the epidermis, while type 2 secretory cells
exhibited a numerical increase without morphological alterations.
This finding contrasts with our results regarding the reduction in
T2B cells, and the discrepancy may be attributed to species-specific

MSDL

Figure 3. Hematoxylin-eosin stained tissue sections from the medium-sized healthy leech (MSHL) and medium-sized deformed leech
(MSDL) groups. Black arrow: Cuticle, E: Epithelium, CM: Circular muscle, LM: Longitudinal muscle, BV: Blood vessel, secretory cells
with active secretory function are designated as T1 (red arrow); T2A and T2B secretory cells are distributed throughout the subepithelial
connective tissue. P: Melanin pigment deposits in the submucosal layer. Yellow stars: Infection sites characterized by inflammatory cell
infiltration and increased melanin pigment accumulation in the subepithelial region. Scale bar: 100 pm




Turkiye Parazitol Derg 2026;50(1):38-44

Tozak Yildiz et al. Morphological, Histological Approach Hirudo verbana Abnormalities 43

differences and the distinct nature of the stressors involved. In
our study, the deformation is likely linked to biomechanical stress
or infection rather than a chemical agent such as cadmium. These
observations suggest that various stress factors may elicit cell-
type-specific responses depending on the species and tissue type
involved (17).

In the deformed groups, infectious foci were also found to be more
prevalent. The accumulation of mononuclear cells beneath the
epithelium, along with the observed decrease in T2B secretory
cells and replacement of these cells by melanin Ps, suggests the
activation of alocal immune response. Additionally, the presence of
distinctinflammatory cell clusters beneath the epithelium indicates
localized tissue damage and immune reaction in the affected areas.
A more comprehensive investigation of these infections can be
achieved through techniques such as immunohistochemistry,
which would allow for the characterization of specific cell types and
the cytokines they secrete in the infected regions thereby providing
deeper insight into the extent and nature of the inflammatory
response (24). The inflammatory responses and cellular alterations
accompanying tissue damage observed in the study by de Eguileor
et al. (25) are consistent with previously described wound healing
processes in annelids. In the literature, it has been reported that
leeches utilize macrophage-like cells, natural killer-like cells, and
granulocytes located in the connective tissue and vascular system
to mediate tissue repair. However, this cellular defense mechanism
appears to be less rapid and efficient compared to other annelid
groups such as oligochaetes, polychaetes, and sipunculids. This
difference has been attributed to the reduced coelomic cavity and
the limited number of coelomocytes in leeches (26,27). While
oligochaetes and polychaetes are capable of initiating relatively
rapid tissue repair through the migration of immune cells from
the coelomic fluid, leeches exhibit reduced regenerative capacity
and increased vulnerability to extensive tissue damage. These
findings are particularly significant in explaining the persistence
of inflammatory foci and irreversible tissue deformities observed
in our study.

CONCLUSION

This study demonstrated that morphological deformities observed
in Hirudo verbana medicinal leeches can affect several histological
parameters including epithelial integrity, muscle organization,
secretory cell distribution, and immune responses potentially
impairing their physiological functions. The observed reduction in
T2B secretory cells, along with the accumulation of melanin Ps in
certain regions, suggests a disruption in normal secretory activity.
Additionally, increased inflammatory foci and the accumulation
of mononuclear immune cells beneath the epithelium indicate a
localized immune response, linking deformation to tissue damage
and the activation of defense mechanisms. These findings
imply that deformation may negatively impact the therapeutic
effectiveness of leeches. Further molecular-level studies are
needed to better understand the underlying mechanisms. In this
context, optimizing leech breeding conditions and improving
quality control processes remain essential for ensuring their
reliability in medical applications.

*Ethics

Ethics Committee Approval: According to the Regulation on
the Working Procedures and Principles of Animal Experiments

Ethics Committees, an Ethics Committee Approval Certificate
is required for vertebrate animals. Since medicinal leeches
are invertebrates, ethics commitee approval was not required
according to national regulations.

Informed Consent: Informed consent could not be obtained
because the study did not involve human participants, patient-
derived samples, or any direct or indirect intervention in human
subjects.

Footnotes

*Authorship Contributions

Concept: H.T.Y,, EK,, A.B,, M.C., Design: HT.Y,, EK,, A.B,, M.C.,
Data Collection or Processing: H.T.Y.,, E.K., M.K., N.C., Analysis
or Interpretation: A.B., Literature Search: H.T.Y.,, E.K.,, M.K,, N.C.,
Writing: HT.Y,, E.K., M.C.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: This research was supported by the
Scientific Research Projects Unit of Kirgehir Ahi Evran University
under project number TIP.A3.24.006.

