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EDITORDEN

2025 yilinin ilk sayisini 6 6zgiin arastirma makalesi ve 1 video makale ile cikarmaktayiz. Ozgiin
arastirmalar arasinda; sitma parazitlerinin eritrosit isgalini engellemeye ydnelik bir ila¢ calismasi,
imminbaskin bireylerde Cryptosporidium prevalansini inceleyen bir calisma, Blastocystis'in populasyon
yapisi ile ilgili bir cahisma, kist hidatik hastalarinin tanisi ve takibinde kullanilabilecek bir markir ile
ilgili bir arastirma yani sira uyuzlu hastalar ve Culicoides tiirlerinin vektorliik potansiyelleri ile ilgili
birer calisma yer almaktadir.

Video makale olarak; bilim alanlarinda da yaygin olarak kullanilmaya baslayan akilli telefonlar ve
uygulamalari ile alinan gériintiilerin Parazitoloji bilim alaninda bir yansimasi olan ve Sarcoptes scabiei
ve Demodex folliculorum ektoparazitlerinin hareketlerini gériintiileyen bir calisma yer almaktadir.

Dergimizin ESCI icin de basvurusu yeniden yapilmis olup sonucu beklenmektedir. Bu siirece bliyiik
katkisi olan ve gonderilen makalelere 6zveri ile hakemlik yapan, bu sayinin sonunda da listesi yayinlanan
akademisyenlerimize de tesekkir etmek ve minnetlerimi sunmak isterim.

SCI/SCI-Expanded kapsaminda olan dergilerde yapacaginiz yayinlarda dergimizde yer alan makalelere
atif yapiimasinin, dergimizin bu endekse basvuru/kabul siirecinde biyiik 6nem tasidigini yeniden
belirtmek isterim. Bilim alanimizin en 6nemli unsurlarindan ve bizleri giiclendiren araclarindan biri
olan "Tiirkiye Parazitoloji Dergisi"nin bu sayisinin da bilimsel ¢alismalariniza ve birikimlerinize yararh
olmasini umuyorum.

Prof. Dr. Yusuf Ozbel
Bas Editor
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ABSTRACT

Objective: In Nowadays malaria still remains the parasitic disease causing the highest number of deaths, accounting for 619,000
fatalities. The Plasmodium parasites that cause malaria have separate life cycles in both humans and female Anopheles mosquitoes,
existing in various forms throughout this process. The main reason for observing the disease is that merozoites sustain their
existence by invading erythrocytes. Existing drugs affect the parasite’s ability to digest hemoglobin. Drug resistance is also
involved in this process. In this study, have been focused to develop new drug candidate molecules for evade drug resistance. To
evade drug resistance, the aim was to prevent merozoites from invading erythrocytes.

Methods: The invasion of merozoites into erythrocytes consists of several stages: Attachment, deformation, apical junction
formation, and tight junction formation. For this purpose, the docking calculations have been done between the invasion proteins
such as MSP1, pvDBP, phRH5, AMA1 and candidates. The candidates obtained from the malaria box set were subjected to
conformational scanning and geometry optimization in the Spartan’14 program to determine their physicochemical properties.
According to the obtained results from the AutoDock Vina and multiple regression analyses were conducted for each protein to
examine the relationship between binding affinities and the calculated physicochemical parameters of the candidates.

Results: In the regression study of 200 molecules examined for 4 different proteins, 108 molecules were included for DBP, 96 for
MSP1, 90 for AMAL1 and 96 for RH5, and 21 common molecules were observed for all proteins.

Conclusion: Twenty-one molecules showed correlation with the proteins studied. Among these molecules, MMV019074,
MMV019662 and MMV665881 were suggested as candidate drug leads in terms of their binding affinities, physicochemical
properties and SwissADME values.
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Amag: Ginumizde sitma, 619.000 élimle en ¢ok 6lime neden olan paraziter hastalik olmaya devam etmektedir. Sitmaya
neden olan Plasmodium parazitlerinin hem insanlarda hem de digi Anopheles sivrisineklerinde ayr1 yagam dongiileri vardir ve bu
stire¢ boyunca cesitli bicimlerde var olurlar. Hastaligin gézlemlenmesinin temel nedeni, merozoitlerin eritrositleri istila ederek
varliklarini siirdiirmeleridir. Mevcut ilaclar parazitin hemoglobini sindirme yetenegini etkiler. fla¢ direnci de bu siirecte yer alir. Bu
calismada, ilag direncinden kacinmak i¢in yeni ilag aday1 molekiilleri gelistirmeye odaklanilmstir. fla¢ direncinden kaginmak icin
amag, merozoitlerin eritrositleri istila etmesini énlemekti.

Yontemler: Merozoitlerin eritrositlere invazyonu birka¢ asamadan olugur: Tutunma, deformasyon, apikal baglant: olusumu ve
stk1 baglanti olusumu. Bu amagla, MSP1, pvDBP, phRH5, AMA1 gibi istilac1 proteinler ile adaylar arasinda kenetleme hesaplamalari
yapilmistir. Malaria box setinden elde edilen adaylar, fizikokimyasal ézelliklerini belirlemek i¢in Spartan’l4 programinda
konformasyonel tarama ve geometri optimizasyonuna tabi tutulmugstur. AutoDock Vina'dan elde edilen sonuglara gére, her
protein i¢in baglanma afiniteleri ile adaylarin hesaplanan fizikokimyasal parametreleri arasindaki iligkiyi incelemek i¢in ¢oklu
regresyon analizleri yapildi.

Bulgular: Dért farkhi protein icin incelenen 200 molekiiliin regresyon caligmasinda DBP i¢in 108, MSP1 i¢cin 96, AMA1 icin 90 ve
RHS5 i¢in 96 molekiil dahil edilmis olup tim proteinler i¢in 21 tane ortak molekil oldugu gozlenmistir.
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Sonug: Yirmi bir molekiil ¢caligilan proteinlerle korelasyon gosterdi. Bu molekiiller arasinda, baglanma afiniteleri, fizikokimyasal ézellikleri ve SwissADME
degerleri agisindan MMV019074, MMV019662 ve MMV665881 aday ilag énciileri olarak 6nerildi.

Anahtar Kelimeler: Kenetleme, eritrosit, sitma, malaria box, merozoit

INTRODUCTION

Malaria is an acute febrile disease caused by Plasmodium parasites
transmitted by female Anopheles mosquitoes. The life cycle
of the parasites starts when sporozoites are injected into the
skin by female Anopheles mosquitoes. Due to environmental
changes and immune factors, sporozoites need to quickly reach
the liver (1). During this process, sporozoites utilize surface
proteins like circumsporozoite protein and thrombospondin-
related anonymous protein to pass through Kupffer macrophage
cells, which are the first obstacle they encounter, and invade
hepatocytes (2,3). After sporozoites transform into schizonts
within hepatocytes, the schizonts release merozoites into the
bloodstream by rupturing the hepatocyte.

After merozoites invade erythrocytes, it leads to the appearance
of the disease’s symptoms. The invasion process begins with the
merozoite surface protein 1 (MSP1) attachment to the erythrocyte
surface. Moreover, the MSP1 proteins abundantly present on the
surface are highly polymorphic due to being exposed to a large
number of antibodies (4). In the next stage, erythrocyte binding
antigen (EBA) proteins and reticulocyte binding protein homologs
(RH) move the merozoite towards erythrocytes. Thus, facilitating
contact between the merozoite apex and the erythrocyte. The apex
of the merozoite then attaches to the erythrocyte by the pfRHS
protein and becoming ready for invasion. Rhoptry neck protein
2 (RON2) is released from the rhoptry secretory organelles and
binds to the erythrocyte surface. This allows Apical Membrane
Antigen 1 (AMA1) protein to attach to the erythrocyte. The
merozoite establishes a mobile tight junction with the AMA1-
RON2 complex, to infect the erythrocyte (5). The stages of
erythrocyte invasion are shown in Figure 1.

Merozoites differentiate into male and female gametocytes by
invading erythrocytes. During erythrocyte invasion, not all
merozoites differentiate into gametocytes; some of them revert
back to merozoites after erythrocyte invasion. Once gametocytes
are formed, the human life cycle comes to an end. When an
infected individual is bitten by a mosquito again, the gametocytes
are transferred to the mosquito (6). After erythrocyte invasion,
the parasites sustain their lives by utilizing hemoglobin digestion
within the erythrocyte. Trophozoites take up hemoglobin into
the cytoplasm through endocytosis, creating a digestive vacuole
with a pH of 5.2. Heme molecules produced from hemoglobin
breakdown are detoxified inside this vacuole because of their
toxic nature (7). All drugs that affect the current blood stage are
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Figure 1. Erythrocyte invasion stages of merozoite (created
with BioRender.com)

used to prevent the detoxification of heme molecules, and all
resistance mechanisms develop along this pathway. Merozoites
can compensate for any issues that may arise during erythrocyte
invasion by establishing alternative pathways (8).

Therefore, this study, to target merozoite erythrocyte invasion
by inhibiting pvDBP, MSP1, AMA1, and phRH5 proteins to
evade resistance mechanisms. It has been demonstrated that
the C-terminal region of the MSP1 protein (MSP1 19) binds to
and inhibits the protein by targeting amino acids 29-36 and 51-
56 through a ligand called NIC (9,10). In this context, the same
region has been selected as the target binding sequence. The
EBL protein family, which only has one member called the DBP
protein in P. vivax, utilizes Duffy binding-like domains to attach
to erythrocyte receptors (11). To determine the compatibility
of the binding region of pvDBP with other proteins, sequence
alignments were performed between erythrocyte membrane
protein 1 (EMP1), EBA175 (12), EBA140 (13), and pvDBP. The
DBP-Duffy Antigen Receptor (DARC) complex was found to be
the preferred option (the aligned proteins are 4ANUU_A, 1ZRO_A,
AUF72533, 4GF2_A, and SBT76215). According to Batchelor
et al. (11), the binding site of the PhRHS5 protein involved in
the RH5-basigin interaction, which is responsible for binding,
has been identified as the active region. The protein has a pdb
code of 4WAT (14). The active region amino acids for the AMA1
protein have been selected as the ones that interact with the
AMA1-R1 inhibitor (15) and the AMA1-pfRON2 (16) complex in
the 3SRI structure (17). Docking was done with these proteins
and molecules in the “Malaria box” molecule set published by the
Medicines for Malaria Venture Foundation. Thus, the correlation
between the physicochemical properties of molecules and their
binding affinities was studied.This novel approach provides a new
drug and treatment pathway.

Additionally, the MMV020291 molecule from the study of Dans
et al. (18) was preferred to compare binding affinities with
experimental data. MMV020291, a molecule from the “Pathogen
box” set published by the Medicines for Malaria Venture
Foundation. It was observed that MMV020291 was in the
deformation and tight junction stages specified in Figure 1. For
this reason, the binding affinities of MMV020291 were accepted
as the threshold value for the molecules to be recommended.

METHODS

As a target proteins pvDBP, MSP1, AMAI, and phRH5 were
selected, which play a crucial role in the erythrocyte invasion
mechanism mentioned above, have been identified for the
binding procedures. The crystal structures of the these proteins
were selected from the RCSB Protein Data Bank (19) as follows:
pdb id: 4NUU, 1B9W, 3SRI and 4WAT. The central coordinates
of the active region of the selected protein structures for the
binding procedures are specified in Table 1, and the grid box has
been scaled to 35x35x35A°. The binding studies were performed
using the AutoDock Vina program (20), and the interaction maps
and visualization processes were carried out using the BIOVIA
Discovery Studio Visualizer program (21).



Turkiye Parazitol Derg 2025;49(1):1-9

Doganoglu and Enisoglu Atalay. Identification of Inhibitors for Erythrocyte Invasion

Table 1. The grid box coordinates

PDB ID X Y Z

4NUU 47.655875 -44.833875 98.381875
1BOW -3.335750 20.720000 53.636500
3SRI 9.933917 -1.080167 3.548250
4WAT 46.476750 38.165625 51.009750

The determine the binding and inhibition constants of new
candidate drug molecules for treating malaria are crucial. To
achieve this, 200 molecules were selected from the “Malaria box”
molecules that target the blood stage (22). The chosen molecules
went through a process of conformational searching using the
molecularmechanics force field (MMFF) method, with singlebonds
being rotated in 60° increments in the Spartan’14 program (23) to
obtain their most stable conformer structures. The molecules with
stable conformers then underwent geometry optimizations using
the semi-empirical PM6 method. Additionally, the drug-likeness
potential of the candidate molecules was investigated using the
SwissADME program (24). Their compliance with Lipinski’s rules
(25) was also assessed in the study.

Statistical Analysis

Linear correlations between binding affinities against
physicochemical parameter values such as lipophilicity (LogP),
dipole moment, molecular weight (M, ), volume (V), number of
rotatable bonds (NRB) and topological polar surface area (TPSA)
calculated as a result of geometry optimizations were determined

using the Excel program (26).

RESULT

In this context, new candidate drug molecules targeting the
4WAT, 4NUU, 3SR, and 1B9W pdb coded structures responsible
for erythrocyte invasion in malaria treatment’s blood stage were
identified using computational methods. Table 2 displays the
molecular weight (M, ), TPSA, NRB, LogP, dipole moment (), and
hardness [N=(E,,,,-E, o)/ 2] values, and SwissADME maps for 21
molecules that displayed correlation with all the proteins among
the chosen 200 molecules (calculated parameters and binding
affinity values for 200 molecules are shown in Supplementary
Tables 1-3). The table also includes values for the MMV020291
structure. In the SwissADME maps that provide the initial criteria
for drug-likeness in a collective manner, it was observed that only
the compound with the number MMV665881 exceeded the limit
value at the unsaturation point. However, all the other suggested
candidate molecules meet Lipinski’s drug-likeness criteria.

In this study, different affinity values were observed based on
the QSAR parameters of the examined molecules. The binding
affinity values for the reference structure MMV020291 were
obtained as -7.1 and -7.7 kcal.mol® for the protein structures
with pdb codes 4NUU and 3SRI, respectively. On the other hand,
experimental data such as toxicity and inhibition were examined
for the 200 molecules. In the binding calculations between the
4NUU pdb coded protein structure and the molecules, the binding
affinities of MMV665881, MMV019074, and MMV019662 were
calculated as -7.8, -8.2, and -8.4 kcal.mol, respectively. For the
3SRI protein structure, the binding affinities of these molecules
were calculated as -9.0, -8.2, and -8.9 kcal.mol?, respectively.
Based on the obtained binding energies, it can be observed

that the increase in affinity compared to the reference molecule
MMV020291 is approximately 3 to 20 times for the 3SRI protein
structure and between 5 to 20 times for the 4NUU structure.

In the conducted experimental studies, inhibition could not
be achieved with the 1BO9W and 4WAT pdb-coded structures,
which are defined as the first and third stages of erythrocyte
invasion stages, respectively (attachment and apical junction
formation). However, in the binding studies, affinity values
of -6.4 and -7.0 kcal.mol® were obtained for these structures
with the MMV020291 reference molecule. On the other hand,
it was determined that the increase in binding affinity for the
prominent candidate structures MMV665881, MMV019074, and
MMV019662 from the examined molecule set ranged from 2 to
8 times.

In the literature, experimental inhibition tests were conducted
by Voorhis et al. (22). When Table 3 is examined, it can be
observed that the structures MMV019662 and MMV019074
provided inhibition in both early and late ring stages for the HB3
strain. On the other hand, the structure MMV665881 inhibited
subsequent steps instead of the targeted inhibition steps. The
selected molecules exhibited nearly complete inhibition in the
Plasmodium 3D7 strain, where no drug resistance was observed.
However, achieving our main goal, these molecules particularly
MMV019662, MMV665881, and MMV019074, demonstrated
over 70% inhibition in the Plasmodium DD2 strain, which is
known for chloroquine resistance, indicating their potential to
evade resistance mechanisms.

When the physicochemical parameters of the candidate molecules
listed in Table 2 were examined, a clear trend between calculated
logP, hardness, and TPSA values and binding affinities could not
be observed. However, a more distinct trend was obtained with
the dipole moment (p) and molecular weight (MW) properties.
It is observed that the logP value, which has an effect on binding
affinity, varies between 0.88 for the reference MMV020291
structure and in the range of (-1.41) - (+1.86) for the other
prominent molecules. According to this, a very sharp change
between logP values and binding affinity has not been observed.
On the other hand, decreased dipole moment (pt) has been shown
to impact binding affinity. The structure MMV019662, which
h showed the highest affinity, has a dipole moment of p=3.92,
while the reference molecule MMV020291 has a dipole moment
of p=6.17. The decrease in the dipole moment (u) of the other
molecules given in Table 2 has resulted in higher binding affinities.
It’s important to mention that there is a clear correlation between
higher molecular weight (M) values and a stronger binding
affinity.

In the significant regression analyses obtained from the
correlation curves performed for 6 different parameters with the
calculated values given in Table 2 (using Microsoft Excel), a total
of 107, 96, 90, and 96 candidate molecules have been included
in the regression curves for the 4NUU, 1BOW, 3SRI, and 4WAT
pdb-coded structures, respectively (molecules included in the
regressions are shown in Supplementary Tables 4-7). The results
are provided in Table 4 below. Furthermore, when the reference
structure MMV020291 was included in the multiple regression
analysis, no correlation was observed. In order to explain the
binding affinities and identify important amino acids, interaction
maps with the active site amino acids were generated for the
candidate molecules MMV019662, MMV665881, MMV019074,
and the reference structure MMV020291. The Table 5 provides
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Table 2. 2D plots, SwissAdme maps, calculated logP, p, 1, MW, NRB, TPSA values and binding affinities (kcal.mol-1) of examined

structures for 4WAT, 4NUU, 3SRI and 1B9W protein structures
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Table 2. Continued
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Table 2. Continued
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information on which amino acids are involved in the closest
and strongest interactions. When the interactions between the
molecules and the 4NUU protein were examined, a relationship
was observed between the binding energies, the number of
amino acids involved in the interaction, and the distances of the
interactions. Particularly, the hydrogen bond distance with amino
acid R368 was obtained at a very good level with a distance of 2.49
A. In addition, for the 4ANUU protein, it has been observed that
the active site amino acids A360 and Y363 have n-alkyl, alkyl, and
hydrophobicinteractionswithall themoleculesstudied atdistances
ranging from 4.79 to 5.36 A and 4.30 to 5.36 A, respectively. Upon
examination of the interactions obtained for the 1BOW structure,
it was found that only amino acid R29 was repeated with all
the selected molecules. Conversely, it has been reported in the
literature that the reference structure MMV020291 molecule does

not experimentally interact with 1BO9W. In this regard, the lengths
of the interactions and the affinity value of -7.0 kcal.mol™ support
the experimental data. It has been observed that the MMV665881
candidate structure has the best binding affinity with 1BO9W with a
value of -7.9 kcal.mol™, the closest hydrogen bond distance of 3.09 A,
and the highest number of amino acid interactions. Upon analyzing
the outcomes, for the 3SRI protein, it was determined as the structure
with the highest number of amino acid interactions and consequently
the best binding affinities. Despite the lower number of amino acids
involved in the interaction for the MMV665881 structure, the
obtained binding affinity value of -9.0 kcal.mol?, which is the lowest,
was interpreted as having two hydrogen bonds at distances of 2.95
and 3.04 A. However, despite MMV019074 structure having three
hydrogen bonds, its binding affinity is approximately reduced by 6
times compared to the MMV665881 structure due to the fact that
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Table 3. Staged inhibition assay

Molecules

MMV019662 MMV665881 MMV019074
DD2 strain, asexual blood stage inhibition (10 uM) 71% 70% 80%
3D7 strain, asexual blood stage inhibition (5 pM) 97% 91% 99%
HBS3 strain, early ring (EH) stage + GH +
HBS3 strain, late ring (GH) stage + T +
HB3 strain, trophozoite (T) stage + S -
HBS3 strain, schizont (S) stage - - -
HB3 strain, merozoite (M) stage - - -
HB3 strain, viability <50% (10 uM) + + +
PDB ID Multiple R R? Adjustable R? Observation
4NUU 0.936118 0.87632 0.86890 107
1BOW 0.904718 0.81851 0.80628 96
3SRI 0.917513 0.84183 0.83039 90
4WAT 0.905308 0.81958 0.80742 96

Table 5. Molecule-amino acid interaction map (blue, pink, purple, green, brown and yellow colors indicate

Hydrophobic, Alkyl, n-Alkyl, H-Bond, n-Cation and m-Anion interactions respectively)

Molecule 4NUU 1B9W

R274 | 1277 Y278 | A281 A360 | Y363 R368 R29 C30 E36 K52 | G55
MMV019662 5.10 4.24 5.21 4.08 4.94 4.30 2.49 5.00 4.74 4.72
MMV665881 4.25 3.51 5.36 4.76 3.00 3.09 4.60 4.32 4.93
MMV019074 5.15 5.43 4.93 4.79 4.76 2.86 4.46 3.40
MMV020291 2.75 3.74 5.16 5.36 4.69 5.10 3.60
Molecule 3SRI

L131 V137 Y142 P226 Y234 Y236 Y251 A254 P350
MMV019662 4.95 491 5.41 2.79 4.02 4.03
MMV665881 4.36 4.42 2.95 3.04
MMV019074 4.28 3.75 3.61 3.04 3.73 3.41 3.21 3.68
MMV020291 5.43 5.18 5.45
Molecule 4WAT

$197 Y200 E350 N352 N354 R357 w447 T449
MMV019662 3.23 4.81
MMV665881 5.42 4.19 3.4
MMV019074 3.65 3.8 3.34 4.57
MMV020291 2,81

these hydrogen bonds are at more distant distances. On the other of -7.3 kcal.mol™*. The MMV019662 molecule, on the other hand,

hand, the fact that amino acid Y251 forms 2 hydrogen bonds forms one hydrogen bond and one m-alkyl interaction, resulting
indicates its effectiveness in the active site. When examining in a binding affinity of -7.1 kcal.mol™. For the 4WAT structure,
the interaction types and bond distances identified for 4WAT, the experimentally inactive MMV020291 molecule, which was
it is observed that the MMV665881 molecule forms a hydrogen selected as the reference structure, forms only one hydrogen bond
bond with amino acid T449 at a distance of 3.4 A, and m-alkyl with amino acid N352, resulting in the weakest binding energy
interactions with amino acids W447 and F350, resulting in the with a value of -6.4 kcal.mol™.

most stable binding affinity for the respective protein with a value
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DISCUSSION

In this study, the values of physicochemical parameters, radar
plots, and binding affinities obtained from the docking processes
with the 4WAT, 4NUU, 3SRI, and 1B9W PDB coded structures,
which are responsible for erythrocyte invasion in malaria disease,
are given in Table 2 above. In the regression analysis conducted for
the 200 molecules on the 4 different proteins, 107 molecules were
included for DBP (PDB id: 4NUU), 96 molecules for MSP1 (PDB id:
1B9W), 90 molecules for AMA1 (PDB id: 3SRI), and 96 molecules
for RH5 (PDB id: 4WAT). It was observed that there are 21 common
molecules (from Table 2) for all proteins. The results obtained from
multiple regression analyses for each protein are provided in Table
6 below. The findings in Table 6 can serve as guiding factors for
ligand design. These results have the potential to offer valuable
insights for the design of molecules in future studies.

In the study conducted by Dans et al. (18), it was observed
that the molecule with the code MMV020291 found in the
“Pathogen box” inhibits the deformation and tight junction
stages of erythrocyte invasion. Therefore, the binding affinities
of MMV020291 with the 4NUU and 3SRI proteins involved in
these stages were considered as the ideal binding affinities. At
the same time, since it did not bind experimentally in the stages
where 1B9W and 4WAT were included, the binding affinities
obtained here were determined as the values that needed to
be exceeded. MMV019074, MMV019662, and MMV665881
exceeded these threshold values and were recommended based
on their physicochemical parameters and SwissADME values. On

the other hand, Voorhis et al. (22) experimentally observed that
the structures MMV019662 and MMV019074 provide early and
late ring stage inhibitions for the HB3 strain, while the structure
MMV665881 inhibits the next steps. After merozoites invade
the erythrocytes, ring, trophozoite, schizont and merozoite
formation occurs, respectively. Since the aim of this study is to
prevent erythrocyte invasion, it is very important to observe
inhibition especially in the ring stages in the tests mentioned here.
Therefore, MMV019662 and MMV019074 stand out slightly over
MMV665881 according to inhibition tests.

CONCLUSION

In conclusion, 200 molecules were screened for their potential
to inhibit erythrocyte invasion. It was found that 21 of them
could be effective in 4 different stages of erythrocyte invasion.
When the threshold values determined for the reference molecule
known to work in the experiment and the inhibition tests of the
screened molecules are examined, MMV019074, MMV019662
and MMV665881 stand out. After analyzing the docking study
results of the pertinent molecules, it is apparent that the modeled
proteins, 4NUU and 3SRI, exhibit excellent binding affinities that
align with the experimental data. These results have provided
reliability to the obtained theoretical data, and the molecules
MMV019074, MMV019662, and MMV665881 are suggested
as potential drug candidates for future experimental stages in
malaria treatment research.

Table 6. Affinity coefficient formulas

PDB ID Affinity
4NUU -7,416+(-0.010"M, )+(0.103*NRB)+(0.041*}1)+(0.008"TPSA)+(-0.066"logP)+(-0.752")
1BOW -9.685+(-0.004*M, )+(-0.035"NRB)+(-0.025"1)+(0.009*TPSA)+(-0.086"logP)+(-1.029"1)

3SRI -5.797+(-0.010"M,)+(0.081*NRB)+(0.039*1) +(-0.004*TPSA) +(-0.154*logP) +(-0.438"1)

4WAT

-6.170+(-0.005"M,)+(0.034*NRB)+(0.051*1) +(-0.004*TPSA)+(0.042*logP) +(-0.323"1)
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ABSTRACT

Objective: We aimed to investigate the frequency of Cryptosporidium spp. in immunosuppressed patients who were admitted
with diarrhea by microscopic, serological, and molecular methods and to evaluate the results in comparison with the direct
fluorescent antibody (DFA) method.

Methods: We analyzed 90 stool samples from immunosuppressed patients with diarrhea. All stool samples were examined
using modified acid-fast staining, polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA) tests
for the detection of Cryptosporidium spp. samples examined with the DFA method were selected randomly, including samples
found positive in other diagnostic tests. Stool samples that were positive in any of these diagnostic tests were evaluated by
immunochromatographic card test.

Results: Our study included 90 samples, of which 44 (48.8%) and 46 (51.2%) were from male and female patients, respectively.
The mean age of the patients was 37.8+27.5. Thirty-one (34.4%) of the samples were from pediatric patients and their mean age
was 5.3+4.34. The methods used did not show a statistically significant difference between the positivity status and patient age
and gender (p>0.05). Cryptosporidium spp. positivity was detected in five samples (5.6%), two samples (2.2%), and one sample
(1.1%) by using the modified acid-fast staining, PCR, and ELISA methods, respectively. Six of 51 samples to which the DFA method
was applied were detected positive. In 4 of the 7 stool samples that were found positive by any of these methods, Cryptosporidium
spp. was detected positive by the immunochromatographic card test.

Conclusion: When the DFA method is accepted as the gold standard method in the diagnosis of Cryptosporidium spp., the modified
acid-fast method can be used in routine diagnosis with high sensitivity and specificity. Besides, it immunochromatographic
diagnostic tests thought to be useful in laboratories with intensive workflow due to their practical use and rapid results.
Keywords: Cryptosporidium, diarrhea, direct fluorescent antibody, immunosuppressive

oz

Amag: Bu cahigmada ishal sikayeti ile bagvuran immiinosiipresif hastalarda Cryptosporidium spp. sikligim mikroskobik, serolojik
ve molekiiler yéntemlerle aragtirmay: ve sonuglar1 direkt floresan antikor (DFA) yontemi ile kargilagtirarak degerlendirmeyi
amagladik.

Yéntemler: imminostpresif ishalli hastalardan alinan 90 disk: 6rnegi calismaya alinmustir. Cryptosporidium spp. tespiti amaciyla
tum digki 6rneklerine modifiye asit fast boyama, polimeraz zincir reaksiyonu (PZR) ve enzyme-linked immunosorbent assay
(ELISA) testi uygulanmistir. DFA yontemi ile incelenen 6rnekler, diger tam testlerinde pozitif bulunan érneklere ek olarak diger
6rneklerden rastgele secilmigtir. Bu tami yontemlerinden herhangi biriyle pozitif saptanan digk: 6rnekleri immiinokromatografik
kart test ile degerlendirilmistir.

Bulgular: Calismaya alinan 90 6rnegin 44't (%48,8) erkek, 46's1 (%51,2) kadin hastalara aittir. Hastalarin yas ortalamas1 37,8+27,5
olarak bulunmugtur. Cahsmada ¢ocuk hastalara ait 31 (%34,4) 6rnek bulunmaktadir ve bu hastalarin yas ortalamalar 5,3+4,34
olarak tespit edilmigtir. Kullanilan yéntemlerin hicbirinde hastalarin pozitiflik durumu ile yag: ve cinsiyeti arasinda istatistiksel
olarak anlamli bir farklilik bulunmamgtir (p>0,05). Calisilan digk: 6rneklerinde modifiye asit fast yéntemiyle 5 (%5,6), PZR ile 2
(%2,2), ELISA yontemiyle 1 (%1,1) 6rnekte Cryptosporidium spp. pozitif tespit edilmistir. DFA yéntemi uygulanan 51 6rnegin 6’s1
pozitif saptanmigtir. Bu yéntemlerden herhangi biri ile pozitif bulunan 7 digki 6rneginin 4’iinde immunokromatografik kart test
ile Cryptosporidium spp. pozitif tespit edilmigtir.
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Sonug: Cryptosporidium spp. tamisinda DFA yontemi altin standart yontem kabul edildiginde modifiye asit fast yontemi yiiksek duyarhlik ve 6zgiilliikle rutin
tanida kullanilabilir. Ayrica yogun is akisi olan laboratuvarlarda immiinokromatografik tani testlerinin pratik kullanimi ve hizh sonu¢ saglamasi nedeniyle

faydali olacag: diigintilmektedir.

Anahtar Kelimeler: Cryptosporidium, ishal, direkt floresan antikor, immiinostipresif

INTRODUCTION

The severity and duration of infections caused by Cryptosporidium
spp. vary depending on the type, immunity, and host age (1).
Cryptosporidiosis involves the jejunum and ileum in patients,
making diarrhea the most typical clinical finding of the
infection (2). Other less frequently detected clinical findings are
abdominal pain, nausea, and vomiting (3). Extraintestinal system
involvement, such as cholecystitis, pancreatitis, and cholangitis
can also be observed in immunosuppressive patient groups, such
as acquired immunodeficiency syndrome (AIDS) (1).
Respiratory cryptosporidiosis commonly occurs in children,
and although the presentation is generally asymptomatic,
pulmonary infiltration and respiratory distress can be detected
(4). Cough is the main symptom when the lungs or trachea is
involved (1). In addition, cryptosporidiosis persisting for a
long time in childhood may lead to growth and developmental
retardation (5).

Additionally, asymptomatic infections have also been reported
(3). Anorexia, depression, myalgia, headache, and fatigue have
been reported in asymptomatic cases. Asymptomatic patients
are more common than diagnosed patients in developed or
developing countries (6-8).

Although clinical symptoms vary individually, the excreted
amount of oocyst is closely related to the immune status and host
age. The infection, which generally has an asymptomatic course
in healthy people or heals spontaneously within 2-3 weeks causes
more severe clinical symptoms, particularly in children, those
with insufficient oral intake, and immunosuppressed and elderly
people (9). Persistent diarrhea lasting for a long time can become
chronic and lead to resulting in death (10).

Infections caused by intestinal parasites are commonly seen
in immunosuppressed patients. Parasitic agents can cause
diarrhea varying in severity and may result in mortality (11). In
developing countries, the frequency of diarrhea due to parasitic
agents was >90% in the immunosuppressed patient population.
Cryptosporidium is one of the most frequently detected pathogens
in these patients (12).

Cases of this agent may not be adequately detected due
to symptoms of cryptosporidiosis being similar to other
gastroenteritis symptoms, stool samples of patients complaining
of diarrhea not being routinely evaluated for Cryptosporidium, and
not using advanced diagnostic techniques in many cases (13).
Cryptosporidiosis can be diagnosed using histological and
molecular methods, microscopic examination, and serological
techniques, such as direct fluorescent antibody (DFA) and enzyme-
linked immunosorbent assay (ELISA) (14,15). The development
of microscopical techniques revolutionized the morphological
sciences, progressively providing new levels of magnification and
resolution for exploring biological and non-biological samples.
Furthermore, the high resolution of microscopic techniques
also allowed the detection and visualization of different types of
microorganisms, by exploring in a deep way the causative agent of
different pathologies (16).

Microscopic examination is the most commonly preferred
method. However, evaluating Cryptosporidium oocysts using
direct microscopic examination is challenging due to their small
size which is very similar to yeasts. The chance of diagnosing
Cryptosporidium spp. can be increased with concentration
methods (17,18). Microscopic examination after acid-fast staining
is preferable because it is cheap, allows the internal structure
of oocysts to be evaluated, and preparations can be stored for
a long time thanks to permanent staining. However, due to
disadvantages such as the need for a long time and experience for
evaluation and low reproducibility, different diagnostic methods
are also needed (17).

Molecular techniques are diagnostic methods that provide
rapid results with high specificity and sensitivity based on the
amplification of the appropriate gene region. Nowadays, it has
started to replace conventional diagnostic techniques based on
the identification of phenotypic characteristics and even became
the gold standard for the detection of some microorganisms. It
can distinguish between closely species or subtypes. It is also of
great importance in the diagnosis of microorganisms that have
lost their viability during the transport phase (19).

The DFA method, which detects surface antigens, technique
offers the highest combination of sensitivity and specificity and
is considered the gold standard by many laboratories (20).

We aimed to investigate the frequency of Cryptosporidium spp. in
immunosuppressed patients who were admitted with diarrhea by
microscopic, serological, and molecular methods and to evaluate
the results in comparison with the DFA method.

METHODS

This prepared study was evaluated and approved by Necmettin
Erbakan University Faculty of Medicine Hospital Non-Drug and
Non-Medical Device Research Ethics Committee on 15.04.2022
with decision number 2022/3755. Since our study was conducted
on stool samples routinely sent to the microbiology laboratory,
patient consent was not obtained. This study, with project number
221518022, was supported by Necmettin Erbakan University
Scientific Research Project Coordination Office.

Gender, age, clinical and diagnostic information of the patients
were obtained from our hospital’s laboratory information system.
The study included patients receiving immunosuppressive
therapy after transplantation, patients receiving chemotherapy
due to malignant solid tumors or hematological malignancies,
patients immunosuppressed due to hematological malignancies,
patients receiving corticosteroid therapy for more than two
months, and patients diagnosed with primary immunodeficiency.
A simple sedimentation technique was applied to the samples for
fecal concentration. Subsequently, direct microscopic examination
was performed with physiological saline (0.9% NaCl) on the slides.
For stained microscopic examination, a smear was prepared from
the stool samples, and modified acid-resistant Ehrlich-Ziehl-
Neelsen (EZN) was performed. We also recorded other parasitic
agents detected during direct microscopic examination or stained
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(modified acid-resistant staining) microscopic examination was
recorded.

The remaining samples were divided into three for ELISA, DFA,
and polymerase chain reaction (PCR) analyses without adding any
preservative solution, divided into 1.5 mL eppendorf tubes, and
kept at -80 °C to be stored until analyses.

In the ELISA method, the Cryptosporidium RIDASCREENR, C1201
r-Biopharm commercial kit was used to detect Cryptosporidium
parvum and Cryptosporidium hominis antigens.

Before the molecular study, the QIAamp DNA Stool Mini Kit
(QIAGEN GmbH, Hilden, Germany) was used for DNA extraction
of stool samples. Subsequently, probe-based real-time PCR
analysis of the extracted samples was performed using the Roche
real-time PCR device (Roche, Switzerland 2004). The probe and
primer sequences defined in the PCR study in the literature were
used for Cryptosporidium (22). These sequences are shown in
Table 1.

PCR primers and probes (Table 1) were designed using the BioEdit
software program, version 7.0.9.0 (http://www.mbio.ncsu.
edu/BioEdit/bioedit.html) to create Clustal W (23) alignments
of representative Cryptosporidium sequences from GenBank
[National Center for Biotechnology Information (NCBI)]; http://
www.ncbi.nlm.nih.gov/GenBank/). The Primer Express software
program (Applied Biosystems, Warrington, United Kingdom) was
used to calculate melting temperatures and check for undesirable
inter and intramolecular binding. Primer and probe sequences
were then checked for cross-reactions with non-target sequences
on the GenBank database using the basic local alignment search
tool (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).
Cryptosporidium and Giardia antigens were investigated using the
DFA method with the Merifluor Cryptosporidium/Giardia Direct
Immunofluorescence Assay (DFA; Meridian Diagnostics, Inc.,
Cincinnati, Ohio, USA) commercial kit. Samples examined with
the DFA method were selected randomly by including samples
found positive in other diagnostic tests. The samples detected
as positive by any of the diagnostic methods were evaluated with
an immunochromatographic card test as a using the commercial
Entamoeba/Giardia/Crypto Combo Rapid Cassette test (Microcult,
Biotech, China). ELISA, DFA, PCR and card tests were used
following the manufacturer’s recommendations.

Using the DFA method as the reference method, the positive and
negative predictive values, specificity, sensitivity and accuracy
rates of serological, molecular and microscopic methods were
determined. The accuracy value was found by dividing the sum of
the true positive and true negative values by the total data.

Statistical Analysis

Statistical analysis of the data was analyzed with SPSS (Statistical
Package for Social Sciences) ver.23 statistical package program.
Continuous variables are expressed as mean + standard deviation,

minimum and maximum values, and categorical variables are
expressed as numbers and percentages. Differences between
categorical variables were examined with Pearson chi-square and
Fisher-Freeman-Halton Exact tests. The significance level was
determined as p<0.05.

RESULTS

The frequency of Cryptosporidium spp. was investigated in 90
immunosuppressed patients with diarrhea, of whom 31 were
children, between May 2022-December 2022.