REFERENCES

1. Eldor A, Orevi M, Rigbi M. The role of the leech in medical therapeutics.
Blood Rev. 1996; 10: 201-9.

2. ChaneyS. Robert G.W. Kirk and Neil Pemberton, Leech. London: Reaktion
books; 2013.p.208. ISBN 978-1-78023-033-7.£ 9.99 (paperback). The
British Journal for the History of Science. 2014; 47: 173-5.

3. Ayhan H, Ozyurt Kogakoglu N, Candan S. Functional morphology of the
suckers and teeth of the medicinal leech Hirudo verbana Carena, 1820
(Annelida; Clitellata; Hirudinida): a scanning electron microscope study.
Microsc Res Tech. 2021; 84: 2930-5.

4. Herlin C, Bertheuil N, Bekara F, Boissiere F, Sinna R, Chaput B. Leech
therapy in flap salvage: systematic review and practical recommendations.
Ann Chir Plast Esthet. 2017; 62: e1-13.

5. Grassberger M, Sherman RA, Gileva OS, Kim CM, Mumcuoglu KY.
Biotherapy—history, principles and practice. Dordrecht, Heidelberg, New
York, London: Springer; 2013. p.38-9.

6. Ulger O, Ayhan H. Morphological and anatomical deformities of Hirudo
verbana, Carena 1820 (Annelida, Hirudinea) after feeding: light and
electron microscopic analysis. Microsc Microanal. 2025; 31: 0zael36.

7. Riede E, Koenen W, Goerdt S, Ehmke H, Faulhaber J. Medicinal leeches
for the treatment of venous congestion and hematoma after plastic
reconstructive surgery. J Dtsch Dermatol Ges. 2010; 8: 881-8.

8. Abdullah S, Dar LM, Rashid A, Tewari A. Hirudotherapy/leech therapy:
applications and indications in surgery. Arch Clin Exp Surg. 2012; 1: 172-80.

9. Parker JL, Shaw JG. Aeromonas spp. clinical microbiology and disease. J
Infect. 2011; 62: 109-18.

10. Selviler Sizer S, Eren H, Aktag C, Pazar M, Demirbas E, Onuk B, et al.
Ultrastructural architecture and morphological examination of Hirudo
verbana (Annelida, Hirudinea). Microsc Res Tech. 2025; 88: 2408-17.

11. Gouda HA. The effect of peritrich ciliates on some freshwater leeches
from Assiut, Egypt. J Invertebr Pathol. 2006; 93: 143-9.

12. Gil MU, Cakia O. Comparison of body wall histologic structure of
two medicinal leeches Hirudo sulukii and Hirudo verbana (Hirudinida:
Hirudinidae). Cell Tissue Res. 2022; 387: 75-84.

13. Ceylan M, Cetinkaya O. Investigation on the collection and economy of
medicinal leeches from wetlands around lake Egirdir, Turkey. Turkiye
Parazitol Derg. 2017; 41: 96-101.

14. Oceguera-Figueroa A, Kvist S. Concepts in animal parasitology, Chapter
62: Hirudinea (subclass): parasitic leeches. In: Gardner SL, Gardner SA,



44 Tozak Yildiz et al. Morphological, Histological Approach Hirudo verbana Abnormalities

Turkiye Parazitol Derg 2026;50(1):38-44

15.

16.

17.

18.

19.

20.

editors. Concepts in Animal Parasitology. Lincoln (NE), United States: Zea
Books; 2024. p.747-55.

Saglam N. Tibbi siiliik tiirleri Hirudo sulukii ve Hirudo verbana’nin i¢ ve dig
morfolojik ézellikleri [Internal and external morphological characteristics
of the medicinal leech species Hirudo sulukii and Hirudo verbana] Turkiye
Parazitol Derg. 2019; 43: 204-9.

Hildebrandt JP, Lemke S. Small bite, large impact-saliva and salivary
moleculesinthemedicinalleech, hirudomedicinalis. Naturwissenschaften.
2011; 98: 995-1008.

Khaled I, Ahmed RB, Saidi I, Pacioglu O, Harrath A. Cadmium exposure
induced oxidative stress and histopathological disruption in the body wall
of the freshwater leech Limnatis nilotica (Savigny, 1822). ISJ. 2023; 20:
44-54.

Grimaldi A, Tettamanti G, Perletti G, Valvassori R, de Eguileor M.
Amyloid/melanin distinctive mark in invertebrate immunity. ISJ. 2012;
9:153-62.