The ages of the patients ranged between 0 and 81 years, and the
mean age was 37.8+27.5 years. Moreover, 31 (34.4%) samples
were from pediatric patients, of which 18 (58%) and 13 (42%)
were from men and women, respectively, and their mean age was
5.3+4.34 years. Of the 59 adult patients, 26 (44%) and 33 (56%)
were men and women, respectively. Of the 90 included samples,
44 (48.8%) and 46 (51.2%) were from men and women patients,
respectively. The methods used did not show a statistically
significant difference between the positivity status and patient
age (p=0.688) or between the positivity status and sex (p=0.261).
The study patients frequently consist of patients in pediatrics,
oncology and hematology clinics. The positivity rates of
patients coming from these departments are 11.1%, 11.7% and
8.3% respectively. In this study, there were 4 patients from the
immunology and allergic diseases clinics, and the positivity rate
in this patient group was 25%. Table 2 shows the distribution and
rates of patients included in the study according to clinics.
Among the study participants, 54.4%, 14.4%, 11.1%, 8.8%, and
7.7% were diagnosed with a malignant solid tumor, lymphoma,
primary immunodeficiency, multiple myeloma, and leukemia,
respectively.

In the microscopic examination using acid-fast modified EZN
staining, Cryptosporidium spp. oocysts were detected in five
samples (Figure 1). Cyclospora spp. oocyst was seen in one sample.
In microscopic examination, Giardia spp. and Blastocystis spp.
were detected in 2 and 26 samples, respectively.

Cryptosporidium positivity was detected in one and two samples
using ELISA and PCR methods, respectively. In this study, in
which Cryptosporidium and Giardia antigens were investigated by
DFA in 51 stool samples, including those positive in any of the
microscopic, ELISA or PCR evaluations, Cryptosporidium spp. was
found positive in six samples and Giardia spp. was found positive
in three samples (Figure 2).

Because the DFA is considered the gold standard method, the DFA
results were considered as the main results in the comparative
evaluation of the methods in statistical analysis. Based on the DFA
method, the modified acid-fast staining method had a sensitivity,
specificity, positive predictive value, negative predictive value,
and accuracy rate of 83.33%, 100%, 100%, 97.82%, and 98.03%,

Table 1. Real-time PCR primers and probes used in this study

Target locus Primer/probe Position (nt)* | Sequence (5’-3’)®
Cryptosporidium species SSU rRNA gene CRU18SF< 440-468 GAGGTAGTGACAAGAAATAACAATACAGG
CRU18SR¢ 710-738 CTGCTTTAAGCACTCTAATTTTCTCAAAG
CRU18STM 587-609 FAM-TACGAGCTTTTTAACTGCAACAA MGB-NFQ
2 Positions on Cryptosporidium species SSU rRNA gene (GenBank accession numbers AF164102). nt: Nucleotide(s), > MGB: Minor groove binder, NFQ: Non-fluorescent
quencher, : Modified from reference (21), PCR: Polymerase chain reaction
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Table 2. Distribution and rates of patients included in the

study according to clinics

.. Number of | Rate in the
Clinics
samples (n) | sample group (%)

Pediatrics 27 30
Medical oncology 17 18.9
Hematology 12 13.3
Gastroenterology 11 12.2
Pediatric hematology- 7 77
oncology
Internal medicine 4 4.4
htnmunology and allergic 4 44
diseases
Radiation oncology 3 33
Bone marrow . 5 99
transplantation unit
Nephrology 1 11
Organ and tissue

. 1 11
transplantatlon center
Chest diseases 1 1.1
Total 90 100

Figure 1. Cryptosporidium spp. oocysts in EZN staining (x100)
EZN: Ehrlich-Ziehl-Neelsen

Figure 2. In the examination performed by the DFA method,
Cryptosporidium spp. oocysts and Giardia spp. cysts (x100)

DFA: Direct fluorescent antibody

respectively. Based on the DFA method, PCR had a sensitivity,
specificity, positive predictive value, negative predictive value,
and accuracy rate of 33.3%, 100%, 100%, 91.83%, and 92.15%,
respectively. Based on the DFA method, ELISA had a sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy rate of 0%, 97.77%, 0%, 88%, and 86.27%,
respectively. The specificity and sensitivity, positive and negative
predictive values and accuracy rates of serological, molecular and
microscopic methods compared to the gold standard method the
DFA method, are shown in Table 3. The stool samples of seven
patients found to be positive with any of the other diagnostic
tests were re-examined with the immunochromatographic card
test, resulting in four samples being positive. The characteristics
of patients with Cryptosporidium positivity are shown in Table 4.

DISCUSSION

Cryptosporidium spp., one of the factors causing infectious
diarrhea, is an opportunistic agent that inhabits most commonly
in the jejunum and less frequently in organs, such as the lungs,
gallbladder, and liver. This parasite can cause mortality in older
people and children, in the immunosuppressive patient group, and
malnourished individuals (20). Initially, it causes watery diarrhea
in immunosuppressive patients. Furthermore, it also causes
gastroenteritis with a more benign course in immunocompetent
individuals (24).

After evaluating the literature, sex was not associated with the
incidence of Cryptosporidium (25). In our study, sex did not
affect the positivity of Cryptosporidium. Cryptosporidium is an
important cause of diarrhea in childhood, and the parasite is more
symptomatic in children (4). In this study, the positivity rate was
higher in children than in the adult age group, but the difference
was not statistically significant.

This parasite is found worldwide and may be the underlying
cause of diseases with diarrhea as the main symptom (26).
Cryptosporidium, which is associated with premature deaths
and growth and development retardation in childhood, caused
a waterborne epidemic affecting 400,000 people in Milwaukee,
USA, in the 1990s. Currently, it can be found almost everywhere,
except in Antarctica. Although Cryptosporidium is detected in 1%
of immunocompetent people in developed countries, it is 5-10%
in countries with low socioeconomic levels. This rate varies
between 10% and 25% in children who consult with complaints
of diarrhea (4).

Because this pathogen is more commonly detected in
immunocompromised patients, epidemiological studies were
mostly conducted on immunosuppressed patients with diarrhea
(27). Therefore, the data were highly inconsistent, which may be
due to the stage of the infection, characteristics and number of
the evaluated patient population, sensitivity of the diagnostic
methods, and the climatic conditions (28).

Cryptosporidium spp. positivity was found in 6.3% of 427
immunocompromised patients with diarrhea in a study conducted
in Egypt, 12.6% of 87 patients with colorectal malignancy and
diarrhea in a study conducted in Poland (29,30), 12% of 137 HIV
patients with diarrhea, and 12.4% of 84 immunocompromised
patients with diarrhea (31,32).

In the studies evaluating Cryptosporidium spp. incidence in
the immunocompromised patient population in Turkiye,
Cryptosporidium spp. positivity was found in 6.4% of 47
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Table 3. Specificity and sensitivity, positive and negative predictive values and accuracy rates of serological, molecular and microscopic

methods compared to the gold standard method DFA method

Microscopy (%) PCR (%) ELISA (%)
Sensitivity 83.33 33.3
Specificity 100 100 97.77
Positive predictive value 100 100 0
Negative predictive value 97.82 91.83 88
Accuracy rate 98.03 92.15 86.27
PCR: Polymerase chain reaction, ELISA: Enzyme-linked immunosorbent assay, DFA: Direct fluorescent antibody

Table 4. Characteristics of patients with Cryptosporidium positivity

Age | Sex Department Diagnosis Microscopy | PCR DFA ELISA Card test
0 Men Pediatrics Lymphoma Positive Negative Positive Negative Positive

0 Women Pediatrics ALL Positive Negative Positive Negative Positive

7 Men Pediatrics Solid tumor Positive Negative Positive Negative Negative
54 Men Medical oncology Solid tumor Negative Negative Negative | Positive Negative
61 Men Hematology Lymphoma Positive Positive Positive Negative Negative
67 Women Medical oncology Solid tumor Positive Negative Positive Negative Positive
77 Men Ir.nmunology and allergic Pril.nflry immune Negative Positive Positive Negative Positive

diseases deficiency

PCR: Polymerase chain reaction, DFA: Direct fluorescent antibody, ELISA: Enzyme-linked immunosorbent assay

patients diagnosed with chronic renal failure (33), 5.3% of 94
immunosuppressive patients with malignant solid tumors
receiving chemotherapy and complaining of diarrhea for >5 days,
and 8.3% in 72 stool samples of immunosuppressive patients
with diarrhea (34,35).

In our study, Cryptosporidium spp. was detected in 7 (7.8%) of 90
patients with complaints of immunosuppressive diarrhea, by at
least one of the methods used.

The DFA method is used as the gold standard in reference
laboratories in the USA and Europe (4). Therefore, in our study,
based on DFA, in the modified acid-fast EZN staining method, the
sensitivity and specificity were 83.33% and 100%, respectively.
The high cost of DFA tests is the most important problem that
limits their use in routine laboratories. Modified EZN staining,
which has high sensitivity and specificity, can be used to
detect Cryptosporidium spp. as a more cost-effective method in
experienced laboratories, particularly in sensitive groups, such as
immunosuppressed and pediatric patients.

Depending on the commercial kit used, the efficacy of the
ELISA method varies. In our study, ELISA was unsuccessful
in detecting Cryptosporidium spp. In another study, PCR
was considered 10%-10* times more sensitive than the ELISA
method (36). Moreover, false-positive results can be due to
cross-reactions against common antigens in many pathogens,
particularly apicomplexan parasites (27). The high cost of this
method is another disadvantage, as well as sample collection
before the examination (34).

Aprevious study evaluated 80 stool samples of patients presenting
with gastrointestinal system complaints, and Cryptosporidium spp.
positivity was found in three (3.75%) and five samples (6.25%) by
using acid-fast staining and ELISA, respectively. Three positive
samples detected using acid-fast staining were also positive with
the ELISA technique (37).In another study, the ELISA method

detected Cryptosporidium spp. in 2.8% of 723 stool samples in the
patient group presenting with the same complaints (27). In our
study, the ELISA method detected positivity in only one patient,
which could not be confirmed by other diagnostic methods. The
low sensitivity of the ELISA method may be related to the kit used
or the Cryptosporidium spp. oocysts may not have been distributed
homogeneously in the stool of the positive samples.

Recently, molecular methods have been preferred because they
can perform genotyping based on nucleic acid analysis, and
the opportunity to easily evaluate many samples, and guide
the treatment process (38). In order to apply molecular biology
techniques in studies with genetic material, DNA and RNA
molecules must be obtained in pure form before PCR, taking
into account that they will also contain inhibitors. Otherwise,
results may be masked by taq polymerase enzyme inhibitors in
the sample. The basic components used in PCR are target DNA
or RNA (template), tag DNA polymerase enzyme, primers,
deoxynucleotides, buffer liquid, pH, Mg+2 ions. Temperature
parameters (especially annealing temperature) and Mg+2
concentration that are not in the appropriate range, and the
use of poor quality polymerase enzyme may lead to erroneous
PCR results. Additionally, the design of oligonucleotide primers
is only possible with known strains of microorganisms and
known sequences of these strains. False negatives may occur in
inappropriate primer selections. Another factor that may cause
problems in the functions of PCR is unexpected mutations that
occur in microbial genomes (19). In conditions where parasite
oocysts are not homogeneously distributed throughout the
stool, molecular techniques detect fewer positive samples than
microscopic examination (39). Furthermore, polysaccharides,
bile salts, or bilirubin in the stool can inhibit the PCR study
(34). If oocyst damage occurs before DNA isolation PCR can
not detect Cryptosporidium spp., resulting in discrepant data
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between microscopic evaluation data and PCR results (39,40). The
inclusion of molecular techniques in routine diagnosis will only
be possible when these problems are solved and ensure a certain
standardization (40).

In our study, only two patients were positive using PCR, and
based on the DFA test, the sensitivity and specificity were 33.3%
and 100%, respectively. False negative results in PCR studies are
thought to be caused by inhibitors in the stool sample, problems
in the DNA extraction stage, or primer probe optimization.
Some studies in the literature also showed that PCR had lower
sensitivity than microscopic evaluation (38,41).

In a study conducted in our country on 36 immunosuppressed
patients with diarrhea, the Cryptosporidium was investigated
using microscopic examination with modified acid-fast staining,
molecular techniques, and DFA testing. Based on the data, one
sample and three samples were positive with acid-fast staining
and DFA method, respectively; however, no positive sample could
be detected with the molecular technique used (41). Another
study evaluating 80 immunosuppressed patients with diarrhea,
three, five, and four positive samples were found by microscopic
examination, ELISA, and DFA, respectively, whereas PCR did not
detect positivity (38).

In the stool samples of 90 immunosuppressive patients in our
study, positivity was detected in five, one, and two samples by
microscopic examination, ELISA, and PCR, respectively. All the
positive samples were positive with DFA, except for the positive
sample detected by ELISA, and DFA positivity was detected
in 6 of the 51 samples studied. An immunochromatographic
rapid diagnostic test was used in seven positive samples by
any of the methods, and four samples were positive with the
rapid diagnostic test. Rapid diagnostic tests will be useful in
rapid diagnosis in laboratories with intensive sample studies,
particularly in sensitive groups with chronic diarrhea. In the
study, Cyclospora spp., another opportunistic pathogen, were
detected in one patient, and Giardia spp., an important causative
agent of diarrhea, were detected in three patients.

The inadequate effectiveness of the commercial kit used in the
ELISA test and the problems experienced in the DNA extraction
phase and/or primer probe optimization in PCR caused limitations
in our study. In addition, DFA and immunochromatographic rapid
diagnostic tests could not be applied to all samples. The small
number of positive samples does not allow for a fully accurate
assessment of the usefulness of these methods. Studies in which
all diagnostic techniques are applied on more samples are needed.

CONCLUSION

Our study especially showed that the probability of detection of
Cryptosporidium spp. in stool samples from immunosuppressed
patients with diarrhea should not be underestimated. Considering
that the number of immunosuppressive patients increases
daily, rapid and reliable detection of this agent is extremely
important in the routine work of laboratories, particularly for
the immunosuppressive patient group. Therefore, diagnostic
algorithms should be created for the diagnosis of Cryptosporidium
spp. in secondary and tertiary care hospitals with more
immunosuppressive patient follow-up.

Although diagnostic methods used to detect Cryptosporidium
oocysts have advantages, each has its disadvantages. Based on
the gold standard method DFA, modified acid-fast staining has

high sensitivity and specificity, but it requires labor and technical
experience. Performing modified acid-fast staining and evaluating
all stool samples received in laboratories with intensive sample
flow may not be possible. However, in high-risk patient groups,
evaluation of samples using modified acid-fast staining as a
minimum diagnostic method will be useful for the diagnosis of
Cryptosporidium. Besides, it immunochromatographic diagnostic
tests will be useful in laboratories with intensive workflow due to
their practical use and rapid results.
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ABSTRACT

Objective: Blastocystis sp. is an intestinal Stramenopile that can infect both humans and animals. Genetic variability of
Blastocystis has been investigated with a variety of molecular methods and different subtypes (ST) have been identified. The
present study aimed to characterize microsatellite loci and population structure for Blastocystis sp. ST3, the most common ST in
human faecal samples.

Methods: The genome of Blastocystis sp. ST3 in GenBank was analyzed for the presence of microsatellites containing at least
eight repeat units. Specific primers were designed for each locus and polymorphisms were identified using bioinformatics tools.
The population structure was determined, and microsatellite typing was conducted on 18 Blastocystis sp. ST3 genomic DNA
samples from the routine laboratory at Aydin Adnan Menderes University Hospital.

Results: The whole-genome scan of Blastocystis sp. ST3 revealed 12 microsatellite loci with at least eight repeats. All loci were
successfully amplified with the designed primers and eight of them were selected for genotyping. Microsatellite polymorphism
analysis showed that each isolate had a unique profile (18 isolates, 18 different microsatellite types). Furthermore, the isolates
were grouped into two distinct population clusters.

Conclusion: Blastocystis sp. ST3 isolates exhibited significant variability in their microsatellite repeats. The polymorphic
microsatellite loci offer a novel approach to study the detailed genetic diversity and population structure of Blastocystis sp. ST 3.
Keywords: Blastocystis sp., genetic diversity, microsatellite, polymorphism

oz

Amag: Blastocystis sp. hem insanlar1 hem de hayvanlar1 enfekte edebilen intestinal yerlesimli bir Stramenopil tiirii olarak
siniflandirilmaktadir. Genetik cesitliligi farkhh molekiiler yontemlerle arastirilmis ve ¢ok sayida alt tipi (ST) tanimlanmigtir. Bu
calismada insan digkis: 6rneklerinde en yaygin saptanan Blastocystis sp. ST olan ST3'’e 6zgii mikrosatelit lokuslarin karakterizasyonu
ve popiilasyon yapisinin belirlenmesi amag¢lanmigtir.

Yontemler: Blastocystis sp. ST3’iin tiim genom dizisi taranarak en az sekiz tekrarh mikrosatelit lokuslar belirlenmigtir. Her bir
lokusa spesifik primerler dizayn edilmis ve polimorfizmler biyoinformatik araglar ile analiz edilmigtir. Aydin Adnan Menderes
Universitesi Hastanesi rutin laboratuvarindan elde edilen 18 Blastocystis sp. ST3 genomik DNA 6rnegi kullamilarak popiilasyon
yapisi belirlenmis ve mikrosatelit tiplendirme gerceklestirilmigtir.

Bulgular: Blastocystis sp. ST3 tiim genom taramasi sonucu en az sekiz tekrarli 12 mikrosatelit lokusu tespit edilmistir. Dizayn
edilen primerler ile lokuslarin timi bagariyla amplifiye edilmis ve bunlardan sekizi genotiplendirmede kullanilmak iizere
secilmistir. Blastocystis sp. ST3 izolatlar1 mikrosatelit polimorfizmlerine gore tiplendirildiginde her bir izolat farkli bir profil (18
izolat, 18 farkh mikrosatelit tipi) gostermistir. Ayrica izolatlarin iki ayr1 popiilasyon grubunda toplandif saptanmusgtir.
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Sonug: Blastocystis sp. ST3 izolatlarinin mikrosatelit tekrarlar agisindan birbirlerinden oldukga farkli bir yapiya sahip olduklar: belirlenmistir. Polimorfik
mikrosatelit lokuslari, Blastocystis sp. ST3 izolatlarinin detayli genotiplendirilmesine ve popiilasyon yapilarinin aragtirilmasina olanak saglayan yeni bir

yaklagim olarak gérilmektedir.

Anahtar Kelimeler: Blastocystis sp., genetik cesitlilik, mikrosatelit, polimorfizm

INTRODUCTION

Blastocystis is one of the most common protozoa in the human
gastrointestinal system. Most researchers have agreed that
Blastocystis transmission occurs via the faecal-oral route, primarily
through the ingestion of cyst forms in water or food (1). Zoonotic
transmission between a variety of animals and humans may also
be possible (2). Many subtypes (STs) have been identified to date
mostly relying on 18S rRNA coding gene polymorphisms, ST1-
4 accounts for the great majority of human samples in many
studies (3-5). The genetic diversity of Blastocystis is among the
most interesting topics in recent years because it has a great
contribution to host specificity, pathogenicity, experimental
studies and also microbiota (5,6). Amplification of specific parts
of rRNA genes and sequencing is the most common method for
detecting genotypes. Moreover, Matrix-assisted laser desorption/
ionisation mass spectrometry (MALDI MS) has been used for
genotype determination (7).

Microsatellites are 2-9 bp length genetic markers that can be found
abundantly in the genomes of eukaryotic organisms. They allow
the identification of the causative agents precisely in populations
of different genotypes because they contain high amounts
of genetic diversity (8). Microsatellite markers are generally
regarded as neutral alleles, which makes them ideal markers
for determining the history of populations. In addition, up to
today, MS markers have been used in several parasitic protozoa
including Leishmania tropica, Trypanosoma sp., Plasmodium sp.,
and Toxoplasma gondii (9-12).