Salzet M. Anticoagulants and inhibitors of platelet aggregation derived
from leeches. FEBS Lett. 2001; 492: 187-92.

Baranzini N, Monti L, Vanotti M, Orlandi VT, Bolognese F, Scaldaferri
D, et al. AIF-1 and RNASET?2 play complementary roles in the innate
immune response of medicinal leech. J Innate Immun. 2019; 11: 150-67.

21.

22.

23.

24.

25.

26.

27.

Rowlerson A, Blackshaw S. Fibre types in leech body wall muscle. J Exp
Biol. 1991; 157: 299-311.

Perkins SL, Budinoff RB, Siddall ME. New gammaproteobacteria
associated with blood-feeding leeches and a broad phylogenetic analysis
of leech endosymbionts. Appl Environ Microbiol. 2005; 71: 5219-24.

Sig AK, Guney M, Uskudar Guclu A, Ozmen E. Medicinal leech therapy-an
overall perspective. Integr Med Res. 2017; 6: 337-43.

Orevi M, Eldor A, Giguzin I, Rigbi M. Jaw anatomy of the blood-sucking
leeches, Hirudinea Limnatis nilotica and Hirudo medicinalis, and its
relationship to their feeding habits. Journal of Zoology. 2000; 250: 121-7.

de Eguileor M, Tettamanti G, Grimaldi A, Boselli A, Scari G, Valvassori
R, et al. Histopathological changes after induced injury in leeches. J
Invertebr Pathol. 1999; 74: 14-28.

Sawyer RT. Leech biology and behaviour. Vol. 2, Feeding biology, ecology,
and systematics. Oxford: Clarendon Press; 1986.

Suzuki MM, Cooper EL. Killing of intrafamilial leukocytes by earthworm
effector cells. Immunol Lett. 1995; 44: 45-9.



Case Report Turkiye Parazitol Derg 2026;50(1):45-9

Olgu Sunumu DOI: 10.4274/tpd.galenos.2025.66934

The Hidden Danger in the Eyelids: Diagnosis and
Treatment of Bilateral Phthiriasis Palpebrarum -
A Rare Pediatric Case Report

Goz Kapaklarindaki Gizli Tehlike: Bilateral Phthiriasis Palpebrarum
Tams1 ve Tedavisi - Nadir Bir Pediyatrik Olgu Raporu
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ABSTRACT

Phthiriasis palpebrarum is a rare infestation of the eyelids caused by Phthirus pubis. This condition is particularly noteworthy as
it is a rare cause of red eyes in children and can often be confused with other forms of blepharoconjunctivitis. In this study, we
examined an 11-year-old male patient who was brought to our clinic by his family and presented with redness and itching in both
eyes that had persisted for a month. Biomicroscopic examination revealed two live lice with mobile legs and a semi-transparent
appearance on the eyelashes of both upper eyelids, together with a large number of eggs, particularly concentrated on the right eye.
No foreign body was found in the eye. After the necessary protective measures had been taken, the lice and their eggs were carefully
removed from the eyelashes using forceps. The parasitological examination of eyelash samples confirmed the presence of adult lice
and eggs of Pthirus pubis. After a suitable treatment plan was developed and detailed hygiene recommendations were thoroughly
explained, the patient was discharged. During the follow-up examination conducted one week later, no lice or eggs were detected
on the eyelashes, and the blepharoconjunctivitis had regressed.

Keywords: Blepharitis, phthiriasis palpebrarum, Pthirus pubis

0z

Phthiriasis palpebrarum, Phthirus pubis'in etkeni oldugu nadir gorilen bir géz kapa@i enfestasyonudur. Genellikle diger
blefarokonjonktivit nedenleri ile karigtirilabilen bu durum, 6zellikle pediatrik kirmizi goz olgularinin nadir bir sebebi olarak dikkat
ceker. Bu caligmada, her iki gézde bir aydir devam eden kizariklik ve kagint1 sikayetleriyle ailesi tarafindan klinigimize getirilen
on bir yagindaki bir erkek hastay1 degerlendirmeyi ve bu olguya 151k tutmay: amagcladik. Biyomikroskopik incelemede, her iki tst
goz kapaginin kirpiklerinde hareketli ayaklara sahip, yar seffaf goriunamde iki canli bit ve 6zellikle sagda yogunlagmis ¢ok sayida
yumurta tespit edildi. Géz i¢inde ise herhangi bir yabanci cisme rastlanmadi. Gerekli koruyucu 6nlemler alindiktan sonra bitler
ve yumurtalar1 tutunduklar: kirpiklerden dikkatli bir bicimde penset yardimiyla uzaklagtirildi. Kirpiklerden alinan érneklerin
parazitolojik incelemesinde erigkin Pthirus pubis ve yumurtalar1 oldugu saptandi. Uygun tedavi plani olusturulup gerekli hijyen
onerileri detayl bir gekilde anlatildiktan sonra hasta taburcu edildi. Bir hafta sonra yapilan kontrol muayenesinde, kirpiklerde
herhangi bir bit veya yumurtaya rastlanmadi ve blefarokonjonktivitin geriledigi gozlendi.
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INTRODUCTION