The development and application of alternative genotyping
methods may contribute to the understanding of controversial
issues in Blastocystis sp. pathogenicity such as pathogenicity. In
the present study, we aimed to characterize the microsatellite
loci for Blastocystis sp. ST3 for the first time in the literature and
analyse the genetic structure of Blastocystis sp. ST3 isolates.

METHODS

Determination of Microsatellite Markers and Primer
Design

The complete genomic sequence of a human Blastocystis sp. ST3
isolate, an assemblage of 917 partial sequences, was acquired
from the National Center for Biotechnology Information
database (Genbank, Acc. no: JZRK00000000). Microsatellites
mining was carried out using the software Msatcommander 0.8.1
and  http://insilico.ehu.es/mini_tools/microsatellites/website
with the motif criteria, di-, tri-, tetra-, penta-, and hexanucleotide
repeats of microsatellites at least 8 within the complete genome
of Blastocystis sp. ST3 (13). Primers for microsatellite loci (n=2)
were designed with Primer3, the online version, with default
settings (14,15). For potential repetitive elements other than
perfect repeats, the flanking regions were also analysed. In order
to identify robust loci with an annealing temperature of at least
55 °C, approximately 150-200 bp flanking each side of the repeat
were included.

Blastocystis sp. ST3 Isolates

The ethical approval from a Local Ethical Committee in Aydin
Adnan Menderes University Faculty of Medicine (no: 2015/10)
was obtained. A total of 18 Blastocystis sp. ST3 isolates were used
in the study. The isolates were previously acquired by culturing
direct microscopy-positive faecal samples in the routine diagnostic
laboratory at Aydin Adnan Menderes University Hospital. The
cultures in 3 mL of Jones medium were subjected to genomic
DNA isolation with DNAzol kit (Invitrogen, Life Technologies).
Blastocystis sp. SSU-rDNA gene was partially amplified with the
primers RD5 and BhRDr in a single round of polymerase chain
reaction (PCR) (16). The amplicons were sequenced, and ST were
detected using the Blastocystis sp. sequence typing database
(pubmlst.org/Blastocystis) (17).

PCR Amplification and Genotyping

The optimal annealing temperature for the PCR amplification
for each microsatellite locus was determined with gradient PCR.
The fluorophores FAM and HEX were used to label the 5' ends
of the forward primer. The amplifications were performed in 30
uL of volume: 0.5 mM each of the primers, 1.5 mM MgCl, 2.5
mM dNTP, 1.0 U Taq polymerase, and 1-2 pL of template DNA.
The reaction for each locus was set as follows: 95 °C for 5 min,
35 cycles (at 95 °C for 30 s, 55-60 °C for 30 s and 72 °C for 45 s),
and a final extension at 72 °C for 7 min. The length of alleles was
detected with an automatic sequencer.

Statistical Analysis

The allele sizes of microsatellites were exactly determined with
Genemarker 2.6.3 (Soft Genetics LLC, USA). The calculation
of genetic variation in microsatellite loci was performed with
GenAlEx 6.5 (18). GENEPOP 3.3 software was used to detect
genotypic linkage disequilibrium between pairwise loci (19).
GenAlEx 6.5 program was used to detect the allele numbers
(N, effective allele numbers (N}), the frequencies of alleles,
intra-population diversity of alleles, and pairwise comparisons
of the isolates (18). The expected heterozygosity (H,) of loci was
calculated using the Arlequin 3.11 (20). In multiple loci, haplotype
overlaps were determined with GenAlEx 6.5 (18).

Population Structure and Microsatellite Typing

Population structure was analysed with a Bayesian clustering
method in STRUCTURE ver. 2.3 program (21). The admixture
model with correlated allele frequency parameters was used to to
detect the estimated number of genetic clusters (K). Ten runs were
performed for each K value (ranging from 1 to 10) with 100.000
MCMC repetitions and a burn-in periods of 10,000. The ad hoc
estimated likelihood of K (AK) was included in the determination
of the most likely number of populations (K) based on the rate
of change in the log probability of the data [Ln Pr (X/K)] (22).
Structure Harvester version 0.6.94 was used to infer the most
likely number of genetic clusters (K) with both the Evanno and
Delta K methods (23). The first isolate was defined as MT1 and
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the remaining different isolates (at least one different allele type)
were annotated with a new MT number.

RESULTS

Microsatellite Variability and Population Structure

We detected 12 microsatellite loci with at least 8 repeats in
Blastocystis sp. ST3 genome and of these 11 loci were polymorphic.
All loci have three repeats, and most were characterized with
(GAT), and (ATC)_ (Table 1).

There was no significant linkage disequilibrium when the loci were
compared dually (p>0.05). The total number of alleles (N,) for
each locus changed from three to 11, the average was 6.55 alleles
per locus (Table 1). The mean effective number of alleles (N,)
was 4.06 (range from 1.841 to 8.526). BHST3-142 loci (h=0.457)
provided the minimum intra-population diversity, while BHST3-
838 locus (h=0.883) provided the highest. The average expected
heterozygosity value was determined as 0.740+0.146 (min: 0.399
and max: 0.935). Two distinct genetic groups were suggested
with the analyses of microsatellite data by a structure clustering
algorithm (K=2.297) (Figure 1).

Microsatellite Typing

We selected eight loci: BH142, BH217, BH278, BH302, BH399,
BH476, BH806 and BH808 for MT typing of Blastocystis sp.
ST3 isolates. These loci were selected relying on the reliability
of microsatellite length, clarity in representations,
amplification/reproducibility. Microsatellite based typing of
isolates revealed that each isolate had a unique MT type (Table 2).

and

DISCUSSION

Blastocystis sp. is a common enteric stramenophile with a high
genetic diversity between isolates and an unclear role in the
development of intestinal diseases and pathogenicity. The
molecular typing of Blastocystis sp. isolates is valuable to study
its population structure of parasites on a global scale. Genetically
diverse isolates may influence the frequency of Blastocystis sp., for
example, host specificity and adaptation to novel hosts (24). In
addition, several studies reported a decreased bacterial diversity
and changed intestinal microbiome in certain Blastocystis sp. ST
(6). The development of novel genotyping methods is important
for an improved understanding of the genotype distribution of
Blastocystis sp. isolates and phenotypic characteristics. In the

Table 1. Characterization of 12 microsatellite markers for the Blastocystis sp. ST3

GenBank
Locus Primer sequence (5'-3') Size N, Motif N, h H, accession
number

BHST3-142 F: TACAGCTGTTCCACCCACTC 216-234 4 (GAT)®® 1.841 0.457 0.399 JZRK01000142
R: CTCCCCTCTCCCCTAGTCAC

BHST3-217 F: GGAGGGAGGTTCTTGGTCTC 232-349 6 (ATC) 3.767 0.735 0.778 JZRK01000217
R: AGAGGGATGTGGTGGAGTTG

BHST3-278 F: CCTCCTTGCGCTTCTGAC 385-409 6 (AGO)" 3.375 0.704 0.745 JZRK01000278
R: AGGAGGCGGAAAGGAGAAAG

BHST3-302 F: GAGATGCGACGATTCTCCTC 298-325 6 (ATO)™ 3.600 0.722 0.765 JZRK01000302
R: GATTCGCGTTCAATGGTTCT

BHST3-366 F: ATGGTCAATTGGCTGATGGTG 141-201 9 (ATC)*? 4.154 0.759 0.804 JZRK01000366
R: AGTTTCTGAGCCACATGGAGA

BHST3-399 F: ATTCTTCGCACGATTCTTCG 364-370 3 (GAT)® 2.160 0.537 0.569 JZRK01000399
R: TCATGGAGGTGGTCAACAAA

BHST3-476 F: AGAAGAAGCTCTTCGCGTTG 321-357 7 (AAG)® 4.050 0.753 0.811 JZRK01000476
R: CAGATCCGCGTAGGTCATTT

BHST3-500 F: GTGGTTGAGGAGGAGGATGA - - (GAT)® JZRK01000500
R: GAGAGGAGGCGTCGATGATA

BHST3-654 F: ATTGGTGATCGTGTTGGTGA 297-471 11 (ATO)™ 6.480 0.846 0.895 JZRK01000654
R: TGGTGACGAGTTCGATGAAG

BHST3-806 F: GACGTGGGTGAGGAGGATTA 367-385 6 (GAT)® 4.263 0.765 0.811 JZRK01000806
R: GTTGGAGAGTTCGGGGGTAT

BHST3-808 F: TGACAGGTTGCTCCTTACCC 304-325 4 (ATC)® 2.492 0.599 0.634 JZRK01000808
R: TTGGAGTCGTTGGACATTGA

BHST3-838 F: TAAATGTCGGAGGGAAGGTG 158-295 10 (GAT)8(GTT)® | 8.526 0.883 0.935 JZRK01000838
R: GGGAGATGAGTGCATTGACA

Mean 6.55 4.064 0.705 0.747

N,: Observed number of alleles, I: Shannon’s information index, N,; Effective number of alleles; H,: Expected heterozygosity
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Figure 1. A) Bayesian clustering analysis (K=2) based on
SSR data for the studied Blastocystis sp. ST3 (18 isolates),
vertical black lines separate isolates, B) Scatter plot of the

possible cluster numbers (K; horizontal axis) against the ad-
hoc estimated likelihood of AK (vertical axis) by changing the

likelihood rate (circle)

present study, we characterised the microsatellite markers for the
most common Blastocystis sp. subtype in human faecal samples,
namely ST3. The most significant finding from this study
was that the microsatellite loci in Blastocystis sp. ST3 isolates
were highly variable, with each of the 18 isolates exhibiting a
distinct or unique microsatellite type. A great genetic difference
between Blastocystis sp. ST was noted in the literature (25). The
comparison of Blastocystis sp. ST1, ST4 and ST7 genomes found
great divergence in terms of genome assembly size, number of
protein-coding genes, guanine-cytosine content, average gene
size (bp) and also number of introns (25,26). In addition to
subtype level genetic difference in Blastocystis sp., the isolates
were highly separated in terms of intra-subtype variation. A
previous study investigated the intra-subtype genetic diversity
and host specificity of Blastocystis sp. ST3 with multilocus
sequence typing including SSU-rDNA and mitochondrion-like
organelle sequences (27). The authors reported that human
isolates were restricted to a single clade suggesting relatively high
host specificity of ST3 human-to-human transmission. Another
study reported that 11 human Blastocystis sp. ST3 isolates were
distributed in nine sequence types with the same method. There
were only three isolates that shared the same sequence type (28).
However, the use of a single gene, most commonly SSU rRNA,
detected a limited intra-subtype genetic diversity in Blastocystis
sp. ST3 STs. For example, intra-subtype genetic polymorphisms
were identified five in ST3 isolates in China and the similarity of
SSU rRNA sequences was 99.8% in Iran (29,30).

In the present study, the population structure analysis of
Blastocystis sp. ST3 isolates revealed two distinct groups. The
genomic DNA samples in our study were limited to a specific
location, the same hospital laboratory. Collecting samples

Table 2. The microsatellite types (MT) of Blastocystis sp. ST3 isolates

Microsatellite loci

Isolate 142 217 278 302 399 476 806 808 MT

1 3 5 2 3 2 5 6 3 MT1
2 3 2 4 5 1 1 4 3 MT2
3 3 1 6 1 1 5 4 2 MT3
4 3 2 5 2 1 5 6 2 MT4
5 5 6 4 2 1 1 6 3 MT5
6 3 3 3 6 2 1 5 4 MT6
7 4 6 3 1 2 6 3 3 MT7
8 3 3 3 3 2 4 1 2 MT8
9 3 4 5 3 2 3 2 2 MT9
10 1 2 3 3 1 5 6 1 MT10
11 3 2 5 3 1 2 2 2 MT11
12 3 5 3 3 2 3 2 2 MT12
13 3 2 3 3 2 1 6 2 MT13
14 3 2 5 4 2 5 4 3 MT14
15 1 2 3 2 3 2 5 3 MT15
16 2 4 1 3 2 5 6 2 MT16
17 3 5 3 2 2 2 3 3 MT17
18 3 2 5 5 2 5 6 3 MT18
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from various localities, such as different cities or countries,
will enable a detailed phylogenetic analysis of microsatellites
in Blastocystis sp. ST3. The major contribution of the present
study is the characterization of microsatellites in Blastocystis sp.
ST3 and the presentation of the associated methodology. This
characterization has important implications for future research
and practices, particularly in areas such as zoonotic transmission,
microbiota interactions, and pathogenesis. These are the widely
discussed topics in the literature on Blastocystis (5). Microsatellite
polymorphisms have previously been described as valuable genetic
markers for investigating zoonotic transmission in both parasitic
microorganisms. For instance, certain microsatellite alleles in
Cryptosporidium parvum have been associated with human-
adapted or zoonotic strains (31). Similarly, microsatellite markers
have been used to compare Plasmodium falciparum isolates from
patients with cerebral malaria and those with uncomplicated
malaria, to determine if there is a possible link between genetic
variation and pathogenicity (32).

CONCLUSION

In conclusion, the characterisation of microsatellite loci in
Blastocystis sp. ST3 revealed different profiles or types showing
high intra-subtype diversity in terms of microsatellite repeats.
This novel genotyping approach may be used in molecular
epidemiology and population structure screening studies.
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ABSTRACT

Objective: Cystic echinococcosis (CE) is a zoonotic disease that causes fluid-filled cysts in internal organs and is a major
public health problem worldwide. The lack of standardized methods for the diagnosis/follow-up of CE disease necessitates the
development of new non-invasive diagnostic tools, such as the determination of changes in the expression levels of circulating
microRNAs (miRNA). In this study, we aimed to investigate the presence of miR-146a in archived serum samples of CE patients
for the first time and to evaluate its potential role in the diagnosis and follow-up of CE over a three-year period.

Methods: This study included archived serum samples from 39 CE patients, 56 follow-up samples from 14 CE patients, and 3
healthy controls, and expression levels of miR-146a were evaluated in each group using quantitative real-time polymerase chain
reaction. Due to the small and unbalanced control group, bootstrapped confidence intervals were used; time-dependent changes
in follow-up patients were analyzed using a linear mixed-effects model and Welch’s F test to address variance heterogeneity.
Results: The miR146 gene was found to be significantly upregulated in archived serum samples of patients with CE compared to
healthy control samples. Additionally, the expression level of the miR146 gene in follow-up serum samples significantly decreased
in the third year post-surgery compared to follow-up blood samples taken in previous years (p<0.05).

Conclusion: According to the obtained results, it was concluded that miR-146a can be recommended as a diagnostic biomarker
in the diagnosis and follow-up of CE, and archived materials of CE patients can be utilized in new biomarker research.
Keywords: Cystic echinococcosis, MicroRNA, diagnosis, patient follow-up, archive serum

oz

Amag: Kistik ekinokokkozis (KE), i¢ organlarda siv1 dolu kistlere neden olan zoonotik bir hastaliktir ve diinya ¢apinda énemli bir
halk saghigi sorunudur. KE hastahginin tanisi/takibi i¢in standardize edilmis yontemlerin eksikligi, dolasgimdaki mikroRNA'larin
(miRNA'lar) ifade seviyelerindeki degisikliklerin belirlenmesi gibi yeni invaziv olmayan tani araglarinin gelistirilmesini gerekli
kilmaktadir. Bu calismada, ilk kez KE hastalarinin argiv serum érneklerinde miR-146a’nin varhgini aragtirmayi ve ii¢ yilhik bir stire
boyunca KE'nin tanis1 ve takibindeki potansiyel roluni degerlendirmeyi amagcladik.

Yontemler: Bu caligmaya 39 CE hastasinin arsiv serum 6rnegi, 14 CE hastasinin 56 takip érnegi ve saghkh kontrollerden 3 érnek dahil
edildi ve miR-146anin ifade diizeyleri her grupta kantitatif gercek-zamanl polimeraz zincir reaksiyonu kullamilarak degerlendirildi.
Grup Kkargilagtirmalar icin kiicitk ve dengesiz kontrol grubuna bagh olarak yeniden érneklemeli given arahklar: kullamilds; takip
hastalarindaki zamana bagh degisimler ise varyans heterojenligini dikkate alan lineer karma etkili model ve Welch F testi ile analiz edildi.
Bulgular: miR146 geninin, CE'li hastalarin argivlenmis serum drneklerinde saghkli kontrol érneklerine kiyasla ifade diizeyinin
6nemli 6l¢iide arttign bulunmustur. Ayrica, takip serum érneklerindeki miR146 geninin ifade diizeyi, ameliyattan sonraki tigincit
yilda énceki yillarda alinan takip kan érneklerine kiyasla énemli él¢iide azalmigtir (p<0,05).

Sonug: Caligmamizin sonuglara gore miR-146a'min KE'nin tam ve takibinde tanisal biyobelirte¢ olarak énerilebilecegi ve KE
hastalarina ait argiv materyallerinin yeni biyobelirte¢ aragtirmalarinda kullanilabilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Kistik ekinokokkozis, MikroRNA, tani, hasta takibi, arsiv serum
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INTRODUCTION

Cystic echinococcosis (CE) is a zoonotic disease caused by the
metacestode form of Echinococcus granulosus, characterized by the
development of fluid-filled cysts in internal organs. CE is a public
health issue affecting people from all age groups and is endemic in
many countries, including Tirkiye (1,2).

In the treatment of CE, the choice of method including surgery,
PAIR (puncture, aspiration, injection, reaspiration), medical
therapy, or “watch and wait” depends on the characteristics of the
cyst, such as its location and stage. Following the treatment of CE,
recurrence may reach up to 25%, making the management of the
disease difficult (3).

The diagnosis of CE primarily relies on clinical findings and
imaging techniques, but combining imaging and serological
tests is recommended due to complicated early diagnosis (3).
However, the accuracy of serological tests can be influenced by
factors related to the patient, such as the stage, location, number,
and size of the cyst, and seropositivity varies between 56% and
100% in different laboratories. Serologic tests have also limited
performance in the follow-up of CE due to the long-term presence
of disease-specific antibodies, the possibility of false results in
seronegative patients, and the inability to distinguish between
inactive and recurrent cysts (4).

Thelackof standard methodsfor the diagnosis/follow-up of disease
reveals the need for the development of new diagnostic tools such
as liquid biopsy. Circulating free microRNAs (miRNAs) serve
as biomarkers in various fields, including oncology, neurology,
cardiology, spinal surgery, epilepsy, and neurodegenerative
diseases, and play a critical role in modulating gene expression
and many biological processes (5). miRNAs exhibit stability in
body fluids such as serum and plasma due to their resistance
to ribonuclease (RNase) activity, high temperatures, repeated
freeze-thaw cycles, extreme pH levels, and long-term storage,
allowing the analysis of their expression levels even in archived
materials (6).

Parasitic infections affect both parasite and host miRNAs,
leading to changes in host immune responses. This suggests
that monitoring alterations in parasite-derived and/or parasite-
specific miRNAs may help identify diagnostic biomarkers in
parasitology (7-11).

In the present research, we have aimed to investigate the presence
and changes in expression levels of miR-146a in serum samples
collected during a three-year follow-up of CE patients; to our
knowledge, this is the first study to assess its expression in
archived serum samples.

METHODS

Ethics Statement

The present research received approval from Ethics Committee of
Ege University Faculty of Medicine (approval no: 2023-0780/23-
4.1T/67) and consent forms were obtained from the participants.

Clinical Samples

The study included archived serum samples of 39 patients (first
blood samples with the letter “a” code taken during surgery) who
were admitted to Ege University Hospitals between 2016 and

2019 and diagnosed with CE through radiological and serological

examinations, and 3 healthy controls without underlying chronic
diseases.

In addition, a total of 56 follow-up serum samples collected from
14 CE patients on the day of surgery (day 0), as well as one year,
two years, and three years after surgery, were included [coded as
the first (a), second (b), third (c) and fourth (d) blood samples for
each follow-up CE patient, respectively]. During the three-year
follow-up period, no recurrence of the disease was detected by
serological and imaging methods. All materials were stored at -20
°C.

RNA Isolation

Total RNA was isolated using the mirVana™ miRNA Isolation
Kit (Invitrogen) using 200 pL of archived serum samples from
CE patients and control groups. Concentration and purity were
assessed using a Nanodrop ND-1000 spectrophotometer (Thermo
Fisher Scientific, Wilmington, DE, USA). Total RNAs were stored
at -80 °C until cDNA synthesis.

TaqMan miRNA Assay

Complementary DNAs (cDNAs) were synthesized from total
RNA, including miRNA, using the TagMan® MicroRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA).
Quantitative real-time polymerase chain reaction was performed
using the TagMan® MicroRNA Analysis Kit to measure
miRNA expression, and the primers used for miR-146a-5p and
endogenous miR-16-5p are listed in Table 1. In this study, hsa-
miR-16-5p was used as an endogenous miRNA for normalization
in humans due to its suitability for miRNA studies reported in the
literature (12,13). We calculated the relative expression levels of
miRNAs using the 2% method.

Statistical Analysis

In the analysis of miR-146 gene expression between control and
archived first blood samples, the dataset was highly unbalanced,
with only three observations in the healthy control group. Given
the small sample size in the healthy control group, we determined
that standard parametric and non-parametric tests were not
appropriate. Instead, we used bootstrapped confidence intervals
(CIs) to estimate the median response in each group, utilizing
the boot package in R (14,15). We generated a total of 1,000
bootstrap resamples to construct 95% CIs for the group medians.
Statistical significance was assessed by examining the overlap of
CIs, where non-overlapping Cls suggest a potential difference
between groups.

To analyze the effect of time on the individuals being followed
up, a random intercept general linear model was created by
optimizing the log-likelihood function, utilizing the lme4 and
Imertest libraries (16,17). The model was formulated as follows:
Imer(response ~ time + (1 | patient_id), data = data, REML =
FALSE).

The intraclass correlation coefficient (ICC=0.064) indicated that
only 6.4% of the total variance was due to differences between
individuals, suggesting a weak dependency within subjects. The
likelihood ratio test (LRT=0.19, p=0.66) confirmed that including
arandom intercept did not significantly improve the model. Given
that the random intercept was not significant, we proceeded with
a One-Way ANOVA framework to analyze time effects. Initially,
we tested the data for normality and heterogeneity by using
the Shapiro-Wilk test, Q_Q plots, and Levene’s test. As there
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Table 1. The TagMan probes and miR sequences were issues with normality and heterogeneity, a square root

. . transformation resolved the normality problem, but heterogeneity
BB aseliD esay Dy iMatureini BN sequence remained an issue. Therefore, we applied Welch’s heteroscedastic
hsa-miR-146a-5p | 000468 | UGAGAACUGAAUUCCAUGGGUU F test which provides a robust alternative to standard ANOVA
hsa-miR-16 000391 UAGCAGCACGUAAAUAUUGGCG under variance heterogeneity. For post-hoc comparisons, we

conducted pairwise Welch t-tests with Bonferroni correction

Table 2. Demographic and clinical characteristics of 39 using the R library onewaytest (18).
patients with CE GraphPad Prism 8.0 (GraphPad software, CA) was used for other

. Age | Cyst Cyst Cyst | Cyst data analyses. Receiver operating characteristic (ROC) curve,
Patient | Gender . B . .
(yrs.) | number | location | size | stage Mann-Whitney U tests, unpaired t-tests, and One-Way ANOVA
1 Male 64 1 Liver M CE3B were also used for the relevant data analyses. Outliers were
’ Male . Multiple | Liver M CE4 identified using the ROUT method with a Q value of 1%.
3* Female |16 Multiple | Liver M CE1
: RESULTS
4* Female |44 1 Liver L CE2
5 Female | 23 1 Liver M CEl Characteristics of Patients
6 Male 26 Multiple | Liver M CE2 Among the 39 patients with CE, ages ranged from 4 to 85 years,
7 Female | 63 Multiple | Liver M CE2 with 41% under 18. The majority were female (56.4%), and all
8* Female | 10 1 Lung M CE1 cysts showed liver localization except six cysts in the lungs.
9* Male 9 Multiple | Liver M CE1 According to the World Health Organization, 95% of the cysts
o Femal 23 " . M CEo were in the active (CE1 and CE2) and transitional stages (CE3A
emate ver and CE3B). Detailed demographic and clinical data are in Table 2.
11 Female |18 1 Liver L CE1
1o+ Male g Multiple | Liver M CE1 miR146 Gene Expression Analyses
13* Male 56 Multiple | Liver L CE3B In this study, it was shown that the miR146 gene was significantly
. up-regulated in the archived first blood samples of patients with
14* Female |9 1 Liver M CE2 .
CE compared to archived samples from a healthy control group.
15 Male 62 Multiple | Liver M CE1 Figure 1 showed that miR-146a expression was elevated in
16 Male 42 Multiple | Liver L CE1 archived serum samples from CE patients compared to healthy
17 Female | 50 Multiple | Liver M CE1 controls. In addition, the differences found between these two
18* Female | 25 1 Liver M CE1 groups were detected to be statistically significant (p<0.05).
" Fernal ] - - The fold-change of miR146 in CE patients was calculated to be
19 emale |5 tver S ¢ 21.05. Furthermore, the area under the ROC for these groups
20* Female | 38 Multiple | Liver L CE1
21* Male 13 Multiple | Liver L CE1 g
* b
22 Male 14 1 Lung M CE1 ® 30— N
23 Male 62 Multiple | Liver M CE1 =
24* Female |58 |1 Liver L | CBl S
(72}
25 Female | 30 Multiple | Liver L CE1 o 20+
>
26* Female |11 Multiple | Lung L CE3A 2
27 Male 5 Multiple | Lung M CE1 S
28 Female |85 1 Liver L CE2 § 185
29 Male |63 |1 Liver L | CE2 §.
30 Female |13 Multiple | Liver S CE1 g 0
. . c
31 Male 7 Multiple | Liver M CE1 8 Control a
32 Female |9 1 Lung L CE2
33 Male 4 1 Liver L CE1
34 Female |59 1 Liver L CE1
35 Male 65 Multiple | Liver L CE4 Figure 1. Gene expression levels of miR-146. The control
36 Female | 10 1 Lung M CE3A group consists of archived samples from healthy individuals.
37 Female | 9 Multiple | Liver S CE3B G?oup a” displays E.H'Chllle”d first blood sa.mp.h?s from'patlents
: with CE. An asterisk (“*”) denotes a significant difference
38 Female | 26 1 Liver L CE2 between the CE patient group and the healthy control group
39 Male 10 1 Liver M CE1 (p<0.05). The data are expressed as the mean + SEM
*: Follow-up patients, S: Small (<5), M: Medium (5<-<10), L: Large (10<), CE: CE: Cystic echinococcosis, SEM: Standard error of the mean
Cystic echinococcosis
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was 0.9355, with a p-value of 0.0139. Figure 2 demonstrated the
ROC analysis of miR-146a, showing its ability to distinguish CE
patients from healthy control.

When examining the expression levels of the miR146 gene in
follow-up patients over the years, it was found that miR146
expression decreased in the third blood sample (c) compared to the
first (a) and second (b) samples. However, these found differences
were not statistically significant. In contrast, the fourth blood
sample (d), collected in the third year, demonstrated a significant
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Figure 2. Receiving operating characteristic analysis of

miR146 gene expression level between healthy controls and
the disease group
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Figure 3. Gene expression levels of miR-146 in follow-up
patients over the years. a (day 0), b (year 1), c (year 2), and
d (year 3). The asterisk (*) indicates a significant difference

found between the d group and all other follow-up groups
(p<0.05). Data are shown as the mean + SEM

SEM: Standard error of the mean

decrease in miR146 expression compared to the samples collected
in the previous years. Figure 3 showed miR-146a gene expression
levels in CE patients during three-year follow-up.

The expression level of miR-146 was analyzed in categorized
CE patients, showing no significant differences with respect to
gender, age, cyst number, cyst stage, or cyst localization.

DISCUSSION

MicroRNAs (miRNAs), which consist of 17 to 25 nucleotides, are
single-stranded, non-coding RNA that significantly contribute to
host-pathogen interactions as well as the host’s immune responses
to microbial agents (19). During parasitic infection, microRNAs
expressed in the host, either derived from parasites or specific to
parasites, are passively or actively circulating in exosomes, and
alterations in the expression levels of these miRNAs could provide
a new approach in diagnostic and prognostic biomarker research
().

In previous studies, miRNA pathway analysis was investigated
at different life cycle stages of Echinococcus species. Notably, E.
granulosus (egr)-miR-125-5p and egr-miR-2a-3p were shown to
be abundant in protoscoleces (20). A mouse model study showed
that pro-inflammatory factors like tumor necrosis factor (TNF)
a, interleukin (IL)12, and IL6 inhibit key signaling pathways in
CE (21). Additionally, Ren et al. (22) reported that miR-483-3p
found in liver tissues and plasma could be suggested as a potential
diagnostic biomarker for alveolar echinococcosis (AE).

This study investigated the expression levels of miRNA-146a in
archived serum samples of patients with CE. This study is, to the
best of our knowledge, the first investigation of the expression of
particular miRNAs in archived sera from patients with CE. Recent
research has explored how long-term storage conditions affect the
stabilization of miRNAs in archived materials and their potential
use in developing biomarkers. Rounge and colleagues investigated
the quantity and quality of miRNA in serum samples from one of
the world’s oldest biobanks, stored at -20 °C for a duration of up
to 40 years (6). Their findings confirm that the targeted miRNAs
remained stable in archived serum materials after long-term
storage, consistent with results from other studies with similar
goals (23,24).

miR-146a plays an important role in regulating the Th1 response
during helminth infections by reducing the release of IFN-y
and TNF-a. It also triggers and modulates the Th2 response
in both allergic reactions and helminth infections (10,25).
Mahami-Oskouei et al. (10) demonstrated in their study, which
included 20 CE patients and 20 healthy controls, that miR-146a
was significantly up-regulated in CE patient plasma samples.
Similarly, Eroglu et al. (9) showed that miRNA 146a levels were
higher in tissue samples from 30 CE patients and 20 AE patients
compared to healthy individuals. In parallel with these studies,
our research indicated that miR-146 gene expression was notably
elevated in archived blood samples from CE patients taken at
the time of surgery compared to archived samples from healthy
controls. Furthermore, ROC analysis indicates that the increase
in miR-146 can be used as a biomarker for diagnosing CE.

Since the recurrence rate of CE can reach up to 25%, it is necessary
to follow-up the patients after treatment. Current diagnostic
methods, including imaging and serological tests, are inadequate
for early diagnosis of CE and its recurrences. Zhang et al. (26)
suggested that protoscoleces shed from cysts may lead to higher
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expression levels in patients with active CE cysts. Monitoring
changes in miRNA expression during recurrence could provide a
new diagnostic and prognostic biomarker approach (26).
Alizadeh et al. (7) showed that egr- miR-71 and egr-let-7
expression levels in the plasma of patients with CE were
significantly reduced three and six months after surgery and
suggested that miRNAs derived from parasites (egr-miR-71) may
be a promising diagnostic biomarker for early CE diagnosis and
follow-up. Another study found that the levels of serum egr-miR-
2a-3p in patients with CE were much higher than in the control
groups, but these levels dropped significantly six months after
surgery compared to the initial values (27).

In our study, it was observed that the expression level of the
miR146 gene in the blood samples of the patients followed up
significantly decreased in the samples taken in the third year
post-surgery, compared to the follow-up blood samples taken
in previous years. Additionally, the fact that the same patient
group showed no recurrence after three years of follow-up, as
determined by serological and imaging methods, suggests that
miR-146 could be an important biomarker candidate for follow-
up CE patients by tracking changes in expression levels.

Another limitation in the diagnosis of CE is that serological
tests cannot differentiate between active and inactive cysts,
which complicates the monitoring of the disease. Th2 immune
responses are crucial for protective immunity in active cysts,
while Th1 responses are associated with immunity in inactive
cysts (26,28). In a study aimed at defining the miRNA profile
and potential cellular pathways in patients with CE, it was found
that several miRNAs—specifically hsa-miR-4692, hsa-miR-181b-
3p, hsa-miR-4491, hsa-miR-4518, hsa-miR-4659a-5p, and hsa-
miR-3977— were downregulated, likely due to the presence of CE
cysts. These miRNAs are associated with cellular processes such
as cellular proliferation and apoptosis and they could potentially
play a role in anti-cancer effects (11). Mariconti et al. (29)
revealed that six immune-related miRNAs (miR- 223-3p, let-7g-
5p, miR- 16-5p, let-7a-5p, miR- 26a-5p, miR- 30c-5p, miR- 195-5p
and miR- 26b-5p) were up-regulated in CE patients with active
cyst compared to CE patients with inactive cyst, indicating host-
parasite interaction. Orsten et al. (13) focused on investigating
the miRNAs derived from parasites in the serum samples of
CE patients with active and inactive cysts and healthy controls;
they reported that egr egr-miR71-5p, let-7-5p, and egr-miR-9-
5p were more expressed in CE patients with active cysts than in
those with inactive cysts. Since our study consisted of patients
who underwent surgery and therefore mostly had active and
transitional cysts, alteration in mir146a expression levels between
active and inactive cyst stages may not have been thoroughly
evaluated, but no statistically significant difference was observed
in miR146a expression levels considering the cyst stages.
Considering the compatibility of the results of our study with
similar CE-miRNA studies mentioned above, it is thought that
miRNAs could be used as potential diagnostic biomarkers for the
diagnosis/follow-up of CE.

Study Limitations

There are several limitations in our study due to the use of
archived serum samples from CE patients with active cysts, which
were used in a previous serological study. One of these is that the
expression levels of target miRNAs could not be investigated in

this patient group and could not be compared with CE patients
with active cysts due to the small number of patients in the
inactive cyst stage in our study. Additionally, the use of archived
serum samples limited access to a healthy group. The potential of
miR146a in CE patient diagnosis/follow- up needs to be validated
with a larger sample group including all clinical variables.

Conclusions

Although there is an increase in studies on the use of circulating
miRNAs in the diagnosis/follow-up of CE patients, the presence
of microRNAs was demonstrated for the first time in archived
serum samples of CE patients used in serological tests and stored
at -20 degrees, providing a starting point for the search for new
diagnostic biomarkers in CE archived materials. In addition, as
a result of demonstrating the presence of miR-146a in archive
serum samples and examining the alterations in expression levels
during the three-year follow-up period, it was concluded that
miR-146a could be used as a candidate diagnostic biomarker in
the diagnosis and follow-up of CE.
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Clinical Features and Quality of Life in Patients
with Scabies

Uyuzlu Hastalarda Klinik Bulgular ve Yasam Kalitesi
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ABSTRACT

Objective: Scabies is a contagious cutaneous infestation characterized by intense itching. In this study, we aimed to evaluate the
clinical features of scabies and the effect of scabies on quality of life, and the change in quality of life with treatment.

Methods: This prospective and cross-sectional study included 40 adults patients with classical scabies. Detailed skin examinations
of the patients were performed. Dermatological life quality index (DLQI) was used to evaluate quality of life in patients with
scabies. Visual analog scale (VAS) was used to investigate the severity of nocturnal itching and itch-related sleep disturbance. VAS
levels and DLQI scores of the patients were evaluated at baseline (week 0) and after treatment (weeks 2 and 4).

Results: The most common lesion in patients was tunnel (100%), followed by papule (97.5%), crusted papule (85%) and
excoriation (77.5%). The abdomen (90%) was the most common area of lesions, followed by hands (87.5%) and forearm (85%).
It was determined that the quality of life of 75% of the patients was moderate to extremely large affected. There was a significant
improvement in average DLQI scores of patients after treatment compared to before treatment (p<0.001, week 0: 11.50+7.81,
week 2: 5.50+4.68, week 4: 1.05:2.08). The baseline VAS values of the patients for nocturnal itching and itch-related sleep
disturbance were 7.22+2.80 and 6.30+3.60, respectively. A statistically significant improvement was detected in these values in
the week 2 and week 4 (p<0.001). Thirty-nine of the patients were given 10% sulfur ointment (3 consecutive days) and 35 of these
patients (89.7%) recovered.

Conclusion: Scabies has significant impact on quality of life in the vast majority of patients. Itch-related sleep disturbance is
common in patients with scabies. Sulfur is an effective treatment choice for scabies.

Keywords: Itching, quality of life, scabies, sulfur

(074

Amag: Uyuz, yogun kagint: ile karakterize bulasia1 bir deri enfestasyonudur. Bu ¢alismada uyuzun klinik 6zelliklerini ve uyuzun
yagam kalitesine etkisini ve tedaviyle yasam kalitesindeki degisimi degerlendirmeyi amagcladik.

Yontemler: Bu prospektif, kesitsel caligmaya klasik uyuzlu 40 erigkin hasta dahil edildi. Hastalarin detayh deri muayeneleri
yapildi. Uyuzlu hastalarda yasam kalitesini degerlendirmek i¢in dermatolojik yasam kalite indeksi (DYKI) kullanildi. Gece kagintis:
ve kagint iligkili uyku bozuklugunun siddeti viziiel analog skala (VAS) kullanilarak incelendi. Hastalarin VAS diizeyleri ve DYKI
skorlar1 baglangicta (0. hafta) ve tedaviden sonra (2. ve 4. hafta) degerlendirildi.

Bulgular: Hastalarda en sik gériilen lezyon tiinel (%100) idi, bunu papiil (%97,5), krutlu papiil (%85) ve ekskoriasyon (%77,5)
izliyordu. Lezyonlarin en sik gorildigii bolge karin (%90) olup, bunu eller (%87,5) ve 6n kol (%85) takip ediyordu. Hastalarin
%75'inin yagam kalitesinin orta ila ¢ok fazla etkilendigi belirlendi. Tedavi sonras1 hastalarin ortalama DYKI skorlarinda tedavi
6ncesine gore anlaml iyilesme saptand: (p<0,001, 0. hafta: 11,50+7,81, 2. hafta: 5,50+4,68, 4. hafta: 1,05+2,08). Hastalarin gece
kagintis1 ve kaginti iligkili uyku bozuklugu i¢in baglangic ortalama VAS degerleri sirasiyla 7,22+2,80 ve 6,30+3,60 idi. Bu degerlerde
2. ve 4. haftada istatistiksel olarak anlamh iyilesme saptandi (p<0.001). Hastalarin 39’una %10 siilfiirlit merhem verildi (3 ardigik
giin) ve bu hastalarin 35’1 (%89,7) iyilesti.

Sonug: Uyuz, hastalarin biyiik cogunlugunda yasam kalitesi iizerinde 6nemli bir etkiye sahiptir. Silfar, uyuz i¢in etkili bir tedavi
secenegidir.