Pediculosis pubis is mainly transmitted through sexual contact
or close physical interaction. It usually occurs in the pubic
region, although it can also affect the scalp, armpits, eyebrows
or eyelashes (phthiriasis palpebrarum). It is considered a
rare cause of blepharoconjunctivitis (1). Pubic lice are spread
through sexual contact in adults and adolescents. They can
be transmitted from contaminated hands to the eyelashes. In
children, transmission occurs through close contact, sleeping in
the same bed with infected parents or sharing objects, and sexual
abuse (2). The associated blepharoconjunctivitis may be due to
a hypersensitivity reaction to the parasite and can therefore be
misdiagnosed as allergic blepharoconjunctivitis (3). Although
infestation occurs in all age groups, especially in poor hygienic
conditions and in chronic, treatment-resistant blepharitis, this
diagnosis should be kept in mind, especially in pediatric cases
(4). Such infestations can be easily overlooked or evaluated as
simple blepharitis if only the ocular surface is considered during
biomicroscopic examination and the examination of the eyelids
is ignored (5). In this study, we report a case of isolated bilateral
palpebral involvement presenting as blepharoconjunctivitis in an
11-year-old boy.

CASE REPORT

An 11-year-old male patient presented to our clinic complaining
of redness and itching in both eyes that had persisted for one
month. According to his family, he had previously seen a doctor,
but his symptoms persisted despite treatment. Corrected
distance visual acuity was 20/20 in both eyes. Biomicroscopic
examination revealed two semi-transparent live lice with mobile
legs on the eyelashes of both upper eyelids, along with numerous
oval whitish eggs, particularly concentrated on the right side
(Figure 1). The conjunctiva appeared hyperemic, with follicular
structures observed beneath the eyelids (Figure 2). Aside
from this, the anterior and posterior segment examinations
were deemed normal. No foreign body was found in the eye.
Topical pilocarpine hydrochloride (pilosed 2%, Bilim flag) and
cyclopentolate hydrochloride (sikloplejin 1%, Abdi Tbrahim flag)
drops were applied to the roots of the eyelashes. After local
anesthesia with proparacaine hydrochloride (alcaine 0.5%, Alcon),
the immobilized lice and their eggs were carefully removed
mechanically with forceps from the eyelashes to which they
were attached, observing the necessary protective measures, and
collected in a container for parasitological examination (Figure
3). The procedure was terminated after ensuring that all lice
and eggs had been removed. To avoid possible contamination, a
biomicroscope was preferred, which was not actively used in the
procedure, and the biomicroscope was cleaned with bleach after the
procedure. Parasitological examination of the samples taken from
the eyelashes revealed adult lice and eggs of Pthirus pubis (Figures
4-6). As a treatment, it was recommended to apply tobramycin eye
ointment (tobrased 0.3%, Bilim flac) together with liquid vaseline
(petrolatum compound) to the eyelashes three times a day, then
comb the eyelashes and clean them with tea tree oil. Although
there were no complaints in the family members, no parasites
were found during examinations for asymptomatic infestation. It

was explained that the use of shared objects should be avoided,
that clothes and bedding should be washed at high temperatures
and then ironed with high steam pressure and that maximum
hygiene should be observed. The family’s socio-economic status
was good and they were educated people. When the cause of the
infestation was investigated, no suspicion of sexual abuse arose,
and there were no individuals in the patient’s surroundings with
similar symptoms. It was observed that both the family and the
patient maintained good personal hygiene. A dermatological

Figure 1. White arrow: Oval, greyish-white egg of a louse
hanging from an eyelash. Black arrow: Live, translucent adult

louse firmly attached to an eyelash (the photos were taken
with a biomicroscope at X16 magnification)

Figure 2. The conjunctiva appeared hyperemic and follicular

structures were observed under the eyelids (the photos were
taken with a biomicroscope at X16 magnification)
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Figure 5. Light microscopic examination of a young egg

of Phthirus pubis at x10 magnification. The egg measured
Figure 3. After mechanical cleaning with forceps, eggs and approximately 1 mm in length and 0.4 mm in width (scale bar:
lice were collected for parasitological examination 1 mm)