Anahtar Kelimeler: Kaginti, yagam kalitesi, uyuz, siilfiir
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INTRODUCTION

Scabies is a contagious cutaneous infestation caused by the
mite Sarcoptes scabiei var. hominis and is a significant public
health problem in all countries regardless of socio-economic status
(1). The prevalence of scabies has increased in the worldwide and
in our country (Turkiye) in recent years (2,3).

Scabies is usually transmitted through close skin-to-skin contact
or sexual contact. Generalized itching that worsen at night and
cutaneous lesions begin 3-6 weeks after primary infestation.
Burrow which is pathognomonic lesion of scabies and non-
specific lesions such as papules and nodules are seen in patients
with scabies (4). Burrow often seen on the flexural side of the
wrist, the finger webs, the palms and the sides of the fingers.
After appropriate treatment, itching and cutaneous lesions may
persist for several weeks however will disappear completely over
time (5).

The diagnosis of scabies is based on history and clinical findings.
However, the diagnosis of corfirmed scabies can be made by
identifying of the scabies mite or mite products (eggs or faeces)
using various devices such as light microscopy, dermoscopy (6).
Scabies causes social stigma because it is transmitted through
skin-to-skin contact and the cutaneous lesions are located in
exposed areas (7,8). In addition, most patients with scabies
complain of sleep disturbance and disruption of their work and
social activities due to itching. All these reasons may affect the
quality of life of scabies patients. In this study, we aimed to
evaluate the clinical features of corfirmed scabies, the effect of
scabies on quality of life and sleep and the change in quality of life
after treatment. Another aim of the study was to determine the
effectiveness of the treatment applied to scabies patients.

METHODS

Study Design and Population

Ethical approval was received for this prospective and cross-
sectional study from Aydin Adnan Menderes University, Medical
Faculty, Non-Interventional Clinical Research Ethics Committee
(approval number: 2021/179, date: 02.12.2021).

Forty people involved in this prospective study were selected
among the patients with classical scabies who applied to the
dermatology outpatient clinic of Aydin Adnan Menderes
University Hospital in Tirkiye. Patients whose diagnosis of
scabies was confirmed by dermoscopy, being 16 years or older,
patients with itching for at least 1 week, and being literate were
included in the study. Patients younger than 16 years, being
illiterate, patients with chronic cutaneous disease (e.g., psoriasis,
atopic dermatitis), patients with crusted scabies, patients with
uncontrolled systemic disease (e.g., diabetes mellitus), patients
with severe neurological disease (e.g., dementia), patients using
immunosuppressive drug, and pregnant or breastfeeding women
were excluded in the study. Written informed consent was
obtained from all the patients.

Detailed skin examinations of the patients included in the study
were performed by a dermatologist. Socio-demographics data and
clinical characteristics of the patients were collected.

Treatment

In week 0, 39 patients were given 10% sulfur ointment (10
gram precipitated sulfur in 90 gram vaseline, prepared in the

pharmacies), while 1 patient was given the lotion (commercial
preparation containing mainly benzyl benzoate, sulfur, peru
balsam) as treatment. Patients using 10% sulfur ointment applied
the ointment to their entire body except the head for 3 consecutive
days and washed off on the fourth day. The effectiveness of the
treatment was evaluated using dermoscopy at week 2. A patient
was considered to have recovered if new lesions did not appear,
old scabies lesions disappeared, and mites were not identified by
dermoscopy. Patients who failed treatment were restarted 10%
sulfur ointment (for 3 consecutive days) and re-evaluated at 4
week.

Questionnare and Measurements

The dermatology life quality index (DLQI) is the most extensively
used questionnaire to measure the burden of cutaneous diseases
and evaluate effectiveness of treatments based on patients’
perspective (9). It was created by Finlay and Khan (10). The
validity and reliability study of the Turkish version was made
by Oztiirkcan et al. (11). DLQI consists of 10 questions across 6
domains: Symptoms/feelings (questions 1 and 2), daily activities
(questions 3 and 4), leisure (questions 5 and 6), work/school
(questions 7), personal relationships (questions 8 and 9) and
treatment (question 10). The questionnaire has four or five
alternative responses for each question: not at all (0 score), a little
(1 score), a lot (2 score), very much (3 score) and not relevant
(0 score). The DLQI score is found by adding the scores of 10
questions. The DLQI score ranges from 0 to 30. The higher the
DLQI score indicates the greater the deterioration in quality of life
(10). The DLQI scores are categorized as follows: 0-1=no effect on
patient’s life; 2-5= small effect on patient’s life; 6-10= moderate
effect on patient’s life; 11-20= very large effect on patient’s life;
and 21-30= extremely large effect on patient’s life (12). The DLQI
questionnaires were completed by patients at baseline (week
0), week 2, and week 4. The quality of life questionnaire team
at Cardiff University Faculty of Medicine has granted us a free
license to use the DLQI-Turkish version for the purposes of the
study.

Patients’ nocturnal itching and itch-related sleep disturbance
were measured by visual analog scale (VAS), which has a
numerical rating from 0 to 10 (0=no itch/no itch-related sleep
disturbance, 10= worst imaginable itch/I couldn’t sleep at all).
VAS measurements were completed by patients at baseline (week
0), week 2, and week 4.

Statistical Analysis

Data analysis was conducted using IBM SPSS Statistics 25.0 (IBM
Corp., Armonk, New York). Categorical variables were shown
as numbers and percentages, while continuous variables were
shown as mean and standard deviation. Wilcoxon signed-rank
test was used on the data obtained at baseline and after treatment
to evaluate the changes with treatment in the DLQI, nocturnal
itching and itch-related sleep disturbance. A p-value less than
0.05 or 0.001 was considered statistically significant.

RESULTS

Of the 40 adults with scabies, 19 (47.5%) were males and
21 (52.5%) were females. The mean age of the patients was
33.2+14.2 years, and the ages ranged from 19 to 68 years. The
mean duration of complaints was 11.8+14.6 weeks (range =1-
52 weeks). All patients complained of itching. And 38 (95%)
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patients had nocturnal itching. Thirteen (32.5%) patients also
had a stinging sensation, and 16 (40%) patients had a burning
sensation. Thirty-three patients (82.5%) reported itch-related
sleep disturbance. Eighteen of the patients (45%) had at least one
family member with similar complaints. Twenty-seven (67.5%) of
the patients had previously applied to a health institution at least
once due to their complaints, and only 6 (22.2%) of them were
diagnosed with scabies and received topical scabies treatment.
Burrow, the pathognomonic lesion of scabies, was present in all
patients. The most common non-spesific lesions seen in patients
were the papules (97.5%), followed by crusted papules (85%),
excoriations (77.5%) and macules (55%). Details of lesion types
in scabies patients are shown in Table 1.

Lesions were most commonly observed on the abdomen (90%),
followed by hands (87.5%) and forearm (85.0%). The face (2.5%)
was the area with the least lesions. Localization details of lesions
in scabies patients are shown in Table 2.

It was determined that scabies had a moderate or a verylarge effect
on the quality of life in majority (57.5%) of the scabies patients.
At week 2 after treatment, it was observed that scabies had small
effect the quality of life of the majority (55%) of patients. At week
4 after treatment, it was observed that scabies had not effect the
quality of life of the majority (80%) of patients. There was only 1
patient whose quality of life was very large affected at week 4, and
this patient was one of two patients in whom sulfur treatment
failed. Banding according to the DLQI scores at baseline and after
treatment in scabies patients was shown in Table 3.
Symptoms/feelings domain was the most affected domain at
baseline (week 0). After the treatment, it was determined that
there was a decrease in the scores of other domains except the
treatment domain (Table 4). Question 1 (related to symptoms,
over the last week, how itchy, sore, painful or stinging has your
skin been?) had the highest score (2.4+£0.63) among the DLQI
questions and all patients received at least 1 score. While the
mean DLQI score of the patients was 11.50+7.81 before treatment
(week 0), it was found as 5.50+4.68 (week 2) and 1.05+2.08
(week 4) after treatment. It was determined that the mean DLQI
scores after treatment (week 2 and week 4) showed a statistically
significant improvement compared to week 0. It was also
determined that mean DLQI scores was decreased significantly

Table 1. Types of lesions in patients with scabies

Patients with
Types of lesion scabies (n=40)
n (%)
Burrows 40 (100)
Papules 39 (97.5)
Crusted papules (papule covered with thin crust) | 34 (85)
Excoriations 31 (77.5)
Macules 22 (55)
Eczematization 7(17.5)
Vesicles 6 (15)
Pustules 5(12.5)
Nodules 4 (10)
Superinfection/secondary infection (suppuration,
. 4 0(0)
abscess, secondary impetigo, furuncle)

the week 4 when compared to the week 2. The patients’ baseline
VAS values for nocturnal itching and itch-related sleep disturbance
in week 0 were found be 7.22+2.80 and 6.30+3.60, respectively.
A statistically significant improvement was detected in these
values both in the week 2 and week 4 compared to the week 0
(p<0.001) (Table 5). While only 2 patients evaluated nocturnal
itching as 0 points (no itching) in week 0, 7 patients evaluated
it as 0 points in week 2, and 25 patients evaluated it as 0 points
in the week 4. In addition, only 7 patients evaluated itch-related
sleep disturbance as 0 points (no itch-related sleep disturbance)
in week 0, 15 patients evaluated it as 0 points in week 2, and 30
patients evaluated it as 0 points in the week 4.

Thirty-six of 40 patients (90%) recovered at week 2. All 4 patients
who failed treatment used 10% sulfur ointment. The success rate
of 10% sulfur ointment was found to be 89.7% in patients who
received 10% sulfur ointment. When 10% sulfur ointment was
restarted in the four patients whose treatment failed, two of the
four patients recovered at week 4. No major side effects were
observed during sulfur treatment and the patients completed the
treatment as recommended.

Table 2. Localization details of lesions in patients with scabies

(n=40)

Localization details of lesions n (%)
Abdomen 36 (90)
Hand 36 (87.5)
* Hand (except interdigital spaces) 31(77.5)
* Interdigital spaces 33(82.5)
Forearm 34 (85)

* Forearm (except elbow and wrist) 28 (70)

* Elbow 13 (32.5)
* Wrist 23 (57.5)
Legs 26 (65)
Penis (n=21) 13 (61.9)
Buttock 24 (60)
Inguinal area + inner side of thigh 24 (60)
Thigh (except inner side of thigh) 20 (50)
Lower back 18 (45)
Upper back 15 (37.5)
Upper arm 12 (30)
Thorax (except breast) 12 (30)
Axilla 8 (20)
Genital (except penis in men) 6 (15)
Feet 6 (15)
Breast 5(12.5)
*Areola mammae 1(2.5)
*Breast (except areola mammae) 5(12.5)
Ankle 3(7.5)
Scalp 3(7.5)
Neck 3(7.5)
Face 1(2.5)
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Table 3. Banding according to the dermatology life quality index scores at baseline and after treatment in scabies patients

::v‘:;)l; 0 nwz;:; 2 nW?;)l; 4 Range of DLQI scores Qol effect

1(2.5) 5(12.5) 32(80) 0-1 No effect

9 (22.5) 22 (55) 7(@17.5 2-5 Small effect

12 (30) 7 (17.5) - 6-10 Moderate effect

11 (27.5) 5(12.5) 1(2.5) 11-20 Very large effect
7(17.5) 1(2.5) - 21-30 Extremely large effect
DLQI: Dermatology life quality index, QoL: Quality of life

Table 4. Impairment* and scores of each DLQI domain at baseline (week 0) and after treatment (week 2 and week 4) in scabies
patients

Week 0 Week 2 Week 4
Score Impairment | Score Impairment | Score Impairment
Mean + SD n (%) Mean + SD n (%) Mean + SD n (%)
Symptoms, feelings
(questions 1 and 2) 4.26+1.53 40 (100) 1.75+1.14 34 (85) 0.30+0.79 7 (17.5)
Daily activities (questions 3 |, g, ; gg 27 (67.5) 0.85:1.05 21 (52.5) 0.05:0.31 1(2.5)
and 4)
Leisure
(questions 5 and 6) 2.30+2.28 28 (70) 0.88+1.50 13 (32.5) 0.08+0.34 2(5)
Work/school (question 7) 1.13+1.47 15 (37.5) 0.40+0.84 10 (25) 0.08+0.47 1(2.5)
Personal relationships
(questions 8 and 9) 1.18+1.51 19 (47.5) 0.40+0.74 11 (27.5) 0.05+0.22 2(5)
Treatment
(question 10) 0.65+1.02 13(32.5) 1.35+0.86 32 (80) 0.50+0.59 18 (45)
DLQI: Dermatology life quality index, *: Impairment is equivalent to a score 21 in domain, SD: Standard deviation

Table 5. Nocturnal itching, itch-related sleep disturbance and DLQI scores of scabies patients at baseline (week 0) and after treatment

(week 2 and week 4)

Week 0 Week 2 Week 4

(Mean + SD) (Mean + SD) (Mean + SD) P
Total DLQI 11.50+7.81 5.50+4.68 1.05+2.08 <0.0012b<
Nocturnal itching-VAS 7.22+2.80 2.52+1.88 0.58+0.81 <0.0012Pb<
Itch-related sleep disturbance-VAS 6.30+3.60 2.12+2.15 0.30+0.65 <0.001P<
DLQI: Dermatology life quality index, VAS: Visual analog scale, SD: Standard deviation. All values are expressed as mean + SD, *: Week 0 vs. week 2, *: Week 0 vs. week 4,
. Week 2 vs. week 4

DISCUSSION

Patients with scabies present with non-specific lesions such
as papules, nodules, eczematizations, excoriations, pustules,
pyodermic lesions (impetigo and furuncles, etc.) and burrows,
which are pathognomonic lesion of scabies (4,13). Various
studies have reported that the most frequently observed lesions
in patients with scabies are papules and excoriations (7,14,15).
Consistent with these studies, the most common non-specific
lesions in our study were papules and excoriations. Unlike these
studies, our study was detected burrows in all patients. The reason
for this is that scabies patients whose burrow was demostrated by
dermoscopy were included in our study.

Various studies have shown that scabies lesions in older children
and adults patients were mostly localized on the abdomen,
inguinal area/medial parts of thights, axillas, hands, wrists,

interdigital spaces, forearms, arms, legs, thorax, back, buttocks
and genitals, rarely on the face, scalp, neck (7,14-16). It was
observed that the lesion distribution of patients in our study was
similar to other studies.

A study in China reported that scabies had a moderate to very
large effect on quality of life in 71.9% of patients, with an mean
DLQI score of 10.09 (8). A study in Nepal that scabies had
a moderate to very large effect on quality of life in 80.6% of
patients, and mean DLQI score of patients were 12.91 (17). In
the study conducted in Iragq, it was reported that the scabies had
a moderate to extremely large effect on quality of life in 100%
of the scabies patients and the mean DLQI score was 14.95 (18).
In two studies conducted in Turkiye, it was reported that the
quality of life of the majority of scabies patients was moderately
to extremely large affected, and mean DLQI scores of the patients
were 10.54 and 13.16 (19,20). Similar to these studies, in our
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study, it was determined that scabies had a moderate to extremely
large effect on the quality of life in the majority (75%) of scabies
patients. The mean DLQI score of our patients was 11.50+7.81 at
baseline. Unlike our study and the studies mentioned above, in a
study conducted in the Solomon Islands, it was reported that the
quality of life of adults with scabies was small affected and mean
DLQI score was 3.1 (21). Interestingly, another study conducted
in Tirkiye reported that the mean DLQI score in scabies patients
was quite high at 27.75 (22). As shown in our study, although it is
not life-threatening, scabies significantly affects the quality of life
of patients. Therefore, it is important that patients are diagnosed
early and their treatment begins as soon as possible. Although
27 (67.5%) of the our patients had previously applied a doctor
at least once due to their complaints, unfortunately 21 of them
were misdiagnosed. We think that reinforcing the training of
physicians, about the scabies will be beneficial for early diagnosis
and treatment of scabies.

In various studies, it has been reported that the most impaired
domainin patientswith scabiesis symptoms/feelings (8,17,19,20).
Similar to these studies, in our study, it was determined that
the most frequently affected domain in scabies patients was
symptoms/feelings. It was observed that the impairment of
the symptoms/feelings domain gradually decreased after the
treatment. Similarly, it was found that the impairment of
other domain except the treatment domain decreased after the
treatment. The increased impairment in the treatment domain at
week 2 was probably related to the application of sulfur and fomite
(clothing, towels, bedding, etc.) disinfection for the treatment of
scabies.

Jackson et al. (7) demonstrated that 93.4% of scabies patients
complained of itching, and 68.8% of them had itching classified
as moderate to severe. Nair et al. (14) found that 99.9% of scabies
patients had itching and 79.4% of scabies patients had night
aggravation of itching. Worth et al. (15) showed that all scabies
patients complained about itching, and the 75.1% of them had
classified itching as moderate to severe. It was also reported that
the severity and frequency of itching decreased significantly one
week after ivermectin treatment (15). Similar to these studies, in
our study, it was found that all patients complained of itching.
In addition, the highest score among the DLQI questions was
contained in question 1 (related to itching symptom). It was
observed that the severity of nocturnal itching gradually decreased
significantly both in the week 2 and week 4 after the treatment.
Studies have shown that the majority of patients with scabies
have an itching-related sleep disturbance (7,14,15). Worth et al.
(15) demostrated that 87.5% of patients with scabies had an itch-
related sleep disturbance, and the majority of them had moderate
to severe sleep disturbances. It was also reported that the severity
of itch-related sleep disturbances decreased significantly one week
after ivermectin treatment (15). In our study, consistent with the
aforementioned study, 33 (82.5%) patients had itch-related sleep
disturbance. It was observed that the severity of itch-related sleep
disturbance gradually decreased after the treatment.

In a retrospective study from Tiirkiye, treatment success rate of
10% sulfur ointment was found to be superior to permethrin 5%
treatment (83.5% vs. 50%, respectively) (23). In a retrospective
study conducted by Altunel (24) from Turkiye, the success rate of
the first course 5-10% sulfur treatment was reported as 71.9%. To
the our knowledge, this is the first prospective study to evaluate
the effectiveness of sulfur in the treatment of scabies in Turkish

patients. We determined that the success rate of 10% sulfur
ointment in scabies patients was 89.7%. Therefore, we think that
sulfur, which is an effective and safe agent, be preferred as the
first agent in the first-line treatment of scabies patients.

Study Limitations

The limitation of our study is the relatively small number of
scabies patients. Another limitation is that it has not been
investigated whether there is a relationship between quality of
life and the clinical severity of scabies.

CONCLUSION

As a result, scabies significantly affects the quality of life in the
vast majority of patients. After treatment, the quality of life in
scabies patients returns to normal within a few weeks. Sulfur is
an effective treatment choice for scabies.
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Molecular Characterization of Culicoides Species
and Their Vector Potentials for Haemosporidia
Infections in the Izmir Region of Tiirkiye
Tiirkiye'nin Izmir Yoresinde Yayihs Gosteren Culicoides Tiirlerinin

Molekiiler Karakterizasyonu ve Haemosporidia Enfeksiyonlar1 Yoniinden
Vektorlitk Potansiyelleri
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ABSTRACT

Objective: This study aimed to determine the Culicoides species distributed across different districts of Izmir province, reveal
their molecular characterization, and assess their vector potential for the transmission of avian haemosporidian parasites.
Methods: The study material comprised 800 female Culicoides specimens collected from Bergama, Odemis, Kemalpasa, and
Foca districts between May and August 2016. Following morphological identification, specimens from each identified species
underwent molecular analyses. The mt-COI gene region of genomic DNA isolates from the specimens was amplified by polymerase
chain reaction (PCR) and subjected to sequence analyses to reveal their molecular characterization and phylogenetic relationships.
Haemosporidian DNA was investigated by nested PCR in the gDNA isolates of head/thorax (HTP) and abdomen pools, constituted
from specimens separated by species and location. Molecular characterization of identified parasites was performed using
sequence analyses.