Figure 4. Light microscopic examination of an adult Figure 6. Light microscopic examination of a mature and
Phthirus pubis at x4 magnification. The specimen measured hatching lice egg of Phthirus pubis at X10 magnification. The
approximately 1.4 mm in length and 0.8 mm in width (scale egg measured approximately 1.2 mm in length and 0.4 mm in
bar: 1 mm) width (scale bar: 1 mm)
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examination was carried out due to the suspicion of a possible lice
infestation on other parts of the body. However, it was found that
no infestation with P. pubis was found on other parts of the body
during the examination. At the follow-up examination, which was
performed 1 week later, it was found that the patient’s complaints
of irritation and redness had disappeared. On biomicroscopic
examination, it was found that the lice and eggs in the eyelashes
had completely disappeared and the blepharoconjunctivitis had
regressed. The case and the family were informed about personal
hygiene and possible transmission routes of the infestation. In
addition, written informed consent was obtained.

DISCUSSION

Human lice are a public health problem affecting millions of people
worldwide, especially in developing countries. Lice have been
known for over 10,000 years, and the oldest human lice eggs were
found on a hair shaft in an archaeological study (6). Human lice
typically occur in the form of head lice in 19% of school children
and in the form of pubic lice in 2% of the adult population (7).
Human blood-sucking lice belong to two families: Pediculidae
and Pthiridae, with the corresponding genera being Pediculus and
Pthirus, respectively. Pediculus humanus capitis denotes the head
louse, while P. pubis refers to the pubic louse, also known as the
crab louse. P. pubis prefers to cling to thick, stiff hair such as pubic
hair, eyelashes and eyebrows, but can also infest other parts of
the body (8).

P pubis is about 0.8-1.2 mm long and has three pairs of legs. The
first pair of legs is short and weak, while the other two pairs end
in crab-like claws that can cling to pubic or other body hair (Figure
4). P. pubis lays 50 eggs during its lifetime (Figures 5, 6) and adult
lice die at temperatures above 40 degrees. The eggs can survive
15-60 minutes in a 60-degree wash (9).

In adults, infestation with eye lice is usually caused by the transfer
of pubic lice from the pubic area to the eyelid area by scratching
and rubbing the eyes; in children, infestation with eye lice is
caused by close contact with adults and the use of shared objects.
It should also be borne in mind that children may have been
sexually abused because they do not yet have terminal body hair.
Although phthiriasis palpebrarum is most commonly reported in
school-age children and adults, it has been documented even in
the neonatal period. However, in Tirkiye, reliable epidemiological
data on the annual incidence of phthiriasis palpebrarum are
lacking, and the literature consists mainly of isolated case reports.
In pediatric cases, eyelash involvement requires particular caution.
Although transmission may occur through non-sexual routes,
the possibility of sexual abuse must always be assessed within
the scope of forensic medicine and social services. According
to current legislation in Tiirkiye, physicians have a mandatory
reporting obligation in such cases (10,11). Adult patients should
also be screened for diseases transmitted through sexual contact.
In view of the fact that the disease can be transmitted through
sexual contact, it is recommended that partners be examined
and treatment initiated if necessary. To prevent recurrence of the
disease, the patient should be advised on personal hygiene and
cleaning of shared objects. Contaminated cosmetics should not
be reused and items such as clothing, towels and sheets should be
washed at a high temperature (60 °C) for 30-60 minutes and then
ironed at a high temperature (11).

In the treatment of phthiriasis palpebrarum, it is usually
sufficient to remove the lice and eggs mechanically with tweezers

or to cut off the eyelashes and then apply petrolatum ointment
to the eyelids two or three times a day for 10 days. Petrolatum
ointment kills the lice, prevents the lice from attaching to the
eyelashes and prevents them from hatching (12). Other effective
topical treatments include 0.3% tobramycin eye ointment,
0.5% moxifloxacin eye ointment, physostigmine ointment, 1%
malathion shampoo, 1% yellow mercuric oxide eye ointment,
parasympathomimetics such as 4% pilocarpine gel, topical
botulinum toxin and 20% fluorescein drops. Topical antiparasitics
such as natural pyrethrin, 1% permethrin, 0.2% phenothrin may
also be prescribed. In cases that are not treated for a long period
of time, secondary bacterial infections may occur. In such a case,
treatment should be supplemented with topical antibiotic drops
and ointments. In cases where itching and irritation are severe,
topical treatment with antihistamines may be recommended
to relieve symptoms (13,14). Tea tree oil, known for its broad
spectrum antimicrobial and anti-inflammatory properties, has
also been shown to be effective in treatment (15). Inactivation
of lice and eggs by argon laser phototherapy and mechanical
removal has also been shown to be effective (16). Although there
are various alternatives and newly proposed methods in the
treatment of phthiriasis palpebrarum, the treatment process is
difficult and no clear consensus has been reached.