Results: Morphological identification revealed that C. circumscriptus (39.4%) and C. imicola (33.8%) were the most common
species in the research areas, followed by Culicoides sp. (ERU-Izm-Culil) (9.1%), C. nubeculosus complex (7.6%), C. obsoletus (4.3%),
C. gejgelensis (2.3%), C. punctatus (1.9%), and C. newsteadi (1.8%). A total of 175 polymorphic sites were distributed among the
COI sequences of the obtained isolates, leading to the detection of 18 different haplotypes. The highest haplotype diversity was
observed in C. circumscriptus, C. punctatus, and C. newsteadi. Phylogenetic analyses clustered the characterized haplotypes of
Culicoides species into three major groups. Haemoproteus sp. GAGLAOS5 and H. minutus TURDUS2 lineages were detected in C.
circumscriptus HTP genomic DNA isolates, providing evidence of this species’ vector potential for Haemoproteus lineages in the
research area.

Conclusion: This study determined the Culicoides species distributed in the Izmir Region using an integrated morphological and
molecular diagnostic approach, providing original data for the molecular epidemiology of these important flies. Furthermore, the
results suggest the potential importance of C. circumscriptus in the transmission dynamics of Haemoproteus lineages.

Keywords: Culicoides, molecular characterization, avian Haemosporidians, vector potential, [zmir

oz

Amag: Bu calismada Izmir’in farkli ilcelerinde yayilis gsteren Culicoides tiirlerinin belirlenmesi, molekiiler karakterizasyonlarinin
yapilmasi ve kanatli haemosporidian parazitleri yéniinden vektérlitk potansiyellerinin aragtirilmas: amaglanmugtir.

Yéntemler: Calisma materyalini, 2016 yilinin Mayis-Agustos aylari arasinda Bergama, Odemis, Kemalpasa ve Foga ilcelerinden
toplanan toplam 800 adet disi Culicoides 6rnegi olusturmusgtur. Culicoides 6rneklerinin morfolojik teshislerini takiben belirlenen
her tiire ait 6rnekler molekiiler analizlere dahil edilmistir. Orneklere ait genomik DNA izolatlarinin mt-COI gen bélgesi polimeraz
zincir reaksiyonunda (PZR) amplifiye edilmis ve sonraki basamakta amplifikasyon tirtnlerinin sekans analizleri gerceklegtirilerek
molekiiler karakterizasyonlar: ve filogenetik analizleri yapilmigtir. Ttr ve lokasyonuna gére ayrilan 6rneklerin bag/toraks (BTH)
ve abdomenlerinden ayr1 havuzlar olusturularak elde edilen gDNA izolatlarinda haemosporidian DNA’sinin varligi nested PZR ile
aragtirilmig ve tespit edilen parazit nesillerinin sekans analizleri ile molekiiler karakterizasyonlar: yapilmgtir.
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Bulgular: Morfolojik teghis sonuglarina gore aragtirma bélgelerinde C. circumscriptus (%39,4) ve C. imicola'nin (%33,8) en yaygin tiirler oldugu bunu sirasiyla
Culicoides sp. (ERU-Izm-Culil) (%9,1), C. nubeculosus kompleks (%7,6), C. obsoletus (%4,3), C. gejgelensis (%2,3), C. punctatus (%1,9) ve C. newsteadinin
(%1,8) izledigi saptanmustir. Belirlenen tiirlere ait mt-COI sekanslar1 arasinda 18 farkli haplotipi ortaya koyan 175 polimorfik bélge saptanmis olup haplotip
cesitliligi en yuksek C. circumscriptus, C. punctatus ve C. newsteadide belirlenmigtir. Filogenetik analizlerde belirlenen Culicoides tiirlerine ait haplotipler g
major kiime icerisinde monofiletik olarak gruplanmstir. Culicoides circumscriptus BTH’ye ait genomik DNA izolatlarinda Haemoproteus sp. GAGLAOS ve H.
minutus TURDUS2 nesillerinin varlig1 saptanmis ve bu tiiriin arasgtirma yéresinde ilgili Haemoproteus nesillerinin muhtemel potansiyel vektorii olabilecegi

ortaya ¢ikarilmgtur.

Sonug: Bu caligma ile Izmir yoresinde yayginhk gosteren Culicoides tiirleri entegre morfolojik ve molekiiler teshis yaklagimlariyla belirlenerek bu énemli
sineklerin molekiiler epidemiyolojisi agisindan 6zgiin veriler saglanmistir. Ayrica calisma sonuglar1 Izmir yéresinde C. circumscriptus’un Haemoproteus
nesillerinin nakli agisindan potansiyel bir 6neme sahip olduguna dair kamtlar saglamigtir.

Anahtar Kelimeler: Culicoides, molekiiler karakterizasyon, kanath Haemosporidian parazitler, vektor potansiyeli, {zmir

INTRODUCTION

Culicoides Latreille, 1809 (Diptera: Ceratopogonidae), also
known as biting midges, are the smallest blood-feeding insects
with a body length of 1 to 3 mm among other biting insects
(1). The genus Culicoides is important due to their ability to act
as biological vectors for pathogens of medical and veterinary
significance (2). Several nematode and protozoan species, as well
as more than 50 arboviruses, have been isolated from various
Culicoides species, and their roles in the transmission of veterinary
(1,3,4) and human pathogens (5) have been reviewed. Currently,
the most important economic impact of Culicoides flies is their
association with the transmission of diseases such as Blue Tongue
virus (BTV), Epizootic Hemorrhagic Disease virus, Schmallenberg
virus, and African Horse Sickness virus. These arboviruses are
highly significant for ruminants, deer, and ungulates, and have
been reported by the World Organization for Animal Health to
cause outbreaks (6,7).

Culicoides flies are the main vectors of Haemoproteus
(Haemosporida) species, which are important parasites of birds
and can cause lethal pathology in non-adapted birds (8-11).
Despite more than 1360 Culicoides species have been known (12),
completeness of sporogonic phase of avian Haemoproteus parasites
have been shown only in 13 species which indicates those serve
as active vectors (13,14). In addition to about 150 Haemoproteus
species identified from birds (15). In a study conducted in Tirkiye
to investigate haemosporidian parasites in Culicoides species (16),
various Haemoproteus lineages were molecularly characterized
in specimens of C. nubeculosus comp., C. riethi, C. circumscriptus,
C. submaritimus, C. gejgelensis, C. longipennis, C. festivipennis,
and C. newsteadi collected from the Sultan Marshes Region. The
data obtained from this study (16) provided information on the
vectorial potentials of the relevant Culicoides species.

The first records on Culicoides species in Tiirkiye were provided by
Kieffer (17), and data on species diversity have mainly increased
after the 1970s. In a review by Dik (18), the number of Culicoides
species in Tirkiye was reported as 61. Later, Korkmaz et al.
(19) identified new species through a comprehensive four-year
research conducted in 51 provinces at 104 sampling stations,
increasing the total number of species to 72 (20). Limited research
has been conducted on the genetic diversity of Culicoides species
in Tirkiye. Dik et al. (21) characterized the Culicoides species
collected from the Southern and Southeastern Anatolian Regions
based on the ribosomal ITS-1 gene region. The characterization of
Culicoides species collected from Sultan Marshes (16), the Western
Black Sea Region, and Konya (22,23) was conducted based on the
mitochondrial cytochrome oxidase subunit I (mt-COI) gene region,
and their phylogenetic relationships were determined. Korkmaz
etal. (19) characterized the mt-COI gene region of the C. grisescens

and C. chiopterus species, that were reported for the first time in
Turkiye.

In the current study, we aimed to determine the Culicoides
species prevalent in different districts of {zmir province using
conventional morphological and molecular methods, to perform
molecular characterization of the isolates, and to reveal their
vector potentials for the transmission of avian haemosporidian
parasites.

METHODS

Study Area and Collection of Culicoides Specimens

The Culicoides specimens comprising the study material were
collected from areas in the districts of Bergama, Odemis,
Kemalpasa, and Foca, located within the boundaries of Izmir
province, between May and August 2016. “EVS Black CO2
Light Trap, 4W Black Light Tube (Bioquip Inc., 2801BL)” and
Onderstepoort light traps were set up approximately 1.5-2 meters
high, one hour before sunset, and operated until one hour after
sunrise in livestock facilities in the corresponding districts. After
sampling, the nets of the light traps were stored in a deep freezer
to immobilize the caught flies. Non-target flies were separated
macroscopically, and the remaining flies were placed in 70%
alcohol and transported to the laboratory on ice packs. From each
region, 200 samples were randomly selected and included in the
study.

Morphological Identification

Identification of the Culicoides specimens was made based on wing
morphology using a combination of established and more recent
diagnostic keys (24-26). Examinations were conducted under a
digital camera attachment stereomicroscope (Olympus SZX-16).
The imaging of the wing morphologies of Culicoides species was
performed using CellSens Standard 1.13 software (Olympus)
under the camera attachment stereomicroscope.

Genomic DNA Extraction

Morphologically identified Culicoides specimens were separated
individually from the collection material preserved in 70%
ethyl alcohol for genotyping and phylogenetic analyses. The
remaining specimens were pooled in groups of ten (10 samples/
pool) to investigate the presence of Haemosporidian parasites,
including females, according to species and collection area. To
demonstrate the vector potential of Culicoides specimens, the
heads/thoraxes (HTP) (sporozoite development) and abdomens
(AP) (haemosporidian generations acquired through blood
feeding) of each specimen were dissected separately and placed
in separate sterile microcentrifuge tubes and pooled accordingly,
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resulting in 88 pools each for HTP and AP. Genomic DNA isolation
was performed using the GeneJET Genomic DNA Purification Kit
(Thermo Scientific) following the manufacturer’s instructions.

Amplification of Culicoides Mt-COI and Avian
Haemosporidian Mt-CYTB Gene Regions

Genomic DNA extracts isolated from individual female
Culicoides specimens were subjected to polymerase chain
reaction (PCR) analysis using primers C1-J-1718M (F)
(5-GGAGGATTTGGAAATTGATTAGT-3) and C1-N-2191M (R)
(5-CAGGTAAAATTAAAATATAAACTTCDGG-3’), which amplify a
523 bp partial fragment of the mt-COI gene of the Culicoides genus
(27). The reaction mixture was prepared to a final volume of 25
uL. It contained 10X PCR buffer, 2.5 mM MgCl,, 100 nM of each
primer, 200 pM of each dNTP, 2.5 U Taq DNA polymerase, and 10-
20 ng template DNA. The thermal cycling protocol was as follows:
Initial denaturation at 94 °C for 3 min, followed by 35 cycles of
denaturation at 94 °C for 30 s, annealing at 50 °C for 30 s, and
extension at 72 °C for 30 s, with a final extension step at 72 °C
for 7 min.

The genomic DNA isolates obtained from Culicoides HTP and
AP were analyzed by Nested PCR targeting a 524 bp portion
of the mt-CYTB gene region of haemosporidian parasites. In
the first step of the Nested PCR analysis, universal primers
HaemNFI (5'-CATATATTAAGAGAATATGGAG-3’) and HaemNR3
(5-ATAGAAAGATAAGAAATACCATTC-3) were used for
haemosporidians. In the second step, Leucocytozoon-specific
primers HaemFL (5-ATGGTGTTTTAGATACTTACATT-3)
and HaemR2L  (5-CATTATCTGGATGAGATAATGGIGC-3),
and  Plasmodium/Haemoproteus-specific ~ primers = HaemF
(5-ATGGTGCTTTCGATATATGCATG-3’) and HaemR2
(5-GCATTATCTGGATGTGATAATGGT-3’) were used (28,29).
The reaction mixture for both primer sets was prepared to a final
volume of 20 pL, containing 10X PCR buffer, 2.5 mM MgCl,, 100
nM of each primer, 200 pM of each dNTP, and 2.5U Taq DNA
polymerase. The PCR products were subjected to electrophoresis
on a 1.5% agarose gel (10 pL), visualized and analyzed using the
CLP Gel Documentation System and Gene Snap from Syngene
analysis program (UVP INC Uplant, CA).

Sequence and Phylogenetic Analyses

The amplicons of mt-COI from individual Culicoides specimens
and haemosporidian mt-cytb from pools were subjected to gel
purification (using the High Pure PCR Product Purification
Kit, Roche) for sequence analyses. Sequencing was utilized
(Macrogen Europe) bi-directionally with the primers used in
the PCR (the second primer pair for haemosporidian mt-CYTB).
Chromatograms for forward and reverse reads were processed
with DeNovo Assembly in Geneious R10 (30) software to obtain
consensus sequences. The molecular characterizations of the
identified isolates were achieved by aligning the sequences
with the published sequences of the isolates using BLASTn
algorithm  (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the
MalAvi Haemosporidian lineage sequence database (http://mbio-
serv2.mbioekol.lu.se/Malavi/), and data sets were created for
phylogeneticanalyses. The mt-COI gene sequences of the identified
Culicoides isolates in the study were recorded in the GenBank
database with accession numbers MF594384-MF594401; and the
mt-CYTB sequences of haemosporidian isolates were recorded
with accession numbers MF594402-MF594403. DnaSP 5.10.01

(31) software was used to determine DNA polymorphism and
haplotype diversity in the characterized Culicoides isolates. Intra-
and inter-specific genetic differences were performed using the
Kimura (32) two-parameter (K2P) distance model in MEGA 7
software (33). Bayesian inference (BI) analyses were applied to
determine the phylogenetic relationships of Culicoides species
and haemosporidian lineages. jModelTest v.0.1.1 (34) was used to
determine the best-fit substitution model for sequence evolution,
and the models with the lowest Akaike Information Criterion
values were used to construct the phylogenetic trees. BI analyses
were performed using the MrBayes (35) plugin in Geneious R10
(30) software. Markov Chain Monte Carlo scans were run for
1,100,000 generations with four chains, and tree sampling was
performed every 200 generations with the first 100,000 trees
discarded as “burn-in”.

Statistical Analysis

Statistical analysis is not required for the data available in this
study.

RESULTS

Culicoides Species and Distribution

The distribution of the morphologically identified Culicoides
specimens by species, collection area, and month are shown in
Table 1. A total of eight Culicoides species were identified in the
research areas, and their distribution rates are shown in Figure
1. Generally, the most common species were C. circumscriptus
(39.4%) and C. imicola (33.8%), while the species with the lowest
distribution rates were C. punctatus (1.9%) and C. newsteadi
(1.8%).

A unique Culicoides lineage was identified that exhibited a similar
wing morphology to the species in the Silvaticulicoides subgenus
(36,37), and was genetically closer to the species in this group.
This lineage was characterized as Culicoides sp. ERU-Izm-Culil.
The specimens of Culicoides sp. ERU-Izm-Culil were detected in
Bergama and Odemis districts in July and August samples (Table
1), and the overall distribution rate was determined to be 9.1%
(Figure 2).

Sequence and Phylogenetic Analyses of Culicoides
Specimens

Genomic DNA isolates of the specimens identified by
morphological identification were amplified with the relevant
primers for the mt-COI gene region, and target amplicons of
553 bp were obtained. The morphological diagnosis results were
confirmed by aligning the sequences of the relevant isolates
with reference isolates in GenBank using the BLASTn algorithm
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), and the molecular
characterization of the isolates was provided. The isolates
belonging to the species whose mt-COI gene region sequences and
haplotype characterization were determined were given in Table
2 with GenBank accession numbers. One hundred seventy five
polymorphic regions were found among the mt-COI sequences
of the identified species, revealing 18 different haplotypes, and
the average genetic diversity among haplotypes was found to be
25.3%=+2.4. The haplotype diversity was determined to be highest
in C. circumscriptus, C. punctatus, and C. newsteadi (Table 2). ERU-
Izm-Culil was found to be genetically closer to species under the
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Table 1. Distribution of Culicoides species collected from various districts of Izmir province by collection sites and months

Culicoides species Collection area " 2016 Total
Bergama Odemis Kemalpasa Foca |May |June |July |August

C. circumscriptus 46 82 112 75 68 128 38 81 315
C. nubeculosus komp. 40 18 0 3 22 6 9 24 61
C. newsteadi 14 0 0 0 14 0 0 0 14
C. imicola 27 53 70 120 80 56 65 69 270
Culicoides sp. (ERU-Izm-Culil) 58 15 0 0 0 0 65 8 73
C. gejgelensis 8 0 8 2 0 0 4 14 18
C. obsoletus 7 17 10 0 16 0 16 2 34
C. punctatus 0 15 0 0 0 10 3 2 15
Total 200 200 200 200 200 200 200 200 800

DISTRIBUTION (%)
C.punctatus [l
C.obsoletus [
C.gejgelensis [
Culicoides sp. (ERU-lzm-Culi1) |GG
C.imicola .
C.newsteadi [l
C.nubeculosus komp. |
¢ creumseriptus -

Figure 1. Distribution of Culicoides species identified in the

study area

Silvaticulicoides subgenus, showing the highest genetic similarity
of 92.9% with C. subfasciipennis.

The phylogenetic relationships of the identified isolates in
this study along with reported isolates from various regions
of Tirkiye and the world, were shown in Figure 3. The mt-COI
sequences formed three major clusters on the phylogenetic tree,
containing monophyletic species, and this resolution was highly
supported by posterior probabilities (0.9-1.0). The first major
cluster was divided into two subclusters. The first subcluster
included C. nubeculosus, C. gejgelensis, C. riethi, Culicoides sp. ERU-
Izm-Culil, and C. subfasciipennis species, and the phylogenetic
relationship between the species was moderately supported by
posterior probability (0.58). The second subcluster was formed by
C. circumscriptus, and the phylogenetic relationship of the isolates
belonging to this species was highly supported by posterior
probability (1.0). The second major cluster consisted of haplotypes
of C. punctatus, C. newsteadi-1, and C. newsteadi-2 species, which
were highly supported by posterior probability (0.92). The third
major cluster included C. obsoletus and C. imicola species, and
the phylogenetic relationship of the isolates belonging to these
species was highly supported by posterior probability (1.0).

Identification, Distribution, and Molecular
Characterization of Haemosporidian Parasites in
Culicoides Specimens

The molecular analysis results of haemosporidian parasites in
Culicoides specimens, which were collected during the study and

Figure 2. Culicoides sp. ERU-Izm-Culil wing morphology.
There are no white spots in the middle of cells m1 (1) and
m?2 (2), the m cell is combined with the r-m cross-vein
white spots (3), and the white spots on the distal parts of
cells r3 and m1 are not clear (4). Scale bar: 200 pm

diagnosed by morphological and molecular identifications, are
provided in Table 3 for HTP and AP samples. An agarose gel image
including the amplicons from some positive samples is given in
Figure 4. Of the 88 AP samples examined, 9 (10.22%) were found
to be infected with Plasmodium/Haemoproteus species or lineages,
and 7 (7.95%) of the 88 HTP samples were also found to be
infected with these parasites. No positivity for Leucocytozoon sp.
was found in any of the samples.