CONCLUSION

In persistent and unresponsive cases of blepharoconjunctivitis,
phthiriasis palpebrarum should be considered a potential
diagnosis. Eggs and lice can be detected through a careful eyelid
examination using a biomicroscope with X40 magnification.
While various treatment approaches exist, mechanical cleaning
and the application of liquid petroleum jelly are often sufficient.
Special attention should be given to the possibility of sexual
abuse, especially in pediatric cases. If suspicion arises, a
multidisciplinary approach involving pediatrics for potential
child abuse and dermatology for sexually transmitted diseases
is essential. Phthiriasis palpebrarum can be seen not only in
individuals from low socioeconomic backgrounds but also in the
general population.
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Risk of Oral Myiasis in Intensive Care Unit: A Case
Report Caused by Calliphoridae

Yogun Bakim Unitesinde Oral Miyaz Riski: Calliphoridae Kaynakh Bir
Olgu Sunumu
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ABSTRACT

Myiasis is a rare ectoparasitic infestation characterized by the invasion of living tissue by fly larvae of the order Diptera. While
larvae typically target wounded skin, ocular, nasopharyngeal, and gastrointestinal regions, oral myiasis is a less frequently reported
but clinically significant site of infestation. Herein, we report a case of oral myiasis in a 68-year-old male patient who was intubated
and managed in the intensive care unit following a high-altitude fall resulting in a Type III odontoid fracture. A tracheostomy
was subsequently performed and during routine replacement of a nasogastric tube, multiple motile larvae were observed in the
oral cavity. The larvae were mechanically removed, and the affected area was thoroughly irrigated with a sodium bicarbonate
solution. Parasitological examination, including both macroscopic and microscopic analysis, identified the larvae as third-instar
forms of the Calliphoridae family. Despite ongoing intensive supportive care, the patient developed sepsis and multiorgan failure,
culminating in cardiopulmonary arrest and death. This case suggests that oral myiasis may occur even under strict adherence to
standard infection control measures. It highlights the necessity for individualized risk assessment and the implementation of
advanced, targeted prevention strategies in vulnerable intensive care unit populations, considering the complex interplay of host,
environmental, and systemic factors.

Keywords: Oral myiasis, intensive care, Calliphoridae, parasitic infestation

0z

Miyaz, Diptera takimina ait sinek larvalarinin canh dokuya invazyonu ile karakterize nadir bir ektoparaziter enfestasyondur.
Larvalar genellikle yarali deri, okiiler, nazofarengeal ve gastrointestinal bélgeleri hedef alirken, oral miyaz daha az siklikla bildirilen
ancak klinik a¢idan énemli bir tutulum bélgesidir. Bu olgu sunumunda, yiiksekten diisme sonrast entiibe edilerek yogun bakimda
takip edilen ve Tip III odontoid fraktiirii nedeniyle trakeostomize edilen 68 yasindaki bir erkek hastada gelisen oral miyaz
tablosu sunulmusgtur. Nazogastrik sonda degisimi sirasinda oral kavitede ¢ok sayida hareketli larva tespit edilmis, fiziksel olarak
uzaklagtirilan larvalarin bulundugu bélge sodyum bikarbonat ile irrigasyon yoluyla temizlenmistir. Parazitolojik incelemeler,
larvalarin Calliphoridae ailesine ait ti¢incii dsnem larvalar oldugunu dogrulamigtir. Hastada, takip siirecinde sepsis ve ¢oklu organ
yetmezligi gelismis; tiim yogun girisimlere ragmen kardiyopulmoner arrest sonrasi eksitus gerceklesmistir. Bu olgu, standart
enfeksiyon kontrol énlemlerine tam olarak uyulmasina ragmen miyazin, konak faktorleri ve cevresel kosullarin etkilegimiyle
gelisebilecegini ortaya koymakta; yogun bakim hastalarinda bireysellestirilmis risk analizi ve gelismis énleme stratejilerinin
6nemini vurgulamaktadur.