The haemosporidian parasite species or lineages identified by
sequence analysis along with their GenBank accession numbers,
are given in Table 4. The GenBank accessions were provided only
for isolates identified in the head/thorax pools as an indicator
of their vector potential. Of the seven positive isolates from
C. circumscriptus HTP, four belonged to the Haemoproteus sp.
GAGLAOS lineage, and three belonged to the H. minutus TURDUS2
lineage. All of the positive AP isolates were characterized by
Plasmodium lineages, and this result could be related to infected
avian blood in their abdomens. The latest finding provided
evidence of the widespread occurrence of various Plasmodium
lineages, especially the P. relictum SGS1, in avian populations in
the study area.



Turkiye Parazitol Derg 2025;49(1):35-44

Yesiloz et al. Culicoides Species and Haemosporidia Infections 39

Table 2. Haplotypes identified in Culicoides species molecularly characterized by Mt-COI gene region sequence analyses

No. of sequenced Determined haplotype
Culicoides species isol
isolates Name Number GenBank accession

ERU-Izm-C.circl 3 MF594384
C. circumscriptus 6 ERU-Izm-C.circ2 2 MF594385

ERU-Izm-C.circ3 1 MEFE594386
C. gejgelensis 7 ERU-Izm-C.gejgl 7 ME594387

ERU-Izm-C.imicl 4 MF594388
C. imicola 6

ERU-Izm-C.imic2 2 MF594389

ERU-Izm-C.news1 4 MEFE594390
C. newsteadi 7 ERU-Izm-C.news2 2 MF594391

ERU-Izm-C.news3 1 MF594392

ERU-Izm-C.nubel 5 MF594393
C. nubeculosus 6

ERU-Izm-C.nube2 1 MEFE594394
C. riethi 1 ERU-Izm-C.riel 1 MEF594400

ERU-Izm-C.obs1 6 MF594395
C. obsoletus 13

ERU-Izm-C.obs2 7 MF594396

ERU-Izm-C.puncl 4 MF594397
C. punctatus 6 ERU-Izm-C.punc2 1 MEF594398

ERU-Izm-C.punc3 1 MF594399
Culicoides sp. 7 ERU-Izm-Culil 7 MF594401

Table 3. Molecular analysis results of Haemosporidian parasites in examined Culicoides specimens

No. of examined pools Plasmodium/Haemoproteus positivity
Insect Bergama Odemis | Kemalpasa |Foca Total Bergama | Odemis | Kemalpasa | Foca Total
species
AP HTP AP HTP | AP HTP | AP HTP | AP HTPT AP  HTP AP HTP | AP HTP | AP HTP | AP HTP
C.' . 5 5 7 7 10 10 7 7 29 |29 1 1 0 1 0 3 0 2 1 7
czrcumscrlptus
C. imicola 3 |3 6 |6 7 7 11 |11 27 |27 0 |0 0 |0 1 0 2 |0 3 |0
Culicoides sp.
(close to C. 6 6 2 2 0 0 0 0 8 8 0 0 0 0 0 0 0 0 0 0
truncorum)
C. nubeculosus
4 |4 3 3 0 0 1 1 8 8 0 0 0 0 0 0 0 0 0 0
comp.
C. obsoletus 1 1 3 3 3 3 0 0 7 7 1 0 2 0 0 0 0 0 3 0
C. gejgelensis | 1 1 0 |0 2 2 1 1 4 |4 0 |0 0 |0 2 0 0o |0 2 |0
C. punctatus 0 0 3 3 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0
C. newsteadi 2 |2 0 |0 0 0 0 |0 2 |2 0 |0 0 |0 0 0 0 |0 0 |0
Total 22 |22 24 |24 22 22 20 |20 88 |88 2 1 2 1 3 3 2 2 9 7
DISCUSSION circulation of BTV is continuous in the field because Culicoides

The molecular genotyping and DNA barcoding studies of blood-
sucking insects with medical and veterinary importance such
as mosquitoes, biting midges, and black flies continue to gain
importance in many regions of the world (38-41), while genetic
studies in Tiirkiye have been limited (21,22,42,43). The Culicoides
genus is important because it contains many species that are
biological vectors for numerous pathogens of medical and
veterinary importance (1,4,5,36). In the province of zmir, due to
its climatic characteristics (high temperature and humidity), the

activity continues for a long period of the year. Therefore, it has
been reported that BTV disease causes significant losses in the
livestock sector in the province of Izmir every year (44). In this
study, field surveys conducted in the regions of Bergama, Odemis,
Kemalpasa, and Foca districts of Izmir between May and August
revealed that those regions were suitable ecosystems for the
development of Culicoides species. As a result of the morphological
and molecular diagnoses of Culicoides generations collected from
the sampling areas, it was determined that C. circumscriptus and C.
imicola were the most frequently encountered species during the
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Figure 3. Phylogenetic relationships of Culicoides isolates
based on mt-COI gene region Bayesian inference (BI)
analysis. The isolates identified in the study are shown in
bold red characters, while those reported from Tirkiye are

shown in blue. The numbers in front of the nodes represent
BI posterior probabilities. A. sacharovi was used as an
outgroup. The scale bar indicates the number of nucleotide
substitutions per site

study period, representing 39.4% and 33.8% of the total collected
specimens, respectively. In particular, it is known that C. imicola
is one of the most effective vectors of BTV in many geographies,
especially in Southern Europe (45,46), and it may play a role in
the transmission dynamics of BTV observed in the research
areas in the current study. Studies on populations sampled from
Turkiye (47) and Italy (48) have suggested that C. circumscriptus,
which was identified as the most frequently encountered species
in our study, could also potentially contribute to the transmission
dynamics of BTV. In research conducted in the last 10 years
(21,22,47,49-54), both species have been reported as widespread

M 9 8 8 4 8 6 7 8

Figure 4. Agarose gel electrophoresis of Haemoproteus/
Plasmodium amplicons obtained from Nested polymerase
chain reaction analysis of gDNA isolates from selected
Culicoides pools. M: 100 bp marker; 1-6: positive samples;
7: Negative control; 8: Positive control (Plasmodium DNA)

in Southern and Southeastern Anatolia, Central and Western
Black Sea, Central Anatolia, Western Inner Anatolia, and the
Marmara Region in Tirkiye. The other species C. nubeculosus
complex (7.6%), C. obsoletus (4.3%), C. gejgelensis (2.3%), C.
punctatus (1.9%), and C. newsteadi (1.8%), which have a more
limited distribution in our study, were found in various regions of
Turkiye such as Southern and Southeastern Anatolia, Central and
Western Black Sea, Central Anatolia, Western Inner Anatolia, and
the Marmara Region (21,22,47,49-54). A unique Culicoides lineage
was identified in Bergama and Odemis districts. This lineage
showed similarities to members of the Silvaticulicoides subgenus
based on wing morphology and was genetically closer to the
species in this group based on mt-COI sequence characterization.
The wing morphologies of these specimens were consistent and
symmetrical across all samples. Furthermore, sequence analysis
of a representative number of specimens confirmed the genetic
similarity within this group. There was no genetic heterogeneity
among the mt-COI sequences of samples belonging to this
Culicoides lineage, and this group was designated as Culicoides
sp. ERU-Izm-Culil.

Based on the phylogenetic analysis of the mt-COI gene sequences
of theisolatesidentified in our study, the characterized haplotypes
were monophyletically placed in three major clusters. Low genetic
diversity (0.2+0.2%) was identified between C. nubeculosus
ERU-Izm-C.nubel-2 haplotypes within the first sub-cluster of
the first major cluster, with ERU-Izm-C.nubel haplotype being
100% identical to isolates from Sweden (JQ620127) and France
(KP969017, 55), and ERU-Izm-C.nube2 haplotype being 100%
identical to isolates from France (KP969029, KF178273, 55,
56). The ERU-Izm-C.riel haplotype, identified within the C.
nubeculosus complex and molecularly characterized as belonging
to C. riethi, formed a cluster showing high identity (99.6% and
99.4% respectively) with isolates reported from Sultan Marshes,
Turkiye (MF105774, 16) and Sweden (JQ620237). This isolate
also showed 99.1% identity with other C. riethi isolates reported
from Sultan Marshes, Tiirkiye (MF105772, MF105773, 16). The
C. gejgelensis ERU-Izm-C.gejgl haplotype showed 100% identity
with isolates reported from Sultan Marshes, Tirkiye (MF105763,
16) and Slovakia (KJ624086, 37), and formed a cluster together.
The mt-COI sequences of the specimens characterized as
Culicoides sp. ERU-Izm-C.culil showed 100% identity to each
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Table 4. Molecular characterization of Haemosporidian parasites according to the sequence analysis results

No. of sequenced Sequence characterization of Haemosporidia
o isolates

Species Plasmodium species/ Number Haemoproteus species/ Number (HTP)

lineage 1) lineage s

AP HTP accession
Culicoides
H. minutus/TURDUS2 3 (MF594402)
C. circumscriptus 1 7 Plasmodium sp./CXPIP10 |1
Haemoproteus sp./GAGLAOS 4 (MF594403)

P relictum/SGS1 2
C.imicola 3 0 - -

Plasmodium sp./YWT4 1

P relictum/SGS1 1

Pl di J/CXPIP23 |1
C. obsoletus 3 0 asmodium sp./ - -

Plasmodium sp./SYCONO2 | 1

P relictum/SGS1 1 - -
C. gejgelensis 2 0

Plasmodium sp./YWT4 1 - -
*: Sequence data obtained only from the BT pools were deposited in GenBank and accession numbers were provided for Haemosporidian species and lineages based on
their vector potential, AP: Abdomen, HTP: Head/thorax

other, thus representing the same haplotype. The ERU-Izm-C.
culil haplotype showed the highest genetic similarity (92.9%)
with C. subfasciipennis isolates reported from Sweden (JQ620237,
JQ620238), and formed a cluster together. This Culicoides lineage
was closer to the species in the Silvaticulicoides subgenus with
more than 7% genetic differences than to other Culicoides species.
Therefore, the related Culicoides lineage may be an unidentified
new species, and further studies are needed for species
identification. The isolates of C. circumscriptus in the second sub-
cluster of the first major cluster were found to form three separate
groups. The ERU-Izm-C.circl haplotype showed high identity
(average 97.3%) and formed a cluster with isolates from Sweden
and Sultan Marshes, Tirkiye (JQ620051, MF105754, 16). One
isolate each from Spain (HM241854), Slovakia (KJ624071, 37),
and Sultan Marshes, Tirkiye (MF105755, 16) were included in
the second group. A genetic difference of 0.4+0.3% was identified
between the ERU-Izm-C.circ2 and ERU-Izm-C.circ3 haplotypes,
and these two haplotypes formed the third cluster within the
relevant group.

The second major group was formed by haplotypes belonging
to C. punctatus, C. newsteadi-1, and C. newsteadi-2 species. The
clustering of the C. newsteadi-1 and 2 species were made according
to the classification of Pages et al. (25). A genetic difference
of 0.320.2 was detected between the ERU-Izm-C.puncl-3
haplotypes of C. punctatus, and these haplotypes exhibited mean
similarities of 99.5%, 99.7%, 99.4% and 99.6% to C. punctatus
isolates from Sultan Marshes, Tirkiye (MF105768-70, 16),
Western Black Sea (KU754181, 22), England (AM236733, 24),
and Denmark (JF766326, 57), respectively. Phylogenetic analysis
of C. newsteadi revealed two separate groups, one of which was
close to C. punctatus. ERU-Izm-C.newsl-3 haplotypes were
found in the first phylogenetic group, with the ERU-Izm-C.
newsl haplotype grouping with the Western Black Sea isolates
(KU754164, KU754167, 22) with 100% identity. The ERU-Izm-C.

news2,3 haplotypes showed the highest identity with ERU-Izm-C.
newsl and again with the Western Black Sea isolates (KU754164,
KU754167, 22) (avg. 99.7%). The characterized isolates were also
found to be on average 99.5% identical to the C. newsteadi isolate
reported from Italy (AM236746, 24) in the same phylogenetic
group. Isolates from the Western Black Sea (KU754168,
KU754169, 22) and Sultan Marshes, Turkiye (MF105766, 16)
comprised the second phylogenetic group of C. newsteadi, and this
group showed an average genetic difference of 19.5£2.7% with
the first phylogenetic group of C. newsteadi.

In the third major cluster, C. obsoletus and C. imicola are present.
There is a genetic difference of 0.6+0.4% between the ERU-Izm-C.
obsl and ERU-Izm-C.obs2 haplotypes of C. obsoletus. The ERU-
Izm-C.obs1 haplotype is identical to the isolate reported from
Spain (DQ162814, 57) and is grouped accordingly. The ERU-
Izm-C.obs2 haplotype has the highest similarity of 99.8% with
the isolates from Spain (DQ162814, 57) and Slovakia (KJ624104,
36). C. imicola has a genetic difference of 0.4+0.3% between the
haplotypes ERU-Izm-C.imicl and ERU-Izm-C.imic2. The ERU-
Izm-C.imicl haplotype is 100% identical to the isolates from
Greece (KT027174, 58), while the ERU-Izm-C.imic2 haplotype
has a 99.6% similarity with the same isolates. Furthermore, the
characterized haplotypes have shown similarities of 99.4% and
98.9% with the isolate reported from the Konya Region of Turkiye
(KU175173).

In this study, as various researchers have indicated (59,60), to
determine the infective and infected Culicoides specimens with
haemosporidian parasites in the research area, pools were formed
by dissecting the head-thorax (potentially infective) and abdomen
(potentially infected) of each fly diagnosed at the species level.
As is known, infective stage sporozoites are transmitted through
the salivary glands of the female fly during feeding. The salivary
glands extend towards the esophagus on the lateral sides of the
thorax (61). Fertilization and oocyst development (non-infective
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stage) take place in the mid-gut part (abdomen) of the fly. It has
been expressed in various studies (59,60,62) that head-thorax
pool (HTP) positivity can be considered an indicator of potential
vector competence. Indeed, in our study, sequence analyses of
the positive isolates obtained from HTP confirmed the presence
of Haemoproteus parasites that Culicoides species are known to
vector. In contrast, the sequences obtained from abdomen pools
(AP) showed sequences of Plasmodium parasites, which are likely
not vectored by Culicoides, possibly due to infected blood intake.
The Haemoproteus sp. GAGLAOS lineage identified in C.
circumscriptus has been recorded in the blood of the Eurasian jay
(Garrulus glandarius) belonging to the Passeriformes order (63),
and parallel to our study, it was also isolated from C. circumscriptus
in the Sultan Marshes Region of Tirkiye (16). The H. minutus
TURDUS2 lineage has been found to be common in avian
communities, reported from 17 bird species belonging to eight
families in the Passeriformes order and one bird species in the
Psittaciformes order (MalAvi: http://mbio-serv2.mbioekol.lu.se/
Malavi/). Additionally, the TURDUS2 lineage has been reported in
mosquito species such as Cx. pipiens (64) and in Culicoides species
including C. festivipennis, C. kibunensis (65), and C. pictipennis
(66). Our study has revealed the first record of the potential
vector status of C. circumscriptus for the possible transmission of
the H. minutus TURDUS2 lineage. The Plasmodium sp. CXPIP10
lineage isolated and characterized from the abdominal pools
of C. circumscriptus in our study has been reported in MalAvi
records as a potential vector by various Culex species (67,68). The
Plasmodium sp. CXPIP23 lineage isolated from C. obsoletus has
been reported in the Little Bittern (Ixobrychus minutus) belonging
to the Ciconiiformes order in the Sultan Marshes Region, Tirkiye
(16) and potential mosquito vectors Cx. pipiens (16) and O.
caspius (62). The P. relictum SGS1 lineage identified in AP from C.
gejgelensis, C. imicola, and C. obsoletus is a common lineage in birds
and has been isolated from numerous bird species in 11 orders.
Plasmodium sp. YWT4 isolated from C. imicola and C. gejgelensis
AP and Plasmodium sp. SYCONO2 from C. obsoletus AP have been
reported in a limited number of bird species in the Passeriformes
order up to the present day (MalAvi: http://mbio-serv2.mbioekol.
lu.se/Malavi/). The results obtained in this study have revealed
the prevalence of the relevant Plasmodium lineages in avian
communities in the Izmir Region and that Culicoides species feed
on infected hosts.

CONCLUSION

Culicoides species that are prevalent in the Izmir Region have
been morphologically and molecularly characterized, and unique
epidemiological data have been provided based on molecular
ecology regarding the vector potential of these species for avian
haemosporidian parasites. The identification of species, such as
C. imicola, known as the active vector for the BTV, highlights the
need for control and management strategies for this disease in
the context of host-pathogen-vector. Furthermore, the results
of this study have shown that molecular-based techniques, in
conjunction with morphometric analyses, can reliably determine
species diversity of Culicoides in different geographies in Turkiye,
and can also reveal cryptic or sibling species in epidemiological
context. Considering the different biogeographical characteristics
in Turkiye, there is a need for detailed studies on Culicoides species
and the diseases they transmit based on molecular epidemiology.
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Microscopic examination is routinely utilized in
the diagnosis of various dermatological conditions,
particularly parasitic and fungal diseases. However,
this diagnostic tool is often time-consuming, as it
requires patient sampling and specialized equipment.
With advancements in technology, imaging methods
are rapidly evolving. Recently, there has been an
increase in studies focused on smartphone-integrated
imaging techniques. For instance, a smartphone-
based intraocular lens microscope has been employed
in the field of ophthalmology (1). Similarly, in
dermatology, skin cancers have been assessed using a
lens integrated into a smartphone (2). We believe that
more practical and accessible technologies should be
adopted in the field of medicine.

In our study, we utilized a microscopic lens capable
of 400x magnification. By integrating this lens into
an apparatus designed to function as a phone case
and using the smartphone’s camera, we successfully
captured images akin to those obtained with a
traditional 40x microscope lens. The lens featured
not only significant magnification but also an
illumination source to enhance the examined area.
This innovative approach eliminates the need for
patient sample collection and circumvents the expense
of using a conventional microscope for microscopic

examinations. Additionally, it allows for the capture of
photos and videos during the examination of lesions.
In our research, we observed the tunnels in scabies
patients and examined superficial skin biopsy samples
for Demodex evaluation using this smartphone-based
microscope. This enabled us to visualize the tunnels,
mites, and eggs at a microscopic level (Figure 1).
Through this diagnostic method, we were able to
observe the movement of the mites within the tunnels
(Video 1). When directly examining the superficial
skin biopsy sample for Demodex detection with the
smartphone, we clearly identified Demodex mites
(Figure 2). We assessed Demodex density by scanning
the entire area during preparation (Video 2).

While smartphone manufacturers are continuously
enhancing camera features with each new model, the
market has yet to offer a lens catering specifically to
the medical community. By equipping smartphones
with a simple lens capable of 400x magnification, we
can effectively meet the significant needs of doctors,
biology educators, and microscopy enthusiasts-
particularly in dermatology. We believe that our
study will greatly facilitate the work of dermatologists
and physicians using microscopes in their daily
practice while showcasing the potential of advancing
technology.
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Figure 1. View of tunnel and mite under smartphone-based
microscope

Video 1: https://youtube.com/shorts/fwTla_rfSNg
Video 2: https://youtube.com/shorts/YtEoaFyLWSw
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Figure 2. View of Demodex mites under a smartphone-based
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