Anahtar Kelimeler: Oral miyaz, yogun bakim, Calliphoridae, paraziter enfestasyon
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INTRODUCTION

Myiasis, derived from the Latin words “myia” (fly) and “iasis”
(disease), refers to a rare ectoparasitic infestation characterized by
the invasion and development of fly larvae from the order Diptera
within the tissues of humans or animals (1). Clinically, it results
from the colonization of viable or necrotic tissue by larvae and
can lead to significant complications if not diagnosed and treated
promptly. The clinical manifestations vary depending on the
anatomical site of infestation, the species of the larvae, and the
immunological status of the host (2). Although more frequently
reported in tropical and subtropical regions, isolated cases of
myiasis have been documented in other geographical areas when
favorable environmental conditions are present. Warm and humid
climates promote increased fly activity, facilitating oviposition
or larval deposition onto open wounds, mucosal surfaces, or
natural body orifices of susceptible hosts (3). Predisposing factors
include poor hygiene, low socioeconomic status, advanced age,
chronic illnesses, immunosuppression, substance use, prolonged
immobilization, and long-term intubation (4).

Myiasis is classified anatomically as wound, furuncular, cavitary,
or hematophagous types, and ecologically as obligatory,
facultative (primary, secondary, tertiary), or accidental (1,3).
Globally, 37 fly species from 10 different families within the
Diptera order have been implicated in human myiasis, with
species from the Calliphoridae (12 species) and Sarcophagidae (9
species) families being the most common. While oral myiasis
has been reported in the literature, it remains a relatively
infrequent manifestation compared to cutaneous, ocular,
nasopharyngeal, and gastrointestinal forms (4). It typically occurs
in individuals with poor oral hygiene, necrotic periodontal tissues,
immunosuppressive states, or reduced consciousness (5). The
larvae thrive in moist, oxygen-poor environments; periodontal
pockets provide an ideal habitat for larval development. Their
photophobic behavior further encourages deeper tissue migration
as they progress to the pupal stage (6).

In this report, we present a case of oral myiasis in a patient who
developed the condition following prolonged intubation due
to trauma-induced loss of consciousness. The aim of this study

is to discuss the diagnostic approach, clinical management, and
therapeutic interventions in the context of current literature,
while emphasizing the clinical relevance of this uncommon but
potentially serious infestation.

CASE REPORT

A 68-year-old male patient was admitted to the Anesthesiology
Intensive Care Unit of Manisa Celal Bayar University Hafsa Sultan
Hospital following a high-altitude fall, resulting in severe cervical
trauma, impaired consciousness, and acute respiratory failure.
He was intubated upon arrival and underwent cervical computed
tomography, which revealed a Type III odontoid fracture at the C2
vertebra. Tracheostomy was performed early during mechanical
ventilation, and multidisciplinary critical care management
was initiated. During the intensive care unit stay, the patient
received invasive mechanical ventilation and enteral nutrition via
a nasogastric tube. Nursing care, oral hygiene, and antimicrobial
therapy were administered according to current evidence-based
protocols. On day 12 of hospitalization, larvae were observed
in the oral cavity during routine nasogastric tube replacement.
Detailed clinical examination confirmed that the infestation was
confined to the oral mucosa, with no evidence of larval presence
around the tracheostomy site or within the trachea. Mechanical
debridement was performed, followed by irrigation of the affected
area with a sodium bicarbonate solution. The removed larvae
were preserved in 70% ethanol and referred to the parasitology
laboratory for identification. Specimens measuring 7-8 mm with
typical segmental morphology were observed during macroscopic
evaluation. Stereomicroscopy and light microscopy demonstrated
12 segmented bodies, prominent paired oral hooks, well-
developed oral sclerite structures, and complete peritreme closure
with distinct button and slit formations on posterior spiracles.
Based on morphological features and taxonomic analysis,
the larvae were conclusively identified as third instar (L3)
Calliphoridae species belonging to the order Diptera (Figure 1).
Despite supportive measures, the patient developed progressive
cardiovascular and respiratory failure and did not respond to
cardiopulmonary resuscitation, resulting in death five days later.

Figure 1. Microscopic characterization of a third-instar larva belonging to the Calliphoridae family. A: Total view of the 3" stage larvae
(4x), B: Anterior end demonstrating the cephalopharyngeal skeleton and anterior spiracle (40x), C: Posterior end showing a trifurcated

posterior spiracle (40x), D: Cephalopharyngeal skeleton (40x), E: Anterior spiracle (40x)
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Since the patient was lost when myiasis was identified, the
patient’s approval could not be obtained.

DISCUSSION

Oral myiasis is an uncommon form of parasitic infestation,
defined by the colonization and development of dipteran larvae
within the oral cavity. Although documented in the literature, it
occurs less frequently than cutaneous, ocular, or other anatomical
variants (7,8). The oral environment typically serves as a natural
barrier to larval development due to continuous mechanical
cleansing, salivary flow, and antimicrobial components. However,
factors such as immunosuppression, prolonged intubation,
poor oral hygiene, necrotic tissue, and loss of consciousness can
compromise these defenses and create a favorable environment
for infestation (9). Clinically described for the first time in 1909,
oral myiasis may present with symptoms such as oral pain,
swelling, fetid odor, and a sensation of larval movement (10). In
intensive care patients, the inability to maintain oral hygiene and
the presence of necrotic tissue increase the risk of fly oviposition.
Under suitable temperature and humidity conditions, deposited
eggs hatch rapidly, and the emerging larvae invade the oral
mucosa. Once penetrated into the tissue, larvae orient their
posterior spiracles toward the surface for respiration while
embedding their anterior segments into deeper tissues. This
configuration allows them to be protected from environmental
factors and continue their development. Through this invasive
process, larvae typically reach the prepupal stage within 8 to 12
days (11). During their development in human tissue, larvae
progress through three instar stages (L1 to L3), each characterized
by distinct morphological features. Although myiasis more
commonly involves anatomical sites such as the nasal cavity, eyes,
ears, and lungs, oral involvement remains relatively uncommon.
This infrequency is likely attributable to the oral cavity’s limited
exposure to external environmental factors and its effective
local defense mechanisms. Nevertheless, when these barriers are
compromised, the oral cavity may become a potential reservoir
for larval development (12).

Reported cases of oral myiasis worldwide vary depending
on the geographic distribution of the causative fly species,
environmental conditions, and individual risk factors. Species
such as Oestrus ovis (13), Musca domestica (14), Chrysomya
bezziana (15) and Lucilia sericata (16) have been isolated in
different regions and are associated with host-specific conditions
including poor oral hygiene, history of trauma, immobility, and
intensive care hospitalization. Similarly, cases reported from
Turkiye indicate that oral myiasis is often linked to predisposing
factors such as prolonged intubation, inadequate oral hygiene,
and immunosuppression. In this context, Lucilia sericata (17),
Sarcophaga spp. (18), Wohlfahrtia magnifica (19), Hypoderma bovis
(20) and larvae from the Calliphoridae family (21,22) have been
isolated in various clinical scenarios, including intubated patients,
individuals with impaired consciousness, and residents of rural
areas. These findings clearly demonstrate that the development
of oral myiasis is influenced not only by the presence of specific
vector species but also by the host’s general health status, immune
condition, and living environment.

In our case, the patient’s prolonged immobility due to impaired
consciousness in a rural setting, along with direct exposure
to environmental factors, created a favorable condition for

flies of the Calliphoridae family to deposit eggs within the
oral cavity. The persistently open mouth position reduced
salivary secretion, and consequent deterioration in oral hygiene
provided a microenvironment conducive to larval colonization.
This scenario significantly increases the risk of infestation,
particularly in elderly, immunosuppressed, or unconscious
individuals. The submucosal localization of the larvae within
the oral mucosa may lead to the absence of typical symptoms
in the early stages of infestation, potentially delaying diagnosis.
Unlike superficial involvement, larval invasion into deeper
tissues complicates the identification of pathognomonic signs
during routine oral examinations, often resulting in a diagnosis
at more advanced stages. Similarly, the literature indicates that
larvae in the L1 and L2 stages tend to progress asymptomatically,
with clinical manifestations usually emerging upon transition
to the L3 stage (10). These findings suggest that relying solely
on clinical symptoms may be insufficient for diagnosing oral
myiasis. A comprehensive assessment that includes a detailed
patient history, environmental exposure, and understanding of
larval developmental stages is essential for timely and accurate
diagnosis.

CONCLUSION

In conclusion, the occurrence of oral myiasis in the present case,
despite strict adherence to standard infection control measures
within an intensive care unit, suggests that such infestations
cannot be entirely prevented through systemic measures
alone. Impaired consciousness, prolonged mouth opening,
and compromised mucosal barrier integrity, combined with
exposure to environmental vectors, created favorable conditions
for infestation. This underscores the need for individualized
and proactive surveillance strategies in high-risk patients,
supplementing existing clinical protocols. Structured follow-up
systems, including regular oral examinations and targeted larval
screening, may facilitate earlier diagnosis and improve treatment
outcomes. Moreover, documenting such infrequent yet clinically
significant cases is crucial for raising awareness and guiding both
diagnostic and preventive approaches in comparable clinical
contexts.
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